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Analysis Goal CAu@

Combined setup: Datasets:
e SiW ECAL e CERN 2007, 10-80 GeV
o AHCAL e FNAL 2008, 2-60 GeV
e TCMT

e Following CAN-015 note for CERN test beam 10-80 GeV.

e Energy reconstruction and software compensation in the
energy range 4 - 80 GeV.

e PhD and a publication.
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Calibration for Energy Reconstruction CAu@®

Weights (CERN Calibration)

® Weca) = 0.00496, previous analysis (0.00490)
® wpea = 0.02781, JINST 7 P09017 (0.02813)

SiW ECAL:
e layers 1-10 have 1.4 mm width — wecay
e layers 11-20 have 2.8 mm width — wecy - 2
e layers 21-30 have 4.2 mm width — weey -3

AHCAL:
e layers 1-38 have 5 mm width — wpcay
TCMT:

e layers 1-8 have 19 mm — wpeay

e layers 9-16 have 105 mm — wpcy -5
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Event Selection for combined System (1) CAu@

First cut-list:
e BEAM TRIGGER

ECAL

o BEMPTY EVENTS: nECAL <25 Or nffCAL <11

hits
e NOT IDENTIFIED EVENTS: Ereco < 0.15Epeam

e EcAL FaIL:

> NOISY LAYERS

» HITS OUTSIDE ECAL CENTER
e MULTI-PARTICLE EVENTS:

> (Eege > (Ebeam + 2.4y Ebeam)

» MULTIPLICITY COUNTER

e MuoNs cut: HITS IN TCMT>11 (FOR Epeam < 60)
e ELECTRON CcUT: CHERENKOV COUNTER
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First cut-list (independent cuts)
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First cut-list (independent cuts) 10 GeV CAu@

cut CERN [%] | FNAL [%]
selected 62.44 41.28
no beam 0.21 2.22
empty 8.76 6.13
no id 0.39 0.05
outside Ecal 18.15 2.66
noisy layer 0.07 0.46
multi 0.02 33.91
muons 17.25 28.91
electrons (Cherenkov) 20.01
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CERN, 110 GeV/
—— Combined setup 100%
—— No Beam 0.22%
—— Empty 8.76%
No ID 0.34%
—— Outside Ecal 18.16%
——— Noisy Layer 0.08%
—— multi particles  0.04%
muons  17.25%
—— full selection 62.57%
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FNAL, ;10 GeV
—— Combined setup 100%
—— No Beam 2.23%
—— Empty 6.14%
No ID 0.03%
—— Outside Ecal 2.67%
——— Noisy Layer 0.47%
—— multi particles 34.07%
muons  28.92%
——— electrons  20.01%
—— full selection  41.34%

N
E [Gev]



Event Selection for combined System (2) CAv@

Second cut-list:
e ONLY ONE PARTICLE ENTERS ECAL

e ELECTRON CUT: REMOVING EVENTS WITH FHI<6
e LATE SHOWER REMOVING EVENTS WITH FHI>55
e MUON CUT: REMOVING EVENTS WITHOUT AN INTERACTION

2 9
€ [ CERN calibration FNAL, Tt: 4 GeV EMOLCERN calibration CERN, Tt: 80 GeV
8160 oo
£ —clean data 100% C —clean data 100%
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Fit

Gaussian fit in two stages:

o full range = 1, o

e interval of +20 around 4t = Ejeco, Treco

H . Oreco
Energy resolution: Z

reco

CALl@
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CERN vs FNAL

CAu@d

Energy Resolution=0.18

.00 _CERN calibration 10 Gev 0.12[_CERN calibration 15 Gev
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FNAL: energies are slightly higher
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Longitudinal Profile : Hits per Layer
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Longitudinal

Profile :

Energy per Layer

CAu@d
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Yasmine Israeli CALICE collaboration meeting 11



Average Hit Energy per
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CERN - Bad Runs CAu@

Too many hits in layer 29 ECAL.
No hits in layers 13 & 14 ECAL.

60 GeV: 331556 331664 331568 331655
80 GeV: 331654 331567 331554

Hits per Layer : Run 331556
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CERN 60 GeV - run 331556 CAu@

Beam shape is gone from layer 29

HitMap layer28 Events - 60 GeV

HitMap layer30 Events - 60 GeV
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Energy reconstruction CAu@

Using the CERN weights for both datasets.
FNAL energies are ~ 3% higher than CERN energies.
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Energy resolution

Energy resolution compared with AHCAL fit from JINST 7 P09017

CAu@d
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Energy resolution CAu@

Energy resolution compared with AHCAL fit from JINST 7 P09017
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CERN Calibration CAL@D

e starting with weights from previous analysis:
> Wecal = 0.00490
> Wheal = 0.02813 =

*JINST 6 (2011) P04003

1 e 1
we[MIP/GeV] m 42.3*

-1.19

e X2 minimization for each energy:

2
2
X = Z (Eecalwecal + (Ehcal + Etemt )wWheal — Ebeam)

events

e Average weights: weey = 0.00496, wpey = 0.02781
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FNAL Calibration CAL@D

e starting with CERN calibration:
> Wecal = 0.00496
> Wheal = 002781

e X2 minimization for each energy:
2
2
X = z (Eeca/weca/ + (Ehcal + Etcmf)whca/ - Ebeam)
events

e average weights (excluding 4 GeV): weea = 0.00480, wpey = 0.02730
e difference of ~ 3% for ECAL and ~ 0.8% for AHCAL.

Deviations from CERN Weights FNAL Weights
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New Calibration for FNAL : Energy CAu@

reconstruction
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Both datasets show the same trend (excluding 4 & 6 GeV).
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=New Calibration for FNAL : Energy resolutioCA@

FNAL fit changed from: a=50.03%, b =5.34,c =0.18
to: a=51.04%,b=4.89,c=0.18
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Comparison to JINST 7 P09017 CAn@

Selcting only events with FHI in first 5 layers in AHCAL as was required in
JINST 7 P09017.
CERN fit changed from: a=57.45%, b =4.02,c =0.18

to: a=54.48%,b=2.66,c=0.18
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FNAL 2 GeV CAL@D

2 GeV data is excluded from the analysis due to the difficulty to select single 7 events.
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CAl.l@

Summary and Outlook:

e Energy reconstruction for: SiW ECAL+AHCAL+TCMT in the range of 4-80
GeV (FNAL+4CERN test beams).

e Optimizing the selection of 7~ events.
e Applying calibration weights fitting to CERN data, including layer thickness.
e CERN calibration: FNAL energies are ~ 3% higher than CERNs.

e Calibration weights for FNAL data: difference of ~ 3% (ECAL) and ~ 0.8%
(AHCAL) compare to CERN weights.

e CERN and FNAL calibrations: both datasets show the same trend (excluding 4
& 6 GeV).

Outlook:

e Checking cut efficiencies via MC.
e Comparing data with MC.

e Testing different software compensation techniques
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Thank you for your attention ®
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BACKUP
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£ CALICE Prototype CAuGS

Combined system consisting of three sampling calorimeters with
different technologies:

e SiW ECAL

> Silicon sensors
» Absorber Material: tungsten

> 30 layers, 9720 channels

B . AHcAL
' > Silicon photomultipliers

> Absorber material: steel

> 38 layers, 7608 channels

e TCMT
> Silicon photomultipliers
> Absorber material: steel
> 16 layers, 320 channels

Test beams from 2006 - 2011 at DESY, CERN, FNAL
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First cut-list (independent cuts) 15 GeV : CAu@

cut CERN [%] | FNAL [%]
selected 54.34 38.35
no beam 0.30 3.00
empty 8.0 5.98
no id 0.10 0.07
outside Ecal 21.93 1.92
noisy layer 0.25 0.46
multi 0.0 33.29
muons 23.89 31.90
electrons (Cherenkov) 20.41
% FNAL, nblsg, & 00 § CERN, 115 GeV
250 E g;n& ine setup 300 — ﬁgrgléua-l;d %e.%'!l%/oloo
No?[gy S —__Empty 8.00%
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First cut-list (independent cuts) 20 GeV : CAu@

cut CERN [%] | FNAL [%]
selected 62.11 41.11
no beam 0.35 3.13
empty 5.64 5.29
no id 0.63 0.31
outside Ecal 10.55 2.36
noisy layer 0.12 1.00
multi 0.0 31.87
muons 27.91 38.19
electrons (Cherenkov) 3.13
% FNAL, T: 20 GeV §35° CERN, T 20 GeV
300| — ﬁgn&%lned sety, . 100 w0 — ﬁgrgléua-l;d %eéu /0100
— EQ? 5. 29;.{" —__Empty 5.64%
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— e, 31 e
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#ﬁ

First cut-list (independent cuts) 60 GeV : CAu@

cut CERN [%] | FNAL [%]
selected 88.91 59.17
no beam 0.71 291
empty 1.26 5.98
no id 3.70 0.49
outside Ecal 1.24 4.64
noisy layer 5.19 7.81
multi 0.01 26.33
% C CERN calibration FNAL, T 60 GeV §Z°°? CERN, 60 GeV
8600~ —— Combined setup 100% So0oF— Cor{]‘bmed setup 100
C —— No Beam 2.91% sl No Beam 0.7
C —— Empty 5.98% 18001~ — Empty 1.26
s00F- No D 0.49% E NolD 3.67%
r —— Outside Ecal 4.64% 1600~ —— Outside Ecal 1.24%
c ——— Noisy Layer 7.81% E —— Noisy Layer 5.19%
200~ —— multi particles 26.46% 1400~ ——— multi particles ~0.01%|
r muons  0.00% 1200 muons  0.00% o
r electrons  0.00% E —— full selection 88.93%
300 —— full selection 59.07% 1000
£ 8001~
200; 600f
£ 400F
100~ E
E ZOO%J_’L‘
ok - BTSN, SN L L
20 40 60 80 100 120 20 40 60 80 100 120
E[Gev] E [Gev]
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Second cut-list: CAu@®

cut CERN [%] | FNAL [%]
one MIP in ECAL 73.83 84.08
10 Gev: reject electrons (FHI) 54.71 75.24
reject muons in AHCAL 54.31 74.61

cut CERN [%] | FNAL [%]
one MIP in ECAL 78.35 83.51
15 GeV: reject electrons (FHI) 69.18 75.34
reject muons in AHCAL 68.09 75.13

cut CERN [%] | FNAL [%]
one MIP in ECAL 82.15 81.22
20 GeV: reject electrons (FHI) 73.02 72.35
reject muons in AHCAL 71.96 71.69
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Second cut-list : FNAL

CAu@d

S - CERN calibration FNAL, T(: 6 GeV S | CERN calibration FNAL, Tt: 8 GeV
3 3 F
©100— —clean data 100% © 300} —clean data 100%
C ~ Only one particle enters Ecal 82.01 C ~ Only one particle enters Ecal 82.61
sl —no electrons or late shower 74.16% 250 —no electrons or late shower 73.45%
L —no muons in Heal 73.47% £ —no muons in Heal 72.72%
F 200/~
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[T CERN calibration FNAL, T: 10 GeV
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~ Only one particle enters Ecal 83.98
—no electrons or late shower 75.03%
—no muons in Heal 74.41%
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: Second cut-list : FNAL CAL@D

9 =
S [ CERN calibration FNAL, : 15 GeV S | CERN calibration FNAL, 0 20 GeV
8160 8180~
160— —clean data 100% E —clean data 100%
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HitMap layer28 Events - 60 GeV
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CERN 60 GeV - run 331664

HitMap layer29 Events - 60 GeV

HitMap layer30 Events - 60 GeV
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HitMap layer28 Events - 60 GeV

o
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HitMap layer28 Events - 60 GeV
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Ecal hitmap : CERN vs FNAL CAu@
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Hcal hitmap : CERN vs FNAL CAu@
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Event Selection for combined System:

First cut-list:

e BEAM TRIGGER

ECAL

e EMPTY EVENTS: np 2" <25 OR A 2 111

hits
e NOT IDENTIFIED EVENTS: Ereco < 0.15Epesm
e ECAL FAIL:

» NOISY LAYERS » HITS OUTSIDE ECAL CENTER
e MULTI-PARTICLE EVENTS:
»  Ereco > (Epeam + 2-4/Ebeam) » MULTIPLICITY COUNTER

e MuoNs cuT: HITS IN TCMT>11 (FOR Epeam < 60)
e CHERENKOV COUNTER

Second cut-list:
e ONLY ONE MIP IN EcAL
e ELECTRON CUT: REMOVING FHI<6

e LATE SHOWER AND MUON CUT:
REMOVING FHI>55 AND NO INTERACTION
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