


¢ Milestones of the project
— past & future

¢ Gallery of latest results
— measurements
& simulations

¢ Outlook
— towards CBM day 1

N. Herrmann, CBM Introduction, CBM without Russia;Joint FAIR ECE 16 and ECSG 07 meeting
17 May 2022 TRD @ 39th CBM Collaboration Meeting 2




- .-

S

S

@K

B
y

TRD Outlook

C. Blume, TRD: outlook and discussion; 38th CBM Collaboration Meeting 27.09- 1.10 2021

Essential steps in next months

* Address comments by ECE on TDR-addendum Slide 11
» Start pre-production of five type-5 modules (delayed pad plane) = Module-FOS/ Slide 4
* Finalize SPADIC v2.3 evaluation (v2.3b still to be delivered) = PRR forv2.4 / Slide 8
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D In progress
! done .

» Decision on z-layer-spacing in support structure (= radiator design) C. Blume, TRD status; CBM

- Technical Board Meeting 7.09.2021
» Construction of test gas system (single line) = finalize CDR /_Slide 6

* Work out final design of LV+HV system (grounding scheme, PS already purchased) Slide 7
+ Continue analysis of mMCBM data / Slide13 /

* Reviews: Slide 10

Lv+HW EDR (10/21), Module-FOS + PRR-follow-up (12/21), Inner modules EDR (12/21),

Support + mainframe EDR (12/21), SPADIC PRR + FEB CDR (12/21), Radiator EDR (12,/21)
Open issues/risks

» Electronics noise level with next SPADIC generations

* Physics performance studies with TRD-2D (inclusion of TRD-2D in tracking) / Slide 12 /

* Funding: only one gas line currently funded, secure available funds for electronics (BMBF 19-21)

17 May 2022 TRD @ 39th CBM Collaboration Meeting
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P. Kaehler, Start of TRD module production; 2021 CBM Progress Report, 2022

- 35 modules are planned to be produced, 32 + 3 spare
- 5 to be finalized during the 2" half of 2022
- delay of pad-plane acquisition, modification of the acquisition chain (direct)

QA procedures Figure 2: Padplane for the segmented TRD read-out cath-
1. glueing padplane on backpanel carrier ode, intrinsically gas-tight connections by 4-layer design.

- planarity better 15 um, probably even below
2. characterisation of pre-stretched entrance window
— for characterization w.r.t. to relative detector pressure (Luisa, Felix)
- good values, given as input for gas system design
3. complete entrance window planarity (prestretched foil+frame) --> full OK for chamber mounting

17 May 2022 TRD @ 39th CBM Collaboration Meeting 4
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TRDAD type. 1 [ sample | Sample |
1. technology steps for chamber assembly IOMNIDR - . B
are being defined and Tools Devices and s5Fe jrradiation - _
Verifiers (TDVs) are devised to assure QA ““7 Full charge read-out on anodes | e e
during production. h 1 B 'y v
2. prototype all components were prepared iy Allcs TRD 1S o ___E
and ready (02/22). One TDV is missing (the £ 1 R i | ZEmme ] s pivn e
1.5 mm wire comb - offer from Uni- S s0- . " e e |t
Heidelberg) g 404 { TEDEDmCEAM. | lmiuzad Kaphu Kl
3. production market investigations are < a0 o .
being conducted based on price efficiency 5. ]
estimates during prototype phase (A&K il 1= = . MR
wires, honeycomb) ) | | | | | | 2503 o iz mﬂﬁ]ﬁ,ﬁfom
4. optimization fine tuning of components 0 1 2 3 ! 5 6 honeycomb £ tnim Bokiocell foam
to improve material budget (FEB) or TR Sample number i

1yiddy20Zp TRD @ 39th CBM Collaboration Meeting 5
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https://git.cbm.gsi.de/trd/reports/cdr-gas-system

Conceptual Design Review for the TRD gas system « Contents

« 1. The CEMTRD a

Anton Andronic, Christoph Blume, Daniel Bonaventura, Felix Fidorea and Philipp Kihler P p— 5

for the TRD group v 21 TRD geomeny: gas line assignment s

April 6, 2021 :

- 6

1. Installation: i
- first line in Mlnster. (in progress). > .

0

2. Objectives : g e 3 o S ———

havious af regulation . .

- To characterize measurements, - e -

- Development of regulation routines. i o .

— Measure characteristic time of regulation with real S e
pipe lengths / chamber volumes. i e HO -
3. EDR: 37.5;:";:;?‘1?:;,’“""'.“5‘“.“‘*‘? fsEl s ‘i:
- Later 2022 |
4. Funds: - ¢ o g g gy
- First line funded, for the other 4 need to identify [ o
resources. T .
. =

A2 Stady. pressure ane flow cabeulation . ...
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HV & LV demonstrator for both
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1. full calculation for LV system in place.
2. delayed by concurrent activities

— production preparation (slide 4)

- mCBM data taking/analysis (slide)

https://git.cbm.gsi.de/trd/reports/edr-hv-Iv

HV. 4 anode lines and 1 drift

Engineering Design Review
for the TRD HV and LV systems

Philipp Kihler and Florian Roether

. Contents

2 I.w mlhge s-fslam
Fron

= 4. Grounding scheme

= G Operation

+ 1. Introduction: the CEM TRD

= 41 Ground net opology .

5.1, Control and monitaring

13 Distribution to detector moduldes .. .. ... ...
333 Distrbution boards .

line were rerouted to the HV el e e R ’
unit of TRD1D. Anode slots L "
(0_3) Drift Slot 2 (see Fig). Al Radwation envirorment L. 18
17 May 2022 TRD @ 39th CBM Collaboration Meeting 7
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C. Blume, TRD status; CBM Technical Board Meeting 7.09.2021
https://indico.gsi.de/event/13081/contributions/55770/attachments/36880/49242/trd_status_07.09.21.pdf

SPADIC v2.3a, v2.3b
— Both test chips are on FEBs now.
- Expert team at ZITI is evaluating the chips.

SPADIC v2.4

— will be designed/configured according to the
results of the evaluation. (e.g. choice of input
protections).

- No extra new features

17 May 2022 TRD @ 39th CBM Collaboration Meeting 8
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Mounting the 14 new FASPRO boards on the TRD2D. The
operated region was modified wrt planning as follows (see
picture, top to the right):

-from 3 - 2 FASPRO columns

-from 6 - 9 FASPRO rows

- similar read-out surface

- more emphasis on low deflection angles (higher multiplicity)
- matching better with ToF acceptance

— easier to mount as the old 4 boards were kept in position

Mounting the corresponding GETS boards. The red cables left
floating are the connections to the CROB. Due to topological i o
reasons the allocation GETS — CROB will differ from previous runs - P g AR M '
which will impact the software mapping ! : e

17 May 2022 TRD @ 39th CBM Collaboration Meeting
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Radiator EDR

- to be arranged soon
- layer spacing
Support

+ Mainframe EDR

- to be arranged soon
- layer spacing

4
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Mod_type_9 (inner)
EDR

- tentative (old 09/21)

Support

+ Mainframe PRR

\—» depends on

SEP
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LV+HV EDR
- pending
- to be arranged soon

< 4
é Y

JUN
TDR Addendum ECE

- in preparation
- need CBM support

<
p-

/
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Mod_type_5 FOS + PRR

- follow-up
A A

MAR

€

/
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Gas EDR

- In preparation

Mod_type_9 (inner)
start production
- pending (+1y)

€

4
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7 NOV

SPADIC (v2.4) PRR
- tentative (old 05/22)
FEB CDR
- tentative (old 05/22)
FEB EDR
TDR Addendum
approval

K» tentative (old 11/21)

<
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LV+HV PRR
- pending
- EDR merged ?
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PROTONS DISTRIBUTION CAN BE REPRODUCED FOR
EACH CHARGED PARTICLE WITH PROPER B FIELD SETTINGS

Once a TRD seed
is produced we
need only few (2)
sparse STS hits
to estimate pr

W 00 AR DRAR [Tasp,-0216GeVic Sis[10] Tral3] Toll2] |
- s I
y [y | S PN (R ISPPPRE [P [FORPIRR SR .
" T hits
........... S S A .
ToF
0 Hits s e ¢ i
Eﬂ._sTs . PR, FPPIPSPRPPPp S
HI ............................................................................
| SN LN TORE . JTUY T PO e o |
o 100 200 300 400 500 600 0 FOoO0 0 800
z (cm)

No dedicated list of
recommendations from the
reviewers so far. A deadline
from the collaboration can be
asked for June-July

Informal meeting on TRD TDR Addendum 4* May 2022

17 May 2022
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ci¢ seading TRD
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S. Gorbunov; private communication, https:/igit.cbm.gsi.de/computing/cbmroot/-/merge_requests/818
Sserige RO )
any 92.8 For tracking performance — T 7937 /97
2 - ‘ Peak 2912 £ 16.5
the value of reference is 4500 A . o708 2 010050
protons and kaons 9318 the ration: 4000 o .1.063_1 ;).ws
pions 92,2 !
: Pull = A/ g, 00 \
electrons 85,7 3000 7\
The distribution of this 2500 /
T T e observable has to be 2000 ——
f — [ na 27718 Gauss with mean 0 and  [Eo. /f \
po 50.84 = 1.069 sigma 1. 1000 £ \
500 / :
ﬁ e R I T I, S
(Umm-umﬂ)f U o
!n the figure thepullx LI LI I B ffndf 437_”97
distribution is shown for K& | P e
TRD1D and TRD2D as 't v 09908 =0.0057
they are produced by the [ : |
.............. CbmTrackerlnputQaTrd }/\(
task. 1500 \
] == ——  —= = - The performance can be [ / \
N s e == PR AP P R improved in terms of j* by \ )
03 -02 -0.1 0 0.1 0.2 b/ ;’-3 improving the error 500 "’ A
A (residuals) between TRD2D hits and MC points parametrization. ,_u»f A ”
as function of ¢ = p./p.. e e Ty Rt I T s e
0x (¢p) = p0 + p1 * ¢? ; p0 and p1 are expressed in ym B o e R X
17 May 2022 TRD @ 39th CBM Collaboration Meeting 12
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- March 27, 2022

TRD @ 39th CBM Collaboration Meeting
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1 I — T A. Bercuci et al.; Global space-time correlation of the local TRD
2 g0 ; . 7 . ;
:. ] TRD2D (FASP) reconstruct;gg within the mCBM environment, CBM PR’21
g‘) DTR[ 2D (SPADI } g T 1T '|'F‘{D‘2|‘:)(F\S‘P‘) ‘T‘o[if \[3\8\15] T T 17 LI LR UL
E ‘ = [ TRD2D(SPADIC) - ToF [36.83]
£ 10° [ITRD1D g ! 8 [ TRD1D(SPADIC) - ToF [35.84]
5 []TOF \ i [ 1 STS-ToF [9.73]
i RICH - ToF [5.13
= L IPsC ‘ — ’SD-Toi [[7.46]] /\
102 I:lRICH 7 1l ] ' LA i Y T | 108
STS '/
107 e Ay
| e e ST .
JHHMMMMHW$ R A e e Sy 2 B S ~ Lk
‘ L loailoadoa loa o 1.l 1 Lol I 1
) ' L i | [
10-1 | 106 W*‘m
lhllJJMPy L) UENEUEEN
-2
10 00/00/04 00/00/06 00/00/08 00/00/10 00/00/12 00/00/14 00/00/16 00/00/18(32100/%0 )
|me mmss L1 | S e o o
A. Bercuci et al.; Steps towards integration of the TRD-2D detection system with the 200 150 100 50 0 50 100 e 2 [nifo
CBM experiment, CBM PR’21
% T T T Run 2197 - Time Corelation for TRD Module 37 (Reference System: TOF) (Fit o: -465 ns)
105 i I::| i E 1200
1 [_me o 1200~
| -7 TRD20D (FASP) ° I_m_provgo_l S_/N by
108 _\THDZD (SPADIC) 400 fixing digi-time
E Y [ ] TRDID r in unpacker
TOF L
2 10 " ™ B0
P :
g0 6001
€ 10 N
2 L
107 -
70 200:—
cC v e
00100 00/20 00/40 01/00 01/20 01/40 02/00 02/20 02/40 03/00 03/20 03/40 04/00 04/20 400 -200 0 20 400

TRD-Ref

time (mmy/ss) A. Puntke; private communication
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Track definition 2xSTS + 2xToF
X (h/gh resolut/on) direction y direction
- 2 g0 40 = 1 = 10 ‘ 40
: 3 |8 s
35 > e e 5
30 d 30
.:
25 25
20 20
15 - 15
10 N 10
-8 5 _ 5
LT R R L I 3 4“"6““ 00 ’—010—6 4202 4681 Y8 6420 2 4 8, 0
x (TRD2D) (cm) x (TRD1D%") (cm) y (TRD2D) (cm) y (TRD1D® )(cm)
A. Bercuci et al.; Steps towards integration of the TRD-2D detection system with the CBM experiment, CBM PR’21 °
o001 lll ........ indt 16657137 | % 2indl 12651137 | ., ﬂ AIndi 58027137
Constant 867.2 L Constant 363.7 Constant 1618
800 Mean -0.01624 | 350 ' Mean -0.05562 | ;400 Mean 0.007655
.( \ Sigma 0.4779 Sigma 0.555 [ \. Sigma 0.3679
700 { \ 3004 1200|
| [
] { 5 259 o000
© 500 [ 1h 2 i X
> t 200 > 800]
400 ﬂ m
! 150 600
300 ry
200 100 : . 400
i \ J W,
J \1‘1.. : 200
100 v - o k L) I
" L ¥
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 -2 -1.5 -1 -0.5 0 0.5 H 1.5 2 -2 -1.5 -1 -0.5 0 0.5 1 55.5 2
X7y = X (TRD2D) (cm) X7, - X (TRD1D*") (cm) Y., - Y (TRD1D™) (cm)

Hit-track resolution is only informative. Calibration, alignment, fixes of mCBM data are work in progress.
17 May 2022 TRD @ 39th CBM Collaboration Meeting 15
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Time-based Simulations
— O-Ni 2 AGeV mbias

CBM
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— Interaction rate @100 kHz: TRD2D Charge calibration
t |TRD-2D/'ToF time difference - »*/nr 3057/49 |] 5 000 -;_ﬁj&-.’ft‘& 3
8 max. signal 1186+ 0.4 | E phi A >
2 mean ~3.114 + 0.160 || ) ALY
= o ' b g‘ﬁ,ﬁ = 10°
= sigma 30.31% 0.09 N o500 Lk 1*"4&3;{;‘;; | 3
o 102 455, noise 1+0.0 |] Tuy ; R'E'I!;: -
¢ o=, ' W
3 Mot LR T
gy i ;
I L W P e 10
A 2000 A S
TR %, Wi
« mCBM Run 1588 ] \ e w;eﬁ,-,,fh
10l — SN mCBM fit % i
- ! ! T 1500 Yoy gt 10°
o MC 1588 R | o ‘ wiyeugy
N ) Ford R gy
- SIN MC fit g A o Wi
A\ & D
/ %5 -
CQOOC o OOOO . X " DT
Q. o o Y Vi
1 [y ?pgﬁ‘cw 7 . Lw‘- "Il
TYOS O 100 OO0 1O 00000 V00 NO0 OO OO0 100 [ 100 OO0 V00 HO0% OO 1UOY1O0% 10 1 DO DO VO JO0S OO TOUN 000 OO U DO O OO FOOY 000 00 00 OO0 WO OO I 5{":] a
-500 —400 -300 —200 -100 O 100 200 300 400 500 1350 1
Time difference [ns] Pad-Id
A. Nan; AFCO poster presentation, Brasov, ROMANIA Simultaneous charge calibration of all FASP channels through
injection of a standard signal (square, amplitude, frequency) on
the anode wires.
16
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S.Gorbunov, A.Bercuci; https:/igit.com.gsi.de/
computing/cbmroot/-Imerge_requests/818

PID references for
Di-electron analysis

High hit times

urgmid + d + t + Hed + Hed + hypernuclei
11.1 AGeV, b < 5.0 [ Trd1D: Residual U |
- q0° 1 10000 T T T T LTI x4 ndf 4350 /97
% —s— RICH (old ref) — ] : Peak 7124 =33.3
w =—a— TRD (ol raf) — layar 2 r M 0.003305 = 0.000161
l: 105 —s— RICH & TRD {old ref} —— laysr 3 o 0.04632 = 0.00015
—=— RICH (new ref] —layar 4 8000
—s— TRD {mew raf]
104 —s=— RICH & TRD (naw ref) ,\
6000
107 1 \
4000
10° / \
2000 / \
10 hit time , \*
or Al tracks first layer G5 040302 01 0 01 02 03 .04 05
1 r C U, re Uyo)lom)
2 4 6 8 10 12 14 Em urgmd + d + t + He3 + Hed + hypernuciel _
p (GeV/c) 2 11 AGeV. b<50 | Trd2D: Residual X |
10 Tr 1T TTIrTIT LI Tr 1T LI Tr 1T xz.l ndt aanz) 97
. . E —— &l fracks 18l layer 2500 b Paak 1767 £ 141
» Electron efficiencies set to: L e > B0 ns i) “ o008 oemous
- E m— ] x sl layer f o 0.008904 + 0.000054
» RICH PID: 90% 2 —— vt sme B0 s 2000) !
’ ! 10 t
T E 1
» TRD PID: 80% : /X
1ot [0 1500
A. Meyers-Ahrens; TRD likelihood reference . f .
spectra update, TRD Weekly 11.05.2022 Ly 1000 t "
o ;_ 500 ‘/ x
l.; " .EI — ‘ll- — [] — 8 — 10 ./ \..
T e T

S. Gaessel; TRD hit times, electron/ligt nuclei
input, TRD Weekly 16.02.2022 - S "
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P. Kaehler, TRD summary; 38th CBM Collaboration Meeting,; 27.09- 1.10 2021

“2024 setup”

»  aiming for full setup in 2025 - 2026 (2027) Type 5: BMBF 19-21

i ” P Type 3 (partially): BMBF 21-24
’ 2024 setup” scrutinised Type 1: Romania — type 9
(current funding consent, day-1 scenario)

»  funding 2024/2025 open,
funding further gas system lines open

Full setup Day 1
= 300 = W
5 g+ <0 M E-
¢ 200 g 20
e >
100 100
0 0
-100 e
—o00 —200
1t
oL B 500 1000100 300" 500 00 Christoph/Etienne, PWG-DIL 14.05.
¥,qc (M) Ko lom)
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TRD - Outer Chambers/modules

Milestone Date 2019 2020 2021 2022 2023 2024 2025

Outer modules “5"
Module EDR 10/19 'e)
Module PRR + Start of prod. 10/20 e ; Aotnee Bhiacig
Modules FOS + PRR follow up 12424 10/22 AN |£) Production on-going
Chambers all built (FAT) 87122 02/23 ; e )

Outer modules “3"

Start of prod. 05422 02/23 e (_")
FOS (PRR follow-up if needed) | 6722 06/23 e 'S
All built (FAT) 12/23 (’j

Outer modules “7”

17 May 2022 TRD @ 39th CBM Collaboration Meeting 22
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TRD - Inner Chambers/Modules

2022

Milestone Date 2019 2020 2021 2023 2024 2025
Inner modules (chamber + radiator + FEE) E

TDR-Add internal review 02/21 lﬁ

TDR-Add submission 05/21 ﬂ) ; ECE 05/2021

Inner modules “EDR” 09/21 01/22 () i Moved I 05/22 ? (should be discussed)

TDR Addendum approval 11/21 ﬁ i ECE 11/2021

Inner modules PRR 02/22 lﬁ

Start module production 07/22 ﬂ)

Module FOS (batch of 10) 06/23 e,

All chambers built 06/24 H )

17 May 2022
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TRD - Radiator box, Services, Mechanics

Milestone Date 2019 2020 2021 2022 2023 2024 2025
Radiator box §
-
Radiator EDR 05/22 Iﬁ decision on layer spacing needed
Radiator PRR 07/22 s
Radiator FAT 04/23 O
Gas system ;
Gas CDR 04/21 (b evaluation ongoing
Gas EDR 02422 07/22 L_i ﬁ more time for preparation. funding?
Gas PRR 07/22 ')
Gas FAT 11/23 )
LV + HV systems
LV + HV EDR 02/22 a being prepared
LV + HV PRR 04/22 ﬁ can EDR and PRR be merged?
LV + HV FAT 09/22 6
Mechanics
Mainframe CDR 10/20 (b E
Support + Mainframe EDR 05/22 ﬁ decision on layer spacing needed
Support + Mainframe PRR 09/22 ; Iﬁ
Support + Mainframe FAT 03/23 : Iﬁ

17 May 2022
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TRD - ASIC, FEBs

Milestone Date 2019 2020 2021 2022 2023 2024 2025

SPADIC ASIC + Front-End Boards
SPADIC 2.2 completed 07/19 ﬂ)
SPADIC 2.3 submission 12/20 "
SPADIC 2.4 PRR 05/22 Y SPADIC 2.3 evaluation on-going, 2.3b just delivered
SPADIC 2.4 FAT 03/23 e
FEB CDR 05/22 e
FEB EDR /22 11/22 )
FEB PRR 03/23 )
FEB FOS, 1¢ batch sent 06/23 Ifb
FEB FAT, all FEBs sent 12/23 lﬁ)

17 May 2022 TRD @ 39th CBM Collaboration Meeting 25
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Layer Spacing

* Options (currently under discussion)

Version 1 Version 2 Version 3
Layer spacing: 710 mm Layer spacing: 531 cm Layer spacing: 531 cm
Radiators mounted Radiators mounted in Radiators split
on MWPCs support frame into two parts
Reduced acceptance Air gap between Air gap between
(# points on track) radiator and MWPC radiator parts
Reduced size of radiators
= PID performance reduced = Radiator perf. reduced = Radlator perf. reduced
C. Blume, TB Meeting, Sept. 7th 2021 7

17 May 2022 TRD @ 39th CBM Collaboration Meeting 26
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Layer Spacing

i 2 : T T e G c et Galic
+ Reduced acceptance (version 1) T +1<oczon
« #of points decreases with increasing layer spacing £ ¢ —3<p<100Uk

Effect prominent in specific areas of phase space

"SJud /M SHORA  C9EH

40 45 50 55 60 65 T0 75 &0

distance (cm)
+ Effect on di-electron performance o ¢ — _
) -
+ dEdx-performance would also be affected i L 3 o Held, 3 layer
Y P o “Heid, 4 layer
—71cm S Se#le o *Heid, 5 layer
Ll T
g o ceeed bt

Ev’rrﬂv‘r*r\‘?‘rrw’fv‘rrﬁmﬂsfw'mw

R VR
pZ(GeVie)

10—'0 02040608 1 12141618 2

M, (GeV/c?)

ra|
e

C. Blume, TB Meeting, Sept. 7th 2021 8
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Layer Spacing

 Alternative radiator mounting (version 2 + 3)

Air gaps between radiator + MWPC,
resp. radiator parts, for mechanical clearance

Bulging of foam foil stack requires ~ 40 mm

Absorption of TR-photons

[ P

pi ff (%)

Reduction of radiator performance (up to factor ~ 2)

C. Blume, TB Meeting, Sept. 7th 2021

CBM

CBM

2 Mio Events, 3 GeV, 90 % e eff

0.5

[=1=)
T

= SRR I
.5 1 15

—

1. 31 5 am Pl

——— ar 2 30 e Flaksler i s
Var 2 30 om Aadalor. 1 om gap
Var 2 30 om Radialor. 2 om gap.
—ar 230 o Aadislor. & om gap

sl e L Lo L s
2 25 3 35 4 45
Layers

9
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Layer Spacing

* Next steps

Apparently no clear preference from physics performance point-of-view
Other considerations:

Simplicity of design (radiators, support)

Ease of maintenance

External constraints:

Short TRD-setup required by general CBM setup?

Encapsulated radiators needed (fire safety)?

Have to come to a decision soon

Submit design change request

C. Blume, TB Meeting, Sept. 7th 2021
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