SiW Calorimeter Simulations

Studies by Jason Barkeloo & Teddy Hay (Oregon)

Geant4 Simulation
— Simple Calorimeter
— 40 cm per side square

— 40 Layers of alternating tungsten/silicon
* W- 5/7X,(2.503mm)......Si —320um

Investigation of various pixel sizes
— 13 mm? current sensor size

corresponds to ~2mm radius circular pixel
Simulation of test beam data, also, 9 layers



List of studies

* Energy & mips per pixel vs. pixel radius
— Motivated by possibility of monolithic devices

* Test beam analysis
— Shower counting
— Energy vs. shower count
— Motivated to prepare for next/full length prototype



10 GeV — 1000 events
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Fullplane max at layer:8.0
3.5mm max at layer:7.0
1.0mm max at layer:6.0
0.3mm max at layer:4.0
0.1mm max at layer:3.0
Fullplane Total E =171.099567904
3.5mm Total E =112.439316759
1.0mm Total E =52.1635152531
0.3mm Total E =18.4856107452
0.1mm Total E =6.50634081986



50 GeV — 1000 events

r=fullplane
; -
© L
= | 1‘ “.
B oA e
g1 a4
= “
A A
10| A
F A A
r &
- “.
rY “
L “‘
A
T T P T TP TP Y U
0
Layer ID
r=0.3mm
o
= [ 4
5[4 e
&
.3‘:_ A
E F Y
F 3 A‘
gt 4
oL 4
E Fy
E l“‘
r &
L Ay
10 E e
i ““A
IOS:—
SUTIE FEETE PTETE PUETY BTETY FTTTN PETEY FERT (I
0

Layer ID

r=3.5mm
>
@
S AT,
5 [ 4 AA‘
-310:—‘ A‘
13 s
L AA
g Y “
'E A
£ “k
L ‘L
10'EF “
E F Yy
Y FETE ITUTE FUTTY RTETY FETTE PTTWE freY (I
0 3 10 15
Layer ID
r=0.1mm
=
2 &
= 4 F Y
2 A
H1h A
= F s
g C Fy
Xx Fy
§ - A
L A
A
1 A
10 E 4
- A
L Fy
Fy
AA
10%
E &
11111“111
0 25 30 331 4
Layer ID

J. Brau LCWS 2015, Whistler, BC

r=1.0mm
3 F ‘A‘n'“““‘
T fa ‘A‘
& 'y
3 Y A
§'=_ s
* Y
I ‘s‘
10'F A
"‘A“
i A
10 M
oEn‘.l....lnnl:n.lnnl....I..-:I...AI..
Layer ID

Fullplane max at layer:10.0
3.5mm max at layer:9.0

1.0mm max at layer:8.0

0.3mm max at layer:6.0

0.1mm max at layer:5.0

Fullplane Total E =854.559262213
3.5mm Total E =563.712403283
1.0mm Total E =262.111211572
0.3mm Total E =92.6124821995
0.1mm Total E =32.7791474393



10GeV - Energy in central pixel (variable r)
Si-layers 4, 8, 12, 16
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50GeV - Energy in central pixel (variable r)
Si-layers 4, 8, 12, 16
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Layer with Max Energy Distribution vs. 'Pixel' Radius
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Si Layer with Max Energy Deposition
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Entries/ 5MeV
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Energy in central pixel at shower max
E=10, 50, 75, 100, 250, 500 GeV
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500 GeV energy sum for central pixels
vs. pixel radius
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Energy sum for central pixels
vs. pixel radius (=10, 50, 75, 100, 250, 500 GeV)
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Energy at Shower Max/Pixel Area
vs. Pixel Radius
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100GeV Unique Track Energy Deposits

100,000 muons
and
1,000 electrons
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100GeV Unique Track Energy Deposits
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MIPs vs Pixel Area (at shower max)
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MIPs

MIPs vs Pixel Area (at shower max)
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Initial test beam module for T-511 only /B )
9 Si+ 8 W layers (~ 6 X,) b

1632 ,
Marco Oriun

« Bump-bonded 12 KPIX-A versions to Si pixel
sensors for ECAL

« Bonded to cables
* Nine (9) assembled in stack for beam test /

J. Brau LCWS 2015, Whistler, BC 16
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single-electron showers

Hits: 106 Trigger Time: no trigger data Blue Axis: Beam up stream
Red Axis: Away from Earth

Green Axis: Away from sensor electronics

Event display
— Kyle Travis and Dylan Mead




2 electrons

rigger Time: no trigger data

Green Axis: A




three electrons
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Test beam data
> 1 electron shower

—beam spread rms =9 mm
— ave. # electrons = 0.9/bunch
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Summary

* Energy & mips per pixel vs. pixel radius
— Prepared summary of distributions

* Test beam analysis
— Shower counting
— Energy vs. shower count

— This study will continue - to understand some differences
between test beam data and simulation

Prepared to apply this to a future test beam data with full
calorimeter and new sensors and KPiX chips
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