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, Belle 11 Detector
EM Calorimeter:

CsI(T1), waveform sampling
electronics (barrel)

Pure¢lCsl +waveform

sampling (end-caps) later \\\

KL and muon detector:

Resistive Plate Counter

(barrel outer layers)
Scintillator + WLSF + MPP
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electroﬁﬁewﬁ_ _ \ | ] (end-caps , inner 2

barrel layers)

Central Drift Chamber
Smaller cell size, long levey
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arm —
positrons (4GeV)

Vertex Detector

4 layers Si double sided strip
DSSD

+ New software, improved tracking, ... Time-of-Propagation
+ Optimization for low multiplicity trigger  counter (barrel)

+ Improved simulation, generators and Prox. focusing Aerogel
GRID RICH (forward)

Particle Identification
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Main tasks of electromagnetic
calorimeter

N
\J

Measurement of

» Energy/angle of photon (20MeV—8GeV)
= Electron identification

= K, detection together with KLM
» Redundant trigger

= Neutral trigger

v from B-meson decay
v from Continuum

_ 0 ._a
rfromB =1 =«

Measurement of the luminosity yiomB — Ky

= Online/offline luminosity

Very important: high
resolution for low energy
photons are needed U R s s

P, (GeVic)
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BELLE Electromagnetic Calorimeter for KEKB

D

energy asymmetric B-factory

p CsI(TI) crystals
N
| mm L.,.=30 cm = 16.2X,
w7722
‘ .
| | ,
l -=. . _ Number of crystal: 8736
] i RATRAANNONN NN W T Ot al W ei ght is _ 4 3t on
3m 2/3 of these crystals were
< g provided by the Kharkov&BINP,
Others — Crismatec and Shanghai
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Belle ECL -

Calorimeter successfully worked for more than 10

years since 1999 to 2010

All 8736 channels are operable
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Calorimeter performance in a view of the
luminosity increase —radiation background.

Radlatlon damage of the crystals: at

D
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GELLE

Crystal Radiation Dose vs 8,
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2y I BHWide LER
a5 ™ BHWiIde HER
' I RBE LER
3 I RBB HER
25 Bl Coulomb LER
. B Coulomb HER
Bl Touschek LER
1.5

[ Touschek HER

i 1 EIEH 0 A0 A0
Dhose, rsd

D. Beylin et al., Nucl.
Instrum. Meth. A 541, 501
(2005),

Irradiation Results

Relative Amplitude VS Dose
»* { ndf

39.76/15

ints at 380 & 670 Gy for Crystal |
One additional point at 250 Gy for Crystal 2

8
mmmmmmmmm

Basically — no problem.

study made in
collaboration by
INFN-Frascati and the
ENEA Casaccia
Calliope Irradiation

Facility (using two Belle
spare endcap crystals)
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Increase of the PD dark current due to neutron background.
By the end of the Belle experiments the PD dark current
increased up to 200 nA for the most loaded area.

A
Y

g However, according to the simulstion
12th Campaign 11th Campaign Tolerance

Crystal Radiation Dose Forward 3.0 3.0

(Gy'yr) Barrel 08 0.5 10
Backward 45 3.1

Crystal Neutron Flux Forward 23 24

(x10%yr—'em—2) Barrel 5 4 1000
Backward 14 125

Diode Radiation Dose Forward 0.4 0.7

(Gyl'yr) Barrel <0.2 <0.2 70
Backward 08 0.64

Diode Neutron Flux Forward 23 24

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

Pileup Moise (MeV) Forward 43 38
Barrel 3.1 2 0.8 for Belle
Backward 82 5.4

Reconstructed Cluster 3.44 257 6 for Belle

The dark current induced by the expected neutron flux will be
still below 1 pA and corresponding noise contribution should be
below 1 MeV, still not the most annoying problem.
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Fake clusters
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New calorimeter electronics

Belle electronics

i
F |
v .-'II. : 2 : el
s Trigges 1y
New electronics

Pipe-line redout

n 16 measurements + reconstruction
Signal Amplitude and Time

! ®* Time information allows to reject off time signals
1 ® Several measurements suppress pile—up noise

Fast scintilator for endcups(Il stage) i i
CsI(T1) pure Csl DT I
=l= |:> =30ns B [ - i TimEe

PIN diodes Vacuum photopentodes [
Essentially better time resolution (0= 1ns) [
Essential pile—up noise suppression 1\‘-

Time (ns)

Main upgrade is a replacement of
the electronics by the new one
with pipe-line readout

Pipe-line readout with waveform anal-
ysis:

16 points within the signal are fitted
by the signal function F(t):

F(t)=A f(t — to)

A - amplitude of the signal and
tg — time of the signal,

o Z(ya—A f(ti_fﬂ}}gal(yi—ﬁn f(t:i—to))

Both amplitude and time information
are reconstructed:

Next stage: Replace the CsI(T1) by the
pure Csl crystals in endcaps.
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Shaper DSP module
, 7 _emEmEmEmEmmmmm m BN .
PD/Amp :/ Sum Shaper FADC Collector \: /0 Buffer
b i d
T » - !
: 0.5USTHEH 18 bit
' [ ] /o |+ : >
1 T—| [2MHz ]
E [ = o 0.2us|[f T y ]
16 Crystal I T * ]
[ FPGA . ]
[ Sum WFA - ! Trigger
I ]
(I i
16¢h / Board 12ch /Board FINNES on COPPER
tﬂ]ﬂ&hﬂl]ﬁi&gqﬁl _______ _ 7
b
s § e52 ECL VME crates
w

ShaperD5Ph
ShaperDSPb
ShaperDSPb
ShaperDSPb
ShaperDSPb

EclShaperDSPb
EclShaperDSPb
EclShaperDSPb
EclShaperDSPb
EclShaperDSPb
EclShaperD5Pb

Ec

e12 ShaperDSP boards per crate
©36 — barrel, 16 — endcap
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Shaper DSP algorithm (in FPGA)

* Fit of several measurements to response function taking into account
correlation between measurements ->A,T, Quality

o ﬂ]’re{at'rmrnmtrix is obtained from the data

FPGA overall desi E

PROCESSOR
+ buffer for
320 samples
* 64 channel

3

Algorithm details

2714, P I“} = Z{}'r‘ —Af(, _ru}_P]lIS:;I[}’j —Af(r; _Iu}_F} —»min

[
S, = [}"4 _}’j.}'; =¥
J{t)—counter response

Afle =1, —At) = Aflt =1 ) =AM (e, —1, ) = Af (e, =1 )+ Bf e, —1,
where 1, —initial time (trigger time)

Y 157y, — A, —Br/—p|=0 A=) oy,

L P

Y 7570y, ~ A7, - B/ —pl=0 W B=Y By, = At=—BlA
Y571y, = A, B, = pl =0 p=Y 1,

* For some fraction of data both input and output informations
are sent to DAQ for test
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Calorimeter present status

-All barrel counters are connected to DAQ
Q‘L and tested with cosmic rays

vk | BsAB 1 B 26/ mEEEs = .
Pl 5384 K 1309 25 I I 1 I 30 LU I T N N N B N N N S B BN B N (N N B B N B S
o 563 i e A I i
oo [ o] B ey wmem| Db st 1 0, =A/EMeV)+B:
] P DISIOEM H  03121E M 22 = | uil | r :r
. ltl P iacsiiieai nsimiai S|P A =370+£10 ns -MeV
3 ‘—‘H. ] — §
200 200 EHEHH g B=1.0:]:0.2 ns
F . 19 ;;:_;:_'_' :r - 1 - -er' 15 - ]
E 18 A A A % ]
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Neut]‘al trigger is Very 0 20 40 En::_.gy, a:ev 100 120
important system — next talk by

Sung-Hyun Kim All 6624 channels are

operable!




Properties of pure Csl and CsI(T1) scintillation crystals

Still performance of the end caps is questionable FRUE

Y P, Xpem [Ay, [ N(gy, nm) [ N,/MeV |T,ns dL/dT, %/°
g/cm? nm @20°C

Pure CsI |4.51 | 185 [305 |2 2000-5000 | 20/1000 | - 1.3

Csi(Tl) |451 [1.85 [550 |18 52000 | 1000 0.4

4

o (MeV)

3L
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FWD bacground (rel. units)

o (MeV)

4

3+

Expected improvement with pCsl

0 1 n 1 1 n 1 n
0 5 10 15 20 25

BWD bacground (rel. units)

Time information
allows to suppress
the fake clusters for
endcaps by a factor
of 7x30=200 by
rejecting wrong time
clusters due to
shorter decay time
of the pure Csl
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Photodetector o

—
.
th

Baseline option:

K(BYK(0)
K(B)/K(0)

b
-

27UV sensitive photopentods
(PP), Hamamatsu Photonics
Q ~ 20%, C=10 pF. 0.25F
PP gain factor 120-240.

(we need > 30 in mag.eld)

0.5r

0 .
0 20 40 60 80
Angle (degrees)

The gain factor drops down 3.5 times for B=15 kGs
About 20-30 % improvement for angle 20-45°
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Beam test at BINP back scattered Compton beam

20 crystals of 8 geometrical types(part of FWD ) produced

in Kharkov., coupled with Hamamatsu phototetrodes.

Preamplifier < 5
B Voltage Energy resolution is consis- 2 .
Phototetrode Eg divider tent with MC and previous B 4 FCaIT) TB results
])Oalll test I'CSlllt.S. I Pure Csl TB results
T, +
; SRt e 4 Me
21 7 -
1 L
Al-mylar 1k
2 L
3 0 N 1 N 1 " 1 "
0 50 100 150 200
E (MeV)
5 - 3
'{‘;
l e |
3
Time resolution ¢
Wave form analysis allows to ¢
. . o - L ]
determine time with accu- ! ..
racy better then 1 ns for E > e
20 MeV (60 MeV in magnetic 0 , , . ,
field). 0 50 100
3 E (MeV)
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WLS plat : :
bt | £ APDs PCsl with APDs option
Hamamatsu
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[Csi(pure) & 4 APD sssejﬁ-ss I E— 0.05 s 77| —e— APDsat the edge side of WLS |
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D.Epifanov et al (Univ. of Tokyo and BINP)
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Wavelength shifters with organosilicon

Based on the nanostructured organosilicon

luminophores

NOL 14
25- 302 nm —/™ 502 nm

— absorption spectra
~ luminescence spectra

PLQY=90%

Normalized Intensity (a.u.)
in

T T T T T T T T T T 1
250 300 350 400 450 500 550 800 650 700 750
Wavelength, nm

B Quantum efficiency vs. wavelength
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- $8664-55/-1010
<y 80 —
& . /——-—-._
5 . .
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i} L -
w 60 !
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H .
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= 40 3 go
= [ ]
= w -
2 : :
& 20| =X P
L}
] L
L}
0 |
200 400 600 800 1000 1200
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luminophores (NOL-9,10,14) from LuminnoTech Co.,
the WLS plates were developed ((60 x 60 x 2) mm3).

] NOL 9
327 nm —™
44
3 —— ahsorbtion spectra
luminescence spectra
24
PLQY=95%
14
0
300 350 400 450 500 550 600 Waﬁ\.?glengq 0 750
1.0}
Undoped Csl

0.8 }
oel— ! 1 nt
0.4
0.2}
oot 4 I I I L I

200 300 400 500 600 700

Wavelength (nm)

304

Mormalized Intensity (a.u.

NOL 10
337 nm —™ 655 nm

= ahsorbtion spacira
— juminascance spactra

PLQY=78%

30 am 400 450 0 S50 e 6s0 7oo 750 800
Wavelength, nm

800
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Irradiation results
pCsl radiation hardness UL
5+ sl
14 full size Al 1
o crystals, 2 4 s %o 5 01
B produced in R e R
Kharkov of 6
. 8 4_ | 4_
/}‘ |-/’ \ I Bremsstrahlung photons,.| 2 |
o E=0+1.4MeV from o | 0 s

vl by by b PRI O T B R B R B N R 1 T
0 5 10 15 20 25 o 10 20 30

ELV'6, BINP Pose 4.5 krad e Dose 14,3 ki |IITIT'{:
Most of the crystals lost less than 20% of the light § 2: '
output at 14 krad. 3 samples from 14 lost 20-35%. o4l .
Tar o,
Clear correlation between deterioration at low 2 ':
and high absorbed dose ;: e
2016 JINST 11 P03013 R YRy
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Summary

eter worked for more than 10 years and showed
ood performance

perable!

ption with pure CsI+PP is well developed and can solve the
ackground problems in end cap parts

Alternative options with silicon APD are under study

Pure Csl crystals produced in Kharkov show good radiation
resistance

Il barrel counters are connected to DAQ All 6624 channels are
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