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Cutline

Motivation for Belle Il calorimeter
upgrade, focusing on the forward region

Characterization of optical properties and
radiation hardness of Csl crystals

R&D on photodetectors, wavelenght
shifters and read-out electronics

Impact of pile-up from cosmic ray data
and simulations
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From Relle to Belle-11

* Precision measurements, performed at B factories BaBar and Belle, crucial in

understanding the Standard Model in the last decade F————
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« 2nd generation B factory: From KEKB to SuperKeKB BN 7 W
— upgrade of the KEKB accelerator (Tsukuba, Japan) — >

— 40x luminosity, 50 ab-'in 10 years of data taking

* From Belle to Belle-II: upgrade of the

detector to cope with higher particle rate

while maintaining ~ same or better
performances on physics
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Belle 1I Electromaghebic Qg

calorimetber

1/3 of B ‘iﬁﬁ&j Produ,d:s = n¥ or other neutrals producmg y in [0.02,4] GeV
energy range

BWD | N = | v
Reuse Belle Electromagnetic Calorimeter (ECL) | FCL, 1S et
— 8736 300x(50-80)x(50-80) mm3 Csl(Tl) crystals =——— i-lf
— 10x20 mm2 PIN photodiodes, 2 x crystal " = g
— CSP+ CR-(RC)* shaper with t=Tus PPt
— Light Output = 5K p.e./MeV ‘ S SARREL
— Equivalent noise energy~ 200keV ECL

— Performances (E in GeV): _E_\/(0-066% 2+
(2% @ 100 MeV) E

CsI(T1)

Acrylite
30 cm
-~
16.1 Xo
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Running ECL at higher luminosity

Two main issues needs to be addressed
1. Radiation damage:

— after Belle data taking (1 ab™): =
L Fwh Barrel BWD
500 fo ) §
140 450 P > | LA
120 ® 400 Inner Forward A | JTarse LY
B - oo —~ |
s 100 g 350 S 09 4 s
80| N e
° Pl T .u250- P \>_—/
3 60 b1 Lo 3 200 RNy’ /% - ?
.. WY AR S150- | Mo 0.8 F - i
40 t 1 I } H § ! t t
g, _Erm-';';;_
‘ E 50 b s : :
OJ/ﬁﬁa Ll £ oke RN 0 20 40 60
0 1000 2000 3000 0 1000 2000 3000 0.

Time, Days Time, Days

— Expected dose in crystal @ Belle-Il in FWD ECL: 3 Gy/yr x 10 yr of
data taking — a factor of 7.5 higher than in Belle

E:_, Signal by physics
Csl(TI) :9-.. particle incident
2. Increased particle pile-up: pontilaton decay 3
ime is ~1us - .
© Pileup caused by
c
i) beam background
@ incident
t ) =\ |
- V\QEd QA‘D"HAQ‘D O\V\d FAST de_EQC&QT‘ —t behaves as noise
increase



Upgrade strategy (1)

* Read-out electronic upgrade for both Barrel and Fwd

signal

\ — 1

~ Shaper output E/\

—t

)

Signal charge

Gate — |

y
v 1.76MHz, 18bits digitizer,
waveform fit to get energy

width=100ns 1iming (leading/trailing  and timing (i.e. Digital
edges) with range Signal Processing)
information by QtoT
converter (MQT300A) Reduction factors;

!
Digitized by TDC

x7 BG showers
x1.5~2 pileup noise



Upgrade strateqy (I1I) &~

« For FWD ECL, electronic upgrade may not be enough: replace Csl(Tl)
with faster crystals

Crystal CsI(T1)  Csl
| Density (g/cm?) 4.51 4.51 |

Melting Point (°CC) 621 621 : —
Radiation Tongth (om) 186 186]| © same density and radiation length allow to

Moliere Radius (cm) 3.57 3.597 reuse Belle mechanical structure

Interaction Length (cm)  39.3 39.3

* fast light component @ 310

Refractive ITH_ICX 1:79 1'.9‘) ° much |Ower ||ght y|e|d nm from datasheet:
Hygroscopicity Slight  Slight — fast_ component of measured emission spectra
Luminescence” (nm) 560 420 emitted |ghjc in the _
(at Peak) 310 near-UV region ! e
Decay Time® (ns) 1220 30 ||* much faster light .
6 decay time
Light Yield”* 165 3.6 — but slow component | |i... | ||
1% is an issue for pile-up MJJ |
d(LY)/dT*? (%/°CC) 0.4 ~1.4 340
nm

* Use of Pure Csl requires R&D studies on:

— photodetectors in the near-UV and wavelength shifters

- radiation hardness of crystals, photodetectors, and
wavelength shifters

—  electronics .



Csl &rvs%at op&t‘at Propm&i@.s:

Transmitbtance

. ®T Longitudinal
 No irradiation »: e S ongtueins .
+ @310 nm: LT. ~ 50%, T.T. ~ £ . & { —
40% for Optomaterials, lower §« Transverse Soi
E 50 transmittance
for Amcrys B
= 20 - —— Amcrys002 transverse (5 cm.) bef.irr.
] op rlals 402 transverse (5 cm.) beirr. & = Amcrys002 longitudinal (30 cm.) bef.irr,
104 . 402 (30 em.) bef.irr. i
o i

(

Oonma&eriaLs
k

od.j), 5x5x30 cm?3

Amcrys (Karchoy,
Ukraine), trapezoidal
shape, ~7.5x7.5x30 cm?3

T T T
300 400 500

% 400 0 . 600 50
avelength Enm) Wavelength (nm)
B0 Wavelength [nm]
] B8O
. . 704 )

» Transverse transmittance at different ﬁ#-_- R PTTL T
. . g 1 - - ?60-_ MM:: adh
irradiated doses (7 to 104 Gy) fol T £ j_;;w

* Maximum variation @ 310 nm ~ -/% £+ :.% gm ;:.‘“

1 230 & . +  Amcrys 002 bef. irr.
* Saturation effects £ § e b | £ 1 el
e« Completed and fast recovery for 11 s DuCRNMINE 7 22 2% ” s Amare0ds asey
1 * (s] als a = mcrys
p y 104 3 * Optomaterials 402 88 Gy : Amcrys 002 104Gy
doses < 7 Gy (not shown here) o el > Optomaterisle 402 304 Oy o e : _—
350 450 550 250 300 350 400 450 500 550 60

250

400

600

3\0/(]Vave|ength (Srfuorn) Wavelength (nm)

Also a SICCAS (Shanghai, China) has been studied
* about the same size as Amcrys, poor wrt other vendors (e.g. Long. Trans. ~ 18% @ 310 nm)
8



CsI erustal optical properties: k"
J Lpgk[?: ',*/E;@.Lci P

Amcrys (Karchov,

f Optomaterials Ukraihe), trapezoidal
3
(Ttaly), 5x5x30 cm shape, ~7.5x7.5x30 cm?
20 220
= -%;200—_ % 200
() %1303 ﬁ 2 180
g 3160 ¥ . ¥ ¥ ! < te0f =
N 140 Qj 140 i@ e i
q) E .
) g 120
o} 120 o
100— ®  Opto 15003 pre 100
E 80
"3 " Opto 15004 pre soF-
oE - B Amcrys AM02
= 4 Opto 15003 post 40
20— Opto 15004 post ol e s Base s e w e a0 B ¢ e B g
- o 50 100 150 200 250 300 350
OU — Iblu - J'|(J(JI B T R R :ﬁlml ) distance from PMT (mm)

distance from PMT (mm)
[ttt ettty Measured without wrapping

f and without optical grease

Longitudinal LY (~160-180) for different
doses

Longitudinal LY variation
o beforeirr. : ~ 6-10%

e afterirr: ~7-15%
LY variation before and after irr.: ~1-5%

distance from PMT (mm)

* No irradiation
* Longitudinal LY ~140-160
* Longitudinal LY variation < 10%



Photodekector OF&EQMS e

* Requirement: Fko&od&&ec&or ENE < FLL&*MF notse (O(TMeV) )

» Photodetector options:

Hamamaksu
hotownics
—~—
Hamamatsu photonics £ Excelitas @ @ Earge Area
R11283 Fho&o[pen&ode - APD | d APD
Belle-II baseline . C30739ECERH-2 R8664-1010

PP | EXCAPD LAAPD

C (pF) 10 60 270
Gain @V, 150-2501" 250 5011
Q.E. @310 25 35 50
nm (%)
Area 20 cm? 5.6x5.6 mm? 10x10mm?
Comments ¢ [*] gain reduced by 75% in * lower capacitance « [Mspecial
1.5T magnetic field and higher nominal production with
e 1 PP per crystal, no gain wrt LAAPD G=200
redundancy » small area » higher Q.E. wrt
 back plane of the mechanical « 2/4 EXC. APD per EXC. APD
structure need to be replaced crystal * 2 LAAPD per
crystal

10



RED o APDs (1)

* ENE estimation with cosmic ray (MPV ~ 30 MeV)
— Csl crystal wrapped with Tyvek and coupled to APD’s with

optical grease

— Readout with commercial CREMAT CR-110 charge-integrating
amplifier (CSP) + Software CR-(RC)* filtering (x=75ns

e Signal extraction:

Mean LAAPD waveform

—~
> -
E |
20—
O r
O C
3 15—
Q |
& 10
<E [Pedestal: Mean value
5
=
t N L N N | " M | i " 1 { L N
2000 2500 3000 3500 4000

Time (ns)

CSP response= Signal - Pedestal

Shaped signal example

Vv

)

- ~— CSP output
\E, 100|—
) B —— Shaped Signal
O #f
S
£ wf |
Q r
£ uf
< | |
20 =
0 =
20—
_ L | i l . |

Time (ns)
Software CR-(RC)* filter response=
maximum of shaped signal (in a 10us

window around expected signal position)
11



RED on APDSs (11)

Sum of 4 APDs @25 deg - linear CR-RC* shaping | ' LAAPD sum, Max Amplitude in full range, run 168 |

201 e R~ e e
: Irtlvvqt-l 704 E1w Mean 0.1438
B é;nxm BI.J’ “:;_: H -t n;fuw :m
- ond 0.0Mm = x

2m_ :'::‘\! 0.1766 - 0.0084 1w amama su % r:"u"_.:

"] in_exc ]

- o — 140 LAAPDs Mean 0.02615 « 0.00023
= ‘mx ?:;I u.r;f? :; - - -
- Constl 2438 + 44 120

- | -

- 4 Excelitas APDs -
- 60
B 40

50— -
- 20
oCodimadl 1\ 0001y % 0.1 0.15 0.2
0 10 15 20 25 30 35

ENE[MeV]

5
[mV] : |
oWVl  Signal [mV] _ S/N 7 ENE [MeV] o[mV] Signal [mV]  S/N
177+8  5.27+0.03 30+1 1.00+0.05 T '
c = A 2.80+0.17 108.6+0.6  38.8+2.4 \ 0.77+0.05

 Excelitas APD and LAAPD performs similarly in terms of ENE (and
performance-dependence on temperature)

— both mect the experiment requirement (ENE<1MeV)
« Using Excelitas APD would double the electronic channel
« LAAPD is our choice

12
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» Study effect of ionizing and non-ionizing radiation:

— gamwma: 250 Gy = 10 y data taking x Y80 sa{e?z factor
— Neukbrow fluence: 10'2 n/cm? = 10 y data taking x 5 safe&:j factor

QE.
T

]
, B

.
¥

neutrons

APD Hamamatsu

aoeVdous Uﬂwiu;mg;

Wavelength (nm)

Quantum efficiency:

e decrease for LAAPD after
irradiation with y at 250 Gy

e no further effect due to

e A AADLS Prelammas

e A A 4035 PostGamma

5000

4000 AA4935 PostNeutron
3000

200

1000

B 0 10 1% 200 250 30

Bias (V)

CGrain:

e almost stable

!
b

Dark Current (nA)

1000000.0
e A AAD LS Prelammas
100000.0
== AAAT15 PostGamma
e AA4935 PastNeutron
1000.0
100.0
100
1.0 - “‘___',.-W——'N
e =
b
D1
Q 50 100 200 250 oo 350 400 450

Dark current:

« 2 orders of magnitude
increase after neutrons +
gamma

* Radiation may be an issue for LAAPD (dark current and Q.E.), studies with
simulations on shielding and with beam on background rate ongoing in Belle Il

13



o(E)/E (%)

Test with eleckron beam @ LABORATORI NAZIONALI DI FRASCATl INFN =
— 4x4 (Amcrys) Csl matrix + LAAPD (G@ V —200) =

Development of costum made charge preamplifier:
— Gain = 1.4V/pC (same as CREAMT CR-110)
— Integration time reduced from 140 us (CREAMT CSP) to 200
ns to minimize pile-up contribution

Cosmic Trg SSSSti:ZEOn
=!_' = |
— Preliminary results: f
Resolution
- CSP OUTPUT
10 % SHAPER OUTPUT
o » Resolution higher than experiment expectations
al ¢ (2% 100 MeV vs measured 8%)
s ' ‘ » Beam-related background probably introduce a
o . o, distortion in the reconstructed energy
i T * New tests in cleaner beam environment
R A 1N S X performed @ MAMI FACILITY (MAINZ),
Energy (GeV) data analysis underway. 14
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R&ED on wavelength shifter (1)

* Novel wavelength (WLS) plates containing nanostructured organosilicon
luminophores provides essential increase in light output

W Quantum efficiency vs. wavelength

. - ] NOL 9 )
LuminoTech Co, - 327 nm — 588 nm Increase in -
(60x60x2 mm?3) WLS ¢ LAAPD Q.E.ofa & _
4 ik =
plates i factor of 2-3 :
§ PLQY=95% > 5
g v Pk
WAVELENGTH irnm)
e Results:
1.2 ~—— NOL9 0D3 before irr.
5 1 i ~—— NOL9 OD3 105 Gy
g & V] {7 - NOL9 OD3 before ir
o ] i\ .
- ) F , -~ NOLS OD3 105 Gy
sl ’ »0.8 i Y
w FaG ¢ < Y
Z \//’//— $ \
e R =06 4
12':—_ E "".‘
t ¢ NOL 10 (3) — 4 \
1t : © NOL 14 (2) E
F % NOL 14 (3) 502 P W S
08 =-NOL 9 (2) o z 1 excitation emission ““\_
Fo . *NOL9 (3) ——% 0 . . < ; —
06 = No WLS 300 400 500 600 700 80C
Wavelength [nm]
0.4% 510 AL aléna.....zﬁﬁ.-%Elﬂ;.l...:’éﬁ.;...agi..im..n:fi‘d..;ﬁ_édi . ‘
SRENQ e Radiation hardness tests on NOL9
Enhancement on signal of a factor WLS: no irradiation effects on
of about 3 (n.b. test oer excitation/emission peaks up to

formed with G=50 LAAPD) 105 Gy s



Pile-w

radioactive source

Signal from cosmic ra§s
superimposed to 1.3
and 1.17 MeV y produced
by ¢°Co
— 1.77%0.04 hits/usec
from source

From the difference in
quadrature of the meas.
with and without source,
pile-up effect can be
estimated: Csl(Tl) shows
twice the ENE of pure Csl|

[ nb: wrt to pag 12
(ENE=0.77MeV), different
shaping times and signal
window used,
optimization of such
parameters underway |

ENE(MeV)

iU

]
wn

20

05

0.0

ol M l: W

W :. cam oS _ Tigger

* Csl(T) crystal’s actual shape SC-2 )—
is trapezoidal 1
No Pile Up PileUp

LAAPD+CR110 (45 ns), 1.90

LAAPD+CR110 (45 ns), 1.434

I Csl (T1) (500ns), 2.93

1 Cs! (TI) (300ns), 2.39

v LAAPD+CR110 (75ns), 1.99

O LAAPD+CR110 (75ns), 1.310

PHOTOPENTODE (10ns), 0.76

PHOTOPENTODE (10ns), 0.510 Csl (T1) (500ns), 0.264 Csl (T1) (300ns), 0.297

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

16
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ile—up impact: enerqgy resolution gy

Belle IT

from Belle-I1 Full dimulakion

Energy resolution

o(E)/E (%)

5 r Eﬁy\s S O FITTED RESOL POINTS, FWD ECL w 5 PURE Csl RINGS W/O BKG

‘ — TDR resolution function

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

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

12 LINFZ \\= A ;
e 4 . O FITTED RESOL POINTS, FWD ECL w 12 PURE Csl RINGS W/O BKG
X 1 6 - : ’
Ao\ 1R rings
\ 13 9\l | O FITTED RESOL POINTS, FWD ECL w CsITI W/O BKG
AL : N
syt al
22\ ]_—]__ o .':_" 5 11 : o FITTED RESOL POINTS, FWD ECL w CsITI W BKG X"xp\
':f_j nl_':‘?--lf).' 17]15/]13 |9 ‘.-—_}‘ ra | o \
| 2507201019114l 12| 8 |3 ] [7] f @Q >
s SN SRS SR N N .
: o : g
: é : ° °
| | | | | | | | | | | | | | | | | | | | | | |
0.2 0.4 0.6 0.8 1 1.2

Gen. energy (GeV)

With current reconstruction code machine bkg estimation, resolution with

Csl-12 rings + machine bkg at the level

Comparison of different FWD ECL confi
underway.

of bkg-free performances.
guration in Ph'jsic:s channels

17



>y )

(&) INFN
Belle IT ( e

Cownclusions

Belle 11 ki,%her Km*?:it:te rate, wrt Belle, requires an u grade
o? the electromagnetic calorimeter in the ?orward reglon.,

Extensive R&D studies on
e (sl crjshts:

— good quality crystals from different vendors available
— satisfactory results from radiation hardness studies

¢« Photodetectors:

— LAAPD from Hamamatsu meet experimental requirements in terms of ENE

— Dark current may be an issue with high doses of gamma and neutrons
* accurate studies on shielding and to estimate doses ongoing

— Usage of rad-hard wavelength shifters produces and enhancement on signal of a
factor of about 3

» Tests with electron beams on a 4x4 Csl+LAAPD matrix performed

— costum made charge Preo\mpliﬁer with short integration time
— data analysis ongoing

*  Preliminary results on pile-up effect estimation from
— cosmic ray + radioactive source
— simulation

show an improvement in terms of resolution when using pure Csl

18
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* Optimize cosmic data analysis (e.g. software shaping time
constant, signal extraction) aind finalize test beam data

analysis

 Further development on costume-made charge
preampti{iex ongoing
— larger decay time constant (6 us vs 200ns), from preliminary
studies: gain on S/N a factor of about 2.5 without shaping

* Investigation on the usaqge o{ AFE,LEQTS
— Csl has fast and slow light component
— Slow component may act as pile-up from “previous” event

— Is it possible to apply a light filter to suppress the slow
component?

Characterization of emission peaks
in terms of decay time needed for

this purpose.

222222

eeeeee
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EXTRA SLIDES
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Backqground studies

B 5HWide LER

[0 8HWide HER

I R355 LER

[0 R85 HER

B Couomb LER

I Coulomb HER

B Touschek LER

[ Touschek HER

Crystal Radiation Dose vs 8, Crystsl Radistion Dose

% 0 @ 0 @

FWD BWD
@ 12th Campaign @ 11th Campaign
@ Maximum dose of 4.5 Gy/yr @ Maximum dose of 3.15 Gy/yr

12th Campaign 11th Campaign Tolerance

Crystal Radiation Dose Forward 3.0 3.0

(Gyiyr) Barrel 0.8 0.5 10
Backward 45 3.1

Crystal Neutron Flux Forward 23 24

(x10%yr—'em—2) Barrel B 4 1000
Backward 14 125

Dicde Radiation Dose Forward 0.4 0.7

(Gyiyr) Barrel <02 0.2 70
Backward 08 082

Diode Neutron Flux Forward 23 24

(x10%yr—'em—2) Barrel 5 4 100
Backward 15 125

Pileup Noise (MeV) Forward 43 38
Barrel a1 2 0.8 for Belle
Backward 8.2 54

Reconstructed Cluster 342 2.57 6 for Belle




Wavelength [nm]

Emission — CsI Amcrys
spectra — CsI Amcrys + wis
- B
9 0.6+
& 107
g
go4 \ | Light “shifted” by wls
E 0.2- L"
=4 ]
Z
300 400 500 600 00 800
Alessia Cemmi ECL weekly mé@ﬁﬁvﬁ!ﬁnﬂlﬁhf\l}mr 27, 2015 1
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ENE vs sighal window

ENE—-VS—window—width—75—nsec—shaping

2.5

hel

2.25 B ENE fitting wavef.

® ENE with max. algor.

1.75
1.5

1.25 + +
'

0.75

0.5

0.25

rTTT T T T T T T T T T T T T T T T T T T T T T T T T T T TT T T TT T T

0 IIllIlIIIIIIIIIIIIIIIIIIIIIIIIIIllIIIIIII

500 1000 1500 2000 2500 3000 3500 4000
nsec

[eu]
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