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Parallel session contributions for E-PID

« HAPD status
(I. Adachi)

« HAPD ASIC status
(S. Nishida)

* MCP-PMT status
(S. Korpar)
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HAPD MCP-PMT MPPC
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neutron leakage current? "
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production 25y 2y ?
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Photon detector candidate: HAPD JL.
Hybrid avalanche photo diode - r i
proximity focusing configuration: ) | E
» 12x12 channels (~5x5 mm?) i =
e Size ~ 74mm x 74mm g
e ~ 65% effective area |
° N ~ 4 _ 5
total gain ~ 10*- 10 — —
« detector capacity ~ 80pF w00 |- o o
P3 I88.6
e peak QE ~ 25% o e
. ¢ ’ 250 98.8
e works in mag. field perpendicular i 6
to the entrance window oo | i o o
PIO 231.2
Multialkali _ pr2 2599
photocathode el o .
Pls 25.02
" Pl6 71.71
100 P17 1209.
-10kV I e s
15~25mm P20 1489,
50 w “ P21 39.62
P22 10,96
Pixel PD or APD ) b‘ g L st
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HAPD N photons - beam test

Dead area due
to large noise

e Large incident beam size

e 2x3 HAPD array can not cover whole Cherenkov ring area?

check Npe by changing beam size cut from the center.

Increase ~1p.¢
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HAPD - HV stabilit
e History of SHP74

e Usedin 2008 June beam test.
Two or three quartz windows added with optical oil to study BG effect

After that, large noise found at Nagoya

mitigated if lower HV of 4.0kV was applied

Disappear noise in 2009.01, however, some dead/insensitive channels
observed

e Guess: noise triggered by optical o1l ?, not from vacuum degradation

2008.06 il 2009.01

2008.06 at Nagoya
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HAPD neutron damage

e 1 HAPD (SHP99)
® chip-A dead

e 3typesof APDs 2 Reactor “ #5# (YAYOI)” @Tokai Energy Spectrum

® same as that in HAPD e Maximum 2kW

e E.. =370 keV

e ~ 4 % 10° neutron/em?/Wsec
® CI\,{[S_t}rpe (rad_llard) {)’(U-I for 1 MeV CUI‘IVL‘.ntiL‘:NJ

J Fluence

e 10° - 10* /em?

& standard

w10

“Yayoi” reactor E oveV)

1st day

measured in a preparation room

~ar Exrd il mestF
ose ,'\_?\ai"-.}"ﬁ 37111

e equivalent to ~5 Super Belle year e e e

Check 1 p.e. signal and leak current samples highly radio-active
they can not be picked up
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Neutron irradiation test




HAPD neutron damage

e Leak current & noise level

e 2-3 times larger after 5x10"

e Single photon spectrum

APD Chip-C

'HAPD|Chip-C

16000
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8000
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Noise Level (electrons)

* Before exposure
B After 10110 exposure
After 5*10011 exposure
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Bias Voltage (V)

i

2000
o
1.E+00

1.E+04 1.E+08 1.E+12

Neutrons (fcm*2)
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HAPD - news from HPK

New production facility at HPK

e Facility for HAPD transfer technique has been
set up.

e Initial operation is going on.
e Vacuum pumping & activation for photocathode fabrication
e First 4 test samples

s QE ~17-25%... looks good start

e Plan
e Optimization for higher QE
e 4 samples/week in April

e 8 HAPDs by mid of May & 9 HAPDs by mid of June
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HAPD ASIC - SAO1

>

® Noise ~1200 p.e. @ 80pF (better than S04) Preamp Shaper Comparator

® Offset ajustment works fine.

_input vs output | Linearity
1000 i .
900} = . : g
L [ ] ']
800 = Emrveec gy g ®
700 /' -
S'600 .l
=
E‘m Gain(graph slop)
o 400 | w 3(7.10346)
J00 " 2(8.91)
» 1(12.1643)
. 63000 pE-1 & casceen
100 ' : '

T T EErEre B Erare S L v s sl s ot
DDZDMSUW1M1201401501M2M

input(mV)

1 p.e. signal is already saturated if we apply

full HV and bias voltage to HAPD.

Suffering larger noise than

expected when connected
with HAPD

-0.2 0 0.2 04

gooF =D
-E 800 .| RMS ; 0.2973
W 700
600
500 |- =
400 £ : _
e lLE N P T N e e
= [Threshold scan
100 |
06 0.8
Threshold [V]

March 17 - 19, 2009 End-cap PID status
Super KEKB - 2™ Open Meeting (slide 11)

Samo Korpar .
University of Maribor and Jozef Stefan Institute




HAPD ASIC - SAO1 front-end board

®\Ve have produced additonal
chips ~60 chips (note: 12
chips to readout 144ch)
®New front-end test board is
delivered.
v'read out all of 36 ch (1/4
of HAPD) by one board.
v'Confirm the scheme to
put FPGA in the front-end
(development of FPGA
logic; effect of noise from We have just started the test
digital part (clock etc.) )
®Hopefully read out 1 HAPD in
the next beam test.

FPGA

ASIC
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HAPD ASIC - SAQ2

®|n parallel, we are developping next version

'ul.i_l

L PEX(0: I]-HH S

of ASIC '5"|| i
v'36¢h in one chip (i.e. read out 1 APD; %E
need 4 ASICs for 1 HAPD) HE = e
v'gain is decreased by factor 4 H _'_='_ gp
eSimulation O.K
®Chip layout is done (3mm x 6mm). " E“g'l
® Start production in next JFY ,,_,,______"“,"",;"“"‘"""“'”T.'_’_‘E’ é-z;:n::':. .E._ %
Plan T e B
I Al -

®Test the performance.

®Develop a compact package.

Voltags (mV)
8

® Target is a small board with 4 N
ASICs and 1 FPGA 1o readout
144ch from HAPD. “ Fm'n_ m ”“' . i -
Time {us)
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Photon detector candidate: MCP-PMT

Model 85015/A1 (old sample 85011-501):

« two MCP steps - chevron configuration

» 64 (8x8) anode pads @6.5 mm, gap ~ 0.5mm {
e bialkali photocathode

 gain ~ 0.6 x 10° (@2400V)

* 10pum (25um) pores

» open area ratio ~ 70 % (60 %)

e Size ~ 0d9mm (71mm)

» effective area fraction ~ 80% (52%)

e excellent timing < 40ps (50ps) - single photon
* K-MCP 4.4mm (6.1mm), MCP-A 3.7mm (5.2mm)
e window thickness 1.5mm (2mm)

« 0,~15 mrad (single photon)

e number of hits per track N~ 10
« 0.~ 4.7 mrad (per track)

*— ~ 5 0 TWK separation at 4 GeV/c

% photon

;_-—:-"-..._‘:____.._ i ¥

photoelectron l\

w14

Dual MCP

Anode

100

75

50

25

-25

-50

-75

-100

-100 75 -50 25 0 25 50 75 100
ring on PMT plane

e Tested in combination
with multi-anode PMTs
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Additional feature: RICH+TOF

Make use of fast photon detectors: measure time-of-flight with
Cherenkov photons from PMT window and aerogel

B8 i n 60. 20
N S 7 2| Beam test:
S 500 Mean -0.2194
: Sigma 17| » 50ps per
400 — ]
START Cherenkov photons — single photon
— from aerogel -
* o-50ps | (~20ps per
TA o b
: track)
\\ 0 . T BT J ILl.ﬁ".\s_ N
track \‘ -100 -50 0 50 100
time [1bin=25ps]
a )I{’I/ndf 33.38 /%éz
1ol 7 o587
Cherenkov photons v s pros
from PMT window s = =2

aerogel MCP-PMT er track

e Cherenkov photons from the window can
be used to positively identifiy particles f ,
below the threshold in aerogel AR .

50 0
time [1bin=25ps]
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MCP out timing 1
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MCP out timing 2

o filters: illumination ~ 0.1 — 100 photons an average (N )
ph

35

anode TDC sigma

Sigma [ps]

30 E ”a"“ H H E I
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ITrTrfrrorryrTrTT IIIIIIIII FTTTyrrrt Iil

u-'l

N ~1

ph
o Nph—--O.‘]: o=37ps
o Nph~10: 0=22ps
. Nph>10: c—16ps

1
1 Filter transmission [°}]

N ~10

N ,~100

Sigma [ps]

—
(=]
(=]

=)
[=]
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.......

MCP Out TDC sigma

(R R Fessngua seba wfaasha gual 3 ¢ @ ssiaYiaa fas

P e 1l

0’ 1
Iter transmission [%4]
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ph

Nph~0.1: c=104ps
Nph~1 0: 0=37ps

Nph:>1 0: 0—30ps
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MCP out timing 3

N, ~0.2 N, ~ 10
Corrected Sigma [ps] hcorsigma Corrected Sigma [ps] hcorsigma
Entries 64 Entries 64
> k 17 >-
.C- 7 :IH B39 136.199 119.256 110.909 114.27 137.959 154.104 l u .C- l ?5
Q Q
- —1160 70
6 [ 120054 12.76 6
5 ;“uu 109,543 5
B 140 —60
4 ;—izus o300 | | 130 4 5381 | 62.7806 s
3 ?um w22 | 490 708823 59.8216 50
2 }121.5?1 111.583 2 45
;a 124.642 1 40
128.88 150,613 146,156 124 645 123611 115.892 143.372 0 35
11 | | | 1 | 11 B | 1 I | {1 I | I | | L1
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Ch.X Ch.X
.

« 0~100ps

o~40ps

worse for some channels near
center

 worse at edges of device
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Waveform readout
Fan
. Signal - Input Delay > In ’ Input
e readout tested with attenuated generator| | legle [ box [T Fan | logi
NIM signals L
e good timing resolution even
Yy v
. . . ch19
without calibration o Sgnats
y E _ Trigger - Attenuator
e ready for detectors: -
5
MCP-PMT, HAPD, SiPM.¢
.5?
-10;—
-152—
20 50 700 350 200
TDC
El Entries - 10005 Entries “ 10005 ml Entries = 10005
Mean 0.1755 Mean 37.01 Mean 37.19
C AMS 0.02467 C RMS 0.06034 1800 AMS 0.05557
3500 #*/ ndf 33.64/5 1600 2 / ndf 56.18/16 C 2 ndf 487112
N Constant 3700+ 45.9 B Constant 1605 + 19.7 1600 Constant 1736 f 211
e ol ]
2500 i 1200
C 10001 C
2000 - 1000
800 r
15001 E 800
: e 600
1000; 400 400?
500? 200 2002—
0:|||||\\| III\‘Illll\\Ill O:I\llll \I‘IIILI\'III 0:||| I || | ‘I\I‘III
0 01 02 03 04 366 968 37 37.2 374 36.8 37 372 374 376
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Aging test preparation

Setup for aging test of MCP-PMT was prepared:
« monochromator 200nm-900nm

e laser source: 400nm,630nm

» LED for aging (blue ~470nm)

 reference PMT for QE

e monitoring PMT

e current monitoring

 DAQ with scalers and ADC

Start aging test end of March — results end of April
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HAPD MCP-PMT MPPC
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g, 14 15 14
B=1.5T OK (improved perf.) = OK (improved perf.) OK
|
st:S.g( ;Zri:‘g) OK (HV stability?) OK? OK
neutron leakage current? "
damage — signal / noise A4 A
production 25y 2y ?
pieces <600 <1000 < 500000
cost / piece <7000 € <4000 € <20 €
electronics ASIC WEFS WFS
channels ~ 75Kk ~ 60k ~ 120k
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Photon detector summar

Many tests have been performed since last meeting:

* reevaluation of HAPD beam test data

e further magnetic field test of HAPD

* neutron damage tests for HAPD started

e new front-end board with SA01 ASIC and design of SA02
e study of MCP-out timing

e study of WFS electronics, ready to test with sensors

To do list:

 perform aging test of MCP-PMT (— May)

e neutron damage and long term stability test of HAPD (— May)
o start periodical monitoring of ion feedback in HAPD samples

e electronics - test detectors with WFS and new ASIC

 check the timing capabilities of HAPD
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BACKUP SLIDES
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Long term stability - Aqging

Several discussions with Emile Schyns, Group Product, Manager,
Micro Channel Plates (final a good lead to the company)

Current performance (no Al protection layer): — 50% drop of efficiency
after 10-15C/tube = 350-540mC/cm?

Expect ~ 10 mC/cm?/year on ARICH (scaling the TOP estimate)
Summer 08: move production to Europe, expect to improve the ageing
by a factor > 5 (use a different scrubbbing technique, deep UV —

electrons)

— Ageing most probably not a problem but need to be tested !
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MCP out timing 2 Rok Dolenec

optical fiber | P laser head | ALS PiLas
/_..x-f-""" (404nm) controller
|" gate
\
N = 200xamplifier PC
fa=t 3 | ORIEE T »| LabWindows
w o FTA820A CVI
O =
0 = ?
Vi)
D
10xamplifier
Philips i
5| model 772 N .4
. . . signal splitter discriminator TDC
expanding optical fiber coupler - Philips  —»| Kaizu works
focusing lens (spot size ¢ ~ 10um) model 708 KC3781A

* neutral density filters: illumination ~ 0.1
— 100 photons on average (Nph)

(amplification modified at higher
lluminations/pulse heights)
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MCP-out timing 1

« output from multi channel plates (common for all channels)

* voltage between cathode and MCP set with resistor chain (external)

CATHODE

—HV O

500k§
r—— ——————————— .

00470 MCP INPUT T

w0 o= o Q UL,

00470 —

ok e LT

V

* idea: read timing for whole device from 1 channel

* 64 channels — position
« MCP Out timing?
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MCP out timing 4

Time distribution

htdcpos7?

Entries 213636

g2 [ Constant 1496 £ 17.1

a Mean 0.1996 £ 0.0051

0 10° Sigma  0.2306 + 0.0146
107 =
10—

L T T R T A O

-1.5 .
Corrected time distribution : Toenel
Entries 212430
2 [ Constant 3125+ 26.6
E : Mean 0.02197 + 0.00211
Q Sigma 0.104 = 0.002
10° &=
10

10

1 AR T T T N A N T W A N T T N T A N T O T Y I O

-1.5 -1 -0.5 0 0.5 1 1.5 2

3

TDC [ns]

Rok Dolenec

Time-walk correction

heorpoes?
Eniries 213636

TOC [ns]
Bl
o

,:.-'._.r. e
[ EEE B AN RN B A RN - A A B B A
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=

1.5

C

=0

arge distribution
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Waveform readout 1

Ruben Verheyden

* Dual timer in a 'feedback’ loop acts as a
o signal generator
Signal - Inppt Delay . [N " Inpyt
generator| ) logle = o —— 9 | . Sijgnal transformed into logic pulse
~ 1 +Onelogic pulse is send to trigger input of
TARGET
Y ¥ -« Second logic pulse is send to delay box
Signals
- * After delay if gets split by a fan in fan out
Trigger - Att to
- enuatar (FIFO)
| * FIFO sends 2 copies to input logic
* 2 logic pulses get attenuated
Connectors used for 9P J
50 Q termination « Attenuated pulses act as input signals
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Waveform readout 2 Ruben Verheyden

0 -
- L -100—
-51.1:— C
e LL -110
150 -120- L
- -200: 130 \
-250— -
EDE -140—
=300 L
- -150—
350, i
= -160[
-400 I N A RN R . AN IR W
C 322324326328 33 33.233.4 336338

* Every calculation happens per event

* Get minimum =>vy

« Set threshold => y =t'y | (0 <t < 1 & change to needs/best result)

* Look for signal <y and 'memorize' time bins before and after crossing.

* Linear interpolation to find 'real' time of threshold crossing!
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Waveform readout 3 Ruben Verheyden

= | ¢ Right - single channel

10005
I

008857 . .

EATIZ t I r ’l
Constant 121 I I n g ]
WMesn 0= 040
005442 = 000035

« Left - Time difference
between 2 signals on
different channels.

« All signals have the
same origin and go

374 376

 E— through same
A P |
|, electronics (see setup

[ | Constant 1386 = 17.1
1000 — | Mean 01882 + 00007
_ | Glgma  oLOGO45 = 0.0O0S0

slide).

Single channel:

<& iop - channel 4-12
bot. - channel 1-9

E 0.7 -0.6 -05 0.4 0.3 02 01 0 04

l Double channel: top —» channel 4-12

Bottom — channel 1-9
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HAPD MCP-PMT MPPC
oh 8(+1) (—16) 10 (—15) 30
g, 14 15 14
B=1.5T OK (improved perf.) = OK (improved perf.) OK
|
st:g_g( ;;:Ig) OK (HV stability?) OK? OK
neutron leakage current? "
damage — signal / noise S .
production 25y 2y ?
pieces < 600 <1000 < 500000
cost <7000 € < 4000 € <20€
piece
e'e°tsr°"'° ASIC WES WES
channels ~ 75k ~ 60k ~ 120k
material ? ? ?

March 17 - 19, 2009
Super KEKB - 2™ Open Meeting

End-cap PID status

(slide 31)

SR LB 7>
Samo Korpar gt 00 PR
m’:,:,w‘\\ . ® " BELLE

University of Maribor and Jozef Stefan Institute



Tests in magnetic field: ADC vs Bf °

0’ « HV = 2500 V

e gain drop observed in magnetic 4 *B=15T
field 1.5T 10

2
e increase HV for ~200V to reach 1
the same amplification as in B=0T " |
I Fv s u59 & g g I |
0 250 500 750 1000
Voltage ADC ch. 2
T [ 2600V
O 1o000}— 2550V . . c c
o | 20v | ® Single photon ADC distribution
< i > 2450V . . .
o0of- - 2ov | measured in magnetic field
i —— 2300V
4unf - 4 -
P e gain as a function of magnetic
200 field for different operation
T R s bee e voltages.
1] 0.2 04 0.6 0.8 1 1.2 1.4 1.6
B (T)
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March 17 -

Tests in magnetic field: charge sharing

10%k

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

10

| — T ll;lllr_l L

XX

e

charge sharing and

. B £ O T 10 20 | 50 60
xch. 0adc.tdc cut
55 = LET T
Reduced effects of
i a1

photo-electron

i, i PR P
N . '<I"":'-|
PR LT '
1 1 B -| I
1 .’ | e [ -
] - i e = '
:r 'n e 5‘:3:' ta ! |
4 L I S5 ) J - . —_-
! L . 1iy! i . . i i
rf b i N N . 5
. ) 5 ;i
i i 1 B 1 H [ i T
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backscattering are

30
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19, 2009
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Tiling scheme ol
* Number of MCP-PMTs and R
covered area fraction

87%

4 66 88%

X e
500 |- OO
750 |- X >
4 754 T
¢ T I
1000 1 L 5 <
177 o
| | | |
1000 750 -5 250 0 250 S 750 100

1145\

17.0°

420

6 78 89% -

8 90 90%

10 108 96%

all 876 91%

Total number <1000 and rough
estimate for price < 4M€ (uper limit)

1000 |1/

i//
800 |7

600 |-/

400 |-

200
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Using Cherenkov photons emitted in the
PMT window (n~1.46) PID can be extended
iInto the lower momentum region:

Kaons and protons can be positively
identified below the Cherenkov threshold in
aerogel (n~1.05). 015 |
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Cherenkov angle in aerogel (n=1.05) for
pion, kaon and proton.
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Summary and plan

* XXX

Plan:
* XXX
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