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Outline

Purpose

Measure the linearity and the resolution of the
Calocube prototype for electron beam

Analysis steps

» Extract Tracker information
* Relative Gain Calibration

* Leakage correction

e Performances



Extract Tracker information



Tracker-Calocube offset
Muon beam

Event selection

Layer O Main selection
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Relative Gain Calibration



Only Small PD
calibrated

Calibration Map (Elena using
electron shower)
Layer 3
Shower maximum at 50-100 GeV /

Dead or

channels

Both Small .

(Elena using
electron shower)
and Large (Elena”
using muon MIP) e

PD calibrated




Calibration Map
Purpose

Layer 3 Calibrate the gain of
_ Shower maximum at 50-100 GeV Large PD of these
/ three crystals for
layers 1-10

CCCCC

Idea
z e Use tracker to select
< | electron hitting the
-~ central cube of
calorimeter at center
- * Perform relative
CCCCCC calibration between
cube on column 3
and the relative
cube on column 1 s
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m
An example
A
TI
100 GeV electron beam «-\ /fw
Layer 3 Cube 13 Layer 3 Cube 13 \
F o
"% Cube 11 >~
o
600 f — -
o Cube 13 | .
o After "L 7
a00f calibration =
2oof

- Factor Idea

1ooj

x103

0 10 20 30 40 50 60 70 80 90 100

dE [ADC]

* Try different values of Factor= Gain[13] /| Gain[11] from O to 3
 Build x? distribution using all these points
 Fit x° distribution in order to extract best value of Factor 1




Energy dependenc

Layer 3 Cube 13
e

Mean ratio after
calibration

Factor from x* An exan lple
method
\ Layer 3 Layer 3 /
'-('-:0.94_— } §1.02—
§0.92— } } N | }
o 2
0.9 + 308 + -
I "ol 8% maximum deviation
0.88} T
- 0.941
0.86-} i
i 0.92 |
e 1
Lo b bl b b b b by 1y 0.9_|\|||\||‘||\||||||||||||‘||\‘|\\|\|
60 80 100 120 140 160 180 200 40 60 80 100 120 140 160 180 200

Factor from
simple mean

ratio

Beam Energy [GeV]

Beam Energy [GeV]

In Most cases an energy
dependence value of the factor

was found with a similar trend

to the one shown
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Possible explanation of the energy
trend of the relative gain factor

In our approach we neglected

Beam the different position of PDs
between Column 1 and
Column 3/ column 1 Coloumn 3, but the signal due
to direct ionization 1s different

\
Layerzj ﬁ// among these columns.
Layer 3 In addition this difference
depends on the beam energy,
Small PD / because of different

Large PD maximum depth (and different
Shower energy flow?)

We need simulations to study
this point in detall. 1



Leakage correction
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Energy Flux

Electron 50 GeV
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Energy deposit is
reconstructed
using 3x3 cubes

for the first 15 layers

The 200 GeV electron

beam is problematic:

e |t IS outside the center
of the cube

e it Is spread on a large
surface
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y [em]

-0.5F

-15F

LeakOut (X, y) = <Energy(Xx, y)> / <Energy(center)>

LeakOut Map

Selecting only bins for which we have at least 5 entries in an
energy region near the shower peak

LeakOut

— Before Leakage Correction |

15F

0.5F

LeakOut

y [cm]

1.01 1.5

After Leakage Correction

Max/Min < 1%

Energy deposit is higher in the right direction (where PDs are),

probably because of direct ionization

N

1.02

1.01

0.99

0.98

15



Performances
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o/ E [%]

Starting point |

Slide presented by Elena

at the 4™ HERD Workshop

25’? | | ~ Small PD
s Large PD
2f
S ‘
1.5 - :
- ’ .
L m ™
- ?
1 -
0'5_'_1 ISR S :.
- Tcst 2( 1 5 (v1.2)
0“1 Lll l Ll 1l | 11 1 l 11 l 1 l IIIIII l l

We use 3x3 cubes .
of the first 15 layers

Status of calibration

Large PD: column 1 and 2 (muons)
Small PD: column 1, 2 and 3 (electrons)

Reconstruction

160 180 200
Beam energy [GeV]

40 60 80 100 120 140

Resolution better than 1.5% with Large PD
and comparable with Small PD at 200 GeV

The energy deposit in a crystal is take into
account (Hit) if.

« Large PD>0.6 MIP in case of Large PD
 Small PD>0.6 MIP in case of Large PD
Position is reconstructed using Calocube
center of gravity

Energy is reconstructed from the total
energy deposit [MIP]

Event selection

« Select only events having an energy
deposit more than 15 MIP in Layer O

« Select an energy dependent area of 1-4
mm where response is uniform
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About saturation

B small

IS
o

Event in which the energy deposit 40-
In the cube with maximum signal 3ot

Large - All

Layer 3 Cube 12 Large PD

Definition of saturated event 50

Ix10°

Saturation is not significant for the
Large PD even with 200 GeV beam

Deviation Resolution

E / Beam energy [MIP/GeV]
w W w
N o ® n ©
(&)} [00] (&)} (e} (6]

w
J

36.5
361

35.5H

35_| 1 1 1 - 11 | - - 11

100 120 140 ]160III180III200II O_E\IIIIIIIIIIIIIIIIIIIII\II

4 1 12 14 1 1 2
Beam energy [GeV] 0 60 80 00 0 0 6é)seam Se%ergy ?geV]

(layer 3 cube 12) is greater than o0l
710000 ADC :
10
Large - No Saturation R AR ERI AL T A KL

ADC
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Update

What can be improved

Reconstruction
Position is reconstructed using tracker information
Energy should benefits of the calibration of Large PDs gains in column 3

Event selection
« Select only events having an energy deposit more than 15 MIP in Layer O
« Use all events and correct for position dependence using LeakOut table

Determination of mean and resolution
In the past analysis the energy distribution were fitted using a Gaussian
Because in some cases we found a low energy tail this time we used LogGaussian function

Electron 200 GeV Electron 200 GeV
- Entries 1110
- ,\E/Intrles 1110 300F onn e
300~ ean 7767 C RMS 1282
RMS 1282 B Underflow 0
B Underflow 0 250 Overflow 0
250 Overflow 0 C %2 / ndf 9.696/7
L x2/ndf  0.08163/1 C PO 88090404 £ 26560408
L Constant 315.9 +15.2 200 - p1 7801+ 6.7
200[~ Mean 7812 + 6.6 C p2 182+ 33
Sigma 87.85 +5.53 | p3 0.1924 + 0.0381
L 150
150~ 50 LO g uss

100(

501~

Ll ) 58 )
E [MIP] EMIP]



Large PD

Electron 50 GeV

Entries 5166
B Mean 1979
N RMS 31.77
600~ Underflow 0
N Overflow 0
500 o x? / ndf 38.78/16
r po 5.139e+04 * 7.191e+02
N p1 1979 + 0.7
400~ p2 31.61+ 0.36
- 8.885¢-05 + 1.350e-02
300F
200
100
o L N 10
1.8 1.9 2.1 2.2
E [MIP]
Electron 150 GeV
Entries 4586
300 B Mean 5930
N RMS 7176
250 '_ Underflow 0
o Overflow 0
L 22/ ndl 94.67/ 40
200 r po 4.502e+04 + 6.720+02
- p1 5931+ 1.1
i P2 69.83 £ 0.93
r 3
150 p: 8.847e-06 + 3.336e-07
100~
50
O_I...I...I..I...I..l...l...l.103
5.2 5.6 5.8 6.2 6.4 6.6

Electron 100 GeV

_ Entries 4678

450 Mean 3972

F RMS 46.09

400 Underflow 0

E Overflow 0

350 :_ %2 /ndf 28.8/24

- p0 4.6656+04 + 68470402

300 - pt 3973 + 1.1

o p2 46.31+ 0.57

250 F p3 0.004602 + 0.015679
200
150
100F
50F

N Ly 1 x10°

3.6 3.8 4 4.2 4.4
E [MIP]
Electron 200 GeV

Entries 1112

160 '_ Mean 7754

C RMS 1143

B Underflow 0

140 C Overflow 0

C 2% /ndf 10.25/ 12

120~ po 4.438e+04 + 1.3396+03

C pt 7787 + 6.2

100~ P2 109.4 £ 3.0

N p3 0.1927 + 0.0400
80—
60
4of
20F

-I L I Ll I 111 I 111 I 111 Ll | Ll I -} I Lkl I ><1 03

g.8 7 72 74 76 78 8 82 84 86 88

E [MIP]
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Small PD

Electron 50 GeV

Entries

Mean

RMS

Overflow

x? / ndf

Underflow

5166
1963
59.53
0

0

24.16/21

1.028e+05 * 1.434e+03

1963 + 1.4

58.61+ 0.61

0.0006518 + 0.0134824

E [MIP]

L R S
1.6 1.8 2 2.2 2.4
E [MIP]
Electron 150 GeV
Entries 4586
E Mean 5888
2 RMS 86.45
C Underflow 0
:_ Overflow 0
E 2% /ndt 31.13/33
- PO 9.1116+04 + 1.3506+03
:_ p1 5894 + 2.0
E P2 83.07 + 0.97
— p3 0.04504 + 0.01421
Lt e L 1 IX10°
45 5.5 6 6.5

Electron 100 GeV

Entries 4678

600- Mean 3942

i AMS 684

500 '_ Underflow 0

o Overflow 0

i %? /ndf 18.28/23

B po 9.323e+04 + 1.366e+03
4 -

00- p1 3945 + 1.7

i P2 67.59 £ 0.73

300 - p3 0.02504 + 0.01403
200~
100F

N AT I P IO 4 I . U P U P O [0

3 32 34 36 38 4 42 44 46 48
E [MIP]
Electron 200 GeV

Entries 1112

300 Mean 7817

C W RMS 1278

: Underflow 0

250_— Overflow 0

- %% /ndf 8.592/7

[ po 8.831e+04 + 2.659e+03

200 — p1 7840 + 6.6

L p2 120.7 + 3.0

i p3 0.122 + 0.034
150~
100~
50F

ol liiiils b N e Ly L x10°

7.5 8 9 9.5
E [MIP]
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Beam energy [MIP/GeV]
W W
© ©
n O

E/
w

w ©

© N

38.8

38.6

38.4

38.2—

38

Performances

No Leakage
correction applied

Deviation

MaX|mum Non Llnearlty é

- ~3.6%for Large

e gt G b

40 60 80 100 120 140 160 180 200
Beam energy [GeV]

o/ E [%]

Bl Large after Rel.Gain.Cal.
- Small after Rel.Gain.Cal.

2.5

1.5

0.5

0

Resolution

IIIIJIIIIlIIIIIIIIIIIIII]IIII

Iilllilllilllilllill

100 120 140 160 180 200
Beam energy [GeV]

There is no improvement after Relative Gain Calibration because of the basic
assumption to neglect differences in the direct ionization in PDs
With available data, we can not calibrate column 3 better than this, unless we make

use of full detector simulations

Large before Rel.Gain.Cal.
Small before Rel.Gain.Cal.
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E / Beam ener

P f Large after Rel.Gain.Cal.
erormances - Small after Rel.Gain.Cal.

Leakage corrections Large before Rel.Gain.Cal.
applied Small before Rel.Gain.Cal.

Deviation Resolution

o
o

W
©
(o]

g
II[ICTIIIlIII

gy [MIP/GeV]
o/ E [%]

W

!

39.41

S WU N N S S W N S S 2

¢ 1.5

38.8]

38.61—

38.41

~2% for Large 05
S 2p6%forSmall - |

_llllilllill | I | I [ I | L | L | : illlilllilllilllilllilllilllilllill
30 60 80 100 120 140 160 180 200 020 60 80 100 120 140 160 180 200

Beam energy [GeV] Beam energy [GeV]

e e i
38.2 B

Leakage correction improves both linearity and resolution in case of 200 GeV beam.
This is reasonable because, as observed, the beam is outside the center of the cube
(linearity) and is spread on a large surface (resolution)




Summary

» Tracker information is very useful to compute the calibration factors and
study the performances of the prototype

e It is not possible to calibrate all cubes relevant for electromagnetic
shower without simulations

- Next beam test is very important to acquire enough statistics with muons in order
to calibrate all prototype

» Shower leakage is less than 3% for the electron beams configuration
acquired in last beam test

 Performances at 200 GeV benefit by the application of leakage correction

What to do next
« Study the variation of the performances in very small position bins

« Study the performances for hadronic showers using 50-300 GeV hadrons
beam acquired in last beam Test
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Back Up
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Tracker resolution

Layer O
— 2 Entries 4833
E T Mean x 0.01802
% C Meany 0.04174
1.5 RMS®  0.8991[9
- RMSy 0.9419 .
£ 5|[ 8] s The distance between
: IR tracks shows discrete
051 50 steps of almost 1 mm
o —2 . .
. This distance seems
05 ' consistence with
b 1 tracker pitch (0.75 mm)
_1_5f_ 0.5
2:I 111 I 1 111 | | | I 1 | | L1 11 | [ | | L 111 | | | 0

=2 -15 -1 -05 0 0.5 1 1.5 2
x [cm]



Using Tracker information
Muon beam

Vertex

Entries 27680 5 Eve nt SEIecti on

y [cm]

Mean x |0.8977

i Cel ) _ y Meany 10.6385

LS | IR | SR | ol s Main selection
a AR 5 s fBTfitflag = 3
A merepy o fBTtracksX(Y) =0, 1
T "> ... not strict condition
! fChi2X(Y)/NdofX(Y) < 1
] "° . always true if fBTfitflag = 3
- fNpointX(Y) =5
| . fNdofX(Y) =3
i L I R | .. always true with e, m or p beam
{SUPUSRESUURIN | DEOSS T EOUUGN | PSR SN | SR TOUONN | M | PN finteraction = 0, 1
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Calocube position
Muon beam

Entries 16812
Mean x 0.5812
Meany -0.2226

|
N Vs x 1903 |
RMSy 2105/

16| 146 6

S 11912956 1260

10| 1998 301
C_ = =

12

10

Event selection

Main selection
fBTfitflag = 3
fBTtracksX(Y) =0, 1

... hot strict condition
fChi2X(Y)/NdofX(Y) < 1

... always true if fBTfitflag = 3
fNpointX(Y) =5
fNdofX(Y) =3

.. always true with e, m or p beam
finteraction =0, 1

cube > 1 MIP
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Using the projected position on
Calocube first layer for all layers

Layer O Layer 10
Entries 4833 Entries 5340
— 4 — 4 = p— p
E T . Mean x 0.01692 ) E T . = . " Meanx  0.045
Lo Lo C . . L
- [ = Meany 0.03895 -~ . ., o = = Meany 0.04813 )
3 RMSx 09169 j 3 " LN L RMSx  1.024
- ) " RMSY 09567 E " - e w et _"RMSV 1.058 B
o[ * of 7| o o " " a 2
C . 1| 4823 2 B Tk i T 5301 3D
B - 0| o| o C : my 3] 0
1= 11— Nl
E . ‘ —112 E —12
(0] - " ) o
- " 10 s 10
n - - .
1= |8 1= . "4 -8
N 6 B
-2 A 6
- = 4 N
3 " 3
™ " - 2 N 2
S | | | | i F L | L | |
a0 b v P v b b P [, | A T T A T T I N ol O ol N e T RN
‘14 -3 -2 -1 0 1 2 3 4 0 414 -3 -2 —1 0 1 2 3 4 0
x [cm] x [cm]

No apparent tilt of the detector if we use for all layers
the projected position on the first Calocube layer 79



Using for each Calocube layer the
projected position on each layer Iitself

Layer O Layer 10
Entries 4833 Entries 5340
— 4 — 4= w u )
g B Mean x 0.01692 ) g C " - =« = |Meanx 0.2344
= Meany 0.03895 = r .- " a"_  4Meany-0.2202 s
3 RMSx  0.9169 j 3 .m = 1 ge= = RMSx  1.027
B RMSy 0.9567 C .- -, '_ = = ':"'_ = |RMSy 1.067 5
o of 7| o5 " " 21| 0
- 1| 4823 2 529 7|
- ol o| o 11 0
1=
C —12 12
of- .0 —10
1 :— I8 —8
- . 6 6
-2 "
- 4
_4 I | | | 1 1 | | (| | | | 1 0 | O
4 3 -2 -1 0 1 2 3 4 4
x [cm] x [cm]

A tilt of the detector is found if we for each layer we
use the projected position on the layer itself 30



Entries 27680

Mean 0.114
RMS 0.1239

Underflow 0

Overflow 0

0 QZ

Q4

06

14
x2/Ndof x

Entries 27680

x10°

Mean 0.1289
RMS 0.126

Underflow 0

Overflow 0

Reduced
X2
from
DirFit

I P

‘be@EY()/GetNdon()

1.2 1.4

x%/Ndof y

I

i

M T T T T T T T T[T T T T [ TTT T TTT1

GetChi2_dof()

Entries 27680
Mean 0.1214
RMS 0.08908
Underflow 0
Overflow 0
.
1.4 31

1.2

x?/Ndof
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E / Beam energy [MIP/GeV]
S
N

Performances with Gauss fit

Deviation

40 60 80 100 120 140 160 180 200
Beam energy [GeV]

6/ E [%]

2.5

1.5

0.5

Resolution

.................................................................................................................................................
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40 60 80 100 120 140 160 180 200
Beam energy [GeV]
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Electron 50 GeV

Constant 113.9+6.9
B Mean -12.08 £0.86
100~
B Sigma 15.99 £0.72
80
o 16/1956 + 0.8%
40
20
O-II — L 1 | —
3100 —50 0 50 100
E [MIP]
Electron 150 GeV
N Constant 368.1+12.9
350 Mean -18.37 £0.76
300F Sigma  17.86 +0.75
250
“F 18/5872 + 0.3%
150~
100}
50F
TN T T T T P T

50

00 —80 —60 —40 20 0 20 40 60 80
E [MIP]

240
220
200
180
160
140
120
100
80
60
40
20

500

400

300

200

100

Electron 100 GeV

Pileup
Large PD

— Constant 230.7 £ 9.9
:_ Mean -8.974+ 0.572
3 Sigma 16.28 + 0.49
1 1 I 1 1 1 1 1 1 1 1 1 1 1 1
-100 -50 0 50 100
E [MIP]
Electron 200 GeV
— Constant 484.6 £+ 15.7
B Mean -6.981+ 0.507
-— Sigma 15.18 £ 0.48
| 1 1 1
-100 -50 0 50 100

sumdE of Large
sensors for
beam events
having a signal in
crystal with
maximum energy
deposit (layer 3
cube 12)
less than 250
ADC
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8000F

sooof
70005
eooof
50002
40005 3/5872
30005
20005

1000F

Electron 50 GeV

70005
eooof
5ooof
40005
sooof

2000F

1000F

3/1956

.,

I_40 L 1

-20

0

Electron 150 GeV

I

ﬁ

e

J

1 1
E [MIP]
Constant 8729 + 62.5
Mean -0.005261+ 0.016326
Sigma 2.795 £ 0.012

0.05%

A

1 I 1 1
~40

-20

0

20

40
E [MIP]

70005
eooof
5000F
4000F
sooof
20005

1000F

90002
8000F
7000F
6000E
5000F
4000F
soooz
20002

1000

Electron 100 GeV

8000F

ﬁ

Constant 8973 £63.2

Mean -7.25e-05 + 1.61e—02

Sigma 2.778 £0.012

Pileup
Large PD

= 3/3940H0.07%
.I.I.JI.\L..I.
~40 —20 0 20 40
E [MIP]
Electron 200 GeV
Constant 9760 +66.0

Mean -0.001486 + 0.015407

Sigma 2.781+£0.011

+ 0.04%
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Electron 50 GeV
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Longitudinal Profile

Longitudinal Profile

Maximum signal is on layer:
e 3 for E = 50,100 GeV
* 4 for E = 150, 200 GeV
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