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CALICE physics prototypes:
® Si-W ECAL + AHCAL + TCMT

Testbeam experiments:
@ CERN 2007
® FNAL 2008

Datasets:
@ 7w~ 4-80 GeV (10-80 GeV, 4-60 GeV)

Reconstruction Methods:
® Standard reconstruction
® Software compensation (SC)
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CALl@e
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21mm, 105mm Fe
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@ To equalize the response of the cells in each sub detector
— a cell-to-cell calibration from ADC counts to MIPs unit

2 n
H E T T d ] 5 r Normalisation 4075.8 + 177.7
L450 E 8 1000 G, 455+0.1
\fj 400 = E g8 F 6, 3102
350 £ E 5 sl % 66202
300 |- HCAL 3 S
250 [ o | £ 600
200 é CALICE preliminary é F3 r Si-W ECAL
150 |- 3 4001
100 | E [
5 .
ok L : E
0 200 400 600 800 100012001400 D1600 q % 0 5 200 50
A [ADC] Hit energy (ADC counts)

@ For each channel:
- Clean muon sample
- The energy spectrum is fitted with a convolution of a Landau distribution and a
Gaussian function
- Most probable value=-MIP calibration factor
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Standard Energy Reconstruction

CAl.l@

hits

J

ESe™ = Cecac| ) £ IMIP e |+ Cancac| Y. B A IMIPT + 5 EFMT[MIP] e,

hits hits

J J

¢; for the different absorber thickness.
Each hit is weighted by the amount of absorber

material in the respective layer

Si-W ECAL:
e layers 1-10: 1.4mm W - ¢=1
o layers 11-20: 2.8 mm W — ¢;=2
o layers 21-30: 4.2mm W — ¢;=3

TCMT:
o layers 1-8: 19mm Fe — ¢:=1

o layers 9-16: 105 mm Fe — ¢;=5

Yasmine Israeli

Structure 2.8 Structure 1.4
(2x1.4mm of W plates) (1.4mm of W plates)

Structure 4.2
(3x1.4mm of W plates)

Metal inserts
(interface)

ACTIVE ZONE
Detector slab (30) (18x18 cm?)
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@ Non-compensating calorimeters
. . e
® Mean deposition of electrons higher than hadrons: P >1

@ Fluctuation of EM fraction reduce energy ' Absorber
resolution for hadrons i
Software Compensation: |
Different local energy density of electromagnetic ! n
and hadronic sub-showers |
—
A1

o Each shower-hit in the reconstruction is weighted
according to the local energy density
o Expected:
< lower density hits (mostly hadronic) — weights>1
< higher density hits (mostly EM) — weights<1
< improving the energy resolution!
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% CAL@D

e Shower hit energy in 8 bins (primary track via standard reconstruction)
For each bin:
e Summing the hit energies
e Applying a weight
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% Software Compensation Weights CAu@

® Bin weights are parametrised with particle energy w;(E)
— 2" order polynomials
— 3 parameters for each bin:a;, b, ¢

in total 51 parameters

g 5 CALICE Pre\\\m\iwary CER“N & FNAL T AH%:AL E
(Eevent B event)2 N A o0 ]
2 _ Full SC beam g | | | 40Gey | =
2 = F : : : ! ! ! ]
t o/ ./ . Fevent | event: N : : : : : ]
events (55% GeV) Ebeam Nbeam e 3 3 3 3 3 =
E = Epeam in weights optimization I8 \ T
p _ : 3 =
E = Eieco in SC energy reconstruction B \ | — E
of— | | | | | | | —
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4 il H L HER R i " s PR R
N 1 10 10?
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e Binary reconstruction in bins 1-2 to suppress Landau fluctuations
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% CAL@D

® AHCAL+TCMT : JINST 7 P09017
> Showers start: first 5 layers of AHCAL
> SC applied to AHCAL+TCMT

i Summary TB, Fit: a/VE/GeV [ b J 0.18 GeV/E

Si-W ECAL+AHCAL+TCMT: a=(54.25+0.13)% b=(4.6+0.05)%

- AHCAL+TCMT (JINST 7 P09017): a=(57.6+0.4)% b=(1.6+0.3)%
ScECAL+AHCAL+TCMT (CAN-056)

—e- SC Si-W ECAL+AHCAL+TCMT: a=(42.55+0.14)% b=(2.5+0.07)%

— SC AHCAL+TCMT (JINST 7 P09017): a=(44.3+0.3)% b=(1.8+0.2)%

SC SCECAL+AHCAL+TCMT (CAN-056)

® ScECAL+AHCAL+TCMT : CAN-056
> Scintillator4+-SiPMs system
> Showers start:
ScECAL till 5™ layer of AHCAL

> SC applied to SCECAL+AHCAL+TCMT ~ **[ 7
Similar performance despite the: 01~ N
D> different absorber material (W, Fe) E CaLce Pl ]
> different structure (Si-W ECAL) [ swwecaLeavcaLe Tou ]

> different readout techniques o = - = -
(Si sensor,Scintillators+SiPMs) EoeanlGEV]
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% Detector Performance in Different Beam Periods CAu@

Reconstruction of different datasets separately

g \ \ \ T
ot L i
] Dataset Comparison, Fit: a/\E/GeV 0 b 0 0.18 GeV/E B
1%
o -4 Standard Reco. FNAL: a=(50.9+0.22)% b=(6.3+0.13)% g
0.3 -8 Standard Reco. CERN: a=(57.59+0.17)% b=(3.59+0.07)% —
-o- Standard Reco. Combined: a=(54.25+0.13)% b=(4.6+0.05)% |
B -+ Full SC FNAL: a=(42.02+0.22)% b=(2.68+0.24)% 7
B -a- Full SC CERN: a=(42.15+0.17)% b=(2.4+0.08)% I
o2 |1 -e-Full SC Combined: a=(42.55+0.14)% b=(2.5+0.07)%
- [ Agreement within 2.5% for datasets ]
01— —
n Detector performance is consistent
CALICE Preliminary
[” SiWECAL + AHCAL + TCMT 1
0 \ \ \ |
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Application of Weights to Different Beam Periods:
® Optimizing SC weights with one testbeam dataset (CERN/FNAL TB)
® Implementing these weights on a different testbeam dataset (FNAL/CERN TB)
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Optimizing weights for data and for MC

CAu(@d

GEANT4 10.1:
FTFP BERT
QGSP BERT

Standard reco.:

an energy dependent
deterioration of the
simulation resolution
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N —6— Standard Reco. FTFP BERT: a=50.52+0.19% b=8.16+0.04% ]
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Optimizing weights for data and for MC
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GEANT4 10.1:
FTFP BERT
QGSP BERT

Standard reco.:

an energy dependent
deterioration of the
simulation resolution

SC reco.:
similar resolutions
between 30-80 GeV
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Comparison with Simulations : System Linearity

CAl.l@
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Weights as a function of the beam energy for data, FTFP BERT and

Si-W ECAL : discrepancies for the first two bins
AHCAL : reasonable agreement between the weights
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ECAL SC
SC in the Si-W ECAL
24 parameters

HCAL SC
SC in the AHCAL & TCMT
27 parameters

0.2

Full SC
SC in 3 detectors
51 parameters

Yasmine Israeli

CAu@d

CERN & FNAL TB, Fit: a/VE/GeV O b 0 0.18 GeV/E ]
-o- Standard Reco.: a=(54.25+0.13)% b=(4.6+0.05)%
~+ECAL SC: a=(51.58+0.17)% b=(3.52+0.07)%

~+ HCAL SC: a=(46.58+0.16)% b=(3.2+0.07)%

- Full SC: a=(42.55+0.14)% b=(2.5+0.07)%

CALICE Preliminary

Si-W ECAL + AHCAL + TCMT

0 20 40 60 80

Ebeam[G e\/]
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ECAL SC

SC in the Si-W ECAL

24 parameters

— up to 8% improvement

HCAL SC

SC in the AHCAL & TCMT
27 parameters

— up to 23% improvement

Full SC

SC in 3 detectors

51 parameters

— up to 30% improvement

Yoo teraTtt
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E [ T I I |
b% 1.4 |— CALICE Preliminary CERN & FNAL TB ]
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12 — ]

i . |
Fog%oo o 5. . : - 1
Tt L T
I © é -V _ 1
— - ] - - N - T A 1

0.8 - Qé . V? v v v % o
B 200 6 0 o . ’ E
0.6 — ]
l l l |
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Ebeam[Gev]
IC Workshop 2018 15
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Comparison with Simulations :

& Full SC scheme shows better agreement between data and
simulation results in the higher energy range

ECAL SC

C

ECAL & HCAL SC

CAl.l@
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252007

HCAL SC

T B i o A T
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& Full SC scheme shows better agreement between data and
simulation results in the higher energy range
& Resolution improvement up to:

ECAL SC HCAL SC
FTFP BERT 14% 28%
QGSP BERT  12% 25% : — f
Data 8% 23% e
ECAL SC HCAL SC
MprTrT RS AR RN RN LS R ] BprTr T R R R RS RS R ]
£ . ] £ . ]
r QGSP_FERT 9 r QGSP_BERT 9
2 s b 1 4 o ] °
g s i g ¢ ]
osf- E osf- 8% A, =
07; é 07; At aaan & é
off E of- E
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vAnalysis of CALICE high granularity combined full calorimeter system

vSimilar performance as "less complexed” previous analyses

504 —————————————————————— W Robustness test of the SC method
Eg i Summary TB, Fit: a/VE/GeV O b [ 0.18 GeV/E i
oﬁ o Si-W ECAL+AHCAL+TCMT: a=(54.25:0.13)% b=(4.6:0.05)% |
L AHCAL+TCMT (JINST 7 P09017): a=(57.6+0.4)% b=(1.6+0.3)% | . 3
03— 0 ScECAL+AHCAL+TCMT (CAN-056) 1 mData Vs MC agreement Wlth
’ % —e- SC Si-W ECAL+AHCAL+TCMT: a=(42.55£0.14)% b=(2.5+0.07)% H
B :SCAIHCAL+TCMT(JINST7POB?)N): a=(44.3+0.3)% b=(1.8+0.2)% | Full SC reconstruction
| b = SC SCECAL+AHCAL+TCMT (CAN-056) ] (from o 30 Gev)
02l i
i ] wApplying SC to different detectors
- 1 energy resolution improvement:
01— —
r o Full SC - up to 30%
| CALICE Preliminary | HCAL SC - up to 23%
oL | | | \ ] ECAL SC - up to 8%
0 20 40 60

80
EpeanlGeV]
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Thank you for your attention ©
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Testbeam Analyses

Full calorimeter systems of CALICE physics prototypes
® ScECAL + AHCAL + TCMT

Datasets from testbeam experiments:

m~ FNAL 2009, 4-32 GeV

Yasmine Israeli CLIC Workshop 2018
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Full Calorimeter Systems

CAl.l@

ScECAL

3.5mm W

Scintillator
Electromagnetic

Calorimeter

Scintillators & SiPMs

213 X0

2160 channels

(R0
A AR
N
eI

18 cm

I
il

AHCAL Analoe

Hadronic

Calorimeter
21mm Fe
Scintillators & SiPMs
53 X\

7608 channels

Tail Catcher

Muon Tracker

TCMT

21mm, 105mm Fe
Scintillators & SiPMs
5.8 \

320 channels
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Energy Resolution and Linearity

Deviations from Epeam < 4%.

g — — —— —
8 n ]
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B 0O Standard Reco. T
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. i
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L o i
- L] o 4
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CALICE Preliminary i
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10 20

30
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FULL SC up to 20% improvement.
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% Software Compensation Weights CAu@

Bin weights parametrised with beam energy:
2" order Chebyshev polynominal

E = Ereco in SC energy reconstruction
S5 =100 GeV scale factor to preserve
orthogonality

2 ST T
E E\? > [ ]
WJ(E):aj+ijf+CjX 2x | — +1 = CALICE Preliminary 1
5 S £ 4 Si-W ECAL + AHCAL + TCMT ]

@ r ]

E = Epeam in weights optimization r ]
3k I

\>

1% 7777777777777777777777777777777777777777777 —

® 3 energy independent parameters e .

. b o— i

aj; bj, g, F CERN & FNAL TB : Si-W ECAL 1

- —binl —bin2 —bin3 —bin4 S

) F i i in3 —bi S

event event 1= bin5 —bin6 bin 7 bin 8 ]

2 (EFU” SC ™ Ebeam ) T ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ~

X = 5 . =R I I W AT S N DR N S|
o Fevent . pjevents 0 10 20 30 40 50 60 70 80 90 100

events (55 %\ GeV) Egvent . Ngven Epor [GeV]

(1)
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SC Schemes CAu@
FULL SC in all 3 detectors (51 parameters):

bins bins
t Si-W ECAL Si-W ECAL AHCAL AHCAL TCMT
Efii'sc = Gsiw ECAL'(Z a; (E)- £ + Eifack )+CAHCAL~(Z Bi (E)-EFT + Bl + 7 (E) - Eaum )
1 1

(2

HCAL SC in AHCAL and TCMT (27 parameters):

hits bins

ESCALsc = CsiwEcaL (Z [ ECAL) + CaHcAL - (Z Bi (E)- EPA + ERA + 4 (E) - EsTu%MT) (3)
1

J

ECAL SC in Si-W ECAL (24 parameters):

bins hits hits
t Si-W ECAL Si-W ECAL AHCAL TCMT
EecAtsc = CsiwEcaL - (Z o; (E)- E + Eqier ) + CaHCAL (Z E; +2E ) (4)
i J J
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% Reducing Landau Fluctuations CAu@

[ Landau fluctuations of particle hits also decrease the energy resolution

we assume: hits from one or few particles in the lower energies
(in this case the first two bins)

—> set constant energy contributions from these bins

in practice:
> Counting the number of hits instead of summing hit energies.
> Weighting to the corresponding energy.
> In visualization: weights are normalized to the hit energy
(to be compatible with the other weights).
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0.05—

CERN & FNAL TB, T, Fit: a/|E/GeV O b [0 0.18 GeV/E
—6— Standard Reco. Data: a=54.25+0.13% b=4.6+0.05%

—6&— Standard Reco. FTFP BERT: a=50.52+0.19% b=8.16£0.04% —|
—6— Standard Reco. QGSP BERT: a=51.96+0.18% b=6.96+0.04% _|

—8— SC Reco. Data: a=51.58+0.17% b=3.52+0.07%
—®— SC Reco. FTFP BERT: a=47.2+0.24% b=6.77+0.05%
SC Reco. QGSP BERT: a=48.47+0.22% b=5.89+0.05%
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0.05—

CERN & FNAL TB, T, Fit: a/|E/GeV O b 0 0.18 GeV/E

—6— Standard Reco. Data: a=54.25+0.13% b=4.6+0.05% —

—6&— Standard Reco. FTFP BERT: a=50.52+0.19% b=8.16+0.04%

—6— Standard Reco. QGSP BERT: a=51.96+0.18% b=6.96+0.04% _|

—8— SC Reco. Data: a=46.58+0.16% b=3.2+0.07%
—®— SC Reco. FTFP BERT: a=41.05+0.2% b=5.45+0.04%
SC Reco. QGSP BERT: a=42.12+0.19% b=5.13+0.04%
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% Event Selection CAu@

® Clean data
® Reject incomplete showers: First Had. Interaction (FHI) layer < 55
©® Remove contamination of:
e multi-particle events - only one particle entering ECAL via clustering
e electron events - FHI layer > 6
e muon events
- only events with reconstructed FHI layer

- cut on EZM for low energy muons

- reject events with additional muons entering directly to AHCAL

x
fay
1o,
%

T T T
CERN TB, m: 10 GeV
—clean data 100%
—only one track ECAL 82.64%
—no electrons 69.09%

no muons 63.01%
—no late showers 62.07%
—no muons in AHCAL 61.65%

Clean data:

e Beam trigger

#entries/ 0.79 GeV

e Removing empty or not identified
events

e Removing events where ECAL fails

e Removing multi-particle events
CALICE Preliminary

Si-W ECAL + AHCAL + TCMT

e Cherenkov counter in FNAL for e™
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% CAu

> r T T T ]
g 0.05 [~ CALICE Preliminary CERNTB, m:80 GeV -]
N Si-W ECAL + AHCAL + TCMT —Standard Reco. E
N i —Full SC ]
£ 0041 g
A Gaussian fit in two stages: % - :
@ full range p, 0 -E 0.03 - ]
@ interval of +2¢ around u S i ]
6 - 4
T ooz [ -
= reconstructed energy Ereco = [T W =ue i
R i 1
energy resolution Z= = — i ]
e K 0.01}~ i
L o o, ]
0 [ \ | \
60 80 100 120
Ereco [G€V]
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