CAL1(E

Calorimeter for LC

MAPS simulation
Application of charge diffusion on Geant4
simulation and impact on the energy resolution

Study of different parameters

- with or without NWELL

- effect of the diode size

- input noise level

- Input energy

- first tentative of “basic clustering”
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CALIQE Energy per hit

Calorimeter for LC

Muons 20 GeV 20 GeV muons, diode 1.8um
Simulated with Mokka-06-00

E initial (geant4)

10° 3 E.iony after charge spread
5000 events - ————— E.eigrboursconin after charge spread
= ———— E, g from charge spread
il — E final after charge spread
Charge Spread Simulation . 104 §_ E final after adding noise 6=120eV
with NWELL, diode size=1.8um, - i
= i VP 3.232e-06 + 4641e-09
Nb of generated electrons = 80 * 10° Sigma 6172607+ 2392e-09

IIIII|

total_detector thickness in um

=80 * 32 = 2560 e- for Giulio’s simulation.

Geant4 effective Si thick considered = 15um.  19°
. 1200 electrons. But the sum of the collected
charge for 1.8um diodes goes beyond 1200 e- !l

T IllllHl

1
N T

£ Should simulate with 17um instead of 15 to be closer from the rédltym = 12um
thickness of epi layer + 5 um of substract where the chargeedreill not be recombined fast
enough and so is falling into the epi.

£ Finally, assumed 1300 electrons for the total number of electroastadiyy collected.
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CALH

Calorimeter for LC

Details of the different contribution to the
energy before applying threshold

When applying charge spread, the energy of eadk bdming from :
- initial geant4 energy*% in the cell, + % of podsibeighbours leak = green+pink curves
- just % of neighbour(s), creating a new hit : redve
The total (not sum of histos!! Per hit) is in blaekd in yellow after a noise adding of 120

Electrons

electrons.
5 | 20 GeV e, diode 1.8um

50010

[ ———— Einitial (geantd)
450 :— Eceiony &fter charge spread

E —— Eneignbourscontrlb after charge spread
400 :_ ———— Eqeawq from charge spread
350 E_ ———— Efinal after charge spread

£ E final after adding noise o=120eV
3001
250 _
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Ix16

E (GeV)

20 GeV e, diode 1.8um

Electrons

E ——— E initial (geant4)
B E.iony after charge spread
105 == S Eneighbcurscontrib after Charge spread
2 - E from charge spread
- created
E — Efinal after charge spread
B E final after adding noise 6=120eV
10 Constant 4.499¢+04 + 75
= MPV 9.225¢-07 + 1.130e-09
g Sigma 3.054e-07 £ 5.072e-10
3L
10°E
10°F
10
SR
-2 0 2 4 6 8 10 12 14
E (GeV)
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ALi1CE

alorimeter for LC

Importance of the charge spread

I% collected per cell v< hit position i

% collected

@ point 1 : center

1=ceniral, 10=sum(2-9)

| % collected per cell vs hit position i

% collecied

point 2
W point 3

1=cenfral, 10=sum(2-9)

@ point 4
W point 5
A point 6

A=ceniral, 10=sum(2-9)
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@ point 11
W point 12
A point 13

point 14
# point 15

1=central, 10=sum(2-9)

o point 7

W point 8

A point9
» point 10

1=ceniral, 10=sum(2-9)

@ point16
point17
A point18 %
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Calorimeter for LC

Adding of Noise only hits, depending on threshold

#Noise vs Threshold, electron 20 GeV

1900?100 . For a threshold > 600 eV
£ r Noise ¢,=60 keV
.§°°;_ . Noises120kev | (= 5o for the expected
$00- - Noisec=180keV | Noise level) : noise only
7001 hits are effectively “0” per
5005 Tio, cone around the shower.
soor ||  #noise hits=3M x J g(t)dt

- - Calculation based on 3M
oo pixels ~ 1.5*1.5 cm
3001 towers.
200:—
100?\

I Y A R I MY S

threshold T (keV)
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Calorimeter for LC

Z001INS

#Noise vs Threshold, electron 20 GeV

#Noise vs Threshold, electron 20 GeV

o .
£ [ b Noise c,=60 eV
@1200~ « Noise 6,=120 eV
o L
& | = Noise o, =180 eV
1000}
800
600}
400~
200
L l]\-‘#\e£¢5¢¢$£¢¢¢$= b dsis
% o5 1 15 2 25 3
threshold T (keV)
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CALIQE Extracting the energy resolution

Calorimeter for LC

Number of signal+noise hits above 1e-07 GeV in 5050 um? cells, noise=1.2e-07 GeV

Assumption : the total energy is

number of hits after threshold, per
threshold value.
} scan : between 100 eV and 3 keV. 50

100

proportional to the number of hits Aol — e ey ertmtrte =

after threshold, per threshold : - I Mean 4674
. i cise 1’80 kel RMS 2332

E =f. #pix 250/ ndrton

And SOGE = f. 6#p1X - ; Integral 4621

Finally, E/ o¢ = #piX /Oy, 2001

I Get the mean and RMS of the 150P

00 2000 4000 6000 8000 10000120001400016000
#hits in 50*50 um? cells
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UALIQE The “ideal” result : without charge spread.

Caldorimeter for LC

E/c(E) vs Threshold, electron 20 GeV

ESO_
:'Q' - Noise 60 eV
w | .

il * Noise 120 eV
25—

0 ¢ Noise 180 eV
20:_IIi!:illﬁ'l"ﬂQ'liiilﬁia;iilai
15 .

i =>0.23I\IE

0 @ 120 eV noise
10— =« threshold 1.7 keV

5
S

_IIII|IIII|IIII|IIII|IIII|IIIIIII

% o5 1 15 2 25 3
threshold (keV)

The “official” value for the
standard ECAL is 0.15, the
objective is 0.12.

But here : no Gaussian fit, so
conservative.

£ Comparison with Calice :
seems in reasonable agreement !

[] Entries 39137

Mean 30.23
F RMS 1315

I g2
- Fit in region %2 1 ndf 27.24 /28
1400 [1o +2eg] to Caonstant 1470 +10.9
S Mean 30.41 0.01

Sigma 1.067 + 0.010

1200/ determine mean, o

1000
Bo0[ -
600

400

200[

From D. Ward, Calice-software 23/11/2006
} V30/ (30.23/1.315) = 0.23
£ v30/(30.41/1.057) = 0.19
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LILE After charge spread for 1.8 um diodes

Caldorimeter for LC

The noise level is assumed to
be ~40 electrons to be
conservative.

Conversion factor : 1 e- =3 eV
t 120 eV will be the basic
level considered here.

Study if 60 or 180 eV instead :
t Below 400 eV , the influence
IS due to the increased number
of noise only hits.

t After 600 eV, no more
noticeable impact.

b this seems tootbe a
critical parametein termsof

energy resolutiohl!
November 30th, 2006

E/c(E) vs Threshold, electron 20 GeV

022[
:'g’ : - Noise 60eV
I'uzo— *  Noise 120 eV
I # Noise 180 eV
G
B e => 0.25/\E
o '*iit @ 120 eV noise
16~ ., threshold 0.4 keV
= o 3
- $
14 * L
I ',
B o !*
12— 2
== Q'
:xr_} ii*’
10 e
S_IIII|IIII|IIII|IIII||I||II||||I|

0 0.5 1 1.5 2 2.5 3

threshold (keV)
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61 ALIQE Influence of the diode size

Calorimeter for LC

E/c(E) vs Threshold, electron 20 GeV

2221 T b Let’'s assume : bigger diode size =
E " %  Noise 120 eV, diode 1.8 um blgger nOise_
L MNoise 180 eV, diode 1 Bum .
20~ S e . So compare0.9 um with 120 eV
=, ©  Nose 180sV, dode 09 um noise, and..8 um with 180 e\hoise
18- *
in i
[ 4! :
ol gl £ What we already know : bigger
- diodes is better above 500 eV
e threshold !
12 |
_ \&N‘“ Looking forward to test 3.2 un€-)
10,
a_l L1 1 I | | | | S | I | N | | | | SR R | | 1 1

0 0.5 1 1.5 2 2.5 3
threshold (keV)
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CALIQE Influence of the central NWELL

Calorimeter for LC

E/c(E) vs Threshold, electron 20 GeV

%20: oo 0.oum NWELL Tested only with 0.9 um diodes.
el | b The NWELL will systematically take
5 aoeommelEE 1 509 everywhere, but without NWELL
16/ ;g . the charge spreads further than the
. s closest neighbours, so is here considered
1ar g F as lost....
B ¥ E
. c
12;_, *** 'y . Need to confirm the influence with
Job* *g;‘ull 3.2 um diodes !
8- e,
IR I AR RN AT PSP IRPRTATE AR Arirs. S

0 0.5 1 1.5 2 2.5 3
threshold (keV)
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WALIQE  Influence of the incoming energy

Calorimeter for LC

E/c(E) vs Threshold, noise 120 eV

—~22
o221
B 20 =028 . o1 At 20 GeVL o= 0.25
w20 ., va=U. < E=10GeV :

18 " %H% x E=20GeV

o TR ¢ E=30GeV Would expect

e By e, T E/cE ~ 22 @ 30 GeV,
14:—: \1311 xx*x M%% 12.6 @ 10 GeV,
12:_ s;t Eizi *4}:{?,&### 4 1GeV

= 0=0227m, @

10__ 1.1.Iz !i!;

8- Consistent @ +/- 10 % ...
6

4:_ (}0000«&00‘}(:‘

B o T G°&¢°°°°000¢¢0

2 .

0:@?1IJIILI|IIIIIIIII|IIII|IIIlIJI

0 0.5 1 1.5 2 2.5 3
threshold (keV)
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CAL Influence of a basic clustering

Calonmeter for LC

E/c(E) vs Threshold, electron 20 GeV
N\

522:
520;— {]{}%} ¥  Noise 120 eV, all hits = 1
1 8 :_ Noise 120 eV, basic clustering
1o Hy T
‘ f
10 Fhig,
2f
0:||||||||||||||||||||||||||||||||
0 05 1 15 2 25 3

threshold (keV)

Close to the “ideal” case!

“clustering” = just counting one
hit and its closest neighbours that
passed the threshold as “1 hit”
only.

Hits classified by number of
neighbours, and removed from
the list when already taken care
of...

Only other case taken care of : If
the hit has 8 closest neighbours (=
the max possible), and one of the
closest neighbours has also 8
neighbourdt. count 2.
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C A L G Number of neighbours after 600 eV
LC (=5 0) threshold for example...

Calorimeter for

Number of neighbours per hit
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LA L IQ E Example...

Calonmeter for LC

A particular event, and area ....

3 Pr 4 @
@ —16

()

8795
y indice
8790

8785

8780 i |
8775 3
2
8770 Total : 11 or 12,
instead of 37. 1
8765 1 1 1 1 | 1 1 | 1 | 1 1 | 1 | 1 1 | 1 | | | | 1 | | I | 1 0
10865 10870 10875 10880 10885 10890 10895

X Indice
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CALIG To do list
Calorimeter for LC

e Include the dead area
* Better scan in energy

o further study of clustering neighbours hits, at
higher energy also....

e Simulate full physics events ... and optimise
the code for a big number of hits.
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