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Motivation

e Physics program at future e e~ collider experiments (ILC, CLIC) includes:
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Particle Showers

:Absor?ber
e Particle shower consists of EM and hadronic component o R e A 7 5 -
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component of shower depending on the calorimeter

— Results in deterioration of energy resolution

' Electromagnetic |
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— Can be fixed hardware or software wise

. Hadronic |
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Particle Showers
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CALICE Calor

AHCAL

e Sampling calorimeter

e Active layer consists of:

Plastic scintillator

SiPM
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* High spatial resolution enables new reconstruction techniques
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Local Software Compensation

Local software compensation idea:

e Exploit high granularity of calorimeter
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' Simulation

e Apply different weights to hits

e Correct difference in response

* Improve energy resolution
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Local Software Compensation

Local software compensation idea:

e Exploit high granularity of calorimeter
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Local Software Compensation

||||
40 GeV

10°
10’

10°

Number of Hits

Loss function in order to find optimal bin weights: L = Z (
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10°

10°
Hit Energy [MIP]

Ap-Doz 4k

e Divide hit energy spectrum into bins with same amount of energy

e Apply weight for each bin for each event

bins

Reconstructed energy for each event: ES¢" = Cyw_ancaL Z w,(E) - E,
i

E
Energy dependent weights: w;(E) =a,+ b, - 3 +¢; - <2 : (

event event\2
(ESC o Ebeam
event

events (5 5% \/G@V)z - Eevent . N

beam beam
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Local Software Compensation

Number of Hits

Ap-Byz1t
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Local Software Compensation

Number of Hits

Ap-Doz 4k
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Penalty Term

(63}

Bin Weight

CERN & FNAL : Si-W ECAL
—bin1 —bin2 —bin3 —bin4
bin5 —bin6 bin 7 bin 8
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Penalty Term

(63}

Bin Weight
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Penalty Term

(63}

Bin Weight

CERN & FNAL : Si-W ECAL
—bin1 —bin2 bin3 —bin4
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0 10 20 30 40 50 60 70 80 90 100

E.. [GeV]

=3 L LI L L L ]

2 f :

B 4 ]

s -

| B ]
| d 2 2 |- -
Penalty term: EE)= ) w(E) i :
W y ~ \ d(E/S) s ————————————
- - o[ .

B CERN & FNAL : Si-W ECAL ]

B —bin1 —bin2 —bin3 —bin4 ]

-1 = bin5 —bin6 bin 7 bin 8 —

IIIII |IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_

o
—
o
N
o
w
o
N
o
(oa)
o
(o)]
o
~
o
o
o
O
o
—
o
o

Christian Winter MPP PhD Recruiting Workshop ¥4



CALICE W-AHCAL

e Sampling calorimeter I
e Equipped with tungsten as absorber " | AbS"

 Nearly self compensating

38 layers 10/ mm

e Prototype was considered for CLIC

e Plastic scintillators combined with SIPMs as active layer _
Particle

—>

Dataset:
e Recorded at the CERN SPS

e Negative pions from 10 - 80 GeV for main analysis

Scintillators + SiPMs
/608 channels

e Positive pions from 20 - 80 GeV for crosscheck

3.8 A
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Results W-AHCAL

Ap-Doz 4k
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Results W-AHCAL
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Results W-AHCAL

Number of Hits

1 10

e Main improvement caused by low energetic hits located in the first bin

40 GeV
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e W-AHCAL nearly self compensating
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 Improvement caused by correcting for fluctuations in hadronic component
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CALICE Combined System

APRAY> S 2
Si-W ECAL AHCAL TCMT
W Fe Fe
10 layers 1.4 mm 38 layers 21 mm 8 layers 21 mm 8 layers 105 mm

10 layers 2.8 mm
10 layers 4.2 mm

Si-sensors Scintillators+ SiPMs Scintillators+ SiPMs
9720 channels 7608 channels 320 channels

24.6 X, 5.2 4 5.8 4
Datasets

e CERN, negative pions 10-80 GeV
e FNAL, negative pions 4-60 GeV

e Monte Carlo (FTFP_BERT, QGSP_BERT) , negative pions 4-80 GeV
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w Data Fit: a/\E/GeV @ b @ 0.24 GeV/E -
o Standard Data: a=55.67+1.08% b=4.28¢0.42%:

-o- SC Data; a=48.29+0.40% b=1.57+0.37%
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« Data Fit: a/\E/GeV ® b ® 0.24 GeV/E -
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Results Combined System

e Weights change for all bins

e Improvement mainly caused by correcting for

fluctuations between electromagnetic and

hadronic component

Christian Winter
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Weight Comparison
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Summary & Outlook CAu(ed

e Physics program at future linear collider requires precise reconstruction of all final states
—Highly granular calorimeter + Local software compensation

e | ocal software compensation with penalty term successfully proven to be a stable method
W-AHCAL.:

e Nearly self compensating

e Improvement up to 10 %

Combined calorimeter system:

e Improvement up to 23 % for testbeam data

Outlook:
e Data of new prototypes can still be investigated

e Timing of new prototypes provides new dimension to software compensation

Christian Winter MPP PhD Recruiting Workshop
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Results Combined System
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Global Software Compensation @@a %

e Apply one weight to each event

. . . — 70 [ L T L L T L L L
e Choose threshold to divide hits = L ' ' 1 —800
| | | | O L —40 GeV ©= -
 Correction factor is estimated as fraction > 601 {700
. © -
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L®] — _
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Scaling Factor
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e Scaling factor scales contribution of penalty term
e For W-AHCAL: 0.03 0.96

e For combined system: 0.1 0.94
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e Exact value is not important 0.92
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Ap-Byz1t
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e Only stable performance up to 60 GeV

e Similar performance of both methods
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Linearity
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—  Data & Simulation

o Standard Data

o Standard FTFP BERT
-~ Standard QGSP BERT
— o SC Data
— = SC FTFP BERT

» SC QGSP BERT

Ap-Doz 4k
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Timing Information

 Reject background
* |mprove clustering

e Use in software compensation to identify components of showers
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Absorber Scint

o e
<

EM

Neutron
Inelastic

Neutron
elastic

~10 - 50 ns

Neutron
Capture
> 50 ns
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CALICE Prototypes CAU@ <

! PFA Calorimeter r

ECAL HCAL
'E‘ digital digital
Siicon | [Scintilator| | MAPS | |Scintillator| | RPC || GEM || MO
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