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1 General reports



1.1 FAIR project status

Corresponding Author(s): j.blaurock@gsi.de
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Overview Status FAIR and GSI
November 2018

Jorg Blaurock
Technical Managing Director GSI & FAIR

Management board FAIR and GSI F-\IR (=P |

G FAIR G FAIR GSI GSI

&

FAR : , : FAIR

Jorg Blaurock Ursula Weyrich Prof. Dr. Paolo Giubellino

Technical Managing Director Administrative Managing Director Scientific Managing Director
Mechanical engineer Lawyer Physicist
20 years turnkey realization of 8 years experience at the Federal Distinguished international
large-scale industrial facilities Ministry of Education and Research researcher, especially in the field of
International project More than 6 years Administrative heavy ion physics
management and directorate Managing Director of a newly founded Long-time spokesperson of the
in large-scale projects Helmholtz Center in health research, ALICE experiment at CERN

responsible for the build-up phase



Since 2016: Integrated organization for GS| & FAIR F-\IR =5 i
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FAIR & GSI - Strategic objectives

Four strategic objectives
Construction of FAIR
FAIR phase 0 research program
Upgrade of existing accelerators
Campus development




i Campus Masterplan F G\lR = Ei

Hauptgelinde | 651 und FAIR aax FAR
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FAIR & GSI campus development — Phase 1
* FAIR Control Center (FCC)

*  Multi-storey car park

* Entrance building

*  Refurbishment of existing buildings




Campus Masterplan F-\lR (=P |

New FAIR Control Center
Planning is progressing as scheduled.

New FAIR control center building at the campus

New Parking Garage
to be built in 2019 / 2020

FAR ==mx

Ring accelerator

Linear accelerator

Production of
new atomic nuclei

Production
of antiprotons

100 meters
Antiproton ring

. Existing facility

. Planned facility

/
\/\‘/ -
. Experiments

Experimental
storagering



Project Management
FAIR
Technical Director

Project
Management Office
Head

Technical Integration
Head

SIS 100 / SIS18
Sub-Project Leader FAIR Site & Buildings

Head
Super Fragment Separator
Sub-Project Leader
Collector Ring
Sub-Project Leader
High Energy Storage Ring
Sub-Project Leader
p-Linac / p-Bar Target

Sub-Project Leader

Commons
Sub-Project Leader

Site Manager
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FAIR Accelerator Progress
- Highlights -

FAIR Accelerator Progress FAR ==t
- SIS18 Upgrade for FAIR -

* Re-commissioning of SIS18 with beam took place in May 2018

* FAIR control systems standards for SIS18 is now
available with new hard- and software and the
new LSA set-value generation

New acceleration cavities
transport line to SIS100 ready for installation
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FAIR Accelerator Progress
- SIS100 -

FAR ==x

* Quadrupole (QP) modules:
* FOS QP units shipped from JINR to BNG for integration into FOS QP module
* Contract for series testing of QP units @ JINR signed on 26th October 2018
* Integration into QP modules by company BNG in Germany
* QP module testing @ INFN, Salerno (Italy) — development of agreement

« Series production of many components e. g. dipole modules, cryo-catchers,
cryo-adsorption pumps in progress

sc dipole modules in GSI storage area QP Unit @ BNG Resonance sextupole magnets -

FAIR Accelerator Progress
- SFRS -

* Production of FoS sc short multiplets running, 15t delivery for testing to CERN
in November 2018

* Production of FoS sc long multiplet started
* Testing Facility for sc magnets at CERN is ready for use

12



FAIR Accelerator Progress FAR m=sir
- pLinac / pbar Target -

* Commissioning of ion source at CEA in progress
* First low level RF test for ladder-RFQ performed. Excellent agreement with
theoretical predictions

» Seven klystrons on site. SAT progressing.
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FAIR Accelerator Progress FAR ==
- Collector Ring (CR) -

* Contract for remaining part of CR with BINP has been signed in June 2018

* 90 % of all CR specifications has been released

* Power amplifier prototype for Stochastic Cooling system has been produced and
SAT successfully tested

* The series production of RF — debunchers is ongoing

+ 1st BINP - FAIR Coordination Workshop from 5th to 9th November 2018 in
Novosibirsk covering all aspects of the collaboration between FAIR and BINP for all
subprojects

.

Vi

-
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FAIR Accelerator Progress
- HESR -

FAR =

« All Dipoles are produced, in Jilich and 65% are delivered to FAIR
* Quadrupoles (QP) are all produced in Jilich

FAIR Accelerator Progress
- Commons -

+ All 51 HEBT vacuum chambers of batch 1 delivered (BINP)
+ 21 of 51 HEBT Dipoles from serial production delivered (Efremov)
* Delivery of 1st 6 series Power Converter from India, (ECIL, India)

* GSI control room refurbished with new prototype FAIR consoles and fixed
displays, 1st basic and generic set of control room applications developed
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FAIR Accelerator Progress
- Procurement in full swing -

FAR =i

Accelerator and detector contributions from many different partner institutions
Now in SERIES production -

FAIR Experiment Progress
- well on track -

0 r 4 0 Cc Z
» O Z » T
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FAIR Civil Progress

2 million m3
of earth

to be moved

As much as for 5,000 single-family
homes
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Construction volumes

600,000 m3
of concrete

to be used

As much as eight Frankfurt soccer stadiums
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+ 20 accelerator and experimental

structures,
labs and other operation
and supply structures

* Underground accelerator ring

with a circumference
of approx. 1,100 m

- Around 150,000 m? of total area

65,000 tons
of steel

to be utilized

As much as nine Eiffel Towers



FAIR Project Execution Plan Civil

AIR

The universe in the laboratory

Civil construction of the world-wide unique
particle accelerator facility

Facility for Antiproton and lon Research
Darmstadt, Germany

Building shell -
construction areas

Fmmedons -
1

| —=] .
 COnNsSTuchon

area north

I Construction
area south
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Map of site logistics and
installation plan

FAIR - Facility for Antiproton and lon Research
GSI| Helmholtzzentrum fiir Schwerionenforschung F'“R [ §=P |
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FAIR — the universe in the lab.
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1.2 Status of HEBT

Corresponding Author(s): f.hagenbuck@gsi.de

1.3 Status of CR and TCR1

Corresponding Author(s): koop@inp.nsk.su

1.4 Status of pBar separator

Corresponding Author(s): k.knie@gsi.de
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1.5 Status of Super-FRS

Corresponding Author(s): h.simon@gsi.de

H. Simon,
GSI| Darmstadt
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NUclear Structure, Astrophysics and Reactions F_\|R
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What are the limits for existence of nuclei?
Where are the proton and neutron drip lines sﬂuated?
Where does the nuclear chart end? .

How does the nuclear force depend on. varylng protbn-tb-neutron ratios?
What is the isospin dependence of. the spm+otb|t force?
How does shell structure change tar awayTrom stability?

How to explain collectlve phenome!la rom individual motion?

&
S
.'.‘.’: ‘00
How are complex nucle’i built from their basic constituents? 06
What is. the.gﬂectlve hucleon-nucleon interaction? oob%
How does QCD constrain its parameters? 9@0 ‘:’8'
2
Which are the nuclei relevant for astrophysical processes 0(\ er.
and what are their properties? XS z%
What is the origin of the heavy elements? b'\o‘
&
Main Objectives F.\lR

/ SIS100

Increase in primary
beam intensity /

20

80
En Matched with acceptance
§ . " and selectivity of a versatile
g o Separator: lon optics and
= : instrumentation ...

104 - ‘ L

NI NI Sy “branch D Experiments
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GSI FRS - FAIR Super-FRS FA"
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69 m
Degrader FRS
| =2
i %fg i
Al
‘ gain factor
Bpmax | AP/P | ADy AD, repSOOVIV\'Ie"I)g s esn
FRS 18Tm | 1.0% @ +13, +13 mrad 1500 1 1
Super-FRS 20Tm  25% $40, t20 mrad 1500 5 10
primaryrate | 1000 7500
Location of experiments FAIR
Cryogenic
= stopping
cell
HISPEC/
DESPEC

Super-FRS collab.

parts from HISPEC / R°B to storage rings

ILIMA, EXL,...

100m |
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NUSTAR — The project 1.2

PSP Experiment Description

122 HISPEC/ Ir?-beam y-spectroscopy at low and intermediate energy, n-decay,
DESPEC high-resolution y-, B-, a-, p-, spectroscopy

1.2.3 MATS In-trap mass measurements and decay studies

1.24  LaSpec Laser spectroscopy

125 R3B Kinematically complete reactions with relativistic radioactive beams

126  ILIMA Large-scale scans of mass and lifetimes of nuclei in ground and

isomeric states

1.2.10 Super-FRS Exp  High-resolution spectrometer experiments
1241 | 'SHE Synthesis and study of super-heavy elements

(*) NESR required — alternative/intermediate “operation” within MSV under discussion.
SHE physics case to be evaluated.

Definition of NUSTAR experiment phases FAIR

*+ Phase 0(2019...)

* R&D and exReriments to be carried out with present facilities and
FAIR/NUSTAR equipment

« Phase 1(2025...)
® Core detectors and subsystems completed
“ First measurements with FAIR/Super-FRS beams

» Carry out experiments with highest visibility as ﬁart of the core program
and within the FAIR Modularized Start Version (MSV)

- Phase 2
“ FAIR evolving towards full power

“ Completion of experiments within MSV
» Essentially the full program of MSV can be performed

+ Phase 3

" Moderate projects, which have been initiated on the way (outside MSV)
can be included (e.g. experiments related to return line for rings)

* Phase 4
® Major new investments and upgrades for all experiments

24



Schematic Layout F.\lR
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System *
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Major Super-FRS components AR

Remote Target (2009)
Handling (2017)

Local Cryogenics (2018)

SC Multiplets (2018)

Low-Energy &
Branc;j

Main-Separator e
Beam m ﬂﬂﬁ High-Energy Branch

Dumps Pre-Separator \.g.:i
NC Dipoles (2011!) Degrader 2 o,

Production
Target — *‘\
: : -Focusing System & SC Dipoles
&
/ (2018)

Driver
Accelerator
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kontract swarded July 2015toASG)
Design phase

FOR

OR

PRR short Multiplet H
PRR long multiplet 1]
Production phase pre-senes (incl
aterial procuemenﬁ

FAT short multiplet pre-series |
AT long multiplet pre-zenes Iy ¥
pre-serieste sting st CERN il Tf‘l ﬁ;‘}t I 11 g
BAT short multiplet pre-series
BAT long multiplet pre-senes
eriesproduction

AT 1t seriesmultiplet

AT last multiplet ™
berie stesting st CERN I 111 1] guonmn
AT 1t seriesmultiplet
BAT lact multiplet

)}

- — -

Finahzing of tender documents
endering

Contract swarded

Design phase
For

Production phase pre-senes (incl 1r
naterial procurement) D "
FAT pre-seriesdipole

r_n
A
®
»

Pre-serieste sting at CERN

BAT preseries dipole
eriesproduction

FAT 1t seriesdipole r

beriestesting st CERN
AT 15t seriesdipole
AT last series dipole LI

SC Magnet teSting @ CERN K. Sugita et al. I- -\IH

« Collaboration between CERN and GSI

» CERN Build. 180: Infrastructures,
renovation
y + Cold (4K) testing of the SC dipoles and
multiplets

~ 3 test benches,

~ incl. magnetic field measurements
i+ Addendum to collaboration agreement
» Covering operation phase 5.5 years
v Signed January 2018

Facility commissioning ongoing

» FoS multiplet expected for 11/18

B e N TEFAY T — R,
| o ) R 1 — _



Sc Magnet testing facility (Bat. 180) QIR
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Sc Multiplets, Overview  H-Maler, F-\IR

E.J. Cho et al.

Scope:
* 8 short multiplets (PS)
» QS configuration

) ?5 long multlple.ts oty 55 Main characteristics:
» Quadrupol triplet

* iron dominated, cold iron (up to 37 tons)
* include corrector elements & steerer « common helium bath
» warm beam pipe (38 cm inner diameter)

* individual powering, max. current <300A
Schedule FoS SC multiplets

v Contract closed 07/2015 (ASG, Genova)
v" Design phase for SM and LM done
v FDR 12/16
v PRR SM 07/17
v PRR LM 12/17
» Construction phase for FoS running
~ FAT FoS SM 09/18

~» shipment CERN 11/18,
SAT FoS SM 03/19

27



FOS short Multiplett production

All coils produced (quadrupol, sextupol)
» vacuum impregnated

» electrical integrity tests

« Laminations punched (sub-provider)
Yoke assembly tool manufactured
Yoke assembled (short quad, sextupole
CL prototype qualified (20 bar, M&W)
CL for FoS SM manufactured
Thermal shield manufactured

LHe vessel manufactured

Vacuum vessel manufactured
Assembly bench manufactured (subprovider)
Final assembly & FAT in progres

YY Y Y Y

; H. Mller,
Sc Dipole Magnets E.J. Choetal.

2] FAIR

Scope

» 3 units 11°, 18 units 9.75° + support
«  Warm iron, SC coil

« Aperture =190mm x £70mm

»  Weight: 50 to 60 ton

Collaboration with CEA, Saclay:

v" TCC signed , includes:
» Detailed design, CDR, Spec, 3D Model
» Technical follow-up

Tender Status :

Announcement published April 2017
Qualifying submission closed mid May 2017
Offers received by mid July 2017

15t round negotiation closed mid November 2017
2 round negotiation closed Jan. 22, 2018
Contract award Feb. 8, 2018

Kick-off: March, 1, 2018

FDR expected Q3/2018

FAT of FoS expected Q2/2019

manufacturing plant
e ELYTT, Bilbao Spain

A ETTIE LR
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A. Wiest,
Power Converter s s sm.uwmm.mm F-\lR

A Govt of Indla Dept. of Morw Everyy) Enterpuse

Scope Status

« in sum ~250 PC required v" in-kind (Council) of India
» 9 PC with high-power (up to 500 kW) v' Specifications released (2017)
» other PC medium-power for SC magnets  * Prototype PC under construction

- Voltage range: from 30V to 745V » FAT expected Q3/2017

» Current range: from 15A to 1.480A » SAT Q4-18/Q1-19, with

Features CERN FoS SM

« common topology proposed « In-kind contract thereafter

* energy recovery system

« all PC are bipolar QD electronics

* PC include Active Power Correction Factor TR

« Two different DC voltages for ramp and flat-top ERY

* QD electronics integrated within the PC rack :57 B 2

* Output filter , switching frequency up to 90kHz - iR

~ very small current ripple

3ph transformer

N
~400V K1 1 "

_E%lmﬁ"ﬂl"\'~ —H |
3|nducta N )

Filter Load cabln Lcl:d

pFeC

| DC-Link IGBT- Bndgel IGBT-Bridge2

H. Simon e EMIS2018

: : H. Mller,
Branching Dipole Magnets ELJ. Cho et al. %

Schedule (R&D work): "
v Collaboration agreement with CEA/Saclay
» Detailed design, CDR, Spec, 3D Model N
Kick-off meeting 06/2017
PDR 12/2017
FDR 09/2018
Final Report, Detailed Specs 10/2018 PDR/FDR status
» FAIR tender directly after + Geometry (yoke, coil, cryostat)

» |Bdl achieved, | adopted

» magnetic field quality, chamfers included
+ Assembly Scenario
» Thermal behavior after cool -down

2 active thermosiphon loops foreseen

» use heaters to force flow direction

» design modification done

» thermal budget simulated

» thermosiphon experimental mock-up
+ Magnetic interference

» Fringe field evaluated

» Interference study started

N R K
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Beam Instrumentation i % F_\'R
(e.g. AE and ToF) O. Kiselev, etal. ' N -

* MUSIC (energy-loss, Finnish in-kind)
v" Specification approved Q1/2017
v 18t IKC for Super-FRS signed !
~ Field cage subcontracted to GSI
v" Kick-off meeting done
» schematic design presented
~ schedule for design phase and FoS development
agreed (ready Q3/19 - beam test if possible)
o PreAmps by CEA Bruyeres c et
» successfully tested at beam time in 2016
» contract waiting for signature (CEA)

» Time-of-Flight (Russian in-kind, IOFFE StP)
v" Specification approved Q3/2016
v" IKC drafted Q3/2017
» Final contract negotiated 10/2018
» R&D on diamond and silicon ongoing

BINP-FAIR Coll. Coord. Workshop MUSAMP v.2 s

Beam Instrumentation lI C. Nociforo, F '\IR

(Beam Monitors) g Sscczrrlmilzlrjr;me et al.

. PDC I
o combined particle rate detectors (diamond) ZEFEJS)AM L
and beam current monitors (IC, SEETRAM)
; active area:
designed at GSI B

v' specs approved Q3/18
» starting FAIR tendering process
» ACC-DAQ ready (for PDC & BPM, German in-kind

« Diamond (intensity monitor, Ru in-kind)
v pcCVD/scCVD sensors by GSI-DL
v' Specification released
» IKC ready for preparation

« Beam Position Monitor (BPM)

v" Design of TCR1 BPM by BINP existing TCR1 BPM

» to be adapted to all FAIR BPM with large aperture by BINP
(we require 400 mm inner diameter, round electrodes)

» BINP ?
BINP.FAIR Gol Goord Workshop — L
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Civil Construction
(Overview)

Build. 018 -
(Target building) 100 m

Build. 006a
(Service building)

Tunnel 103

CC planning Phase 1-4 done
v’ equivalent to LP5 (execution plannin
v LEB cave integrated to full extend
v’ interfaces to ‘machine’ defined
Logistic planning & Installation planning running
Construction area south (NUSTAR and other):
* Tendering progressing
* Installation time slots as part of LCM process

Build. 006b
(LEB cave)

Build. 006
(HE cave)

To CR

Super-FRS DAQ @ enavers FAIR

NUSTAR DAQ TDR accepted 2018 by ECE
https://edms.cern.ch/document/2024803/1

® Experiment Areas (,Caves")
separated by several 100m.

Experiments on large scale

* Couple local DAQ systems to one system
* Run common dead time and time stamped systems togethe

* Avoid specific (signal) cabling inbetween caves
pecific (signal) cabling ® - Coliector Ring

31



Remote Handling v proanees " F-\l R

C. Karagiannis, m groningen

(Media Board development) T. Blatz

) very cost effective

Remote media connection (Pre-Separator)

» board 1: part of beam instrumentation

» board 2: stiff connected to vacuum chamber
Prototype media board developed (for slit system)
Large connector variety
Connector status monitoring
will be used in Pre-Separator "

CombiTac - modular connector system g

Super FRS — lm (drives) at the preseperator focal plains
FPF3 FPFe

FPRIDe

BINP-FAIR Coll. Coord. Workshop

Targ et Area l(-IJ \I’(Vzaeri;:;{annis F A I R

-

Target chamber . . Target plug

% / university of
L)
Target chamber iR

v Collab. Contract with KVI-CART
~ Design phase running, includes:
« chamber design including plug design
v' CDR Q4/2018
v" plug mock-up built , plug guidance verified

@ CSIR - CMERI

#oa sod sz et o sfiifel sepue Sam
CSIR - Central Mechanial Engneenng Research nsttute
Beam catcher

* Indian in-kind, CMERI
» CDR done - bases of DS Beam
» IKC in preparation catcher plug
* FDR scheduled for Q1/2019;
~ review of technical drawing done
— absorber mock-up missing - test RH capability ;
tender preparation started by CMERI

/)

7.
(17

/7/}}5{’/// -
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( Beam Catcher Plu g S) CSIR- Cantral Macharical Engineering Research nstute

Sangat e (B G FAIR

» 3 BC station equipped with two absorber each
» Indian in-kind, Collaborator: CMERI Durgapur
» Design running, based on definition report
~ absorber geometry optimized
~ use C/Cu (fast/slow extraction) - avoid Be
v' CDR released 12/17
~ build a absorber mock-up verify RH capability
» DS in preparation (Q2/2018)
~ in-contract preparation (Q4/2018)
* India started company qualifying phase (Q4/2018) u =

E s §
- b
3
o { |
\ | U\
1]
F | h
Frant vies

L Section AL . Tsnatric viee

=l

. absorber and
y assembly sequence (RH)

Target Area H. Weick, % university of F AI R
(Plug System) C. Karagiannis %¥ / Ewoningen
Target wheel plug (details)
__ . T\ Target e « 4.2 ton (heaviest plug)
f . Plg — Plug « includes target ladder (6 position’
g &= - Collimator . ? jinear drives + TW motor
e ][ gl ~. A Plug « active cooling
18 | 1 L, o
3900 3048

Y
J ~d

3INP-FAIR Coll. Coord, WLALGST W freet
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Vacuum System f'”l'a‘:j"r:;hmaman' F-\l R

J. Kurdal et al.

» Vacuum system concept clear FLF2

» ATB updated after CBWG (04/2018, 06/2018) (exit slit LEB)
» 21 focal plane chambers (Ru in-kind)

length: 800 mm to = 4.400 mm, cross section =1x1 m’
Overall 27 dipole vacuum chambers (Ru in-kind)
21 chambers for standard dipoles

pumping ports between dipole units

3 chambers for branching dipoles standard dipole stage
part of dipole procurement, design by CEA
3 chambers for NC dipoles (trumpet like)
Sealing in target area by ‘pillow seals’ (remote sevah'qg)*
~ Session Thursday

pillow seals
in target area
‘ahaged dpole vecsum chamber \-"

VVV °*YV

v

Dépoie cuum chamber
Y-snaped dpsle vacuum chamber
(ot part f s Socumert) Curved shape with short straight ends

l Pumping chamber

BINP-FAIR Coll. Coord I branching dipole stage pumping ports =
H. Leibrock,
Magnets . T. Blatz, etal. FAIR
(Radiation Resistant Magnets)

- 3 dipole, 3 quadrupole, and 2 sextupole QQ after target —as plus pump port

- Normal conducting magnets using MIC cable ~ chamber
» Remote connectors and alignment
v Prototype dipole built and tested by BINP
v Dedicated support structure constructed
v Dipole: specification released
» FAIR procurement

» Cable could be procured (offers exist)
» Two further specifications in preparation
» DS for QQ
» DS for QS, includes pump port
~ potential BINP contributions ! (Tuesday)

= Installation of NC magnets
within the target-area shielding
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Summary

» Project in full swing, major components in procurement phase
» SC Magnets & Testing (most time critical items):
~ Standard dipoles: contract awarded Feb 2018, design almost finalized

~ Multiplets: design phase done; manufacturing of FoS SM: last steps
~ Testing@CERN: contract addendum signed, commissioning of cryo-facility
running, FoS SM expected in 11/2018
» NC Magnets are open as BINP contribution
» BINP vacuum chamber package could still be enlarged

» Development and procurement of various other components under way
~ BPM still open as BINP contribution

» Civil Construction execution planning finalized; tender documentation in
preparation, building services planning running
» Construction/Installation planning is being refined — schedule impact possible

Thank you for you attention !

BINP-FAIR Coll. Coord. Workshop
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1.6 Logistics, pre-assembly and examples

Corresponding Author(s): h.reich@gsi.de

Logistics, Pre-Assembly, Installation

Strategy FAIR Machine Installation

H Reich-Sprenger & H Hagelskamp

Logistics, Pre-Assembly, Installation
Strategy FAIR Machine Installation ‘

Content

» Site Management Organisation

+ Aims

« Installation Team and Strategy

« MS Project Installations Plans and Lean Construction Management (LCM)
* Pre-Assembly

» Logistics

« Summary
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Topic 3 - Site Management Organization ]

FAIR Site Management
H Hagzelskamp/C Rodrguez

Time Schedules I% I Do Arding-MAyeer e
Proco(s: c:-l‘)ardng I%"T‘T":Il ] TWN Process Engineering

Fro prowcton |t | | = | Quaity Managoment
Site Logistics '—m-.u-hm% [ Seleepmge— | Convacts
1

SehnatstelenstEusIung Montagasteusrung Sehnittstelienstausrung
zum Bau und TGA Maschine | inbetrichnahme Maschine |
S Sach: K R Baker uN
H Resich-Sprenger
Interface Management Machine Installation Interface Commissioning

Civil Contruction — Technical Systems

Machine Installation and Technical System Commisioning in time and budget

« starting from Q3/2020 (Cryo Distribution System SIS100 in T110): coordinated installation of all
Subprojects andTechnical Infrastructure Systems

» based on an agreed strategy for Pre- Assembly, temporary storage, Installation on Site, technical
commissioning
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Installation strategy (3/2018)=> confirmed by PL and SPL (5/2018) | -

Installation Team with ,Installation responsible person (MV)“ from each Subproject
* bi-weekly meetings

+ —> definition of standards (e.g.: .Subproject Installation concept”, .Preparation of work (AV)“, Component-status
ready for Installation” , delivery and transport, installation manpower qualification,.....)

« detailing scope of integration / pre-assembly / installation

+ updating and detailing MSP installation plans (scope, timeline, resources)

« input to LCM workshops FSB (coordination TGA installation / Machine Installation
» input to Logistics (Delivery, storage, testing areas, transport, Site-Logistics,....)

« input to Documentation ( PLM, EDMS....)

Pre — Assembly & Installation F AI R
| 2016 Process sequence from delivery to commiisioning of technical systems |

|smpmpct | | Technical Sy (TGA) |

[ instatation Toam | [ Subproject J

all Assembly Units all Technical Systems
Jready for installation” Jready for
commissioning®

commissioning
Machine technical
systems

systems
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Pre — Assembly & Installation

I 2018 process sequence with delays in delivery, testing pre-assembly I FAIR
|&lvmbd | I&mm |

| Instaliation Team |
| TGA (Technical inrastructure Companies) |
[ Assembly-Unit _ready for Installation” ]
Technical Sysems ready
/ delivery > u::ukm'{or for commissioning*
Instaliation”
/ testing
/ —

[ testing >
/ storge s wanspon >
e >

commissioning Machine
technical systems

final installation / connection /
commissioning TGA technical
systems

Inetallatinn Nancant Process Engineering PLM (Product Lifecycle Management)

Inetallatinn Cancant a + work instructions + Complete documentation of components and assembled units:
Installation Concept - safety instructions . CID
Subproject + QA + ftechnical data, drawings, location, status, ....
« work instructions for pre-assembly and final installation

detailed planning for
each assembly unit to
be installed at FAIR
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Minimum requirements for all installation plans
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Lean Construction Management (LCM)

Installation of the accelerator components will take place immediately after and interactively with the installation of the
building technology (TGA).

LCM (Lean Construction Management) was selected as the suitable process coordination tool to ensure a smooth
coordination and management of all interfaces between building technologies and machine systems.

Process plans for technical building equipment, including interfaces with accelerator and experiment activities have been
defined in several LCM workshops.

The Machine Installation Team will continue to plan, coordinate and manage these processes also during the installation
phase in weekly/daily coordination meetings.

+ LCM Process Planning is completed for all buildings in package NORTH, buildings in package SOUTH started in 10/2018.

+ LCM weekly/daily planning has started on site.

M rmmune .‘I-~
ik

o
o)
o

—— e - = =
o; T * HI ST LU L L L St taiy xS S St
Site Management Processes - LCM Results Buildings North F Ai\R
LCM Buildings South started in 10/2018 with building G018 (SFRS)
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Example Building GO04A

v opiimized sequence of Techicai infrastructure instaiiation and Machine instaiiation (Acc areas
and Supply areas)
===) advanced installation of Power Converter, Racks, Controls,.... in Supply areas

“e -
| B gt = o= p—

LCM:

« early installation of
—————————— su‘w um's
W ||||||||||I|llllll

IIIIIIIIIIIIIIIIII )
+ parallel installation
machine areas and

supply areas

-

‘4 ,.—
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* All Assembly Units are in status ,ready for installation* at the date of plaaned final installation at FAIR
* Allinstallation works are described in a standardized form and are released by the installation team

* Hazard analysis are performed, safety measures are prepared and released by the Construction Site
Safety Responsibles

* Installation planning for the subproject (including approved ressources) is released by the Machine
Installation Management

* Machine Installation Masterplan (including interface Links to Technical infrastructure and Civil
Construction) is released by Site Management

The Tasks of the Pre-Assembly Team

To coordinate and logistically plan all pre-assembly activities.

»  The responsibility for the coordination and timing lies with the Installation Team.
«  The responsibility for the technical correctness and quality of the installation lies with the Subproject.

Definition of Pre-Assembly:
The Pre-Assembly Process is understood (defined) to include all activities required to
complete an assembly group ready for installation in the FAIR Buildings.

* Intermediate storage of delivered and tested components.

* Planning and coordination of workshop facility capacity.

* Planning and coordination of tools and lifting devices.

* Planning and coordination of assembly resources.

[ > +Ready for installation Assembly Units®
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Pre — Assembly & Installation

TGA (Technical Infrastructure Companies)
[ i dg-iinie  pesch o it iy ] &

Technical Sysems . ready
/ delivery > ~ for commissioning”

comrrissioning Machine
lechrosl sysloms
{ final instailation / connection /
commissioning TGA lechnical
sysiams

- Supply of Sub-components (magnet, vacuum-chamber, instrumentation, base frame, ...) with:
~ FAT accepted
Consignment ~ Component Testing (SAT) finished
 Fiduitzation done

P Engineering for Pre — assembly (WOrK Instructions, drawings, time-line, ...)
Supply of pre-assembly equipment (tools, auxiliary pars, fittings,.....)
- Documentation In EDMS and PLM

+ =, component ready for pre- assembly“

+ Mechanical and Electro-technical assembly
+ production test referred to Process Engineering and QA
Pre-Assembly + Documentation in EDMS and PLM

« - ,.Assembly Unit ready for Installation®

Definition of Assembly Units



!
i~
T

Magnet (CID) BI vac chamber (CID) Magnet (CID)
. . yoke . Detactor 1 (CID) (CID) . yoke
. | . not . part no1 C; coil
. lower ﬁ . no2 . flange . connection box
« oo = . na - patmo2 *+  Supportframe «  base fame
. upper nod . Detactor 2 (CID) not . alignment
. lowsr + ool +  patnot . support frame supports
. Hall-sensor . not . flange no2
. connaction box . no2 . part no2
. i . nod . Vac pump (CID) . Vacuum Chamber (CID)
. alignment . nod . Vac diagnostics
supports . connection bax (CID) s .
< no1 . base frame . connaction bax Each defined Assembly Unit:
. no2 . alignment . base frame Documentation in PLM including:
< w03 R EI Sy » Sub-components
. :; S -t - Status
. Vacuum Chamber (CID) . no3 . no2 « Location
. Vacuum Chamber (CID) . no3 + executed works and tests

Example : HEBT Magnet Unit TSX2MH02

fro
'm 8/
3100
e

from sig1g
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Magnet Dip1f_0 (EFREMOV)

dip1f_0, Drawing No GSI: FT-BEMH-ZU-0000082, CID 18-000002-11-5

Base frame (EFREMOV)
CID: none -> label (support belongs to...)

Vacuum Chamber (BINP)
CID: on flange-> labeled by supplier
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Drawing No GSI: FT-BEMH-ZU-0000068, Drawing No BINP: FHTV MH069 0000 AS, CID 07-00001-031-2, AID: 0002050
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/ Pre-Assembly of Magnet Unit >

.Dry-Run” lead to:

Required Documents

Necessary tools, small parts, fittings...

Estimation of Scope of work (manpower, timeline,...)
Request for workspace and infrastructure

Al

VVYV

Transport magnet
Standardized Document folders
(Process Engineering)
+ Pre-Assembly
« Final Installation at FAIR
Xpun et .
Inegration vacuum chamber .\‘ > _ E ‘
Adj wacuum chamber inside t
fjustnent magne! |
Essentials:

» Centralized management of all Machine installation activities:
* managed by FAIR Site Management
*  additional external ressources managed by Machine Installation Management

« Safety
* Al Machine Installation Teams are regarded like industrial companies working in parallel on site
* restricted access
«  permission to work needed
* hazard analysis mandatory

* Planning:
*  all installation steps are planned according the guidelines of the PMO in MS project

» Process Engineering:
* installation works to be described according the guidelines of the Process Engineering
*  all works supposed to be carried out by external partners are to be described in detail including timescale and required ressources:
(qualification)

* Installation on site:
*  only completely documented (in PLM) components or assembly units with status .ready for installation*
* documentation of all installation works on site according work instructions
*  documentation of all QA measures
*  LCM follow up of all Machine installation activities
*  operation of cranes and building infrastructure managed by ,Site Management Internal Logistics*

LOGISTICS (External storage, Transport, Construction Site)

46



Storage Logistics

AIR
mpus

External Storage ¢ Y SR ‘
2 : 4 >, ::1.GSlexternal - - :
Site (9500m) o e

The external storage Site will be managed by an external logistics company:
» storage of ,ready for installation* assembly units only (complete documentation, no residual works)
» presently storage areas are foreseen for HESR, HEBT, SIS100

Site Logistics
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* Managed by FAIR Site Management

* Access to Construction Site according the
general rules documented in
.Baustellenhandbuch* (Handbook for the FAIR
construction Site)

» Transport ways

» BE areas: areas given temporary to companies
active on site to be managed under their
responsibilty

» Paved areas for crane / mobile crane placement W ‘

Internal Site Logistics

A working group was started in January 2018 to develop concepts for organizing and
managing the logistics processes and interfaces inside the buildings for the installation
of the technical building equipment (TGA):

Planning of transportation and escape routes. - Planning for all buildings is completed.
Planning and estimate of temporary storage areas.
Planning of access capacities (cranes and lifts).
Estimation of material quantities and dimensions/weights.

+ A guideline for Internal Logistics is in
preparation for tendering purposes.

The coordination of the Internal Site Logistics will be managed
in the LCM Tool by the Machine Installation Team.
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The Objective:
=  Toimplement a central logistic control of all component
deliveries to FAIR/GSI. —r —
=  To achieve reliable delivery date forecasts and a thorough ] ey emtes Corears J&
preparation of goods receiving routines. o st sen. et o b T bt
=  To reduce WPL's work load and allow focus on technical issues. =~ et T2
The Status: = - |- -
= The Procurement Department has developed a goods delivery f—
and receiving process. I—— -
= The main organizational parameters are: e ,_. T
=  WPLs lead the overall supply chain process — M3 to M10. |
. m; take the lead for sub-process delivery, customs, — vt . . |« B=
reoemng (between FAT and SATb). - L
leads communication with supplier, forwarding = ___L—&v———J " F
company and customs. =
= leads preparation of receiving, inspection, unloading =”-l“im = B
process at GSVFAIR. R S - |-
= adhere to time frame given by WPL. & |-
= | ) - |
- To be finalized and established by end 2018. = —— o [n
—3 -9

Essentials:

» Centralized comunication on all delivery activities :
*  no start of transports after confirmed FAT without release by FAIR logistics (TG_transport is part of general specs)

» External storage Sites and custom processes will be managed by an external partner:
* reliable dates of delivery of FAIR components are mandatory
* complete documentation and labelling according Technical guidelines and accoding FAIR procurement rules are required

. Slte Logistics:
managed by FAIR Site Management
* restricted access to Construction Site
*  surface areas management

*  transport ways

. Internal Site Logistics:
managed by FAIR Site Mangement
*  restricted access to buildings
*  inside areas management
*  transport ways inside buildings

Summary
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Machine Installation and Site Logistics are managed by FAIR Site Management

Machine Installation is organized under a common standard for all subprojects:
» Time schedules - tool: MS Project,
« Process planning - tool: LCM
» complete documentation of technical systems and installation work = tool: PLM

Installation Team work will be in close coordination with Technical Infrastructure work

Logistics are prepared by GSI/FAIR procurement department (delivery) and by FAIR Site
Management (access to Construction Site, Safety,..transport ways,....)

All activities on site have to follow the general rules of the FAIR Construction Site
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1.7 PMO, Quality assurance and BINP
Corresponding Author(s): h.schwarz@gsi.de

FAIR Project

Team Workshop
PMO - Quality Assurance
and BINP

Herbert Schwarz FAIR

1001 1--Warkshop HINP (S (ralety Asssmance ppex

My g;:-crison Procedures Summary
& Tool Box &

function in A
the project Trainings Next Steps
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My person and function in the project

® U ee

® since 4 years as a member of the QUA
department and your FAIR-PMO contact
., person for all CR Quality Assurance tasks

2 years as a Work Package leader in development
of medical devices Herbert Schwarz

(%

H.Schwarz@gsi.de

23 years as a quality engineer in the development
of test tools for the production line and the last 5
years as a project audit engineer

4 years as a Service Engineer (')

¢ (%)

Introduction

Procedures, Work Instructions
at the planning session of the
subprojects
N m prs . spamng pamef

by self-explanatory QUA
Trainings

by the Quality Assurance
Instruction
-
by 4-eye-principle at all major
quality gates (Milestones)

Conclusion: Aim of Quality Assurance is to save time and costs.
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Lessons Learned

= Quality assurance is not an additional hurdle.
- Most quality related activities are straightforward project activities.

= The specifications and contract terms are the base of

nearly most quality assurance related measures.
- Clear and stringent formulations are needed.
- Any shortcuts will lead to (massive) additional efforts at a /ater stage.

Lessons Learned

= Difficulties and deviations from the specification are usual.
- Dealing with Non-Conformities is an inherent topic of quality assurance.

= Verbal agreements work until something goes wrong.
- Compliance with the specified processes, procedures and templates
s essential for a successful project completion.

= Solution based flexibility is necessary.

- But large-scale project involving many stakeholders requires
compliance with processes, therefore quality assurance sometimes
needs to be some kind of formal.
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Lessons Learned by CR example
... the Debuncher requirements for the interfaces, tests and inspections

I

AN Debuncher

o

ol - {-}»-«-&_ﬁ""

Tunnel

| ‘/ e
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Tunnel

A o
[ Control system ()}

@

Intertaces (Test Points): Tunnel
L«iv-ﬁv s il o~

3 Instaliation space buliding / tunnel Control System “

4 Installation space buliding /
supply room

S connecting cables

€ power supply unit

7 media supply / slectricity air, ..

8 meala supply / electricity alr, .. Supply room

3 central control system

11 power connaction
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Lessons Learned by CR example
.. the Debuncher requirements for the interfaces, tests and inspections

= The CR Debuncher is one example for teamwork during
the design phases M6 and M7.

- The WPL presents his or contract partners work in a design meeting and finalizes
his/their design documents with this step.

Overview of the participating departments in this case:
= - Control Systems (ACO) /- Commons (COM) / - Transport & Installation (TRI)
- Engineering (ENG) / - Mechanical integration (MIN)
- Vacuum Systems (VAC) / - Accelerator Radiation Protection (SRP) /
- Safety Officer /
- Quality Assurance (QuA)

Conclusion:
Define your interface partner.

Teamwork saves time and costs.

i . Underlying rules and
Milestones & Descriptions e

processes are valid for
all FAIR Suppliers.

P v @@@W@Wﬁ W P W

In case of emmors and warranty

Design Manufacturing

M6 — CDR accepted
M7 — FDR accepted, planning completed
M8 - Pre-series accepted / prototype tested

M81 - Start of series production
M9 - FAT accepted

M392 — End of Shipment to GSI / FAIR
M10 — SAT Aa & Ab accepted

X: Partial temporary storage

M102 —Installation completed

M11 - SAT Ba accepted
M12 - SAT Bb accepted
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FAT / SAT Overview

Factory Acceptance lests | Site Acceptance Tests Acceptance Tests at the

* Final tests after production * SAT Aa: Incoming goods Final Installation Place
against specification inspections (visual check, » After successfully SAT A of
* Including tests by sub- completeness of the components/systems
contractors documentat;op etc.) * SAT Ba: Integration Tests
* Including tests during * SAT Ab: functional check of without beam
production individual component or « SAT Bb: Integration Tests

» To be performed before aggregated system against :
delivery specification W b

N—

Q-VA-QA-0025 (Performing FAT or SAT)

All components that will be productively used must pass through all acceptance tests
-> Prototypes for evaluation purposes are not relevant from quality assurance perspective

Preconditions for Manufacturing

—
M6 — CDR accepted

M7 — FDR accepted .'

Risk assessment (cf.

in-process tests
BGI/GUV-1 5139 / K.RLb . ﬂpr L/

v
Manufacturing . 00 e c.o
)

Production plan .
PeOeeee

Test Plan for
FAT available
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Preconditions for Installation

Installati
Release for Installation ‘SAT Ab)
® 000 0.

_ ®
Installation (sequence) plan .

Test plan for installation
eceee @

M102:
Installation

completed
and checked

Clear storage status (test
reports, maintenance plans .

000 OO ‘
Risk- & hazard analyses ]
(according to European -
directives) )

0 000

Preconditions for Commissioning

M102: Assembly in tunnel finished (and checked)
0000 0.

Commissioning sequence plan

NN _—
conditions:
SAT Bb
SAT BA and SAT Bb teg pla‘n o o6 ;;‘;‘:gve -
Commissionin
. 9 released
Risk assessment (hazards) for components, . All NCR
systems and the entire FAIR system must be
o0 o0 closed.

...10 be continued...
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Summary: Manufacturing, Installation & Commissioning

= From quality assurance perspective, the acceptance tests
for the milestones M9 (FAT) to M12 (SAT Bb)
build the foundation for the manufacturing, installation
and commissioning.

= The test plans must be prepared in advance and agreed
by QUA.

= Acceptance records are to be created and stored in
EDMS together with the accompanying documents.

= Quality deviations (non-conformities) must be
documented and followed up until clarification.

Pgnicularly RE—— Procedure/ Template Link to EDMS

milestone

M6, M7 Q-VA-QA-0006 Design Reviews edms.cern.ch/document/1514206

mo-VA—QA-Ooa N et el edms.cern chidocument/1730749
quipment

MQ-VA-QA-OOZS FAT or SAT edms.cern.ch/document/1514174

M1, M2, M3, M4, M5, M6, M7, LBV S a8/ Rilikl) Dealing with
M8, M9, M10, M11, M12 (formerly Q-VA-QA-0030) Non-Conformities

X Capability of Measuring
M8, M9, M10, M11, M12 F-VA-QUA-en-0031 Equipment edms.cern.ch/document/1830692
Particularly relevant for
ilestone Procedure/ Template |Description Link to EDMS

edms.cern.ch/document/1503121

:%M? M8, M9, M10, M11, Q-FO-QA-OOOZ ;:l:g:te for an Acceptance

Mo, Mo, W10 Wit iz R kWA edms.com.chidocument/1503137

MF-FO-QUA-M-OOM Template for Stoppage Card edms.cem.ch/document/1503140
Q-FO-QA-0006 Template for a Test Record edms.cem.ch/document/1517696

M6, M7, M8, M9, M10 F-FO-QUA-bI-0007 Template for an Inspection Plan ~ edms.cem.ch/document/1810648

M6, M7, M8, M9, M10 Q-FO-QM-0010 Template for a Test Instruction edms.cem.ch/document/1512546

M1, M2, M3, M4, M5, M6, M7,

M8, M9, M10, M11, M12 F-FO-QUA-en-0012  Template for Meeting Minutes edms.cem.ch/document/1573659

M6, M7, M8, M9, M10 Q-FO-QA-0013 Template for Required Documents edms.cem.ch/document/1732710

59



Tool Box QUA Training Modules

QUA Training Modules i

QUA-Training 2018-01-25

- QUA on a page

- Document Approval

- Design Reviews (CDR & FDR)

- Acceptance Tests (FAT, SAT A)

- Dealing with Non-Conformities

- Standards, Guidelines and Laws
- Required Documents

edms.cern.ch/document/1867402

QUA-Training 2017-01-17

- Capability of Measuring Systems

- Schedule & Q-Plan

- Shipment, Storage, Installation edms.cemn.ch/document/1747874
- Design Reviews (CDR & FDR)

- Acceptance Tests (FAT, SAT A)

- Management of Test Equipment

QUA-Training 2016-06-24

- QA Overview

- Design Reviews

- Acceptance Tests (FAT, SAT Aa & SAT Ab) edms.cern.ch/document/1747876
- Dealing with Non-Conformities

- Management of Test Equipment

- Document Approval

Q O &,

Milestones (Spec, FDR, FAT, SATs) must be taken seriously.
- Full commitment of SPL and WPLs is mandatory!!!

Documentation is essential.
- EDMS must be used for all required documents.

Tracking of individual components & systems is necessary.
- PLM structures must be implemented

Product Lifecycle Management

Responsibilities must be clear.
- Logistics, Aggregated Systems, Safety, Commissionin

No time for planning (e.g. for testing and installation)?
- Every minute in planning saves 10 min. in execution.
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Next Steps / Open Issues

1. Start the subprojects with kick-off meetings for each work package
2.5.x.

» Define the team with name, function and mail address.

» Create EDMS Structures based on PLM requirements.
For that contact Klaus H6hne (Klaus. Hoehne@fair-center.eu)

» Define how the team will work together.

2. Early clarification on how the risk assessments should look like
» If necessary, consult a notified body (e.g. TOV).

3. Keep MS Project Plan and EDMS updated.
» If not, start to clarify the users and their access rights.

| am your FAIR-PMO contact person for all Quality Assurance
tasks for CR

ovember Sth 2018 — Quality Assurance 22!

Responsible
for quality

Every employee
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1.8 Digital mock-up
Corresponding Author(s): c.will@gsi.de

P components

V7 . - - - -

RS Requirement assurance during design und production
QK Christina Will

== Defined costes
(possibility to influence)
=== Allocated costs

—- = Possibility of cost affection
——p Costs of modifications
—— Project outlay

principle for mechanics = principle for electronics

Source: una Springer Veriag 2013 + hitpimk entwr? himi i

51118 Chnistina Willl HEAD MIN 2
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Legal aspects and target for FAIR .

All partners which produce in the EU or will import into the EU
have to follow the legal rules of the EU.

The following regulations have to be followed:
2006/42/EG Machinery directive
89/391/EWG, 2007/30/EG Regulation to avoid accidents
ProdSG- Act on making products available for the market
2014/35/EU Low voltage regulation
2014/68/EU Pressure Vessel regulation (i.n.)

For certification: Information guide ,Manufacturing and operation of
equipment designed for research purposes”, CE conformity and
workplace safety, BGI/GUV-I 5139 E

Development>> Production >> Assembly >’> Commissioning > Operation >

Permission in reference to Radiation
Legal authorization

: : (=) -
511.18 Chnistina Willl HEAD MIN 3

Development and Management Ta:

| Physical solution >> Technical solution >> Function

prove of pianning check of plausibiity prove of as buit of
change of the p y of the. resuits  manuais modafications
management check of necessary component to the reports of quallty of of g of
prove of instaiiation prototypes system assurance modi
803ce confirmation for check of realization analyses for vertfication of vertfication of check of spare
check of planning of beam of the on parts
practicabliity of ines In the design aliocation of Identification the system documentation of
paramester structure of product takeover of Identifiers for proving of documentation of operation
check of physical model known and
] p ? about operation pian manuais

structuring of data definition of the components risk analyses
model for product connecting and check for mount certification

feeding apity preparation of

components planning of quaity assembly

gefinition of during

nterfaces production

check of prove of Interfaces

requirements by
components on the
system

[ = Management of documents >
Classification
wmnm-n_> Product I|fecycle management

511.18 Chnistina Willl HEAD MIN
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- Lessons learned

3

Definition of physical and technical requirements in context of

system design as early as possible

Describing requirements in specifications and draft models

Conceptual design review (CDR) with model for checking of
solution, checking of data integration, checking of interfaces,

draft for documentation

Final design review (FDR) checking of data integration, checking

of content incl. tolerances

First of Series (FOS): aim: no planned modification of design, only
for checking if the design contains mistakes

511.18 Chnstina Willl HEAD MIN

‘Main tasks

Minimize development costs

Development costs = Physical
development + Technical development

Physical development = Parameter table
and specifications

Technical development = DMU +
specification drawings

Costs calculations while development
and design process

Checking integrity of models in
comparision to GSI/FAIR CAD-system

Minimize assurance costs
Using checklists
Checking solutions as early as possible
in comparison to the defined
requirements
Establish checking procedures for all
components for CDR, FDR, FAT

Minimize production costs

Development of production documents in
reference to minimize the costs for
material and production

Checking drawings to avoid mistakes
during production

Reuse of components to minimze
production costs

Minimize assembly costs

Participation of all involved departments
in the development of the components

Implementation of experiences of
previous projects

Reuse of components to develop a
common knowledge

511.18

64

Chnstina Will/ HEAD MIN 6



’ Y
- Technical Guidelines o) A

b

A & 5 i !
Technical guidelines: Technical guidelines have to be seen:
Are part of the specifications as common approved As a collection of technical data that are used in GSI
information As an intentionally written guideline and not as
Are used for knowledge management specification
Combine knowledge of different subject domains In order to take into consideration the technical know-
with technical solutions how
Are a collection of best practice experiences As information about for instance basic equipment of
Are generally available GSI/FAIR

As starting point for general standardization at GSI.

Content and Structure:

Classification of the gutdelines

# Seweral Inform aton

# Selection of materals

# Engineering Design

# Heating

# Surfaces

# Cleaning

« Acceptance Tess

# Massrial Procurem ent

# Transport and Packaging
10. # Documentaton

11. # Basic Equipment GSIFAIR
12. # Camlogue of GS| Main Storage
13. # Instaliafon Instructions

14 # Mscellaneous

CONDOE WP -

+ register with keywords

5.11.18 Christina Willl HEAD MIN

;{'Model of Product data
) 4

Product definition Representation of product
fi. fi.
Product structure Model of product technical calculations
Description: dip13_0 FEM-Model
Drawing no.: FT-BEMH-ZU-0000055 production programms
CID: 07-00001-0404 parameter tables
v
Presentation of product

i - - [i[=

adapted figure after : Aden, Trippner, Step, Teubner Veriag Stuttgart, 20000

511.18 Chnstina Wil HEAD MIN
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From Physical to Technical Soluti ‘q ‘#f-\l

Transfer of the physical solution into technical requirements:
Choosing the active principle for realization of function
Positioning of the function in the system (lon optical Layout)
Definition of necessary space of the function

Definition of necessary media ~ Milerca
Adaption of requirements from product life-cycle L DY
= e

/

[ I0Lstep>CATIA SAP Installation space for components Requirements from product life-cycle
[ Civil construction I
I Specifications |
5.11.18 Chnistina Will/ HEAD MIN 9

L]
Ik
Testing of Technical Solution ij 9 FAR

% -]
L J
- -
Specificat
=J ——
23 . Qualtyof product made % 5
< A . ¥
. 1 + Chuck of intuces Conceptual o
D ek machancal :
W =P o ofphysc design
s
RGN review
L > Fas ot e (CDR) |
- @
5'
¥
an
; h 3ra step:
2na step:
Assembry Factory "Finalp
accepiance jg—— design
test p
EAT review
a (FDR)
p—— DMU-Digital Mockup
... WPL-Work package leader
<l SPL- Subproject leader
QA- Quallty assurence
oMU CID- Component igentification no.
EDMS- Electronical data management
(CATIATAR Ao (CERN) G 5 l[

5.11.18 Chnistina Willl HEAD MIN 10
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CATIA/SAP

Development of models for beamlines as
basis for:

Combination of:
= Models of different sources like civil

. lmnterf?ncgsigv;nnrsltgas“m construction, GSI and contribution partners
- Digital representations as basis for = 3D-Scans wnth CAD-Models as As-built-
installation and maintenace documentation
< Abasis for simulations for remote Proof of:
manipulation of radioactive = Completeness of product structure
components = Interfaces
= Installation scenarios
= Maintenance scenarios
= Emergency scenarios ®
— S
5.11.18 Christina Willl HEAD MIN 12
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Conclusions

Defining requirements of components in reference the needs of
Systems Engineeing as early as possible

Definition of common product structures as basis for product
management

Definition the conditions for data transfer

Common definition of design results

Definiton of roles for mutual information (following also processes of
ISO9001)

Definition of approval procedures

5.11.18 Chnistina Will/ HEAD MIN 13
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1.9 SPARC@HESR

Corresponding Author(s): a.kalinin@gsi.de
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2 Collector Ring
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2.1 CR project(s) kick-off
Corresponding Author(s): koop@inp.nsk.su

=== - inutes Nr.: 20181106

Minutes of the CR parallel session, 06"
November 2018, 1% BINP-FAIR
Collaboration Coordination workshop

Name: O. Gorda

Important: How to treat this document:

I: Information (by xy)

P: Presentation
R: Remark

D: Decision

Q: Question

A: Action Item

Topic

Due Date

Respsbl.

1. CR project — general aspects.

P (O. Dolinskyy)

1.1 General overview and status of the CR project.

TCR1 diagnostics

I (I. Koop):

BINP is interested in production of the rest of TCR1 diagnostic
components (fast current transformer and scintillation screens)
which are presently assigned to GSI.

A:

1.2
BINP will prepare a letter of proposal to assign the rest TCR1

diagnostics to BINP. List of corresponding items with PSP-codes
shall be provided to BINP by O. Chorniy. The letter of proposal will
be prepared by Y. Rogovskiy/I. Koop and given to D. Urner who will
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then take necessary formal actions. We are interested in
assignment of the components to BINP as soon as possible taking
into account that BINP is already planning CDR/FDR.

09.11.2018

O.Chorniy,
Y.Rogovsky,
|.Koop

1.3

pbar channel diaghostics

| (I. Koop):

We would like to overtake the pbar-channel diagnostics if it is
identical to CR/TCR1 design as we have already started the
procurement.

R (M. Schwickert):

For pbar part diagnostics, we have to first discuss technical details
before discussing the assighment and contracting of the pbar
diagnostics.

A:

Technical discussion on the possibility to use the CR-type design of
the beam diagnostics devices in the pbar-separator shall be
organized during this workshop.

09.11.2018

0. Chorniy,
Y.Rogovsky,

M.Schwickert

1.4

Building planning

R (O. Dolinskyy)

Two change requests (building planning and power requirements)
have been prepared and submitted by BINP. FAIR S&B has
accepted the change requests. Currently planning of the CR
building is stopped. It will be discussed in the dedicated workshop
between FAIR S&B and BINP when and how to proceed with the
building planning.

A:

The date of the workshop FAIR S&B and BINP has to be fix soon.
The agenda for the workshop has to be prepared in advance.

20.12.2018

H.
Hageslkamp,

O. Dolinskyy

Organizational issues
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1.5

A:

Monthly CR coordination meeting shall be re-established. Date and
time has to be fixed during this workshop.

A:

Date for the next workshop between BINP and FAIR at GSI has to
be fixed during this workshop.

R (O. Dolinskyy):

Monthly reporting in EDMS has to be regularly prepared for each
WP prior to the regular PPM meetings.

09.11.2018

09.11.2018

I.Koop

1.6

Project Structure

| (O. Dolinskyy)

WP CR Installation — Oleg Gumenyuk is proposed to overtake this
work-package starting from January 2019.

1.7

Communication

A:

Visit of the BINP QA expert shall be organized to discuss QA
aspects with H. Shwartz. Date for this visit shall be agreed and
fixed during this workshop.

A:

In table of the contact persons, Mr. Karnaev shall be replaced by
Mr. Senchenko. Mr. Kolmogorov shall be replaced by Mr. Senkov.
Rahimov shall be corrected to Rakhimov.

09.11.2018

09.11.2018

I.Koop,

H.Schwarz

O.Dolinskyy

Alignment

A:

BINP experts on magnet alignment will be invited to attend one of
the sessions of this workshop and discuss communication issues. A
visit of the BINP alignment team to GSI shall be planned during this
workshop.

09.11.2018

|.Koop
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Risk assessment and safety

A:

BINP shall designate a person who will be responsible for the risk

18 assessment and implementation of safety regulations and 09.11.2018 I-koop
' directives.
A:
E. Petrova will contact H. Schwarz during this workshop to discuss
requirements and necessary steps in the risk assessment issues.
E.Petrova,
09.11.2018 H.Schwarz
Planning
A:
1.9 Time schedule for all required milestones for all BINP WPs has to
be clarified and fixed during this workshop. 09.11.2018 WPLs
R (O. Dolinskyy)
Completion of required milestones is defined and fixed by the
corresponding protocol with signatures of the involved BINP and
GSI/FAIR persons as defined by the SPL.
A:
Optimization of the time frame for the CR pre-assembly and
installation shall be discussed, and corresponding dates shall be
fixed during this workshop.
WPLs,
09.11.2018 SPL
Manpower resources
1.10

| (O. Dolinskyy)

Preliminary estimations for the required manpower resources
from GSI technical departments have been done for the CR project
during the next years.

A:

We shall clarify with BINP WPLs during this workshop, what is the
amount of GSI manpower resources that BINP needs as assistance
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from GSI technical departments during the execution of the CR
project in the next years.

2. CR beam diagnostics.

2.1 P (Y. Rogovsky):
Overview and status of CR beam diagnostics.
CR Beam Position Monitor
2.2 A:
CDR of the CR BPM will be presented during this workshop.
09.11.2018 Y.Rogovsky
CR Scintillation Screen
2.3 A:
CDR of the CR Scintillation Screen will be presented during this
09.11.2018 Y.Rogovsky
workshop.
CR Beam Loss Monitor
24 A:
During this workshop, we have to clarify whether the BLM should
. 09.11.2018 Y.Rogovsky
be assigned to GSI.
Planning
A:
2.5 A more detailed and accurate time schedule of the component
09.11.2018 Y.Rogovsky

delivery shall be discussed.
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Separate delivery schedule milestones have to be specified for the
TCR1 diagnostics components.

09.11.2018 Y.Rogovsky
Procurement
R (O. Dolinskyy)
BINP components which should be procured by GSI, have to be
included into a list together with other components and delivered
to D. Urner as a request for procurement.
A:
Possibility of delivery of the Libera to BINP has to be discussed
2.6 with D. Urner.
As a second option, delivery of the GSI test-box for pre-amplifier
can be considered. 16.11.2018 Y.Rogovsky,
0.Chorniy
A:
Establish contact to Slovenia provider on the possibility to apply
their pneumatic drives which have been planned for other devices
at GSI also for BINP diagnostics. BINP drawings shall be provided to
the provider.
20.12.2018 0O.Chorniy,
M.Schwickert
2.7 P (0. Chorniy)
Overview of CR beam diagnostics — GSI in-kind.
DAQ CR Scintillation Screen
A:
2.8 It shall be checked with D. Urner whether the DAQ for scintillation
screens has already been contracted. If not, it has to be included
into the next in-kind contract between FAIR and GSI. 09.11.2018 0.Chorniy
CcC
| (O. Chorniy):
The prototype of the CCC cryostat is presently under production.
29 The prototype will be tested at CRYRING. Afterwards, the

specification will be prepared for the CR device. Then GSI will
produce the device for CR.
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2.10

Super-FRS BPM

A:

Information regarding the required changes (flange type etc.) of
the BPM design for Super-FRS will be delivered to BINP during this
workshop.

09.11.2018

M.Schwickert

3. CR magnets.

3.1

P (A. Starostenko)

Status of CR magnets.

3.2

A:

A more detailed production and delivery time schedule including
separate milestones for each of the series components shall be
prepared for all magnets during this workshop.

16.11.2018

A.Starostenko

’

|.Koop

3.3

A:

Meeting with QA experts shall be organized to discuss and clarify
details on the documentation preparation.

09.11.2018

A.Starostenko

3.4

A:

Concept of integration of the SC microwave damping modules into
the wide quadrupole-sextupole chamber has to be discussed and
clarified during this workshop.

09.11.2018

A.Starostenko
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2.2 CR kick-off continuation

Corresponding Author(s):
konstantin.istomin@fair-center.eu

Suggestion to include the following topics into the CR parallel I/Il session

BINP liaison officer

CR installation plan / CR Schedule

o Establishment of baseline schedule during workshop.

o procedure how to modify schedule in future

o discussion of possible conflicts with priorisation of FAIR items in workshop and design
office

e Provision of items by FAIR:
o establish procedure

e Update of WPL list including email addresses an phone number of BINP CR team and FAIR CR

team
e Come up with a procedure for CDRs and FDRs also in view of a biannual workshop.

78



2.3 CR vacuum system

Corresponding Author(s): a.a.krasnov@inp.nsk.su

2.4 CR beam diagnostics

Corresponding Author(s): rogovsky@inp.nsk.su

2.5 CR beam dynamics

Corresponding Author(s): dshwartz@inp.nsk.su
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2.6 GSI contribution to CR (RF, debuncher, stochastic
cooling etc.)
Corresponding Author(s): o.gorda@gsi.de

FAR ==

Status of the CR Debuncher and& "
Stochastic Cooling system

Oleksii Gorda

for the Ring RF and Beam Cooling deparfment

7 November 2018
1# BINP-FAIR Collaboration Coordination Workshop

Outline -

WP 2.5.4 CR RF debuncher (GSI in-kind)
WP 2.5.10 CR Stochastic Cooling (GSI in-kind)

Expected performance of the CR
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CR debuncher - Overview FAR m=u

Bunch rotation of antiprotons or heavy Bunch rotation of heavv ion beam within 220 turns.
ions by a quarter of synchrotron . [Time=0 sec3 [ Time=0.21 msec =

oscillation period.

Reduction of the momentum spread by
factor of 3 to match the momentum
acceptance of the stochastic cooling
system.

v Ikv|
|

¥ [psen]

Two inductively loaded coaxial quarter Max. voltage 40 kV/unit
wavelength resonators working on a Number of units 5

common ceramic gap. Frequency range 1.1-1.5MHz

CR Debuncher - Status FAR ==

FAT/SAT 1t series cavity —
successfully tested and accepted in
2017.

FAT 2™ series cavity — ready.

FAT/SAT 15t and 2™ series power
supply unit — ready.

Manufacturing of all series cavities

and power supply units completed. First of Series CR debuncher during commissioning at GSI.
FAT is ongoing.

Shipment of all series CR debunchers
and power supply units to FAIR — until
end of 2018.
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CR Stochastic Cooling (SC) - Overview FAR ==u

Tabile 2881 Fugured stochassc i the CR
Artpranrs hmmun-mn’(m
30y, 10" bns Tah Mavii. coolng of 107 ions
B (re) G lrme) Bpp ey e
(17w v [ e e
Patamiwter oibrg 0% 008% [ #0128 arninmes | Mo
Phase space iecucson | Tesd’ oo’
Costng  downiyeh | 508 190 & s18 0188
trre

CR Technical design Report (2014)
¥ Pick-up

station

RF cavities
|8 ; 3D cooling by Filter, Palmer or TOF method.
RF bgam anr\u
=N System bandwidth 1-2 GHz (MSV).
; ; Slot-line pick-ups with movable (plunging)

electrode modules at cryogenic temperature

2/[ (20-30 K).

Palmer pick-up for pre-cooling of hot
radioactive ion beams.

CR SC - Plunging Pick-Up FAR rs==u

Test-bench for testing of the
Cryogenic slotine double pick-up. —_— Plunging Ag/BeCu fols. Assembly of the electrode
= double-module mounted to the
= linear motor drive unit.
0 O O
+——
— MR
e S ok tank #
W -
p - <
B Electrode doubie-

Towards fixing remaining design issues.

Testing of the full cryo-plunging concept in the
GSI prototype tank ongoing.

Engineering/mechanics/assembly activities
ongoing.

Slot-line electrode module
on Al203 ceramic substrate.
Long-time mechanical durability tests of the

plunging foils ongoing.
Vacuum-compatibility tests of materials.

Electrode module re-design, contacts with
providers.

Milled module body with pick-up
board & combiner board

82



CR SC pick-up — Motor Drive Unit FAR ==u

Linear motor drives designed to synchronously
move the electrode modules from +80 mm to
+10 mm towards the beam axis.

Concept successfully tested at GSI test bench
for all required plunging directions.

Procurement of the series motor drive units
finished.

FAR m=wu

RF concept + engineerning ready.

DMU integration with ISO-K flanges/bellows
(BINP proposal) ready.

Draft specification of the vacuum tank ready.

Q4/2018: Final specification and manufacturing
drawings for tendering the vacuum tank.
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CR SC - Power Amplifiers

8 kW installed microwave CW power at
the kickers for cooling.

Series: 34 power amplifiers (250 W
each).

SAT of 1% series power amplifier
successfully passed in Q3/2018.

Preparation for the series production
ongoing.

Start of the series production expected in
Q4/2018.

CR SC - Microwave Damping (1)

Many RF-modes are excited by the electric fields

applied at the kickers and propagate back through the

large-aperture CR vacuum chambers.

High gain (> 130 dB) in signal paths between pick-ups

and kickers.

Concept of passive, vacuum compatible, RF-absorbing
materials (in 1-2 GHz mw range) for suppression the

unwanted RF modes ready.

Test-bench at GSI for SAT of power amplifiers.

FAR m=u

Pamer pick-up
_{Faltin rails)
a

1. Ferrite absorbers inside S.C. pick-ups &

kickers (< 2 m? per tank)

Ferrite absorber Ferize absorber
gt at the Paimer pick-up
pick-up electrodes

Ferrite design ready.

UHYV test done (outgassing rate acceptable).

Ferrites tiles purchased for all pick-ups.



CR SC - Microwave Damping (2) F,“R ==z Ir

2. Resistively coated ceramic tube modules inside inside all N~

hexagonal quadrupole/sextupole vacuum chambers in the CR arcs i ,\~
- - sy
" Teppieg wa i - .-7-'\_‘\
Al,O, tubes (4 standard diameters 2 6...24 mm). s et P
Total module surface < 60 m? /arc. mm— .

' |

0 0 0 W O W W 20 M0 PO M0
[y

9\% @
B units/ 2\
[ '{""'b

Draft engineering concept ready.

First batch of Al,O, tubes for prototyping purchased.
Resistive coating of prototype tubes ready.

UHV+REF tests of tubes ongoing. Procurement of series if
tested successfully.

Q2/2019: assembly and full damping tube concept test
after delivery of a prototype chamber by BINP.

Procurement of the series of holders if tested successfully.

CR SC - Building Integration FAR m=u

Almost no reserve for signal path time with respect — ‘
to the ion beam flight time from Palmer pick-up to i
kickers.

Optimization of the signal path is ongoing.

Currently working on the proposal of changing the
position/angle of the holes for the signal path in the
inner building wall.

Corresponding change request will be submitted to
FAIR S&B until end of 2018.
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Expected Performance of CR FAR z==mr

Collaboration with Dr. Takeshi Katayama (Nihon University, Japan)
on theoretical study of beam dynamics for the full cooling cycle
including RF manipulations and stochastic cooling.

Measured RF properties from the commissioning of the 1% series
CR debuncher are used in simulations.

CR cooling cycle
(2) (3) (4) (5)

| Injection |—»| Bunch rotation and de-bunching |—=»| Cooling |—»| Re-bunching |—»| Extraction |

(1) Injection of a short bunch from pbar-separator or Super-FRS.

€
)

(2) Bunch rotation by RF system to match the beam parameters
to the requirements of the stochastic cooling system.

De-bunching
Stochastic cooling
Re-bunching

RF voltage

(3) Cooling (Filter, Palmer or TOF method).

T Tw W

@ a a Time

(4) The beam has to be bunched again by RF system before
extraction.

(5) Extraction to HESR.

Antiproton Beam Dynamics FAIR iz ==

Bunch rotation and de-bunching Stochastic cooling

Initial momentum distribution £ 3% (uniform) Particle number 10°
Bunch width (rms) Gaussian Objective cooling time 10s
truncated at +30 125ns

Revolution frequency 1.384 MHz

RF harmonic number 1 o y "
Momentum slipping factor 0.014 R s

Vi L et it .
I )

. <
4 - =

L.
¥usE
DPp (. e 3)

T e T b s

1ewene Emitbosce iree. be

Bunch rtation e | ;
o i Transverse emittance after 10 s cooling: ~2 mm mrad (rms).
I 4 Momentum spread after 10 s cooling: ~2e-4 (rms).

Plunging helps to reach equilibrium value at ~7 s.

M spread after re-bunching 6.7e4(rms)

HESR momentum acceptance Te4 (rms) .
HESR stochastic cooling system = = I.‘ ————
momentum acceptance Be4 (rms) Twee-d s o 1,

HESR transverse acceptance 2.4 mm mrad (rms) B : @J i

Re-bunching

No margin! Possible option to mitigate the problem: dynamic ion-optics - - B
vaniation (eta-ramping) can reduce dp/p to ~de-<4(ms). T ey
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Rare Isotope Beam Dynamics

Bunch rotation and de-bunching
Initial momentum distribution

Gaussian fruncated at =120  1.25e-2 (rms)
Bunch width (rms) Gaussian
truncated at =30 250ns
Revolution frequency 1.148 MHz
RF harmonic number 1
Momentum slipping factor 0.178
= TnEE =" (weem g — -
o uswyr . I N
}_ S 5
i L il
0wl w—\' — .

Stochastic cooling

Reference ion type
Particle number

B2gnste
10¢ and 10°

2e-3 (rms)

Fiker cooling: +1.37e-3
Paimer cooling: +6.9%¢-3
TOF cociing: £ 1.3%e-2

Onily Paimer or TOF method can
be used at the start of the cooling.

FAR m=u

5

Rowes

Muxmine

e TH T8 T8 ™
gy Mo
Hang-over Paimer-Fiter at 3.5 5 Hand-over PaimerFiter at 15
100 6 S, = w

[ "

5 N=102  — o N=10* — 5pp

E )\ — 20 2 = Microwave power

i Wty | 1 14

i s

L

{ 1

E o ¢ W o

¢ |
0

(1)

Tiowe (s05)

HESR momentum acceptance 7e4 (rms).
HESR transverse acceptance 2.6 mm mrad (rms).

Stable Heavy-lon Beam Dynamics

Cooled stable heavy ions from SIS-18.

Bunch rotation and de-bunching
Initial momentum distribution

Gaussian truncated at =20 1e-3 (rms)
Bunch width (rms) Gaussian

truncated at =30 125ns
Revolution frequency 1.148 MHz
RF harmonic number 1
Momentum slipping factor 0.178

|Otums  Time=0 |860tumns  Time=0.76ms

i Ve ol Dy
I —

After re-bunching, the beam is within the HESR momentum

acceptance of 7e4 (rms).

FAR ==

Stochastic cooling

Reference ion type ey ya2-

Particle number 102,107,10% and 10°

Cooling method Filter
\ N, =10° A

! dpip=1e P

1" (rms) wt i

o o ) Wi L5} ol

}
I . |
Re-bunching :
0tums 570 turns : /7 "
H led4 !
e o £ Y - ;
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FAR ==

GSI/FAIR Workshop on Stochastic Cooling will take
place on 21-23 January 2019 at GSI.

Focus on theory, simulation and hardware
developments.

Thank you for attention

FAIR GmbH | GSI GmbH 0. Gorda, 1% BINP-FAIR Collaboration Coordination Workshop, 07.11.2018
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2.7 CR vacuum

Corresponding Author(s): a.a.krasnov@inp.nsk.su

2.8 CR installation

Corresponding Author(s): a.prosvetov@gsi.de

2.9 CR injection/extraction

Corresponding Author(s): p.yu.shatunov@inp.nsk.su
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2.10 ILIMA

Corresponding Author(s): h.weick@gsi.de

w g

ILIMA Experiments in the CR

Helmut Weick, GSI
Budker-GSI collab. workshop Novosibirsk, 8t Nov 2018

*

*
.0

Goals of Experiments
Detector Systems (Schottky, ToF, Heavy-lon)
Integration into the CR
Requirements on CR

*
0.0

7
* .0

*

*
.0

- Nuclear decay mode
- Separation energies
- Driplines

- Pairing correlations

- Deformations
- Shell closures

- Reaction Q-values
- Testing and

improving nuclear
theories

W\ ey
VO
\

Neutran number

s
E
=
S
iE
<
A
3
)

Z 8== Neulizynunmbey ==
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ILIMA = Isomeres, Lifetimes and MAs

- Total binding energies
- Nuclear decay modes

- Separation energies

- Driplines

- Pairing correlations

- Deformations .

- Shell closures (,',)
- Reaction Q-values Nova Cygni 1982

- Testing and
improving nuclear
theories

- Path ways of
nucleosynthesis

¢ Schottky pickups
. horizontal and longitudinal “g§
& ¢ Detector pockets

CRONERA maw

ANl

91




EC decay in ESR
cooling, 2 EC and 2 §* -decays

Am/m = 3.7x10°

N P e g 7 Za 1
! W

-s]-s
N
o
o

2 ms/bin

=3
=2

o
o
¥ Ipaa

Time [3
[+
o
o

S VKT T
R LTI S

200 250 300 -
Frequency - offset [31.25 Hz/bin]

Use pill box cavity in
T010 monopole mode
fg tunable,

quality factor Q

also adjustable.

Elliptical cavity possible
to introduce gradient in R/Q,
signal strength gives position

vadlem T T | s Sanijari, X. Chen
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S - 9’0
Detector Pockets
e.g. for B delayed neutron emission

s :

e ¢ i

CR in RIB mode, x-width = sqrt(p, ¢,)

CR TDR, Annex 1, 2016

0

Bz, By, D2 (m)

N T =TT P — 7 3
° 2’/7 7 - "\ oy 4 !
AX= <72 mm e - A n pocket out during injection

for2=50, m=132  forz=82, m=126 > fast drive with servo motor
cooled beam (g, =1 mm mrad) R. Gernhauser

= X-width = 2.2 - 3.2 mm
CsISiPHOS Heavy lon Defetif’é’f
o,

e

S/DSSD stack for AE, x
active area 40mm x 60mm
with Csl calorimeter +

Si photo diode to identity
Z and A by AE, E.

- > , P Ali Najafi et al.
Bl — NIM A836 (2016) 1.
B* decay: 142Pm®%* - 142Nd5%*, electron capture 142Pm5%*
45 Integral 595 .1 T T o % . ‘ ' —gw ]
b |2t 1617714 i ssof- || P’ position -
35f Constant 26,64 . E
£ Mean 6.684 | F s
306 Sigma 0.0253 H - I8 ]
E " u|
~“5-’ 255 , § 150/ %
3 20; | 5 142N 439+ i
155 AE | ODi— _}
10F : ]
E 0 I 1
st | ‘uHﬂ A o E
E Lom o Al _holkini¥s VAR ST T T I g, . L j
05 5254 a6 88 T 7274 QR3S E i Sl el bt i a1

x [mm]
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ISO-K adaptor
J _ fange |

e e ¥
- Detector Positions B[ et §g

| resonator
/

B s’ S e s
S—— )/ or detector
adaptor ISO-K
— flange
s'L ? - ™
1402.5 mm
56.\1“
998 mm
“XL” : 5 :
22324mm | & f i
el o :.:.al Sas Ak yret “ i
ST g . ! 704.? mm
704 3 mm " i 31?2 .
pom 10001 7 ~ & < Gate Valee
3 L;:i}:’zr;v;“ B Ancle Valva “XL”
2232 4 mm
uh,ln %] l -
998 mm e
‘GLQ’
1402.5 mm
.y o | SR
{ “ ’7 .
' TOF Detector System for C
e P T 1‘:-
d =80 mm
MCP and carbon foil Isochronous electron transport

by crossed E, B fields.

yoke diameter 900mm

magnet hom. AB/B =107
Electron transport efficiency = 98%

Timing accuracy = 35 ps
+ Active area d=80mm wanted, accepted emittance (x * y) scales with d*4 !

+ Simulations + Tests for detector show even better timing than ESR detector
M. Diwisch thesis, University Giessen 2014, N. Kuzminchuk et al., NIM B 821, 160 (2016), accepted TDR 2018.
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U

238J beam on improved ToF detector in ESR, Oct 2014
old detector but new channel plates, new field settings,
Almost no decrease of pulse height even after 800 turns.

A good signal from every turn on both sides (blue and red),
in the past only shorter sequences with gaps.
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Extension
tube

Bellow: 6 Convolutions,
CR-standard thickness

Installation in ring

\' / )
: ) L
' (’ A :
! Decapole Corrector
By - = “* With full correction
Sextupoles, octupoles are foreseen, bu* x/m
also a 4t order corrector is needed. 015 -0.10 -0.05 000 005 0.10 0.15
B=z156 —B3z087 , 2 ' 5
g f/._/\~v1\“ e
- AP | 0- |
= 0z 038" 008 . s a5 9 0 o
g // 1 \ I (=) (=
91 / 2 \ / = 2! 18 i
) \ ‘,/‘/ 3 \'\.\ | oy 1410 9
V from CR TDR-ani i < k £
rom -anr;ex |4 l* ‘ _15
X m
015 -0.10 -0.05 0.00 005 0.10 015 |
«F - % =ABB | 20
. ® =ATT | -
, . in GICOSY ‘/f 0.8 . o
- ar %,  simulation _ -8 - - r i
2 Ly o 0006 -0004 0002 0 0002 0.004 0.006
- 0- 0.0 o -
= 5 )
2 — 08 B“L = 80 Tm/m* at best position
o =ATIT over one turn for Bp =13Tm, e.g.
4 -
0006 0004 0002 O 0002 0004 o&leﬁ B=0.02T on o = 0.235 m’_ L=0.5m
5 (Y-steerers have larger B-field)
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=AB/ B ~ All

Am/m

L2/ 02

O/ IA-d\Z

7SSX3L040

FOXTI0ND \¥
UL

GUALOY

yE

o

Power Supply Stabilit
oy W Aﬁ

Field stability of CR dipoles
for mass measurements

1E-5+

resolution

correlation
1E-6+

0.5h S0Hz'  max. storage time

with ToF detector

R BRALLL BRALL L BRALL BRALLL BLALLL BRALLL BRALL BRALL BRALLL BRALL BLALL BRALL. ERAL
10° 10° 10* 10° 107 10" 1 10 100 10° 100 100 1F 10
f/Hz

Specs : AI/I=+0.5x10"°
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Scheme for integration of Heavy-ion detectors and Schottky pickups
found. Also just enough space for ToF detectors.

Heavy-ion and ToF TDR approved, Schottky still under approval,
asked for German in-kind funding at FAIR Council (Nov 2018).

740 k€ German project money (2005 prices) + few other sources
ToF detectors and some pockets can be provided at first installation,
Schottky pickups probably not all -> dummy tubes needed.

Still looking for decapole corrector, weak but very useful
to increase acceptance. Find a position!
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2.11 GSl contribution to CR beam diagnostics

Corresponding Author(s): o.chorniy@gsi.de

GSI Contribution to CR beam
diagnostics and common questions

O. Chorniy

Outlook

Future contracts :
J 400 mm diagnostics devices (SFRS, pBar, HEBT):

3 3 BPM pickups 400x400 and 3 BPM pickups 400x200 Status of “GSI”
2 BPM LNA (amplifiers for pBar BPMs) components:
d 4 Screens vacuum chamber 8 a6
 Flanges modified to DN 400 CF O Schottky
O BTF
O DAQ:
* BPM
Working questions: = FC)
 Clarification drive type for beam stopper: * DCT
pneumatic or stepper motor drive * BLM
. * Screens
d BINP feedback and commitment on PDC

O PLC control
procurement (update of motor number! 5x 4

motors for scrapers + 2x 1 for stoppers?)

 Clarification In-Kind Slovenia: Pneumatic drives
(number and type) to be built by Vacutech

Future Contracts

99



Table of known demand

for 400 mm diagnostics (BPMs and Screens)

A. Reiter 12th September 2018
Subproject Det.type  No. of devices PSP Code Component Aperture Comments
(mm x mm)
SFRS BPM 1 24615 Pick-up 400x400 FAR
2471121 vacuum chamber separate PSP, assigned already to BINP
pBar Diagnostics BPM | 296211 Pick-up 400x 400  GSlin-kind
1 296.2.2 vacuum chamber GSl inkind
BPM 2 296.211 Pick-up 400x200  GSlin-kind
GSl in-kind
2 296212 Pre-Amplifier consistency to other TCR1 BPMs
2 296.22 vacuum chamber GSl in-kind
SCR 2 296322 vacuum chamber  450x450  GSlin-kind
asTCR1Type 1l
2 2963.23 Mechanics, GSl in-kind , optional
alignment bridge
2963232 Pneumatic Drive GSl in-kind, optional
HEBT BPM 2 23641111 Pick-up 1x (400x400) FAIR
1x (400x200)
2 2364121 vacuum chamber FAIR
SCR 2 236522 vacuum chamber FAIR
2 23.6.5.23.0 Mechanics, FAIR
alignment bridge
2 23.6.5.23.1 Pressurized air drive SLO (Tehnodrom)
]
Areas of interest:
— pBarSeparator PSO1
— Last part of SFRS transfer line to CR and following
HEBT beam lines FREX and TFC1
pBarSeparator

SCR + BPM

SCR + BPM

Lo
A

SCR + BPM
(+ RT)

. veor
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Comments / Remarks on BPMs

hardly accepted, i.e. it must be
ready product from Slovenia, the
Programmable Multi-Axis
Controller is already bought for CR)

— SFRS: - 1x BPM with round electrodes (400 mm hor. and vert. aperture)
- No amplifier (see HEBT)
- Special case: vacuum chamber already assigned to Budker institute
- Vacuum flanges: DN 400 CF
- Check: available installation length, suitability of geometry for primary beam (large plate
voltages)!
— pBar: - 1x BPM with round electrodes (400 mm hor. and vert. aperture), special BPM in
target hall -> no amplifier
- 2x BPM as TCR1 type 1 (400 mm x 200 mm apertures) in separator line PSO1
- 2x BPM low-noise pre-amplifier LNA (to keep identical electronics chain for TCR1
beam line: 8 BPMs = 2x pBar + 6x TCR1 = 2x fully equipped Libera Platform B;
possible cost reduction: GSI and BINP can combine HW -> 2 fully equipped Libera Hadrons!)
- Vacuum flanges: DN 400 CF
— HEBT: - 1x BPM (400 mm x 200 mm aperture, corresponding to magnet aperture)
- 1x BPM (400 mm x 400 mm aperture)
- No amplifiers needed; Hadron HPA will be used as for HEBT BPM system
- Vacuum flanges: DN 400 CF
Component | BINP tasks GSI tasks Common tasks
FCT Organize the procurement: to buy | Procurement of DAQ
or provide money to FAIR hardware, NO (everything clear)
DCT Software development.
BLM Formal decision: Withdraw the tbd. for detectors tbd., probably NO
detector or decide on alternative
option - to buy from GSI
BPM Order Libera from Slovenia? Provide the software for | Planning when this all will be
Clarify preamp interface to DAQ. preamp tests ? needed
BTF Check interfaces to Vacuum Contract preparation To re-approve the corrected
systems (ITEP and GSI QA
Schottky modifications) version
Screens, Contact the Slov. concerning Prepare table with PLC Engineering drawings
BStop pneumatic drives. elements “pallet” approval interaction?
Clarification drive type for beam
stopper: pneumatic or stepper Chose the proper PLC
motor drive configuration for CR systems
Scrapers Stepper motor controll status? PDC (Power Drive Case)
(again, the custom solution PDC is procurement

Update of motor number! 5x
4 motors for scrapers + 2x 1
for stoppers?)

Status of “GSI” components
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DCCT, BLM and FCT DAQ

FCT DCCT BLM

Hardware Software Hardware Software | Hardware Software
Design platform is based on defined defined

defined, existing SIS18

components | FCT

under ready, ready,

developm. formal formal steps
Prototype | 1st version programming | delivered s:ep?: tz be delivered t? b;", q

delivered, to be started | and fully el and tests R

tests to be operational are ongoing

started
FDR next step, low priority at the moment

All systems will be used in SIS18/ESR beatimes during next year/s
All systems are “CR-ready”

Scintillating Screens

DAQ

PLC for pneumatic drives

Hardware

Software Hardware Software

Design Fully operational (for non-rad In operation at GSI and

— camera) and used in GSI beam PLC scheme is under permanent
e times since a long time improvement and optimization

FDR DAQ will be checked if it can be Configuration and Components to

applied as is to CR

be chosen

Example of PLC Siemens components for possible CR prototype

16ES7516-3AN00-4AB3
26EP1334-3BA10
36GK7543-1AX00-0XEO

10-Station fiir 6 Antriebe pro Elektronikraum

Gesamt Netzwerkinfrastruktur fur Profinet LOBI ohne Kabel

16E57155-6AU00-0AB0
26EP1334-3BA10
36ES7132-6HDO0-0BB1
46ES7193-6BP20-0BBO
56ES7131-6BF00-0CAD
66E57193-6BP00-0BAD

16GK5206-2BS00-2AC2

SIMATIC CPU 1516 PN/DP mit Software
SITOP PSU200M 10A
Kommunikationsprozessor, CP 1543-1, Industrial Ethernet

SIMATIC ET 200SP Digital PROFINET
SITOP PSU200M 10A

RQ NO 4x120VDC/230VAC/SA ST

BU-Typ BO, 12 Push-In, 4 AUX

DI 8x24VDC/0,5A HF

BU-Typ AD, 16 Push-In, 2 Einspeisekl. Gebriickt (Digital-/Analog, 24VDC/104)

SCALANCE XC206-25FF managebarer Layer 2 IE Switch
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BPM DAQ status

Milestone Libera FTRN Frontend Operational
Hadron receiver FESA class GUI app .

. System is fully prepared
Design i ' - N to be used during ESR
Prototype X - X X beam time 2018-2019
FDR X - to be done |-

Shipment X to be done -
SatAa X -
SatAb to be done B

FESA class in FESA Explorer

-

LIBERA Hadron

- |

¥

|| “sscommmnesssscesi B | H

Cryogenic Current Comparator (CCC) Development for nA Beam Measurements
T. Sieber, D. Haider, N. Marsic, M. Schwickert, R. Stolz, T. Stoehlker, V. Tympel et al. / G5/, Hl Jena, TUD, F5U and IPHT Jena

—
\slxulm mynndees
] Vyxind m.ly‘..n.v..

N,

e frequency, 4,
/
4"
=

Superconducting shield/pickup -> detection
of beam azimuthal field with SQUID sensor

Design of new UHV cryostat finished,
production starts 06/2018

CCC-XD Nb detector and shield for
150 mm beam tubes. Tested and
ready for operation

i

Madke mmmber -]

Mechanical Eigenmode calculations (ANSYS) for
improved geometry of shielding and cryostat

CCC R&D in CRYRING (start 2019):

- Demonstration of cryostat + CCC-XD
functionality under UHV conditions

- Improvement of system robustness

- Improvement of cost efficiency
-> Material tests Pb vs. Nb

- Shielding with axial meanders
- Pickup without toroid

CCC in CRYRING (2018/2019):

- tool for commissioning

- support for exp. program
- test bench for further development
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BTF and Schottky

The preliminary model of the CR Kicker (left half with two short vacuum chambers) and
CR Shottky (right half with one long vacuum chamber) detectors with a common support.

Status: DS do not bind the Contractor to specific interface:

* Spht L dEIIVer of components ...Contractor will have to accept the potential impact of
* DS are actualized (in EDMS) possible CR modifications on the Pickup/Kicker design:
» Official letter with contract under * change offlinge tvpel . P
: * reduction of the total length of the Pickup/Kicker
g * adding of bellows at the ends of assembly
The exact parameters ... will be agreed by the Company and
Contractor at CDR stage.

Recent clarifications: Electronic Racks and UPS/CPS

Preliminary share of the Racks

Clean Power Supply sources
uniformly distributed in CR

Spare rack (1 from BINP)

BPM amplifier control {1 from BINP)
Scrapers (2 from BINP)

Beam Stop (1 from BINP)

IPMs {1 from BINP)

Screens DAQ, 8TF (1 from GSI)
? CCC, Schottky (1 from GSI)

Screens and Bstop PLCs (1 from Slov)
BLM (1 from Slov)
FCT, DCCT (1 from Slov)

>’ BPMs DAQ (3 from Slov)

*® DS are approved, BINP will join -
the delivery
Diocumant Toie Detailed of Beam Instr 19.nch Racks 1

| i documant contaire tha Detaled Spachicalion of B beam
Diesonphon diagrostics 19-mch racks for plnac, SIS100, pBar-Target CR. HESR
| HEBT ond APPA.

Diwsion’ Organzaton | BEA - Bearn Instrumentaton Departmeant

Fiokd of applcation FAIR GmbH and GSI GmoH
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Summary

There no obvious technical problems on the CR from the point of

DAQ foreseen:

* BPM will be tested in ESR with 12 BMPs

* FCT prototype on a new platform will be tested in ESR (may be
not very soon but certainly in 2019)

* Schottky/BTF DAQ delivered by ITEP can be test with GSI rings

At least for the DAQ/software part of GSI deliverz , there no strict
requirements for BINP to participate in ALL procedures till FDR,
On FDRs it will be OK to have their presence using videoconferense
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2.12 CR magnets status

Corresponding Author(s): astar qqq@yahoo.com

https://edms.cern.ch/document/2025535/1

2.13 CDR CR vacuum chambers

Corresponding Author(s): a.kraemer@gsi.de

https://edms.cern.ch/document/2037672/1

2.14 FDRCRdipole

Corresponding Author(s): koop@inp.nsk.su

2.15 CDRCR pickups

Corresponding Author(s): rogovsky@inp.nsk.su
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3 Super Fragment Separator
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3.1 Radiation hard magnets for Super-FRS
Corresponding Author(s): h.leibrock@gsi.de

Parallel Session Super-FRS on nc Magnets (20181106 12:00-~16:00)/DRAFT
Email distribution list:

a.v.utkin@inp.nsk.su ; d.s.gurov@inp.nsk.su ; h.weick@gsi.de; m.eibach@gsi.de; c.muehle@gsi.de;
c.will@gsi.de; s.puroshothaman@gsi.de; h.simon@gsi.de ; s.utermann@gsi.de ;

Participants: Christina Will, Hanno Leibrock, Carsten Mihle, Sivaji Purushothaman, Martin Eibach,
Denis Gudrow, Anatoly Utkin, Sonia Utermann (first part), Victor Varentsov (first part), Yuri Shatunov
(first part), Haik Simon (minutes)

12-13: Dipole Presentation (H. Leibrock)

Dipoles

Q-BINP: Lubricant type? TFPE Qil (Flustar up to 1MGray) . Why not Graphite or similar ?
Recommendation by the supplier of gear boxes, no issue from radiation side, lubricant presence for
case of rare use.

Responsibility for design on GSl side, i.e. no technical issue.

Conditions in shielded tunel: Site shall accessible only occasionally for urgent maintenance.
Installation procedure : Support, lower yoke with chamber, top part

No technical issues left (BINP ok)

14- 15 Qudrupole Presentation (H. Leibrock)

Q1a-Ql1lb combination

Q-BINP: Will different types for Qla 1b require different tools? - yes

Coil production: Winding scheme? Pan cakes (see attached document)
(separation with standard length of Hitachi, loger would be Tyco cable)

Al: GSI (H. Leibrock) provide details of winding idea and choice of direct cooling
(focus on molding form)

Installation procedure: Support, (frame with chamber and quad) — ok
Q-GSl: Could system be prepared for being split up in two parts? - ok

General question:
Why a directly cooled magnet is used? Cable with water duct infers potential difficulties
Al: GSI (H. Leibrock) provide details on indirect vs. Direct cooling.

Q-BINP: Who produces cable? -
Hitachi: GSI has contact via RIKEN,
Q-BINP: What is the price per meter?

Al: GSI (WPL) shall find cable supplier and price (focus on Japanese suppliers and Tyco)

Q-BINP: Are the lifting bayonetts items that can be purchased (40t)?
Shall it be an own design with related responsibility or a purchasing piece?
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Al: GSI (Ch. Will) checks whether this is available

Q-GSlI: Can the same steel be used as for the dipoles — yes

QS combination:

Installation sequence: support —yellow frame with installed magnets

Q-GSlI: Can BINP chamber be alreday be integrated?
(Full system delivery avoids interface and pre-assmbly issues)

Al: BINP Can chamber integration be foreseen at BINP premises ?
Al: GSI(S. Puroshotaman/H. Weick) Check chamber dimension and shape

Q-BINP: How should water interconnections between lower and upper part be done (swagelock)? -
Metal seals required, wleding/cutting shall be avoided

Full assembly at BINP would be favourable

Magnet Q2-S scheme ok, no show stopper (full integration tob e checked),
prerequisite: cable procurement conditions clarified.

Sextupole Beam Catcher combination

Installation sequence: Support — Internal frame with Sextupole (potentially with beam pipe)

Al: GSI+BINP Scope definition: Sextupole+internal frame ((+ chamber) + Support)
Clarification of Interfaces: to Beam catcher (CMERI) & Shielding

No obvious issues, final scope & interfaces to be clarified

Conclusion/Remaing issues

Question to management:
Can a supporting R&D contract be closed (e.g. on coil production) in order to further clarify
price tags and remove technical uncertainties? — Al (BINP): Clarify necessary R&D items

Overall schedule:
Dipole schedule / Multipole schedule
Attachments:

- Presentation
- Information Material on coil winding
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Radiation resistant Super-FRS
magnets

November 6th, 2018

Super-FRS

fr——

e | . Energy 4;
e Features: Bunchei)!;;‘;
APP= 25 % + 2 Separator-stages o Y
5 » Multi-branch system V-4l :
R 750/ 1% o 4/ Magnetic
e B » Large acceptance utilizing SC magnets ) Va Spect%om oiker
b + Slow extraction (DC beams) Low-Energy &
o= 10mm * Fast extraction (pulsed beams, t = 50 ns) Branch &
_2=20mm ) | «Handling concept for high-radiation area

Degrader 1 __ - B LT High-Energy
Bowm : o Branch
Catchers ._'. 3 —F03 pioen o

Production 88—
Target nch
Focusing &
System *
#

Driver
Accelerator
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Heavily shielded target area

= 7 Beamcatcher "
amcatcher BC2 Beamcatcher
BCl BC3

Pump chamber

2y

Target chamber §FpF1QT11FPF1QT13
FPF1QTI 2l FPFIKS 118 FPFIMHI§ FPFIMHI2

FPF2KS11

The positions of radiation resistant quadrupoles FPF1QT11 (Quadrupole 1a), FPF1QT12
(Quadrupole 1b), FPF1QT13 (Quadrupole 2), the two sextupoles FPF1KS11, FPF2KS11 and
the three dipoles FPFMH1, FPFMH12 and FPFMH13 are indicated.

radiation resistant cables

Sheath (Cu) Special mineral insulation
Insulator (MgO) (MgO) cables for those
magnets.

Conductor (Cu)

These cables can withstand a
radiological dose of more than
10! Gray.

Minimum bending radius of
cables: 6 x diameter!

Dipoles are indirect cooled.
Quadrupoles and sextupoles are

direct cooled conductors.

MgO is hygroscopic.

111



Magnets of high radiation area

Dipole 1 0.15T
Quadrupole 1a 1 1.6 T/m
Quadrupole 1b 1 1.2T/m
Quadrupole 2 1 0.6 T/m
X EERY Sextupole 1 2 3.5T/m?

16T

15.4T/m

11.8T/m

6.1T/m

34 T/m?

of | Min. field Max. field
NI AN

1200x 140  #3.10*
0.933 @130 #1103
1.244 @180 #1107
1.200 380x240  #1.10°
0.600 @380 15107

At first only one kind Quadrupole 1 was planned. But our magnet design experts and
a russian expert didn‘t find a feasible design of a radiation resistant quadrupole with
15 T/m gradient, 180 mm aperture and 0.1% field quality.

Solution: separation to two different magnet designs.

=> every radiation resistant quadrupole is unique.

One dipole prototype exists

Magnetic tests of the 90 tons prototype were
successful. Only two additional dipoles must be
produced.
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A prototype of the radiation
resistant dipole has been made in
Novosibirsk (Budker Institute).

H-type design was chosen for the
dipoles.

The standard operation of the
magnets in the Super-FRS will be
DC. Only for the conditioning
cycle, which is used before
changing the settings, a ramp up
from zero to maximum current
within 120 s is needed.

Therefore, instead of using thin
laminations the design could be
based on iron plates. They are
between 120 mm and 140 mm
thick.



dipole coil

* Double pancakes are potted with solder to
stiff structures.

* Only one soldering point inside a double (at
the interconnection of two single pancakes).

* The cooling of the coil is indirect. The
radiator is made of a copper plate, the
cooling tubes of stainless steel. The water
connectors are separated to different ends
of the coil.

» After the operation of the Super-
FRS is started, direct access to the
magnets is impossible because of
the high radiation.

* An one meter thick plate of steel
will be installed above the
magnets.

* Misalignment due to settlement
must be corrected with remote
alignment.

* The remote alignment will be
done with bares and gears from
above the steel screen.

adjustable platform
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Alignment

Each dipole lies on one
adjustable support
frame

Each adjustable
support frame stands
on three feet. Every
foot is vertically
adjustable.

Two layers of needle
hearing allows
horizontal movements
of each foot.

Feet allows the
adjustment of height,

roll and pitch.
Alignment
_L 4 stamps adjusted and fixed the
horizontal position.

The support frame with the
magnets moves uncontrollable
after opening the stamps.

Our alignment team was not able
to adjust support frame remotely
(and without sight). It is not
usable in our case.

GSI made a new design of an
adjustable support frame.
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Alignment system of a dipole.

Fod for Rod for

horizontal vertical

adjustment adjustment
e

¥,

l Red for

| |
Rod _f‘"l ¥ | ‘ ] horizontal
e | | ad ustment
adjusiment ‘ ! —

Rod for

Rod for ;
horizomal vertical
adjusiment adjustment

Strut for adjustment along beam direction and rotation (yaw)

(=3 A -Ss

Eg\\ ’\ A N‘} ‘

ST T I

R

Al } |“*‘l
J‘ direction

Strut for adjastmem along beam direction and rotation (yaw)

Left: overview with the six adjustment rods, right: top view on the support frame.
A 3-strut system is used for horizontal adjustments.

The same principle will be used for the quadrupol 1a/1b, quadrupol 2/sextupole and
sextupole/beamcatcher .

LUBRICANTS UNDER RADIATION

radiation resistant lubricant
tUERIESG

LUBRICATION OF MATERIALS UNDER
NUCLEAR RADIATION ...

The lubricants below menticned ace agreed by ARLVA Grows

RECOMMENDED L unuuvr‘ CEPENDING OF THE ARSORBED
.........

LW SHEED BELANGS URINDG X FEM 2 L
N.dn < 190000 LTI 3 NG FLICSTAR #9 3% XAGI T
WIH IPEED SEARNSY. WOROS | LUSINOO IEMsZ | WWeeLoa
N > 190000 X CEW 2 W0 FUOSTAR 21 DR L
‘cossTaT
(RN LURRLOG LY OGN | LukOn pre———
e FUCSTARLFF20% | LYt 6e
AR vox witw on
IGH LOAES CUBHILOG LX £ 00 | Lutlon
WIH ASE HECSTARS L e LEAEEH 0
CowANTONA
QN GEARE ALORCANTS LARLOG X EEHI 2
FLUCSTAR 20+ * LAGH 2
LUR06 L (M1 2
PALLIORTS. CRANS, DTS . PLICSTAR PN 2% wsan 2
FLUGISTAR CHam 323 *
SCRIWS, SOLTED PAATS, SHAFT SHAL RUL LR
FRLORTAR BN D

* Lubrcare e bysroger
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10<D<1000

K. Gray

FLUOSTAR FH 2

All gears and bearings must be
lubrified with the lubricant
FLUOSTAR FH 2 of the company
LUBRILOG (France). This lubricant is
radiation resistant up to 1.0 MGy.



Positioning of the support frames

circular hole

»

° \"'l

A round hole and a slotted hole on the bottom plate of the adjustable support frame

together with the two cones on the floor will position the support frame with a high
accuracy

Modifications on the prototype

The connections
of current and
water must be
displaced due to
radiation reasons.

Copper bars
connect the coils
with the current
interfaces
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Modifications on the prototype

The connections of current. The connections of water.

New cone-cylinder
combinations for the
positioning of the upper yoke
half onto the lower yoke half.

Heating test done (>95% of heat into water)

Remote connectors for current and water successfully tested
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First two radiation resistant
guadrupoles

quadrupole 1a quadrupole 1b

I .

O.uadrupolela 70 1.19/18/18

Quadrupole 1b 95 135/18/18 1408 80 59 116 67

Magnetical design made by Peter Rottlander (GSI)

First two radiation resistant quadrupoles

Opera 2d models quadrupole 1a quadrupole 1b

Figure 4: Pole field m the 2D model for quadrapole 1a

Figure 5 Pole field in the 2D model for quadrupole 1b

118



Rods for

Rods for horizontal
vertical adjustment
adjustment

Lances for
current

Rod for
horizontal
adjustment
Lances for
current

Rod for
vertical
adjustment

plane bayonet
surfaces socket

plane
surfaces

bayonet
socket
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Third radiation resistant quadrupole
and radiation resistant sextupole

quadrupole 2 sextupole 1

Quadrupole2 163 15/16/16

Sextupole 1 195 0.75/13/13 1800 18.3 28 90 52

Magnetical design made by Alexander Kalimov

Quadrupole 2 — Sextupole
combination

120



Sextupole-Beamcatcher combination
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Status of specifications of radiation
resistant Super-FRS magnets

Dipoles: specification is approved, a prototype exists.

Modified water and current interfaces are tested
(operated 1 month with maximum current). Last test of
modified adjustable support frame is planned for
December 2018

Quadrupole 1a/1b: specification is approved

Quadrupole 2 and sextupoles: magnetic design finished.
The specification is under progress

Drawing of adjustable support frames of quads and

sextupoles in preparation. Expected to be finished
December 2018.

@ H S
A

GENERAL

x

v

s
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% S002.M3
T so02.a4
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Schedwling Wires for dipoles
« Schedwling Dipoles
4 Plasming
ompile workpackage descriptions (A3)
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detashng of the mamutacturing concept (A5)
COR yceepted WG
establish marwfacturing dotumentation (47}
FOR scompted (M7}
# Mgterial Proowement
acquire matanal (Ax1)
material & acquirad (Mo
4 Manutacturing of pre-series
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shipment to FAR (ATS), dipole 2
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151 compone nt ready for wstallation (Dipoles 2 and 3}
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Tue 12/04/22
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002 + Plansing 12173 mor Mom 03/03/13  Fri 01/05/20
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3.2 Super-FRS magnet testing

Corresponding Author(s): h.simon@gsi.de

3.3 Super-FRS installation

Corresponding Author(s): h.simon@gsi.de
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4 High Energy Beam Transport
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4.1 HEBT vacuum chambers batches 2&3
Corresponding Author(s): l.urban@gsi.de

FAR G=X

HEBT Magnet Vacuum Chambers
for Batch 2 and Batch 3
PSP Code 2.3.7.1.2.3.2

Lukas Urban / Overview magnet vacuum chambers Baich 2/3 06.11.2018 1
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Overview about all magnet chambers FAR IE=I

PSP-Code | Chamber type |Quantity | Subtypes| Status_
6 3 1o be assigned

23712210 dip10 (branching)
dip13 0
23.7.1.2213.2 dipi3 3 5 1 BINP (Council)
dip15_0
23712215 dipi5._1 5 3 to be assigned
23712216 dip16 1 1 to be assigned
23712217 dip17 1 1 to be assigned
23712219 dip19 4 1 to be assigned
2373231 quad 1 1 1 i — il
23.7.1.23.10 quad10 4 1 BINP (Council)
23712311 quadii 69 19 to be assigned
23712312 quad12 17 8 to be assigned
2371232 quad2 81 12 BINP (Council)
2373232 quad2 9 ”“(;‘:’39“9"
2371241 s100 20 19 to be assigned
2371242 s18hv 3 16 to be assigned
s18hv 3 - bo(m)

5 513 large aperiure 4 3 to be assigned
23 dip4 (bending) 1 1 ¢
2373225 dip4 (branching) 1 1 T

] Total 272 91
Lukas Urban / Overview magnet vacuum chambers Batch 2/3 11/12/2018

Milestones FAR ==mux

M4

«  Exchange of signed Contract 01/2019

ME + Conceptual Design Review (CDR) accepted 03/2019
M7 +  Final Design Review (FDR) accepted 05/2019
= + Factory Acceptance Test (FAT) of pre-series accepted 07/2019
- +  Factory Acceptance Test (FAT) accepted 05/2021
Ma2 +  Site Acceptance Test (SATaa) accepted 07/2021
M10 +  Site Acceptance Test (SATab) accepted 07/2021
i « Documentation 09/2021

_ + Final Acceptance 09/2021

«  Warranty starts

Lukas Urban / Overview magnet vacuum chambers Batch 2/3 11/12/2018
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Vacuum properties FAR =1

Non-bakeable Bakeable

Integral leak rate <1x 1070 "‘b:" <1x 1010 "'bas rl
Outgassing rate 1o mbar | X 1> mbar |
(after 10h of pumping) =5x 10 S cm2 110 S cm?
1. All peaks between mass 12 — 18 and mass
. . 1. All peaks between mass 18 and 45 28 must be <10% from mass 2.
Residual gas analysis must be 100 times lower than mass 18, 2. All peaks between mass 22 — 32, except
(after 24h of pumping) except mass 28 and 44. mass 28, must be <0.5% from mass 2.
2. All peaks higher mass 45 must be 1000 3. Peak 44 must be < 20% of mass 2.
lower than mass 18. 4. All peaks between mass 49 — 100 must be
<0.1% from mass 2.
Inspection Reports (FAT): Vo b 11712214 gt 1 8901
CVC6- Check off of specenum of residual ases / Crmm cscrpe acranswes raos
pumping time for measurements must be: [ e e Vo 7 oy o ey o
10h for the outgassing rate v e B ST [ TH A0 | g RGAMO (SN 164713)
All mows peshs bernom 18 mum wad 46 wnm (ecept
24h for RGA measurement . A8 o b o 5 o 9
tomaes lews fhies wese of peaks of mases 2. 15, 25 md &4
(deviations can't be accepted) I S ———
Typeof potsans gauss | THD J00IAS Sabcicisls S
Lukas Urban / Overview magnet vacuum chambers Baich 2/3 11/12/2018

Mechanical properties FAR ==x

Mechanical properties:

Check of welding seam according to DIN EN ISO 9712, quality class DIN EN ISO 5817 B
Surface quality R,=25

Magnetic permeability:
Parts of the body of vacuum chamber that are located at a distance less than the magnetic gap from the yoke edge
> pret €1.01
Parts of the body of vacuum chamber that are located at a distance greater than the magnetic gap from the yoke
edge > pre < 1.05
Components of the vacuum chamber such as flanges, bellows, and other fixed elements such as supports, bolts,
nuts, washers, efc. > prg< 1.05

Chamber material according DIN EN 10088: 1.4306, 1.4307, 1.4404, 1.4429 or 1.4435
Flange Material according DIN EN10088: 1.4306, 14307 or higher quality

Material for bakeable flanges: 1.4429 ESR

Lukas Urban / Overview magnet vacuum chambers Batch 2/3 11/12/2018
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HEBT: Dipole Chambers FAR =1

|
B :
: 1
: :
B 1
s 1 dip4 branching chamber
- :
Total 24 12

Overall length: 2000-4500 mm

Shape: rectangular, bending and branching

Flanges: DN160CF — DN400CF

dip10 branching chamber
Lukas Urban / Overview magnet vacuum chambers Batch 2/3 06.11.2018

HEBT: Quadrupole Chambers FAR =1

Subtypes

| owar | 1 ,

m 4 1

| ouan | & 19

% 12

181 a1 quad12 branching chamber (pre-series)

Overall length: 1000-2600 mm

Shape: round and oval, branching
Flanges: DN160CF — DN400CF
Some chambers with bellows

quad12 oval chamber

Lukas Urban / Overview magnet vacuum chambers Batch 2/3 06.11.2018
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HEBT: Steerer Chambers FAR =1

cranter e s

29 19
34 16
s13 large aperture 4 3

- »

Overall length: 500-1800 mm
Shape: round

Flanges: DN160CF — DN400CF
Some chambers with bellows

s18 round chamber with bellows

s100 round chamber

Lukas Urban / Overview magnet vacuum chambers Batch 2/3 06.11.2018

Let us build a worldwide unique machine FAIR I =11

Lukas Urban / Overview magnet vacuum chambers Baich 2/3 06.11.2018 ]
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4.2 HEBT vacuum components beyond
batches 2&3

Corresponding Author(s): l.urban@gsi.de

FAR G=IX

HEBT Vacuum Chambers
beyond Batch 2/3
PSP Code 2.3.7.1.2.1

Lukas Urban / Vacuum chambers beyond Batch 2/3 for the HEBT 06.11.2018 1
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2.3.7.1 211

2371214

3712121

23.7.1.213

23.7.1.213

23.7.1.21.5
23.71.213

23.7.3211
23.732.1.2
23.7.3213
23.7.32.1.5

Mé .

M8

M10

pumping chambers
adaptor pumping 45
chamber
roughing chambers 41
straight tubes 327

straight tubes with stand 131

bellows 528
x-cross chamber 1
pumping chambers 1
roughing chambers 3
FBL
straight tubes 14
FBL
bellows
FBL il
Total 1170

Exchange of signed Contract

Conceptual Design Review (CDR) accepted

Final Design Review (FDR) accepted

Factory Acceptance Test (FAT) of pre-series accepted
Factory Acceptance Test (FAT) accepted

Site Acceptance Test (SATaa) accepted

Site Acceptance Test (SATab) accepted
Documentation

Final Acceptance

Warranty starts

133

166
107

10

319

BINP (Council)

to be assigned
BINP (Council)
BINP (Council)
BINP (Council)
BINP (Council)
BINP (Council)
fo be assigned

(FBL)

o be assigned
(FBL)

to be assigned
(FBL)

to be assigned
(FBL)

03/2019
05/2019
07/2019
08/2019
08/2021
09/2021
09/2021

11/2021
11/2021



Vacuum properties FAR =1

Non-bakeable Bakeable

Integral leak rate <1x 10-“'“‘%barl < 1x 10-10 %
Qutgassing rate 10 mbar | 1o mbarl
(afhorgﬂllofm?nphg) £5x 10 S cnie 1x 10 Son?

1. All peaks between mass 12 — 18 and mass
1. All peaks between mass 18 and 45 28 must be £10% from mass 2.

Residual gas analyse must be 100 times lower than mass 18, 2. All peaks between mass 22 — 32, except
(after 24h of pumping) except mass 28 and 44. mass 28, must be <0.5% from mass 2.
2. All peaks higher mass 45 must be 1000 3. Peak 44 must be < 20% of mass 2.
lower than mass 18. 4. All peaks between mass 49 — 100 must be
<0.1% from mass 2.

Inspection Reports (FAT):

pumping time for measurements must be:
10h for the outgassing rate
24h for RGA measurement
(deviations can't be accepted)

Lukas Urban / Vacuum chambers beyond Batch 2/3 for the HEBT 06.11.2018

Mechanical properties FAR B=ux

Mechanical properties:
Check of welding seam according to DIN EN ISO 9712, quality class DIN EN ISO 5817 B
Surface quality R,=25

Magnetic permeability:
Parts of the body of vacuum chamber = u,; < 1.05

Components of the vacuum chamber such as flanges, bellows, and other fixed elements such as supports, bolts,
nuts, washers, etc. > pyg< 1.05

Chamber material according DIN EN 10088: 1.4306, 1.4307, 1.4404, 1.4429 or 1.4435
Flange Material according DIN EN10088: 1.4306, 14307 or higher quality

Material for bakeable flanges: 1.4429 ESR

Lukas Urban / Vacuum chambers beyond Batch 2/3 for the HEBT 06.11.2018
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HEBT: pumping chambers FAR B=ux

Chamer yoe ' i
Draft version of the 3D model

Lukas Urban / Vacuum chambers beyond Batch 2/3 for the HEBT 06.11.2018

pu'mlng ehunbers

Flanges: DN160CF — DN200CF
Flange material 1.4429 ESR

Stands are included in the delivery; pumps are not part of
the delivery

Some chambers with bellows
Some beamlines are ascending and descending

HEBT: roughing chambers FAR =

Craber o

BT

Flanges: DN160CF — DN200CF
Draft version of the 3D models

roughing chamber

adaptor pumping chamber

Lukas Urban/ Vacuum chambers beyond Batch 2/3 for the HEBT 06.11.2018
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HEBT: Straight Chambers with stands FAR =X

Chamber type Subtypes
w o tes

Overall length: 250mm — 6700mm

Flanges: DN160CF — DN400CF

Stands are included in the delivery

Some chambers with bellows

Some beamlines are ascending and descending
Draft version of the 3D models

-

Lukas Urban / Vacuum chambers beyond Batch 2/3 for the HEBT 06.11.2018

Bellows FAR B=ux

Chamber type Subtypes

Flanges: DN160CF — DN400CF
Some bellows are bakeable
Draft version of the 3D models

DN160CF

DN160CF - DN200CF DN400CF

Lukas Urban / Vacuum chambers beyond Batch 2/3 for the HEBT 06.11.2018
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HEBT: X-cross chamber FAR =

Flanges: 6 x DN160CF
Maximal construction room reserved
Draft version of the 3D models

Lukas Urban / Vacuum chambers beyond Batch 2/3 for the HEBT 06.11.2018

Lets us build a worldwide unique machine FAIR IE= I

FFFTTF

il 1‘.Jme- e

Lukas Urban / Vacuum chambers beyond Batch 2/3 for the HEBT 11
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4.3 HEBT magnets batches 2 and 3

Corresponding Author(s): c.muehle@gsi.de

FAR =i

: Tlerschyifir

HEBT Magnets Batch283
Magnetic Measurements

07.11.2018
C. Muhle

AR =it

_ FAR =
Magnetic measurements at GSI

» First results of magnetic measurement at GSI
« 15t pair of S100 steerers delivered in August 2018
» Hall probe mapping done
+ Complete set-up with girder
+ Complete set-up with girder but ordinary steel
bushes/screws between magnet and holders replaced
by SS ones (S100v)
* Magnet w/o girder as at BINP (S100h)
» 15t quadrupole 2 delivered November 5" 2018
* Planned
* Mapping with gradient hall probe
* Rotating coil measurement
* Axis measurements with alignment cylinder (hall
probe)

-
GS| Helmholtzzentrum fir Schwerionenforschung GmbH FQTR SN
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FAR =
Prototype quadrupole 2

; e‘ﬂ M”.M
o N

Delivered on November 5% 2018
No damages
Documentation not complete yet

-
um fiir ionenforschung GmbH m GSsSI 3

. _ FAR ==x
S100 steerer pair on girder

30082018

MeasPictire 20180830A01

GS| Helmholtzzentrum fur Schwerionenforschung GmbH
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FAR ==ux

S100 steerer coil movement

Video

Temporary repair
Improved design
(still ~0.5mm movement

o "
GSI Helmh, um fiir S ionenforschung GmbH @R GBS 5

. _ _ FAR m=ux
Comparison with and w/o girder 1

Comment| l1=400 A mit Gestell ¥=0 (sw) , ¥=-65 (rs) . Y=65 (bl) . chne Gestell Y=0 (rt) . Y=-65 (gn) . Y=65 (ge) |
Mathe o || ot
e j 4 El'l 000000 "!EI!L _uxmmu“
£ S| ‘_.%I
¥-Header| §dB°L [Tm] le d -
!Bd|=f(x) |§ ] 000000 ] .uooowu I 000000 |

) Graph

|=400A 214000819 I . 1 = g - l
v . e i 3 -0
e = p—
— et
S ——g——a—
 2.10000% -1
———o—
s T
S 2.08000¢-13 - =
e o4 — ]
)\"-‘__,_ e |
= . A ) e .
| 2. 06000£ - 12 ~r -
| —— a po
2.08000¢ -1 .. — ~—
- "’_',.,,w— >r——y
S 2.02000€-1% |
| 2.00000¢-17 o = == . e e v

£.000F-2 -6 D0OE-2 1 -4 000£-2 8 -2.000€-2 88 0.0008 + 0 2 000€-2 I 4.000¢ -2 S 6.000£-2 {88 8 000€ -2}

With girder: black-y=0, pink-y=-65mm, blue-y=65mm
W/o girder: red-y=0, green-y=-65mm, yellow-y=65mm

.
GSI H um fiir Schwerionenforschung GmbH Fﬁﬁ GBS s
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/’°'~‘ @
. . _ FAR m=ux
Comparison with and w/o girder 2 '

Comment] Ji=400 A mit Gestel ¥=0 (sw) . ¥=-65 rs) . Y=65 (b0) . ohne Gestell Y=0 (1t) . ¥=-65 ign) . Y=65 (ge) |
Mathe| .!E!m ]'!!oml
10 Y/¥iCursor A)-1 ]
Bdl/|BdI(x=0)=f(x A | ot
i\lot >{=0.(y=0.) i ¥-ttasder| Jae-0/80) (Tmi | Fs’m | @poooces | Goooooos |
1=400A 8.00000¢-

e 7]
st AN mp2

= T P
e o %

— L A
-1 20000€- Y
-1 4D0OOE - ] %

-8.000€-2 8 -6.000€-2 1 -4 000F-2 | -2 000€ -2 88 0.000€ <0 ¥ 2 000€-2808 4 00C€-2 B 6. 000F-2 3 8.000€-2

With girder: black-y=0, pink-y=-65mm, blue-y=65mm
W/o girder: red-y=0, green-y=-65mm, yellow-y=65mm

GSIt fiar jonenforschung GmbH C EsN 7
H 9 RAR

O .
. _ _ FAR ==u
- Comparison with and w/o girder 3

Comment|[1=400 A ohne Gestell Y=0 (sw) . Y=-55 (rs) . Y=55 (bl) . mit Gestell Y=0 (rt) Y=-65 (gn) ; =65 (ge) |
Mathe| ‘
50 Y/¥(Cursor A)-1 first - .-li‘-m“ lll.iﬁuooooooo”
Be ol gl ot
{Eggéidl(x e v-Header ot L8y | [ooooooo | §fooonco | ooocos |

Grap

N
g
(%]

Pl =g I
+ qmamam e
L8 L8 AN)

%

§

i

-4.50000€-2
-8.000E-2 -GME-ZI -4.000E-2l -2.000{-2' (MX'.OE?O. ZJ)ME-Z. wooe-zl 6.000E-25 8.000E

Wi/o girder: black-y=0, pink-y=-865mm, blue-y=65mm
With girder: red-y=0, green-y=-65mm, yellow-y=65mm

o esi far Sch \g GmbH AR mE=i s
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Comparison bushes/screws ordinary H-\lR e i
steel/stainless steel 1

Comment| Jx=0mm  ¥=0mm . UP (sw) . DN (rs) . UP Edeistahituchse (o) . DN E (r1); Budker (gn) |
Mathe| e |
BdI=f() 18 VAG-YX)'AD LINFIT first ABs.Asw. W] ol I I.![!L J
= 0 e
x=0 y=0 v-u.ij‘l [Tm) I Eﬂ | 'm_noonoo | SPooocos |
2 00000€-
Linear fit (black curve) : ’
0.00000E + ey —

subtracted

g il “"“““J‘;:.\}\
= \

-1.20000€ -

-1 40000E -2
-5.000€+1 5.000€ +1{1 000 +2| 1. S00F +2/2.0006 +2 2 500K »2|3.0008 + 2| 3.5008 + 2| 4.000€ + 2/4.500€ +2

GSl: Ordinary steel: black-up, pink-down
Stainless steel: blue-up, red-down
BINP:  Ordinary steel: green

GSI Heimh fir Schwerionenforschung GmbH F@TR’-_Zsi 9

Comparison bushes/screws ordinary F-\|R == i
steel/stainless steel 2

Comment| $x=0 mm , ¥=0 mm . UP (sw) : DN (rs) ; UP E chse (b) : DN E Ibuchse (rt); Budier (gn) |
&J QOO0 4 DLOOO00
18 Y"AG)-YOX"A) UNFIT first ABS.ABW. W] .!l! : l‘!!‘ i
B=f(1) o P e
x=0 y=0 Yteader for | oo | fovoons | o osomn |
2.00000€-3
Linear fit (black curve) " g

subtracted

GSl: Ordinary steel: black-up, pink-down
Stainless steel: blue-up, red-down
BINP:  Ordinary steel: green

B s fiir g GmbH AR m=sit o
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-~ ]
_ FAR ==
m Comparison BINP/GSI 1 )

Comment| JUP. X=0 mm . ¥=0 men . mit Gested (sw) . ohne Gestell (rs) ; Bucier (b) . Budker/GSI = -101 % |

e [ oo jo T o]
JBdI=f(1) R

g
x=0y=0 vtlesder| oS T | ﬁml_l T 1%]““
Linear fit (black curve) T—— Cra
subtracted

Gain between BINP and
GSI ~1.01%

1.000€+20 1. 5006 +2 1 2 000F + 28 2 5006+ 28 3.000¢ +2 ] 3 500€ » 284 000+ 2[4 500£+2

BINP: blue-w/o girder
GSI: black—with girder , pink-w/o girder

. GSI Heln fiar jonenforschung GmbH AR =i

" i
_ FAR =
Comparison BINP/GSI 2 )

l
m:l]uox-om ¥=0 mm . mit Gestell (sw) ; ohne Gestell (rs) ; Budker (bf) ; Budker/GSI = -1.01 %
) AR —
=0, o0 Y L B e ]
Linear fit (individual) o3 -
subtracted '
0LO0O0OE + 2 \
Gain between BINP and =~ ~
GSI subtracted ot X
3.00000€ - 3¢
-4 Q0000E -3
-S 00000E - 3 \\
-6.00000€ -3 \
-7 .00000€ -3 \
-8 00000€ - 3
0.000€ +0 ) 5.000€ + 15 1. DOOE + 28 1 SO0 +2 18 2 000K + 2§ 2 S00E + 24§ 3.000E +2 | 3.500€ + 24,0006 +2 114 500E+2
BINP: blue-w/o girder
GSI: black—with girder , pink-w/o girder
. GSIH fir Schwerionenf g GmbH AR sk 2
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AE o
_ FAR =m=mx
- Comparison BINP/GSI 3

Comment| JUP. X=0 mm . ¥=0 mm . mit Gested (sw) : ohne Gestell (rs) ; Budker (&) : Budker/GSI = -101 % |

o ﬂulv-mvm'mm,m ABs.AswW. . .q‘m l'qnm"
B(in center)=f(l)

a_n_j | Ot
x=0, y=0 Y-Header| a8 1) | oo | poooosc | Poocecn |
Linear fit (black curve) T
subtracted C00000¢  ORR=g=—g—- v

-1 ODOO0E -3  — ﬁ‘l-v\

-2 00000631 - 83 8-
Gain between BINP and g ¢
GSI ~1.01% 4.00000€. 3 N 2

-5 00000 - 3%-

-7 D0000E -3

-8.00000€ -3¢ \- 1

-9_00000€ - 3 \\
-1 00000E -2 \
~1.10000€ -. .
~1.20000€ - 1

0.000£«08 S.000£+ 181 000E+28 1. SO0E+28 20006+ 28 2 S00E+28 1000€+2 8 3. 500€« 2840008+ 25 4 5008 +2

BINP: blue-w/o girder
GSI: black—with girder , pink-w/o girder

GSI Helmh far jonenforschung GmbH  EsN 2
|| FaR

P .
. FAR B=ux
Comparison BINP/GSI 4

I.J'X 0 mm . Y=0 mm : mit Gesteldl (sw) . chne Gestell {rs) ; Budker (bi) ; Budker/GSI = -1.01 %

- 1Y LINFIT ABSABW. | .!ﬁ.!: l
B(in center)=f(l) . -

x=0, y=0 vhesser| s | ﬁl““" | F"""”“ |
Linear fit (individual) r—
subtracted 0.50000¢ +

-1.00000€ - 3

. -2 00000€ -3 -\
Gain between BINP and L)

GSl subtracted s AV

-5 00000 - \

~6.00000€ - 3 \
-7 00000€ - 3

-8 00000€ -3 A

-9.00000€ -3 T

-1 OO0O0E -

-1 10000 -

-1 20000€ - P
0.0008+04 5.0008+ 1 1 1. 000F +2[8 1 5006 + 2 2.000€ + 28 2 5008 + 2 3.000€ +2 | 3.500€ + 2 /14,0008 + 21 4 5008 +2

BINP: blue-w/o girder
GSI: black—with girder , pink-w/o girder

GSIF far i forschung GmbH “‘._,‘Bsi 14
| F@R
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_ FAR ==u
Conclusions

* Visual check during powering up and under power
-> Will be part of FAT for prototypes in future

* Magnetic measurement in completely assembled
position mandatory

* Improved coil fixation for S100

* Improvements for girder of S100

» Absolute magnetic field values to be checked
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4.4 HEBT magnets beyond batches 2 and 3

Corresponding Author(s): c.muehle@gsi.de

FAR G=u

HEBT Magnets
beyond Batch2&3

07.11.2018
F. Hagenbuck
Presenter C. Muhle

AR =i
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FAR m=ux
HEBT Magnets beyond Batch2&3

Direct connection SIS18 - CR
(,Forgotten beamline®, HEBT beam line sections TSN1 and TSR1)
9 quadrupole magnets quad?2

1 quadrupole magnet quad1
(short version of quad2 with |

4 steering magnets s18

2 dipole magnets dip4

(same cross section as dip15_0 with R=8.125m, ¢=22.34",
one magnet of branching type with bore for beam passage
in straight direction)

All magnets are

specified in Detailed Specification Batch3
(F-DS-MT-03e_HEBT-NC-Magnets_Batch3_v1.1
https://edms.cern.ch/document/1541676/2)

not in ACB 7 (Accelerator Costbook)
proposed for ACB 8

yoke=0.6m)

[y
GS| Helmholtzzentrum fir Schwerionenforschung GmbH m S 2

FAR B=ux
HEBT Magnets beyond Batch2&3

HighEnergyDensiy@FAIR beam matching section (APPA cave)

1 quadrupole magnet quad1

4 quadrupole magnets quad2_customized
(long version of quad2 with |,,.=1.2m)

2 steering magnets s100

Magnets are

not yet specified, however quadrupole magnet type quad11 and
steering magnet type s100 are known from Batch2&3 and
quad2_customized is a long version of known quad2

notin ACB 7
proposed for ACB 8

.
GS| Helmholtzzentrum fir Schwerionenforschung GmbH m ESI 3
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FAR m=u
HEBT Magnets beyond Batch2&3

CR-like magnets (HEBT beam line sections FREX, TFC1)
5 quadrupole magnets quad3 (CR wide type) (PSP 2.3.2.2.3)
2 dipole magnets dip3_3 (PSP 2.3.2.1.3.4)

Adaption of CR-dipole design

Yoke cross section and coils cross section are identical to actual straight
CR- dipole design (BINP-MT-Ptab 2016-07.1)

Lengthes are adapted to match a bending angle of 10.12°.

Magnets are
specified in

dip3_3 F-DS-MT-102e_HEBT_dipole3_3_v3
(https://edms.cern.ch/document/1474310/4)

quad3 F-DS-NCM-en_MT_0124_HEBT_quad3_2018_01_19-V003
(https://edms.cern.ch/document/1174040/3)

in ACB 7and assigned to BINP by Council decision X1.18.15

L]
GS| Helmholtzzentrum fir Schwerionenforschung GmbH m S

FAR B=u
Summary

e e o =

proposed forACB 8
quad2 9 v v FBL proposed for ACB 8
quad2_custom. B v - HED@FAIR proposed for ACB 8
quad3 5 v v FREX, TFC1  inACB 7, Council Res. XI 18.15
quad11 1 v - HED@FAIR proposed for ACB 8
s18 4 v v FBL proposed for ACB 8
s100 2 v - HED@FAIR proposed for ACB 8
dip3_3 2 v v TFC1 in ACB 7, Council Res. XI 18.15
dip4 2 v v FBL proposed for ACB 8

All magnets needed until beginning of 2021, except CR-like magnets quad3 and dip3_3.
Schedule for CR-like magnets to be adapted to schedule of CR-magnets

L]
GSI Helmh um fir S i forschung GmbH m S
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4.5 HEBT vacuum acceptance: test batch 1

Corresponding Author(s): p.m.suherman@gsi.de

FAR z=x

.-l R

7 i '\c:\
o

Vo 4
il

HEBT Vacuum Acceptance
Test Batch 1

)
Phe Suherman /4

1st BINP — FAIR Collaboaration Coordination Workshop
5th — 9th November 2018

Non-bakeable Chambers

Integ_lfgétLeak Outgassing Rate Residual Gas Composition

* He leak check « After 24 h pump » Dominant gas: H,O (after 24 h pump down)
down
*Q<1x1010 > q<1x101° « All peaks for masses between 18 — 45 amu
mbar.l/s mbar.l/(s.cm?) — have to be 100 times lower than the peaks of
Batch1 mass 18, except for mass 28 and 44.

« All peaks for masses higher than 45 amu has to

. 1l
g;tz:\ Biipag be 1000 times lower than the peaks of mass 18
(revealing any organic contamination, ineffective

= q=5x107 cleaning, post processing e.g. handling,
mbar.l/(s.cm?) — packaging).
Batch 2/3
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Bakeable Chambers (Batch 2/3 and beyond Batch 2/3)

Integ.'[:;tLeak Outgassing Rate Residual Gas Composition

* He leak check « Before bake-out and » Dominant gas: H, (after bake-out and cool down
" after 24 h pump to room temperature)
: gé}’:}so- down + All peaks from masses 12 — 18 amu and mass
: - q<1x101° 28, have to be < 10% of the H, peak
mbar.l/(s.cm?)

« All peaks from masses 22 — 32 amu (except
mass 28), have to be < 0.5% of the H, peak.

« After bake-out and
cooling down to + All peaks from masses 34 — 48 amu (except
mass 44), have to be < 0.25% of the H, peak.
room temperature
- q<5x1012 +» The peak from mass 44 has to be < 5% of the H,
mbar.l/(s.cm?) peak.

« All peaks from masses 49 to 100 have to be <
0.1% of the H, peak

Vacuum Acceptance Procedure (@ GSI) FAR =z=x

» Recording time dependent pressure
Purpp down (from atmospheric condition) N\ N2 Venting
(min. 24 h) N Determine the slope of pump down Pirani Valve
H S )

curve at molecular region.

Integral
Leak Test

Outgassing Rate
Measurement
. * Spectra recorded
Re:::ial:;; gas after 2-3 h filament
ignition
Bake-out Cycle
(24 h, 250 °C)
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1E+04
1E+03 —————srngen,
1E+02
1E+01
~ 1E+00
1E-01
e R
1E-03
1E-04
1E-05
1E-06
1E-07
1E-08 slope = - 1

[ =0 T S e . i o s S ] e Al 5] Sl i e Ll .
1E-04  1E-03  1E-02  1E-01 1E+00 1E+01  1E+02

Time (h)

—— Ref. Chamber only
—— Ref. Chamber + Test Chamber (MH101 s/n 02)
——— Linear Fit

mba

e

Pressure

slope = -0.98
p

f
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1E-06 -
] —— Ref. Chamber
—— Test Chamber (MH101 s/n 02)

o
5

@ 1E-07 E
=
©
0
E

o 1E-08 -

© g
hd
(@)
£
7

@ 1E-09 -
2
=
@)

1E-10 i} HEEEE,
1E-01 1E+00 1E+01
Time (h)
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nt (A)




Outgassing Rate (mbar.l/(s.cm?))

FAR ==x

FAT & SAT Comparison
(Outgassing Rate)

1E-8 -
- © Bending Chambers - BINP (FAT)
¥ Branching Chambers - BINP (FAT)
XX Branching Chambers (as-received) - GSI (SAT)
B Bending Chambers (as-received) - GSI (SAT)
X Bending Chambers (after cleaning) - GSI (SAT)
<<<<< Stainless Steel (304 untreated)
1E-9 < —— Stainless Steel (316L, untreated)
NG W e Stainless Steel (316L. electropolished)
1E-10 .
1E-11 -
1E-12 4+—+rrry Ty R Rt o ey

10° 10' 102 10°
Time (h)
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) Bending Chambers (as-received) - GSI (SAT)|

34
F -
pe= |
O
&)
2 -
1 -
0 ™ |
1E-10 1E-09
Outgassing Rate (mbar.l/(s.cm?))
Average Outgassing Rate (mbar.l/s.cm?) FAR ==x

I T T

Branching

11 -11

Clismbers 4.6x10 9.5x10
Bending " 40

Chambers 9.1x10 6.0x10

* based on various pump down time

** based on 10 h pump down time
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FAR ==x

FAT & SAT Comparison
(RGA)

Bending Chamber MH055 s/n 024
(BINP and GSI) FAR z=x

Vacuum chamber 2.3.7.1.2.2.13 for magnet dip13-0_v1 S/N24

CVCé- Check off of spectrum of residual gases / Cusrue coestpa ocraroussix rasos

"Residual gas spectrum is shown below / Cnextp | Pressure ane

| OCTATOHHOTO Ia3a

‘ All mass peaks between 18 amu and 46 amu (except
| peak 28, 32 and 44) shall be: 100 times less than the sum of

‘ OCTATOMHBIX TAI0R TTOKAIAH HITKC 1,4E-7 mbar
Type of residual gas analyzer / Tun ananusaropa Stanford RGA100 (S/N 160713)

| all peaks. All mass peaks higher than 46 amu shall be 1000 OK
| times less than sum of peaks of masses 2, 18, 28 and 44
amu.
Qutgassing rate after 120h of continuous pumpin
o A 3,1E-11 mbar“l*s *em'?

IKR 270 (serial number: 44275349)

i Type of penning gauge / THN 1aTHHKA JABNCHIA

I o
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lon Current (A)

lon current

24 h PDT

1E-8

[~ Ref. Chamber + MHO55 s/n 024/

1E9 ﬂﬁ

—
m
b
o

b -
m m
- -
N -

e

—_——

e —————————————————

—
- e}
——————— :

e ————————
e :
?f
T
pr———
::5
——— :

1E-13 !- p ‘M

1E-14 ‘

L) b T v T \d T ey
0 20 40 60 80 100
Mass (amu)

1,0E.08
1,0£-09 “
1,0£-10 n x 100
1,0E-11
1,0E-12
1,0E-13
1,0E-14 .. PR i

0 10 20 30 40 50 60 70 80 92 100

Mass

Spectrum of testing chamber (S/N 24)
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lon Current (A)

Branching Chamber MV018 s/n 01
(BINP and GSI) FAR ==x

Ref Chamber 10°® T 1 T T I T | = T
Ret. Chamber + MVO1E 8/n 01, 26 h PDT| | B, o Lz - | - $ , ‘
0 4 ml : - $
%10.‘0; l i n | )
[= E H i
3 1 1 1
U | X 1000
o ] |
4 1
| i
‘042
e = 5
() 10 2 0 4 50 60 b ] 20

Mass (amu)

Spectrum of testing chamber (S/N 01)

4 out of 5 branching chambers have similar RGA spectra
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FAR c=x

FAT — RGA

Branching Chambers (20h vs 48h) FAR ==x
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V026  Vacuum chamber (026)23.7.122.1.2 for magnet Dip 1£0 SN 01

CVC6- Check off of spectrum of residual gases aftf 20 hours pumping/ Cuerme

CHCETPE OCTATOMMLIN P08 LOCIE OTKAMEA

OCTRTOGEEIX TEI0K (IOKIMIH HHKE.

Residual gas spectrum is shown below | Crektp | Pressure 4E-8 mbar

Type of residual gas analyzer / Thn anuamsatopa
OCTUTOTRND 1838

Stanford RGA200 (SN 160853)

All mass peaks between |8 amu and 46 amu (excepe
peak 28, 32 and 44) shall be 100 times less than the sum of
all peaks. All mass peaks higher than 46 amu shall be 1000

times less than sum of peaks of masses 2, 185, 28 and 44
amu

0K

v()ulgassing rate after 20h of continuous pumping

4L-11 mbar*1*s™ *em™

Type of penning guuge / THn jerromm aanncios

IKR 270 (serial number: 442753‘9)—J

10— SR T ———y 1 S PETE— —p— 1
[
|0'P <
f i
Z £
- 10"
13
3 T b
g o'
£ i
{ x 1000
,n|2
10"

10 20 ) 0 w0

&0 » & « oo

Spectrum of testing chamber (S/N 01)
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069

Vacuum chamber 2.3.7.1.2.2,1 for magnet Dip 150 SN 02

CVC6- Cheek off of spectrum of residusl gases afiGE 48 hours Pumping/ Craree

CRRETPR SCTR T (e D06 OTer e

OCTIRIOMTILIX FE3ON MOKRIRE 1mee.

‘@-ﬁbmm/mm@mu

| Type of residusl gas snalyzer / Tan anamoaiope

]

=

tiemes less than sum of peuks of masses 2, 18, 28 and 44
A

OSISTSIOre ram ‘ Stanford RGAZ0O (SN 160851
Al mas peaks between 15 s 358 46 amu (Svoept

peak 28, 32 and 44) shall be 100 tinses bews than the suen of

all peaks. Al mass posks higher thsan 46 amu shall be 1000 OK

=

Owtgassing rate afier 15h of costinuous pamping

Type of penning gauge © Tin AarumKa Zantenns

4E-11 mbar*l*y "' *cm

IKR 270 (serial manber: 44275349)
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Branching Chambers vs Bending Chambers
(RGA — FAT results after 120 hours) FAR ==x

Vacuum chamber 2.3.7.1.2.2.1 for magnet diplf-0 v1 S/NO2

CVC6- Check off of spectrum of residual £ASES | Crarne cOLKTP OCTATOWHLIX FA20OR

Ressdual gas spectrum s shown below | Coextp | Pressure aftef 120 hours pumping:
OCTATOUHAIX [308 NOKASAE HIKC. 9,1E-8 mbar

Type of residual gas analyzer | Tam amaTmaropa

R —— Stanford RGA100 (S/N 160713)

All mass peaks batween | amu and 46 amu (except
peak 28, 32 and 44) shall be 100 tunes less than the sum of
all peaks All mass peaks bigher than 46 amu shall be 1000 0K
temes less than sum of peaks of masses 2, 18, 28 and 44

| Smu

Outgassmg rate after 120 h of continuous

| pumping

Type of penning gauge | TN J2TWHES JABTCHAT

3,8E-11 mbar*1*s '*em*

IKR 270 (serial number: 44275349)

1,0E-08
1 0E-09

LOE-10 |

10E-11 l

Ton current, A

10E-12

10E-15

10E-14
0 0 0 0 40 50 60 70 50 %0 100
Mass, a.em

Spectrum of testing chamber (S/N 02)
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Vacuum chamber 2,3.7.1.2.2.13 for magnet dipl3-0_v1 S/N24

CVC6- Check off of spectrum of residual gases | Chamie enesrps ocraronmns ravos

Residual pas spectrum is shown below / Cnmextp
OCTRTOHHB N30 NOKI3EH HiKe.

Pressure afte£120
14E-T mbar

B Type of resadual gas analyzer [ Tan anaamsaropa
OCTRTOSHOIO TAZ-

Stanford RGAIDO (SN 160713)

All mass peaks between 18 amu and 46 amu (except
peak 28, 32 and 44 ) shall be 104 times less than the sum of
all peaks. All mass peaks higher than 46 amwu shall be 1000
times less than swin of peaks of masses 2, 18, 28 and 44
AN

OK

Outgassing rate after 120N of continuous pumping

3,1E-11 mbar*l*s'*em?

Type of penming gauge | Ton aramks Jasncuus

IKR 270 (serial aumber: 44275349)

1.0E-08
1.0€-08

o ﬂ

x 100

L0611

x 1000

loncurrent

L0E-12

LDE-13

1,DE-14

Speetrum of testing chamber (S/N 24)
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FAR z=x

Bending Chamber
MHO055 s/n 020 07-00001-001-5

Bending Chamber MH055 s/n 020

(BINP and GSI)

FAR ==x

Vacuum chamber 23 7.1.2.2.13 for magnet dipl 3-0_vl S/N20

CVC6- Check off of spectrum of residual gases / Cusrie cnekTpa 0CTITOSHMYX Mas0s

p——

Residual gas spectrum is shown below / Cmnp{?nuuna 20 hours pumping:

OCTATOMHBIX [H308 DOKH3AK HHAC,

Type of residual gas analyzer / Tun asammaropa
OCTATONHON rasa

5,ME-T mbar

Stanford RGA100 (S/N 160713)

All mass peaks between |8 amu and 46 amu (except
peak 28, 32 snd 44) shall be 100 times less than the sum of
all peaks. All mass peaks higher than 46 amve shall be 1000
times kess than sam of peaks of masses 2, 18, 28 and 44
amu.

OK

Outgassing rate after 20h of contmuous pumping

T)fie of penning gauge | THIl JaT9URES SARTCHHA

1,0E-07

1,0E-08

1.0E-09

SE-11 mbar*l*s' *em?

IKR 270 (serial number: 44275349

x 100

A

1LOE-10

x 1000

10E-11

fon current,

10E-12

1,0E-13

LOE.14

0

a0 7 53 %0 100

Mass, aem.

Spectrum of testing chamber (S/N 20)
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24 h PDT

1E-8

[~ Ref. Chamber + MH0%5 sin 020|

1E8

h

lon Current (A)
m m
= 3
——t =
—;—%_

IR
il |

1E-14

-
A
-t
L]

-y

0 20 40 60 80 100
Mass (amu)

Bending Chamber MHO055 s/n 020

(SAT - RGA) F?-\lR =
[

[ Ref. Chamber + MHO055 s/n020, as-received, 24 h PDT + previous 48 h PDT, Outgassing Setup 1|
1E-7

1E-8

1E-9

1E-12
1E-13

1E-14 I T E T T T ¥
0 20 40 60 80 100
Mass (amu)

-a
»
-
o

lon Current (A)

-

m

-

—_
———a

165



Bending Chamber MHO055 s/n 020
(SAT - RGA) FAR z=x

——— Ref. Chamber + MHO55 s/n 020, as-received, 24 h PDT, HEBT setup
—— Ref. Chamber only, 24 h PDT
Ref. Chamber + MHOS55 s/n 020, as-received, 24 h PDT + previous 48 h PDT, Outgassing Setup 1

q

1E+00

1E-01

Normalised lon Current (arb. unit)

0 20 40 ' 60 ‘ 80 ' 100
Mass (amu)
Bending Chamber MH055 s/n 020
(SAT — Pump Down Curve) F-\IR (Ef =P |

—— Ref. Chamber only

—— Ref. Chamber + Test Chamber (MHOS5 s/n 020), HEBT setup

—— Linear Fit

Ref. Chamber + Test Chamber (MHO0S55 s/n 020), Outgassing setup 1

1E+04 4
1E+03
1E+02 4
1E+01
1E+00
1E-01 4
= 1E-024
1E-03 4
1E-04 4
1E-05 4
1E-06 4
1E-07 4
1E-08 4

1E-09 +—
1E-04

mbar)

Pressure

T
1E-03

1 I
1E-01  1E+00  1E+01  1E+02
Time (h)

T ——

o
1E-02
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Bending Chamber MH055 s/n 020
(SAT - Outgassing Rate) F-\lR =5

1E-07 -

—— Ref. Chamber
—— Test Chamber (MHO55 s/n 020)

1E-08

1E-09 4

Outgassing Rate (mbar.l/(s.cm?))

1E-10 S —— S ———
1E-01 1E+00 1E+01
Time (h)

» Consistency in pump down time during the vacuum acceptance test is
important.

o The outgassing rate and residual gas composition vary with
pumping time - especially for unbaked vacuum components

o Many vacuum chambers (51 for Batch 1 HEBT and 272 for batch
2/3 HEBT) will undergo vacuum acceptance test

o A better ‘like for like’ comparison — in case of any necessity to
cross check the results between FAT and SAT.

* Re-cleaning all chambers due to uncertainty of the chamber
cleanliness
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FAR z=x

RGA Comparison
(before and after cleaning @ GSI)

Branching Chamber MH120 s/n 01
(before and after cleaning) F-\|R == i

—— Chamber 120 - as received + Ref. Chamber, 24 h PDT
""" 1" |-—— Chamber 120 after cleaning + Ref. Chamber, 24 h PDT

M__V
il
” M l ILm

60 100
Mass (amu)

lon Current (A)
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Branching Chamber V026 s/n01 &
(before and after cleaning) F-\lR IS

1E-08

—— Chamber 026 + ref. chamber, as-received, 27 h PDT
Chamber 026 + ref. chamber, cleaned, 24 h PDT

1E-09

alk
m
LA
o

lon Current (A)
m

-k
m
'
-
N

1E-13

1E-14

Mass (amu)
Bending Chamber MHO055 s/n 24
(before and after cleaning) F_\lR === I

1E-8
—— Ref. Chamber + MH055 s/n 024, as-received, 24h PDT
Ref. Chamber + MHO55 s/n 024, after cleaning, 24 h PDT
1E-9
—~ 1E-10
=
—
: (T
= 1E-11 A & [V
=
3 il
= [ i |
2 112 I
1E-13 | ' I
1E-14 I
40
Mass (amu)

169



Ultrasonic Cleaning at GSI FAR =z=x

Heater on the oven

Three ultrasonic cleaning baths Drying Oven (5 m x 1.5 m x 1.5m /~5000€)
(5mx15mx1.5m) Technical data of the heater

g

Cleaning process:

Cleaning

15-30 min. in the first bath with SurTec092 and SurTec138 (50/50)
Washing

5-10min in the second bath and in the third bath with distilled water

Drying

6h in the oven with maximal available heat (~180°C)
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SAT Batch 1 — 1st delivery and
Fitting to the magnet
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Future Work Improvement
(Batch 2/3 and beyond Batch 2/3) FAR z=ux

Consistency during FAT (pump down time, measurement parameters)

* There should not be any re-work or re-cleaning at GSI during SAT

* Improvement for the cleaning facility at BINP
o regular check for the ultrasonic cleaning bath
o drying oven instead of pressurised air drying

» Better handling and storage
o prevent dents and scratches which may cause rust
o avoid contact of the stainless-steel chambers with other metal
components

» Data handling and presentation:
o data recording during pump down (e.g. Hyper-terminal, LabView,
direct recording from the controller via USB stick, etc.)
o RGA spectra for both reference chamber only and test chamber

FAT Inspection Report
(Batch 2/3 and beyond Batch 2/3) FAR z=x

sl _'\'3.:_"11:-11 chamber 2.3.7.1.2.2.1 for magnet dip1£-0_v1 SN B
\/(\(: Dimensional msp:c_(ion of the .Nk\clnblt\:'-ﬂilllllll chamber/ Hswepenme »
CID of the vacuum Chamber mus DESYAIBIAT HNCTCKITHE CODPANMON BAKYYMMOR KAMCpPOL
be included in the cover page and

at the header of each page in the ; [ e ;

FAT Inspection Report. = i '
o] re
xr_~{ =

I

The drawing for mechanical . e i

check in the Inspection Report .

must be made larger (minimum 2"

on A3-size paper) and Jr o, D-Dit) :

correspond to the chamber type. AN 3{ N

Separate pdf file or *.dwg file 2 m O

should be provided.
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Phe Suherman / 1st BINP — FAIR Collaboration Coordination Workshop
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4.6 HEBT time schedule

Corresponding Author(s): f.hagenbuck@gsi.de

4.7 Pre-assembly and istallation

Corresponding Author(s): h.reich@gsi.de
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4.8 HEBT round-up

FAR ==

Kind of Document Template Number:

Meeting Minutes F-FO-QUA-en-0012

Page 1 of 3

Meeting: HEBT parallel | and Il at 1* BINP-FAIR workshop

Date:

06.11.2018 12:00-16:00 Author: L. Urban

Participants:

P. Suherman
L. Urban

A. Kramer

M. Schwickert
A. Krasnov

A. Semenov
T. Bedereva
S. Glukov

I. Morozov

V. Vostrikov

Distribution:

Participants + F. Hagenbuck, B. Merk, D. Urner, S. Uterman, M. Marenich

Document Number:

F-PR-...to_follow
(see work instruction for document identification)

A: Action, D: Decision, I: Information

1. HEBT parallel | (Batches 1 results)

Who

Due Date

The results of vacuum acceptance test of chambers from Batch 1 were
presented. The chambers from the second delivery have a better ‘outer
appearance’ (i.e. no sign of rust and cleaner). The RGA from some
chambers (mainly the MHO55 series), still showed a trace of hydrocar-
bon that are above the requirement threshold.

All the chambers will be re-cleaned at GSI and will be mounted in the
magnets soon after the cleaning. The SATab is still ongoing and the re-
ports will be uploaded in EDMS.

There should not be any re-work at GSI for Batch 2/3 and Batch 4.

Information about the ultrasonic cleaning facility at GSI will be send to
BINP — as requested by A. Krasnov.

Presentation about the results of vacuum acceptance test of chambers
from Batch 1 will be send in BINP

In the future, the inspection report for the FAT should have the infor-
mation of CID of the chamber and the mechanical drawing of the corre-
sponding chamber in a ‘readable’ size/file.

BINP agrees to improve the acceptance test procedure in the future (for
Batch 2/3 and 4), i.e. consistent pump down time, possibility of record-
ing the test data during measurement, and improving the cleaning and
handling processes.

P.Suherman

L. Urban

P. Suherman

BINP

BINP

04.11. 2018

23.11. 2018

23.11. 2018

n/a

n/a
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2. HEBT parallel Il (Batch 2/3 magnet chambers)

I The types and the quantity of chambers were presented to BINP. L. Urban 04.11. 2018

A | BINP needs a list with cost and delivery dates for each type of chamber | L. Urban 16.11. 2018
including the chambers that have not been assigned to BINP.

A | BINP should tell GSI what type of tubes they would like to use (with the [ A. Krasnov | 23.11. 2018
size and tolerances according to the corresponding norm). With this
information GSI can check if these can be accepted or not. Note from
BINP that the CDR for all types needs approximately one year.

A [ Need more discussion on chamber for quad12 BINP/GSI n/a

A | The milestones for the chambers in Batch 2/3 should be synchronized | BINP/GSI n/a
with the milestones for magnets.

A | BINP asks to send the presentation for Batch 2&3 chambers. L. Urban 23.11. 2018

3. HEBT parallel Il (Batch 4 chambers)
T
| The types and the quantity of pumping chambers, roughing chambers, | L. Urban 04.11. 2018

straight tubes and bellows were presented to BINP.

A | BINP needs a list with cost and delivery dates for each type of chamber | L. Urban 16.11. 2018
including the chambers that have not been assigned to BINP. The types
and prices for the stands are needed as well.

A | BINP would like to have a more detailed information of bellows (types, | L. Urban 23.11. 2018
quantity), because BINP might order the batch of bellows together for
CR.

A | GSI will give a detailed information on X-cross chamber L. Urban 23.11. 2018

A | BINP has to inform GSI/FAIR as early as possible if BINP would like to BINP 06. 12. 2018
produce chambers for the Forgotten Beam Line, to enable enough time
for GSI/FAIR to prepare a tender - if required.

A | BINP asks to send the presentation for Batch 4 chambers L. Urban 23.11.2018
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4. Update on Beam instrumentation (HEBT, pBar Separator, SFRS)

GSI proposed to start a new collaboration for the production of 6
chambers for Beam Profile Monitors by BINP. These chambers have
similar design as for CR. For 3 chambers pick-ups with elliptical cross-
section are required (100% identical to the CR layout) and for the 3
remaining chambers a design of round pick-ups (400 mm diameter) is
required. The chambers would need to have DN40OCF flanges.

In addition, GSI requested if the production and delivery of 4 scintil-
lating screen setups (vacuum chamber, detector, pneumatic drive)
identical to the CR design could be performed by BINP.

BINP will inform GSI if BINP is willing to start collaboration on these
subjects.

Depending on the decision from BINP, GSI could also make this col-
laboration as a special/dedicated Collaboration Contract, not as an
In-Kind.

M. Schwickert

BINP

BINP

BINP/GSI

04.11. 2018

23.11.2018

n/a

n/a
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5 pBar
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5.1 P-bar power converter

Corresponding Author(s): u.clausen@gsi.de

5.1.1P-bar power converter components

Pieces PSP Typ Nomenclature
1 29.3.1.1.1 pB.D1 | Dipole PSO1MHO1
8 2.9.3.2.1.1.1 | pB.Q1 | Wide Quadrupole PS01QS04-11
1 293221 |pB.q2 | Vide Quadrupole PS01Q503
radiation hard
Narrow Quadrupole
2 2.9.3.2.1.1.3 | pB.Q4 . PS01QS01-2
radiation hard
4 2.9.33.1.1 pB.C1 | Sextupole PS01KS01-4
PSO1KHO1-3
7 2934 pB.C2 | Steerer PSO1KVO1-4

5.1.2 Action items

- Data for Quadrupole magnets, radiation hard, still needs to be defined
- Contract for power converter is needed
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5.2 P-bar vacuum

Corresponding Author(s): a.kraemer@gsi.de
Vacuum System of the pbar-Separator
FAR ==

Pbar-target is in air. Vacuum System ends with an exit window in HEBT
and starts with entrance window after first dipole behind target.

I
Nt
3=3
3 - =28
= -’Yﬁ' PR
S §}— ‘A“\".:\ [
g 5= © 59
=) = o ~ +0-
S : gz T =2
] o8 = = = -
% & €9 g = b =) ‘:’38
e B ‘é a 4 Eﬂﬂ, R 2 & — £
—;-[l -- 18] | -‘“?: <l g &S — 2 |
8 g - _\:L: o= ProtonBesfn dump(l o d
= S - 5 % w)
S = Mo &
_.;_ (C/L) (s W
L; Most vacuum chambers to be
3 produced by Budker Institute of
« Nuclear Physics BINP, Russia
FAIR GmbH | GSI GmbH A. Kramer, 1st BINP-FAIR Collaboration Coordination Workshop 1
pbar-Separator: Draft 3D Model F -\lR >
Target Station PS01QS04&05&06

Beam
PS01MHo1 Entance
Window

PSO1VWA1T

$

PS01QS08&09&10

PSO1WA1T

PS01QS05&06

FAIR GmbH | GSI GmbH A. Kramer, 1st BINP-FAIR Collaboration Coordination Workshop
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pbar-Separator

Pressure Profile Calculations (MOLFLOW+) FA|R s =z

2,5x107

2x107

1,5x107 o

pressure [mbar]

5x10°%

——600U/s
——400 I's

FAIR GmbH | GSI GmbH

Vacuum components pbar Separator

length [m]

A. Kramer, 1st BINP-FAIR Collaboration Coordination Workshop

Vacuum system design not yet finalized

Components Quantity | Remarks

Roughing Stations 1 Mobile (TMP&forepump
7001/s&30m3/h)

lon Getter Pumps 8 Pumping Speed 400V's

Sector Gate Valve 2 all-metal, DN400

Angle Valves 2 DN160CF for roughing stations

Fast Valves 1

Cold Cathode Gauges | 4

Pirani Gauges 4

Fast Valve Sensor 1

FAIR GmbH | GSI GmbH

A. Kramer, 1st BINP-FAIR Collaboration Coordination Workshop
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Technical properties of vacuum chambers F_\|R ==

Integral leak rate <1x 10‘0@
Outgassing rate 10 mbar |
s ek i <5x 10 S

Residual gas ana]yse 1. All peaks between mass 18 and 45 must be 100 times lower than mass 18, except mass

(after 24h of pumping) 28 and 44.
2. All peaks higher mass 45 must be 1000 lower than mass 18.

Mechanical requirements:

Check of welding seam according to DIN EN ISO 9712, quality class DIN EN ISO 5817 B
Surface quality R,=25
Magnetic permeability:
Parts of the body of vacuum chamber that are located at a distance less than the magnetic gap from the yoke edge
> rer < 1.01
Parts of the body of vacuum chamber that are located at a distance greater than the magnetic gap from the yoke
edge > pre < 1.05
Components of the vacuum chamber such as flanges, bellows, and other fixed elements such as supports, bolts,
nuts, washers, etc. > p, < 1.05

Chamber material according DIN EN 10088: 1.4306, 1.4307, 1.4404, 1.4429 or 1.4435
Flange Material according DIN EN10088: 1.4306, 14307 or higher quality

FAIR GmbH | GSI GmbH A. Kramer, 1st BINP-FAIR Collaboration Coordination Workshop 5

Vacuum Chambers pbar-Separator F.\lR ===

Large aperture beam pipe DN400/450,
Mainly round and straight chambers
Vacuum chambers not designed in detail

(ChamberType | Pieces | Shape | Dimersions

Bellows ~31 round L=, d=400mm
Round Chambers =18 ~1000<L<6000mm, d=400mm
Pumping/roughing Chamber ~3
Wide Quadrupole Chamber ~8 octagonal L=1300mm, 400x180mm2, flange
DN450
Vert./Horiz. Collimator Chamber ~3
FAIR GmbH | GSI GmbH A. Kramer, 1st BINP-FAIR Collaboration Coordination Workshop 6
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Draft 3D Model of Chambers F_\'R ==

Collimator Chamber

Bellows

Wide Quadrupole Chamber

Round Cham;r :

FAIR GmbH | GSI GmbH A. Kramer, 1st BINP-FAIR Collaboration Coordination Workshop 7
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5.3 P-bar magnets

Corresponding Author(s): p.yu.shatunov@inp.nsk.su

5.4 TCR1 magnets

Corresponding Author(s): p.yu.shatunov@inp.nsk.su

5.5 P-bar diagnostics

Corresponding Author(s): rogovsky@inp.nsk.su
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5.6 Update on p-Bar beam instrumentation

Corresponding Author(s): m.schwickert@gsi.de

4. Update on Beam instrumentation (HEBT, pBar Separator, SFRS)

GSI proposed to start a new collaboration for the production of 6
chambers for Beam Profile Monitors by BINP. These chambers have
similar design as for CR. For 3 chambers pick-ups with elliptical cross
section are required (100% identical to the CR layout) and for the 3
remaining chambers a design of round pick-ups (400 mm diameter) is
required. The chambers would need to have DN40OCF flanges.

In addition, GSI requested if the production and delivery of 4 scintil
lating screen setups (vacuum chamber, detector, pneumatic drive)
identical to the CR design could be performed by BINP.

BINP will inform GSI if BINP is willing to start collaboration on these
subjects.

Depending on the decision from BINP, GSI could also make this col
laboration as a special/dedicated Collaboration Contract, not as an
In-Kind.

M. Schwickert

BINP

BINP

BINP/GSI

04.11. 2018

23.11. 2018

n/a

n/a
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5.7 p-Bar collimators

Corresponding Author(s): p.katrik@gsi.de

FAR ==u

Collimators @ p-bar

Dr. Klaus KNIE <k.knie@gsi.de>
Dr. Peter KATRIK <p.katrik@gsi.de>
Dr. Serban UDREA <s.udrea@gsi.de>
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Collimators at the p-bar installation F-\lR ESI

. . . . _ How important are H-Col. & V-Col.?

investigation of collimator efficiency Why are “+3% dplp” p-bars affected by Momentum-Col.2
i . . D FAIR and BINP th | tics | t?

specifications of collimators Ocs o an o018 o e

P. Shatunov @ RUPAC2016 presented to us an unknown version.

possibility of collimators fabrication at BINP

2 x collimatorin air

1 x horizontal collimator
1 x vertical collimator

1 x collimator in vacuum
(horizontal - momentum collimator)

ea=en
=2 7
2562%
; 28 %5%&’
& 2% 2222
Q. 8 2% %
I 7 =2
24 <2 7L
5 <
e

]
|
=]

p-bar beam dump
1 x horizontal and vertical collimator (target station)

H-Col.-
V-Col

FAIR GmbH | GSI GmbH

An impact of collimators FAR ===

Ideal collimators

all 3 collimators made of black body
Iron collimators

all 3 collimators made of iron
Momentum collimator only

1stand 2" collimators are removed it "
31 collimator made of black body i f

2 x collimator in air

p-bar beam dump

3 x Ideal collimators 3 x Iron collimators

Only the momentum collimator
USR-1D Collinl-6 54 USR-1D Collind-6 54 USR-1D Collini-6 54
LM‘S -+ MD‘G — Mﬂ-s - —
Nr. of p-bars/primary ion Lt 4| Nr. of p-bars/primary ion | Nr. of p-bars/primary ion
Lw—g 810 &0
MG-G m's
5
110
Mﬁ‘e MO"
840° 50° 500"
60 ao® Ft
6 -6
3d0 30
‘ﬂﬂ.‘
w‘ MD-S
-6
it 10 220
° 2 2.2 24 2.6 2.8 3 3.2 34 3.6 3.8 4 8 2 22 24 28 28 3 32 34 35 38 ‘ ; 2 2.2 2.4 2.6 2.8 3 3.2 34 36 3.8 4
Energy [GeV] Energy [GeV]

Energy [GeV]
FAIR GmbH | GSI GmbH
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Collimators at the p-bar installation F-\lR ===

H-col. and V-col. do not have significant
influence > may have a simpler/cheaper
design

Movable momentum collimator in the
vacuum is the main collimator at this
stage

SFRS prototype of the movable
collimator in the vacuum

Summary:
Is it possible to fabricate it at BINP?

May it be included in the main contract?

FAIR GmbH | GSI GmbH
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6 Steering activities
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6.1 Steering 1

Corresponding Author(s): david.urner@fair-center.eu

Meeting: Steering parallel Il at 1% BINP-FAIR workshop
Date: 06.11.2018 13:00-17:45 Author: S. Utermann
Y. Levichev

V. Varentsov

D. Urner

J. Blaurock

A. Andreanov

D. Shwarz
Participants: S. Utermann

M. Schwickert

M. Marenich

L. Urban

A. Kramer

A. Krasnov

H. Simon

Distribution: Participants + K. Knie, Y. Rogocheyv, Y. Tichonov, P. Shatunov, F Hagenbuck

F-PR-...to_follow

Document Number: ) . . I
(see work instruction for document identification)

A: Action, D: Decision, I: Information Who Due Date
HEBT vacuum chambers (batches 2&3) without FBL
D 1.544 M€ at 2018 prices and scope are acceptable to BINP

Want to close this ASAP without FBL

FAIR needs a letter of assignment, IKRB will write recommendation to

Council, Council makes assignment, then official negotiations.

Request for assignment is drafted, FAIR will support this letter.

FAIR is confident that request will be recommended by IKRB (we have

submitted estimates based on information from BINP).

Specs are ready, CB value is ready

SU, YL 2 weeks
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A: Action, D: Decision, I: Information Who Due Date
S. Utermann to send request for assignment draft to Y. Levichev.
A ROSATOM does not need to sign. YL returns to IOP (DU, SU or MM) F. By
within two weeks. Hagenbuck | council
HEBT SPL needs to specify size of initial tubes (standard tube size or
not (this has financial consequences) --> This needs to be sorted before
A council (mid-December)
) ) 2 weeks
Action: Aim to close batch 2 and 3 contract 2018 SU to send to YL
within two weeks. Partly unassigned, we can put a disclaimer to this su
end in the contract.
Beam Diagnostics (mechanical and pre-amp, screens and drives)
I Items identical or similar to CR
A M. Schwickert will send Y. Leveichev, D. Shwarz & Y. Rogovsky--> a MS, DS,
technical description and scope and PSP and CB value. (YR is BINP YR
responsible)
A
YL will answer first informally in writing, then assignment will follow as YL EAIR
above. IOP
First technical, then administrative
Capacity is available at BINP for greater productivity beyond batches 2
&3
HEBT Vacuum batch 4
Technical aspects were discussed in parallel session. Because there is
little scope for series production (many types), A. Krasnov has
concerns about BINP workshop capacity.
Action: L. Urban sends list to A.Krasnov
A LU
Action: FAIR looks at relaxing schedule wrt to pre-assembly and also
A looks at standardisation LU & Q12019
DMU
Meeting L. Urban and A. Krasnov to look at the proposed delivery This
A schedule for batch 4 this week LU & AK week
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A: Action, D: Decision, I: Information Who Due Date

BINP to check workshop capacity, taking into account batches 2&3 and

all the others (S-FRS, CR etc.) AK Q12019

Radiation resistant dipoles for Super FRS (2 pcs)

1.9 M € per dipole, and FAIR would supply the cable at 450 k per dipole
(2018 prices)

So BINP would make 2 dipoles for 1.45 M each, 2018 prices.
Not yet assigned to BINP.

BINP can possibly buy the steel for the dipoles and multipoles
together: it is the same steel, should BINP agree to provide multipoles

Dipole contract is on the critical path
Specs and draft contract are ready.

A - . ) YL and
Decision from BINP this week, after magnet expert meetings BINP

; This
magne week
- . experts
SU to send YL draft contract. Aiming for 2018 signature (as HEBT
vacuum batches 2&3) including the assignment clause. SuU
. . 2 weeks
A IOP to get the assignment done, responsible IOP.
IOP
A By
council
Radiation resistant multipoles for Super-FRS
3 different quadupoles, 2 sextupoles and beam catcher, not assigned
1.2 M Euro
H. Simon reports that technical discussions are still underway re. steel
procurement, titanium for chamber with grazing primary beam.
A Actlon: B‘INP to make a‘cost est!matef H Simon will send technical HS, YL This
information to the sessions during this week.
week
BINP to assess the resources needed to develop cost estimate by the
By 30
A end of November. BINP
Nov
Video conference for follow up (also supports, beams, pipes). End Nov
A Result may be R&D contract or price quote. HS, YL,
others
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A: Action, D: Decision, I: Information Who Due Date
No assignment until then.
D
Super-FRS diagnostics chambers
Status: Assigned to BINP, CB exists. Specs are ready. BINP can produce
at CB 2005 escalated to 2018.
Specs are ready for beam diagnostics chambers.
A. Krasnov: BINP has capacity.
D Decision: no AFAAs (Annex for additional assignment)
A SU to send draft to YL within two weeks su 2 weeks
D Aim for contract signature end of 2018
Super-FRS dipole chambers
Super FRS dipole chambers are very similar to CR vacuum chambers.
Assigned to BINP, PSP in CB. There has been change of scope --
>dedicated beam catcher in the chamber.
Need adjustment of specs (titanium or not?)
A Action: joint preliminary technical decision process starting this week. Hs, This
others week
Preliminary assessment finished by the end of 2018 in writing as joint
initiative. End
A 2018
FAIR,
Then BINP needs to estimate price. BINP
p-bar rest contract
Q Workshop capacity? It was close before CR was moved by a year.
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A: Action, D: Decision, I: Information Who Due Date
Scope includes 2 quadrupoles and 1 dipole radiation hard.

D Elements before TCR line that are identical to CR: BINP agrees to
produce all items that are already series items.
CR type quadrupoles: BINP capacity is there.

Q What about beam optics? What happened to the change request to
optical ion layout?
Who is the responsible person at fair? Sergey Litvinov? FAIR to answer

A this week. DU This

week

Complete beam optics: K. Knie end of February 2018 (to be confirmed

A by KK) --> send to D. Shwartz and P. Shatunov KK 28.2.19?
Scope/list of components: K. Knie --> BINP Q1

2019°?

A KK

Vacuum chambers forgotten beam line (FBL)
CB 8 value = 4.8 M€ in 2018 money (power, magnets, vacuum etc.
D. Urner notes that some of FBL was reassigned to ACC from EXP.
Same type, FAIR will join the PSPs. Not in costbook 7

. . . . o ege . nd _

A Action: FAI_R to prepare detailed steering activities this for 2" FAIR I0P, PMU | Q1 2019
BINP meeting.
How soon does BINP need the contract? To this end:

Q
Action: FAIR itemised list AtB to Y. Levichev, A. Krasnov and |. Morozov

A in two weeks DU 2 weeks
Q is optical layout ready? Action: D. Urner to check

A DU 2 weeks
BINP to say when they need the contract in order to fit FBL production

A into existing series production. A.Krasnov | Q1 2019
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A: Action, D: Decision, I: Information Who Due Date
Aim for contract signature 2nd half of 2019

D

PANDA dipole
Proposal: common collaboration contract FAIR-BINP
In draft at FAIR
Then action an implementing agreement for the PANDA dipole.
300 k€ R&D engineering agreement exists, signed between FAIR and
BINP

A DU & YT |This
Action: meeting D. Urner and Y. Tichonov to discuss the status of the week
R&D contract and future contracts this week

Other business

D On Thursday afternoon there will be a parallel session to disccuss Su, DS Wed.
progress 17:00 and 18:00. action S Utermann: communicate this, D.
Shwartz to invite on the BINP side
BINP liaison officer programme: all parties wish an extension. 90 days

D is not enough.
Letter to Y. Leveichev from J. Blaurock --> BINP directorate

A B
Next liaison officer need a visa with a work permit for Germany. FAIR

A to check. DU
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6.2 Possible future collaborations

Corresponding Author(s): david.urner@fair-center.eu

FAR ==ux

Kind of Document
Meeting Minutes Page 10of 3

Meeting:

Steering meeting part 2 at 1** BINP-FAIR workshop

Date:

08.11.2018 16:55-18:15 Author: M. Marenich

Participants:

Y. Levichev

l. Koop

P. Shatunov

A. Krasnov

D. Shwarz

D. Urner

S. Utermann

M. Marenich

H. Hagelskamp

Anatoly Utkin (Rad.Res.Dipols)
Denis Gurov (Rad.Res.Dipols)
M. Schwickert

A. Kréamer

H. Simon

C. will

C. Muhle

H. Schwartz

Distribution:

Participants + K. Knie, Y. Rogochev, Y. Tichonov, F Hagenbuck, O. Dolinskyy, V. Varentsov

Document Number:

Contents:

1. pbar Rest ion optical layout 1

2. SFRS Rad.Res.Dipols 1

3. HOAI contract between BINP and FAIR 2

4. Plan of action for future CDRs 2

5. HEBT VAC Batches 2+3 3

6. other business 3

Attachment(s) 3

A: Action, D: Decision, I: Information Who Due Date

1. pbar rest ion optical layout

A

SFRS Rad.Res.Dipols

* Agreement between K.Knie and P. Shatunov to compare both of |K.Knie 22.Dez.2018
their calculation approaches of anti-potron losses ( ion optical lay- |and P.
out). If there are differences a couple of month of research may Shatunov
be necessary in addition.

o Everything should be done, to not change the TCR1 de-
sign.
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A: Action, D: Decision, I: Information Who Due Date
D e Agreement that BINP built SFRS Rad.Res.Dipols for 1.9
MEUR(2018) each minus 450 TEUR(2018) each for the wires.
D ® Decision that BINP will receive a SFRS Rad.Res.Multipoles Re-
search Contract in order to estimate price and design details.
A o FAIR will make a suggestions of deliverables till FAIR 15.Nov.2018
15.Nov.2018.
A o BINP will sent list of manpower and deliverables till BINP 22.Nov.2018
22.Nov.2018.
HOAI contract between BINP and FAIR
e Components written both in the existing or future CR HOAI con-
tract and CR-Rest Contract between FAIR and BINP.

A o FAIR request a component list from BINP which compo- BINP 15. february
nents FAIR should purchase commonly for BINP. Example: 2019
pumps etc.

A o Installation detail planning between FAIR and BINP ac- FAIR / 1.february
cording to the matrix written in the existing CR-Rest Con- | BINP 2019
tract. It is proposed that both FAIR and BINP proceed with
detailed planning and detailed time schedule per work-
package till 1.february 2019. Example: pre-assembly etc.

A o FAIR propose a detail analysis from BINP if the CR-Magnet | FAIR / 1.february
Production plan may be shifted forward a couple of BINP 2019
month according to BINPs production capacity.

Plan of action for future CDRs

Kick-off meetings
o According to FAIR Quality every PSP Code needs a kick-off
meeting to define responsibilities, interface partner and
the whole CDR process.
o According to BINP the CR had one kick-off meeting for all
PSP with SPL Dolinskyy and it was sufficient.
BINP and FAIR agree on the basic CDR process, but there are still
different opinions on the CDR content and level of detailization
and level of finalization between FAIR and BINP.
o FAIR emphasis that for example “final 3d models” during
CDR helps to minimize efforts on both BINP and FAIR side.
BINP sees CDR as concept presentation, where finished 3d
Models are not necessary.
o FAIR AND BINP agree that the CDR needs some changes:
= According to the definition of which people may
be involved on BINP and FAIR side. For example
that the same vacuum experts from both BINP
and FAIR participate together if this topic is on the
agenda.
=  The CDR is focused on mechanical components,
but missing details on software and electronics.
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A: Action, D: Decision, I: Information Who Due Date
® FAIR and BINP agree to re-evaluate and solve this issue during a C.will 9.11.2018
A meeting on 9.11.2018, with the current available CDR documents |and 4:00 pm
and the CDR Slides shown by QA during this workshop . D.Shwarz
HEBT VAC Batches 2+3
| ® FAIR realised that project time delays occurs, if production items
are not available from stock. In such situation BINP kindly shall
provide as fast as possible an analyses of different solutions, espe-
cially time, costs and risk wise.
A e HEBT VAC Batches 2+3 solution and analysis provided by BINP. BINP 16.Nov.2018
2. other business
none
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6.3 NEG pumps (and ion getter pumps?)
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1. NEG pumps

The types and the quantity of NEG cartridge and NEG getter combina-
tion pumps which will be used at FAIR were presented. In addition the
different available types for NEG ion getter combinations pumps from
SAES Getters were presented too.

BINP would like to participate in the tender of NEG pumps for FAIR.

Both types of ion getter pumps (either StarCell type or Noble Diode) in
the combination pump could be used by BINP for the CR, if they are
similar in price.

A.Kramer will ask for list price of both types of pumps.

The detailed specification of the NEG pumps for the tender will be seed
by GSI/FAIR to BINP, including the NEG pumps required for CR, for
aprroval by BINP. The specifications will take into account the already
existing functional specification written by BINP.

Installation of pumps
It still needs clarification or discussion, if the NEG pumps for CR should
be installed at BINP or at GSI/FAIR facility.
e BINP would like the NEG pumps to be installed in the tunnel.
For the leak check of the welded units inside the tunnel, BINP
needs the flanges occupied by the pumps for the leak check.

A. Kramer

BINP

BINP

A. Kramer

BINP/GSI

GSI/FAIR

week 46

June 2019

e On the other hand, it has been planned/proposed by FAIR that
BINP should deliver the CR unit as an assembly unit, where the
pumps are already installed.
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NEG Pumps for FAIR FAR z==u

Specifications for NEG cartridge and NEG cartridge / ion-getter-combination
pumps should be ready end Q2/2019. Specs don't include controllers.

Start procurement via call for tender (or if SAES getters is the only supplier) by
direct order. Gamma Vacuum delivers NEG cartridge pumps up to 400l/s. To be
discussed with GSI/FAIR procurement department.

Start delivery Q3/2020 until Q4/2021

Subproject Type Quantity (pcs)

HESR CapaciTorr D1000 (NEG cartridge) 90

HEBT NexTorr D1000-StarCell (NEG catridge/lon-getter- 2
combination pumps)

SIS100 CapaciTorr D3500 (NEG cartridge) 44 (+17)

SIS100 NexTorr D500-5 or NexTorr-StarCell (NEG catridge/lon- 94 (+7)
getter-combination-pumps)

CR NexTorr D1000-10 (or NexTorr D1000-StarCell) (NEG 75

catridge/lon-getter-combination-pumps)

FAIR GmbH | GSI GmbH A. Kramer, 1st BINP-FAIR C ion Coordination W 1

NexTorr® pumps by SAES Getters
combining NEG and ion pumping technologies F\|R gz ez

Three Types:

NEXTorr® “D” series:

pumps are based on St172 NEG material, operating in the field of UHV/XHV
applications since early '90s. lon pump: noble diode,

pumping speed up to 2000l/s for H, and 10l/s for Ar (type D2000-10)

NEXTorr® “Z” series: o
pumps integrate the new ZAO UHV NEG alloy further improving: u "
-pumping performance for H2 ] ' ‘
-mechanical robustness %’ >
-outgassing during the activation
lon pump: noble diode

pumping speed up to 400I/s for H, and 6l/s for Ar (type NexTorr Z 300)

NEXTorr® -StarCell

combining the sintered NEG technology by SAES with the highly reputed StarCell
ION pump by Agilent Technologies. Pumps are based on St172 NEG material
pumping speed up to 1000l/s for H, and 21l/s for Ar (type NexTorr D1000-StarCell)

FAIR GmbH | GSI GmbH A. Kramer, 1st BINP-FAIR Collaboration Coordination Workshop 2
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FAIR/GSI did not finally decide up to now, which of the three types will be used
in the various subprojects. Will be discussed in the course of writing the
specifications.
If the pumps will be controlled by the available combined controller or the ion
pump and the NEG cartridge individually is not decided. Will be discussed in
the course of detailing of operation scenario and vacuum control system.
Procurement strategy to be discussed:
a. separate call for tender for NEG cartridge pumps and combination pumps
b. common call for tender for both types

What does BINP needs for the CR?

FAIR GmbH | GSI GmbH A. Kramer, 1st BINP-FAIR Collaboration Coordination Workshop 3
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