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8736 Csl(Tl) crystals
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BELLE

performances
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ECL in view of luminosity increase

Radiation damage of crystals after BELLE (1 ab™1)
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Csl(TI)

Relative Amplitude VS Dose
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Two additional points at 380 & 670 Gy for Crystal |
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One additional point at 250 Gy for Crystal 2
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= Signal by physics
g particle incident
Scintillation decay ;t':
time is ~1us ~ .
© ~_Pileup caused by Fake clusters
= beam background
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- I i I -
_,t behavesasnoise !
increase A
.
Csl (Tl ) . g *"‘-‘-‘*"“""«.__
. . -2 T e
- very high light output 10 S
- very slow device i e
A Y S W
E, (GeV)
Need a fast and rad-hard detector (E>20 MeV) 6 fake

i%’JE clusters, 3 in barrel 3 in
30/10/2018 0 7
/10/ L
EU grant n.644294 endcaps background



Bellell read-out electronics post-update

Shaper output
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FWD Endcap Upgrade pure Csl

Electronics upgrade may not be Because of short scintillation decay time, ~30ns, e’
sufficient for the forward endcap Pure Csl crystal is almost pileup free.
Photo Pentode readout is regarded as a baseline,

noise~0.2MeV.

« same density and radiation length allow to
reuse Belle mechanical structure

Crystal CsI(Tl) | Pure Csi
* much lower light yield |

} — fast component of
Light 165 36 emitted light in the
Output near-UV region
(% Na(Tl)) * much faster light

decay time
Decaytime 1200 30 — but slow component
(ns) is an issue for pile-up

Photo Pentode ‘

« Use of Pure Csl requires R&D studies on:
— photodetectorsin the near-UV and wavelength shifters
— radiation hardness of crystals, photodetectors, and wavelength shifters

— electronics E%‘_J
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Pure Csl optical properties:
transmittance

Optomaterials (italy), o0 i cpone, il
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Pure Csl optical properties: Light Yield

Amcrys (Karchov, Ukraine),
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Photodetector options

Requirement: photodetector ENE < pile-up noise (O(1MeV) )

Photodetector options:

Hamamatsu
photonics
Hamamatsu photonics  ¥= Large Area -
R11283 photopentode fmmmw  APD
Belle-1l baseline =~ R8664-1010 .
_ PhotoPentodes Large Area APD (LAAPD)
C (pF) 10 270
Gain@V,, 150-250 [*] 50 [**]
Q.E.@310 nm (%) 25 50
Area (cm?) 20 10x10
Comments * [*]gainreduced by 75% in « [ special production
1.5T magnetic field with G=200
* 1 PP per crystal, no . 2 LAAPD per crystal

redundancy
* back plane of the
mechanical structure need

to be replaced
12



Pile-up study: cosmic+source

Signal from cosmic rays Isc_1 """""""""

superimposed to 1.33 L

ey MeVgproduced L ST |\~
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from source sraperogl ls"'2 >

From the differencein
quadrature of the meas.
with and without source, I
pile-up effect can be [ ) fs00ms), 2.5
estimated: Csl(Tl) shows .
twice the ENE of pure Csl
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parameter o

Measurements performed without WLS -

30/10/2018




D
“/w

.....

R&D on Wavelength Shifters

INFN

* Novel wavelength (WLS) plates containing nanostructured organosilicon—=-
luminophores provides essential increase in light output
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Attaching APD’s on edge side
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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
0/10/%¢drned a factor of 4.



Average Energy per Crystal [MeV / us]

MC campaign 2017 and performance

15th background campaign (ECL)

Ejne=0.10 GeV, BGx1.0

[ T | T [ = 0.20 T T L — T —— . I‘EJ : =

) 1w ~ —4 Peak (comected) _
20 - Touschek HER N ‘\u.'l' " 4 Peak (raw) -
B — e 1% 015F 8
15 = 8 Coulomb LER - & & '; ]
- [ ReB i * i
R BHWide i 010 . o oy B
10 + BHWide Large Angle B r!;m‘ ~ e .
0.05 |- :
000 v v v T

0 50 100 150
Btmue [deg]

IE‘I[Ill
'
30/10/2018 i% _JE ‘ iy

EU grant n.644294



0. /E (%)

FWD CsI(Tl) vs pure Cs(l)
phase3 BKG x1, x2, x3

Relative energy resolution Relative energy resolution

- < 220
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= v BKGx3, Cal(T) 18— v BKG x 3, Csl(Tl)
C ’ - o BKGx 1, pure Csl
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D 12f-
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Reconstruction used for pure Csl has not been optimised

Pure Csl@100MeV (BKGx2) = 8% —> which is the best reachable resolution?

** * ** %
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Study of Phase 2 Background

20180406_0717Barrel_fwd 20180406_0717Barrel_bwd
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Study of Phase 2 Background

We monitor the widths of the pedestal distributions for 8736 ECL channels. The width is
determined by the electronic noise (0.25 MeV in the Barrel, up to 0.6 MeV in the Endcaps) and ")
pileup noise, which is sensitive to the beam background. e
HER doesn’t provide notable background even during HER beam injection (pileup noise

is smaller than the electronic noise)

LER beam background is large, pileup noise is proportional to the LER current

For the LER current of 250 mA the pileup noise reaches 9 MeV in the inner backward endcap !

Such a large pileup noise will notably degrade ECL energy resolution

Before collision run the LER optics/collimator was tuned, pileup noise became severa

times smaller

For the larger LER currents further tuning was necessary to reduce background

Widths of the pedestal distributions of ECL channels Widths of the pedestal distributions of ECL channels
10; exp #0002 run #03320 LER: O0mA | ' 35F exp #0002 run #03601 no beams
9;— —-exp-#0002--run#03319-LER: 48 mA 3 i exp #0003 run #00065 LER: 40 mA
sl - exp #0002 run #03319 LER:48 mA
- exp #0002 run #03867 LER: 250 mA LER beam backaround is dominant

7 IThe pileup noise was increasing linearly on LER current 2.5 cam backgrodne s comihant :
— - o~ I~ Notable decrease of the pileup noise
> 6 % N after recent LER optics/collimator tunings.
) i3 .
\% 5 Harel : % 2 Barrel
72 (s 72)
2 4 Wi S 1.5
R~ e Backward =

3 L S % 1

2 E "_ = ) . . "E »_ 1

> . ’ 0.5F
1 X ol . ke -:‘ 2ei .
0\\1\\:|\| e eteatre :w\|\||\ 0 ~ crre'a'EJPwax ramrmarir i 11|||1-—l|||i‘l=’1 L
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000
#eid #eid
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Conclusions

R&D on pureCsl is quitein the finishingline and requirements on equivalentno &
energy and signal to noise have been fulfilled

Best option for APD readoutis 4-small APD’s on the edge of the WLS
Test beam at Novosibirskin beginning of 2019 of a matrix of pure Csl

Reconstruction used to study the pure Csl performance has not been optimised

The big unknown = background level

— First step measure background in Phase2 = compare again performance Csl(Tl) and
pure Csl

— Study of background phase 2 with collected data is ongoing

JENNIFER Deliverable for March 2019 will be a Proposal forthe future TDR
containinga detailed summary ofthe R&D and the Performance and Physics
perspectives of the Belle 2 Detector with the upgraded FWD ECL.
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Effect of pile-up increasing

* Optimizationofthereconstruction for e Pt 2 e R S
2 —
phase2 and phase3 needed once BKG better = [\ B
known ° N —— WD
. . , 10 P
* Efficiency 2 hasto be as highest as possible N dllls
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B2 K*vv

 Significance and shape variables not change
observed from no BKG to BKG1

| ab™! equivalent statistics m “signal MC Belle I fullwsoi:nulation B*B- MC
“BGx0” | “BGxl” e ﬁ
Ny 6415+ 80 | 3678 + 61
e (107%) 10.3+0.3 | 5.38+0.23 - Too
Nsig/+/Nokg  0.16 0.15 : -
UL (107%) 26 3.8 ooef

n " .
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. 04 045 05
EecL(GeV)

35 04 045 05
EecL(GeV)

W
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