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Testbeam Analysis of a Full Calorimeter CAu@

System

CALICE physics prototypes:
[ Siw ECAL IAHCAL I TCMT]

Testbeam experiments:

® CERN 2007

® FNAL 2008

Datasets:

® m 4-80 GeV (10-80 GeV, 4-60 GeV) Reconstruction Methods:

® GEANT4 10.1 ® Standard reconstruction
FTFP BERT & QGSP BERT ® Software compensation (SC)
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% Full Calorimeter Systems CAu@

Silicon Tungsten Analo Tail Catcher
Si-W ECAL Electromagietic AHCAL Hadrognic remT Muon Tracker
Calorimeter Calorimeter
1.4mm, 2.8mm, 4.2mm W 21mm Fe 21mm, 105mm Fe
Silicon sensors Scintillators & SiPMs Scintillators & SiPMs
24.6 xo 53\ 5.8 \;

9720 channels 7608 channels 320 channels

Structure 2.8 Structure 1.4
(2.4 of W plates)

ACTIVE ZONE
(18<18 cm?)
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5 MIP Calibration CAu@

@ To equalize the response of the cells in each sub detector
— a cell-to-cell calibration from ADC counts to MIPs unit

AHCAL
CALICE preliminary

@
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@ 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 CAu@

e Collect hits from each detector

ECAL AHCAL TCMT
t
ESemt=>" Epi +( ) Ewe+ > Enie
hits hits hits
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% Standard Energy Reconstruction CAu@

e Collect hits from each detector
e Calibrate hits from MIPs to GeV

ECAL AHCAL TCMT
t
Eert= 5 Ene -Ceca + (Y, Enie + ) Enit) -Carcar
hits hits hits
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% Standard Energy Reconstruction CAu@

e Collect hits from each detector
e Calibrate hits from MIPs to GeV

ECAL AHCAL TCMT
event __ ) . .
Eert= 5 Ene -Ceca + (Y, Enie + ) Enit) -Carcar
hits hits hits
T F L ™
S oo CERN Calibration ]
>
| + Coeca = (0.00489+0.00015) GeV/MIP|
o + Cpren = (0.027840.00029) GeVIMIP |
(%2
§ 003~ N
MIP — GeV calibration factors s I T : 1
o x? minimization for each energy ool .
o averaging S ]
0.01 L CALICE Preliminary ]
ol P S R R B
0 20 40 60 80 100
EpeanlGeV]
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The distribution of ES/S™ is fitted with a gaussian

Eevent

< (
reco

) defines the E,eco

Energy Resolution

Fraction of Events/ 0.79 GeV

< energy resolution is defined as o/ (ESnt)
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reco
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% Energy Resolution CAu@

[ CALICE Preliminary CERN TB, 1:10 GeV Data ]
. —— Standard Reco. |

o
°
R

The distribution of EZS™ is fitted with a gaussian

o

S

3
T
1

Fraction of Events/ 0.79 GeV
2
8
T
|

o (E2m) defines the Ejeco
< energy resolution is defined as o/ (ESnt)

reco oo b
N S ]
L L L L
5 10 15 20

ErciGev]
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% Energy Resolution CAu@

ALICE Preliminary CERN TB, 7:10 GeV Data
—— Standard Reco.

o
°
g

The distribution of EZS™ is fitted with a gaussian

°
3
3

o
9
S

o <Eevenf> defines the E,.c

reco

Fraction of Events/ 0.79 GeV

< energy resolution is defined as o/ (ESS™) oor
0”7; L \T\‘ﬁ_\AA N
5 10 15 20
EGeV]
' Absorber
| *» EM sub-showers
! EM
! COMPONENT
e . = invisible energy
! o
‘ : HADRONIC nuclear binding energy
1

COMPONENT o slow neutrons
o neutrinos
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% Energy Resolution CAu@

CERN TB, T:10 GeV Data ]
—— Standard Reco. —

o

°

R
T

The distribution of EZ™ is fitted with a gaussian

°
3
3

T
1

o
9
S

T
1

o <Eevenf> defines the E,.c

reco
< energy resolution is defined as o/ (ESEt)

reco

Fraction of Events/ 0.79 GeV

0 e — ]
I I I 1
5 10 15 20
e IGeV]

* EM sub-showers

EM
COMPONENT
= invisible energy
o o
HADRONIC nuclear binding energy

COMPONENT o slow neutrons
o neutrinos

xx Fluctuating from event to event — energy resolution decreases
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% Software Compensation CAu@

i Absorber
EM showers are denser } EM
. ‘ COMPONENT
than hadronic showers !
| N
. . . . ey HADRONIC
hits with higher energies ! Ar COMPONENT
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% Software Compensation CAu@

i Absorber
EM showers are denser } comggimm
than hadronic showers ! '
o >
. . . . ey HADRONIC
hits with higher energies | Ar COMPONENT
107 CERNTB 1t .25 GeV I it Energy Bin 1
s § I Hit Energy Bin 2
For each detector: H] B it Energy Bin 3
2 [ Hit Energy Bin 4

[ Hit Energy Bin 5
[ Hit Energy Bin 6
[ Hit Energy Bin 7
[ Hit Energy Bin 8

* Define j energy bins

* Sum the hits in each bin Ej=) " Ep

hits

* Apply weight w; to bin j: wj- E;

3
Hit Energl§J [MIP]
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% Software Compensation Weights CAu@®

Bin weights are parametrised with particle energy w;(£)

— 2" order polynomials , —
3 tp yf h bi b Epeam in optimization
— arameters r1or eac IN:a;, b;, c; . .
P S Ereco in SC reconstruction
For 3 detectors: total 51 parameters
event event 2
X2 _ FuII SC beam
+ o/ ./ . Fevent events
events (55AJ GeV) Ebeam Nbea
g : i i CER‘N & FNAL TB: AHé:AL E
g sb (,/-\L\( L‘P}r‘em‘m\‘\ \'\\ —80.0GeV —
3 F . — 40.0 GeV 7
2 e 3 ! ! — 4.0 GeV ! —
= f . IR
3 : : : : : =
o
£ §=— I
0; : : ! é
r Bin 1 | Bin2 }Bm3}Bm4}Bm5}Bineismﬂ Bing
- Ll ! L . | ! [

10Z
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0.2

0.1

Energy Resolution

Up to 30% improvement

CERN & FNAL TB, T, Fit: a/\E/GeV [ b 1 0.18 GeV/E |
—o— Standard Reco.: a=(54.25+0.13)% b=(4.6+0.05)% |
—e— Full SC: a=(42.55+0.14)% b=(2.5+0.07)%

CALICE Preliminary

Si-W ECAL + AHCAL + TCMT

20 40 60 80
EpeamlGeV]
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% Comparison with Previous Analyses

CAu@d

Si-W ECAL+AHCAL+TCMT : CAN-058 (this analysis)
> SC applied to Si-W ECAL+AHCAL+TCMT
> Up to 30% improvement

Summary TB, Fit: a/\E/GeV O b 0 0.18 GeV/E a
-0 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=(1.620.3)%
o SCECAL+AHCAL+TCMT (CAN-056) |
-o- SC Si-W ECAL+AHCAL+TCMT: a=(42.550.14)% b=(2.5+0.07)%

— SC AHCAL+TCMT (JINST 7 P09017): a=(44.3+0.3)% b=(1.8+0.2)% |
m SC SCECAL+AHCAL+TCMT (CAN-056) B

0.2 —-\

01—

| CALICE Preliminary

Si-W ECAL + AHCAL + TCMT

0 | | | |
0 20 40 60 80

EpeanlGeV]
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Comparison with Previous Analyses

CAu@d

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

0.4 T T T

0.2 -\

01—

Summary TB, Fit: a/\E/GeV O b 0 0.18 GeV/E a
-o Si-W ECAL+AHCAL+TCMT: a=(54.25+0.13)% b=(4.6+0.05)%
444444 AHCAL+TCMT (JINST 7 P09017): a=(57.6+0.4)% b=(1.6+0.3)%

O SCECAL+AHCAL+TCMT (CAN-056) |
- 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)%
m SC SCECAL+AHCAL+TCMT (CAN-056) B

[”  CALICE Preliminary

Si-W ECAL + AHCAL + TCMT

0 20 40 60 80
EpeamlGeV]
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% Comparison with Previous Analyses CAn@

ScECAL+AHCAL+TCMT : CAN-056
> Scintillator+SiPMs system
I> Showers start:ScECAL till 5t layer of AHCAL
> SC applied to SCECAL+AHCAL+TCMT

04 T T T

¢ Summary TB, Fit: a/\E/GeV [ b [1 0.18 GeV/E |
-0 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)%
O SCECAL+AHCAL+TCMT (CAN-056) |
s~ 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) T

0.2

0.1

[”  CALICE Preliminary

Si-W ECAL + AHCAL + TCMT

|
0
0 20 40 60 80
EpeamlGeV]
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Comparison with Previous Analyses

CALl@

Similar performance despite the:

D> different absorber material (W, Fe)
D> different structure (Si-W ECAL)

> different readout techniques (Si sensor,Scintillators+SiPMs)

0.2

0.1

Summary TB, Fit: a/NE/GeV O b 0 0.18 GeV/E a

-0 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)%

o SCECAL+AHCAL+TCMT (CAN-056) |

-e- SC Si-W ECAL+AHCAL+TCMT: a=(42.550.14)% b=(2.5+0.07)%

— SC AHCAL+TCMT (JINST 7 P09017): a=(44.3+0.3)% b=(1.8+0.2)% |
m SC SCECAL+AHCAL+TCMT (CAN-056) B

CALICE Preliminary

Si-W ECAL + AHCAL + TCMT

0 20 40 60 80

Epean[GeV]
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% SC in Different Detectors CAu@

ECAL SC
SC in the Si-W ECAL
s O T T T T ]
24 parameters F
p U\Jg CERN & FNAL TB, Fit: a/VE/GeV U b [ 0.18 GeV/E
o 03 - Standard Reco.: a=(54.25+0.13)% b=(4.6+0.05)%
—+ ECAL SC: a=(51.58+0.17)% b=(3.52+0.07)% 1
' ) I\ -+ HCAL SC: a=(46.58+0.16)% b=(3.2£0.07)% 1
HCAL SC g o Full SC: a=(42.55:0.14)% b=(2.5:0.07)% h
SC in the AHCAL & 02 B
TCMT r
27 parameters .
01—
: CALICE Preliminary 7:
F II SC | Si-W ECAL + AHCAL + TCMT i
u ol v
; 0 20 40 60 80
SC in 3 detectors ey
51 parameters
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% SC in Different Detectors CAu@

ECAL SC
SC in the Si-W ECAL
24 parameters E T T —— T
> up to 8% SR cemsmare
) ©° I YHCAL SC |
f ) I ¢ Full SC -
1.2 — —
HCAL SC . i
SC in the AHCAL & i i
1= —
TCMT TR " 1
[oveitady 0 00 g o i .
27 parameters Lemo 0 0 1
vt 2% I ST EE  EE
) 0.6 B N
Full SC - | | | N
SC in 3 detectors 0 20 40 60 _ SO[GeV]
beam
51 parameters
— up to 30%
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% Comparison with Simulations : Resolution CAu@

Optimizing weights for data and for MC

g 035 T T T T T T
E; £ CERN & FNAL TB, T, Fit: aI'EIGe\/ Ob 00.18 GeVIE ]
bﬁ 03— —o— Standard Reco. Data: a=54.25+0.13% b=4.6+0.05% -
C —6&— Standard Reco. FTFP BERT: 0.52£0.19% b=8.16+0.04%
[ —o&— Standard Reco. QGSP BERT: a=51.96+0.18% b=6.96+0.04% —|
OAZST -
02F- = Standard reco.:
E ] an energy dependent
0.15— — H H
F ] deterioration of the
01 i simulation resolution
C o o
0.05— -
0 ol b b b b b Lo Ly 4
EpcanlGeV]
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% Comparison with Simulations : Resolution CA@

Optimizing weights for data and for MC

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

JoRCC 1= o e ey e e
H E T T T T T T ]
Eg r CERN & FNAL TB, T, Fit: a/E/GeV 0 b (1 0.18 GeV/E =
o 03 —6— Standard Reco. Data: a=54.25+0.13% b=4.6+0.05% —

g
2
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=
x
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8
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©
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8
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o
8
1

—®— SC Reco. Data: a=42.55£0.14% b=2.5+0.07%
—®— SC Reco. FTFP BERT: a=37.56+0.16% b=4.09+0.04%
—®— SC Reco. QGSP BERT: a=38.19+0.16% b=3.78+0.04%

Standard reco.:
an energy dependent

0.2

015 deterioration of the
04 _ simulation resolution
o 5
0.05 ' —= ,
C:HH\HH\H‘mHH\HH\HH\HH\HH\“: SC reco.:
0 10 20 30 40 50 60 70 80 . . .
EreanlGeV] similar resolutions

between 30-80 GeV
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% Summary CAL@D

vAnalysis of CALICE high granularity combined full calorimeter system
@Similar performance as "less complexed” previous analyses
vData vs MC: agreement with Full SC reconstruction(from ~ 30 GeV)

wApplying SC to different detectors
energy resolution improvement:
Full SC - up to 30%
HCAL SC - up to 23%
ECAL SC - up to 8%

Yasmine Israeli DPG-Friihjahrstagung, Wiirzburg 2018 12



Thank you for your attention ©

Yasmine Israeli

DPG-Friihjahrstagung, Wiirzburg 2018

13



BACKUP

Yasmine Israeli

DPG-Friihjahrstagung, Wiirzburg 2018

14



%)ﬁ

Linearity
= ———————— T
Q - i
Qo L CERN & FNAL TB, T |
§ 80|  oStandard Reco. E—
w - «Full SC R
60 [ s —
i ]
- /‘/’ u
40 — E —
L 'l" d
L /,” d
Deviations< 5% 0 o N
- ',," u
L

L |
o CALICE Preliminary
O L Si-W ECAL + AHCAL + TCMT
£ ———————————+ ———
2 005 = -
u E
m] C . 5 % ° ]
I 0 [ 5y ee e g .
[ .97% 4 & ]
N ° ]
-0.05 [, P IR L P I

0 20 40 60 80
EpeamlGeV]
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% Comparison with Simulations : Linearity CAu@

~ L L B
> F e
©  90FCERN & FNAL TB, 10 -
u.I") 80: o Standard Reco. Data ?’,/' |
[ o Standard Reco. FTFP BERT 1
70F © Standard Reco. QGSP BERT |
[ = SC Reco. Data ’ ]
60 . SC Reco. FTFP BERT A =
L. Reco. P BERT |
sof * SCReeo- @GS - E
£ & 1
40— K 4
= e 1
30~ & B
C l,l' |
201 o = * Deviations are < 6%
E s |
o = * From 35 GeV:
F s B
[ |
¢ o QR e e e R e e SC results are
& E? 3 .
. i 3 more compatible
g2 d ' :
¢ E
N N R N P =
40 50 60 70 80 90

EpeamlGeV]
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% Event Selection for Single Pion CAu@

T CERN, .15 GeV " |
CALICE all events
ki —clean data 100%

Only one track Ecal 89.26%
—no electrons 81.92%
no muons 76.03%
—no late showers 74.71%
~no muons in Heal 74.71%

gounts

000|

4000

3000

2000

[5.Menke]

1000|

T T T T T T
a= ]
I WA N FREE N

5 10 15 20 25 30 35
E [Gev]

® clean data

® only one particle entering ECAL

® electrons rejection: First Interaction Layer (FIL) > 6 layer
® muons rejection: only events with interaction

® reject incomplete showers FIL < layer 55

® reject muons entering AHCAL from around ECAL
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