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FAIR
s ) FRS Experimental Program in FAIR Phase-0

Fragment Separator (FRS)
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# 1. Decay spectroscopy, masses, lifetimes of ions stopped in gases
’r and solids, high-resolution momentum measurements of mesic

& and hyper nuclei

,5§c'>

{j:w@’ / 2. Masses, lifetimes, direct reactions, stored bare and few-electron %% N
- ions A S
3a. Reactions studies in complete kinematics, fission studies,
nucleon-nucleon correlations

3b. Bio-medical experiments with positron emitters .
In total: ~64 Experiments!
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FAIR
Frs ) Preparations for FAIR Phase-0

A difficult beginning

In preparation of FAIR Phase-0, it was noticed that the coils,
when excited, are lifted and bang on the iron yoke

Observed in all 4 dipole magnets of the main branch of the FRS

After 30 years of experiments, the coil clamps were broken, most
of the screws were ruptured, damping material had crumbled

Together with the GSI Magnet
Group, all four magnets were
repaired in 2019, enabling the
FAIR Phase-0 program at the
FRS to start in 2020.
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FAIR
frs ) Steps towards a successful experimental program I== 10

Driven by the needs of the experiments and the goal of maximizing scientific
output, the developments of the FRS have focused on:

Improvement of working conditions

Renewal of essential systems

Increased flexibility

Development of new functionalities

Serve as a test platform for FAIR experiments

Build-up of expertise
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FAIR
/s ) FRS Environment — Improved working conditions LER=p L}

Refurbished preparation area
Cooling of the experimental cave
Installation of two new storage lifts
New crane in S1

New gas storage

Improved access to the
experimental areas
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FAR| Renewal of essential systems and improvements for reliability:

R ) Power supplies — vacuum infrastructure

Upgrade of the power supplies:
* Replacement to a system compatible to FAIR standards
* Improved ventilation to avoid overheating

Upgrade of the vacuum system:
* Replacement of old equipment (pumps and sensors)
» Relocation of radiation sensitive equipment
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New vacuum Relocated
pumps controllers

Radiation hard sensors

Regular Full range sensors
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FAR| Renewal of essential systems and improvements for reliability:

/s ) Upgrade of FRS steppermotors I== 10

The steppermotors are an essential system with ~60
channels

Issues with the old system
Rather high failure rate
Limited availability and high cost of spare parts

Replaced with Cosylab system (Slovenian in-kind
contribution to FAIR)

New possibilities
Move several drives simultaneously (e.g. TA current grids!)
Save and retrieve stepper-motor settings
- fewer losses due to human mistakes
Keep components moving to distribute heat and prevent
damage
Recent example: Pb target damaged by U beam

- More time for data taking New Cosylab hardware (FAIR standard) installed in new room

T.Weber, S.Glockner, D.Madzelan
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FAIR

**¢ _J Flexibility — modular concept for fast changeover of setups — FRS S4

Need: Fast and efficient
changeover between
experiments, e.g. lon Catcher and
DESPEC

Modular concept at FRS F4 was

implemented
_ FRS lon Catcher HISPEC/DESPEC FRS standard
Essential to accommodate the and other user setups Equipment
rich FAIR Phase-0 experimental for particle ID
rogram
prog Example from 2025: 7 days gap
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FAIR

= New functionalities — Mean range bunching Super-FRSEC Im=m
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T. Dickel et al., Nucl. Instrum. Meth. B 541 (2023) 275.
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FAIR

FRS

- Time efficient method
to study broad area of
the nuclear chart

Fragment separation in
achromatic mode:

The residual range of various
isotopes are different

The beam spot sizes at the
final focal plane are small

The range correlates with the
horizontal x-position

A shaped degrader brings the 1

ions to a common mean
range

New functionalities — Mean

= Nuclide 1
= Nuclide 2

~“— Nuclide i

Achromatic
degrader

range bunching

‘ Variable angle
disk degrader

Fixed angle
degrader

Super-FRSEC Iz =u

Variable homogenous |
degrader

Cryogenic Stopping Cell

1_

PID detectors

!
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1a) Implantation layer
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FAIR
R ) Mean range bunching - examples

Method successfully applied in various stopped beam experiments!

7 Super-FRSEC Im=1I

1. Measuring many masses at the same time 2. Implant several different nuclides in the AIDA

with FRS lon Catcher:
Exp S482, C.Hornung et al. Exp S450, Zs.Podolyak et al.

Exp G-22-00100, H.Albers et al.
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All marked nuclides measured
at the same time!
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FAIR el
= ) Mean range bunching - examples 7 Super-FRSEC =1

Method successfully applied in various stopped beam experiments!

1. Measuring many masses at the same time 2. Implant several different nuclides in the AIDA
with FRS lon Catcher:

Exp S482, C.Hornung et al. Exp S450, Zs.Podolyak et al. Exp G-22-00100, H.Albers et al.
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FAIR
s ) Flexibility — modular concept for fast changeover of setups — FRS S2 =500

The future of FRS S2: — Easier integration and change of setups

/ "'45 m

N
~ P

All equipment mounted on drives
Fast change from one prepared experimental configuration to another
Allows use of current grids downstream from S2 (was not the case in 2020)

Quicker and easier change between big experimental setups (e.g. ASUCA — standard setup)
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FAIR
/s ) Experiments with ancillary detectors inside the FRS LER=p L}

ﬂNASA central detectoﬁ

WASA
central detector

/~ EXPERT tracking setup

Silicon tracking detectors

Secondary

o

target 9‘0‘0
p-unbound o1 Heavy
Secondary| _nucleus ion(H1)

beam
Decay Ops-
vertex pa-Hl I‘I
prd ~0.5m
K > >
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FAIR
/s ) Experiments with ancillary detectors inside the FRS LER=p L}

" LLSA °

ﬂNASA central detectoﬁ

! WASA
i 1 central detector

/~ EXPERT tracking setup

Silicon tracking detectors

Secondary

beam

<
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FAIR

s ) New detectors — Travelling MUSIC for Z identification Super-FRSEC 1= = 1

New MUSIC detectors

Design characteristics
Temporal stability due to gas pressure stabilization
Integrated radioactive source for system checks before beam
Position information through drift time (horizontal) and anode structure (vertical)
Remote-controlled electronics

Enables Z measurement at S2 and is a prerequisite for the experiments shown on the following slide

Example from beamtime 2025, Z identification of fission fragments

1st MUSIC 2nd MUSIC

AZ 10000
7 ~034% 2037 %

z
(sigma/mean) 8000 (sigma/mean)

6000

4000

2000

46 48 50 52 54 56 58 60 0 46 48 50 52 54 56 58 60

Atomic number (Z) Atomic number (Z)

R.K. Prajapat et al., Nucl. Instrum. Meth. A, 1093 (2027) 172050
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FAIR

FRS

Implementation of new
detectors:

a)
b)

FRS as separator-spectrometer —

reaction studies with secondary beam

SCI-TOF at F1 144Xe

MUSIC(s) at F2

R. Kanungo, Neutron skin
measurement of 132Sn and

56

sal-

52

50

agf

a6
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Fission fragments produced
from of 238U

10?

10!

Counts

SPEL

M. Pfatzner, Study of a nuclear
sandbank at the proton unbound
bromine isotopes
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Fragments around 76Kr produced
from fragmentation of 78Kr

Super FRSEC =

K. Wimmer, Testing
diamond detectors for
development of an active
target

Dl 5 010 (6027 065512 s gmet IO O SIS28 w2t 1 1S
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Z(music21)

S

2 n
o012

N=Z fragments produced
from fragmentation of 56Fe



FAIR

RS ) Separation TA-F2 ==
N=Z fragments produced 132Sn produced from Fragments around 76Kr produced
from fragmentation of 56Fe fission of 238U from fragmentation of 78Kr
-8 N S o == T 2 B 5 ket S ST a9 2 :
H . B .
£ “ & A - m
] E ol H .
e Development of a disc degrader for S1.:

Realize more flexible experimental
conditions for Bp-AE-Bp + spectrometer
experiments

....................................

TA-F2:
1. Only Bp Separation. All N=Z isotopes to F2

2. Bp-AE-Bp Separation with homogeneous degrader
atF1

3. Bp-AE-Bp Separation with wedge degrader to be
achomatic at F2.
Realized by a wedge of fixed thickness and angle,
made for the specific case
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FAIR
= ) DAQ upgrade: Higher Rates Super-FRSEC === 1

Change to FPGA-based VME controller
Rate increase of about a factor 2-3

Easy integration of additional systems by White Rabbit, flexibility to accomodate additional
setups!

Possible to include slow control information in files, e.g. Bp of separator, drive positions
Software trigger control — essential step for remote control of the separator

LISA
’ ‘, . TPC S4 GRIDX
: )
| i ',:,‘ ; | on
: i 0 : 0 Red.
: ' le - .
. ' E MAIN CRATE Save Config Apply Saved Config Show Saved Show Running
7
[}
E VULOM CRATE
~ ]
I LM v
i I —D
' 1| € R
: '.
] \\
TRAVELLING SrssssssssssssssssssssssssssssssTIssssssss
MUSIC CRATE ml el

M. Bajzek, N.Kurz, M. Reese, Y.Tanaka
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FAIR

FRS

Status 2022: Profiles grid were not in a
good shape

Several measurements and adjustments on
existing grids helped to improve the CG signals

Before adjustments After adjustments
- ﬁ
j Ce0ex CG02-x
- J‘yl‘.\
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Refurbishment — Current Grids (CG)

New detector

New Current grid(s)

FAIR prototype
First detector at S2
Angular information
Faster, easier beam alignment

Particularly useful for FRS-ESR
and FRS-Cave M experiments

New drive

Diagnostics chamber S2

»]r‘ ‘I ‘
|

E. Rocco




FAIR

s ) New functionalities — new X-slit in front of ESR

Relativistic
Heavy lon Beam

Production
Target

Degrader —

FRS
projectile
fragment

Diagnostics chamber in front of the ESR

Successful
Yy experiment!

ESR

storage
cooler
ring
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New X-slit: Essential for blocking
205pp81+ contaminants produced
in projectile fragmentation to
enter ESR

nature e

Explore content ¥ About the journal v Publish with us v

nature > articles > article

Article ' Open access = Published: 13 November 2024
High-temperature 2°5Tl decay clarifies 2°>Pb dating in
early Solar System

Guy Leckenby &, Ragandeep Singh Sidhu, Rui Jiu Chen & Riccardo Mancino, Balizs Szanyi Mei Bai. Umberto

Battino, Klaus Blaum, Carsten Brandau. Sergio Cristallo,

imo Dickel, Iris Dillmann, Dmytro Dmytriiey, Thomas

Eaester Oliver Forstner, Bernhard Franczak, Hans Geissel, Roman Gernhauser, Jan Glorius, Chris Griffin,
Alexandre Gumberidze, Emma Haettner, Pierre-Michel Hillenbrand, Amanda Karakas, ... Jianwei Zhao

+ Show authors
Nature 635, 321-326 (2024) | Cite this article
[ save article

25k 31 Citations | 181 Altmetric | Metnics

Abstract

Radioactive nuclei with lifetimes on the order of millions of years can reveal the formation history
of the Sun and active nucleosynthesis occurring at the time and place of its birth!2, Among such
nuclei whose decay signatures are found in the oldest meteorites, 2%Pb is a powerful example, as
itis produced exclusively by slow neutron captures (the s process), with most being synthesized

ic giant branch (AGB) stars*45. However, making for

205ph has so far been impossible because the weak decay rates of 2°°Pb and **Tl are very
uncertain at stellar temperatures®Z. To constrain these decay rates, we measured for the first time
the bound-state ~ decay of fully ionized 2°T1*"*, an exotic decay mode that only occurs in highly
charged ions. The measured half-life is 4.7 times longer than the previous theoretical estimate®

and our 10% i uncertainty has elimi the main nuclear-physics limitation. With
new, experimentally backed decay rates, we used AGB stellar models to calculate 2°Pb yields.

Propagating those yields with basic galactic chemical evolution (GCE) and comparing with the
205ph,204ph ratio i

ites210., ined the isolation time of solar material inside
its parent molecular cloud. We find positive isolation times that are consistent with the other s-

process short-lived radioactive nuclei found in the early Solar System. Our results reaffirm the site
of the Sun’s birth as a long-lived, giant molecular cloud and support the use of the 25Pb-295T|
decay system as a chronometer in the early Solar System.



FAR| First Image-guided treatment of mouse tumours with radioactive

FRS 11C beams I=E== 1

| f @ .M = )f{(( S 4‘.‘_-,&.5'.‘_. .
’\‘\‘,_\ -ﬁ-i“:’ FRS uric WL -, -.--‘f_]“ |

T i Medical cave - HTM
5 - « In-flight production and separation RIB to HTM
* Visualise RIB using PET and hybrid y-PET

5 =

Symmetrlc branch of FRS - S4

Ve

detector
In-beam PET imaging + Validate therapeutic potential of RIB in animals
) Depth dose measurements in water
SIS-18 g’ » Total and charge-changing cross-section !
i : N
4
3

/ g 1O 150 MG RIS e : 163.1m

e S. Purushothaman et al., Sci Rep 13, 18788 (2023).
D. Kostyleva et al. Phys. Med. Biol 1 (2023).
D. Boscolo et al., Nucl. Instrum. Methods A 1043 167464 (2022).

D. Boscolo et al., Nat. Phys. 21, 1648-1656 (2025).
M. Moglioni et al. Commun Med 6, 393 (2026).
E. Haettner et al., Nucl. Instrum. Meth. B 541, 114 (2023).
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FAIR

FRS

The FRS Virtual Messhitte

When you cannot be in the Messhiitte...

FRS Virtual Messhiitte

Current Experiment: None

Accelerator Shutdown - Pages May Be Offline

p\e
ENEEa

pxa®

Accelerator Status FRS Status FRS DAQ
m WHAT'S RUNNING? DRIVESTAT MAGSTAT m Ucese SPILL QUALITY
IMPLANTATION MONITOR

WHAT'S RUNNING? (UNILAC WIF)

TRANSMISSION MONITOR ALL TRLOII SCALERS

MASP (ANY CHAIN) MASP (ALL OVERVIEW)
ACCELERATOR 0LOG
RADIATION MONITORS FROM SIST

BEAM TIME SCHEDULE (v22)

EUR®:-LABS

EUROPEAN LABORATORIES
J FOR ACCELERATOR
BASED SCIENCES

The FRS Virtual Messhiitte provides:
Remote monitoring FRS status and key parameters - FCC (FAIR Control

Center) suitable
Monitoring of accelerator status

Overview of DAQ status
Access from anywhere via web interface for computers and mobile devices

(Ixfrs.gsi.de/vm)
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FRS Visual

Overview
FRS Virtual Messhiitte > FRS Visual
Overview

Updated 2 months ago (2025-07-13
0241:12)

Monitored Pattern:
VM_FAKE_REPLAY

Hover over element for more details

SIS

sPiII
Bagyy73+

650 MeV/u

S01

Device Legend

. Mot Affecting Beam
. Blocking Beam

+ [EME: Affecting Beam

. Unknown

1.000e+4/

B 14:35:14 cest

4 Sept 2025

sareTy apess

gom st sasa s

NEO1 NEO3 NEO4  NEO7
PATTERN

ENABLED REQUESTED RUNNING
INTERLOCK -

SIS OK FRS OK Soch

DAQ
6017/spill
File:

Target
1.03e+4/spill

In

FRS S2 FRS S4
9647/spill 9546/spill

ZKS (NExx) Legend

Unknown

Magnet Legend

« IEETTR: Magnet On . Area Closed (Beam OK)

« ISR magnet off . Area Radiation Alarm/Not Closed
. Precycling (Beam Blocked)

. : Large Current Difference « TSR unknown

« =8 unknown

N. Hubbard




FAIR

FRs ) Conclusion =51

FAIR Phase-0 was a challenge and opportunity for FRS, many
experiments triggered many developments

Improve flexibility and reliability has been a key to be unique
and competitive
FRS is refurbished and compatible with FAIR environment and
standards and ready for new experiments:

FRS-ESR program is unique

FRS-Cave M program is unique

Place for first tests of new detectors and experimental setups, e.g.
ASuCA
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