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Values calculated from geometry xml file

17 24 05 15 0.65 2 006 748 12.01
C”C-°2-‘t’°4 129.2 22.85
(current) o 48 05 15 1.30 2 006 544 1084
cucdet 2010 20 2 05 L5 0.54 2 0.06 80 11.96
(original CLIC_ILD) 140 23.35
90 4 05 15 1.08 2 0.06 60 11.39
cLicdet 30.10 30 1.5 0.5 1.5 0.41 2 0.06 105 13.89 N
lhopems 010 3 05 15 081 2 006 50 868 '
30 2.65 05 1.5 0.72 2 0.06 140 23.22
CLICdet 30 139.5 23.22
" 9 0o 0 o 0.00 0 0.00 0 0.00
CLicdet 40 40 19 05 15 0.51 2 0.06 156 22.85
0SSi e_i 156 2285
oy 00 0 0 0.00 0  0.00 0  0.00
CLICdet 40 40 1.95 0.5 1.5 0.53 2 006 158 2339 . ..
x195 O 0 0 © 0.00 0 0.00 0  0.000 '
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Raw energy deposited in sensitive volume as reported by Geant4, divided by sensitive

volume thickness. Normalization to 1 for high energies affected by loss of energy in
ECAL-HCAL gap. Layer in ECal
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Raw energy deposited in sensitive volume as reported by Geant4, divided by sensitive
volume thickness. Normalization to 1 for high energies affected by loss of energy in

ECAL-HCAL gap.
Layer in ECal
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—~ B : . .
X F CLIC_o2_v04_CUR_22.85X0
=  o(f) a2+( £)2 + Y2/NDF=77.7/3
g o Fi’fbetween /E o[%]= 0.36 + 0.01, B[% GeV'?|= 22.87 + 0.13
’\g 5 |_.80-and-1600-Ge\-- CzﬁLCI;i:t?g_B‘l/g_CDR_23.35XO .
- x = R
LLII ? o[%]= 0.31+ 0.01, B[% GeV'?]=20.23 + 0.12
+ [ CLICdet30_10_22.85X0
(Tg4 + Y2/NDF=34.8/3 .
w - o[%]= 0.25 + 0.01, B[% GeV'?|= 15.75 + 0.09
E, B CLICdet30_23.216X0
© + ¥2/NDF=2.89/3
3~ a[%]= 0.18 + 0.01, B[% GeV'?]= 17.26 + 0.10|
. CLICdet40x195_23.39X0
.. + ¥2/NDF=1.19/3
Y [%]= 0.15 + 0.01, B[% GeV'?]= 14.83 + 0.08
O-F.a CLICdet40_22.58X0 :
- ;v‘\,:“.‘ 4.%* ¥%/NDF=2.1/3
B &2,. N o[%]= 0.14 + 0.01, B[% GeV'?]= 14.72 + 0.08
- RSN SERRIO i : : H :
| S
B itk frmiit - Ao
- : P St
B | 1 1 |
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Single photons in the very central part of the detector (6 = 90°) and ¢ = 0°

* Fits agree more or less, but
constant term <1%, fit agrees with
the trend of the points.

* Thicker back layers deteriorate
resolution of high energy y’s

* Uniform det30 option better than
CDR at high energy, comparable at
low energies

* The uniformly thin option
(det40) is best behaving at high

IIIiIIIIIIiIIIiIIIiIIIIII . R .
% 200 400 600 800 1000 1200 1400 1600 emergy since it has the thinnest

E,**[GeV] layers at the back (1.9 mm and

1.95 mm comparable)
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Uniform segmentation of ECAL

40 layers, absorber 1.9 mm, active material 0.50 mm

Model CLIC 02 v0S: other 1.5 mm: total thickness 15.6 cm

<dimensions numsides="ECalBarrel_symmetry" rmin="ECalBarrel_inner_radius" z="ECalBarrel_half_length*2" />

<staves vis="ECalStaveVis”
<layer repeat="40" vis="ECallayerVis">

<slice
<slice
<slice
<slice
<slice
<slice
<slice
</layer>

material
material
material
material
material
material
material

/>

“TungstenbDens24" thickness

“Air"
"GroundOrHVMix"
"Silicon"

“Air"
"s1PCBMix"
“Air"

thickness
thickness
thickness
thickness
thickness
thickness

"1.

"0.
"0.
"0.
"0.
"0.

90*mm"

. 25%mm"

10*mm"
50*mm"
10*mm*"
80*mm"
25*mm"

vis="ECalAbsorberVis" radiator="yes"/>
vis="InvisibleNoDaughters"/><!-- fiber -->
vis="ECalAbsorbervis"/>

sensitive="yes" limits="cal_ limits" vis="ECalSensitiveVis"/>
vis="InvisibleNoDaughters"/><!-- glue -->
vis="ECalAbsorbervis"/>

vis="InvisibleNoDaughters"/>

Model CLIC 03 _v0S: other 2.65 mm: total thickness 20.2 cm

<dimensions numsides="ECalBarrel symmetry" rmin="ECalBarrel inner_radius" z="ECalBarrel half length#*2" />

<staves vis="ECalStaveVis"
<layer repeat="40" vis="ECallayerVis">
"TungstenDens24"

<slice
<slice
<slice
<slice
<slice
<slice
<slice
<slice
</layer>

material
material
material
material
material
material
material
material

/>

“Glo"
“GroundOrHVMix"
"Silicon"

"Alr"
"s1PCBMix"
"Air"

“Glo"

thickness
thickness
thickness
thickness
thickness
thickness
thickness
thickness

“1.
"0.
“0.
“0.
“0.
“1.
“0.
“0.

90*mm"
15*mm"
10*mm"
50*mm"
10*mm"
30*mm"
25*mm"
75*mm"

vis="ECalAbsorberVis" radiator="yes"/>
vis="InvisibleNoDaughters"/>

vis="ECalAbsorbervis" />

sensitive="yes" limits="cal limits" vis="ECalSensitiveVis"/>
vis="InvisibleNoDaughters"/>

vis="ECalAbsorberVis"/>

vis="InvisibleNoDaughters"/>

vis="InvisibleNoDaughters"/>
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Compare old and new model: use point phi=0, theta=90 degrees
Determine relative resolution via distribution of E = (E_ECAL+E HCAL)/E truth

measure of o(E_)): RMS and gausian fit (in %)

@

Old model determined through iterative gaussian fits around mean within 3 sigmas

E (GeV) |10 50 100 200 500 1000 1500
o(E,.) 4.72+.03 | 2.11+£.02 | 1.49+£.01 | 1.077+.008 | .707+.007 | .537+.005 | .438+.003
RMS(E,,) | 4.82+.03 | 2.13+.02 | 1.52+.01 | 1.170+.008 | .713+.005 | .544+.004 | .473+.003
02 v05 4.58+.03 | 2.07+£.02 | 1.48+.01 | 1.05+£.008 |.673+.005 |.491+.004 | .403+.003
30 layers | 5.43+.04 | 2.444+.02 | 1.75+.01 | 1.2340.009 | .790+.006 | .572+.004 | .485+.004
September 16,2016 7 RN
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Single photons in the very central part of the detector (6 = 90°) and ¢ = 0°

N : IC CUR_22.85X . .
=t o(E) Noy g e Additional material leads to a
E\Li_ 5[ Fit between st a[%]= 0.36 = 0.01, B[% GeV'“|= 22.87 = 0.13 slightly higher resolution than
® I 80ard 1600 GeV ' . .
25 o a0 with the original 40 layer
w + =17. . .
+ o[%l= 0.31= 0.01, (% Gev'=20.23 = 0.12|| assumption, still performs
m . .
LU&J’4 - CliCae30.29.216X0 better than 30 layer options
- —— X =2. )
5 o%l=0.18 = 0.01, Bl Gev"?=17.26 = 0.10||  (both with constant and non
SRS R CLICdetd0_22.58X0 | constant sampling) over whole
: - — @ x2NDF=2.1/3
Ty a[%]= 0.14 = 0.01, B[% GeV'"?|= 14.72 = 0.08 range
2‘_8___‘: ____________________________________ CLICdet40_03 V05
& %?NDF=103.7/3
a[%]= 0.19 = 0.01, B[% GeV'?]= 15.49 = 0.09
. H H H H H
0
0O 200 400 600 800 1000 1200 1400 1600
frue
E " [GeV]
CALICE Collaboration Meeting, g Matthias Weber

September 16, 2016 CERN



@

Use particle gun samples for calibration, 10000 evts: 50 GeV K, 10 GeV
Photons at 10, 50, 100, 200 GeV, test very high E: 500, 1000, 1500 GeV

* Produced with uniform distribution in phi and theta

« Two campaigns, one restricted to barrel |cos 0| <0.7, second no restriction in 0
» Simulated with DD4hep, use iILCSoft package at
/cvmfs/clicdp.cern.ch/iLCSoft/builds/2016-07-04/x86 64-slc6-gcc48-dbg

Slight modification of ECAL Digitization extraction code

CALICE Collaboration Meeting, 9 Matthias Weber
September 16, 2016 CERN



Cadarimeset Hit Energy ECal (1==nPloTargetaTotal 88 mmnP

getsPhatons && Contati

in ECal}

CaloHitEnergyECal

Engies
o
o

IIII|IIII|IIII|IIII|IIII|IIII|I

10 GeV

2500
2000
1500
1000

500

8311

Entries
Mean 9.905
Std Dev  0.4922

OO
N
H

6

8 10

Calorimeter Hit Energy in ECal / GeV

CALIBRECAL="35.776"

Q
%200

w
1000
800
600
400

200

Calarimeses Hit Energy ECal {1

@

in ECal}

CaloHitEnergyECal

50 GeV

Entries 6891
Mean 50.51
StdDev 1177

50

52

54

Calorimeter Hit Energy in ECal / GeV

CALIBRECAL="35.652”

Calibration pretty stable at different energies
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ECAL digitization uses photons contained in ECAL (99% of total deposited Energy)

Calarimeser Hil Energgy ECal {(1==nPloTargetaTotal &5 1==nPloTargetsPhatons &4 Contained in ECal}

CaloHitEnergyECal

Calafimeser Hil Energy ECal (1-=nPloTargetaTotal 48 1-=nPioTargetePhatons &4 Contained in ECal}

%) - CaloHitEnergyECal
-3800 — Entries 4271 'ggoo — Entries 5737
5 Mean 2021 £ r Mean 101
700 StdDev 2713 800~ 1 OO GCV StdDev 178
- Barrel 700F-
S00E- = 5737 evts
wof. At 200 GeV soof-
- 500 —
4001 4271 evts -
o 400
300 -
- 300~
200 ;— 200
100~ 100F-
; 1 1 I L L 1 1 1 1 l 1 1 1 1 I 1 1 1 1 0 :l | I L L 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 1 L
985 190 195 200 205 210 94 9 98 100 102 104 106

Calorimeter Hit Energy in ECal / GeV

Calorimeter Hit Energy in ECal / GeV

As expected requirement of 99 % 1s more stringent for higher
energy samples

Matthias Weber
CERN
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Expect slight modification of EM scale in HCAL based on previous study (based on
one point in phi=0):

Fit a line in 2D plot of ECAL vs HCAL Energy:

h_E_ECAL_vs_E_HCAL
— 350 I Entries 9935
> [ T T T T T T ™ ..: T T T T T T T Mean X 1453 ° .
2 B = M 60.2 .
g f i veany Moderate modification:
- B e Std Dev y 50.69
300— R 2 .
& %% o e ECAL: 0.99
Il | :' - pi -0.9771+ 0.007035
W 250 — HCAL: 0.95
2001 =
150— -
100[— —
50— —
B Il Il Il Il | Il Il Il Il | Il Il Il Il | Il Il Il Il | Il Il Il . I = N i
1%00 1100 1200 1300 1400 1500
E_ECAL [GeV]
CALICE Collaboration Meeting, Matthias Weber
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ECAL digitization uses photons contained in ECAL (99% of total deposited Energy)

Calarimeser Hil Energgy ECal {(1==nPloTargetaTotal &5 1==nPloTargetsPhatons &4 Contained in ECal}
Calarimeser Hil Energy ECal {1==nPioTarpetaTotal &8 1==nPioTargetePhatons &4 Conlained in ECal}

CaloHitEnergyECal

g - i CaloHitEnergyECal
'2800 3 vive ;(;227 11 2 Entries 4184
. - '\Sﬁt:alg 2 71:'3 E Mean 200.3
u ev 2.
700 500 B arfel + StdDev  4.598
of. Barrel

End
500 At 200 GeV 400 nacap

4271 evts 300

_IIIIIllllllllllllllllllllllll

400
S0 200
200
E 100
100 —
; 1 1 I L 1 1 1 1 1 l 1 1 1 1 I L 1 1 1 0 1 [ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
985 190 195 200 205 210 185 190 195 200 205 210
Calorimeter Hit Energy in ECal / GeV Calorimeter Hit Energy in ECal / GeV

Use values from samples up to 200 GeV, for Barrel and EndCap mix
two peaks start to appear, due to different behavior of energy
contribution from HCAL

CALICE Collaboration Meeting, 13 Matthias Weber
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Check behavior in highest photon energy

h_E_CAL_over_true
Entries 9900
T T T T | T T T T | T T T T | T T T Mean 1.002
Std Dev 0.02588
900 %2 / ndf 3021/69
Constant 904.1+15.0
Mean 1.017 = 0.000
800 Sigma __ 0.00797 = 0.00008
700
600 Barrel

500

400

300

200

100

~ IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

0.8 0.9 1 1.1 1.2
(E_ECAL+E_HCAL)/E_true

Default calibration constants: clear two
peak, higher peak barrel, lower peak
endcap

@

bin: E =1500 GeV

h_E_CAL_over_true

Entries 9900

| T T T T T T T T T T T T | T T T Mean 1004

1400— + Std Dev 0.02018

L +2 I ndf 859.1/97

I~ + Constant 1240 = 19.5

- Mean 1.002 = 0.000

1200— Sigma 0.007937 = 0.000088
1000 -
800|— .
600|— .
400~ -
200[— -

8.7 0.8 0.9 1 1.1 1.2

(E_ECAL+E_HCAL)/E_true

Different HadToEM scale needed for
HCAL energy contribution in barrel and
endcap: recovers scale behavior

CALICE Collaboration Meeting,
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Determine relative resolution via distribution of E = (E_ECAL+E HCAL)/E truth

measure of 6(E )): RMS and gausian fit

Energy (GeV) | 1 5 10 15 30 50
(E, ) 15.14+.12 | 6.942+.051 | 4.873+.035 |3.959+.019 |2.829+.020 |2.281+.016
RMS(E,,)  |22.94+.16 | 7.175+£.051 |4.953+.035 | 4.000+.030 |2.914+.023 |2.355+.017
Mean (E) | 0.957 0.996 0.998 0.999 0.999 0.997
Energy (GeV) | 100 200 500 1000 1500
o(E, ) 1.69+.012 | 1.27+.009 |0.955+.007 |0.810+.007 |0.775+.006
RMS(E,,) 1.773+.012 | 1.366+.010 |1.133+£.008 | 1.065+.007 |0.953+.007
Mean (E,,) 0.997 0.997 0.998 0.999 1.001
CALICE Collaboration Meeting, Matthias Weber
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Determine relative resolution via distribution of E = (E_ECAL+E HCAL)/E truth
measure of o(E): RMS and gausian fit

h_E_CAL_over_true
h_E_CAL_over_true 3 Entries 9935
Entries 9935 10 = ™ Mean 1
1 T T T T T T T T T Tl Mean 1 = Std D 0.009526
B Std Dev 0.009526 - »2 ndf 208.8/96
| %2 / ndf 208.8 /96 B Constant 555.1=6.9
Constant 555.1+6.9 B e 1.001 + 0.000
500— Mean 1.001 = 0.000 - Sigma 0.007746 = 0.000055
: Sigma 0.007746 = 0.000055
- 10° E
400 = ]
300— 10 E
200— B ]
100{— - §
- 7 C L I L L L L ]
- 7] 0.9 1.05 1.1
- 5 (E_ECAL+E_HCAL)/E_true
8.9 0.95 1 1.05 1.1
e

(E_ECAL+E_HCAL)/E_tru

1500 GeV: not large non gaussian tails

CALICE Collaboration Meeting, 16 Matthias Weber
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Determine relative resolution via distribution of E = (E_ECAL+E HCAL)/E truth

measure of 6(E): RMS and gausian fit, now moderate energy 50 GeV, non gaussian

tails smaller

h_E_CAL_over_true

Entries 9985

: T 1T T 7T T 1T 17T T 1T 17T T 1T 17T I T 1T T 7T I T Mean 0.9965

450— Std Dev 0.02355

C x2 / ndf 107.5/87

C # Constant 384.1x 4.7

400— Mean 0.9967 =+ 0.0002
- Sigma 0.02281= 0.00016 |
350 :— —:
300 :— —:
250 -
200} —
150 —
100 —
50 —
: I j I I ) I I e I ) I I Ll :

8.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1
e

(E_ECAL+E_HCAL)/E_true

h_E_CAL_over_true
Entries 9985
E LI LI L LI L | T Mean 0.9965
C Std Dev 0.02355
L %2 / ndf 107.5/87
- Constant 384.1+ 4.7
| Mean 0.9967 = 0.0002
Sigma 0.02281+ 0.00016

10°

10

b TR R R
0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2
(E_ECAL+E_HCAL)/E_true
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Determine relative resolution via distribution of E = (E_ECAL+E HCAL)/E truth

measure of 6(E): RMS and gausian fit, very low energy of 1 GeV start to see
inefficincies in reconstruction (not the case for to 5 GeV photons)

h_E_CAL_over_true

250

200

150

100

mlllTlllllllllllllllllll

50

Sigma

Entries 10000
"l Mean 0.9569
Std Dev 0.2294
%2 I ndf 567.3 /164
Constant 234.4 3.1
Mean 0.9902 = 0.0016

0.1516 = 0.0013

1

1.2

14 16

(E_ECAL+E_HCAL)/E_true

102

h_E_CAL_over_true

10

Entries
Mean
Std Dev
%2 / ndf
Constant
Mean
Sigma

=.=$o—

0.9902 = 0.0016
0.1516 = 0.0013

10000
0.9569
0.2294

567.3/164
234.4 = 3.1

o
o
(¥
o
A-
o
o
o
(<)

1

1.2 1.4 1.6

(E_ECAL+E_HCAL)/E_true
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Summary plot of resolution in ECAL barrel
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Determine relative resolution via distribution of E = (E_ECAL+E HCAL)/E truth

measure of 6(E )): RMS and gausian fit

Events well contained in endcap, exclude transition region, 0.85<|Cos0,,,[<0.98

Energy (GeV) | 1 5 10 15 30 50
o(E,.) 14.7£29 |6.61£.10 |4.61£.074 |3.75£.063 |2.679+.044 |2.064+.043
RMS(E,,)  [20.9+32 |6.89£11 |4.81+£.072 |3.83+.057 |2.764+.042 |2.16+.034
Mean (E,,) 0.966 0.991 0.992 0.994 0.995 0.996
Energy (GeV) | 100 200 500 1000 1500
o(E,.) 1.54+.025 | 1.10£.016 |0.723+.011 |0.529+.008 |0.454+.008
RMS(E,,) 1.58+.023 1.13£.017 | 0.802+.011 |0.560+.008 | 0.539+.008
Mean (E,y) | 0.997 0.997 0.998 0.999 1.000
CALICE Collaboration Meeting, Matthias Weber

September 16, 2016 20 CERN



@

Determine relative resolution via distribution of E = (E_ECAL+E HCAL)/E truth

measure of 6(E): RMS and gausian fit, resolution in the endcap a tad better than in
Barrel, with larger errors

920 h_E_CAL_over_true
: |||||||||||||||||||||||||||||||||||||||| : 80 — . . . . . . . I . , , Eﬂr::ss osggg
- E C Std Dev 0.02164
g0l 3 - 2/ ndf 205.5/105
C h_E_CAL _over_true ] 70 C Constant 40.56 + 1.24
E Enties 2254 = a Mean 0.9955 = 0.0005
70— Mean 0.9914 ] C Sigma___ 0.02064 + 0.00044
- Std Dev 0.06895 . sl e
- 2 I ndf 66.31/78 . - m
60— Constant 73.43 + 1.96 ] - m
- Mean 0.9918 = 0.0014 ] C .
C Sigma___ 0.06611= 0.00108 . 50— ]
50— -] C ]
s0f- = 40~ =
30F- - 30— =
20[- - 20/~ -
10 B 10— =
:I 111 I L1 11 I L1l I L1l I 'y Ll Ll 1l Ll 1l I Ll - 1 I: : :
8.3 04 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 8_ ST L e, .
(E_ECAL+E_HCAL)/E_true 9 0.95 1 1.05 11
(E_ECAL+E_HCAL)/E_true
CALICE Collaboration Meeting, Matthias Weber
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Energy (GeV) 1 5 10 15 30 50
Leakage (mean) 0.21 0.343 0.535 0.609 0.8461 1.07
Leakage (median) | 0.1 0.2 0.3 0.6 0.7
Energy (GeV) 100|200 500 1000 1500
Leakage (mean) 1.38 | 1.83 2.36 3.5 4.24
Leakage (median) | 1.0 1.3 1.9 2.6 3.3
E HCAL/(E ECAL+E HCAL) in % _— -
1000:4. e HCALE E 400{% 1 | \‘m HCAL-E
8°°: E-HCAL, 200 GeV - oo a 1o W
. 1=t E-HCAL, 1500GeV W ﬁw‘ ‘
-
CALICE Collaboration Meeting, ) Matthias Weber
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Energy (GeV) | 1 5 10 15 30 50
leakage 0.131 |0.343 0.490 0.576 0.7731 0.979
Energy (GeV) 100 200 500 1000 1500
leakage 1.30 | 1.76 2.58 3.4 4.19
o el (E_ECAL+E_HCAL) indos
4 Mean 3504 R A A N -
1400|— = eV, barre] ooy 3% 6001 E  =1500 GeV. barrel 10 ‘ ! ! ! [ I
E+ " Ere 200 et barrel . :+ ¥ e ' K\ v, E,,=1500 GeV, barrel b B7
::: 1 —e— HCAL-E 1> ;M —e— HCAL-E ok Y e neaLe _
v B 400; )
goof— ¢ - -4
sool ¢ E-HCAL, 200 GeV E 300; t:b 10F E
ok 200 1‘ E-HCAL, 1500 T‘
Wi
00’ e s e - L N 00 100 200 300 400 500 GOé 0 100 200 300 400 500 GolgiHC,Zl?([)GeV]
E_HCAL [GeV]
CALICE Collaboration Meeting, Matthias Weber
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Study of new model CLIC 03 vO05: no drastic change observed in resolution
of photons compared to 40 layer CLIC 02 v05

ECAL Calibration constants stable across different energies

Resolution values drop to around 1 % at very high energies
» Resolution distributions

« At higher energies non gaussian tails to the lower side

At high energies non negligible contribution from HCAL, different HadToEM
scale for endcap and barrel

CALICE Collaboration Meeting, 24 Matthias Weber
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BACKUP
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Energy (GeV) 1 10 50 100 200 500 1000 | 1500

Leakage (mean) 0.3 0.84 1.71 |2.23 3.12 4.47 6.00 |7.16

Leakage (median) | 0.1 0.5 1.3 1.7 2.4 3.5 4.8 5.8
CALICE Collaboration Meeting, Matthias Weber
September 16, 2016 26 CERN
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Barrel: chi2/NDF: 229/9

Alpha: 0.6751+0.005 beta: 14.99+0.04

Endcap: chi2/NDF: 11.02/9

Alpha: 0.2561+0.01 beta: 14.77+0.09

Transition region: chi2/NDF: 3.546/7

Alpha: 1.109+0.051 beta: 16.12+0.27

CALICE Collaboration Meeting,

September 16, 2016 27
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Energy (GeV) 1 5 10 15 30 50
Leakage (mean) 0.785 0.456 0.622 0.732 0.959 1.18
Leakage (median) | 0.1 0.1 0.3 0.5 0.7 0.9

Energy (GeV) 100 200 500 1000 1500

Leakage (mean) 1.63 | 2.06 3.24 4.31 5.23

Leakage (median) | 1.2 1.6 2.4 3.3 4.0

Higher leakage in Endcap compared to barrel
CALICE Collaboration Meeting, Matthias Weber
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Determine relative resolution via distribution of E = (E_ECAL+E HCAL)/E truth

measure of 6(E )): RMS and gausian fit

Events well contained in endcap, exclude transition region, 0.79<|Cos0 ,[<0.83

Energy (GeV) | 1 5 10 15 30 50
o(E,) 15.4+.57 |7.30+£26 |5.32+20 |4.44+.18 3.22+.11 2.49+.10
RMS(E,) 18.1£.58 | 7.90+26 |5.33+.18 |4.54+.15 3.24+.15  |2.78+.10
Mean (E ) | 0.988 0.988 0.984 0.989 0.99 0.996

Energy (GeV) | 100 200 500 1000 1500

o(E,.) 1.94+.07 1.62+.07 1.31+.05

RMS(E, ) 1.97+.06 1.69+.06 1.47+.05 1.50+.05 1.64+.06

Mean (E.) |0.997 0.989 0.987 0.999 1.000
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Tungsten 24: 0.37 cm

Silicon: 9.36 cm

G10 (density 1.7 g/cm?): 19.4 cm
Air: 30420 cm
GroundOrHVMix: 86 % Copper
siPCBMix: 82% Copper
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