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Outlook

Il problema del FWD ECL ad alta luminosita

-2 pile-up
- ENE
- Risoluzione
- Sorgente

Performance

Filtri + WLS

Test beam

Futuro e conclusioni




Studio del pile-up

* Simulazione pile-up con cosmici su cristalli
Csl(Tl) e Csl puro

* Simulazione a partire da BG campagna
ufficiale
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Simulazione

e | 'ampiezza dell’evento precedente (con MPV corrispondente a 40 MeV) viene
riscalata per ottenere I'energia dell’hit di fondo

e Per gli hit di di fondo uso una distribuzione energetica esponenziale con media A =
Eaverage/Nhit =5.1MeV/3hits per psec (i numeri ottenuti da Benjamin per il cristallo
80, con taglio E>0.5MeV). La distribuzione temporale € assunta piatta tra -2 e 10
psec. In questa configurazione quindi aggiungo in media 5.1 x 12 = 61 MeV in 3x12
= 36 hits, per ogni evento

e Ho fatto anche i casi Eaverage/Nhit=4MeV/2.5hits ¢ 6MeV/3.5hits (~ stessa A)
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ENE circa 3 MeV in presenza di pile-up.

(Dipende da finestra di acquisizione e
shaping time)
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Risoluzione

o(E)/E = \/25XENE/E @ reSOcosmiciX\/(O.OSO/E)
o(E)/E = JOXENE/E & resocosmicix/(0.030/E)

\ 100*sqrt(pow(sqrt(25)*0.00275/x,2)+pow(0.088*sqrt(0.030/x),2)) \

@ Epkg=5.1MeV/ps, T1=50ns: S SN T N R S SRR SO S S
ENE=2.75MeV o/E=8.8%
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INFN

Istituto Nazionalo
di Fisica Nucleare
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Risoluzione

Matrice 3x3

4 Rel res. Csl(TI) 300 nsec layer 4 sect 1 x 3
M Rel. res. CslI(Tl) 500 nsec layer4 sect 1 x3

@ Rel res Csl pure 45 nsec layer 4 sect 1 x3
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Safety factor x 3
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Resolution
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Full simulation of pure

Csl

Replacing Csl(Tl) rings with pure Csl

With current
reconstruction
code and
parameter set,
resolution with
Csl-12 rings +
machine bkg
at the level of

bkg-free

performances
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Energy resolution

J TOR resdution function
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= “"New reconstruction algorithm ™=

Particle gun (y), Barrel, ftruth > 0.66

25 B 1 L] L] ll I i
: —4— BGx0.0 Barrel i

20 —— BGx0.1 Barrel
B —— BGx1.0 Barrel ]

" —4— MC5 Barrel (BGx1.0]
19 0 -
Y . _

10 f. ]
R o i

R - i
See Tl e, .
= bl TR "'_:--__:‘_:o ____ o -

- i8:z:=: =1‘.'.-_‘,_,_‘__~___ T

O— PR . R ]

10 1

E,. [GeV]

Studio delle performance con Csl puro e algoritmo di ricostruzione
ottimizzato = DA FARE
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s No Pile Up PileUp
B } Csl (T1) (500ns), 2.93
25 .
! Cs! (T1) (300ns), 2.39
20 - % LAAPD+CR110 (75ns), 1.9 : LAAPO + M3 {45ns), 2.07
: 1[LAAPD + RM3 (45ns), 1.849
LAAPD+CR110 (45 ns), 1.90
15
LAAPD+CR110 (45 ns), 1.434 2/LAAPD+CR110 (75ns), 1.310

PHOTOPENTODE (10ns), 0.76.

* PHOTOPENTODE (20ns), 0.64
05

PHOTOPENTODE (10ns), 0.510 o1 (71 (500ms), 0.264]  ©ICs1 (T (300ns), 0.297

PHOTOPENTODE (20ns), 0.117

| |

The ENE with pile-up is ~2 MeV for pure Csl and ~3 MeV for CsI(TI)

25
2.0
. , . x
Contributo all’ENE da pile-up * , " [LAAPDYCR110 (750s), 1.494
e LAAPD+CR110 (45 ns), 1.245 PHOTOPENTODE (10ns), 0.569
05
PHOTOPENTODE (20ns), 0.625
0.0

Pile-up con sorgente
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?|Csl (T1) (300ns), 2.376

{ LAAPD + RM3 (45ns), 0.933

Doped Csl has ~twice the ENE of pure Csl from pile-up,

5/5/2017

in agreement with the results obtained with the simulations




D

<o

Belle I

Misure filtro + sorgente

| aMaxCRRCA4[5] |
| aMaxCRRC4_311_5
100 Entries 2747
Integral 2747
%2/ ndf 12.86/12
Prob 0.379
B Constant 94.65 = 4.04
80 - Mean 0.8355 = 0.0342
Sigma 0.5516 = 0.0233
— | aMaxCRRC4 311 5 |
Entries
IIIIIIII
eo— rY (< v  |conn
B sigma1
40—
20—
o 1 L | } I L L L 1 L L Oedi I"'l nl 1 L Lol
-5 0 5 10 15 20 25

- amplitude = 3.10+0.07 mV ENE = 5.34+0.25 MeV

signal (filter+source)/signal(filter) = 1.06+0.03%

ENE (filter+source) /ENE(filter) =0.86z0.07 (Unchanged)
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WLS

Energy Distribution - APD 1 Energy Distribution - APD 2
—ews [T 1 —ows [
— WWLS NOLS OD2 Pralnn Som  saims » 008 — WLS NOLS OD2 Pralnm S amsrii » L0085

——— WLS NOLS 003 Prajr| == 4.5

man DR » DUD00DS
Sigms L0015 » LODN0E

——— WWLS NOLS OD3 Prajry] = .

[P BEE » DONES
figea  BEEE » LEE

Coaced a7 e B7 Coowrmnd 5L 1. 54

[* L] PEEE » DOEEE [FLER] DHAE » DOEET

figes LT LD g LGS o L0 B

5 8 8 8 8 8

IIll'llllITIIIITIIIITIIIITIIIIFTFT

- h-—l- - d - vt - -
fo05 0 0005 001 0075 002 0025 003 0035 0.04 008 d
Ampiitude (V) Ampiitude (V)

Guadagno circa un fattore 2 nel segnale

Piccole differenze tra i due campioni con densita ottica diversa

Problemi dopo l'utilizzo con grasso ottico a causa della perdita di luminofori
Irraggiati fino a 105 Gy > nessun cambiamento osservato
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Filtri
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Transmittance (%)

e FGUV11S-Sample 1
o (340-250)/340=0.27 - Fast light loss ~ 26%

« FGUVI11S-Sample 2 .
o (350-200)/350=0.43 - Fast light loss ~ 43%
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Filtri + WLS <

S 5[
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Results with WLS plates

With optical greast

+1.8
> -
O
= 16— ©
L 1.4_—
12— © NOL 10 (2)
= > NOL 10 (3)
= © NOL 14 (2)
- % NOL 14 (3)
08— =-NOL 9 (2) O
- >NOL9 (38) ——=%
0.6} = No WLS
0.4_1 l LA 1 L l AL A1 1 l LA L l 11 l l l L

50 100 150 200
shaplng tume [n“i

NOL-9 turns out to be the best WLS that provides an enhancement on signal
bYSa/faﬁtor Of about 3 Bellell Italia Trieste C. Cecchi 17



Attaching APD's on edge side

. i 1 Csl(pure)(6x6x30cm)
___________ S @ WLS plate (with NOL-9) .

L Plale

™ ......... ......... ......... .......... @ 4 APDS (33654-55) ...... :tf‘n,f'm,:'?'?ﬂm A APDs

0.6
0.55

&
tn

llllllllllllll

e Ilamamatsu
64-55

0.45

=
L=
Illllllllll

0.35

. ' . H ' . H H H . H =k
- [EAY s
. . : H . H H H . W A -
. H . . . . e (N I e
. . . . - . . o
..................... SRR PR RS- SO SN SRS S - YU S  — / /
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Csl (pure)
crystal | —/

NE of the counters ln the barr ! ECL

0.25

=
)

:””l””f””ll \Tll” IJI

0.15

Equn alent noise energy [MeV]
=
t
H IRRA

g APDs at the back side of WLS

&=
.

0.05

......... ......... ......... APDs at the edge side of WLS | . . . .

lillllillllillllilll illllillllll'|lllllllllllllllllllllllllllllllllllllllll[lll
50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

shaping time T [ns]

In this measurement, the APD's are attached on one side of the edge
due to the limited space of our shield box.

A factor of 1.3 is earned by this configuration.

In total, in comparison with the coupling of APD's to the crystal, we
5/5@3]'/ned a faCtOr Of 4. Bellell Italia Trieste C. Cecchi 18



Test Beam

« We acquired 5 different energies for each

run

o Trigger : 5 different taggerin OR

o The 5 tagger signals used in the trigger are acquired for offline
separation of the energies

* Three different frigger configuration:

o Cadlibration: 289MeV - 350MeV - 422MeV - 480MeV - 550MeV
« One run at the center of each crystal

o Low Energy: 50MeV - 76MeV - 99MeV - 151MeV - 201MeV
* 1 run at the center of two internal crystals (red dots)
* 4 runs at each points which maximize the containment

according to MC (pink dots)

o High Energy: 301MeV - 400MeV - 501MeV - 651MeV - 780MeV

* 1 run at the center of two internal crystals (red dots)

* 4 runs at each points which maximize the containment
according to MC (pink dots)

5/5/2017 Bellell Italia Trieste C. Cecchi
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Test Beam

Resolution - Calib. Ch6 Apd0 Channel6 - Calib Ch9

20

® “F 5 s s Loz : : : —_ = %2 / ndf 1112/9
> ~ : : : [ Tndt 7.861/7 5 I
p _ i —e— Runon Ché (Cen) -CSP  :| Brop 0.345 2 B Prob 0
S 48l 8 3.269 201477 |.. S 12/ s ro
= N : : : : 1o 0.2007 = 0.171 <]
2 - —©&— RunanCho (Cen)-C8P :| ¢ 3.08 = 0.2936 5 - a 2.082 = 0.004371
a | : : : : L : : : -
61:) 16_—-%‘ S— g Run‘qn'Chs'(Ce@)“-‘SHP"“';" érégdf 0‘111343; g B
= { : : : i a 3.001x0.143 S 10—
\ : R Ch9 (Cen)-SHP :| b 0.2167 +0.1393 [} |
14—R e “"°” ......... ( e“) ................ | e ' 325120252 | ax
RS L [ETRaT —4281/7 L\ °
-\ : : : | Prob 0.7468
12— s froeeeeneed a’ 3.139 = 0.05614 [ 81—
— \ : : : ‘b 0.0001833 = 70.05 L o
~ _ : : : e 3.065 + 0.1723 -
10 __ ‘‘‘‘‘‘‘‘‘‘‘ ,.: ............. ................. , ............. \ ................. 7 haf H H 1244 - i - '\\
- il : : é i Prob 0.08711 61— L
— AN : : : i oa 2.809 = 0.05385 B e
8l— R 3 AT S breruererensnand i b 6.83e-05 = 78.05 |... ~
- : : : : 3.482 + 0.1423 — o
6__ ......................................................... e ot SUSSCS IS SR 41— ~_
- : B ~—
B g I~ T
4_ .................................................................. , ...................................................................... b - e —_—
_l | - I 11 11 l L1 1 1 ' L1 1 | I I - I 1 1 1 I 11 1 | l 11 1 1 I 1Ll 2_ ¢
0 0.1 0.2 0.3 0.4 0.5 0.6 0'7E Ogv oo b b b a oo b ba o b vl
nergy (GeV) 0 100 200 300 400 500 600 700 800
Energy (MeV)

LY =15 phe/MeV misurato a PG e consistente con altre misure a LNF

—> con questo LY ci aspetteremmo una risoluzione di 2.6% @100 MeV con un excess noise factor
di 2.

— Questa risoluzione corrisponde ad un valore di a nel fit di circa 0.8
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Test beam

Noise misurato con i cosmici 2.7 MeV/cristallo 2 6 MeV noise (matrix 3X3)

£ 10 - 27 ndf 341779 Resolution - Ché (Cen) - Calib. Ch9Apd0
g [ Prob 8.329e-05 - x*/ ndf 1.851/7
2t PO 0523200004777 ¢ (gt Prob 0.9676
s 8 25 a 3.411 =+ 0.051
% - S 16 b 0.4729 = 0.0525
¥= B & ] c 0.0005948 + 91.08
e r a
S 6 14 =
i L C Data
- 12—
- sty o0 e Photostatistjc
41— 10 :_ Electronics
- 8-
2 L 6 :_
i 4 y
0 i cooaa v v by s v v v b e by v b 2 :_ ................. -.f....f..ffh-'-'-'-f""""""""’"
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 -
Energy(G‘ 0 III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Energy (GeV)

Osservata una non linearita a 200 MeV - ma questo non dovrebbe avere impatto sulla
risoluzione.
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Test beam

'analisi & ferma da molto tempo = Mario Merola si & offerto di contribuire con PG.
Stiamo organizzando il lavoro e prevediamo di avere | primi risultati a breve termine.

TEST BEAM@BINP (autunno): | nostri cristalli + 4 APD 5X5mm”2 messi lateralmente e
non sulla faccia del cristallo + WLS + FE custom sviluppato da Epifanov (stanno
costruendo le board).

Noi forniamo la matrice di Csl + richietsa una partecipazione di qualcuno di noi per
collaborare.

Da discutere per | fondi disponibili, IMHO credo che sia importante avere un piede in
questo progetto.



Conclusioni

NOTE INTERNE
1. Performance study of Csl(Tl) and pure Csl crystals with cosmic rays

Impact of machine background on Csl(Tl) and pure Csl crystals
Large Area APD gain

Comparison of options for the Belle Il forward calorimeter upgrade

i & W N

Sulla matrice (“Investigating pure Csl crystal option for Belle Il electromagnetic
calorimeter upgrade”)

6. Test di radiation hardness

7. FE electronics for the pure Csl readout

- WLS + filtri capire differenze con misure dei Russi

- Test Beam analisi prima priorita
- Test beam@BINP
- Due cristalli nuovi Csl puro trapezoidali da misurare, irraggiare, etc....

- Studio delle performance con simulazione puro Csl + nuovo algoritmo di ricostruzione
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