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Cosmic Test

* Goal is to compare simulation and lab results

of 1% ring (middle point)
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*  We start shooting 10 GeV muons from beam-axis on face of crystal #1

» Code revision r24746, geometry: ECL only p=10 GeV
(theta, phi) -> (102.4,3.5)
BELLE Csl ELECTROMAGNETIC CALORIMETER (x,y,z) -=> (0,0,221.55)



Cosmic Test (2)

» 3 configurations studied:
- Baseline (CslI(Tl))

- Pure Csl LNF version (ENE=1.3, PS=0.40)
- Pure Csl PG version (ENE=0.7, P5=0.20)

ecIDigitAmp/20 {ecIDigitCellld==1&&ecIDigitAmp/20>08&ecIDigitAmp/20<160} eciPureDigitAmp/20 {eclPureDigitCellld==1&4&eclPureDigitAmp/20>08&eciPureDigitAmp/20<160} eclPureDigitAmp/20 {eclPureDigitCellld==1&&eclPureDigitAmp/20>0&&eciPureDigitAmp/20<160}
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Crystal #1
Not well described by Landau f 3
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eclDigitAmp/20 {eclDigitCellld==1&8&ecIDigitAmp/20>0&8&ecIDigitAmp/20<160}

E loss test

Csl(TI)

eclDigitAmp/20 {ecIDigitCellld==1&&ecIDigitAmp/20>0&&eclDigitAmp/20<160}

Csl(TI)

From nominal position we move 13 cm forward and backward along z to

eclDigitAmp/20 {ecIDigitCellld==1&&ecIDigitAmp/20>08&&ecIDigitAmp/20<160}
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Tuning

* To cope with different bkg conditions we analyzed crystal #1 (ring1) and
#161 (ring4)

* No significant difference in MPV due to geometry

eclDigitAmp/20 {ecIDigitCellld==188&ecIDigitAmp/20>088&ecIDigitAmp/20<160} ecIDigitAmp/20 {ecIDigitCellld==1618&&ecIDigitAmp/20>08&ecIDigitAmp/20<160}
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Resolution w/o bkg

eclHitToPureDigitAmp/20-eclHitEnergyDep*1000 {eclHitCellld==1&&eclHitToPureDigit>-1}

* Ereco — Edep hit level 0 — ¥
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bkg modulation

e Crystal #1 and #161 are in the phi=0 region -> maximum bkg
eclHitCellld {eclHitCellld<100}

htemp
Entries 1.609562e+07

Mean 40.78
Std Dev 27.88

60 80 100
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Crystal #1 w bkg

eclPureDigitAmp/20 {eclPureDigitCellld==1&8&eclPureDigitAmp/20>08&&eclPureDigitAmp/20<160}

* No sizeable difference in MPV
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Resolution w bkg ring1

e Crystal #1
- Csl(Tl): 14.6 %
* CsILNF:9.2%
* CslPG:6.94 %
sigma(gaus)/MPV(landau)
eclHitToDigitAmp/20-ecIHitEnergyDep*1000 {ecIHitCellld==1&&eclHitToDigit>-1}
htemp
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eclHitToPureDigitAmp/20-eclHitEnergyDep*1000 {eclHitCellld==18&&eclHitToPureDigit>-1}

htemp
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eclHitToPureDigitAmp/20-eclHitEnergyDep*1000 {eclHitCellld==1&&eclHitToPureDigit>-1}
htemp
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Resolution w bkg ring4

Crystal #161
Csl(Tl): 5.15 %
Csl LNF : 8.07 %
Csl PG :4.36 %

sigma(gaus)/MPV(landau)

eclHitToDigitAmp/20-eclHitEnergyDep*1000 {eclHitCellld==161&&eclHitToDigit>-1}

htemp
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eclHitToPureDigitAmp/20-ecIHitEnergyDep*1000 {ecIHitCellld==161&&ecIHitToPureDigit>-1}

htemp
— Entries 1000
C Mean 0.03416
_ Std Dev 3.034
— %2 [ ndf 38.39/45
- Prob 0.7461
: Constant 58.22 = 2.41
— Mean  -0.03398 = 0.09015
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i =T vl b Py F=TRI - SN TR R A M- S |
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eclHitToPureDigitAmp/20-eclHitEnergyDep*1000

eclHitToPureDigitAmp/20-eclHitEnergyDep*1000 {eclHitCellld==161&&eclHitToPureDigit>-1}

IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII
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Energy resolution full FWD

* Elisa had shown at last B2GM resolution as f(E) with ECL only w and w/o bkg
* Using similar approach (i.e. Novosibirsk fit) we studied:

- the effect of material

- different settings for pure Csl

Cluster Energy Cluster Energy Cluster Energy
r 45— B
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(note that for Novosibirsk f sigma=FWHM/2.36)
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( Fullsim results

« Single photon 10<theta<30, energy scan
« Fit: Sqgrt((A)*2+(B/x)"2+(C/xM/4)*2+(D/x*/2)*2), D=0 for CsI(Tl), C fixed to 0.81

for pure Csl
FWD ECL Resolution FWD ECL Resolution with beam bkg
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Fullsim results ECL only

« Single photon 13<theta<25, energy scan, no material in front of ECL

« Same fit function

FWD ECL Resolution G FWD ECL Resolution G with bkg

g F CsI(TI) g F CsI(Tl)
w W Csl PG w 14 il B
¥ C Csl LNF ¥ Csl LNF

12 — TDR 12 — TDR

10 10—

8f; sl

‘ NO bkg » w bkg

II||II|||1|’;~1I4J

’ ;

o
N
o
'S
o
[o)]
o
o]

I
1
E (GeV)
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Backups




Crystal

eclDigitAmp/20 {eclIDigitCellld==161&&ecIDigitAmp/20>08&&ecIDigitAmp/20<160}

L

htemp
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~ Std Dev 13.72
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40—
20—
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eclDigitAmp/20

Crystal #161

161 w bkg

* No sizeable difference in MPV
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eclPureDigitAmp/20 {eclPureDigitCellld==161&8&ecl|PureDigitAmp/20>0&&eclPureDigitAmp/20<160}

htemp
- Entries 991
Mean 415
Std Dev 14.11
x2 1 ndf 62.38 /49
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eclPureDigitAmp/20 {eclPureDigitCellld==161&&eclPureDigitAmp/20>0&&ecl|PureDigitAmp/20<160}
htemp
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FullSim Reco — Broader View
FWD ECL Resolution with beam bkg
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100 MeV Fit, bkg, no material

Cluster Energy
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Febraury B2GM results

Energy resolution

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

o

O

TDR resolution function

FITTED RESOL POINTS, FWD ECL w 5 PURE Csl RINGS W BKG

FITTED RESOL POINTS, FWD ECL w 5 PURE Csl RINGS W/O BKG

FITTED RESOL POINTS, FWD ECL w 12 PURE Csl RINGS W BKG

FITTED RESOL POINTS, FWD ECL w 12 PURE Csl RINGS W/O BKG

FITTED RESOL POINTS, FWD ECL w CsITI W/O BKG

FITTED RESOL POINTS, FWD ECL w CsITIW BKG

0.8 1 1.2
Gen. energy (GeV)
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Clustering and seeding

500 MeV gammas 10<theta<30

eclClusterTheta*(180/3.1415) {ecIClusterTheta<0.6}

This is not the last FWD ring!

_ htemp
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eclClusterNofCrystals.eclClusterNofCrystals

_ htemp
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| Energy bias

» Shooting single photons in some random directions we
observe a shifted energy spectrum when compared to the
ECL average

» More detailed study is needed for a precise map

Cluster Energy Cluster Energy Cluster Energy
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Energy bias and resolution

Crystal Ball fit sigma/E

Graph
2 | ndf 0.4144 /1
Prob 0.5198
p0 1.025 = 1.247
p1 0.1367 + 0.1714
p2 1.446 + 0.7552

1T T 71 | 1T 1771 | 1T 1771

Uniform

2.8

2.6

24

22

1.8

1.6

1.4

1.2

0.0001051 + 0.8577
0.0708 = 0.123
1.343 + 0.09314
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From June 2015 B2GM

Non-negligible effect of material budget, especially in FWD
direction, causes

- Fragmentation -> higher multiplicity
- Energy loss -> resolution smearing

Cluster Energy vs Theta
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Material & MC Truth

If a primary particle interacts with detector material all
subsequent cluster information is linked to that particle

Currently MC information for (non-generator) secondaries
(i.,e. GEANT created) particles in not stored by default

(CAVEAT: if the particle is charged and has a corresponding
TrackCandidate, MC information is recovered)

One may want to study conversion rates or some
sophisticated photon reconstruction algorithms
-> requires MC-info also for daughter particles

Also needed for some other reconstruction tasks (e.g.
Bremsstrahlung recovery)

Which particles (secondaries) do we want to store? -




b

Including secondaries

» Using “StoreAllSecondaries” parameter of FullSim we store all
daughters with E>1MeV, for a 0.5 GeV photon 13<theta<16

mcPdg {mcPdg<100&&mcPdg>-100}

L htemp
12000— | Entries 16104
[ |Mean 19.03
I | Std Dev 7.127
10000 —
8000—
STD FullSim
6000—
4000—

2000 H
0:\.\.ﬂ\.\.\.\.\l\.\.l\.\.\ A I

mcPdg

mcPdg {mcPdg<100&&mcPdg>-100}

* Applying some reasonable selectlon crlterla

mcPdg {mcPdg<100&&mcPdg>-10088&mcEnergy>0.25}
10000_— htemp M
Entries 10448
- Mean 21.06
8000— [StdDev  5.012
6000_—
I STD FullSim
4000—
i E >0.25 GeV
2000_—
ol e e L
-10 -5 0 5 10 15 20

» Very different picture!

mcPdg

10°
htemp M
C Entries 1250436
Mean 12.8
300—
200—
100— H
) S i Lo b b n o | | Ll
-15 -10 -5 ] 5 10 15 20
mcPdg
icPdg {mcPdg<100&&mcPd Energy>0.25&&mcProdVixz<50}
htem|
Entries 19559
Me: 12.54
10000 |— Std D 12.99
8000—
= E >0.25 GeV
4000—
2000—
ol L | | T " L PR L
-10 5 [} 5 10 15 20
mcPdg
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Family-tree

» Comparing particle PDG it becomes unclear why sometimes
daughters are stored and sometimes not

mcPdg {mcMothPdg==22&&mcPdg<100&&mcPdg>-100}

C htemp
2500— | Entries 5622
| Mean 14.22
- StdDev  9.868
2000—
1500(— :
- STD FullSim
1000/—
500— H
0 B 1 1 | | I 1 | 1 | 1 1 | 1
-15 -10 5 5 10 15 20
mcPdg

htemp
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25H

20H]

5
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E>10 MeV

TMath::Sqri(mcProdViacmeProdV i+ meProdVibgy* meProdVixy)

Thaath-Sqpt{mePradviocme Prodyitocsme Prodvbg moProdivtay) | i i Y000}

STD FullSim,
E>10 MeV
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e T e
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Clusters STD

» Having daughter information gives a more realistic picture of

cluster formation

eclClusterMultip
ht
50!]0_ Entries o 10000
r Mean 1.484
C Std Dev 1.08
4000 —
sooo] STD FullSim
EDEIO_—
IDEIO_—
U_IIII|IIII|IIII|IIII|T‘_|_|_|_|_|IIIIIIIII
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eclClusterMultip
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htemp
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Clusters

» Having daughter information gives a more realistic picture of
CI u Ste r fO rm atl O n eclClusterEnergy {eclClusterToMc1==0}
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Secondary production vertex map
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« Simplest solution to keep information and save memory would
be to define an appropriate volume inside the ECL in which

we keep secondaries. Which one? N
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“Active volume” definition

* In principle a simple cylinder contained in ECL should be fine
but what about back-scattering on (or near) inner crystal surface?

* Not so rare, a precise evaluation is ongoing
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