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KEKB upgrade

s KEKB to SuperKEKB Super

SCC RF(HER) Belle detector
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New superconducting
/permanent final focusing
quads near the IP
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; New beam pipe
& bellows

Relace short dipoles
Ares RF cavity with longer ones (LER)

; . JL for higher beam current = = i
- gt source :
. positrons to inject E B positron source

Redesign the lattices of HER & ~ D2mPing ring, # <~z Wi

Add / modify RF systems

New positron target /

LER to squeeze the emittance capture section
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TiN-coated beam pipe Low emittance gun

with antechambers Low emittance
electrons to inject

To obtain x40 higher luminosity
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Energy: 3.5 GeV (e+) 8 GeV (e-) Energy: 4 GeV (e+) 7 GeV (e-)
Current: 1.6 A 1.2 A Current: 3.6 A 2.6 A
Crossing angle/2: 11 mrad Crossing angle/2: 41 mrad
Luminosity: 2.1x034 cm3s! Luminosity: 8x1035 cm3s?




Belle calorimeter

e Crystals 300x(50-80)x(50-80) mm
¢ Wrapping 200um teflon+50 pum Al mylar
¢ Readout 2 10x20 mm PIN diodes

: X hotodiode
e 2 charge sensitive preamplifiers . Sieper; Javles 1TLr Emtiy I
8 I 4 s CsI(TI) PA MOT 3x12 bits 96 channels
¢ Shaper CR-(RC)*, T=1us i
e¢ Lightoutput 5000 p.e./MeV

e FElectronic noise 1000e == 200 keV

e Calorimeter based on CsI(TIl) scintil-
lating crystals

¢ Thickness — 16.1 X3(30 cm)

e Calorimeter is inside magnetic coil
e CDCH+ACC is about 0.3 X,
e 8736 counters (40 tons of CsI(TI1))




Belle calorimeter
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-Calorimeter successfully worked for more than 10 years
-All 8736 channels are workable, no dead channels!

-Good performance
-We would like to have the same or better performance for Bellell



The problems revealed during Belle operation

Radiation damages

Radiation damages
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Small increase of
the dark current in
barrel

Essential increase
of the dark current
in the endcaps

Caused by neutron
flux

Fake clusters

(E>20 MeV) 6 fake clusters,
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Belle electronics
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New electronics

Pipe-line redout

=16 measurements + reconstruction
Signal Amplitude and Time

» Time information allows to reject off time signals
» Several measurements suppress pile—up noise

Fast scintilator for endcups(Il stage)

CsI(TI)
=I5
PIN diodes

pure Csl
1=30ns

Essentially better time resolution (o= 1ns)

Essential pile—up noise suppression

Vacuum photopentodes i /.\ i

Strategy of upgrade

e Belle II can get advantage in 7Y and

soft photon-detection efficiency and
resolution in comparison with LHCb

experiment

e Modify electronics for the barrel.

® Pipe-line readout with waveform anal-

ysis:

e 16 points within the signal are fitted

by the signal function F(i):
F(t)y=A f(t —to)

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

e Both amplitude and time information

are reconstructed:

e Next stage: Replace the CsI(T1) by the

pure Csl crystals in endcaps.




Expected improvement
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® Time information allows to suppress the fake clusters
by a factor of 7 for the barrel by rejecting wrong time

clusters

® For endcaps the suppression is by a factor of
7x30=200 due to shorter decay time of the pure Csl

e The pileup noise will be reduced factor ~ 1.5 for barrel and factor 5 for endcaps:
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PD/Amp

New electronics
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We don’t plan to install VME
controller at the crates

The crates have non-standard power
supplies!

7.5 V (instead of 5.0V)

15 V (instead of 12V)




FPGA algorithm

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

® Correlation matrix is obtained from the data

FPGA overall desi E Algorithm details
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® For some fraction of data both input and output informations are
sent to DAQ for test




Test of the electronics with Belle detector
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Shaper DSP module

Shaping of the signal with time
0.5pus

Waveform sampling with 2 MHz
Waveform fitting in FPGA => A, T

Providing fast sum signal for
trigger (FAM)

In total we need 432 barrel and 144
endcap modules

Development of the module completed and
mass production has been started.

~ 9U VME module

16 channels/per module




Noise and shape
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Noise: Incoherent noise - 6.6 bins (~300 keV)
Coherent noise - 0.45 bins (~20 keV)




Linearity and fast shaping for trigger

In full range ~260 000 bins
nonlinearity < 2 10

Linearity £
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Fast trigger output:
® Sum of 16 channels
® Short signal with suppressed tail
® Noise in the trigger output <10MeV
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Neutral trigger

e Basic element(576): Trigger Cell (4x4 crystal sum)

e Main physics event triggers
= Energy trigger : E;;; > 1GeV & Bhabha

= Cluster trigger : ICN > 3
e ECL TRG output to GDL
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Neutral trigger

E0ps 5 4 for rew data

Hobps x 2

Y

BGops x4 for row data

AV4

VIV
ECL Trigger Master

LU

IGhps ¥ 2

B0bps 2 4 for raw data

3EhES & 3

EGhos x4 For raw dat

35bpc v 2

Csl(Tl) + PD + PreAmp

Global Decision Logic

BOops a4 for raw data

AV4

A=hps x 2

E0Es a1
Analog for fingl TRG
Online LUM

The fast trigger output is digitized in FAM module with 10 MHz.
TMM module generates flexible logic by FPGA using FAM outputs
in order for neutral trigger as well as luminosity measurement.




Electronics test with barrel counters

-VVME crate

+12 Shaper DSP

+collector

+FAM

-Computer

--Test of barrel counters
--Test of electronics

-All 6624 counters are workable!
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All modules showed
no problem during

~4 months

measurement




Pure Csli

crystal £ Xo, ) P n Npw /MeV T,

g /cm® cIn nim ns
CsI(T1) 4.51 1.86 550 1.8 52000 1000
Csl 4.51 1.86 [ 305/400 2 5000 30,/1000
BaFy 4.89 2.03 | 220/310 | 1.56 | 2500/6500 0.6/620
CeF3 G.16 1.65 310 1.62 G600 3
PbWO, 5.28 0.89 430 2.2 25 10
LuAlOs(Ce) 8.34 1.08 365 1.94 20500 15
LuzAl;045(Ce) 7.13 1.37 510 1.8 5600 G0
LuaSi0,;(Ce) 7.41 1.2 420 1.82 26000 12 /40

® Pure Csl is a good candidate for fast scintillator in endcap
It has relatively high lightoutput, short decay component
® There are several producers who can provide crystal production

8- [T U
® Radiation hardness of 14 pure Csl crystals were 6 o
tested up to 14 krad (expected dose less than 10
krad) S
® In most of the crystals the drop of the light output 21 O
is less than 20% N I B

o 10 20 30
0 Irop. %
Dose 143 kead




Photodetectors for pure Csl

Requirements for photodetectors

CsI(T1l) — pure CsI

.
e Lightoutput ten times less L
e Decay time 30 ns .
e 300 nm — UV-light .
*

PIN diode - large noise/signal

APD - large noise/signal due to capacity

Hamamatsu developed the
phototetrodes,

sitive phototriodes,
topentodes C = 10 pF'.

Dependence of gain factor on voltage is

close to linear.

2”7 UV

e Gain factor without magnetic

field is 150-250

¢ The gain factor drops down

~3.5 times for B=

e About 20-30 %
for angle 20-45°

15 kGs

improvement

pho-.

UV-sensitive

large sensitive area

low capacity(onoise ~ %)

gain factor more than 30 in magnetic field

good stability., compact. not expensive...
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Beam test

20 crystals of 8 geometrical types(part of FWD ) produced
in Kharkov, coupled with Hamamatsu phototetrodes.
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Summary

-Belle calorimeter worked for more than 10 years and
showed good performance

-Modification of the electronics allows to suppress pile-
up noise and reject fake clusters keeping the good
performance of the calorimeter

-Electronics has been developed and production started

-For endcap region the second stage - replacement of

CsI(TI) to pure Csl crystals with PP readout allows an

essential improvement of heam-background immunity
to keep performance
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