Measuring the electron energy:
A comparison between two different setups
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1.a) E_ =1 GeV. Start from 1st module: Spatial distribution of the hit
point on the calorimeter

SETUP 1 SETUP 2
Punto di impatto nel calorimetro (E, = 1 GV, partenza: 50 modulo, 6, = 0) Punto di impatto nel calorimetro (E, = 1 GeV, partenza: 50 modulo, 6, = 0 )
histo? )
Entries 98148 Qe
Mean x ~0.07601 - :
Mean y -0.06814 i e all . histo2
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‘ : o = s T “IMeany -0.06433
“““““ e L % o Tl T-uIStdDevx 2237 |

40 xfoml
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No substantial differences between two setups

SETUP 2 distribution is slightly wider (c = 22,4 cm
comparedto o =21,5cm of SETUP 1) —

Increased MS effect
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SETUP 1 1.b) E_ =2 GeV. Start from 1st module
~99 8% Of Eneergia rilasciata nel calorimetro (Ee = 2 GeV, partenza: 50 modulo, 8, = 0)
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energy Using SETUP 2 the energy spectrum is much broader, probably

because of MS effects, which are increased with respect to 5
SETUP 1



1.b) E_ =2 GeV. Start from 1st module: Spatial distribution of the hit
point on the calorimeter

histo2

= Meanx  -0.0233

_| Std Dev x 16.81]

Entries 99768

Meany -0.07674

StdDevy  16.72

SETUP 1 SETUP 2
Punto di impatto nel calorimetro (E, = 2 GeV, partenza: 50 modulo, 6, = 0) Punto di impatto nel calorimetro (E, = 2 GeV, partenza: 50 modulo, 6, = 0 )
histo2 '
Entries 99793
Mean x -0.008005
Mean y 0.01586 90
", Std Dev x 14.88
"] Std Devy 1484 | 80
100+ i 70
80—: 60
1 50

SETUP 2 distribution is slightly wider (o =
compared to o = 14,8 cm of SETUP 1)

16,8 cm ‘

Increased MS effect
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SETUP 1 1.c) E_ =10 GeV. Start from 1st module

B K All the electrons Energia rilasciata nel canrimetro(Ee= 10 GeV, partenza: 50 modulo, 6, = 0)
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SETUP 2: energy spectrum is much broader and peak is at
lower energy with respect to SETUP 1. 7



1.c) E_ =10 GeV. Start from 1st module: Spatial distribution of the hit

Punto di impatto nel calorimetro (E, = 10 GeV, partenza: 50 modulo, 6, = 0)

point on the calorimeter

SETUP 1 SETUP 2

histo2
Entries 20000
Mean x 0.01224
Mean y -0.04113
Std Dev x 4121 B
. Std Devy 4.14 4502 '

40 xfeml

SETUP 2 distribution is slightly wider (o = 5,2 cm

compared to 0 = 4,1 cm of SETUP 1) Increased MS effect

—)

Punto di impatto nel calorimetro (E, = 10 GeV, partenza 50 modulo, 6,=0)

histo2

.. | Entries 49998

"' Meany -0.002154

Std Devy 5.216

Meanx  -0.02609

Std Dev x 5.244

40 xfoml
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1.a) E_ =1 GeV. Start from 25th module

Energia rilasciata nel calorimetro (Ee =1 GeV, partenza 25 modulo, 6, = 0)
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1.a) E_ =1 GeV. Start from 25th module: Spatial distribution of the hit

SETUP 1

Punto di impatto nel calorimetro (E, = 1 GeV, partenza: 25 modulo, 6, = 0)

SETUP 2 distribution is slightly wider (c = 13,6 cm |

histo2

Entries
Mean x
Meany
Std Dev x
Std Devy

99855
-0.01887
-0.03468

11.74
11.81

compared to o = 11,8 cm of SETUP 1)

point on the calorimeter

SETUP 2

Punto di impatto nel calorimetro (E_ = 1 GeV, partenza: 25 modulo, 6, =0)

120
100~

histo2

Entries 99827

" Meanx  0.002263

Meany  —0.0692 []
Std Dev x 13.6

Increased MS effect

StdDevy  13.54

40 x[em
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1.b) E_ =2 GeV. Start from 25th module

SETUP 1
N, = 100k
N, (E_> 0) = 99978

cal
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> 0) = 99982

cal
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the calorimeter
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with >50% their
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>99.9% of
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with >50% of
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1.b) E_ =2 GeV. Start from 25th module: Spatial distribution of the hit
point on the calorimeter

SETUP 1 SETUP 2
Punto di impatto nel calorimetro (E_ = 2 GeV, partenza: 25 modulo, 6, = 0) Punto di impatto nel calorimetro (E, = 2 GeV, partenza: 25 modulo, 6, =0)
histo2 .
Entries - 99978 '
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mgiﬂ ; ~0.004464 ) histo2
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40 xfem
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-40

SETUP 2 distribution is slightly wider (o = 7,8 cm
compared to o = 6,5 cm of SETUP 1) mm) Increased MS effect 12



1.c) E_ =10 GeV. Start from 25th module

Energia rilasciata nel calorimetro (E_= 10 GeV, partenza 25 modulo, 6, = 0)

SETUP 1 g S 06
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1.c) E_ =10 GeV. Start from 25th module: Spatial distribution of the hit
point on the calorimeter

SETUP 1

Punto di impatto nel calorimetro (E_ = 10 GeV, partenza: 25 modulo, 8, = 0)

SETUP 2 distribution is slightly wider (o = 1,8 cm

histo2

Entries 20000
Meanx  0.002454
| Meany 001452
.| Std Devx 1497

o odDevy 1499

40 xem)

40 ki

comparedto o =1,4cm of SETUP 1)

SETUP 2

Punto di impatto nel calorimetro (E_ =10 GeV, partenza: 25 modulo, 6, =0)
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e e S |StdDevx 1868 |
2500 et e, .| StdDevy  1.854
2% S SRV i /

1500—2 o

1000

5001

0
J’/c/
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Increased MS effect 14



STEP2: E,=1,2,10GeV, 6, =6 (E,) ¢, = 0.

SETUP 1 2.8.) Ee =1 GeV, 96 = 31,85 mrad.
N_ = 100k ) 2570 Of Start from 1st module
e B electrons reach S ,
Ne (Ecal> O) = 4872 the Calorimeter i Energia rilasciata nel calorimetro (Ee=1GeV, partenza: 50 modulo, 6, = 31.85 mrad)
§ 800 i — Si: 0.6 mm
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2.a) E,=1GeV, 6_= 31,85 mrad. Start from 1st module

> After 26 mx, =80 cm  mmmmdp Out of calorimeter

SETUP 1 SETUP 2
Punto di impatto nel calorimetro (E, = 1 GeV, partenza: 50 modulo, 6, = 31.82 mrad) Punto di impatto nel calorimetro (E, = 1 GeV, partenza: 50 modulo, 8, = 31.85 mrad)
‘ histo2 histo2
“““ g L Enties 7974
B IO Meany 0.09114 Meanx 3298
T el SN | Std Dev 20.38 ~|Meany 0214
] et ™\ StdDevy 23.34 .. | StdDevx 19.59
123 B L StdDevy 2358

40 X [Cm]

40 x[cm] -40 -20

2 40

40
SETUP 2 has more statistics compared to SETUP 1 16

due to increased MS effect



Punto di impatto nel calorimetro (E, = 1 GeV, partenza: 50 modulo, 6, = 31.82 mrad)

2.a.1)E_=1GeV, 6_=31,82 mrad

““““ “.\|_Std Devy 14.75

WithaZ2mx2m
calorimeter

~
4
7 50

Energia rilasciata nel calorimetro (Ee =1 GeV, partenza: 50 modulo, 6, = 31.82 mrad)

g histo I 100
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Std Dev 245.4 F
10° &
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r oL
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102 -
r - .
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L L L L L L L L L L L L L1 L L L L L L L L L L L L L L L L L L L1 L L L L L L 17
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2.b) E,=2GeV, 6_=22,44 mrad. Start from 1st module

Energia rilasciata nel calorimetro (Ee =2 GeV, partenza: 50 modulo, 6, = 22.44 mrad)

SETUP 1

£3500 [ [ —si:0.6mm
N_ = 100k §I6e,(£:1t0r/(())r(1); reach z 1 —Si1,2mm
N, (E.>0) =26422  ihe calorimeter 4
N (E >1GeV 13,6% of 2500y
e (Ecq ) =) o|ectrons reach T
= 13609 the calorimeter  ogpo!]
with >50% their |
initial energy |
SETUP 2 1500
N_= 100k 34,1% of 1l
¢ _ == electrons reach 1000:
N, (E.,>0)=34121  the calorimeter -
500 =
16,4% of - Lj@
electrons reach n %mﬁﬁﬁwﬁ
Ne(EcaI>1GeV) . O\II\\\\\\I\\\\\\\\\\I\\\\\\I\\
— 16411 the calorimeter 0 200 400 600 800 1000 1200 1400 1600 1800 2000
- with >50% of E..., [MeV]
their initial 18

energy



2.b) E,=2GeV, 6_=22,44 mrad. Start from 1st module

> After 26 m x_= 58 cm ==mmp Out of calorimeter
SETUP 1 SETUP 2

Punto di impatto nel calorimetro (E, = 2 GeV, partenza: 50 modulo, 6, = 22.44 mrad) Punto di impatto nel calorimetro (Ee =2 GeV, partenza: 50 modulo, 6, = 22.44 mrad) histo?

histo2 ; ,
i 34121

ot s Entries 26422 . Entries
L e Mean x 39.49

Mean x 8| RMESERAEE RS e e i s

B e e R | Meany 0.0006572 ] i e e T D Meany  -0.04334

P T s et NSO Sid Devx 13.33 e SR RS i

D E I e, Tt NS Std Devy 143 T s e e SR e e bl
= : i AT e L LS . : ‘ StdDevy  15.69

40 xfom)
40 xfeml

20 40

4
SETUP 2 has more statistics (34,1%) compared to 19
SETUP 1 (26,4%) due to increased MS effect



Punto di impatto nel calorimetro (Ee =2 GeV, partenza: 50 modulo, 6, = 22.44 mrad)

Entries nisto2 10000
2.0.1)E =2 GeV, 6_=22,44 mrad s
e e Std Dev x 8.598
804 Std Dev y 8.794
70—
60—
. 50—
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. 20
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100
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0
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g 10°E histo -100  _100 %
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— Mean 1944
B Std Dev 66.67 H
10° =
: N, = 10k
wk " N, (E_> 0) = 10k
il
12\ L L L L IH ‘\‘ L H L ‘ ‘\H L L ‘\ ‘ ‘ L H L L L L L L L L L 20
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2.c) E_=10GeV, 6_=9,74 mrad. Start from 1st module

Energia rilasciata nel calorimetro (Ee =10 GeV, partenza: 50 modulo, 6, = 9.74 mrad)

SETUP 1 % — Si: 0.6 mm
N = 20k All the electrons Z = | —Si12mm H
e ~ reach the 10° =
N, (E > 0) = 20k calorimeter - {
N (E >1GeV >99.9% of I
e ( cal ) ) electrons reach 10 = IH
= 19999 the calorimeter -
with E > 1 GeV B rljj
SETUP 2 10 = ]
N = 50K - >99,9% of - mﬂf
e electrons reach B
N, (E.,>0)=49999  the calorimeter 10 = MFJ
) >99,9% of n M WHF
Ne (Ecal>1GeV) electrons reach :H_‘ I I |||:‘HH \H_‘ L ’7\\|| Ll

= 49996 the calorimeter 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
B with E > 1 GeV E..o [MeV]
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2.c) E_=10GeV, 6_=9,74 mrad. Start from 1st module

> After 26 m x_= 25 cm ==mmp Hits the calorimeter

SETUP 1

Punto di impatto nel calorimetro (E, = 10 GeV, partenza: 50 modulo, 6, = 9.74 mrad)

-20

' Std Devy

histo2
Entries 20000
Mean x 2542
Mean y -0.03673
Std Dev x 2493
2.563

40 x[cm]

—40
No substantial differences between two setups

SETUP 2

Punto di impatto nel calorimetro (Ee =10 GeV, partenza: 50 modulo, 6, = 9.74 mrad)

-40

L

SETUP 2 distribution is slightly wider compared to SETUP 1

histo2
Entries 49999
Mean x 25.42

" StdDevx 2.982
| StdDevy 3.082

Meany  0.02698

40 xlom)
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2.a) E,=1GeV, 6_= 31,85 mrad. Start from 25th module

SETUP 1 Energia rilasciata nel calorimetro (Ee =1 GeV, partenza: 25 modulo, 6, = 31.85 mrad)
_ 94,2% of § [ | —Si06mm
N, = 100k B =) electrons reach 2| | —Sit2mm Ix
N, (E,>0) = 94211 the calorimeter - JJJJI
N_(E_> 500 MeV) 82,7% of i Iy
e =) clectrons reach 0% o
= 82708 the calorimeter - Jﬁjﬂa
with >50% their - na B R
initial energy 2 T R T
SETUP 2 %
N = 100k — 93,6% of B
© electrons reach
_ 10 1=
Ne (Ecal> 0) = 93636 the calorimeter -
78,4% of -
N_ (E_> 500 MeV) electrons reach 1
€ ca thecaIOrlmeter I ey e Y Y )
= 78395 with >50% of 0 100 20 300 400 500 600 700 80 900 1000
their initial e

energy



2.a) E,=1GeV, 6_= 31,85 mrad. Start from 25th module

> After 13,5 m x_= 43 cm == Hits the calorimeter

SETUP 1
Punto di impatto nel calorimetro (E_= 1 GeV, partenza: 25 modulo, 6, = 31.82 mrad) SETUP 2
histo2 Punto di impatto nel calorimetro (E_= 1 GeV, partenza: 25 modulo, 6, = 31.85 mrad)
Entries 94211 .
histo2
Mean x 41.26 Entries = 93636
Meany -0.001388

Std Dev x 6.265 E
Std Devy 7173 7003

" Mean x 4057

. | Std Dev x 7.09
™| Std Dev y

Meany  0.009495

8.315

x [cm]

40 x el

20

-40 20

SETUP 2 distribution is slightly wider (o = 7,1 cm 24
compared to o = 6,2 cm of SETUP 1)



2.b) E,=2GeV, 6_=22,44 mrad. Start from 25th module

SETUP 1
Ne = 100k Zligc’t?((;/?]g freach
N, (E > 0) = 99952 the calorimeter
N (E_>1GeV 99,8% of
e (E., ) == clectrons reach
= 99844 the calorimeter
with >50% their
initial energy
SETUP 2
N = 100k — >99,9% of
€ electrons reach
N, (E.,>0) =99948  ihe calorimeter

99,7% of
electrons reach
the calorimeter
with >50% of
their initial
energy

N, (E_> 1 GeV)
= 99707

events

10°

10*

3

10°

10

1

Energia rilasciata nel calorimetro (Ee =2 GeV, partenza: 25 modulo, 8, = 22.44 mrad)

— Si: 0.6 mm
—Si: 1,2 mm

o

; A
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T

gl

N ‘200 ‘400‘ | 600I | ‘800‘ | |100d | ‘1200| | ‘1400‘ | ‘1600| | ‘1800‘ | I2000
EcaIO[MeV]
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2.b) E,=2GeV, 8_=22,44 mrad. Start from 25th module

SETUP 1

Punto di impatto nel calorimetro (E =2 GeV, partenza: 25 modulo, 6, = 22.44 mrad)

-40

histo2

Entries
Mean x
Mean y
Std Dev x
Std Devy

9995
30.4t
0.00852!
421!
4.28¢

40 x[cml

1000;
800—f
600;
400;

200

> After 13,5 m x_ = 30 CM = Hits the calorimeter

SETUP 2
Punto di impatto nel calorimetro (E, = 2 GeV, partenza: 25 modulo, 6, = 22.44 mrad)
histo2
.| Entries 99948
1 Mean x 30.38
.| Meany  —0.005474
Std Dev x 4.947

Std Devy 5.02

xfcm)

-40

26

No substantial differences between two setups



2.c) E_=10GeV, 6_=9,74 mrad. Start from 25th module

SETUP 1
N, = 20k ggtchhetﬁ!aectrons
N, (E > 0) = 20k calorimeter
N (E >1GeV All the electrons
e (Eca ) =) \each the
= 20K calorimeter with
E>1GeV
SETUP 2
N =50k All the electrons
¢ 3 == each the
N, (E.> 0) = 50k calorimeter
>99,9% of

electrons reach
the calorimeter
with E > 1 GeV

N, (E_> 1 GeV)
= 49999

—_ Nevents

04

10°

102

10

Energia rilasciata nel calorimetro (Ee =10 GeV, partenza: 25 modulo, 6, = 9.74 mrad)

— Si: 0.6 mm
- |—Si:1,2mm J}
- 1
= i
_\\\I H\\\ \\|_H_|—|II\\ ’7_||-H—‘|_|—hﬂ ‘rﬁ|—| I
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
E_. [MeV]

calo
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2.c) E_=10GeV, 6_=9,74 mrad. Start from 25th module

> After 13,5 m x_ = 13 cm = Hits the calorimeter

SETUP 1 SETUP 2

Punto di impatto nel calorimetro (E_ = 10 GeV, partenza: 25 modulo, 6, = 9.74 mrad)

Punto di impatto nel calorimetro (Ee =10 GeV, partenza: 25 modulo, 8, = 9.74 mrad)
histo2
Entries 20000
/// Mean x 13.29
4 L el e . N Meany -0.01292 . histo2
w0l N 2 kB o s 500
£ : L 40004 | Meanx .
2000 ] {Meany  0.0111
3000 .. .| StdDevx 1481
2000- Sthevy 1.483
1000-
Vg
/o,))/

40 xlom

40
SETUP 2 distribution is slightly wider (o, = 1,48 cm 28
comparedto o = 1,23 cm of SETUP 1)



STEP 3: 6_[0, 35 mrad] generated according to LO distribution.
@_ generated uniformly between [0, 2nt], E_=E_(6))

- f 25th I
Ne(Eca,z - 1G6V) e start from 25th module

R = SETUP 2
SETUP 1 Ne 1
T - H NLHE N, = 3 Min
- N._ =1 Min i
- e 0.9998 i liuﬂ
0.9998 - : i R <99.9% if
- i R <99,9% if | 099 LLf ’
B : R I 6 > 20mrad
- - : 6, > 22mrad - e
0.9996 e -
i 0.9994
09994 i Jl
- | 09992
0.9992 TH( :
i 0.9997
e R T T T 1 e 0 0005 o001 0015 002 005 003 003
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 8, true [rad]

0, true [rad]



0.9998

0.9996

0.9994

0.9992

0.999

SETUP 1

| i

— - |

|

1000 2000 3000 4000 5000 6000 7000 8000
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Further developments

Add scattered muon to the primary vertex

Measure (using a virtual detector) distance between em shower and
muon, in order to determine the calorimeter granularity

Modify calorimeter setup: from a unique block to a segmeted calorimeter
Study of energy deposit of e/mu at ~2,5 mrad for PID
Study the efficiency of the energy cut as a function of the module position

Use all the information (=likelihood function) to improve energy
determination
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Conclusions

Results from STEP 1 (6, = 0) show that using SETUP 2 does not change statistics (same amount of

electrons hits the calorimeter compared to SETUP 1). However in SETUP 2 energy spectra and spatial
distributions are wider than SETUP 1, mainly because of increased MS effects introduced by doubling Si
layer thickness. Moreover in SETUP 2 the mean value of calorimeter energy deposit of electrons is lower
than SETUP 1, because electrons lose more energy in Si layers.

Results from STEP 2 (6, = 6,(E,)) show that using SETUP 2 increases statistics of electrons with E =1 —
2 GeV generated at the 1st module by few percent compared to SETUP 1, mainly due to MS which is
increased. Energy spectra and spatial distributions are slightly wider than SETUP 1, but this effect is less
prononunced with respect to STEP 1, because in STEP 2 electrons are generated with 8, # 0. This
means that electrons after few modules don't hit Si layers anymore, so after few modules they are no
more subjected to MS.

A2 m x 2 m calorimeter is necessary in order to reconstruct the electron energy in range of 1 - 2 GeV
when this electrons start from the first module..

Results from STEP 3 (6e random, E, = E.(6,)) show that for SETUP 1 applying an energy cutof E., > 1

GeV allows to use the calorimetric measure of the electron energy for 99,9% (or higher) of the events
with E, > 2,2 GeV (0, < 22mrad). For SETUP 2 the same percentage is obtained with E, > 2,4 GeV (6, <

20mrad).
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