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“Boring”

Physics

Software

The Unknown
The physical world

Known through
physics models
which incorporate
knowledge and
circumstances

The Apparatus
MWPC - TRD2D

Known through
physics models
which incorporate
knowledge and
approximation

The Read-Out
FEE - FASP

Known through
electronic models
approximation

The world view

Human Interface
DAQ -
FASPRO/GETS/CRI

Known through
Design environments
Digital data
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The world view The world view - CADENCE The world view
- e.g. URQMD - GARFIELD - Testing
- e.g. GEANT - PARAMETRIC _ Calibration - NONE
- Atomic data (55Fe) - Atomic data (X rays)

Community.

Consensus I Community Production Object :

PRy » tools tools Market
Active
research




Prerequisite
* Segment detector in y-z cells

centered on each anode wire
* Use linear track model inside
chamber

Energy deposit

* lonization
* Split track on cells; find track length
on each cell : dL,
* Compute minimum drift time for
each cell t]
« Compute energy deposit in cell E|

=dL, *dEdx, /L

track

* X-ray interaction
* Compute penetration depth along
the track (radiation length)
« Find cell; compute time t,
* Check process
* For PE compute Auger probability
* Compute energy e.g. Ar
¢ EPE = Ex - Ek' Eauger = Ek-ZEL’. E =
E__+ E__ (if available)

PE auger

0.2( 8

—0.4f

-0.8

250

200

150

100

50

15

-1

AL
rAx T
}*Zzé 7

T
DaVis

HA

»

Physical digi (1)

* X — mid of x-y projection in each cell
* Y — mid of the cell (anode wire)

* Z — anode wire

T~ t) |

«E-E)

Physical digi (11

* Box,(X-Y) - Gauss(X,Y|o,&dx, 0)
* Row — y position on the pad grid

* Col - x position on the pad grid

* Up - triangle selection

* E(r,c,u) — energy on the triangle

« 2 E(cu) < E] [No energy
threshold at this phase as it depends
on digi-time topology (neighbor trigger)]
o T — tOi
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BEEE HEEE A ENEEEEENRE NS 2NN
ST : EEAREEREEE AR RAR AERERRAENNANENAN
-18 -i.7 -18 -1.5 -i4 13 4.2 -1} -1 09 08 -0F 08 05 04 £33 02 07 0 O @2 0% &4 05 08 &7 0O& 09 1 19 12 13 14 15 18 L7 HT'I?:mI
pw,"? ko
v/A
w=q /8 = / /2 d$/k dy Gzl 0,) G(ylyp. oy) Corrections :
—pw g T e -
s - diffusion
~ DD G(@ilzy, 05) Gyslup, 0y) dA(, J) - track inclination
* o - charge fluctuations/resolution
Charge image is calculated for the closest : Approximation :
- 3 rows - PRF = GAUSS
-5 columns - polar symmetry of charge cloud
Neglecting : - o intrinsic noise generation
- intrinsic time evolution - no mechanics effect
- ion back-flow correction (flow, density gradients, etc)
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ic data)

Aﬁo dle I5I r T T T T T T T T T T T T | T T T T | T T T T I T T i
BOOO bbb ¥*2  ndf 1140/ 3
po 13.74 + 0.9127
Energy s Fefor U = 1.99kV PT 620 * 0.2621
=1. A=[4.5] —_— ; :
. TDGGG i o anode ; F%a . . . N 40004 a.u. — ADU ..................................... R RTRITIIs R TITITITI TP P
regnlut!on EE o] - 5,395 o2 = 010 (y%f. : ;
ESU mall()n E,,PE[kéU] = 2605 o[24] = 0.20 . {.57,, i : :
based on fully Bl (koV] - 5902 of%6] = 0.13 _;/7/:4 | R e e o A e,
calibrated 3000 EPE[keV] = 3.282 of%] = 0.26 I’;’/ 1 9, : :
cluster *Fe spactrum model v L
reconstruction KEEA o) _ 60,39 [89%] 2000
and anode KPE [%] = 59.87 [89%] _
identification ;.- Auger [%)] = 8749 [88%] | 1000}
Compared % Auger” [36] = 87.25 [88%)
with atomic < =
- o =
data 3 5 E [KeV]
Performance Anl {1~ B B LS8 UL U O OO0 O OO L O OO0 A =]
estimates for the ﬁhdb!‘J b . : : !
Inner zone CBM- A/ ndf 1026/ 42
TRD @ SI15100; : § § § Constant -12.52 + 0.1119
CBM-Software ' Slope 0.481 + 0.05715
Meeting . : : : ; g
30% January 2020 %‘ 10°
=
w
<
8 g 7;"-
E [ke .
[keV] 3
w 1
<
The “measured” — s s — |
gain CharaCteriStics Of TRDZD L1 1 | | I | Ll | | I | | ‘ | | | I ‘ Ll 1

1.65 1.7 1.75 1.8 1.85 1.9 1.95 2 2.05

as seen on the 5" anode [kV]

Ua node
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gain
echnology & tools)

response
% ¢ nadt 0.2731 /5

|Gain FASPv03 ASIC ID[003] GH[04] response

1800 B i i i S S i K ) S B S

feoo IIII|IIII|IIII|IIII|IIII|
: H H H Epn 1263 + 22.51

AT | S, .......... ,L ---------- ---------- p1 40965 + 0.2dd1 1600 SN UL S AR T

FASP output [mV)

32 ! ndf 18.89 /20
p0 2,426 + 0.5773

=
S
=

| .......... , ......... ;
: : : : p1 5.986 + 0.005443

sao| ... b SN ;

FASP output [mV]

L R sl S A ---------- ----- PSS ST S NN W SN S

400| - B e et o PR SR 8 SURUR NN SRS S S

100 200 300 400 500
Q/3ns [fC]

HlllllrllllillllllllltllIIIIIII‘IIIIIIII
a 50 oo TS50 200 250 I 350 400
input [mVv]

| Edep (kev) - Q (fC) ~ Signal (mV) — Data (ADU) |
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Signal [V]

=
g
=)

\ PREAMP (CADENCE} |

Jjnal timing / amplification
ools / FW / Technology / SW)

16 J

| GJUT (CADENCE) ']

|
0 50 100 150 200 250

time [ns]

Time-pased Comf~oot

Analytic | 8 ool o f S

o
4
5

Inverse
ADC
response

&00 800 1000
time [ns]

v

Digi
Signal

| (S,T) ~ CH(pad) -~ FASP(FEE) — FASPRO(FEB)

~ CRI(DAQ) — MS(SW) |

Free-running DAQ
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- EIFASP out[a.u.] -

£

&

b

Signal-Time simulation for one FASP channelﬁbifﬂbr:

- Au-Au central 10AGeV (URQMD)

- Time-based simulations (CbmRoot/Geant @ 10MHz)
- Standard TRD2D operation (gas, Uanode, Uadri)

- TRD2D Gain extrapolation

- FASP theoretical response

time [ns]

Digi model
- CbmTrdDigi class same for simulation and measurements
- contains all meta data from DAQ

- further algorithms treat identical digi independent of their source
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) the results of
ata taking and modeling chain

Trd(5) - Tof time difference Trd(5) - Tof time difference
’-Iﬂ]I-II LI I Y B R B | 1"‘“ 13810406 | 369 b T 11 SR AL HJI‘II#?
£ o ! o0 2327006243002 |E 8.1 £ 45
8 L pl 1826 <000 [ § ~6.633 = 0.486
: : 1 (1] S -
11| R . ........ ........... . | F! T304 000 —EE.E + 028
o pd 37200405 42000001 | -2.04 = 061
: : BT U SUUUNE SR | Cf W ..
E'E1][| ....... ....... . ............ -
1|:1]ﬁ ................................................
"5|:||:| '.!\I...:' ................................................
e 1 T ot M1 | 11 K ORI SRR SRR S
1000
m ................................................
5:.:' Elm ................................................
- IIIIiI |IiIIIIIIIiIIIIIIIiIlIiIIII IIIII Lolld ek Li Ll
50 40 300 -2 -1 ] ) AN 3 4 =W —E'E-IS‘[I -0 -3 _dl:‘J S0
Wil g 71 1E3302 2022 1|I'I'ﬂli‘|‘[l'ﬁ] Tha Jull 14 1B 1550 HUE 1'“‘“”‘“]

mCBM 2021 @ SIS18

Digi time difference between TRD2D, labeled Trd(5), and ToF time tagging for measurements (left)
and simulations (right). The time alignment between the two systems is approx. p. = 18+6 ns
which needs fine tuning. The combined time resolution of p. = 33 ns is nicely reproduced by the
simulations while the level of experiment noise is still work in progress. (The ToF has known aging
effects not simulated)
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2d reconstruction

FASP
O 1. 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Clusters are
- groups of digi which are —

- registered on neighboring pads/channels ~ =S
(without missing pads) and .
- a fixed time window (5 clks X 12.5 ns) . . .

Clusters (CbmTrdCluster) are defined by
- prompt time

- Size

- topology (RTRTR)

ylph] |

m<— -
1
|

T R T R R T T R T R T R T R
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Hits are
- processed info from clusters

- representing best the particle trace
- to be used in tracking

SPACE-CHARGE PROFILE

SPACE-TIME PROFILE

4500

4000

2500

2000

Sgn/RO [ADC chs]

1500

20

T I TTTT | TTT1T I TTTT | T T I|I hhlmk”fﬂcb‘l'é]hd‘_hllni6“1“&‘“'%1:

221 naf 231.2 /4
E 2440 +105.9
X 0.08959 =+ 0.01422

pri 0.45 = 0.001311

R pairing

500 i f o N

Ll .I".i..i‘..I...i-.-I."I-"i-..I".I-.-I"-I".i“-.l-“ll"I“-I""i"lln-ll-ulull-E Ll Ll i-.-l.-l

trprEr e |' | 0'rlugd] e & ahl}2)'m|-0:38] sfo 5] Efad1d.

32/ ndi 10.71/3
po 1.505 + 0.8548
P 2107 £1.173

-2

-1.5

-1

-0.5 0

v For each hit there are 10 anode hypothesis
v Select on best chi?/NDF

v Find X, E, anode id

—1.5 —1 -0.5 0 0.5 1 1.5
x [pw]

v For best anode hypothesis
v Correct for FEE time delay
v Find time and Atime (e.g. linear model)

Hits are defined by

- X, y and time
information

- error parametrization
(covariance matrix)

- energy information
- systematic effects

induced by incomplete
charge collection
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”

=00

180

Hit-x info

yield

2l

ST Sgelhs T

Y, A I T N

03 <02 -1 00

01 02

W rRrm
: - -Sidel o

=200

A 03 <02 -0 00 01 02 03,

RTRT

ects on hit info determination
wrt MC info and their correction

estimation of
incomplete energy_

0008
H

collection

by row-cross and its
dependence on hit info
content (cluster size)

estimation of
non-isochronicity and its

S

“05 0 0.5 1

[cm]

YucYrow

dependence on hit info
content (cluster size)

Hit-E info

So
=

Epec - Epc [keV]
yield (size = 4)

=
=

=
o

Epec - Epg [keV]
|
yield (size = 5)

da
S
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1. S-au definit proceduri pentru folosirea modelelor agreate de
comunitatea in generarea de semnale cu TRD2D:
a) Pentru descrierea spatio-temporala a detectorului
b) Pentru descrierea energiei depuse (si calibrare pe baza de
masuratori si date atomice)
c) Pentru descrierea electronicii front-end (FEE)
d) Pentru implementarea structurii de date DAQ si
procesarea e€i
e) Pentru gasirea parametrilor de impact ale particulelor si
pregatirea pentru tracking

2. Compararea dintre simulari si masuratori obtinute in cadrul
setup-ului experimental mMCBM la rate mari de interactie (10 MHz)
este in buna concordanta.

TRD2D team

Valerica Aprodu,
Daniel Bartos,
Alexandru Bercuci,
Gheorghe
Caragheorgeopol,
Vasile Catanescu,
Daniel Dorobantu,
Viorel Duta,
Adriana Nan,
Mariana Petris,
Mihai Petrovici,
Lucia Prodan,
Andrei Radu,
Laura Radulescu
Claudiu Schiaua,
(Victor Simion)
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BACKUP
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amics @ CBM
TRD2D WitsSis
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