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" A
Talk Outline

m Introduction

m Multi-anode PMTs (MaPMTs)

m Hybrid Photodetectors (HPD/HAPD)

m Micro-channel PMT (MCP-PMT)

m PD with luminescent anode (X-HPD etc.)
B Summary

Apologies:
There are much more than what | can discuss within 40 minutes !
| am sorry if | miss your favorite photodetectors & applications.
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Vacuum-based Photodetectors

m The most traditional technology and offers reliable way to

detect single photon with low noise.

m Still improving to meet requirements in modern particle,

nuclear and astroparticle physics experiments.

(

Recent emphasis

Single photon counting with good

m Position sensitivity O(mm)
m Efficiency (QE, gain, S/IN)  >20%
m Timing <100ps ¢zm TOP/FDIRC
m  Magnetic field immunity 15T New trend
m Total area to cover O(1m?)-0(10°m?)

\_ ++ ASIC development to readout many channels. O(10°)
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Examplel: B decay experiments

m K/midentification in the GeV/c region is important.

m Development of RICH with aerogel and quartz radiators.
Aerogel Quartz

m  Great improvement in optical m
transmission of aerogel.

m  Development of RICH with aerogel for
LHCb and Belle II.

m Visible light domain (Rayleigh scattering
suppress the UV region).

Transmission for 20mm thick sample

KEK 1.030

Successful operation of DIRC at BaBar .
Use of TOP in reconstruction
Precision timing

Visible light is more useful than UV in the
limit where chromatic dispersion
dominate the error.

@0-21 —| Light propagation
E | velocity inside quartz
= i S H i H
a = i
Y -~ AP P ST U PO
300 400 600 70

500 0
Wave length (nm)

Require also:

R. De Leo et:

NIM A401 (1997) 187 e Immunity to B field.
» Tolerance for increase background/ radiation
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Example 2: Next generation water Cherenkov

m Physics goal:
Search for proton decays ( t > 103> yrs).
Precision neutrino oscillation & CPV measurements.

Neutrino astronomy.
m Require cost-effective method to cover the large surface.

s | Tochibam mine MEMPHYS

Hyper-Kamiokande " in Kamioka town

= et e

Ring-imaging water Cherenkov detector Z
g g = '—1 680 m of overburden
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50kton total e % .
22kton fiducial o : . A Future
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N ‘ Safety Tunnel

Present Lahoratory

Height 54m
gl o
{ {
T
I

T Future Laboratory
\ . i
e outer Detec with Water Cerenkov Detectors

Hyper-K (current baseline)
1Mton total vol.
540kton fiducial vol. | E
Inner Detector {D43m x L(5x50m)} x 2 "y, - N
PMT ~100,000 (20inch) = 5
(Photo-coverage 209%) 4800m water equivalent

+ KM3Net
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Remarkl: Quantum Efficiency .

Quantum Efficiency for Various Photocathode
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" A
Remark: High QE Bialkali Photocathode

K. Nakamura @ TIPP0O9
ey ——

Bialkali QE Comparison High QE Bialkali Photocathode

: Hamamatsu Bialkali Climbing
e 'n Party Has Now Reached
e | _- ,

® sl UBA : R7600-200 Ultra Bialkali E 0/ QE”
40 ;/‘ SBA : R7600-100

Super Bialkali STD : R7600 S BA
‘\ \
AN\

/
30 / . .
// Cur ot B,-a“‘a‘;\\ Super Bialkali
/
/
/

35

¥ Due to the careful control of the photocathode process, a peak
/ \\.\\\ quantum efficiency of 43% was obtained for bialkali photocathode.

y ‘\\
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QUANTUM EFFICIENCY (%)

Latest Data of R7600-200 (UBA)

10 Example data with 10 tubes
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Copyright © Hamamatsu Photonics K.K. Al Rights Reserved.

Quantum Efficiency [%]

Typ!cal 43% \
m Available for MaPMT at pek vavelengt .
300 400 s00 600 700

m Being applied also for others... Wavelength (]

—
i=4

o

(=]
(=3
i=4

Similar improvement also at Photonis.
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"
Pulse Height Resolution

m Statistical fluctuation in the 1 stage of the amplification
Gain at the 1st dynode in multiplicative amplification oons

G=0,%x0,x0, %0,

Number of e-h pairs in electron bombarding

N oY Ve l
e-h
3.6eV sio,
PD & e-h
+ Fluctuation in later processes

|:> Excess noise factor (ENF) in multi-photon case

2
O fENF Ne i
. . — +| —
m Electronics noise E N S
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" A
Magnetic Field Effects

Electron motion in B field = Helix motion
m Lamor Radius o vV,

m Photoelectron ~ 0.5eV
m Secondary electron ~ 6eV

I:> e Conventional PMT does not work.

NR(M m)
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 Effect is reduced for dynodes with micro structure (but not perfect)

e Proximity configuration is necessary.

Metal channel Fine-mesh

N Fine-mesh dynodes (19stagefT

A% 0
=

dea e e QAN AR
T

T e |

'\ Bialkari photocathode §um

" Anode
__- =

= <QE@400nm> = 26%

Up to ~100 Gauss Up to 1.5 Tesla
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B(tesla)

Micro-channel-plate

Up to 1.5 Tesla
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q _ . Aluminum container (0.2mm thick)
. | / ) / Aerogel
Fine-mesh PMT (Belle-ACC) T e
| | v
]

- |
j | Finemesh PMT
Pl

m Have been working fine for 10 years. /B
. . €
m System is robust and reliable. i
m Usable in magnetic field.
m Good enough for multi-photon countings; .
<Npe> = 15-20 for Barrel (n=1.01-1.028), 1 improved PMT
30 for endcap (n=1.03) 3 4
S —— 30 deg. (3.8E-2
Relaive gain vs B-field; SO e i
Improvement by using finer mesh :>30nvemional PMTZ e lxqe. (0 OO
(15004 —>2000#) " -— 0deg. (33E-4)
However’ 00015 05 10 15 2.0
B(Tesd)
m B-field immunity is not perfect. ADC for single photon
m Large gain fluctuation in multiplicative “ sz%-féicaj’ieﬂ:S{a;%’f%
TP — w7 o dynede ]
amplification (ENF=2) “ <y 7 1% dynade
m Some annoying features (dynode touch...) e PO O OO A PO Y

|

L] L
[P PRI i i T L L
! 100 200 300 400 300 600 700 800 900 1000
|
|

=) Hard to use for single photon (RICH application) = = puseheignt ratio - 5 (ef) for the 1staynode

(see NIM A332(1993)129)
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"

Multi-anode PMT

|~ New

(We have not
tested the

new one yet)

m Metal channel dynodes (10-12 stages) —
m Gain: 1-2x10° @ 800V (TYP.) S
m Bialkali photocathode:
QE . =24% > 35%(SBA) 243%(UBA~ - . »
m T.T.S.=0.3-0.8ns o
m Effective area s
"1 R8900-100-M16
23.5x23.5mm?/26.2x26.2mm? (80%)
I Flat pannel massats Co, data shes
H8500C: 8x8 anodes
H9500: 16x16 anodes
49x49mm?2/52x52mm?2(89%)
2010/5/5 TorU i @ R e ooty s



"
HERA-B RICH

m C,F,,0as (n=1.00137), L=2.8m
m Spherical mirror: Al(200nm)+MgF,(30nm)
m  Multi-anode PMT readout
R5900-00-M16 (4.5 x 4.5mm?/pixel)
R5900-03-M4 (9 X 9mm?/pixel)
m 2-lens system to increase effectiverarea (‘X 2)
m o,=0.7mr/ Npe =32 for p=1

2010/5/5




" A
Talk by
CO M PASS RI CH 1 Fulvio Tessarotto

m Major upgrade to implement new fast
photon detection system in the central

area(25%) + APV readout for Csl+MWPC
in the outer area.

m MAPMTs (R7600-03-M16, )
576 pcs. In total.
18x18 mm? active area
16 pixel (4.5x4.5mm?)

Bialkali PC, UV extended glass window.
m QE at 420nm >20%
m QE at 250nm >5%

TTS = 300ps
Placed in soft iron box.

m Fused silica lens telescope

Focusing factor of 7.3
Dead zone fraction only 2%.

2010/5/5 Toru lijima @ RICH2010

Csl + MWPC
(165-200 nm)

field lens

mirror
wall

radiator:
C-':Ffﬂ




o 1200 L
L8] n threshold region
: preshold 40 % of photoelectrons
CO IVI PASS R I C H 1 800:_ / FJI'lotmelectro:lsh)lmI " niss the fistdynade
ol (| T
m Typical QDC dist. exhibits two-peak wol | g Polya 1
structure; amplification w/ full 12-stage o[ o
+ 1St dynOde mISSGd. o e e B(I)o?\‘ﬁ:g&;\‘# 2001100
Charge (fC)
HV setting at the minimum voltage to S |
give 95% efficiency. 2t
m Readout system; e
MAD4 pre-amplifier-discriminator s Cherenko_v Rings 1 f:'f B
(<1MHz/channel). e o B
CMAD in 2009 (<5MHz/channel) ~ pof e I S it B B B
DREISAM readOOUt board W/ 8 Fl TD;‘ 22,_ PO e ot OO OO T —::;; expected rate (WHzch)
5 Rap woiea] e O e o - '
Up to 10MHz at 100kHz trigger rate. £ & jco0 ... H»‘ \\ )
. L T 0 D 178 ., [
m Achieved performance i 1676 _ k‘k NN
N P 0 O O O S S N L 0 . 114 hy, »..JJJ \
<N,.>~60p.e. B S e \\f fl“n-M
Cph = 2mrad. In 2004 channel in x . \ e g \’. "’“Wmmww,w%
k"“""‘hm‘ !
G,ing=0-3mrad. 0.6mrad o D St

26 K to 55GeV/c 43GeV/c . . . i
o K/m up / / Application also in astoparticle exp.

" o<lns AMS - talk by Rui Pereira
2010/5/5 o] EUSO etc.
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Hybrid Photodetector (HPD)

pad-HPD (CERN/LHCb)

Marriage of vacuum photocathod Sketch by T'YpS”?ntls_ -

and silicon device technologies. \

Photoelectrons are accelerated w/ 10-20KV,
bombarded on Si and lose its whole energy.
Create electron-hole pair per 3.6eV loss.
==)> Gain = 3000-5000 / pe

No multiplicative process
Much less gain fluctuation for each photoelectron. <<=> conventional PMT

Geometry: Electrostatic / proximity focusing

Sensor: PD / APD E:> Operate in B field
Eﬁ> Additional 10-100 gains
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Franz Muheim, Ross Young

Pixel HPD by LHCb & Photonis+DE 23 e

P -(1624 alsme:::r}umic cariiar
m 80mm ¢ S20 photocathod window N
Cover 70% of 2.6m? total area
m Electron optics
1 20KV-> 5000 e/ photon

VACULUM

Photosathode
{=Z0Y)

1 Cross focusing (x5 demagnification) e sotor
= 8192 pixels (62.5umx500um) \ bonde scronc
chip

91024 Super-pixel (O.5mmXO.5mm) Optical input
m LHCBPIX1 chip bump-bonded in vacuum

dimage from 4.4cm thick

250

aer
200 SRR
18C PGA
B ceramic
16C ]
carrier
50 sensor/chip
s Kovar assembly
“o 10 20 30 ring

—— U e %
f HPD to a real experiment.
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100m Optical Fibre -

" A -
HPD Installation

m  HPDs mounted in columns, to cover detector plane
m  Mumetal magnetic shield tube around each HPD

m Services for HV, LV, and readout electronics
mounted in frame
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" J
S. Eisenhardt, NIM A595 (2008) 142
HPD Qual Ity Dark counts

300

559 HPDs have been produced (~¥30/mo.), and =
tested at Photon Detector Testing Facility (PDTF).

< 5KHz/cm? for < 1%|prob. f
497 HPDs. B 1hit/ HPD /e

= E 150
S20 Quantum Efficiency . High red sensitivity
7 — b Increased IFB prob.
35 1 —'-r:mn ng <QE> (batch O 50 A \

33 4

31 0123456789 1011121314151617181920

Dark Count [kHzicm?]

< 291
& 27
) . lon Feed Back
,] <QE at 270nm> = 30.8% . N
S N o
0 2 4 6 8 10 12 14 16 18 20 22 24 e lon Feadback %100
Batch Number = 95
O Noise of readout electronics <N>=145 e- ;| CIFB>  0.04%
O Readout Threshold <T> = 1065e- N PR
O <S/N >= (<S>-<T>)/<N>=27 5] l
0 100 200 300 400 500
Delay [ns]
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" A
LHC turned on !
RICH2 HPD Panels with Pixels and CK Rings

2010/5/5
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144ch HAPD

|. Adachi

Newly developed under collaboration

with Hamamatsu Photonics.
4 APD chips (6x6pixel/chip)
5x5mm2 pixel

64% effective area

High gain: O(10%)

Multialkari
photocathode
N

-10KV I
15~25mm

Pixel APD

et

=
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" N10/1C 1 Ty i /A DICLIDN1 0

11 v b e b e by b by o T T
0 200 400 600 BOO 1000 1200 1400 1600 1800

ADC

Total gain
~ 5x10%

S/N = 8-15
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" A
Improvement of QE

m Trial being made to applv the SBA technologyv to HAPD

photc QE history for produced HAPD samples
= 40
40 3| 3 35
35 I 20
1/\r£ Qo
U 2 s r\—\/
=25 (=P ﬁv/
S0 255, —v
[14]
gis | g
© =~ QE(Peak)
10 S .
L ~=- QE(400nm) [
5 i -
a 0
0 2 2 2 2 2 92 22 222 22 2 =
T T T T T T T T T T T T T T | xpoiny
(4] [9)] | Co w O [\%] (%] B (4] [#)] | o w
Serial Number

HAPD w/ QE(400nm) >30% possible !
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"

HAPD aging

m Tested at Ljubljana.
Monitoring currents from 3 chips.
Monitoring ADC from 3 channels (chip B)
Gain at 6x104 (APD~50, bombarding~1200)
1MHz / ch = 4days / TOP year

e |Me@N from Gauss fit (blue ) = PDE

L]

PDE [72]
N
in
I

LED on "

Initial
After 9days

18d ays e _

Cl [l n——
Time 00 400 500 6040 700
A Inml

No degradation is seen after 27 days (~25 Belle Il RICH years)




" J
Beam Test with HAPD 2GeV electrons at

KEKB FUJI test beam

-

“focusing” configuration .
of 2 aerogel layers.

v

n=1.054 n=1.065
20mm / each

[ RICH Hit Map, w.r.t. track | rich_2d 1 ahistmiki
Entries 64801
L [=F:1 0.3082
6000 '[ ::s'nm il D — 1 3 5 mr ad
| consw nt 6120+ 39.4 Gph - . .
50001 mean 0.3067 = 0.0001
o sigma 0.01349 = 0.00007 D j—
F BG const 192,61 20.5 <Npe> 15'3
1 N T pe  1715:694

40002 — »"'66 K/ @ 4GeV/c

C # of tracks : 2700
3000} # Photons : 41339.7 +- 227.3
Photonftrack: 15.31 +- 0.08

2000 L BG / track :2.00 +- 0.03

-50 =2IJI]

> Slight dependence on

. HAPD is the baseline for Belle Il RICH with aerogel °"ton
(Photonis MCP-PMT is the backup option.)

2icioe o 24




"

Large Aperture HAPD

m Under development by Tokyo-KEK-HPK for the

next generation water Cherenkov.

m Better performance and fewer components

leading to reduced costs.

Photon

\._Y_.J

D)

Photon

hoto
Electron

10~20kV

-

Y

Avalanche Diode

Dynode
: 13inch PMT | 20inch PMT

13inch HPD (R8055) (for SK)
Single Photon Time
Resolution 190ps 1400ps 2300ps
Single Photon Energy
Resolution 24% 70% 150%
Quantum efficiency 20% 20% 20%
Collection efficiency 97% 70% 70%
Power consumption <<700mW | ~700mW | ~700mW
Gain 10° 107 107

2010/5/5
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Counts

200
180
160
140
120
100

a0
60
40
20

0

[

super-K PMT:
~150%

Relative Pulse Heiaht Ta.ul




Digital HAPD

m Wave form sampling with a switched
capacitor array being developed.

[Analog input

—|
=

\ suffer amplifier

Analog multiplexer

Analog output
N g outp
Qutput buffer

Data transfer via Network

@) @

Readout electronics (DSP)

preamplifier

Power in (12V)

| EEmzmEEsmme
7185l AE—F

2010/5/5

Will be available from HPK in 2012.

Toru lijima @ RICH2010 26



MCP-PMT

m Electron amplification in micro
channel (¢ ~10um)
Fast/small transit time spread

‘-'n

Gain saturation
B field immunity
m Geometrical apperture ~ 60%
> without Al film at MCP-in
m  Gain ~O(10°) w/ 2-3 stages

m R&D in progress for 16099 o e
Focusing DIRC (SLAC) 1 e
TOP (Be“e/ Nagoya) 10000
8000 1 ‘ H 2p e
Photon counting In B=1.5T 5000 F : W
w/ 6um MCP-PMT oo [ L [ 3pe
(HPK R3809-U50-11X, Nagoya R&D) HIBLE Y
2000 ] LI“L‘—LL;
2010/5/5 Toru IIJIma @ RICHZO %0 100 110 120 130 14ﬁ50 160




"
f-TOP/ f-DIRC

m TOP with focusing optics to measure (TOP, X, Y),
considered for Belle II.

Focus mirror
(sphere, r=5000)

Lind

a small standoff, considered for INFN Super-B.

Focal plane

Detector j — -

— T AT

Calibration Fiber

R i
LA

1
Fused Silica bar ",IE- FETPA

2010/5/5




" A
Other Application

m Similar quartz-based PID are considered in other experiments;

PANDA, J-Lab, LEPS2@SPring-8, LHCb upgrade
m Aerogel RICH w/ TOF

Photodetection with
m Possibility for Pico-second TOF precision timing
m Medical application (TOF-PET) New trend !
\ - Picosecond Photo-Detectors
N 100 Project
(U.Chicago, ANL, FNAL)
16mm 300 62p3 ; . X
ST % 3#5
TRemem—— & 200
£
‘ 100
0=—%45 "800 150 740
SN TDC (ch/0.814ps)

2010/5/5"" ..
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" JEE
- M. Akatsu et al.
MCP-PMT for single photon NIM A528 (2004) 763

HPKG6 BINPS HPK10 I

Burle25
MCP-PMT HPK6 BINP8 HPK10 Burle25
R3809U-50-11X N4428 R3809U-50-25X | 85011-501
PMT size(mm) 45 30.5 52 71x71
Effective size(mm) 11 18 25 50x50
Channel diameter(pm) 6 8 10 25
Length-diameter ratio 40 40 43 40
Max. H.V. (V) 3600 3200 3600 2500
photo-cathode multi-alkali | multi-alkali | multi-alkali bi-alkal
Q.E.(%) (A=408nm) 26 18 26 24

2010/5/5 Toru lijima @ RICH2010 30



Gain, TTS in B field .'

m Small pore diameter shows high stability against
B-field for both gain and TTS. By I S S N
W BINP8: 3.2kV|

Can be UnderStOOd qualltatlvely by rEIatlon btW 10 - :gﬁrﬁ%" 33"12;
hole size and Larmor radius of electron motion 002 04 06 BO-(ST)‘ 12 14 L6
under B-field

120 .I.IPK():. HV 3.60kV

m TTS =30~40ps can be obtained for gain>106  mBes HV3AY
A | e vy
' ' ' |V Burle25:HV 2.5kV

n

[ {}6'. — ‘

Ga

120

.  =BINPS

0|  aw®

TTS (ps)

: H

SRR S E AT A —— e
60 4':4'&##‘ 20 . _______________________ e —

TTS(ps)

40 0 02 04 06 08 1 12 14 16
B (T)

.
o0 W

20

0

6 107

, Need MCP-PMT w/ pore diam.<10um to operate in B=1.5T 31



" JE
8x8 MCP-PMT (Burle/Photonis)

Indium Seal pyal MCP

Faceplate

Anode & Pins Ceramic Insulators
85015-A1 ,

# MCP 2 ! W
PC Bialkali .
QE (400nm) 24%(TYP) T
Gain 6Xx103%(TYP)
Pore size 25um 10um h
Open area 60% 70%
TTS 50ps <40ps \_ These values are for the sample
K - MCP 6.1mm 4.4mm acquired at 1JS (85015-A1).
MCP- A 5.2mm 3.7mm
Window thickness 2mm 1.5mm

~/

2010/5/5 Toru lijima @ RICH2010 32



" A
Processes involved in MCP-PMT

Parameters used:

+U=200V
«1=6 mm (K-MCP)
cE,=1eV

«m_= 511 keV/c?
e, =1610"As

Internal-reflection

2010/5/5

/1

Photo-electron: Backscattering:
ed, ..~08mm .d _ ~12mm
ot ~1.4ns ot . ~2.8nNs
« At ~ 100 ps

Toru lijima @ RICH2010

Charge sharing

33



" A
Time response
for single photon irradiation

®m Measurement at |JS m Measurement at SLAC
(S. Korpar et al.) (J. Va'vra et al.)
. S e ~ o=BTEz06m | ). Va'vra etal.
Sk o - Snige ZCREZEIPENIM A572(2007) 459
summ;— RN E..
30000; 0- - 39pS e ;_ Note
2ocnmé - :_ o= 54i4ps
siosol JL ™ - for 25um
R o e e S~ pore sample
o {ns)
85015-A (10pm pore, 8x8pad) 85012-501 (10pm pore, 8x8pad)
PiLas laser diode, 404nm head. PiLas laser diode, 635nm head.
ORTEC FTA820A amplifier ORTEC VT120A amplifier +6dB attn.
Philip Model 806 discri. (300MHz) Philip Model 715 CFD.
( off-line time-walk correction ) LeCroy TDC (24ps LSB)
Kaizue TDC (25ps LSB)
Tail due to electron backscattering at MCP surface,
Can be reduced significantly by
1) decreasing cathode-MCP distance,
2010/5/5 2) increasing voltage dlffer_ence. 34



'_
Performance in B field
m 85015-A1(8x8, 10um pore)

see poster by P. Krizan

Gain as a function of magnetic field for

different operation voltages

Voltage
2 o 2600V
Q - 2550V
= = 2500V
a - - 2450V
700 2400V
soof- 7T e oo 238V
// \\ A —+ 2300V
500" ‘\x\
.
a00f— . . R
Y
200 - \m\ \‘\ \\\
200 /__,__.h—-—'_'_‘_‘—'-h-.__‘_‘\x‘h\#‘\_ \\\_\"‘ ‘X\ “
100 [ T
o | M | l | T R
(] 02 04 0.5 0.8 1 1.2 1.4 1.6
B (T)

m 85001-501(2x2, 10um pore)

by J. Va’'vra et al.

J. Va'vra et al.

NIM A572(2007) 459
2010/5/5

Toru li

Timing resalsiion o |ps)

Number of hits on individual channels
as a function of light spot position.

[l ] 1l
(LTI
(L]

vl (ade. e cut

In B field, long range photoelectron back-
scattering are considerably reduced.
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Hamamatsu MCP-PMT (SL-10) by nagoya & Hamamatsu

m Square-shape multi-anode MCP-PMT

O

0 I I I I

O

Multi-alkali photo-cathode

Single photon detection

Fast raise time: ~400ps

Gain=1.5x10° @B=1.5T

T.T.S.(single photon): ~35ps @B=1.5T
Position resolution: <5mm

m Semi-mass-production (14 PMTs)

3000

2500

2000

1500

1000

500

0=34.210.4ps

TDC [1count725ps]

301

[TS<40ps for all channels

/515

22(effective area)
27.5mm

X - — multi-alkall
&, / e, multi-alkali
o | =
|
| i
[ .
1 | Y
E \
! *
) »
| £I" ‘Ao LN NN \
- QE: 24%@400nm Y
10" | \
{ ’
| \
TT200 300 400 500 600 700 800 900

Wavelength [nm]

Ave. QE:17%@400nm
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SL10 basic performance (for single photon)

= ¥ | - ==
§ sooH |k r=E M- ==k + I 2
- 5000
400 H
' 4000}
zooH- -+
! 3000 Py
| G = 30ps
200;' o 2000
Too0i Yy 1000 \—IL
I_I_‘_‘_L
eSO Tis0 =200 250 300 S5 56-15-10 -5 © & 10 15 20 25
A T B a0, 25 1bin/25ps
tdec(time walk collection)
7 _—
10 @ 50
S vs Gai = B vs TTS |32k
o t: y
3.1kV /
//*—-5.____% \\\.’,__,ﬂ’j/ A [3.3kV
Fagys —
e [3.5KkV 7 v |3.akVv
10 | < 3. A4k 30 P a— s e - &3 5SkWV
.
"“\* I
T b a3 3k
{3 2KV
20
(@) 0.4 0.8 1.2 1.6
0.8 ! g(Tes}é? B(Tesla)
37

Confirmed gain > 10° and TTS = 30ps(o)
In B=1.5T magnetic field.

2010/5/5



q _ HPK (x2) Russian (x5)

. . Al protection o) X o X
MCP-PMT Lifetime Correction eff] 37% | 65% |40-60] 55-60
Effective area 11mm? 18mm¢
1 ] 5 ~ G
m Feedback of ions from MCP -?—?'Sn 1'39;;5 1';;;50 gﬂj:cl}gs
surface or out gases causes PC Photo-cathode Multi-alkali (NaKSbCs)
deterioration. QE at 400nm 21% | 19% 16-20%
Bias angle 13deg S5deg

m  Aluminum protection layer _
(either at 15t MCP or 2" MCP) 20-100 p.e. light load by LED pulse (1~5kHz)

can be applied to block IFB at

: . Ui r=| © HPKw/AI
some loss of signal efficiency S - HPK w/o Al
or gain. ) m v Russian w/ Al
% 1 " [0~ Russian w/o Al
] Al protection layer E Y
E
el B HPK w/ Al has long
—0 % enough lifetime.
positive ion
from
0 MCP material |
0 Out gaseus 20 30
Photocathode fotMCP 2ndMep Integrated irradia’tion(x1013 photons/cm®)
26810/5/5 Toru lijima @ RICH2010 5 10 15

Time in Super-B factory (year)



MCP-PMT lifetime result

m QE variation
<10% drop at 350mC/cm? ; sufficient lifetime

Life Measurement |

New sqguare type

Relative QE

round type (w Al)
square type 1ch{YJooosy 7
square type 6ch(YJ0O00E)
square type 1ch(YJ0011)
square type 6ch(YJ0011)
square type 1ch{XM0020)
square type 2ch{XM020)
square type 3ch(XMO0020)
(

IQld square type | —— square type 4ch(XMI0020)

1 L L 1 | 1 1 1 | |. 1 | 1 L 1 1 1 1 | |. 1 1 | 1 i 1 L L 1 ] L 1 1 | i 1 1 L 1
l:lll?l 50 100 150 200 250 300 350 400

mC/cm?

0.5 year |year |.>year 2year 25year 3year
2010/5/5 Toru lijima @ RICH2010 @Be"e_”




. Target structure
GaAsP MCP-PMT e

m GaAsP photocathode
w/ Al protection layer
m 2 MCP layers with ¢=10um hole

22(effecfive area)}
27.5mm

<
3

s Wave form, ADC and TDC distributions for single phc;‘ron

pied es@tal

count

TTfS~§35pS§
3000 ; ; ;

. $|ng|e T
photon
mmEmWMPéak?mmm

Sm_qle p.e L a64%10
0.5ns/div 200p g """"""" """""""" S1(00 0] ERSHSRSS SR 5 ) R S—

=

E ;
100 120 140 160 180
ADC /0.25pc

m Enough gain to detect single photo-electron

m Good time resolution (TTS=35ps) for single p.e.
2010/5/5 Toru lijjima @ RICH2010 40
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Poster by Oswald Siegmuund

LAPPD: Large Area Picosecond Photodetectors

m A part of a new program in U.S. to develop cheap, large area photon
detectors, using MCP technology:

m Collaboration of Chicago-Argonne-Fermilab and other institutes.

Photocathode: conventional
bialkali (SSL at Berkley)
- innovative solutions

Passive Substrates-IT Incom :
Glass Capillary substrate

Glass Capillary
32.8mm 20pm pore 1.2mm thick

First results
ALD i

Psec Large-area Micro-Channel
Plate Panel (MCPP)

Front Window and Radiator-

Photocathode . ‘ ‘

oo

Atomic layer deposition Anodic Aluminum Oxide

Transmission line readout to cover (ALD) to form pore with (AAQ} MCP’s being
) active and passivated developed at Argonne’s
large area with reduced channel

layers.. Materials Science Division.
account. Tc

e ey e ot — o — = — =



Hybrid Photodetector w/ luminescent anode

Bombarding photoelectron to scintillator (decay constant 1).

0(10) gain (G) with ~20kV '
Detect photons with a small PMT or G-APD.

No active material inside vacuum. Simple structure.
A possible cost-effective way for large scale experiments
(ex. next generation water Cherenkov)

Spherical LIGHT AMPLIFIER

\ 4

2010/5/5

STUDIES .
Benthos sohere / scintillator A1 (101 Excellent smgle. photon
S~ energy resolution.
ocl/\/g

time resolution
\ Transit time dist;

| W (t) ~ exp[(-G / 7)t]

l B. Lubsandorzhiev,

Geiger-mode APD array NIM A610, 68 (2009)
phesghor :E________.A._;.v 1 photoelectron - >15 photons in APD
scnbilaung layer i . photomultipler . |
SMART PMT, QUASAR , Daniel Ferenc @ RICH2004 42



"
See B. Lubsandorzhiey,
NIM A610, 68 (2009)
SMART / QUASAR PMT and reference therein

H : : a000 T . T T T T . T
m Theidea using is not new, and.already used for [ Single photon ener
DUMAND SMART and Lake Baikal QUASAR PMT. £ 400 resolution ~ 35%.
% 3000} _ &
§ 2000 .[; EE__,J‘“‘L:
£ 1000 . ‘ﬁa -
]
0 - I PIERPY

T T T
& Quaszar-370YS50
m Quasar-370YAP and Quagar-3703BO

A Quasar-370LS0O
.

] \TTS 1ns.
| \\

Transit time spread, ns (FWHM)

\\\.E.
YSO(Y,SiO::Ce) = P47 phospher Quasar-370LS0 ‘ e .
YAP(YALO,:Ce) w/ LSO crystal
SBO(ScB,:Ce) —

20: LSO(LUZS|OSICG) Toru ||J|ma @ RICH2010 Accelerating voltage, kV
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A. Braem, C. Joram, J.Suginot, P. Lavoute,

X-HPD

A modern implementation of a SMART concept G Dehaine, NIMAS10 (2009) 61.

Double
cathode effect

C. Moussant, NIM A570 (2007) 467.

A. Braem, C. Joram, J.Suginot, P. Solevi, A-

—

Large acceptance (37)

Low transit
time spread

2010/5/5

..........

Production at
CERN facility

Toru lijima @ RICH2010




Noe

X-HPD: Response to primary single photons

m 208mm diameter X-HPD

m LYSO:Ce

LY=25y/KeV,
T~40ns,

Zei=64,
€5c=0.45,
Aemission=420nm)

m Readout by XP3102 PMT

Npe vs HV

X-HPD PC 120, single p.e.

70 ~,\ p

! /

60 'Y v/
A

50 ";\ ;
10 i Fitwith RLO (LSO) curve I
30
20 ': \; 3 |

10 | - va —

-30 -20 20 30

U, (kV)

2010/5/5

counts
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1000
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600

400

200

W

o 1600 —
E .}‘;I_HPD 20 k¥, gingle photens
~onano
1 RE signal
1280 - _ (background
;/J\ subtracted)
oo - e =
XP3102 PH j "\
'; non back
. . . oo |- : scattered e
distribution “f
\ back
se0 - "t scattered
4eo
200 - S
=
o Lo L L et i S o
[n] jraau} 400 [=1aln} f<lalu} ol sin] 1200 1400 1600

Charge [ADC counts, 50 12,/ hin)

LED (420 nm)
0+-10°

Time distribution
X-HPD at +20 kV

Relative QE

sigma_Ffit = 1.4 ns 2
FWWHI 3.5 nis Al 18
186 ,-—}—————{.
'I !\.Il - * ;
3.5ns | 1 P E \
. | g 12
{ ‘TI I ; \£—+
(FWHM) | | .
| |. E. u E m Ll ' | ] lofl ol i .
I-_' ™ - poupie catnoae errects 1s
| | 0.4 -
f k"'-\f"'*-\. 02 -seen (not ideal though)
» by,
i} - - :
6.00E-08 6.50E-08 7.00E-03 7.50E-08 &.00E-08 8 50E-08 50 35 0 a5 50 75

100
incidence angle (deg.)

45

time (s)
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Faster Phosphor ?

RELATIVEOQUTPUT (%)

Q: What is this ?

HAMAMATSU J9758

For Electron Beam Detection,

High Speed and Long Life Phosphor

FFEATURES |

®High Speed Decay (Decay Time: 500 ps)
®Long Life
®High Brightness Efficiency

F APPLICATIONS |

@Semiconductor Inspection Instrument
®SEM (Scanning Electron Microscopy)
®Mass Spectrometry

®General Electron Detection

Decay time (90> 10%)
= 500ps (typ.)

TPNZBOMIEZEA

100

*

Fi

H

] »
[

o
>

ety
i‘

o e,

[ 5
1 %“

01

500 1] 500 1000 1500 2000

TIME (ps)

2500

RELATIVE INTENSITY (%)

- 210°
A: Akind of .. |
1.5 108
FAST DECAY PHOSPHOR ;;
= qa0b
5109
0
Emission peak = 400nm
120 TRMZEIOMES
100
a0
60
40
20 J k
230 300 400 500 600 700 800

WAVELENGTH (nm)
B -

I I I I
389 nm
| & i
St
] I'\_L ] ]
400 450 500 550
Wavelength {frm)

E.D. Bourett-Courchesne et al. NIMA

Time {ns)

Poster by B. Lubsandorzhiev

ZnO (In)

P.J. Simpson et al.

NIM A505, 82 (2003)

& o zao(n)
[—C—fast plastic scintillator

¢, (50 picosec per point)

time (nanoseconds) by



" JEE
Test of J9758 w/ PIC

PIC = Proximity Image Converter

m 1”"PMT (H6533) directly attched to
PIC output window.
Bialkali PC, TTS = 270ps (FWHM)
m The maximum PIC HV = 12kV. 2
m Pulse laser w/ 408nm head. So00 Entrios 10000
TDC distribution ADC distribution | sm
[ J9758 HV=-12.0[kV] | Entries 4899 :::: W/ PIC @ 12kV
- %2 1 ndf 168.5/ 54
§2001" po 157.3+6.5 2000
%180 ;— p1 851.5+0.3 1000
- p2 7.006 + 0.228 LB b s e S | . |
o p3 55.39 + 4.37 0—Joo 120 140 180 00 220 240
140 — p4 868.7+1.3 ADC(0.25pC/count)
120 p5 12.65 + 0.60
100; | J9758 HV scan -4.0kV to -12.0kV [0.5kV step] | [/ndf 2292115
0 ~0.5ns (FWHM) P n e
60— 3.5
407 fh s ¥ =0.391891437x -1.33682809
20? il 2_57 fitting between 4 and 8 L % *
§00™"520" 840 860 880 900 920 40 960 980 1000 . B
TDC(2Spsicount) Gain (photgn-ghoton)
: : as a function oFPICHV. . . .
Sub-nsec resolution possible it Limit due to
Yoo phosphor thickness
e o b b B e e B b i L
Tsunada (Nagoya) @ Toru i @ RicH AN

JPS meeting, March 2010.




Summary

There have been good progress in vacuum-based photodetectors for single
photon counting.

Improvement in quantum efficiency

Precision timing  new trend !

Use in magnetic field.
MA-PMTs: established and widely used. Optical systems to minimize dead
area have been successfully developed too.

HPD/HAPD: in good shape. Large scale application to real experiments: LHCb,
Belle Il in near future (in 1.5T).

MCP-PMT: in good shape. Application to measure TOP as well as positions 2>
3D imaging.

Efforts are being made to realize cheap large size detector;
Large aperture HAPD, LAPPD, X-HPD etc.

Possibility for in-house fabrication

2010/5/5 Toru lijima @ RICH2010 48
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Backup Slides

2010/5/5 Toru lijima @ RICH2010
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" A
Requirements on Photodetectors

m Photodetection is the heart of RICH, the most powerful tool of PID.
m RICH requires positioning of single photon with good S/N ratio.

m There are broad range of requirements, depending on application in a
variety of scientific fields.

Requirements;

m Total area Scientific fields (examples)

m Granularity m Heavy flavor physics

m  Quantum efficiency (band width) LHCb, Super B factories, ...

m Time resolution m Hadron/Nuclear physics

m Rate capability COMPASS, ...

m  Magnetic field m  Neutrino & Astroparticle

m Radiation damage Water Cherenkov , Satellite, ...

2010/5/5 Toru lijima @ RICH2010 50
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Application in Astroparticle Physics

NaF

m AMS
1 R7900-M16 x 680
~1 Plexiglass light guide

2010/5/5 Toru lijima @ RICH2010 51
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Key Technology: Photodetectors
m High gain, Q.E., C.E.

m Good time resolution
m Good effective area

in magnetic field (1.5T)

=)

s MCP-PMT

s HPD/HAPD
m Geigermode-APD

PMT MCP-PMT |HPD /HAPD Geigermode-APD
Gain >106 ~106 ~108 ~106
X10~100 w/ APD
Quantum Eff. ~20%, ~400nm (bialkali) > 50%, ~600nm
Collection Eff. | 70% 60% 100% 50%
Time ~150ps <100ps
resolution 300ps 30ps Depends on readout | To be checked
B-field
: . X
AT A Depends on angle O
Problems lifetime Noise, size
2010/5/5 Toru lijjima @ RICH2010
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" JEE
Beam Test w/ Flat Panel PMT

m Demonstration of principle
4 x 4 array of H8500 (85% effective area)
Various aerogel samples -
m o,~14mr - trying to understand the difference from expectation

(chromatic dispersion, aerogel uniformity, surface effects etc.).
m Npe~6 > -~9ifnormalized to the best PMT sensitivity

(some PMTs are from early batch and less sensitive).

Event-by-event hit record Accumulated hit record

oY

:r[mm

w5 D " m
u[rr'n]  frmm)

60 8t~ . | IS I ST N S T
0854 0z 6 02 a4 a8
o- - 8, {rac)
-8 +0- Impact point of the incident track
Ring expected from tracking

1|:Ir_'| SD I:l 1|:Ir_'| SD 5-'.'| 1C|f.'|

¥ lil'_rrn}
8

v (mm}
E

T

2010/5/5 Data taken w/ 3GeVic [;r:rnTéms C{ear F,;]ﬂg ,"mage's are ObSerVed :,r >3



" A
Franz Muheim

LHCb RICH Ross Young

m 2 RICHs w/ 3 radiators to cover 1~100 GeV/c
m Photodetection by HPD array

2.5 X 2.5mm granularity, total area = 2.6m?
m  Aerogel(n=1.03) 5cm 1-10 GeV/c
m C,F,(n=1.0014) 80cm  10-60 GeV/c
m CF,(n=1.0005) 2m -100 GeV/c

Magnetic
shielding

RICH1
196 HPDS |sewss

259_(!!‘_99—
U Spherical
-------- Mirror
- C4F
4710 0 Beam pipe

Photon
Detectors

| T>Track

iE [
)
|

|
100

Flat mirrors
| Spherical Mirrors

RICHZ2
288 HPDs

The 1stlarge scale application of HPD to a real experiment.

g

201urois TUTU Hjitia & INCr 1201y

a Support Structure

—

ad




- _ S. Brisbane, NIM A595 (2008) 146
Beam Test of LHCb RICH Photodetection System

1000 Radistor Vesssl

m Before the final installation, HPD columns

were tested with SPS beams with N, and ctecer Hosig
C,F,, radiators. - ~
Tk HP' O column
m Number of detected photoelectrons L
matches expectation from the GEANT- q
based full simulation T KE
300 ‘a Beam
Results with C4F10 radiator -
x10
150— 70
F ' jE
2200 —_— ) fit 3
100 2('.005— = Pign contribution _E
1800:_ == Kaon contribution =
=190 1600 ;— Proton contribution —;
E‘5O_ 1400 === Two-particle contribtuion
£ 1200}~ =
gy 1000} 3
o 130 800f- =
- 600} =
500 400 =
- 200F E
00 5 - I1I0I 15 20 25 St] -3;
-100— number of hit pixels

750 -700 -850 600 550 -500  -450 O U lijima @ RICH2010 55



" A
Belle Il Proximity Focusing Aerogel RICH

esign values

m For Belle upgrade in the forward endcap Npe ~10
m >4o K/nfor 0.7 <p<4.5 GeV/c S, 11 mr
m  Proximity focusing w/ n =1.05, 2cm. c(pix) | 6.4mr
m Photodetection in B=1.5T w/ 5 X 5mm? c(em) |8.6mr
granularity. m==> HAPD (baseline) s(chr) |2.0mr
0c(K)-06¢c(rm)=23mrad at 4GeV/c

Photo deteclor
(position sensitive, pixel size=6 mm)

>/ .., Belle-ACC

— I_, = )
ndcqg | ?}.ef,’fﬁ's'?f;fntﬁ’,fmw ==
= e
— — 3 ‘)‘ =
ﬂ/; e / R I ] Lo charged track
—=—Barrel /" T
D : T
! e
TOP (Time-Of-Propagation) Counter omn
Challenge:

2010/5/5 Photodetection in B field (1.5T) =6



" A
HAPD Test

m > 28 HAPD samples have been tested.
Avg. total gain = 7x104 . T =
ENC <~ 5x103 HPAD w/ ASIC Test in B field

m HAPD samples (+ASIC) are being tested w/o
and w/ magnetic field. .

Effects due to electric field distortion

Response to single photon at edge disappear in B filed.

irradiation

{l‘

| ; | \ﬂ\ ‘ LT
t.”;,! ! : ” N
ﬂi*

}lin"ll Ml . mmm -ulliﬂulil |||||||‘1“ |H|||“

80 90 f t’} 40 20 100

Tails due to electron backscattering is reduced

m Remaining issues: improvement of QE, rad. hardness.



ASIC for readout of 144ch HAPD

We need high density front-end electronics including high-gain and Iow noise

amplifier for A-RICH.

—> We have been developing ASICs for front-end electronics.

We planed to readout output of ASIC with FPGA.

Circuit configuration

input DOUT
Preamp Shaper Comparator
ASIC : )

12ch
or
36¢ch

4 step variable gain preamplifier.
4 step variable shaping time shaper.

hit info.

- I

FPGA E .......... E

eComparator for the digitization of analog-signals.

(We need only on/off hit information)

*We have developed new ASIC SAO1 and SAO02.

2010/5/5 Toru lijima @ RICH2010

ST -
— #4 -
— -

trigger
»

to back-end

FPGA

T



Readout test of HAPD with ASIC

Threshold scan

eDistribution of output ASIC for 100 LED light
irradiations at each threshold voltage.

ch21
(73] B Entries 38038 ||
R — S — L.
E osobo b HaPotv-skv. Biaszeov)
?n :_ ........................... | ...... ! ...................................
60 | ' ?
50 |- Result
a0 - *Noise : ~2,000e
30 *Pulse hgight
20 F 1p.e signal : 32,700e
10 Fog 2p.e signal : 66,200e

~

D Ly wely ] ] L 1 L
-0.5 0 0.5 o~
Threshold [V] SN ~17

*Clear separation between 1p.e and 2p.e!
*Very high S/N ratio (target > 7)!
Gooedoperformance of readoutsystemwith ASIC + FPGA is confirmed!




"
Quartz based RICH

m Use of total internal reflection In
accurately polished quartz bar.
A concept was invented by B.Ratcliff et al.

NIM A479(2002)1

m TOP (Time Of Propagation) Counter

NIM A453(2000)331

m Focusing DIRC/TOP

NIM A595(2008)104

Side view of crystal
charged particle
GC eeeeeeeeee gle
crystal /

TOP or y

2010/5/5

Measurement coordinates

m DIRC (Detector of Internally Reflected Cherenkov light)

(X, Y)

(X, TOP)
Nagoya, Ohshima et al.

(X, Y, TOP)

New Trend;
3D imaging !



" A
Chromatic Dispersion in Quartz
cos@, =1/ pn (1)

L-n, (1)
c-q

m Cherenkov production:

m Cherenkov propagation: Top =

z

> group index must be used here !

m Relationship between two indices;
n,(4)=n,(1)-4-dn (1)/dA

diThein

Changes in TOP correlates almost
linearly with a change in 6c¢

Correlation between n,(4) and n (1)
allows to correct chromatic dispersion !!!

8, resolution (mrad)

2010/5/5 Toru lijima @ RIC

v ) [ s

- Cherenke

N

4 GeVic pion, L~3.5m |
w. Ofrack=90deq.
-~ 1ghotons in y-z plane only.

.
-
i
L N
LB

1 Figure fromJ.Va'vra e

"..‘_
1

g4 e [IX
d{Time_of_propagation) [ns)

SLAC beam test result: f-DIRC

resolution w/ and w/o timing correction.

AR B 44

Photon path length (m)

P



COURLS

o
MCP PMT timing

70%

i

i0°

it

e prompt signal ~ 70%
 short delay ~ 20%
Cl * ~ 10% uniform distribution

-5 ] S0 T} 500 2000 2500 30010

TDC [ps]
2010/5/5 Toru lijima @ RICH2010 62




mmmg with a signal from the second MCP stage

If a charged particle passes the PMT window, ~10 Cherenkov photons are
detected in the MCP PMT; they are distributed over several anode channels.

|ldea: read timing for the whole
device from a single channel
(second MCP stage), while 64
anode channels are used for
position measurement

CATHODE

S

0047y = wee meur | ———————

—HV O

00470 ——

T g oo LR

-
I

I

| I

00470 —— 5M % MCP OUTPUT | I
I

I

i

2010/5/5 V Toru lijima @ RICH2010

MCP OUT

Counts

100

40

20

0 T

80

60

x10

htdc0

Entries 712068

LN

Constant 1.094e+005 + 228

Sigma 0.04204 + 0.00013

H Mean -0.003698 = 0.000135

c=42ps
for single
photons

-1 0 1 2

3
TDC [ns]

MCP second stage output,
CF discriminator
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" A
MCP-PMT output

@ Hamamatsu R3809U-50 (multi-alkali photo-cathode)

L |71]

R3809U-50-25X %600- single 51500-
3 photon| 2
y— eak Y— 6246[38
5 P 51000} .
w400} 5 for singlg
Q o]
E E photon
Z 200} = 500¢
Window size : 25mm? 0 J oL k |
MCP hole 10pm¢ 100 120 140 20 0 20
ADC (count/0.25pC) TDC (count/25psec)
‘51200_— ain ~ 106 :%1000_
o i > f
1000}
i 800}
800
600| 600/ 30.4psec
400/ 400
200} 200
R JIITRTTL Y G_ . R — 'y L
(59 o B8 R B 20 100 110 120 13C 20 10 0 10 20
MCPrhole Gprm®ii ADC (1bin/0.25pC) TDC(25ps/count)

8010/5/5 Toru lijjima @ RICH2010



Cross Talk/Lifetime of MCP-PMT

m Cross talk
Induced by a neighboring hit
(ch-ch coupling).
Resolution become worse
when > 2hits on a PMT
(c~30ps - 70-90ps)

m Lifetime

Al protection layer helps but
collection eff. drops (x60%)

How about in B-field?
Depend on photocathode?

cf) ~700mC/cm? if TOP used
in Super-Belle.

2010/5/5

1ch

200mV/div~

&—>  spotHESt(Ch2)
Zns/div | RS

-

200mV/div’ _—

a

Relative QE
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Need more studies...
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I
MCP-PMT Lifetime (T.T.S.)

m Time resolution for single photon
- No degradation!
Keep ~35ps !

Russian w/ Al(#32)

event

e HPK w/ Al
80k o HPK w/o Al
mavRussian w/ Al
O~ Russian w/o Al

TTS(ps)

HPK w/ Al

10 20 30 20 10 0 10 20 -0 0 10 20
Integrated irradiation(x10'® photons/cm?) TDC (count/25psec)

-timewalk collected-
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Llfetlme - O.E. vs wavela ng
m Q.E. after lifetithe test (Ratio of Q W. before after)
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Large Q.E. drop at longer wavelength

Number of Cherenkov photons;only 13% less (HPK
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Rate dependence

Super B-faciiory
L @L=2x10" /em’/sec

m Gainvs. photon rate .%
For high intensity beam O ,
m Gain drop for high rate é)
>10° count/cm?/s %
Due to lack of elections inside o
MCP holes
Dep. on RC variables
10
SL10 | HPK6 | BINP
MCP resistance | 96 143 380~1000
(MQ cm?)
MCP capacitance | 16 31 24~39
(pF/cm?)
I 2
AAA— 10
MCP channel»H || Q
_/VV\,—
L ] Enough for TOP counter

[—P
86810/5/5 Electrode

MCP
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Semi Mass Production Results
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Chromatic Dispersion

Variation of propagation velocity depending on
the wavelength of Cherenkov photons

o 0.21 —1 Light ti _— ——
% — | Li ropagation S . — ~
e Veglocﬁ i ES% tion Sl g N\
£ | |[YEOCyNSiHe quar Gagf USRS N\
%’ 30 |
% 25}
2 20
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300 400 500 600 700 sl
Wave length (nm) ; Nl >
0300 200 500 600 _ 700

m GaAsP photo-cathode (< alkali p.c.) Pholon fambda(nm)
Higher quantum-efficiency
at longer wavelength — less chromatic error

Photon sensitivity at longer wavelength shows the smaller velocity
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Other related R&D's for high precision
timing
High Resolution TOF

Sub 10ps Readout

2010/5/5 Toru lijima @ RICH2010 71
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Buffered LABRADOR (BLAB1) ASIC

Observed MCP-PMT signal (Burle 85011)

voltage (mV)

Gary Varner, Larry Ruckman (Hawaii)

m 64K cell deep waveform sampling ASIC.
m Sampling seed: 0.1-6.0GSa/s.

m Low power, cost-effective.

G. Varner

N

BLAB1 NIM A591 (2008) 534

Measured jitter between 2 channels

50 Two CH Timing I T T
2 : o i
0 i 600/ .+
|- Mean 4702 0000
-25 Sigma 006341 = 0.000046
.50 500/
-75 C
400—
-100 C
-125 300—
-150 C
s 200F- 6.4 ps RMS
200 - (4.5ps single)
100 —
-225 C
-250 IR N MY |\J|L\|\\l|\\1|klu\uuw\
275 iEEB 4.67 4.68 4.69 4.7 4.71 4.72 4.73 4.
time (ns)
30 325 35 375 40 42.5 45 47.5 50 52.5 55
time (ns) 72
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Highly Integrated Readout w/ BLAB2

A

TABLE II: BLAB2 ASIC Specifications. ="
ftem Value
Photodetector Input Channels 16
Linear sampling arrays/channel 27 6
Storage cells/linear array 51 1024
Sampling speed (Giga-samples/s) (2.0 - 10.0

QOutputs (WilkiﬂSOIl) 32 B LA B 2 AS I C Trigger and flash

Trans-Imp AmMps g, 1424 samples €ncoding

Integrated
Photodetector > >
packaging Per channel
1 BLAB2
sampling

HRK H-8500 Readoutbasis.for this next steg”
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