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Empirical formula to parameterize the EM
shower shape

B The longitudinal formula and lateral formula are combined to get the empirical 3-

dimentional formula to discribe the EM shower .

The longitudinal profile of EM shower can be described typically by a Gamma-

distribution: dE (b'[)a_l _bt
E _gp2LE
['(a)

dt
where t is the shower depth. EO is the total Energy of the shower. a and b are
parameters, which are related to the material and the incident energy. And the
relation between a, b and t__ (the depth of maximum shower) is

tmax — a__l
b

max



B The following formula was used to
describe the lateral profile:

6Rr
(r+R)"
where r is the distance of a crystal to

the shower center in some layer. And
R is a parameter, which is related to

the shower depth, ¢\
i

t(r)=

t

max

where A is independent of the shower
depth but related to the energy. For a
EM shower, A should be a fixed
value for different layer and
different crystal.
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The lateral formula was obtained from the ECAL Test Beam study in the AMS

(Alpha Magnetic Spectrometer) experiment, in which the ECAL is consisted of

18 layers. So the lateral formula can be studied layer by layer to determine the

4

parameter R which changed with shower depth.



EM Showers -- Longitudinal profile

Determine longitudinal profile from CMS Geant4 Simulation

Along the R(=Vx2+y?2) direction, from R=1290mm, : O Longitudina “Laye”
about 26 layers are split in G4 Sim, with each layer !/

about 1X0 . / /

Simulation samples of single particles in SW167 with o0 St -

1 X0 (8.9mm)

incident point: n=0.05, ¢ =0.22.
Using “EcalSimHitsValidProducer’ in the
CMSSW/Validation package

~2000 evts/samole to see the averaage distribution Zi
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p_rofi_le fi'_tted by the Gamma- p_rofi_le fi'_tted by the Gamma- Then the parameters a and b
distribution distribution can be determined from the

S
t=0 for the shower start point Geant4 study.



Validation of the whole empirical formula

The empirical formula was used to fit the energy
deposit in each crystal, in a 5X5 crystal array
around the maximum energy crystal.

During the fitting process

Along the shower direction (line of COG obtained by the
Energy Log-weighted method and the original point /
vertex), the ECAL is divided into 26 layers. The energy of x
each “layer” can be obtained by the longitudinal formula
(i.e., calculated from the Gamma-distribution, parameters y
a and b were fixed from the G4 sim. study).

The parameter R in lateral profile of each “layer” can be z
written as the function of the fraction of the shower depth
t over the maximum shower depth tmax. . Acrystal

t 2
|
tmax

where A is the real fitting parameter. |

In each layer, the lateral formula (isotropy at the same )

and the areas between 2 circles (L3 method, more circles, |
higher precision, but more time needed) were used for

the calculation of energy in each crystal. Then for each T

crystal, the sum energy of 26 layers was used as the From r=0 to 20 cm, 100 circles
fitting value, to compare with the energy deposit. were used. Much compact for

MINUIT package in ROOT was used for the minimization chSe center crystals 6

Of the XZ ZZ — Z(E_fitted _ E_original)z
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Fitting result of TB2006 Electron data

The hodoscope cuts ( £2 mm ) were e -~ + Egeposit
applied to select the calibrated test beam & “F€am Energy: —E,
. ) E 35:50_ GEL‘V itted
(electron) events which hit aimost the same g | -
point in a crystal. £ L
Y axis: Averaged energy in each crystal E 2";
with the statistic of ~ 103 events. 5
10
X axis: The crystal numbered from 1 t0 25. st
°o: ‘‘‘‘‘ ISR _.1_15‘%‘20 """"" 25

For the TB2006 data, the EM shower

deposit

shape can be well fitted by the empirical ;
formula.  Crystal (or cell) number "g Eittea
5 10|15 20 25
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Parameter A

Fitting values of parameter A for TB2006 Electron
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TestBeam Sim. & Full Sim. of electron

B For the TestBeam Simulation : 50 Geve * Edeposi
. 3 -.-.-,.n- S | _Efitted
e With the same setup as ECAL test beam, samples £ “EHbolm-aata
of electrons were Sim. & Rec. with SW_167 ¢ log-scale
e The same hodoscope cuts was used to select o M
events: -2mm<X<2mm, -2mm<Y<2mm 5 N
» The formulae (Longitudinal + Lateral) can also well ol e L e el L
describe the EM shower of TB simulation e data = e
B For the Full detector simulation . .
- Switch off the Magnetic Field. £ 00GeV [
e Using the same position of incidence as TBSim ZE,“,;TBSIm e 008 ooz
e The formulae (Longitudinal + Lateral) can also well data

Number of Entries: normolized to 1

describe the EM shower of detector full simulation e data.

B The results of the Test Beam, the TBSim and the

FullSim are consistent.
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Formulae validation for the Photon Full Sim. Samples

B For the Full Detector Slmulatlon; B e e —— E E — E |
of Gamma EM shower with B-on, 3 deposit | 5 deposit
the energy spreading is, to good ¢ — Efitte ] >10H_Ef|tte '
approximation, only in the o- 8 3 e ——

direction. GEININD I | P

B For the isotropy at the same r of § - e r—— =

the lateral formula in a layer, the [~ = 5] Lo TRt
process method needs to be SE=r EE=E e

CorreCted .. [!III 5|III‘IUIIII‘ISHIIZGIHIZS UIIH5IIII1OIIII15HI|20||H25
B Correction: The original COG Crysalrumber 0~ 7 samples Crystal number
obtained by the energy Log-

weighted method is split into 2 new ; Original COG (Ng#h 0, bgsd o,
COG points; 2 interaction points (edo) L
with a layer are obtained; In a layer, . . 12y COG
the energy in a crystal is obtained & (\ e
from the average effect of the lateral ‘ L e Bt
formula originated at the 2 = COG spljtting

interaction points

M There are 5 variables during the formula fitting: 3 parameters of the new COGs
(An, Agpl, A@2), parameter A in the lateral formula and parameter EO (total energy).
B The fitting result after correction is satisfactory (see the top plots). 10



Application of parametric EM
shower method (I) :

y/ 0 discrimination for the UNconverted
case in ECAL Barrel
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Result of y/mn 0 discrimination from the
method directly

of a reco. photon candidate)

First fitted by the parameterized formula of 1 EM shower

Then fitted by the parameterized formulae of 2 EM showers
Compare the x?2 of the 2 fitting processes.
If the fitting result with 2 EM showers is better, then calculate the invariant mass of the 2 EM showers.
If the invariant mass locates close to the 79 mass peak, then the shower isa n0,

Elseitisa v.

processes. It's not so convenient for application.

3 | —
«__ Nominal shower '=é il
shape of m 0 s 4 0
(infact2y) &,
..... s [ :
5 | ~ 50GeV single
Shapeof2y # 1~ samples
EM showers I
nl} 005 01 015 0.2 025 03 035 04 045 05

Invariant mass of 2 EM showers (GeV)

Introduction of the first idea (directly EM shower fitting): For a EM shower (the seed

The result is not so good as expected. And lots of time is needed for the 2 fitting

Energy | PiO rejection

(GeV) eff. for
keeping 90%
Gamma
efficiency

20 64.1

30 61.1

50 38.3

80 14.6
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TMVA_BDT method - combining the results of 1
EM shower fitting & Artifical NN inputs

For the fitting results with the parameterized formula of 1 EM shower, 6 variables
were considered: A. A E/Edep5x5 where AE=EO-Edep5x5. An. A¢l. Ad2. 42

For the unconverted case in Barrel, 12 variables were used as ANN inputs in CMS
AN-2008/063 (K. Karafasoulis and A. Kyriakis)
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TMVA_BDT analysis result of combining the
results of shower fitting and ANN Inputs

For keeping 90% Gamma efficiency, the PiO rejection efficiency with TMVA _BDT
method is listed in the table as follows.

ET (GeV) | 6 new variables | 12 ANN inputs | Combined 18 inputs
20 54.2 73.7 75.1
30 55.0 59.5 65.5
40 47.0 52.9 59.4
50 38.0 41.0 48.2
60 32.0 34.8 39.1
70 25.6 28.7 33.9

For the ET range we are interest in , 40-70GeV, for Higgs to GammaGamma
analysis, the n 0 rejection improved by ~6%, using all the 18 variables for inputs
than the only 12 inputs.
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Application of parametric EM
shower method (l) :

Dead channel correction in ECAL Test Beam

15



Artificial dead channel

B The hodoscope cuts ( =2 mm ) were applied to select the calibrated test beam
2006 ECAL (electron) events.

E The energy of crystal no. 8 was set to be 0.

Crystal (or cell) number

5 | 10 15 20 25 -
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t1 38 -18 23 g 10E
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Iterative Fitting Process of dead channel correction

@nized the dead channel: E_ . .=E;,;>0.

Calculate the COG & E

(MINUIT tunes the parameters in lateral formule to make the fitted |
energy to be consistent with the original deposit energy, for the
rest crystals (except the dead one(s)). Then use the parameters,

_for the dead channel, its energy can be obtained, Eg; )

f |Efit-Emiss|/Emiss<0.01

Yes

Emiss=Efit

17



NLOOP of Iterative Fitting Process

10°

107

10

—

S mm

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

For most events (showers), 2 loops are needed for the dead channel correcton

18



Average Energy with Statistic (GeV)

10

101

Results of dead channel correction

E Get back - EDeadChanneI

— after fittin

- J ’ EFitted

L 1 1 ] | 1 | 1 1 | 1 1 1 1 | 1 1 1 1

0 5 10 15 20 25
No. in Phi

Number of Entries

Corrected
Original

Deadchanne

N

o

o
IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

54
Es.5 (GeV)

Red line: Total energy after dead
channel correction
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For the dead channel (crystal 8), the correction tend to
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overestimate, ~3% higher than the original depisot energy.

20



S

N
o
(=]

%)
[=]
(=]

Number of Entrie

150

100

50

¢

Reconstructed the center of gravity

IL|

I]_J_IJ_.-M"ll 1 ILI-J.I

wn
- 2
- 0500 —
B ° L
L E O
- £400

E400-
B = C
- 300
- 200
— 100
B 1 | | r|.l|I IL Ln | | | 1 J I | 1 | | .|_.I" h | 1 | | T
6  0.18 0.2 622 024 026 02 80

n of COG (Rad.)

The COG can be also obtained.
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Results with Gamma MC sample in EB with EcalOnly

1. 50GeV Single Gamma MC samples with ParticleGun in ECAL Barrel and EcalOnly with Magnetic off.
2. 5X5crystal array around the maximum energy deposit crystal was used. The energy of crystal 8 was set to be 0.
3. Same method, but different parameters, a,b in logitudinal and A in lateral. (For different type of particles, efy)
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Summary

An empirical formula wer used to describe the EM shower shape. With
the data of CMS Geant4 and , we validate this formula.
The result is satisfactory.

The formulae can also well describe the EM shower of TBSim & detector
FullSim data. The results of the Test Beam, the TBSim and the FullSim
of electron samples are consistent.

Considering the effect of magnetic field, the formulae can also well
describe the EM shower of after the correction.

Combining the results of the EM shower fitting and ANN inputs,
the =0 rejection can be improved by ~6%, for the ET range we are
Interest in , 40-70GeV, during the analysis of H— vy Y.

The energy of dead channel can be compensated with the shower

shape method.
23



Plan

for the dead channel correction

To understand the difference of the result between TB2006 electron data
and Gamma Ecalonly MC sample. Firstly try to run with the Electron MC
sample to see the results.

Try to find a common sample to run on to compare with the NN method
Stepyanie used.

Try to get results for side and corner crystals in addition to center.

24









Result of y/n 0 discrimination from the method dlrectly

E Review of the Method: for a EM shower (the seed

of a photon candidate) E il " —Y
First fitted by the parameterized formula of 1 ‘E’ M: ______
EM shower R 0
Then fitted by the parameterized formulae of 2 £ ;1 |
EM showers i | | |
Compare the x 2 of the 2 fitting processes. 502 ... b0GeV single .
If the fitting result with 2 EM showers is better, 5 i Y / T 0 |
then calculate the invariant mass of the 2 EM 0'1}" S S a_mp_les___ S R
showers. LN S R R
If the invariant mass locates close to the =m0 % 005 01 015 02 025 03 035 04 045 05
mass peak, then the shower is a 0. rrarantmess ol showers (5
Elseitisa v.
B Must consider the probability of successful fitting. If | Energy | PiO rejection eff.
the 2 fitting processes failed for the same EM (GeV) | for keeping 90%
shower, then the invariant mass is 0. Gamma efficiency
N - 20 64.1
B The probability of the 2 fitting processes succeed 30 611
for the same shower: ~60% (for 50GeV samples). '
50 38.3
B Lots of time is needed for the 2 fitting processes 30 14.6

iIncluded. It's not so convenient for application. 27



Number of Entries

Parameter A In TB dead channel corection

¥2 I ndf 101.1/ 58
Constant 256.7+ 5.2
Mean 0.1519 + 0.0001

Sigma  0.005981+ 0.000075

'_s.IIII|IIII|IIII|IIII|IIII|III

012 014 016 018 02 022 024
Parameter A

TB2006 Calibration for SM6:

Be consistent with the
result of the case when
no dead channel, see
slide 8.

/afs/cern.ch/cms/ECAL/testbeam/pedestal/2006/CALIBRATIONS/
CMSSWcalibCoeff SM6 TBH4 S1 V00-01-00.txt
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Result from S. Beauceron,

2009.04.30

Z—ee MC sample ?

Looking at single channels

(Energy Corrected - Original Energy)/iOriginal Energy

I Energy CormctedRatio

Entries

..............................

ry—
0

8 GeV is not a stupid
threshold...

Mean

RMS
Underflow
Owverflow

3000
1.067
5385

13

40

Only 1406/478694 = 0.3%

channel have more than
and are not corrected

1 GeV

.................................

.................................

- Make sense

40 | Original Energy of Non Corrected Channals

| Over more than 480k, only
3k have a sum8> 8 GeV

Energy NonCorrecied I

Entrins ATHGE
Maan QDe35
T RMS L3304
Undorflees ]
Quarflow ]

T Imtearal | 4767008
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Result from S. Beauceron, 2009.04.30 ” Z—>ee MC sample ?

Percentage of Correction
when Imtlal Energy > 5GeV

| iEmsrgy Comected - Qriginal Exargy)i0riginal Eawyy [-5Gi] | mecmu.um:

a e
mmmmmm - Drginal Evrgy | Crginal Enorgy Bisav]_ |- =
e Rtk s | Wiman FETR
. ! | 1 Fedsi (XL
e e | Undertiow o
Corner gl
d K “integral I

| | | ] ] | | |

22222222

| [Enangy Coracted - Original Energy) iDeiginal Enary [»506v] | [Enargy C ad . Original EnergydOniginal Enangy [+-5GaV] | gt e B

Wheh fhére is eﬁefg\?, duﬁ'ectlibn*tehd’s En hnHe’reistltnét
But lonag tails... mna2
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Correction of Bad PMTs' readout at AMS

- Assume that there are some man-made bad PMTs in the ECAL 2002 test beam.

- The bad PMTs' readout can be obtained after fitting using the empirical formula.

Ea\-erq;e (GeV)

@

E 1000— Constant 8237
L

'S

o 300 Mean -0.05504
[+¥]

£

= §00 i 01858
2 Sigma

-1.5 -1 -0.5 ] 0.5 1 15

SRR I ST SIS SRR E BRI R RS R
o 2 4 & 8 10 12 14

No. of cell

AE (GeV)

F —=—Beam test data

Eauerage (GeV)

& Fitting result

Constant 1667

Mean -0.0104

Sigma 0.04575

|

02 03 04 05

AEIE

no.ofcel COMpensation of the

man-made bad PMTSs'
readout.
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	Application of parametric EM shower

