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WG Tracking Detectors — GSI — 3 March 2020



Super-FRS layout F-\'R ==
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Super-FRS layout FAR ==

' tracking detectors for PID
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Tracking requirements
(Bp reconstruction) F'\lR === 1

= Momentum resolution (1t order)
D~6cm/%, Ax<1mm — Ap/p ~ 10+

x - Mx 2
B Hi (1 _ XFHF1 FMF..) + A(Bp)

D

(Bp) includes corrections for additional momentum spread
=eewredditional matter and reaction

¥

1 GEM-TPC

-
®  mylar strips

E - ! movable
E g . . . g, _calibration
H‘ . I 'z Time Projection Chamber (TPC) : -
£5° FRS TPC: R. Janik et al., NIM A 640 (2011) 54 g e
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“Twin" Gas Electron Multiplication (GEM)-TPC
Super-FRS GEM-TPC: F. Garcia et al., NIM A 884 (2018) 18
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Angular straggling for U ions FAR ==u

Angular straggling in the detector (Z=92)

#—4 GEMTPC 4 Fe 100um windows
&—8 GEMTPC 4 Fe 50um windows
o—a GEMTPC + Ti S0um windows
o—a GEMTPLC, no windows

14
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T M0 Besismsri Rt R R R R oS
- P10 gasatnormal T and p
g™ — gas length 330 mm (total 56 mg/cm?)
E - 5 x Kapton foil (0.02 mm)
e 06 7

wvacuum Kapton
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= The use of thin & low Z windows to minimize angular spread

F-DS-BD-71e_SFRS_Tracking Detector v2.0
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Pressure test FAIR m=x

Displacement in [mm] =&—Titan (50 pm)
35 - Stainless Steel (38,1 pm)

30

25 /?—J/././.
20

15 —/.;—J/Pi//‘
10 G

i K

0

' ' ) ) ' ' ' ' ' | pressure in [mbar] i foi
% % % % % % % % 1 R 7‘%\0 {?00 7700 %, Ti foil after test at

_ v 1.5 bar
courtesy of M.-M. Schmidt

T R

0N 50 um)  SS316L (38 um)  Ti* (50 pm)

0.5 7.25 12.09
1 12.9 21.67 13.4
1.5 18.7 29.84 15.6

*simulated elliptical shape
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Vacuum window F-\'R ==

A different test commissioned to the
PINK GmbH Vakuumtechnik for
frame (Ti), support frame (Ti) and foil
(Ti, about 200x100 mm?) made of
one material failed because the foll
became fragile during the heating
process.

= According to in-house experts the right procedure to weld
a Ti foil on a Ti frame, is the e-beam technique. A rounded
or elliptical shape of the foil should be preferred.

4%
= 3D model (CDR) ‘/ﬁ e
MUSIC drive and pocket at FMF1 }fkfé,!?i?\(cﬂ.})\.?:fgm
by J. Tuunanen (JYFL Jyvaskyla)
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(Twin) GEM-TPC design

The GEM-TPC Layout and Powering scheme
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strip area: 30x0.25 mm?



Test results

anode signals

correlation between top and bottom

clusters size: 15-20 strips (= 6-8 mm),

too small pitch — redesign of the strip

plane
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FAR m=x
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0 cg =15 ns (at low rate) — value
not fully in agreement with simulations,
<3 ns measured for Twin TPC
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GEM operated at gain = 1 for Z>50.



Dynamic range FAR ==u

= Deposited charge in P10 gas volume 400x80x30 mm?3

= up to pC
600 2= ¥ (VMM3a,CSA)
500 | CaLioss

- T o —4
Q; = 1,602 = 10 W

040
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--------------------------------------- ------1> 20 fC (nXYTER)
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CSA characterisation

Noise :

Max. input range:
Rise time (10-90):
Dynamic range:

Gain for Gy

Supply voltage:
Current per ASIC:
Output voltage swing:
CSA with active reset

0.3 fC
22 pC
18 ns

> 5 x 104

3 mV/fC
1.8V
16 mA
0.8V

without shaping

= 4chs /chip designed by P Wieczorek

(EEL ASIC group)

= pre-amplification stage of the beam

profile readout (POLAND)

= planned to be extended to 32 chs for

HIT detection

FAIR GmbH | GSI GmbH
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FAR m=x
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Test with source (July 2019) FAR ==

= coupled to GEM-TPC pad plane,
8 strips readout by FEBEX,
measured 60 keV gamma (241Am),
output voltage ~ 20mV

IKITOIIX TS 30548 5373858 %uoscore % Scope” X2 ]

ChT 20.0mvs Ch2 500mve M1.00us’ A Chl J 14.4mv
200mv Q2 27 Jun 2019
B\ i+ —220.000ns 13:44:25

charge collected at the bottom of the 31
GEM foil and measured in coincidence.
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Test with 241Am F-\|R === 1

- 8 CSA signals (=8 strips equipped), 30 us integration time (reset signal)
- FEBEX3b: 14 bit, 50 MS/s , timing: 20 ns, input range: £ 1V

o Pl
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Uncalibrated energy spectra FAR ==

- 8 CSA signals (=8 strips equipped)
- FEBEX3b: 14 bit, 50 MS/s , timing: 20 ns, input range: £ 1V

R E AT TR A DN NI VAT B I TEIRE  SEDWA L TETTIE SOET O SN DN EETWTE FREETLAR BT LI DT 12

FEE TR LD 0TRSO AT (RN M TR FYA BRI SO 1 DR IR T ) ENCTE A BT NTRECE T A

e BT R L e B S L R e P TRINED MR R NN R SN P BT STEEDE DO

S DR A TR S T A ORI SO RO NIET O N MO SO A BT N TEET O CHA
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CSA GEM board F-\lR === I

= In Summer 2019 it was agreed with PANDA coll. and EEL to go for production
of some boards to be coupled to GEM-TPC pad plane.

pling

to 1/2 pad plane (256 ch)
(LR RERA T it

front side: 16x8 chs to 1 FEBEX board (16 chs)

= In-beam test with single-, 2- and 4-ch readout was planned during the
engineering run FRS-EP-025.01.
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Engineering run set up FAR ==u
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= FRS-54 TPCs and SCI in front were included into the same MBS DAQ.
= Two scintillating fiber detector prototypes mounted behind and also tested.
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Preliminary results FAR ==

= Single ion event

5 W0 .
= L single “cluster”
a3
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= Charge range: 50 — 200 pC (gain 50 -200) & & aThe g SmEgag
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Summary of the measurements FAR ==

One board ready two days before the experiment, tested in the lab and mounted
on the detector.

Test with source performed, detector mounted 12 hours before the start of the run.

In-beam test:

change of the electric field value at fixed GEM gain
change of GEM gain at fixed electric field

change of the CSA gain at fixed GEM gain

S4-TPC calibrations and position reconstruction
position resolution at different gains

horizontal and (small) vertical scan of the chamber.
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FAR m=x
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FRS Twin TPC FAR ==nu

Built at CUBratislava

« Delay line, multi-hit TDC (V1290) readout

TwinTPC :efficiency ,
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ot | :
| . 90% eff
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% 0| , R
» l -
W\ 0 200 400 600 800 1000 120¢(
.ij : . rate [kHz]
20;(76)”(30 mm A. Prochazka et al., GSI Scientific Report (2014)
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counts

Time resolution

C.S. = tDL + tDR ‘2tan [nS]

FAR m=x
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