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Introduction

o SDHCAL prototype simulation :

> Geant4 version 9.6.p01 is used
» FTFP_BERT_HP and QGSP_BERT_HP

are used

Newin 9.6

> pi-, mu-, e- and proton simulated samples
> simulation output : list of GEANT4 steps

Optional

Only n <20MeV]

Introduction

QGSP_BERT=
BERT LEP (&N Legacy

FTFP_BERT=

BERT FTFP Rocommendad

Readout pads

inside gas gaps and deposited energy in gas Myiar layer (50k) 2CB interconnect (tem cm)
by those steps

o Digitizer : simulate the GRPC response to

PCB (1.2mm)+ASICs(1.7 mm) Readout ASIC /
\ (Hardroc2, 1.6mm) |

charged particles — transform GEANT4 steps ‘. @ Gos 020

into realistics semi-digital hits.
» MarlinReco v01-10 in ilcsoft v01-17-06 is the

baseline

Cathode glass (1.1mm)
Ceramic ball spacer (1.2mm) *+ resistive coating \
Anode glass (0.7mm)
+ resistive coating

Mylar (175p)

Glass fiber frame (~1.2mm)
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2 3) @) +HV

layer 19 efficiency map

Step length
charge correction

Polya distribution

Induced charge using P

Lowest induced
charge
Calculate distance (d)
between steps

Split charge over
pads area (R)

%‘ Apply thresholds
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SDHCAL Digitizer

Polya function :

Pla) = (=) 10 ()

b

>
@ Polya parameters extracted from § L —+DATA
threshold scan g r - Simulation
w 0.8—
@ Charge spread function : [
n (=324 =y)? 0.6/~
2 L
filx,y) =Y ae 7 (2) I
i=0 04l
[ Q,=481pC Q,=485pC
o Charge spread parameters : (tuned b oooes 0076
with muons) 0.2 ©=036 c=038
L =096 €,=0.96
Parameter ‘ Value [
Qg 1 [ L L
10 1 10
[e%1 0.00072 Threshold [pC]
oo 1 mm
o1 10 mm

® dc: = 1mm (tuned with electrons)
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SDHCAL Digitizer

R A LR RRA R RARA RRRR RRAAN RARAN RRRRS LA ‘? 2.67\\\\ AR AN ARy AR AR AR RRRAR AR R
£ 3 L r .
- = =3 r 7
T 1 2 o4 |
ST i S T S s % L ]
= Al " T Sad :h':ini s r ]
g 7 1 221 : -
0.9 - [ ]
0.85F E R <9
E 1 [ * . p
0.8~ * = b S0P =
£ - ] 3 e e |
0.75 £=0.96 +0.03 (data) | L - ]
E £=0.96 +0.03 (MC) ] 1.6 - —
0.7 B [ . ]
E B 14 T=177 £0.17 (data) i
0.65F E o ]
C 7 L H=1.78 £0.02 (MC) ]

o b v b b b b b b e P T N NI N W W N S
06 5 10 15 35 40 45 1'20 5 10 15 20 25 30 35 40 45

Layer Layer

o

20 25 30




SDHCAL Digitizer

%‘zsiwmo‘ww” TG o 0 = angle between reconstructed track and
= "L " o B
s [ Hoom, ] normal to RPCs
3 : -"'.- : .
s 0 g, e ] @ need an angle correction to reproduce the
L M* i “-“u"".'. ™ e B HN P H
I e e g ] multiplicity as function of cosf :
15— Data (SPS He) i
L Simulation (FTFP_BERT_HP) 1
i ]
05 5
T I T TN T T T
0 01 02 03 04 05 06 07 08 09
cos(6)
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SDHCAL Digitizer

35000

30000

25000

20000

15000

10000

5000

@ O = angle between reconstructed track and
normal to RPCs

@ need an angle correction to reproduce the
multiplicity as function of cosf :

d. : d,
Q,‘,,d(df‘)"€ if ds >1
QCorrected = &ap &b
Qing  Otherwise

(3)
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Digitizer

SDHCAL Digitizer

A o 0 = angle between reconstructed track and
S [ w ] normal to RPCs
S [ N ]
= M
1.5 Data (SPS He) ] @ need an angle correction to reproduce the
E Simulation (FTFP_BERT HP) ] multiplicity as function of cosf :
1— — d. . d.
F : Qina(7=)"  if 7= >1
L ] QCorrected = &p 8P
r ] Qind  otherwise
05 .
E ] 3)
] @ k = 0.45 (tuned with cosmics)
GO 01 02 03 04 05 06 07 08 09

. 1 . . .
cos(8) @ not yet available in MarlinReco
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Data time calibration

o Charge screening effect because of glass resistivity
@ One calibration per run; per threshold

d
corr j
N;i™" = N; — E PjtJ (4)
Jj=1
Zg 300 X2/ ndf 81.4/91
C po 257.4+1.8
250[= pl -9.633 + 1.221
FrotF p2 -0.04855 + 0.24563
- p3 0.04137 + 0.01490
200— — -
150[—
100~
s0[—
ol b v b b b b b b en Lo v
(] 1 2 3 4 5 6 7 8 9 10
time [s]
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Electromagnetic shower number of hits

Electromagnetic shower data used for parameter optimisation.

A SO0
=3 A e e E AR AN = E "=
€ 8| ] =z 450; +  SDHCAL DATA (H6 CERN SPS) E
2 (e et 1 v o FTeP BERT HP . E
Bo.0s 4 400 - - 4
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= ] B
£ ] 35 " -
8006* - E |
e ] 300 —
' f ]
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3t ] £ B
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: E . E
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400 E |
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5 o B E SDHCAL Preliminary 3
g [l vc e seRT ) ] o F " " —
Bo0s]+ oma ] Tt 1
2 ] —"0.05 .
E 1 = | - ]
I 1 >
oosf- N 2 T ]
2 1 Z o0 L ®
5 ] Pel r . s
$0.041 - ~ L ]
H* ] L 4
] -0.05- |
0.02( B r ]
] 0

400 450 500

Arnaud Steen (IPN



Hadronic shower number of hits
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Hadronic shower number of hits
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Hadronic shower number of hits
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Shower number of clusters

o Electromagnetic showers @ Hadronic showers
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Shower number of clusters

o Electromagnetic showers @ Hadronic showers
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Electromagnetic shower radial profile

@ Shower axe determined by a linear fit

— AT
of the shower 5 F E

N 350 N Ll

@ Measurement of number of hits inside e - . 3
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Hadronic shower radial profile
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Hadronic shower radial profile
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Conclusion

Conclusion

o Digitizer parameters tuned with muon and electron data.

@ Muon and electromagnetic shower simulation are a in good agreement with
data.

@ Significant disagreement between data and simulation above 50 GeV on total
number of hits for hadronic showers. Investigation on shower topology is
ongoing.

@ CALICE note on the digitizer is in preparation.
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