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The TRD2D @ CBM

Compressed Baryonic Matter 5 5
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+ 10 detectors x 4 layers

1: Time-Zero Detector & Beam Diagnostics 5: Ring Imaging Cherenkov Detector

10° particles/cm?/s

2: Silicon Tracking System / Micro Vertex Detector 6: Transition Radiation Detector .
3: Superconducting Dipole Magnet 7: Time of Flight Detector = 100 um X resolutlon
4: Muon Chambers 8: Forward Spectator Detector = 800 um y reSO|uti0n

e/n separation

+11.5 m? read-out area (11.66)
* > 10° read-out channels (115200)
+ = 3k channels/detector (2880)
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Overview

1. Chamber
construction
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10 detectors x 4 layers

lend

3. Data analysis -

dx/x(Lm/cm) 0.1563 |

=~ 800 MM y resolution

TTTTTT
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Lsﬁ Chamber construction
C

Prototype
lessons

n
10 15 20 25 30

New
designs

QA tools &
procedures

Production
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1. Stronger, fewer & more 2. No critical modifications wrt. the
compact components with TDR Addendum version;
minimal impact on
the material
budget;

3. Designed | ! 4. Full integration
around the technology of with TRD-STD wrt. gas
assembly (devices, gluing, QA) services (same flow resistivity)
for production; and TR detection.

22/10/25 TRD2D @ CBM, 46th Lanzhou, China 5



unigue gas system.

Pad-plane

to provide same gas flow
resistivity

Https://indico.gsi.de/event/23197/#5-trd-2d-chamber-design-update

1. Gas inlets are of the same size
as the TRD-STD, to allow for a

2. Avoid gas feed through the

3. Entrance windows employ
the same structure as TRD-STD

amber design updates

<GAS IN/OUT

22/10/25 TRD2D @ CBM, 46th Lanzhou, China




amber design updates

1. A system of pin holes,
aligned with the gas inlets are
used together with a

special device to align all
components.

2. See S9 for its use during
Assembly.

Https://indico.gsi.de/event/23197/#5-trd-2d-chamber-design-update

ALIGNING
AX IS

22/10/25 TRD2D @ CBM, 46th Lanzhou, China



amber design updates

1. Wire planes are installed
in parallel. Flexibility.

2. They are kept in place only
by glue for better alignment.

3. Possible replacement of
wires during installation in
case of error.

https://indico.gsi.de/event/23197/45-trd-2d- anode wire plane

chamber-design-update

cathode wire plane

SOLDER
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Assembly device

Adapted from the similar device used igithe TRD-STD assembly procedure
SS

1. Calibrated, highly planar suppor - 3. Same pins used to

2. High precision align all (3) ledges.
standardized pin
for alignmept; / ,
|
L /
/
/ ST o
————" S | < ;|- ==

|
/ “-an_.. /

\\———//

~_~
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Dols and procedures

- The Uni Muenster
efforts to build
a new, reliable

were joined by
the Buch team.

A - A prototype

'or the analog stage

@ was developed and

s Emampae cessfully tested in real
5 o J conditions.
Elal | n f F{Positions and wire tensions
TV v Jy A [ f| {for both anode and cathode
:’ Lo e L 4L ] L | electrodes were measured. | .
"o e A ¥ oF | % 0/6 ~ The spacers are borrowed from the RPC where
g Paw C"?;'%‘*'Jﬂ T ——— \*0 \\\oe' 690/';0 they are used for spacing the glass planes.
§ o fr L le= 20mA cahode RN - Diameter 2mm x Height 170um
’ ";H H H N f\ Jﬂ\ f‘\ h i 6entrance o% — Self adhesion layer for easy installation
U HPARIA AR window assembly on the support.
% \Vf \ V v \V / L\f( ) \ ﬂ\ ~ foil gluing on t Jd sarne stretcher - _
% R B e ( Uni JVJLJF‘IJJE&!’) as for t d TRD-STD detectors. https://|ndlcp.g5|.de/event/
position(mm) 7 nssure identical flow resistivity. 23152/#4-on-glueing-processes-

https://indico.gsi.de/event/ in-cham
23101/#2-electronic-

integration

https://indico.gsi.de/event/23236/#5-trd-2d- entrance- vin :
22/10/25 TRD2D @ CBM, 46th Lanzhou, China 10




per production milestones

Name Qtr 3, 2025 Qtr 4, 2025 Qtr 1, 2026 Qti

Jul |Aug |Sep Orf.t Nov |[Dec |[Jan |Feb |Mar |Ap
1 Internal evaluation of design Eq |
2 Design update
3 Company contacts / offers ﬁ' |

4 Secure financial
5 Produce entrance window i
6 Glue foil Uni Muenster i
7 Produce device assembly i
8 Produce TRD2D components i
9 TRD2D assembly i
10 TRD2D QA Bucharest i
11 TRD2D QA Muenster |
12 | TRD2DQAGSI
22/10/25 TRD2D @ CBM, 46th Lanzhou, China 11




..
. A Il. FEE updates

CBM
T T
FASP ASIC -
Production & ———— e 24
Bonding ' _Eﬂr.g
° O T
St o 1——
FEB R e,
e BN N To be continued
7 Y o W .
A = et
QA tools &

procedures

Production

TRD2D @ CBM, 46th Lanzhou, China
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1. ASIC - FASP Production

— Test production (0.2k) / wire bonding > 90% dice
(+bonding) efficiency (mCBM 21-24)
— Test production (0.5K) / flip-chip bonding (mCBM 25)
- ~ 80% bonding efficiency (first batch)
- ~ 50% bonding efficiency (second batch) I

ROW (pad)

2. ASIC Engineering run
- ~200% (17k) of the CBM demand

3. New concept ASIC bonding
- New substrate + wire bondina (correlated with changes
in the pad-plane)

//—_//J”“ Padplane

connector
- engineering in progress (Hybrid Swiss)
— production and testing Q1/26

- design ready

4. FEB updates

- reduced component cluttering
- increased redundancy

- improvements in DAQ (CDR)

Pad-plane
connector

Flat cable

0 20 30 40 50 60 70
COL (pad)

FEB
connector

22/10/25

TRD2D @ CBM, 46th Lanzhou, China 13



EE production milestones

Malne Qtr 2, 2025 Qtr 3, 2025 Otr 4, 2025 Otr 1, 2026 Qtr 2, 2026 Qtr 3, 2026
|Mar Apr |May |.Jun Jul |Aug |Sep Oct |Nov |Dec [Jan |Feb |Mar Apr |May |Jun Jul |Aug |Sep
1 FASP P—— ; e
2 FASP enginnering Eﬁ ;
3 FASP dice testing —— |
4 | Testing FEB @ mCBM25 | == |
5 Debugging — |
6 FASP bonding [New] !
7 Design — i
8 Production j—g
9 Testing }
10 Design board | |
11 Production board } L\“
12 Running | L
13 FEB |
14 Design phase | } %«
15 Design phase Il i F W
16 Production & testing 1 \Y >
17 Prepare EDR | \\k }I}:I;
18 EDR 1 x 4 2026-07-10
Man-power:

\limited ™\

NN

22/10/25 TRD2D @ CBM, 46th Lanzhou, China 14



. lll. Data analysis

o WW‘“M‘ i ¢ i 8 e " Entries 1.304782¢+07
) s S IRB O PA Gl ] < stk Rl e s = o Mean 4949
W5 oW A A A oo ) B s o ¢ -~ |
# ?u"’ ;: m z:mm: b AN A i : ,Std Dew 1218
B iy i / e f :: 2.930404 1 246,
500k W Y uniuna e ke, v 2
# iy | =
Ve W) i ¥ i b 5 : . :
o0 8 o S AR g 24 ) 11514 002
“: e i 3655 £ 0.02 m
i Wy o by + v AR T e i
ool S A , s L EU - P A b A - 11348404 £ 11528401
FEB calibration | Vi @
Al bt kR
M TR R TR TR T i i (T ‘,‘u‘ ?"H Q
‘fﬁh‘*“w )i' ﬂﬂ vﬁy ‘h‘ Iy ":1! hm hm‘ N ‘M [ .‘N‘ Af L
M‘ 1L ALY . LT T [l AT
TR bl lhl| :

3

I

L {

B | 0 141 | B ol | T T Al
i H |

200 300
time diff [ns]

ROW (pad)
Yrraza-20 (€M)

Read-out and
Channel masking

DONE

20
Wed Feb 19 12:59:49 2025 Xrgz0 (€M)

Position Reco & Position reference - [alignment] _
Resolution Systematic effects (Cl. Size) - [realistic MC] | CM 46 — milestone Q2/26
Error parametrization (Pulls) - [STS + MC]

Energy Reco &
Resolution
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reference definitions
alignment

Basic plots used for this detector alignment (“open box” approach)*
- AX = Xpit — X7k,
— mean of AX(Xui) ; alignment; systematics (white/red)**
— sigma of AX(Xwi) ; error parametrization; uncertainty (yellow/black)

Beam 1.23A Ge
nteraction mbias
mCBM
Run 3604

20011 X resolution UOLOMO [Sts]
y2indf 4119/60

|
|
|
|
78.49 |
|
|
|
!

Info encrypted in such figure
— describe only #real_objects
- reference : anchor position from geometry
- residual misalignment
- x direction 6x=-1.76 pm
- z direction 17.97 cm x 0.17 pm/cm - 6z = 3.06 pm
- linearity of the systematics
- for x > 0 system behaves as expected

A X {1 m)

15018

10015

50| 8

- combined uncertainty (Xx) of track extrapolation
(oxrw) and STS hit (OXuir); X2 = O2X1(p; ---) + Xt
- ¥x = 78.49 pm dominated by the track

- uncertainty depends on sensors combination and
track quality.

—50|-8

~100|8

1.763
—150| -8

dx/x(um/cm) 01705

https://indico.gsi.de/event/23052/#4-sts-alignment-with-3-hit-sts

1 2 3 *) More complete and detailed results are presented in the
Xsts-voLomo (€M) back-up slides at the end of this talk.

**) The color code is also meant for the back-up slides

22/10/25 TRD2D @ CBM, 46th Lanzhou, China 16



https://indico.gsi.de/event/23052/#4-sts-alignment-with-3-hit-sts

Do the same game with perfect alignment
— indirect access to uncertainty info

- [3604]Xx = 78.49 pm,;

[MC]Zx = 70.31 pm; +11% difference !!

200ry

- [MC]Zx = 8.86 pm intrinsic average resolution ?!

- uncertainty dependence on (0, @) smeared out by reco/tracking.

A X resolution UOLOMO [Sts] £ X resolution UOLOMO [Sts]
3. 2 =,
< X%/ ndf  1.309e+04 /61 | ©/ndf 7007760 )| = 2
. ] E 40| ] /ndf 917.4/69
$ 150 £ (1 m) 70.31 | X m) -0.03862 >.<° X
. §X/x(um/cm) 0.08736 = L x(u m) 8.863
X 100 B 5
_____ 20 B
50 B IRRTTLLLLLL UL TTTe
0 R s T e ey 0l _— e i :
-100+8 x2 / ndf 35.26 / 60
150 Hit -~ Pnt 5 x(u m) _0.05578
- _40
dx/x(um/cm) 0.04496
~200=5 -2 -1 0 1 2 3 -3 -2 —1 0 1 2 3
XSts-UOLOMO (cm) XSts-UOLOMO (cm)
22/10/25 TRD2D @ CBM, 46th Lanzhou, China 17



®Use 3 STS hit tracks to generate references

- residual mis-alignment &x = - 30.7 pm
- [3604]Xx = 505.6 pym;

RD2D residuals
Xuit — X7rk

® Study Hit — Trk residuals for measurements and MC

[MC]Zx = 471.7 pm; +7% difference !!
- systematic effects in the mCBM data reco visible !

= 150037 X resolution 2D [Trd2d] Run 3604/
2 ) E2
g x*/ndf 5518/ 331 <
TR 5 x(um) 505.6
> x
el Hae
i Atum"'ﬁé ?“i’&’\ uql AGA\-“‘“.H-‘“;
500 L XY W -Mw TruierTeRaL iy
\I i
; L o | |
e, g || Iﬂ M .................... I, b s}m.:i-u@:& i.,},.“ o
TR \ R I AT T g s m'r
i [ |
—_500 e \ i 3285/ 71
fl S x(um) -30.7
i dx/x(um/cm) 0.6521 ‘
1000 | x2 ! ndf 4024 / 402
- I I
I ” | ‘|“| 8 (1 m) -0.4225
I."I"'...'! A NN | | |
ol LR ] '
00 =15 -0 -5 o0 5 10 _15 2 o
XTrdZd-ZD (Cm)
22/10/25 TRD2D @ CBM, 46th Lanzhou, China 18



RD2D systematic
XHit

® The system is ready to place side-by-side the model world of MC points with the #real data driven,
reconstructed tracks world.

STS extrapolated -
TRD2D hit

® [For clarity, only one type of TRD2D hits are shown (nRC,sz4)

v Observed TRD2D systematic effects range is described by MC.
X The data is richer in “features” !

200 1 1 1 1 1 1 1 T T i

— T T T T T T T T T
E —o— Ref = Trk [3604] —— Ref = Pnt [MC]
= 150 ® Pad center
‘T
xnc
] 100
=
~ 50
[Ze]
0
-50
-100 1 il .
LI
-150 |
_200 l l l l l l

Tue Oct 21 06:34:05 2025

22/10/25 TRD2D @ CBM, 46th Lanzhou, China 19




RD2D systematic
XHit

® The system is ready to place side-by-side the model world of MC points with the #real data driven,
reconstructed tracks world.

STS extrapolated
mCBM[3604] tracks

® [For clarity, only one type of TRD2D hits are shown (nRC,sz4)

TRD2D hit

v Observed TRD2D systematic effects range is described by MC.

X Fhe-dataisricherinfeatures™ -

v Observed data drive #real_detector reconstruction : Details of the chamber construction (wire to pads mis-
alignment) are seen. Systematic effects are qood !

— 00 T T T T T 1 | 1 ) ) )
e —— Ref = Trk [3604] — F{ef Pnt [MC] —— Ref = Pnt- Model [MC]
=
Pad

: 150 ® Pad center

g ;

»

< o0 S " { A A

T |
X ool _ t

- : Ly, |I
O l Fr'l# ﬁl— [ PR - '-'; S A
-50 2

Work in progress ...

Tue Oct 21 06:31:13 2025

6.5

7
xTF!D2D (Cm)

22/10/25
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A4 Conclusions

1. The CHAMBER ' ' |
® A full reboot of the design/assembly was performed on 2025
based on lessons from the previous prototypes.

® Various updates are proposed for better integration in CBM and
precise production.

® New prototype construction is starting |
® New milestone Q2/26
Q Laura, Philipp & Marian

2- The FEE FASPO4—-F
® Successful engineering run for the FASP dices for full CBM.

® Flexible bonding technology defined and ready for production.
® Modifications have to be propagated through the FEE/DAQ chain

® New milestone Q3/26 Claudiu

- A

3. The DATA | o
® mCBM data and MC can be joined to shed light on the detector 1 e om]
systematic effects. Sensitivity to construction details reconfirmed. | il 1
® | earning curve (calibrations, LUT) for analysis production is steep
but populated with very good data.

® Milestone Q2/26 for performance paper. Alex

22/10/25 TRD2D @ CBM, 46th Lanzhou, China



BACKUP
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RD2D pulls
Xnit — X1k

® Uncertainties are systematically over-estimated:
- [MC] Zx=-10% difference = — — — _ __

- [3604]=x -6% difference !! ———_ = T ~__

® Try to differentiate between OXr OXit N

.. .
wﬁ\h&qﬂ: uuu. ﬁau\n.uu "hul:ué"«g e L1
| T q L it el A hdb i fodh daled “-~-1v-,-ﬁ“'€'6"'i\.r".".",r
)

(xHit “Xm) /o (xHit’ X el

22/10/25 TRD2D @ CBM, 46th Lanzhou, China 23



RD2D uncertainty

® TRD2D Uncertainty are systematically over-estimated: €

— ox overestimate by more than -25% difference !! % * e
- oX >=25.5 ym !! £ : 0.2(;03
- ox depends on (B, ¢) and pad topology. Both

dependencies are not described by the reco !

- Systematic effects dx = £50 ym are visible.

® However since ot ~ 450 pm ~ 10 X o tracks at

mMCBM are not precise enough to constrain TRD2D x

x2 / ndf 826.9 /240
uncertainty !

8 x(1 m) -1.129

dx/x(uwm/cm) 0.2027

10 15 20
Xtrg.2p (€M)

10 15 2(
X120 (€M)

X (cm)
Thu Oct 16 13:03:03 2025 Trd-2D

22/10/25 TRD2D @ CBM, 46th Lanzhou, China 24




erence definitions
uncertainty influence

Are the errors correctly reconstructed ?
— sigma of pulls(Xwi) = AX | X = (Xuit — X1k pnt) / (O2X1ek | prt + O?Xnie) V2
- intrinsic resolution [MC]Xx = 8.86 ym -19.5% difference I = ——— __
- [MC]Zx =70.31 ym; > +11% difference!l ————— —_— N
- uncertainty dependence on (8, @) not accounted by reco.

pull(X)

%2/ ndf 14.06 /69
~
i T >1.195

\
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Xsts.uoLomo (€M) Xsts-uoLomo (€M)

22/10/25 TRD2D @ CBM, 46th Lanzhou, China 25



residuals [mCBM]
Xuit = Xrrk

£ @, Xresolufon U2LOMO[SYS] | T & % Xresolution U2LTMO[Stg]
3 3
Run 3604 X X 1 Findt 2535/ 28
Ixum) 7437
100 100)
50 i0)
£1ndf
T 20 X{solution UTLOMO [Sts] FT—Tg % Xresolufion UTLTMO [Sts] ‘III T iatum) B3
E] o 3 Ld " 1 , . - 2indt 1081127 fxixumiom) 475
I b 2indt 7795/ 51 Not included Sxem) 1146
. Lx(um) 40,9 1] in analysis 100| xfxfimicm) 002689
£ 201 Xresolution UOLOMO [Sts] I TR PURTR DU PO DU, B DU DU P
f y¥Indf  4119/6 h i i ) : E— ' i ' Koy lom)
4 1508 I X(um) 78.4 = £ Indt 2989/20 | . £ 20 H E i T
N Not included o 1 Xresolution U2LOM1 [Sts] i Kresolution U2L1MA [Sts] :
s x
- - -100| Sxix(umiom -0.1793 X a
in analysis = p
50/ 8 . . y _150] | Indt 6.37/25
obf i pobd - g 3 Lxfum) 7508
Xsisuoun (€M) Xsisurimo (€M) -
_50| X resolution UTLOMT [Sts] l:f
L | T 4
1E: L Al A e wes
LI | -
10} o indt 619152 - -« Not taking data
Ex(m) 38.56
150/ 8 150 ‘
dx/x{umicm) 01705
o0 7 NS U B T PR R,
o Koy )
721 ndf 2094121

Xresolution U2L2M2 [Sts]

-1 6 x{u m) 0.8816 i x{u m) 0.3021

Sx/x(umicm) -06273 dx/x(umicm) 04726

A (u m)

it ndf 121937

Bx(um) 1339

dx/x{um/cm) 1218

334
ixjum 248
Sx/x(imicm) -0.143%

UO U 1 490_9 8 7 6 5 4 -3 92 a0 23 ' ' -
- o u2 = R
22/10/25 TRD2D @ CBM, 46th Lanzhou, China 27
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Ky~ Xy (0 M)

1 Xresolution UTLOMO [Sts] |~

8
S

X resolution UOLOMO [Sts]

g

= Xy (0 M)

Xii
3
8

50

uo

22/ndf 1.309e+04/61 | '/ nd!

Not included
in analysis

| | | | | &
-5 -4 -3 -z - 0
Xss noua (0

| { Xresolufion UTLOMT [Sts] T,

residuals [MC]
Xuit = Xrrk

&

Xresclution U2LOMO[Sts] |

200r]

= X At )

- g At )

X resolution UTL1MO
T

Wy (1t M)

X~

Not included

X resolution U2L2MO [Sts]

X resolution U2LIMO [Sts]

- g (1 )

Ky

in analysis

-

Xresolution U2LOM1 [Sts)

2 | ndf 3.305/54

Xy {1t M)

X ™

-1 [l
Xerg o (€M)

Uil

A

indt 180556 |

Sxum)

ax/x{umlem)

54.85/55

22/10/25
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Xresoluon U2LiM1 [Sts) X esolion VL2 51

Ko = Ko (1t I}

Should be

from MC

X resolution U2L2M2 [Sts]




Yhit = YTrk

i
wZindf . 97.87/61 i
I y(n m) 3711 |
- \Run 3604
B 2/ ndt 83.86/60
) 8 y(u m) -5.117
Gy/yfumiem) -5.248
1 \ 4
L— A
£ %] Y solution UTLOMO [Sis] |
x2/ndi 13.68/57 z
400 400
Zy(um)  187.7
200 200
a 0
x2/ndf 9.029 / 56
Not included
3 y(um) 2.323 . =
in analysis
—400 Sy/y(umicm)  5.886 —400 - - -
Yarpamou €M) Yoo uroms (€M) :)
600 ¥ resolution UTLTMO [Sts] € 5997 Yresolution UTLTMT [Sts]
¥2/ndf 2.352/52 = |4y2/ndt 2.354/39
400 40014
Zy(um) 193.4 Ty(um) 1822
200 200
0 0
J2 1 ndf 0.3033 /23 %2/ ndf 4.428/ 60
-200 -2001 8
& y(n m) -17.67 & y(n m) 3.394
—400 ay/y(um/cm) 12.68 —4008 3y/y(um/ecm) 7.444
0 1 2 3 4 a5 -4 -3 -2 -1 ‘
Yoroun e (€M) Yore e (€M)

Yoo You (1 M)

Yo = Yon (1 M)

400

200

-200

—400

400

200

Y = Yrac (0 m)

uals [STS/UO & U1l]

600

-800
-3

Y resolution UOLOMO [Sts]

%2/ ndf
Zy(um)

Zy(u m)

Y resolution UTLOMT [Sts]
%2/ ndf 1.

4417/ 61
246.2

¥/ ndf
dy(um)
dy/y(um/cm)

1.125/60
0.7705
0.2366

2 3
YstuoLomo (€M)

Y resolution UTLTMO [Sts]

x2/ ndf

Zy(um)

£ %91 Y reholution UTLOMO [Sis] |
14757 F
" 400
135.4 g
200
]
¥? / ndf 1.779 /56 .
_ 200} Not lncluded .....
8 y(um) 0.345 . .
in analysis
dy/y(um/ecm) 0.3144 400 T !
— R
Yoo (€M) Yatauomo (€M)
£ 9 ¥ resolution UTLTM1 [Sts]
67.28 / 61 < [la@/ndf 17.15/ 61

117.2

-200(%

—400| 8

byly(um/cm) 0.4109

7.132/60

—0.2911

3

4

5
Youurwmo (€M)

Z y(u m) 116

200} &

-200

—400

¥2 / ndf

8 y(um)

Sy/y(nm/em)

26.59 /60

-0.6988

0.4771

-3

-2

—1 0

Youurem (€M)
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‘Sts-uoLomo (CM)

yhe
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{em)

‘Ste-utLomo

C production

G

[ Point UTLOMO [5] oy

Point UTLOMT [Sts]

1) oo (1)

Point U2LOM1 (Sts) [ Point U2L 1M1 [Sts]

£
g
2
-
;
Y
=0
5

E 1 0
i oo (6M)

o
Yo v (€m)

2[5

n anin R T R LA R TTTTTTTU
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s Hit

attach
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