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* Main goal of our involvement in ECL SW activities is to establish
if the performance of existing ECL is enough to ensure requested
physics accuracy

e We started with performance simulations and soon realized that
there were (are) many code flaws

 We (LNF & PG) got involved in the SW group and are now
commited to several tasks

* Preliminary performance studies have started recently and
continue together with code development
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v Basically to every arrow
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Code development in LNF-PG
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MC Candidate |)

SimHits

\

Beam Bkg:

— Hi_ts

MCMatching has flaws,

) in particular in the case of

GEANT

Reco

?
Simulation m Real data

Showers —» Clusters

multiple association (e.g. more
than one candidate contributing
to the same cluster)

Digitizer has to be generalized
to account for different
crystal materials and/or

read-out electronics

Official ntuple structure
is not very well suited for
ECL performance studies
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 MC matching as some flaws e
* e.g. 5 pi0s, 1 GeV each, levt : |
mcPDG¥111 for 10 entrigs
?DSI : I1IDIE.EIv E IHIL\I : I'iHIJ.éI I ‘111‘ I I1|1|1.5II I I1IEI = 1|1.|£:|3 113
ticles=15, 10 times
| gamn;a_MC_MOTH.EH_ID e
* Further problems arise once bkg MCMother=0, 10 entries
is introduced (see my talk at last B2GM)

gamma_ MC_MOTHER D




® M It v I 3 t i mz_ eciCluster_Theta.eclCluster_Theta mgm :
=4 Multiple association 3
e Two “nearby” photons AU <1°, Ap<1°
500 MeV each, single cluster 1 GeV
» Cluster info is not shared between the MC cands “# =" et
e 1 cand is associated with all clusterE e
eciCluster_Energy {eciCluster_Multip==1} “”:7
T = £ MCldx=0,
1DD:— RMS 0.0328 20;— 463 entries
»c  Cluster_Energy T
«— 862 entries .
« NClusters=1 o[
- . = MCldx=1,
05 06 (%] 0.8 0.8 mcluﬂ;r_Enam :Z: 399 entrIeS
MCCandidate_ldx associated to cluster B o o

 We are currently at work on both single and multiple association _
» Weights will also be introduced to handle multiple ass.-with bkg
6
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e The digitizer translates electronics output into time and energy
e A 16 point fit is performed to the waveform from the shaper

Ilfﬁ,p,!',,}l= E{.":r' = Af (1, ~1,)- P]SE]'[,V;- a A.f“j —hy) = P}"” min
i
A, p1, —fitting parameters : Amplitude, pedestal and time of the signal

S; =y —;]L'f',- — ) covariance matrix,
[flf)—counter response,
¥, —sampled values.

* From a SW point of view changing crystal/electronics reduces to

changing this waveform Elettronica d

Fotosensore

.--'“'f".':.
eV

per il cristallo: Csl e CsI(TI)

pu il fotosensore:
pin, apd, Jmmpcntudt)

* The output waveform of the R/O is currently calculated using SPICE
e This is a crucial point for upgrade studies and work is ongoing to
generalize the code (eclDigitizer module)
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* basf2 ntuple structure (Ntuple maker+ NtupleTools)
is not well suited to study ECL performance

e Entries are not stored “event-wise” and this leads to some
difficulties when analyzing stuff AECHOIEAE

htemp
1
0o Entries 10786

3

Mean 1.239
BMS 0.7301

]

1000evts, signle 500 MeV photon per
event shot in barrel

800

1076 entries, 1 for cluster

923 single cluster events 400
102%2+24*3+4*7+5*14+6*6 = 410
923 +410 != 1076... ???

200

N -

e b e g |ﬁﬁ“|—|| P |3| — e,
1 2 3 4 5 6 7
nECLClusters

e After discussion with SW people we wrote our own module
e ECLDataAnalysis has now been extensively tested and committed
8

°c|||



D

<[O

Belle IT

* A byproduct of our module are new validation scripts

)
INFN
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Laboratori Nazionali di Frascati

» These scripts are run daily to produce plots to be checked by offline
shifters to monitor performance of the various subdetectors
* For ECL few scripts are presently available and do not match quality

requirements

ECL Reconstructed Pi0 Energy for 1 GeV/c Pi0

180
B
1402—
120?—
100
auf—
sui—
o

20—

Caniadaa ool . .
2 03 04 05 08 07 08 08

£

_E

:

i Entries 881
| Mean 0.9761

[
M |avs o.08sas

fﬂ

H

sl g
1 1.1 1.2
Pi0 Energy (GeV)

hPi0s

Warnings: Mo reference object, No description, No Check, Mo Contact Person
P-Value: n/a

Chi*2-Test: n/a

Contact: n/a

Description: nia

Check for: nia

e During last B2GM T. Kuhr requested new scripts to the ECL SW group
 We (LNF-PG) agreed to be responsible for various sets of plots
* First versions have recently been commited and are undergoing tests

9
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* The study of the physics case for the upgrade relies mainly on: =" """ 7%
* The possibility to simulate degraded conditions as well as different
dectector components (ECLDigitizer module)

* A reliable and realistic backgroud simulation

* Upgrade oriented simulations started after November B2GM for baseline
ECL configuration:
 We had to develope our own tools to analyze ECL performance
* Our past simulations have shown serious flaws in bkg simulation
» Thanks to the effort of the SW group a realistic bkg simulation for ECL
is now available (since 2 weeks, see Staric's talk at ECL meeting 28"
November)

e Currently following studies have been performed:
* Intrinsic detector resolution and related effects

* Preliminary resolution in the presence of beam-backgrounds (..ongoing)
10
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 Compared 3 different geometries:

e ECL only (green)

* Full detector without ARICH (as discussed at last B2GM) (red)

* Full detector (blue)

e 5000 events, single 100MeV photons from pGun in FWD endcap (12° - 31°)
* No big effect of subdetectors material on resolution, rather on efficiency

eclCluster_Energy.eclCluster_Energy

- Cluster E
6001 hlEITIp 5 600
- | Entries 4931 S hpx
- | Mean 0.09514 8 [ | enies 4861
I | BMS 0.01248 Z 500 —| Mean 0.09656
SDU - . I | RMS 0.007432
L C | 72/ndi 64.37 /39
B 400 —| Prob 0.006459
4DU - ~ 0.5182 + 0.0360
= Cln 108+ 3.0
: 300 —| Mean 0.09967 + 0.00011
- - 0.002265 + 0.000085
300— CN 566.4 % 13.0
- 200—
200— 100—
B C 1 L L L 1 | l_l__l-._.-l_ | =l 1 1 Il ‘ 1 |
100— % 0.02 0.04 0.06 0.08 or o2
B Cluster Energy
0 C 1 Il | 1 1 1 1 | 1
0.02 0.04 0.06 0.08 0.1 11
eclCluster_Energy.eclCluster_Energy
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sere iy
 Individual energies fitted with Crystal Ball function
* Energy range 20 MeV to 2 GeV, 5000 evts each, 20° < 6 < 24°

* Resolution function from TDR in green

Cluster E
 Agreement far from being perfect..
. hpx
g T
5500 — 3
. Mean 0.0951
I|I " (1 a 1 (] o L |rwms 0.01
O [ {0.066% 0.81% " 400 | o o
LI 5 i ({( 2 L
= I| = —_— ? —|— |IL I e Jl 0 ._| E r Prob 0.050
E V\TE T o |+ semiem
: Lo 2414
. E | Mean  0.00987 £ 0000
Energy resolution E o oo oomme
— C 3+1
& 5 100
: - n
m oCv wred o Ly sl L] L
T 4.5 0 0.02 0.04 0.06 0.08 0.1 0.12
3 Cluster Energy
4_ Cluster E
-‘% E C L O n Iy 8 500
350 S T hpx
o 2 [ |Entries 5283
H G | mean 09172
a0 400 | rus 0.2348
u O | @ inat 38.66/17
F L | Prob 0.00199
250+ 300— |« 03951+ 0.0213
C W Eofn 1228+0.1
F [ | Mean 1.002 0,001
E $ 200— | o 0.01197 £ 0.00046
- { L[N 501.2%10.8
1.5—
C i -
- " 1007
1— i
oo b b bvvv bvrn b P bvv o v b g Lo [ | ‘ ) | |
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0 Y R S — S
Gen. energy (GeV) ’ 0z o4 o8 o8 Cluster Enetg;f
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ShaperDSP(sampleTime)
i
=#=test_A[T_clock]

t -

(0¥

06

0.4

ShaperDSP output

83—

| Y sampieTime (microsec)

(from the talk of C. Hearty B2GM June 2013)

ADC clock =508 MHz / (24 x 12) = 1.764 MHz ==> 567 ns/sample
waveform fit - 15 samples = 8.504 us

pedestal fit > 16 samples = 9.071 us

time window before 0 = 17.576 us,

time window after 0 = waveform duration = 8.504 us

—

13
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* Background window has finally been correctly fixed (-17.6, 8.5 us)

* New bkg mixer released, allows different windows for different subsystems
(Reminder: all detectors use -1, 0.8 us window, except ECL and PXD)

» Additional bkg files for ECL and PXD are available for ECL since just
about 2 weeks (bkg enters simulation at Hit level)

PXDSImHIts.m_glooaTime 1000 SVDSImHHs.m_giobalTime/1000 COCSImHHE.m_giobalTime/1000
oE o b eclHitTimeAve
3 s E 10
ol sl m manf- BOOFE=
= ; 600
TOPS! nHIbs.m_gl:-aaT me 1000 ARICHS! I"IHHS.mjl:lblT me/1000 ECLHlIﬁ,T_TlmEﬂue_-i-]DE —
i3 00— 300 events
o E 400 :—
s t 300
t C htemp
. 200— Enfries 6365733807
BKLMSimHits.m_Timer1000 EXLMSImHIts.m_Time/ 1000 C Mean 4539
o o 100 RMS 7533
mE_ | - 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
3 ) -E%CH}D -15000 -10000 -5000 0 5000 10000
3 ax eclHitTimaAva
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e Single photon from pGun, E= 100, 500 MeV
e 3 types of beam bkg: Coulomb, Touschek, RadBhabha ~200 cluster/evt
o Clusters are recorded if |t-t | <567 ns

di Fisica Nucleare
Laboratori Nazionali di Frascati

ECLHits.m_backgroundTag

htem)

oo T o=
18000 AMS 0.7858
1sonnf—
«wEBkgTag
12000 —
mnnuf—
anucf—
ﬁnuof—
4000
2000 —

;_\Eunuu TN Y ||||I||||Im

? 1 . : A ! E&Himm_ba&munﬂa;

Coulomb

LER (left) and

HER (right)

RBB LER (left)
and HER (right)

Touschek LER (left)
and HER (right)

15
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e 198 events, single 0.5 GeV photon in 20° < theta < 24°
e 32346 clusters, mostly low-E (but not only!)
e Selection: [t -t | < 18.5 ns (cluster timing RMS for E > 100 MeV at

Belle was 10 ns), E90E25 > 0.9, E > 50 MeV
e Survive 167 clusters of 198, 161 are signals -

e_ffz 81 %, p url ty= 96- 4 % wilzatarE e oy s Timioge 8 SaciCiznbarTorringod MR KR S konsr ER0E28 0 908 St Chania Erirg - 08}
_ htemp
ecIClusterEnergy {ecIClusterEnergy<1) 16— oes 4:522
- - .
E Enfrigs tgmz ggg;g 14 C RS 0.1049
= Mean . - H
00f me owm After Selection
3500 . E
2 Before Selection -
3000 10— ﬂ
2500 8
2000 Signal e
1500 -
= 4=
1000 F C
B 3 & oo W
o L1 o e oy by i oy | u_ll |||-|||-|||-||”||-|||||-|| ||-|||-|||_|||||||||”||
. 0.2 0.3 0.4 0.5 0.6 [i] 01 02 03 0.4 0.5 0.6
eclClusterEnargy aclClusterEnargy

16
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. 300 events, single 0.1 GeV photon in 20° < theta < 24° ‘= "a oneli o Frascas
e Signal is completely enveloped in bkg “tail”

100 MeV photons with bkg mf,?

ecIClusterEnergy {ec/ClusterEnergy<1} eclGlusterMultip -
F AMS 002 10— RMS 14.47
14005 -
12005 E;
Before :
selection = :
600 o
400
200 2 Mﬂ
0 — X — I 0|15_‘ Q‘I:|G|I JE0|2 0 20 130|_| I 15|0 - IH;D‘ = 170 ‘ 180 = 190 ICDDU |\‘,1 I2pD
e With same selection defmed prewously éeff- 23%, purity= 95.8%
R htemp
= I e 01106
= RMS  (0.02638

After
selection

= — P L2 e n = = Ll
I

L L

Claalh 111 11 III|III
004 006 008 01 042 014 046 048 02 022 024
eclClusterEnargy 1 7
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* There are some (significant) discrepancies between current and
previous releases, the reason is not clear

o Still missing a good interplay between ECL and BKG people - we
have to address this point

0.5 GeV single-photons
|_

Cld BG mixer [-1000,800] ns

0.5 GeV single-photon (1000 events)

Old BG mixer [-18000,8000] ns 10* Background [-16000,8000] ns

MNew BG mixer [-17600,8500] ns

_ ~ Background [-1000,800] ns
B 10°
0.08—
0.06— 102
0.04—
L 10
0.02— l[
L : 1
0_ D 1 o P [ |A‘J rrrlln‘rl.l‘r L gy L1 0' 1| |0|1| L1 |0|2| [ | 0.3 |04| (| |0|5| 1| |O|6|
0 50 100 150 200 250 300 350 40 . : . ; ! :
nECLClusters Photon Cluster UncorrE (GeV)
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* We've started to study ECL software with the aim of performing
physics studies for the upgrade

* We discovered many code flaws

* We got deeply involved in code development and the LNF and PG
groups are currently responsible of various items:
 MC matching to reconstructed quantities (B. Oberhof)
e Cluster timing and reconstruction (E. De Lucia & E. Manoni)
e Validation SW (E. Manoni + B. Oberhof)
e ECL Analysis tools (E. Manoni + B. Oberhof)
e Performance and background studies (E. De Lucia + B. Oberhof)
 Digitizer development (E. Manoni)
 Ftc.. (i.e. anything else that comes along)

* Physics simulations is proceeding in parallel to the development
of SW and tools

19
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Day-1: existent CsI(T))

|Backwara Endcap Catormerer |

[Forware Endcap Catovimeter |

In total, 8736 CsI(T/) crystals
(6624 in Barrel, - = =
1152 in Fwd. Endcap ——— T RY ;
and 960 in Bwd. Endcap) 2
- g e+

Covering 12<0<155° in )
Lab. frame. Z .

é/ ........... :
Inner radius = 1250mm. T= e HIIII\\\\% =k =

20 m LD m 0O m wm 20 m 3.0 l'lB

22
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» Not really good agreement, seems to depend from ECL alone

Energy resolution Energy resolution
B 45% B ?
= 45—
aff =
- 4fl
| ECL Only I Full Det
3.5 my
N 35+
H 3
2 2L i
C T C
15 1 : 1.5 %
- " E i
1:|||||||||||||||||||||||||||||||||||||||||| 1:ll|ll|||ll|III|III|III|III|III|III|III|III
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Gen. energy (GeV) Gen. energy (GeV)
Energy resolution Energy resolution
g 5 g C
2L 2 sH
“64.5}} ¥ Z{
F 45
4 } =
C al—
asf o
e 35—
3 -
E s~
25— E
- t 25
i3 ! - ! ] |
= T a2
150 1 F
E I T T EN N T T T Y N TN N A S SN SO S N N 1.5: ol e b e e b e b e L
0 01 0.2 0.3 0.4 1] 0.1 0.2 0.3 0.4 0.5

0.5
Gen. energy (GeV) Gen. energy (GeV)
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» ECL digitizer clock rate is 1.76388 Mhz (=567 ns)™

Actual event timing unit for ECL is 567/(96*16 ) ns

Cluster are accepted if they fall +-567 ns from trigger

This corresponds to 3072 “ECL units” (or steps) (“ECL Unit” = 0.37 ns)
Timing is expected to be good down to 10ns (RMS)

Physics ECL time is peaked at 2350 “steps” (code bias)

| decided to accept only events falling between 2300 and 2400 “steps”

eclCluster_Timing.eclCluster_Timing eclClusterTiming.eclClusterTiming
htemp
80— Enfries 5068 14000 =
= Mean 23580 H htemp
00 — RMS 23.28 12000 I Entrias 32430
E H Mean 1266
600 — 1 RS 1315
- 10000 f— S . | + B k
s00F- _ Igna g
- 8000 H—
400 — -
- 6000 f—
b : Signal
200 ooy
100 f— 2000
n:llllllllld.lJ‘Ll IIIIIIIII _IIJ.I_IIIIIIIIIIII :_._...|....|....|....|.-.\\J|.;_|_|_---||||
2150 2200 2260 2300 2350 2400 2450 2500  25BO ﬂﬂ 500 1000 1500 2000 3500 3000

8ciGluster_Timing aciCluster_Timing eciClusterTiming.eciClusterTiming
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 First sel step: 2300 < t < 2400 AND E90E25 > 0.9

e Survive: 256 clusters, 162 associated to pGun photons

e Second sel step: E > 50 MeV (this was standard value for
“good”-photons lis at BaBar)

e Survive 167 clusters, 161 signals - eff=81%, purity= 96.4%

aelClustierEnergy {soiCluster Timing2400& & ecClusterTminga2300&& sel Cluslar ESaE2520.90) =lantu By |ochuodin Timisg o0 iec Clantar Titalng= 2200k ek bowsr EeE LS 208 KuctChinta Erarg .04

htemp
- 16— Entries 167
25 L htemp C Mean g?gig
- Enfrias 256 14 C_ RMS .
C Mean 0.3097 n
- RMS 0.2271 -
20 n 12
' 10—
o Step 1 - Step 2 ﬂ
i 8 :_
10 & :_
4=
3 C
D_II .ITI.I'I.I'I.I'I.I'I.PTI.I'II .I'IH\I'IITH....I..H.I ﬁ_ll |||-|||-|||—||nl|—|lll|—|| I|—|I|-||I_||IIII|IIHI|
a 0.1 0.2 0.3 0.4 0.5 0.6 [i] 01 02 0.3 04 05 08
eclClusterEnargy eclClusterEnargy
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 First sel step: 2300 < t < 2400 AND E90E25 > 0.9

» Survive: 180clusters, 71 associated to pGun photons

e Second sel step: E > 50 MeV

e Survive 72 clusters, 69 signals >eff=23%, purity= 95.8%

aelClustierEnergy (seClusterTiming 24008 &eciClusta Timing»2100 & & selCluslar ESE25-0.90) e CleatwrEragy freiutir Timisge o i Lot Timiged 5008 Bic unar E3eE2S -0 08 Sucl Chas b Erang 0.0
htemp htemp
C Enfrias 180 s Eniries 72
B Mean 0.05677 F Mean 0.1106
i RMS  0.04749 £ RMS  0.02638
12 ] E
10— Ste P 1 E Ste P 2
- 5 [
8 A=
b= ==
4 u b
n 1 1 |_| |_| 1 1 1 1 1 1 1 ” 1 H 1 1 |-| 1 1 | 1 |-| ” 1 ﬁ :I L1111 | L1 1 I 11 I 11 1 I i1l I 1 1 I 11 I 11 | I 11 | 1 1 |
1} 0.05 0.1 0.15 02 0.25 004 006 Q0B 01 012 04 016 048 02 022 024
eclClusterEnargy eclClusterEnargy
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E90E25 describes shower shape
It's close to 1 for “good” photons while tends to be uniform for
random (low-energy) beam-background

eclCluster_E90E25.eclCluster_E90E25 eclClusterE90E25.eclClusterE90E25
4000 — - 6000 —
- htemp C htemp
3500 — Entries 5068 - Eniries 32430
C [Mean  0.8902 00— ppan  0.6996
sooof—  LAMS 0.02217 T | Aus ot
- 4000[—
2500 C
2000~ Signal, 5000 evts wo=  Signal+ bkg 198 evts
1500 — C
E 2000 —
1000~ C
- 1000 [—
500 — C
i) :| o L e e ] | 0 B | [ | ] Lo ] 1 | ] 1 I ]
0.88 08 082 .84 0.86 0.58 1 1.02 0 02 04 0.6 08 1
aclCluster E90E25.eciCluster E9oE25 eclClusterESoE25.eclClustarESoE2S
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 The nominal geometry FWD (12.01° - 31.30°) and actual MC
acceptance have observed to be different

* High loss of events (i.e. Clusters) close to the inner ring (actual MIC
acceptance is 12.4° - 31.35°)

e Other strange border effects obse mePz {eciCluster_Multip>0)
eclCluster_Theta.eclCluster_Theta 800|— htemp
htemp - |Enties 33366
Entries 5 700— |Mean  0.0889
05 :_ ;‘;E'Sn ﬂ%g - [RMS 0006197
ECL Only! o0}
200 :— 500 f—
150 :_ 400 ;—
r 300 f—
100~ o
: 0L FWD
S0 Lr’ 100 f—
I [ull BN AR B AN I A A A [N ||||I||||I||||1|1.,||n|4_..l :l""l"" o e v b ey 1
%3 025 0.3 035 0.4 045 0.5 0.55 0.6 %075 0.08 0.085 0.09 0.095 0.1
eclCluster_Theta.eclCluster_Theta mcPz

| decided to focus on a smaller ring 20° < theta < 24° FWD

(3-4 fwd crystals) for further studies =
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