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Introduction === I
GSI UNlIversal Linear ACcelerator HIM teusesre
7.

Helmholtz Institute Mainz

HELIAC

High Charge State
Injector (1991)

MUCIS, ' ' \ .1":! | Foil

,:@J / HSI (RFQ,IH1,IH2) - Poststripper (Alvarez, Cav.)

= ﬂ_eml

j L

\
36 MHz Gas Stripper 108 MHz
PIG
High Current Injector
(1999) Alvarez (1975) (1975)
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cw-Linac@GSI/Motivation

HELIAC

— high beam currents

— low repetition rate (max. 3 Hz)
— low duty factor (0.1 %, pulse length for SIS18 only 100 ps)

— relatively low beam currents
— high repetition rate (50 Hz)
— high duty factor (100 %, pulse length up to 20 ms)

“Material Science”:

— Heavy lons (m > 200)

— High Beam Energy (up to 10 MeV/u)

— high repetition rate (50 Hz)

— Continuous Beam Energy Variation (1.5 — 10 MeV/u)

....... W. Barth, TASCAZ21, “Status of the cw_LINAC-project", 22. June 2021 3



HELMHOLTZ

Poststripper Rf-upgrade for FAIR

HEL//AC H I Helmholtz Institute Mainz
GSI DARMSTADT

— high beam currents
— low repetition rate (max. 3 Hz)
— low duty factor (0.1 %, pulse length for SIS18 only 100 ps)

— relatively low beam currents

hicl - 50 Ha)
—high-dutyfactor {100-%; pulselength-upto-20-ms}
— Heavy lons (m > 200)
— High Beam Energy (up to 10 MeV/u)

hicl - 50 Ha)

~onti - - Variation (1.5 — 10 MeV/u]

@ {:ﬂé%ﬂzz W. Barth, TASCA21, “Status of the cw_LINAC-project”, 22. June 2021 4



Layout of the future superconducting cw HELIAC*

* HEImholz Linear ACcelerator

HELIAC

GSI DARMSTADT

normal conducting cw-injector Linac Cryomodule 1 Cryomodule 2

Cryomodule 3

HI

HELMHOLTZ
Helmholtz Institute Mainz

Cryomodule 4

LEBT RFQ  QTI IH QT4  CHo CHICH? CH3 CH4 CH3 CH6 CH7 CHS CHY CH10 CHI11
HHH O O
RBI QT2 QT3 RB2 S1 BI S2 DI S3 B2 S4 D2 S5 B3 S6 D3 S7 B4 S8
18 GHz 0.3 MeV/iu 1.4 MeViu 4.4 MeV/u 7.6 MeV/u
ECR
Z/m
T T T T T 1 T T T 1
\ 10 \ 20 30

L -

=)
e

\

Maximum energy per CM

Design parameters sc cw-LINAC Layout properties Cryo Module Output energy (MeV/u
Alq <6

A/Z=8.5 A/Z=6 A/Z=3 AfZ=1
Frequency MHz  216.816 + Short multigap CH cavities: length <1 m), / / / /
Beam current mA transverse dimensions <0.5 m CM1 2.6 2.9 3.6 4.6
Injection energy MeV/u 1.4 CM2 3.5 4.2 5.5 7.7
81,1t.ptuht energy  MeV/u * Modular construction: 4 cryomodules CcM3 4.5 5.8 7.8 10.9

eng m . .
CH eavities 4 12 each with 3 CH, 1 buncher, 2 solenoids cM4 5.55 7.6 10.5 14.6
Rebuncher # 4 * Compact Linac design (E, = 7.1 MV/m) CM4 + CH12 6 8 11.4 15.6
Solenoids # 8
TASCA 21
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HELIAC
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H-type Cavity developments
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- sc-prototype, 360 MHz
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RF Testing of the CH-Cavity (10/2016)

HELIAC

GSI DARMSTADT

o . (o]
RF test in a horizontal cryostat (@4.2°K) . Dynamic tuner ~ Static tuner
el T T Inclined stem " Y

109 | % % - .
? I ; Preparation

o ports
10° E
¢ Vertical test w/o He vessel Ea - 96 MV/II’I Helium vessel
+ Horizontal test with He vessel o 8
% Design cw LINAC QO = 8.14- 10
107 _||||||-| Verticaltest Horizontaltest
0 2 4 6 8 10 w/o He vessel  with He vessel
E,/ (MV/m) Jow 1.44 - 10° @.37-10°)
RS ng2 36 N
Rpcs nQ 15 15
® Improved performance (add. HPR) Rinag nQ 9 12
. L. Ry nQ) 12
® Low field emission rate E, MV/m 6.9 @
- . Qo 2.19- 108 8§.T4-10°
[ ]
High field gradient v, MV 49 59
. E MV/m 43 60
[ ] P
Therm. guenching beyond 9.6 MV/m B, T 39 55

@ %ASEAMZ" W. Barth, TASCA21, “Status of the cw_LINAC-project”, 22. June 2021 7



Experimental setup of the demonstrator at GSI L= == I

H I HELMHOLTZ

’(’ﬁ&h{/ﬂrA\ﬂc Helmholtz Institute Mainz
Layout of the horizontal cryomodule Matching line - demonstrator — test bench
QT QD QD
cw Mob
1,4||;I/I|_11_V/u NX N 9 N X 9 NX Demonstrator E E 5 E|?/|| -IEI_]

Superconducting
9.3 T solenoids * Steering magnets * Phase probes for TOF measurement

* Rebuncher * Beam current transformers

* Quadrupole doublet * Bunch shape monitor (Feschenko)

* Profile grids * Emittance measurement

Demonstrator at GSI-High Charge State Injector (HLI)

ECR-Source

Demonstrator
Control Room

f"/ r=— —/-
\ ATTITTE AN
\ SRR

Superconducting

217 MHz CH cavity
Support

frame

LHe reservoir (3000 I)

@ {@.—.«sffmﬂ W. Barth, TASCA21, “Status of the cw_LINAC-project”, 22. June 2021 8



First superconducting 217 MHz-CH-Cavity T ) ( # 3
AT - bf'.' g i3 F . =

-gradient up to 10 MV/m o ﬁ”l_ — _ Q

High quality factor = low RF-dissipation (<10W) '

| b 4

High E

acc

Equidistant gaps = continuous energy variation

&>~

2017: Successful beam commissioning at GSI

,
- .

W. Barth, TASCA21, “Status of the cw_LINAC-project”, 22. June 2021
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Rf-amplitude-scan i RS

Helmholtz Institute Mainz

HELIAC

GSI DARMSTA!
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2,3 r )
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T, ’;/ T, .‘.__._;»"'/ 1.5ppA (particle current), Q
p E E ‘g_,af-': ~95% (beam transmission), 3
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cw-Linac-Prototyping: Advanced Demonstrator ===
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GSI DARMSTADT

Standard cryomodule layout

[
|
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: -~ - = Jh = 3 i i
i Al 5_! S B i 3 () - ey () ) iy 1
- \ i\ ) A (M Al 4 4 — Jr y e 4 4 —
|t A » - b -
Nl | L - 1 4 4
| e =5 e
Al

e
766 mm 370 mm
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- -
4800 mm

* New cryo module layout containing demonstrator CH cavity, 2 short CH cavities, 1 buncher and

T T 3

2 solenoids

—s— Vertical test at 4.2 K|
—%— Design cw LINAC

* Simplified cavity design (easier manufacturing & surface processing 1E9;

* CH1 & CH2 are already produce and tested J
* cryostat delivery Q2/2021 v g C:-?:Z\F:ity
* compact linac design for or higher A/q (=8.5) 157; S

E, / (MV/m)
@ {gzsffmﬁ{ W. Barth, TASCA21, “Status of the cw_LINAC-project”, 22. June 2021 11



Transversal beam dynamics cw-Linac layout =50

H IM HELMHOLTZ )
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GSI DARMSTADT
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M. Schwarz, et al.
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:TASCA 21 W. Barth, TASCA21, “Status of the cw_LINAC-project”, 22. June 2021 12




4K He-supply infrastructure@GSlI :,35 =
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HESaC

Link to STF
(Series Test

Facility)
Advanced Demonstrator i i I Jﬁ
Testing Area HLI Injector | [} - I | n
(. : STF Hall
[ —‘ i i [ ;‘/n [ i i
| i) “ m

Ex-Hall,

HELIAC 9 TKto SIS18

»
»

UNILAC -

{ﬁ:ESCA 21 W. Barth, TASCA21, “Status of the cw_LINAC-project”, 22. June 2021 13
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SRF-test activities I=== 1L

H IM HELMHOLTZ '
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® CHO: SRF-test at HI-Mainz Lab CH?2 at GU-Frankfurt
* CH1: SRF-test at HI-Mainz Lab - / /

®* CH2: SRF-test at vertical cryostat (GU-Frankfurt)

® Set up of a new HELIAC-test area at GSI-Darmstadt

® Universal test kryostat for horizontal tests of
Lundressed“ CH-cavities

Universal Test Cryostat at GSI-Darmstadt

@ :Tﬁwsffmiz W. Barth, TASCA21, “Status of the cw_LINAC-project”, 22. June 2021 14



Cleanroom Operation at HI-Mainz =510

H IM HELMHOLTZ
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GSI DARMSTADT

Main features

* Aluminum double floor (5 tons/m3)
* Heavy duty rail system
 Ultra high purity water supply

(0.055 uS/cm, 2500 I/h, 5000 |
storage)

» High pressure washer
* High pressurerinse (HPR)

+ Ultrasonic bath and conductance
rinse

« 160°C vacuum oven

Additional equipment

* lonized nitrogen  * Dish washer
guns « Lift trolleys (200 kg)

* Particle counters .« wet/Dry vacuum
* Smaller US-baths cleaners

Preparation for PoF4-activities
* Cleanroom succesfully modified with new
installations
* Cleanroom re-classified

« Particle concentrations even lower due to
weekly cleaning

Industry partnership (planned): Shared clean room for SRF-cavity
» On-going testing of equipment in operation preparation and installation projects

@ :TAsffil W. Barth, TASCA21, “Status of the cw_LINAC-project”, 22. June 2021 15



HELIAC@LINAC tunnel & Link2UNILAC iI= =1L
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HELIAC

HEBT to UNILAC

e - HELIAC

p2225
Yy

03:17;5°
D4 —

Kicker 10°

&
Alvarez 4 I:A III:I — ! = = I:I

A4QD1 UNILAC - UT1QD1 Y2QD1

I ‘ I 1 -
fregarge o]
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cw-Injector: nc-IH-APF-Drift Tube LINAC IH1&IH2 K= &= I

HELIAC

IH1 Error Study

B Reference

i

Em all togeter

B tube_center_error_mm

B tube_length_error_mm

gap_voltage_error_prc

-

b
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W cavity_voltage_error_prc
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. B cavity_phase_error_deg B
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Variable Value
Tube center +0.2 mm

Tube length 0.1 mm _
<
Gap Voltage +2 % =
>
Cavity Voltage 1% -‘§,
Cavity Phase +1° S

@ TASCA 21
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Advanced Demonstrator/Status: 06/2021

Helmholtz Institute Mainz

A

New Testbunker with
test bench (2020)

e
CM1 at Test Bunker
(2021)

beam meas. 2020

s W. Barth, TASCA21, “Status of the cw_LINAC-project”, 22. June 2021 18
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Normal conducting cw-rebuncher cavities
HELIAC

GSI DARMSTADT

Debuncher Cavity ($=0.1) Rebuncher Cavity (f=0.054)
5 44

1.0F 2 Extracted from i = . E
13

graph pape:
=== Measurement 08.2019
08| !
_g A 0.181 ! —
3 H —
. 0.6 ==
: =
< I
—H | -
5 i
4 I
X i
0.2 | ‘
i |
]
= 0.0 i

Measured Roentgen-spectrum

Rel. RF-Voltage Tot. TF-voltage Gap-Voltage

o V) (kV) (kV)
55 311,982 77,995
6 340,344 85,086
0 6,5 368,706 92,176
7 397,068 99,267

10° F

o
o

count rate in 1/s

0 25 50 75 100 125 150 175 200
energy in keV

W. Barth, TASCA21, “Status of the cw_LINAC-project”, 22. June 2021 19



cw-LINAC ,,basic approach®

HIM

HELIAC
GSI DARMSTADT
. . HELIAC
Cw-Injector
+LEBT Cryomodule 1 Cryomodule 2 Cryomodule 3 Cryomodule 4
LEBT RFQ RT'1 IH T4 CHo CH1 CH?2 CH3 CH4 CH5 CHE6 CH7 CHS CHY CHI1Q/CHI11
o . 25
O o k-
RB1 QT2 QT3 RB2 S1 Bi s2|b: sz B2 S4 “)2 S5 B3 S6 \D3 S8
CR 0.3 MeV/u 1.4 MeV/u 4.4 MeV/u 7.9 MeV/iu
Z/m

10

normal conducting 25%-injector Linac

Q@B TASCA 21

ECR + LEBT

— 18 GHZ-ECR

— LEBT (prelim. layout)

cw-RFQ

— former HLI-RFQ

cw-IH-DTL (tendering: Q1 2021)

transport sections, etc.
— MEBT, Matching Line, HEBT (Quads, Dipole)
— cw-Rebuncher, debuncher

High power Rf-ampl. (RFQ, IH, buncher) (reused)

Other supply systems

— Power supplies (LEBT, MEBT, HEBT)
— beam diagnostics, vacuum system, controls

202 6

superconducting cw-Linac

CM1 (PoF3)

— CH1 tested & CH2 tested

— Rebuncher cavity ordered

— Cryostat ordered

— Solenoids ordered

— 4 rf amplifiers ordered

— aux. comp. (couplers, tuner, BPM, LLRf)

CM2 (PoF4)

CH3-5 specified, ordering (tendering/Q3 2021)

— Re-buncher cavity ordered
— Cryostat ordered
— Solenoids, rf Amplifiers, aux. components

CM3 (BmBF)

— CH6-8 specified, ordering (tendering/Q2 2021)
— Re-buncher, Cryostat, Rf Amplifiers, ...
— Solenoids

W. Barth, TASCA21, “Status of the cw_LINAC-project”, 22. June 2021
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Link2UNILAC
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cw-Linac “basic approach”-timeline ===

HELIAC HIM amoe neite vain
Q4/2022 CM1 (Advanced Demonstrator) beam test at Test Area
Q2/2024 Linac-Tunnel (@SH2/3) ready for installation of components
Q38&4/2024 ECR and LEBT commissioning @ Linac-tunnel
Q4/2024 CM2 beam test at Test Area @4
o | fosy dw’/'o
Q1/2025 RFQ commissioning @ Linac tunnel Qc{il,i’?a/sq;
Q2/2025 cw-IH-DTL commissioning @ Linac tunnel °s al‘/yiz;//e fo,.
Q3/2025 Matching Line & CM1 commissioning ei”?
Q4/2025 CM2 commissioning (and CM3 beam at Test Area)
Q1/2026 CM3 & HEBT to UNILAC commissioning
@T W. Barth, TASCA21, “Status of the cw_LINAC-project”, 22. June 2021 21




Summary&Outlook v
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Demonstrator beam commissioning was a major milestone paving the way
to the GSI/HIM-cw-Linac

Design acceleration gain was achieved with heavy ion beams even above
the design mass to charge ratio at full transmission and maximum
available beam intensity

Beam quality was measured as excellent in a wide range of different beam
energies, confirming EQUUS beam dynamics design

Advanced cw-Linac layout based on four cryomodules, each equipped with
three CH-cavities and a sc-rebuncher demonstrates the high capabilities
due to energy variation preserving the beam quality

New design could provide beam acceleration for a wide range of different
lons (protons to uranium) above the design beam energy, featuring the
ambitious GSl-user program, while the GSI-UNILAC is upgraded for short
pulse high current FAIR-operation

A basic cw-Linac approach (3 CM, 25% duty factor) is envisaged to be built
and commissioned until 2026

W. Barth, TASCA21, “Status of the cw_LINAC-project”, 22. June 2021 22
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Further HELIAC-activities =550

H IM HELMHOLTZ '
HELI/AC Helmholtz Institute Mainz

GSI DARMSTADT

CH3-CH5 Design + Design of CH3-CHS5 for CM2 Cryomudule 2

» Unified design of elements for 6 cavities:

— stems
— end cups
— dynamic tuners
— reduction of the costs
» Tender for manufacturing is in
preparation

» HPR treatment at HIM-clean room

» Design, layout, manufacturing CM2-key
components
— cryostat
High power Rf-coupler — sc CH-rebuncher
— sc-solenoids
— rf-power coupler
— fast and slow rf-tuning system
rf-amplifier-system

» Cryomodule assembly & rf-test at HIM

« CM2 beam test at advanced test area

@5 7ASCA 21
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HELIAC

GSI DARMSTADT

Thank You for
Your attention!

June 2021: Delivery of CM1

TASCA 21 W. Barth, TASCA21, “Status of the cw_LINAC-project”, 22. June 2021 24




