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RICH for Super Belle forward PID

Selected type: proximity focusing aerogel RICH

acrogel photon detector «n ~1.05 (9 _(m) = 308 mrad and Ad (1K) = 23
Cherenkov photon‘s“,: ; mrad @ 4 GeV/ C)
e * limited space - distance from aerogel
| 4 Charged partice .. entrance window to photon detector ~ 200 mm
.................... e operation in magnetic field 1.5 T
....~'.::~.~..: e photon detector candidates: HAPD, MCP-
\ - y PMT, SiPM
2 cm 20 cm
Tests with 4x4 array of flat panel = [ X/ndl 1095 7 155] 3
PMTs and 2cm+2cm focusing e | | F
. P! 0.1428E-01
aerogel radiator: oo P4 74.49
P5 884.4
N ~10
ph. ni| N ny<n, 4000
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SiPM characteristics

e works in magnetic field
 low operation voltage ~ (10-100)V
« peak PDE (= QE x ¢ X€E Jupto

geiger geo )
65% (@400nm - Hamamatsu data sheet)
Hamamatsu: HC100, HC050, HQTJO252§

e gain ~ 10° 10
e time resolution ~ 100-200 ps r \

- /\ \ S10362-11-100U
AN

o dark counts ~ few 100kHz/mm? (
) // ‘\\ $10362-11-050U
Y

—
e

e radiation damage (p,n)
. . J \C\ $10362-11-025U
Can such a device be used in a RICH? = /i %
: . i / N \‘
e detection of single photons / =
[ J Iinearity iS not needed 200 300 400 500 600 700 800 900 1000
« HC100 is preferred due to higher S

efficiency

PHOTON DETECTION EFFICIENCY (%)

v (um)
v (um)

First successful tests with cosmic rays
NIM A594 (2008) 13

0 1200 1400
X (pm)
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SiPM characteristics 2

Typical pulse height distribution:

e signal is well separated from pedestal
level

e single photon pulses are the same as
dark current pulses

A

50 100 150 200 250 300 350 400

ADC channels
3000 D 28
. L . - . Entri 56420
Typical timing distribution: 2500 i 2699.
e narrow time window can be used to 2000 | iﬁ iiii
separate Cherenkov photons from 1500
dark current pulses 1000 | 0~150ps
500
0 0 Iooo 2000 3000 4000 5000
Time (ps)
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Expected number of photons

Expected number of photons for aerogel RICH (beam test prototype):
e multianode PMTs (peak QE ~ 25%, collection eff. ~ 70%) or MPPCs (HC100)
e aerogel radiator: thickness 1 cm, n = 1.03 and transmission length 2.5 cm
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Signal to noise

Expected number of background hits
depends on:

e ring area ~ 2000 mm?

 dark count rate ~ 600kHz/mm?

e coincidence window ~ 5ns

'l'l'l'l'l'l'\l'l'l'l'l'l'l'l'l'l'l'

A < 100F i
Ndark 6 7 Nph/Ndark 33 K .
e
B
Ratio can be increased by: “of i .
- smaller ring image area . tei
. . u ::yr " Y
* narrower time window . i th ==
* use of light collection system (light t Lk LisEin e
guides) to increase effective area of the \: #
sensor -50 H e
REEHHHH
-100 " :
-100 =50 0 50
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8x8 array of SMD-MPPCs W

 Detector module with 8x8 < T N

array of SMD MPPCs at lalals éﬁ* | -

2.54 mm pitch LICHI L ;_;; _r_ ° =
5 i

2 3mm(2.54)
|
|

4. mm

10
|

0.9mm
Light guides were machined from plastic

(HERA-B lens material).
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MPPC module E’]”W
1k—20k

e main board with dividers, bias and signal connectors

* piggy back board with MPPCs (8x8 array of HC100 in 24k[] L 100n]

SMD package; background ~ 400kHz/MPPC) oo} \/~

e light guides m—

» 16 electronics channels (4x4) - 4 MPPCs
connected to single channel

I 20ns -38.400ns

Source

CH1

Slope

Coupl ing

DC

, N — Holdoff
& DC -41. OmV o
1:50.0n¥  BW 27 100n¥ 3: 100m¥ 4:20.0nV BW

DC500 DCROQ DCROQ DCROQ 0ff
ufs 154n¥{Emp ty Empty Empty

fi1.32526MHz 2GS 400 points RTC:2008/06/08 12:32:47
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MPPC module 2
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Beam test setur

« 2 MWPCs for tracking and scintillator for timing

« MPPC array w/o or w/ light guide mounted on 3D stage
» aerogel n=1.03, d=10mm (distance 130mm)

e hits detected by multi-hit TDC
« +120 GeV/c pions, beam size ~1cm?

’Lh. ;
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TDC distributions of MPPC hits for all events

* total noise rate ~ 35MHz (~600kHz/MPPC)
e hits in the time window of 5ns around the peak are selected for
Cherenkov angle analysis

w/o light guides w/ light guides
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« module was moved to 9 positions to cover the ring area
 these plots show only superposition of 8 positions (central

position is not included)
w/o light guides
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w/o light guides w/ light guides
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Cherenkov angle distributions

e background from SiPM noise
hits is obtained from sideband in
TDC distribution
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Cherenkov angle distributions

e background subtracted distributions
e ratio of detected photons w/ and w/o: ~ 2.3
e resolution within expectations (14.5mrad)

w/o light guides w/ light guides
X’/ndf  0.1975E+07/ 56 " X2/ ndf 1688. / 56
P1 339.6 i P1 1480.
P P2 9867 | 12000 L P2 3748,
I P3 4891. I P3 0.1194E+05
P4 0.2388 - P4 0.2405
4000 - P5 0.1461E-01 10000 - P5 0.1558E-01
- 8000
3000 -
6000
2000 -
L m =
1000 |- L
MAHJ ot \\\N.
0 — 1 1 1 1 1 1 1 I 1 1 [M\’L————\ 0 K 1 1 1 1 I 1 1 1 1 I 1 1 1 1 annles J 1 | Y VO |
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Number of photons

Expected number of photons is ~3/full ring, this includes:

« Hamamatsu PDE

e aerogel: 1cm thickness, n=1.03, 25mm attenuation length
» dead time and double hit loss ~10%

Measured (extrapolated to full ring - acceptance corrected):
sw/o LG~ 1.6
ew/ LG~3.7

Estimated numbers for aerogel with n=1.05 and thickness of 4cm
(~5x) and better quality of light guides (surface polishing: ~2x) are
ew/oLG~8

w/ LG~ 37
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* A photon detector module was constructed using 8x8 array of
MPPCs (SMD package) and a light guide array

A proximity focusing RICH with 1cm aerogel radiator (n=1.03) and
the detector module was successfully tested in a test beam at CERN
 The number of detected photons per ring is about half of the
expected number obtained using manufacturers PDE

 Efficiency increase with light guides ~ 2.3 (area ratio ~5.5)

 Silicon photomultiplier can be used as a detector of single
photons in RICH counters.
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BACKUP SLIDES

October 19 - 25, 2008 Silicon photomultiplier as a detector of Cherenkov photons Samo Korpar
NSS 2008, N50-3 (slide 18) University of Maribor and Jozef Stefan Institute




Belle forward PID upgrade W

02 n=1.020mn=1.015

: : by ST
Requirements and constraints: AN LA

* ~ 5 0 K/ttseparation @ 1-4 GeV/c

e operation in magnetic field 1.5T
e limited available space ~250 mm

AEROGEL

" 3" FMEMT RICH_x*""H'UA

2.5" FMPMT

/2"FMPMT -

Selected type: proximity focusing aerogel RICH

= PR e n ~ 1.05 (focusing configuration)
Cherenkov photons .- 24— . ’SC(T[) = 308 mrad @ 4 GeV/c
i .9 () - 9 _(K) =23 mrad @ 4 GeVi/c
S — = . pion threshold 0.44 GeV/c, kaon
threshold 1.54 GeVi/c
~~..:;::.:[ » distance from aerogel entrance window
to photon detector 200 mm
2em——2em ~ o time-of-flight difference (2m from IP):
t(m) - t(K) = 180(45) ps @ 2(4) GeV/c




Beam test with flat-panel PMT arra

2cm+2cm focusing aerogel:

eN. L ~10
ph.
e0. =14 mrad

single

0, __=4.6 mrad
o0 at 4GeV/c

N | N2 Ni<ns

1IN\

s000 X'/ ndf 1095. / 116
Pl 7289,
P2 0.3074
- P3 0.1428E-01
) P4 74.49
PR3 884.4
4000
nf=10.27
2000 F nb= 1.05
0 [L'. I 5 1 J.. L %
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072:+0, 2 30£0. 5

Photon detector candidate: HAPD T ..
Hybrid avalanche photo diode - . ==
proximity focusing configuration: ) | g
e 12x12 channels (~5x5 mm?) W || B
e size ~ 74mm x 74mm

» ~ 65% effective area
o total gain ~ 10% - 10°

X/ 2549. 7 1836
. Pl 46.50
 detector capacity ~ 80pF 300 |- P2 521.3
P3 388.6
e peak QE ~ 25% P4 137.0
. _ . _— Ps 98.88
e works in mag. field perpendicular re 162!
. i PS8 373.5
to the entrance window 306 Po 21,13
PIO 231.2
PII 648.5
Multialkali PI2 23.99
. 150 PI3 146.7
photocathode : o1 oo s
PIs 25.02
1 PI6 71.71
100 PI7 1209.
P18 20.41
-10kV P19 31.95
15~25mm P20 1489.
30 P21 39.62
M P22 10.96
: P23 1760.
Pixel PD or APD , o2 . 6796

0 500 1000 1500 2000 2500 3000 3500 4000
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75

Photon detector candidate: MCP-PMT] ” MHIGREENT

BURLE 85011-501 MCP-PMT: y
e multi-anode PMT with two MCP steps 2 0
* 25 Um pores 0 @

« bialkali photocathode \ 4 1
+ gain ~ 0.6 x 10° 8 multi-anode PMTs

-75

» collection efficiency ~ 60%

e box dimensions ~ 71mm square A
* 64(8x8) anode pads

e pitch ~ 6.45mm, gap ~ 0.5mm

e Tested in combination with multi-anode PMTs

e effective area ~ 52% ] 019~1 3 mrad (Single CIUSter)
e excellent timing - ~50ps for single ph. [* number of clusters per track N ~ 4.5
W |+ 0,~ 6 mrad (per track)

— ~ 4 0 VK separation at 4 GeV/c

* 10 um pores required for 1.5T

» use new package with improved effective
area

e aging study should be done
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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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Light quide simulation d=4.0
e
. . / ___R*-h-—-_._zi
Simulation includes: in=2.3 = SiPM=1.0
e refraction at LG entrance = =
» total reflection out=0.9
e gap between LG exit and SiPM surface
Not included:
e absorption
« imperfect surface
6 — 180 [ SiIPM=09,M=26,d=4.0]| gap(v,z) = (0.0, 0.0) | {8, 4) = {18.0, 45.0) e |
¢ = 45° T t=18,p=45
§ oo B gap wio A
¥ ook T~ 0.00 97.67 19.03 513
% e 0.05 96.62 19.09 5.06
oei- g _ 0.10 94.11 18.98 4.96
E b 0.15 89.68 18.77 4.78
i 0.20 85.99 18.87 4.56
0-45_ 0.25 81.06 18.99 477
0.3 0.30 76.12 19.1 3.99
0.2 0.35 71.49 18.95 e, S g
S 0.40 66.85 19 3.52
: L 0.45 62.44 18.98 3.29
% 0.1 0.2 0.3 o4 08 0.50 58.39 19 3.07
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 +120 GeV/c pions

e spills every 42s for ~5s
* beam size ~1cm?

track (x,y) ar T1

e beam profile (scale in mm)

118 CERN SL 15-09-08 101':3 3

SPS-Protons updated: 15-09-08 01,3,257

User: SFTILONG2 498 GeU/c il
top: nullms SC length:
*E18:

2810 2788 25
-FB FI0P SE
e dumped at:

9 99%a
37a

|ggadrupole\&
b heam for
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Beam area T4-H6-B
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Cherenkov angle distributions

w/o light guides w/ light guides

¥ /ndf 596.0 / 55 ¥/ ndf 819.8 / 55
PI 5522, 16000 |~ Pl 0.1311E+05
" 2 ! 2 .2
2000 |- N P 0 2%88 P EJ fIOQ
| P3 0.1409E-01 P3 0.1552E-01
P4 1721. 14000 P4 2288.
P53 0.2118 P35 0.2048
6000 P6 0.8252E-01 P6 0.8634E-01
12000
5000 !
10000 '
4000
8000
3000
6000
i
20 4000
1000 2000
0 0
0 0.1 0.2 f.3 04 0.5 0 0.1 0.2 0.3 0.4 0.5
Cherenkov angle Cherenkov angle
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Cosmic test setug

%
Two configurations of 6 Hamamatsu %
MPPCs were used: 3
» (HC100, HC050, HC025)x(metal, ceramic) T
* 6 x HC100, metal

> scintillation counter

+

All six MPPCs were connected to same
supply line using additional dividers:

i—73V

1k —20k aerogel radiator
T d=2.5 cm
n=1.045
21N .
100n | iPM MAPMT 6
2x6 array
1100n
- |
[oa
L light tight box
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SiPM: m.lmber' Of hO'l'OﬂS Entries ninettde 904

Mean 0.4825
29 RMS 0.2344
Background 33.79+ 1.51
28 | \ Gaus 12.2+ 1.5
18
« 43600 tracks " '

|
e Cherenkov photons ~ 146 12 LA N I-‘ --
* ~ 0.0033 photons per track |J | ‘ ' '1]1
e area ~ 6 mm? ]

OI 0.1 0.2 0.3 0.4 05 06 07 08 09 1
Cherenkov angle [rad]

o N B O @

%;05: oo oo o0
. ) © - Ooao o oo o nn
Compare with PMTs: R
() DSLDDD DEED O DDEE o m
— ] I o o oono oo o
% CherenkOV phOtOnS ‘ 22000 8’ [0 ooOdood 0O Oo [I]JooOo o
© 0.2 BDDDD w DDn EEDDD E
. e 2 o o oo
e active area ~ 3900 mm ogoE Do B B, 0 B OEE
HO O0ooooo [OJOg O Oo o
-0 OoOoo O Qoo o[ oooo
L o ooooo o o Oo o
0.1k nngn nDnD o 5EDE o
= oo o o
No o /Noyr X S, /Sgoy ~ 4-2 b oo o _Oa
SiPM PMT “~SiPM 0.2F 00 o0o o _ooda o
E oo oOgoooo 0O o
- O oo OOoO oo o o
‘&3?n o o o oo o og
. onoo o
Per photon detector area o4fa oo o oo o
u u -0. :IlllllmlllllmllllII||l[;|||lIII;IIIIIllllIIIIIIIIIIII
S|P|\/|S g|Ve 4 X Mmore phOtOﬂS. D5 0.4 03 -02 01 -0 01 02 03 04 05
angle [rad]
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Cherenkov ph. with light guides —__Pihelde __

60— Mean 0.4449
- RMS 0.249

With light guides: _ cane 42625240
e 38100 tracks :
e Cherenkov photons ~

e 0.0072 photons per track

285 \ *»

No light guides: o O ST |
» 43600 tracks ~ Cherenkov angle [rad]

* Cherenkov photons ~ 146 T F e ee .° T . saitea
!_0_4_—:| ooao Oo o ooo[Jo
* 0.0033 photons per track © osozassaa08EERRAR: 1 G
O foo ooOgO0O00eocOeOdOod seo
5 *%ps"5fe0s52555°785888°. "
NW//NW/OM’Z.2 0'1EDE:EE:EDD:DE:EE;:DEE: o
~lmm gap op 52588 "aBitHee 2o0ad" 27
01 .00 50 foe sBaoosda” a
PHDTUSENS}TIVE -:::E'E ED?EEE;EEEBEEEEE'E?DE: Il::l|
o0 oo OoJoodJodOcocJoOooo oo
SURFACE . 03£" ."Iag:Bagobeaas o
c -0.4F O o o Ooan o
Light guide should be as CloseHa@ ‘rLossmIe ° oo o Oooso o :

-0'-%.5 -0.4 -0.3 -0.2 -01 -0 0.1 02 0O N4 0O4f

to the SiPM surface (now: epoxy layer) angle [rad]
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Light guide 3.5x3.5mm? to 1x1mm? WL R

First attempt to attach light guides | WHH'H

to SiPMs. s

e area ratio ~ 12 6.0mm
» average efficiency ~ 0.5

(entrance to exit surface) ,?Jﬁﬁ;j;w\

« light guide test with pencil beam o = Jo-7mm
(400nm, 90°) e e § -

1.0mm
MPPC S510362-11-100U

PMT SiPM

x10°

3
I%%
8 ~90 |

_— il »' \d ")

37 o F

e

a:-.::‘ Iy q J

60 \\g‘
o %

35

34 10

84 85 86 87 88
x[mm]
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Cherenkov ph. with light quides

e Spherical light guides give
better results with metal package:

N, /N _~3.6

35mm glass window ———»| |

35mmairgap———— .

sensitive volume — ”'/’:tma—

1.0mm

i

MPPC $10362-11-100U

110

100

190

80

70
83 84 85 86 87 88
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Cherenkov angle distributions for 1ns time windows
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Beam test setur

» 2 MWPCs for tracking and scintillators for timing

« MPPC array w/o or w/ light guide (pad size ~5.1mm)

« Hamamatsu MCP-PMT (16 channel variant of TOP MCP-PMT,
pad size ~ 5.5mm))

e aerogel n=1.045, d=20mm (distance 200mm)

 (Burle 64 Channel MCP PMT not used)
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TDC distributions of MPPC hits for all events

e total noise rate ~ 27MHz (~400kHz/MPPC)
e signal to noise improves by factor ~2.6 with light guides

w/o light guides (~140k events)

w/ light guides (~70k events)
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w/o light guides (~70k events) w/ light guides (~35Kk events)
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Cherenkov angle distributions - MPPCs w/o LG

e ratio of detected photons: ~ 1.1

MPPCs w/o LG MCP-PMT
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Cherenkov angle distributions - MPPCs w/ LG

e ratio of detected photons: ~ 2.5

MPPCs w/ LG MCP-PMT
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Light collection: required anqular range

For our application only a v Gerenkov
limited angular range of particle
incident has to be covered at a %

given position on the detector \

A

— ~34°+/- 20°

) | - -3°... 54°

- Take this asymmetry into
account when designing the
o light collection system.

— ~17°%+/= 20°
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Light collection: efficienc

Design with a single Design with a two
light guide type light guide types
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Summary and plan

 Module was constructed using 8x8 array of MPPCs (SMD package)
and light guide array

» Proximity focusing RICH with 1cm aerogel radiator (n=1.03) and
module was successfully tested in the pion test beam at CERN

 The number of detected photons per ring is about half of the
expected number obtained using manufacturers PDE

 Efficiency increase with light guides ~ 2.3 (area ratio ~5.5)

Plan:

« Use waveform sampling electronics
* Improve LG production

e Tests in 1.5T magnetic fielg

* Check the radiation damage
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