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The beginning: “Cosmic Test”

* Goal is to compare simulation and lab results

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

» 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)
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Cosmic Test (2)

» 3 configurations studied:
- Baseline (Csl(T))

- Pure Csl LNF version (ENE=1.3, PS=0.40)
- Pure Csl PG version (ENE=0.7, PS=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}
htemp htemp htem
1600~ Entries 9981 Entries 9981 9 — Entries : 9994
C Mean 828 | 4500 . Mean s025 | 160017 Mean 39.35
L Std Dev 976 Std Dev 10.14 - Std Dev 1028
1400— 2/ ndf 300.6/70 C 2/ ndf 1079/70 r 2/ ndf 502.5/69
r Prob 24156-30 r Prob o| 1400~ Prob 0
N Constant 8608 = 129.8 1000— Constant 6864 = 109.4 - Constant 8751+ 135.2
1200— NPV 34.23+0.04 C MPV 34042006 - MPV 34.22 £ 0,04
- Sigma___ 1.628.+0.019 C Sigma 199002 | 1200[— Sigma___ 1724 20,020
1000~ 800 — 1000/
: Csl LNF -
F CSI(TI) 600{— S 800
600~ B 600
- 400[— E
4001~ B 00—
- 200{— C
0 | [, PN S 0 L1 j Lol | S e (PO | ol Lo Ly ]y
20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
ecIDigitAmp/20 eclPureDigitAmp/20 eclPureDigitAmp/20

Crystal #1
Not well described by Landau f 3




Resolution w/o bkg (Crystal 1, ring1)

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

Ereco — Edep hit level
450 L Entries 10001
- Mean -0.02663
- Std Dev 2,686
Csl(Tl) : 0.97% E
. . 0 C Prob 06818
350 __ CS I L N F Constant 4222 +5.3
- Mean  -0.02514 + 0.02639
I L N F 7 7 0 - Sigma 2627 + 0.020
" 300 —
Cs :1.72% :
250 —
. 0/ -
C S | P G . 3 . 8 7 (o} 200
150 —
sigma(gaus)/MPV(landau) 1ooE-
eclHitToDigitAmp/20-eclHitEnergyDep*1000 {eclHitCellld==1&&ecIHitToDigit>-1} 50 :—
htemp -
[ Entries 10001 Ol_lllllJll (I A N N N A RN A A R | IR T N N S S
- Mean -0.002347 -15 -10 -5 0 5 10 15
C Std Dev 0.3344 eclHitToPureDigitAmp/20-ecIHitEnergyDep*1000
[ 2 / ndf 64.67 /46
600 — CS I TI :’mb 0.03599
C Constant 6049 x7.4 eclHitToPureDigitAmp/20-ecIHitEnergyDep*1000 {eclHitCellld==18&&eclIHitToPureDigit>-1}
[~ Mean -0.002804 = 0.003336 htemp
500 — Sigma 0.3318 = 0.0023 = TS 0000
— - Mean -0.01301
: 400 E Std Dev 1.344
I - %2 / ndf 85.3/79
400 — — Prob 0.2942
= 350 — Constant 381.9+ 47
: : Mean ~0.01565 = 0.01333
300 — 300 - Sigma 1.326 = 0.010
200 :_ 250 :—
C 200—
100 — C
C 150 —
) M I T E
-15 -1 -0.5 0 0.5 1 1.5 100—
eclHitToDigitAmp/20-eclHitEnergyDep*1000 E
50 —
oL L

eclHitToPureDigitAmp/20-eclHitEnergyDep*1000
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Resolution w bkg Crystal 1

« Crystal #1
- Csl(T): 14.6 %
* CslILNF :9.2%
* CslPG:6.94 %
sigma(gaus)/MPV(landau)
eclHitToDigitAmp/20-eclHitEnergyDep*1000 {eclHitCellld==18&&ecIHitToDigit>-1}
htemp
— Entries 1000
60 — Mean 0.08613
| Std Dev 5.964
L x2 / ndf 90.38 /55
- Prob 0.001866
50— Constant 50.29 = 2.19
C Mean  -0.5338 = 0.1797
C Sigma 4.93 + 0.14
40—
30—
20
10—
o:||m|n|n P R R R L ) |—H]-L||||||—n||
-30 -20 -10 0 10 20 30

N ——

eclHitToDigitAmp/20-eclHitEnergyDep*1000

eclHitToPureDigitAmp/20-eclHitEnergyDep*1000 {eclHitCellld==18&&eclHitToPureDigit>-1}

htemp
- Entries 1000
I~ Mean 0.1413
- Std Dev 3612
60— 2 I ndf 54.03/53
~ Csl LNF
: Constant 52.25 + 2.26
— Mean -0.03236 = 0.10470
50 — Sigma 3.18 +0.09
40—
30—
20—
10—
0 —I L | - 11 1 I 1 1 1 1 | 111 1 | 11 | il ml} | mo 1l | o1 1
-15 -10 -5 10 15 20 25
eclHitToPureDigitAmp/20-eclHitEnergyDep*1000
eclHitToPureDigitAmp/20-eclHitEnergyDep*1000 {eclHitCellld==1&&eclHitToPureDigit>-1}
htemp
40 — Entries 561
— ‘L Mean 0.2068
— Std Dev 2.791
r %2 I ndf 50.7 /48
% — CS I P G Prob 0.3676
C Constant 27.15 £ 1.74
- Mean  -0.01988 = 0.10981
30— Sigma 2369 £ 0.114
25—
20—
15—
10
5
0 1 | 1 IJI_I TR B
-10 -5 0 5 10 15
eclHitToPureDigitAmp/20-eclHitEnergyDep*1000
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Resolution w bkg Crystal 161 (ring 4)

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

Entries
Mean
Std Dev
%2 / ndf
Prob
Constant

418+19
Mean -0.4693 = 0.0642
Sigma 1.762 + 0.054

Csl(TI)
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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
= Sigma 2.771+0.073
i =T vl b Py F=TRI - SN TR R A M- S |
-15 -10 -5 0 5 10 15 20 25

eclHitToPureDigitAmp/20-eclHitEnergyDep*1000

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

IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII

htemp
Entries 563
N Mean 0.003115
Std Dev 1.701
%2/ ndf 54.29 /45
Prob 0.1615
Constant 297 =17
Mean -0.04177 £ 0.06671
Sigma 1.478 = 0.055
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Energy resolution for photons w bkg

* 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
L 45— i
50— N i
L 40 C
[ 50_
CsI(TI) - Csl LNF ; Csl PG
40__ 35— L
30 40
300 o5l i -
L - 30| :
Matrix3 o Matrix3 - Matrix3
R Gl ==
20 |suoe o E Sabev 00201 L xS‘:/Dn;f sez:f::
L e o 15— <~ 200 |7
i o 0f | o
10— N " oei6-00 E : 10— |- o.0781
Ll !
0_||\\ i IR RN NN TR N NN R M A A oﬂ_ﬂjﬁ T 1 1 I R AR R N R R R 1 ()—Tl_lL‘"ﬂl_l_lr'TH“J—| Cl o L L
016 0.18 0.2 022 024 026 028 0.16 0.18 0.2 0.22 0.24 0.26 016  0.18 0.2 022 024 026 0.28

(note that for Novosibirsk f sigma=FWHM/2.36)

N e = T




Energy resolution for photons w bkg

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

« Shown on 4" March -> discrepancy with Elisa's results w bkg shown at B2GM

of 13 layer used by Elisa

FWD ECL Resolution G

CsI(Tl)
Csl PG

—
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r24746 and latest bkg files, i.e. 12" campaign

» Error found, my simulation was made with a 5 layer pure Csl configuration instead

FWD ECL Resolution G with bkg

CslI(T)
Csl PG

Csl LNF
—— TDR

w bkg
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Photons w bkg with correct layout

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

Energy resolution

sl

* Results seems to be in agreement with Elisa's simulation
FWD ECL Resolution with beam bkg
g r CsI(T) g ; ;
W Csl PG w B s S
¥ t — CslLNF g
20_ TDR 7. ) M, SRR — 5 T'LV\SS
B .
| 10 ............................
15

10

IIIIIIIIIIIIII

0.2 0.4 0.6 0.8

m_|—

(GeV)
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r24746 and latest bkg files, i.e. 12" campaign
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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
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5 vs 13 layer pure Csl FWD

« Efficiency is seen to be better for a pure Csl FWD rather than a partial one

» |s this reasonable?

FWD ECL Resolution with beam bkg

g ®r CsI(Th) z

wor —— CslPG =

€ L ——— CsILNF —
= —— TDR

15

13 ring pure Csl

10
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FWD ECL Resolution G with bkg

Csl(TI)
— Csl PG
—— CslLNF
—— TDR

5 ring pure Csl

|

: 0.2 0.4 0.6 0.8 L
E (GeV) E (GeV)
r24746 and latest bkg files, i.e. 12" campaign "
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Single crystal studies

* From previous result one could argue that even on the outer rings where the bkg is
lower pure Csl performs better than CsI(TI)

«  We perform a ring by ring scan to study this dependency -> issue seems to be in
clustering process

FWD ECL Resolution with beam bkg FWD ECL Resolution with beam bkg
< 25 ? 8:
a | CsI(TI) w F : CslI(TI)
s [ z 7 Single Crysta
% 0l —— Csl LNF °F —— Csl LNF
- o
15— sf- 4
C i 1 ;
- + 4:_ ; ; * ; ; ; A
10— i i i i ; . ; ; i 3;—
L 2
5— C
i - Cluster E
-Seetor Number Ring Number
Ring

r24746 and latest bkg files, i.e. 12" campaign

N—— eSS - ———
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| Single crystal results w cosmics

* We compare single crystal results for photons with those from cosmic test -> same
behavior

*  We do not compare the resolution in terms of clusters due to the way the cosmics
are generated

» Strange behavior for ring 5 observed in both cases

FWD ECL Resolution with beam bkg

CsI(TI)
— Csl LNF

N
o

O(E)/E (%)
®

-
]

- -
N »

-
o
III|III|III|III|III|III|III|III|III|III

Cosmics w bkg

>

N S )] 2]

1 1 1
10 12
Sector Number

OO
\V)
SN
(o]
o]

r24746 and latest bkg files, i.e. 12" campaign "
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| NofCrystals in clusters (Csl(Tl))

*  When shooting single 100 MeV photons, even w bkg, we observe that the
multiplicity of crystals is low and, in any case, much lower than the number of Digits

above 1MeV
ecICI usterN OfC rystal S eclClusterNofCrystals {ecIClusterEnergy>0.08&&eclClusterEnergy<0.12}
htemp htemp
C : 90— Entries 493
Entries 1008 C
350[— Me al H 2907 - Mean 5.026
- StdDev  1.097| 80 Std Dev  2.249
300 -
L 70—
0 a3 W bkg
200 50—
- 40—
150 — c
- 30—
100 =
- 20—
I 50— )= —
- Ll o4 ¢4 | = E | | ! e
O0 1 2 3 4 6 7 00 2 4 6 10 12
eclClusterNofCrystals eclClusterNofCrystals
. . th .
r24746 and latest bkg files, i.e. 12" campaign
\—.——_— — S S .
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r24746 and latest bkg files, i.e. 12" campaign

N ——

NofCrystals in clusters, pure Csl

eclPureClusterNofCrystals {eclPureClusterEnergy=>0.08&8&ec|PureClusterEnergy<0.12}

<DO

1 2 3 4 5

T
6 7 8

eclPureClusterNofCrystals

eclPureClusterNofCrystals {eclPureClusterEnergy>0.08&&eclPureClusterEnergy<0.12}

htemp htemp
Entries 956 | 120[— Entries 547
Mean  3.028 - L Mean  4.439
Std Dev 1.136 n Std Dev  2.185
100—
“F W bk
60—
40—
20—
- L]
0 L 1 Lo | T B e N
9 10 0 4 8 10 12
eclPureClusterNofCrystals
14
—— B ——




| Single crystal studies continued

« To understand the origin of the different behavior among single crystals and
clusters we studied the clustering algorithm

*  We found that a theta dependent minimum energy is required for crystals to be
included to form a cluster

» These values (probably Belle optimized) range from 2.5 MeV for the inner rings of
the endcaps to about 1.3 in the barrel region

2.50, 2.50, 2.50, 2.50, 2.50, 2.40, 2.29, 2.18, 2.07, 1.98,
1.88, 1.78, 1.69, 1.61, 1.57, 1.56, 1.57, 1.58, 1.60, 1.62,
1.63, 1.64, 1.65, 1.65, 1.65, 1.65, 1.65, 1.65, 1.64, 1.64,
1.63, 1.62, 1.61, 1.60, 1.59, 1.57, 1.56, 1.54, 1.53, 1.51,
1.89, 1.87, 1.85, 1.83, 1.81, 1.39, 1.37, 1.35, 1.33, 1.31,
! 1.29, 1.28, 1.28, 1.28, 1.29, 1.32, 1.38, 1.86, 1.56, 1.67,
1.80, 1.95, 2.12, 2.24, 2.24, 2.35, 2.50, 2.50, 2.50]

r24746 and latest bkg files, i.e. 12" campaign s

N—— eSS - ———
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Playing w thresholds

We multiplied threshold matrix respectively by a factor: (1), 1.2, 1.4, 1.6, 1.8, 2.0

Cluster Energy

1.2X

Matrix3
Entries 10351
Mean 0.08113
Std Dev 0.02287
x2 /ndf 4131427
Prob 0.03843
Constant 2228+ 1.51
H 0.00984 = 0.00124

0.01282 + 0.00107
-0.1161+ 0.1383

0.05 0.06 0.07

0.08 0.09 0.1

0.12 0.13

50
40
30
20

10

é

r24746 and latest bkg files, i.e. 12" campaign

Cluster Energy

1.8x

O
Matrix3
Entries 10459
Mean 0.0815
Std Dev 0.02236
*2 fndt 48.47 127
Prob 0.006794
Constant 25.52= 1.94
M 0.09443 = 0.00101

0.01118 = 0.00087
-0.3642 = 0.1299

05

0.06 0.07

0.08

0.09 0.1 011 012 0.13
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( Playing w thresholds (2)

* No effect is seen on sigma(E)/E neither with or w/o beam bkg

FWD ECL Resolution FWD ECL Resolution with beam bkg
< 25 Q 25
QI Csl(TI) g L Csl(TI)
v or wor
* [ —— Csl LNF "=~ bkg —— Csl LNF
- No bkg -
15_— 15—
10_— 10_— A i i i i A}
5:_ ‘ N X X . . 5:_
0 ‘II I1.|2I I I‘I.I4I I I‘|.|6I | I1.|8I — 2I I 0 I ‘II — I1.|2I I I1.I4I I I1.|6I I I1.I8I — 2| I
Scale Factor Scale Factor

r24746 and latest bkg files, i.e. 12" campaign "

N e = T




Playing w thresholds (3)

- If we look to sigma(E) vs E an approximately linear relation can be seen when no

beam bkg is present

FWD ECL Resolution Graph
m 8 18
o Csl(TI) : CsI(TI)
7 L
- —— Csl LNF 16— bkg —— Csl LNF
Nl
S i
sf— -+ —— -
£ :
- 12—
3 B
13 No bkg ok | =1
- B I
‘ Lo
I OE..I....I.‘..I....I....I‘...I....I.‘..I....I L L | A I R R
9% 85 o7 975 98 985 99 95 10 92 94 96 98 100 102 o4
r24746 and latest bkg files, i.e. 12" campaign
\—————————_ e e e
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Extreme threshold test

*  We want to make the cluster and single crystal measurements coincide somehow
*  We fix crystal threshold to 20x in order to get just one

* Result is puzzling..

eclClusterNofCrystals FWD ECL Resolution with beam bkg
htemp

500 — Entries 510 25 L

C Mean 1067 [ Csl (TI)

= Std Dev  0.3422 C
400/— 20— —— Csl LNF
300 15— { } }
200 —— 10 __
100 S

C T T e [ W R T ] 0 L L P | | | |

% 1 2 3 4 5 6 1 2 3 4 5 "6
ecIClusterNofCrystals Ring number

r24746 and latest bkg files, i.e. 12" campaign "

N e = T




Extreme threshold test

* Does it depends from the fact that we loose a considerable amount of energy due
to the effective single-crystal selection?

Cluster Energy Cluster Energy
35— 70
30— 60
250 50—
20 40—
B Matrix3 B Matrix3
15 | Z:ZZTZ:J e
10 |[mewe e 20| | e
s UL o
_|||||||||||||||||’_|_I|[—||| :||\|||||||||\|||||\||||\||||\|||||
(9_02 0.04 0.06 0.08 0.1 0.12 (9.05 0.06 007 008 0.09 01 0.11 012 0.13
20x threshold, ring 3 Default threshold, ring 3 20

N e = —




Additional Slides




bkg modulation

* 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
eclHitCellld

22
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