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‘Motivation (Proximity focusing Aerogel RICH

Aerogel Photon
radiator Detector

Hadron identification:

Belle Il experiment:study of rare B and D meson Turie-cf-propagition detector
decays & Aerogel RICH

* The elements :

I aerogel radiator

i, expansion volume
position sensitive photon detectors
photon detector read-out system

Vertexing:
4 double-sided strip layers
& 2 DEPFET pixel layers

For the upgrade of the Belle detector (Belle-ll) at the
KEK collider, we are developing a proximity focusing
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ring imaging Cherenkov detector using aerogel as ™" ——— ‘gi,, / * Number of detected photons/ring
radiator, which will allow efficient separation of kaons &He/cHe /
from pions ( 40) in the wide range of particle / N :—iLfsinzf} TedE
momenta up to 4Gev/c. Calorimetry: g “he ch
CsI(TI) (barrel) * Design goal: Separation power at 4

& pure Csl (endcap) i and Ky detection: Possible Candidates:

RPCs (barrel) GeV/c where 105
scintillators/SiPM (endcaps rn=1i. .
& scintilators/SIPH (endcape) °  HAPD MCP-PMT  SiPM
N / §.,(11)— 94, (K)=23mrad f Cm—)
oopoason
" Hamamatsu Hybrid Avalanche Photo Diode (HAPD) A * Requerments for the photon detector:
- Operation in high B (1.5T) sliCi
*Principle of operation: N A - Position resolution: pad size
o . pé 1350 _ ~5mm Baseline design y
Bialkali photor 1. i o
photocathode 0 ' s 2054 4 . N\
oy N bombardment oo rio ey Electronic readout
BkV¢ — gﬁlﬂ ~ 0(1000) 150 iﬁ i:;ﬁ
- 4ph. P14 927.0
: 4105 o i The HAPD readout will consist of 4 readout chips and an FPGA which will allow efficient
‘ Total gain ~ 10%-10 100 o o . : . .
300V-L pis 2782 data compression and transfer. The design has to take into account very limited space
bias , Pixel APD avalanche gain ~ O(10) o . P20 e available and very harsh environment. The analog signals from HAPDs will be first fed
“ - = into Asic chips having amplification, shaping and comparator capabilities for 36 channel
.SpeCif CationS: 70 500 1000 1500 2000 2500 3000 3500 4000 per Chlp' SO01 Specif cations:
Pulse height distribution: *Asic development «Production at VDEC (Tokyo Univ)
Pack 72x72mm?2 . : : eProcess: ROHM CMOS 0.35 um
e e *Excelent separation *First versions SO01 - SO04 -Noise Level: 1200e @ 80pF(HAPD)
Typical QE 25% * .Std. Input Signal: 12000 e
No. of pads 12x12 o - . . -18 ch/chip . . .
: Preamp Shaper VGA Comparator Shift register « Readout: Pipeline with shift register
Pad size 5x5mm - «S/N =10 |
- o _ _ | _ _ -Power Consumption = 3 mW/ch
Photosensitive area 67% " * Next iterations SA01 - SA02 without shift registers  .Shaping time 0.3 ~ 2.0 us
- N | Lioas I . « Variable gain 1.25 ~ 20
cain 10009 2 b ShaEEEaEE Better S/N _ -Individual offset adjustment.
Bias Voltage 350V " : E I'D e 36 channels/chip
. ke o | e two kind of comparators
(leak) 30nA 4 chips in HAPD i o dl':) t .
2D response of the HAPD to the S gplng 'm_e agjustmen ' I: -
. perpendicular light beam. , .  gain reduction Preamp Shaper Comparator
‘Beam test (@nist_ T A
Aerogel Cherenkov l Entries 64801
e e radiator ~ photon - 1 Mean 0.3092
Set u p electron e e e Eﬂnﬂ:— I' :::m 141;?: :
"""" N "’:':-'-.'..'. T 000 aioma oo
* Electron Beam p=2GeV/c g®l  |000¢ = — — T - ot t6zss s
* TraCking USing 2 MWPC 144ch HAPD WME #nftram:z?ﬂnj_ -
2 %3 array of 144 ch HAPD e 20em —| (2x3 array) SﬂﬂD;— # Photons ; 41339.7 +- 227.3
e HV at —/kV. zumf_ BG / track : 2.00 +- 0.03
 Bias voltage of_ HAPD is chosen o run048 |
at avalanche gain = 40. NH_/,J\“\«N
*Readout: 48 ASICs SO version. 001 0.2 0.3 04 05 06 07 0.8 08 1
*ASIC offset is adjusted so that
the noise is below the threshold.
*Threshold ~ 0.5 photo electron level *Clear Cherenkov ring is observed!
*Aerogel radiator *15.3 photo-electrons per track.
n1 =1.054,n2=1.065, *Resolution 13.5 mrad per photon
d1=d2 = 2cm *Single track resolution 5.7 mrad corresponding to 6.7c Kaon/Pion separation
Transmission length @ 400nm: 47mm and 55mm,
.
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SA02 board design
Requirement: 5cm space behind the photon detector
Implementation: :
«Single board with four SA02 ASICs and Spartané FPGA
*Health monitor
*Easy adaptable communication and programming with Piggy back board — s
«LVVCMOS 3310, Ethernet SiTCP o
SA02 board o,
“Piggy” board
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