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"5 Multianode Photo Multiplier

Single photo tube with

Bialkali photo cathode
UV glass window

Quantum efficiency
QE=25%at A =360 nm

_Active area
8x8 array of 64 dynode chains
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o MaPMTs were an option for the
LHCb RICH photo detectors

o Quartz lens to recover
active area: 38% — 85%

o Effective pixel size:
(2.1mm)? — (3.2mm)?

Tl

MaPMT on single base
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g 12 versus 8 Dynode Stages

Gain

Single photo electron gain (average) 12-dynode stage MaPMT
versus high voltage o Standard gain G ~ 300,000
— requires customised

—e— 12 dynodes, standard gain, k= 1.05 read-OUt Chlp
12 dynodes, low gain, k =1.05

Gain vs High Voltage

8 dynodes, k =0.80

— altered bleeder chain

- — Running at lower HV
i / — signal shape widened,
1.00E+06 / increases signal loss
e e G ~ 300,000

1.00E+05 + - G ~ 50,000
---------------------- 2 mip equivalent

1.00E+07

1.00E+04 - ‘ ‘ !

700 800 900 1000 8-dynode stage MaPMT
High Voltage HV [V] o Gain
MaPMT gain: G ~ V¥ at each dynode — matched to
tuned to measured gain silicon detector read-out
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*%s 8 Dynode Stages MaPMT  |§iS&

g S0 ¢ . l D 102
8 dynode stages S o b =0T | Entries 20000
@ [ base:3-2-2-1-1-1-1-2-5| | | 1\:;:: g'ﬁg
I —_~ [ amplification = x100 : :
— gain G >0000 400 [ l,E:J)vnlt=S.50V :
at HV = 800 V 350 ;_ gate : 200ns I ||neal'
X |
— Proposed to Hamamatsu 300 : scale
development costs 250 | :
— available in late 2002 200 | -
Bleeder resistor ratios 150 :
100 F |
- 3-2-2-1-1-1-1-2-5 : ,
50
. |
First Measurement JJ. o Y
0 20 40 60 80 100 120 140
— HV=1000V channel [ADC]
— adapt single base Single p.e. peak clearly

— Amp 2 x10, ADC separated from pedestal

— CAMAC Readout Gain ~ 150000
consistent with expectations
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gz  MaPMT/Beetle Read-QOut

LHCD

8-dynode stage MaPMT

— gain 50000 p.e. @ HV 800 V

Beetlel.2
— silicon detector read out chip 128 channels
— single photon equivalent 60 mV (2 mip)
— signal / noise ratio ~40

12-dynode stage MaPMT
— gain 300000 p.e. @ HV 800V
Beetle1l.2-MAO
— Customised Beetlel.2 front-end for MaPMT read-out
— 1sttest structures successfully tested in 2001

— Input attenuator - 64 ch  (rem. charge divider, test ch.

— single photon equivalent 30 mV (2 mip)
— signal / noise ratio ~40
— available for testing in 2003

Common Beetle back-end structure
— sampling at 40MHz, 4us pipeline
— multiplexed analogue or binary readout mode

WwT"9

-'-c
(ag
= 1
c

pipeline

LTSI R RSN IS RARRTRE A OEAERTAATTITE

__multiplexer

}e_ng ine

sans

'--r
Beetlel.2

Beetlel.2-MAO design
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"Zz  Pulse Shape Simulation
Beetlel.2 o
: - Signal shape aft
e 1 amplfier and shaper
" o5 \ —

Beetlel.2-MAO

08 -2SIEDE 00DE:Q0 2S0E-08 SODE08 TSOEM  OIED 129507 LS0EDT 1TSEDT 200B07 225E07 25050
25 ns Time

: -
. =
I /e T o
N \},//f 10 p.e. 10
' a 300000e- o
0.1V ']‘y; —
? 2.00E+00 22505mn < 500208 7.50E-08 1 10_?:127

o Customised input attenuator
— Changes to preamp & shaper

— matches higher gain of
12-dynode MaPMT

— shorter remainder/spill over

— trade-off
overshoot versus spill over

— less relative noise than
Beetlel.2
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Zz HV scan 8-dynode MaPMT pites
Pulse height spectrum from LED photons
0 8-dynode stage MaPMT . F B 5 ok 2R
& Beetlel.2 chip 200 £ 200 F
175 E 175 E
_ 150 F 750V 150 E 800V
O Setup for single MaPMT ~N\iz £ 128 £
100 B 100 E
12 channels only 5 E  E
50 ;— 50 —
O HV -750...-900V T S .
. ] a0 100 200
0 LED light at 470nm - »
O single photoelectrons 250 g T 250 —
225 E b mnl 25 B 2
200 ;— 00 ;—
O pedestal width 175 £ " 175 500V
150 150
o~ 1.4 ADC 1725 E— 125 E—
100 E 00
_ _ 75 E 75 E
0 clear single photon signal  so E 50 E WM
0 gain doubles every ~50V S E. .. ) S EL LT
0 100 200 0 100 200
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HV scan 12-dynode MaPMT s

O 12-dynode stage MaPMT
& Beetle1.2-MAO chip

o HV:-850...-925V
LED light at 470nm
O single photoelectrons

O

0 pedestal width:

O clear single photon signal
O gain doubles every ~50V

— less noise
— better separation
of signal from pedestal
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Pulse height spectrum from LED photons
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Signal Loss Study

LHCD

O 8-dynode stage MaPMT
& Beetlel.2 chip

0.3
0.25 —o—Loss 1
—8—Loss 2
—A—Loss 3

/
0.2 4

9
2 0.15 -

o Signal loss: defined in 3 different ways

N # of events

N cut # of events above 5c cut
loss 1 ~ N, (1-etM) — N,

loss 2 ~ [(single p.e. fit) — N,

loss 3 ~ N, - [(pedestal peak)

0.05 1 \-\-\-/.—\- "g f,v global fit pedestal
0 % 10 § |r 1photoel. .- from 1% dynode
750 800 850 900 950 100C | Zor3photoel,  ------ from 17 dynode
Voltage (V) 10 &
signal loss vs. high voltage ‘ one photoelectron
10F iy Y
o Signal loss estimates : ;% b
— 7 -10% for HV = 900V L |' N
— 10 -15% for HV = 820V "out ™ Y o o
pulse height spectrum [ADC ch]
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Board Beetle

4x differential amplifiers

10x8 PGAs

(2 rows GND pins 4x single ended probe pins
to allow for 180° turn)

4x differential line

00000000
©0000000
00000000
00000000

0DO0000O
20000000
00000000
00000000
00000000

20000000

00000000 |

00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

000000080

pitch adapter

protective plastic cap

Beetle chip N
preamp,analog, digital,
comparator
GND connections
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5x boardBeetle

=T

‘with Beetle 1.2 = k 1c|aster of i =
f . 8-dyhode istage. /i
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Frg Test Beam Set-up

Radiator: 800 mbar CF, (also N,, air) Test beam results are preliminary!
Beam (PS): 10 GeV/c: 95% n", 5% e-

Focal Plane

Cherenkov Ring at Focal Plane Light tight Box RICH1 prototype
4
Y Pivot point
’/’ Quartz Plate and
> 9 MaPMTs: ! Vacuum seal
Hamam atsu |
R7600-M64

Bleeder Board

1117mm Focal length Mirror

F. Muheim 12
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= Single Events

o Cherenkov photons

0o CF,: 800mbar =» Cherenkov rings
O 8-stage MaPMT & Beetlel.2 from single events
o HV =-900V

O with lenses

Raw data event display

fle=r574.rz pmi=0 evis=1 Si hits=11 pmt hits=8 cul: 5 sig file=r574.rz pmi=0 evis=1 Si hits=7 pm hits=11 cut: 5 sig

RICH2004, Playa del Carmen, 4 Dec 2004 F. Muheim 13
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S Cross talk

| Xtalk Probabilities for Run 266 at 1000V |

o Cross-talk

— Mainly asymmetric & horizontal (£ 1)
e ~13% right - left
e ~4% left 2 right

— some vertical (+ 8)

— Mainly due to Beetle pipeline,
supply voltage variations,
amplifier bandwith

Xtalk Probabilities for Run 266 at 1000V |

. b T

- P - 1..-|IJH.1.|‘:I;E
@bablhty that y talks '[OD 0.16
| b f'F"'.il"J:',il-'_-l" & 0.14
Produce map of cross-talk partners g *Eaig ""'I;II'I Il_l:l' e (012
Reject or Correct hit in pixel if a vl r'i'.ii" P 0.10
cross-talk partner has hit with n _ 0.08
larger pulse height == ..'.p'!!f-'l'" - ]

Need to correct for genuine photon hits e .

¥




e Cherenkov Rings

LHCD

o CF, 800 mbar
beam 10 GeV/c mostly pions

raw data

24
22
20
18
16
14
12
1

0
8
6
4
2
DD 2 4 6 8 10 12 14 16 18 20 22 2

run=574 events=16382 hits=184079 photons/event=11.2366622

11.2 photons/evt

o 8-stage MaPMT  HV - 900V
Beetlel.2; with lenses

cross-talk corrected

24 l1BDD

—1600

1400
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200

0 2 4 6 810121416182022240

run=574 events=16382 hits=105§945 photonsfevent=56.52820168

6.5 photons/evt
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7 Photon Yield

LHCD

1000

&,
24
22
20
800
18
16

14
12
1

600

400

200

8
6
4
2
0

o 2

mn=

ﬂ Pulse Height Spectrum

4 6 8 10 12 14 16 18 20 22 24

HV - 750 V

PR N TR WY WO W N N N N
150

200 250

100
ADC Channel

0o 8-dynode stage MaPMT & Beetlel.2 chip

Yield

: 2004

[

0
700

crosstalk corrected
removes 5 -10% genuine hits

Photon yield
n_pe =6.5at 900 VvV preliminary

not corrected for signal loss

Photon Yield vs HV

— ® Uncorrected

B Corrected

850 900

550 1000

1050

750 800

High Voltage (V)
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% Monte Carlo Simulation 8%

| 'v'iéwerdfl'fﬂpenG'L'S'tured'x'rrl-}'

Style Actions Hiscellany Special

O Geant4

0 Cherenkov photons produced
In radiator and traced to
MaPMT photo cathode

0 Optics includes mirrors, quartz
windows and lenses

0 Radiator: 800 mbar CF,,
O Beam: 10 GeV/c: 95% n-, 5% e-

0 Beam divergence from
measurement with
silicon telescope

RICH2004, Playa del Carmen, 4 Dec 2004 F. Muheim 17
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Simulation Results

LHCD

8-dynode stage MaPMT
& Beetlel.2 Read-out

o ) -+ m o0 o ™2 -+ [+ o

a 2 - m o

Eingle Clusters Only

180 1@ 1000
E%D B%D f={u]le}
EOY 00 E00
s 4
400 400 400
260 280 200
an aa v]
) 5 o 5 0 5

MaPMT? Hite 1elusater MaPMT2 Hita 1¢lustar MaPMT2 Hits 1¢luater

1 B0 120 1000
&Q0 50 800

BCO [ teln] GO

A 4

400 400 400

280 280 200

0 00 0

3 5 o 5 Q 5

MaFMT4 Hits 1eluster MaPMT5 Hits 1«luster MaFMTE Hite 1cluster

180 130 1901
8Q0 50 BOG
B0 B00 600
) 4
400 450 400
260 280 200
o 5 a5 5 8o 5 5 o

MaPFMT1 Hits 1cluster MaP T2 Hits 1cluster baPMT3 Hits 1cluster

Photon yield distribution

RICH2004, Playa del Carmen, 4 Dec 2004

1800
1600
1400
1200
1000
&00
600
400
200

# of photo electrons

Photon yield, per tube, per event

0.59 0.98 0.50

1.05 0.00 1.01

0.62 0.97 0.51
total 6.24

No signal loss correction ~10%
Good agreement with data

Consistent with earlier measurements
with 12-dynode stage MaPMTs

8-dynode MaPMT fulfils LHCb RICH
requirements



E E B ¥ B Y

E

T & B B B ¥ B ¥ T E E BE B 8 H % B

LHCb

"%z Beetle 1.2-MAO Read-out
CF4 HV =900V

2003/10/11 04,29

ar = a M = o7 L L

file=r610.rz pmt=0 evtz=10537 Si hits=85267 pmt hits=36214 cut: 5 =ig

12 dynode stage MaPMT

O 3 boardBeetles/ 6 MaPMTs

— only 64 MAO channels
32 ch per MaPMT

800 — remaining channels
charge attenuator / test

1000

0o C Cherenkov photons visible
— Photon yield roughly ok

— cross-talk also present

400 removed in analysis

O Pulse shape Analysis
200 — Uses timing information

0

RICH2004, Playa del Carmen, 4 Dec 2004
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Pulse Height Spectrum Fit

LHCD
\ | )

12 dynode stage MaPMT Beetle 1.2-MAO

N(adc)

10

- data
A, =5.688+0.004 x 102 p.e.’s/event | fit
A, = 5.68+0.08 gain

po= 63.786+0.007 adc
6, = 0.379+0.005 adc
c= 1.0£0.3 x 107

— v,= 1.4+0.2 x 102 p.e’s / event

£ gy = 71

— v =0.5

E | | ‘ ] ] | ‘ ] ] ] ‘ | ‘ | ] ] ] | |
60 80 100 120 140 160

adc
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Beetle 1.2-MAO Timing

LHCD

CF4

HV =900V BeetleMAO

Time phase At [ns]
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Pulse height [ADC]

o

20

40 &0 80 100 120 140 160

Latency setting

# of 25 ns clock periods between signal
entering beetle pipeline & the trigger decision

TDC value

clock

trigger

<+—>

TDC time

TDC — time between 40 MHz clock &
testbeam trigger

O Fit single p.e pulse height as a
function of time (latency &TDC)

RICH2004, Playa del Carmen, 4 Dec 2004
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amplitude (arbitrary units}

EE; THCD
24z Beetle 1.2-MAQ Pulse Shape gisy
Single p.e. pulse height vs time O Beetle 1.2-MAO pulse shape
i agrees well with simulation
3 i
5_ Pl _
af o, ___» Pedestal —
e | region
2- - NS
of_ T - 10;
Finnollanallanolondllonnafllonollnnnllnnnll hesllnas B
S0 -40 -20 0 RO 40 60 80 100 120~ 1
! time (ns) ~ ~ _ B I e
g Signal = gf Overshoot
= " & region
10 - —+
2004  F. Mu N w&ﬁm I
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S Conclusions

LHCD

8-dynode stage MaPMT read-out
with Beetlel.2 chip developed

— 1 Board beetle for 2 MaPMTs

Evaluation by measurements with
test beam and LED light sources

— Successful test of close packed
3x3 array of 8-dyn stage MaPMTs

— Photon yield for 8-dynode stage
MaPMT is in agreement with
expectations

— Fulfils LHCb RICH requirements
— Crosstalk in read-out is a concern

Customised Beetlel.2-MAO chip
developed for 12-dyn stage MaPMTs

— Pulse shape measured
12-dynode MaPMT & Beetlel.2-MAO

— Slighty better separation between
single p.e peak and pedestal

8-dynode stage MaPMT
& Beetlel.2 chip

1000
22

20
18
16
14 600
12
1

800

400

200

0

0 2 4 6 8 10 12 14 16 18 20 22 24
run=572 events=10562 hits=52670 photons/event=4.98674493

CF,, HV =800V
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£R, Backup Slides
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LHCb RICH Detectors

LHCD

60 -

20

C,F1o (small)
Aerogel
(large)

O O o O

60

y (cm)

-60

- RICH2

-60

-40

-60 -40

0 20 40 60
¥ (em)

-20

single event in the full GEANT3 based simulation used in performance studies

photodetector area:
single photon sensitivity:
guantum efficiency:
MaPMTs were option for

RICH photo detectors

~3.0m?
200 - 600 Nnm
>20%

O good granularity:
O
o # of electronic channels:

340k

RICH2004, Playa del Carmen, 4 Dec 2004

F.

Muheim
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~ 2.5 x 2.5 mm?
large active area fraction: > 73%
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& 2 MaPMT Signal Shape

O of

@ HV =-1000V — nominal gain:
3.3M e

av. single - (50€) -

photoh signa . T ~5000 single photon events
(stray light)
~5000 pedestal events

—> signal shape: 1y, =1.1ns

. STOPPED Trise = 2.7/ns

*E | . global fit pedestal o Silgnal WitHR 5r2.6ns
g 10 § II : 1 photoel.  ----_- from 1% dynode > Slg nal wal E‘\

2 or 3 photoel.  ------ from 1% dynode

O or

— pulse height spectrum

o threshold cut — signal loss

0 t ] 200 T 400 J 600 800 1000
cu i : _ .
pulse height spectrum [ADC ch] o fit — signal components

RICH2004, Playa del Carmen, 4 Dec 2004 F. Muheim 26



Sz Beetle Setup for LED

LHCD
\ | )

0 Beetlel.2 data frames: pedestal

SETUP OF D

M1 M2 M3 M4

128 = 1 data frame [¥&4%4

4 4 G3/s

STOPPED

O
128 TP signal
_J channels
|
“ir == LED in housin
8 dynode T | _9
VERIVEEE | R
RICH2004, Playa del Carmen, 4 Dec 2004 F. Muheim 27
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Comparison

LHCD
\ | )

8-dynode/Beetlel.2

MaPMT Spectrum Fit with Poizzon and 15t Dynode Effects

12-dynode/BeetleMAO

MaPMT Spectrum Fit with Poizzon and 15t Dynode Effects

10

10

fit par: fitpar: L1030 .

2 fit limits 108 fit Hmts: 000 1fi24 Noise 10 ADC

i fit val. i fitval: 16227.3 0.498631 674124 LOMND L 35. 5848 500

3 1ok 55055 1.3

N A e 10F

i / i i

11 I 11 1 " 1 11 1 11 11 1 1 I 11 1 1 1 1 i 1 1 I 1 1 1 I 1 1 1 Il'll :II 1 1 I.II 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I .;-.I 1 1 I 1 1 1

0 25 S50 75 100 125 150 175 200 225 0 20 40 60 80 100 120 140 180 180
LADC chamel L ADC channel LADC chamel L ADC channel

Tun number; 50 Tun number: 268

? signal lost: 0.0798LET 10¢ signal lost: 0.084914

2 10k .

. Logarithmic [ less (common '

scales . mode) noise

_|||||||||||||||||||:|| MPEETERTE TR PRI T T R N S N M R NI lé_luu..I....I....I....I....I..".. TR A A A |

10 20 a0 40 50 60 70 80 90 10 20 a0 40 50 60 70 80 90
LADC chamel L ADC channel LADC chamel L ADC channel




*Rgduster Setup in RICH1 PrototypHCb
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Sz Cross-talk Study I

Pulse Helght Spectra LED Data | O Cross-talk
O — horizontal
1 — asymmetric
O e ~13% right > left
80 e ~4% left > right
80 [
0 L : O Possible Causes
20 0_ .- ”;GD- ' "o s 100 150 — Beetle
n-:nrrh[‘ld}?:l WS, nerm( 108} harm 107 bandW|th ||m|tat|0n
; supply voltage
Remove cross-talk termination
— Amplifier AD8129
bandwith

2 neighboring channels

10t
|
3 |
10 |
v
0% II-L-.».-
1G
and correlation — tracks on boardBeetle
1@ L— = or pitch adaptor

50 100 150
— MaPMT?
30

norm 106
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5, Signal Spectra RSeoy

CF4 HV = 800 V Beetlel.2
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O Signal Loss
— 7% - 20 % fit gives gain at 1st dynode => 4% - 14% loss
— total single p.e loss ~ 20% at 800 V
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