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GSl and FAIR project
Detector Laboratory DTL at GSI

Different projects we are involved |

GETInvolved at GSI/FAIR
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The universe in the lab ... F_\IR =%

o o

Synthesis of chemical elements in the Building blocks of life: Production of
COSMos carbon and oxygen in stars

Neutron star mergers: equation of state, = Matter in the interior of Earth and of large
strong force, neutron rich nuclei ‘planets

FAIR GmbH | GSI GmbH



GSI GmbH - Helmholtzzentrum fiir Schwerionenforschu
FAIR GmbH - Facility for Antiproton and lon Research TP-\IR =

Existing facility: GSI Darmstadt (Foundation: 1969)
Shareholders: federal government (90%), Hesse (8%), Rhineland-Palatinate (1%), Thuringia (1%)
Further locations in Mainz and Jena

Future facility: FAIR (Foundation: 2010)
Employees on location: approx.1450

Integrated organization FAIR and GSI under one management since 2017
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Number of protons

Production of new elements

Isotopes
discovered
at GSI and FAIR

Number of neutrons
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New chemical elements

FAR m=mx

Hundreds of new isotopes
New decay modes
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GSI| and FAIR

Research areas

* Nuclear physics: exploring the structure of matter and exotic nuclei.

* Plasma physics: creating and analyzing extreme states of matter.

* Biophysics and medicine: developing ion beam therapy for cancer treatment.

» Materials research: studying how materials behave under irradiation.
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GSl and FAIR FAR ==mu
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FAR =

Construction volumes

2 million m3 600,000 m3 65,000 tons

of earth of concrete of steel

to be moved to be used to be utilized

As much as for 5,000 single-family As much as eight Frankfurt soccer stadiums As much as nine Eiffel Towers
homes
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FAIR Experiment Locations

APPA - Atomic, Plasma Physics and Applications

> 700>

BIOMAT: Materials Research
and Biophysics

HED@FAIR: Plasma Physics O

SPARC: Atomic Physics O

FAR m=mx
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NUSTAR - Nuclear Structure, Astrophysics and Reactions
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https://fair-center.de/user/experiments/appa
https://fair-center.de/user/experiments/nustar

High-performance scientific computing,
Big Data, Green IT FAIR =R
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Current GSI F_\IR == I

fon sources
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up to 90 % speed of light

iae- H+ 92+
lon species: H*,..., U «l== heavy-ion synchrotron

SIS 18

linear PHELIX
accelerator

UNILAC M-branch

\
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Fragment Separator
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lon

sources wmmw  storage ring ESR

8 % - 15 % speed of light

X0
HITRAP

SHE
4 HADES

<l MiniCBM
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Starting point accelerator: lon sources F_\|R == I

https://www.gsi.de/en/researchaccelerators/accelerator_facility/ion_sources
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https://www.gsi.de/en/researchaccelerators/accelerator_facility/ion_sources

The UNIlversal Linear Accelerator F_\IR =1
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The UNIversal Linear Accelerator
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The UNIlversal Linear Accelerator F_\IR =1

Total leangth 120m
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Primary Beams at GSI

FAR m=mx
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Injector North (2.2kev/u)

CHORDIS (Cold or HOt Reflex Discharge lon Source)

= Typical duty cycle: SHz/1ms
- imum duty factor: 25 %
= Emission current density: 170 mA/cm?

* Plasma volume: ¢ 90 x 80 mm

* Multi-cusp

* 6 xW-filaments
= Working gases:

* Triode extr. em: 13x @3 mm
= H,, D,, CH,, N,, 0,, Ne, Ar, Kr, Xe

MUCIS-2010 (MUIti Cusp lon Source)

Plasma volume: 250x255mm  « Typical duty cycle: 5Hz /1 ms
* Multi-cusp magnetic confinement  «  Emission current density: 180 mA/cm?
* 6xW-filaments

Working gases:

* Triode extr. system: 13 x @ 3 mm Hy, D,, He, CH,, N,, Ne, Ar, Kr, Xe

VARIS (Vacuum Arc lon Source)
* Plasma volume: @65x80mm  ° TYPicaldutycycle: 1Hz/0.5ms
e = Emission current density: 300 mA/cm?

« Triode extr. system: 13x @3 mm " Mainelements:
: 0,, Mg, Ca, Ti, Ni, Mo, Ag, Nd, Ta,
= Extraction voltage: up to 40 kV Au, Pb, Bi, U

Periodic table of ele

s
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F | Ne |

L Primary Beams at GSI

Injector South (2.2kev/u)
PIG (Penning lonization Gauge lon Source)

* Plasma volume: ¢ 8x45mm

* Maximum duty cycle: 50 Hz /5 ms

* Diode slit extraction system

* Extraction voltage: up to 25 kV'
* Emission current density: up to 100 mA/cm?
= lon charge state: up to 10+

= Working material: gases and metals

*  Main elements: Ne, Ar, Ti, Ni, Kr, Xe,
Mo, Sm, Au, Pb, Bi

FAIR GmbH | GSI GmbH

High Charge State Injector (2.5kev/u)

ECRIS (Electron Cycl R lon )

Plasma volume: @ 64 x 160 mm

= Maximum duty cycle: 50 Hz / 5 ms, cw for ion source

= Magnetic confinement: 1.0 / 1.2 T (Hexapole)
0.8 - 1.5 T (Solenoid)

Microwave frequency: 14.5 GHz (8 — 18 GHz)

Microwave power: 50 — 800 W

= Triode, single aperture extr. system: @ 10 mm
=  Extraction voltage: up to 22 kV

Emission current density: 3 mA/cm? (typical)

lon charge state: up to 30+

Main elements: C, O,, Ne, Ar, Kr, Xe, Li, Mg, S, Ca, Cr, Ni, Zn, Sn

High Energy
Experimental Area

Eions UP to 1 GeV/u
Ejons UP to 11.4 MeV/u = Pulselength: 100 ns-10s

= upto50Hz/5ms - Key Experiments

Key Experiments Y Cancer Therapy
* HADES

= CBM

= NUSTAR

* Searching for Super Heavy Elements (Z: 107 - 112)

* Material Research




SIS18 and Experimental Area F_\lR ===
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The Heavy lon Storage Ring ESR FAR ==
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SIS (German: SchwerlonenSynchrotron) FA'R =1

lllustration: Heavy-ion synchrotron SIS18 with
sections

Circumference 216 m
Maximum Bending Power 18 T* m

Circumference: 216 m

24 Dipoles, 1.8 Tesla
12 Triplettienses
12 Sextupolelenses

Magnets

Dipoles 3.6 KA at 12 KV Maximum magnetic rigidity: 18 Tm

Field Ramp 10 T/s

Magnet Power

2 Cavities at 16 kV
Frequency Span 0.8 - 5.6 MHz

RF Acceleration

up to 90 % of light speed (270.000 km/s) in a few
hundred thousand revolutions.

Vacuum operational 10°'% Torr
bakable to 300° C

Beam Diagnosis 12 Position Monitors
2 Phase Probes
1 DC Transformer
1 fast, 1 slow

Pulse Transformer
1 Faraday Cup
1 Beam Scraper

FAIR GmbH | GSI GmbH



SIS 100 Super Conducting Dipole F_\lR = |
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SIS 100 Super Conducting Dipole F_\lR = |
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SIS100 SC Dipole FAR ==

https://www.youtube.com/FAIRGSITheUniverseinthelab
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https://www.youtube.com/FAIRGSITheUniverseinthelab

https://www.youtube.com/FAIRGSITheUniverseinthelab F_\IR ===1II
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FAIR GSI - Universe in the Lab

@FAIRGSI - 2.11K subscribers - 95 videos

Die GSI Helmholtzzentrum fiir Schwerionenforschung GmbH in Darmstadt betreib

gsi.de and 5 more links

Q Subscribed

Home Videos Shorts Playlists

For You

SUPERFRS, | i =

Production and sorting of exotic nuclel e

FAIR-Trailer: Die Reise der Teilchen durch die : FAIR Trailer: The Particles' Journey through the : FAIR Construction Site April 2025
Beschleunigeranlage Accelerator Facility 1.9K views + 3 months ago

871 views * 1 month ago 2.8K views * 3 months ago

FAIR GmbH | GSI GmbH
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CBM Compressed Baryonic Matter FAlR = |
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CBM Compressed Baryonic Matter F_\lR ==
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CBM Compressed Baryonic Matter F_\lR = |

876 silicon strip detector modules for tracking, 2M ch
assembled to guarantee < 1.5 Ap/p
electronics outside acceptance

Early Universe

.\‘s‘
5

~ €yitical Point
Hadrons S

Temperature

Net-Baryon Density

UrQMD Au+Au 10A GeV/c
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Detector Laboratory at GSI

FAIR GmbH | GSI GmbH



Detector Laboratory: 600 m? Clean-Room

FAR m=mx

36m

Competences:
®Micro Patterned Gaseous Detector Technology

®Silicon Strip Detector Integration
¥ ASIC Handling and Integration
®Diamond Detectors

Machinery:
"Laser Lithography
"PVD

“Bonding Automates

" Automated Wire Winding i
"Digital Microscope i
" Thin Foils Handling and Processing
"Detector Ageing Teststands

®Large Prototyping CNC Milling Machine

FAIR GmbH | GSI GmbH
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Topology optimization of the C-Frames [Unit 03D] . [Unit D3D]
All Units of STSD optimized, STSU almost done ;
Front wall updated for the new Roxtec

Small component finalization e.g. ROB

Unit assembly table joint update

Updating ROB & its
cooling block Design

Joint redesign
Increased stiffness and fixation point amount
3D Printed prototype
Production soon

STSU
Topology optimization

0. Vasylyev/GSI Status of mechanics for STS Engineering X

FAIR GmbH | GSI GmbH



https://web-docs.gsi.de/~dtl-sts/ FAIR =1

Test SW/HW DB / Web interface

Individual
Supply of

IAFER

. tof

Gsl
PHP, PostgreSQ
DB

1.2VCSA
1.8V Analog
1.8V Digital

+ sens wires

Linux

4 pPc

daily
TIVOLI
Back-Up

11808 08 00 18 00 48 |

MLLLLLLLLL
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https://web-docs.gsi.de/~dtl-sts/

'MULTICHANNEL INTEGRATED CIRCUIT

FRONT-END.

Test of XYTER ASIC

BACK-END.

FAIR GmbH | GSI GmbH

)

To GaT (SLVS standard)

FAR m=mx

Introduction

FAR m=x

Step-by-step test

procedure

FAIR GmbH | GSI GmbH

S // Data base
/4 // With Web interface
/ Accessible from all

// Assembly sites

Module in-production guality assurance 2/121
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Wafer test software (5 x module) FAR ==

WAFER ADC calib. | Channel test
Prober server CSA calib Noise, Neg., Pos., MAIN
: | 7 - server
4 \\
- —— Jj- — | | “’2‘”“‘"2;2‘.191XA.OOO.OWmomosq‘ —e = "1 i oo o2 -amh-ios- 1 | e |

Power supply

el Temperature |
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ASIC Wafer 80 x 360 chips FAR ==
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Wafer level ASIC test

L-STS tests database

' DTL-STS tests database

FAR m=mx

Wafer tester

cH1 cH2 H3 cHa4

155
551200V |Iser 1800V |lssettsoov | Issec7000v ey ASICTest (1) CSAIN - Print
. i oo oo T
& © O a gsi.de 67% w7 ® = = = = M A o -
#loop! 200 2
Is set: 0.6000 A Is set: 0.7000 A Isset: 0.7000 A Is set: 2.5000 A Connect 2 EMU . A Save
¥ Most Visited (D current | (D 6si (OptL | (O cBM | Owork (Dedu [ Physics » [Doth [.5505) [0.m80 1) [, =AY [0 Calib Pls. A. 100
Init Chips v/ ID burn V| VDDM scan Link
FAIR ) . l e el l [ ele] l v/ Channels ] CsAscan
Projects DBase QR Label Admin Help
Ll TG -- ARB - SE -- BAT - WAF ~_X_— Y_- CRC WAFER SN
XA}~ 000 - 09 /004 - 001 |-001+001 - 00 SOM3SN
current || HWADDR | register [ID burnec |[ADC | channel FINAL
Wafer ID: NAME Topink : S
75:DM2CJ21-D7 v
Total QA1 QA 1/360 QA2 QA 2/360 QA3 QA
346/(360) 341 9472% 2 056 % 3 0.
QA1 | oAz QA3 [[nooB,NoDR |[TBBNGDR ][ DBOR |
81 91 101 1M1 121 131
82 92 102 12 122 132 142 152
83 93 & 133 143 153 163
84 94 14 124 134 144 154 164
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47 57 67 77 BT 97 107 17 127 137 147 1567 167 177 187 .
48 58 68 78 88 98 108 118 128 138 148 158 168 178 188
49 59 69 79 89 99 109 119 129 139 149 169 179 189 199
410 510 610 710 810 910 10:10 1110 1210 1310 14:10 16:10 17:10 18:10 19:10
41 5N 6N 711 8N 91 1011 1 1211 131 141 0 1611 1711 1811 19 -
192 212 312 412 512 612 712 812 912 1012 1112 12112 1312 1412 15112 1612 1712 1812 (1942 -

B 213 313 413 513 613 7R a12

1013

1121213121

12131513

1412

1713

1813

114 214 314 414

Link of Wafer Map: DM2CJ21-D7.t

Impressum
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ASIC ID burner FAR ==
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Module test setup FAR ==
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LDO test setup F-MR == 1L
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2D Segmented Si(Li) and HPGe Detectors for Compton Pol ﬁy
iI= 5= 1L

Double sided segmented Si(Li)- and
HPGe-crystal mounted in telescope
configuration increases energy range
from previously 200 keV to 1 MeV

9.2 mm =
Si(Li) crystal

HPGe crystal

o 200 400 600 800 1000
Incident photon energy {kev)
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ALICE @ CERN FAR ==

The Time Projection Chamber (TPC) is the main device for charged particle tracking and identification in the central barrel of the
ALICE experiment at the CERN Large Hadron Collider. It is a 90 m3 cylinder filled with gas and divided in two drift regions by a
central electrode located at its axial centre. Each of the two end plates is divided into 18 sectors holding the readout chambers.
Signal amplification is provided by Gas Electron Multipliers (GEMSs) in an optimized multilayer configuration, which stand up to the
technological challenges imposed by continuous TPC operation at high rate. In particular, the requirement to keep the ion-induced
space-charge distortions at a tolerable level leads to an upper limit of 2% for the fractional ion backflow, i.e. the ion escape
probability per effective electron-ion pair produced in the gas amplification stage. The readout of the signals is done by 524160
anode pads, each one connected to a front-end electronics channel. The signals are continuously digitized on 3276 FECs, and the
digitized data are sent through 6552 optical links. This leads to an unprecedented data throughput of 3.28 TB/s.

FAIR GmbH | GSI GmbH



MIMOSIS Chip

FAR m=mx

Together with the IPHC Strasbourg and the IKF of the Goethe University Frankfurt, we design and test our own CMOS
Monolithic Active Pixel Sensors. Our present prototypes of the MIMOSIS-series are among the world leading sensors of this

kind and are designed to take 200’000 frames per second (5 ps time resolution) and to resist radioactive doses of >5 MRad and
>10 n./cm>.

FAIR GmbH | GSI GmbH



LGAD technology at GSI FAIR =51l

Detector Requirements:

* Radiation-hard design to ensure performance in high-radiation environments.
* Ultra-fast in-beam time-zero detection for precise Particle |dentification (PID) via time-of-flight measurements.

* Beam monitoring functionality capable of detecting signals down to Minimum lonizing Particles (MIPs).

* Low material budget to minimize interference with particle detection.

*  Vacuum-compatible operation with passive cooling for efficient thermal management. J. Pietraszko, et al., Eur. Phys. J. A 56, 183 (2020)
LGAD Performance Demonstrated at GSI with Strip Detectors (2020): )

*  Exceptional time precision below 50 ps.

G for time difference
dfLGap1 || | LGAD2
T T T T =

ik R 1 ¥
1 1 1 1
H—{ x2/ndf  1.697e+05/14 |—i—

H——{ PO 66.77 £ 0.004934 |
1 I I 1 I

* Ultra-thin sensor design with thickness below 200 pm.

* Efficient operation with passive cooling at room temperature.

40 45 50 55 60 65 70
channel

*  Fine pitch below 100 um for high spatial resolution.

International Cooperation in Sensor Testing and Development:

*  Two dedicated GSI LGAD productions at FBK:

* 2020: R&D production focused on large-area strip sensors (2 cm x 2 cm).

*  2025: High fill-factor LGAD production at FBK, featuring:
Novel Trench-Isolated (TI-LGAD) technology.

Fill factor close to 100%.

Several beam tests conducted at MedAustron confirmed the expected performance.

FAIR GmbH | GSI GmbH
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1. Start reaction time (T0) detector at HADES:

PID wio LGAD - PID with LGAD

HADES T0 detector

LGADs were used in a p-p production
testbeam at HADES in 2022

InHADES

am100p5,
. 2x2cm”2 LGADs strip sensors with Ll't ]
2x48 half strips i

af
g
o
X

S

R o
START X [sip Toains)

*  Additional carbon implanting for LGADs for online rate and beam spot measurements TO estimation for particle identification (PID)
radiation hardness

2. LGADs at S-DALINAC in Darmstadt

s First Boam Accelorated * Second Beam Decolerated

Beam monitoring at S-DALINAC

138,810 |

. Linear electron accelerator with "oomstt 42442
energy recovery (ERL) mode (6GHz  ean  (@s2a+0aims ||

bunches) and normal 3GHz mode \ [seme s Lomps |,

53 T [ S S
ToT [rs] Bl B Time diference baes

. 0.5x1cm”2 LGAD strip sensors with
50um strip pitch to measure the time

structure as proof-of-concept ERL concept at S-DALINAC Performance of time structure measurement

a5
Time difeanss fns]

3. LGADs for ion computed tomography (iCT) )
) Direct measurement of stopping
d ) power map inside the patient

g

TOF difference [ps]

. Better accuracy than x-ray CT

LGADs allow new compact = Hege RE—
and fast time-of-flight-based ‘ %
imaging modality (TOF-iCT) LGAD-based TOF-iCT demonstrator at GSI First experimental TOF-Helium radiography of a mouse phantom

WEPL(E, AE) = [, RSP [)?(s))ds‘
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SciFi Trackers - Assembly Infrastructure Rp F_\|R =1

We produce inhouse square fibers ribbons.
Single and multi layer ribbons with a really
high homogeneity.

The tooling and machinery necessary has
been developed at DTL and has been used
with fibers (wires) from 20 to 1000 pym.

FAIR GmbH | GSI GmbH
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David & Dachi
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TSU Physics, February 2024 FAR ==
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AGR UNI

Nika & Otari
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FAR

PR get_involved_with_fair

These two students workgr:it :\etka\g
iversel
Detector Lo Buniver =

y

get_involved_with_fair Meet Alexander
Sainishvili and loane Devdariani, tw... mehr

Send message
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Thanks / Questions F_\IR === 1
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