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RICH Photon Detector Requirements

Sensitive over the wavelength range 200nm to 600nm
Large total area of 2.6m?, active fraction ~65%
Position sensitive, with granularity of 2.5mm x 2.5mm
Single photon sensitivity

Fast response for LHC bunch crossing rate of 40MHz

Radiation tolerant (3krad per year)
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HPD 1
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HPD I1
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Pixel Chip

Low noise ~ 100e

Low threshold ~ 2000e
25 ns time precision
Binary architecture

lomm x 16mm active area

500um x 500um channel size

1L.HCD
A.Pickford - Pixel HPDs - IWORID 7 ACH



Pre Series Tubes

e Final tube mechanics

* 9 pre series tubes delivered

* Requirements

Pixel response > 95%

Min threshold < 2000e-

Noise < 250e"

Leakage current ~ 1pA @ 80V bias
Dark count rate < 5kHz/cm? (< 2 x 103)
Ion feedback rate < 103 of signal
Detection efficiency > 85%

Quantum efficiency > 20% @ 270 nm
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Dead Channels

HPD Test Pulse LED
2 11 2 19
4 3 0 4
31 1 11
4 1 256 211
2 6 20 27
4 4 0 4
32 5 12
4 5 1 1

2 7 3 10

Pixel Response

Working
Fraction
99.56
99.9
99.71
94.82 *
99.31
99.91
99.7
99.98
99.77

* Missing column on one tube (*)
* Otherwise > 99% working pixels
on photocathode image area
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Threshold/Noise

_Threshold_distribution| Prob = 1.8316:09 |

900 Constant = 742.3
i Mean = 9.701
Sigma = 087 |

Threshold (e-)

HPD Mean Sigma Noise (e-)

2 11 1145 92 163
4 3 1287 99 164
31 1233 92 168
4 1 1201 91 161
2 6 1090 93 158
4 4 1235 93 165
32 1103 88 154
4 5 1217 91 174
2 7 1083 99 156

Threshold 1100 - 1300 e (< 2000 e)
Pixel to pixel variation ~ 100e-

Noise 150 - 180 e (< 250 e)
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Leakage Current

|_Leakage current |
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Requirement of < ~1 pA @ 80V
Typical value of 200-500 nA @ 80V
8/9 pre series tubes with acceptable leak current
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Dark Count Rate
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e Main sources:

e Thermionic electron emission (temperature)
e Field emission (electric field)
* Jon feedback (vacuum quality)

e All tubes < 5 kHz/cm? requirement
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DC (kHz/cm?2)
0.95
0.27
3.03
0.53
0.94
1.87
0.03
0.61
0.24
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Photoelectron ionizes residual gas molecule

Ion accelerated back to photocathode liberating
large number of electrons

Peak ion feedback rate ~200ns after standard
photoelectron detection (ion travel time)

| lon Feedback Rate |
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Efficiency

e Measure number of photo electrons using analogue
backpulse signal

e Efficiency = Npinary

backpulse
| HPD Efficiency
| comparison.ps | 2 11 88 .
g _ — Very poor peak separation
.oz Nbackpulse ~2.3: 43 89 (high leakage current)
; 31
-EI.EIEI25_— —_
.,,mz_ b B 4—1 19« Not corrected for
: k) 2 6 82 4« dead channels
"0.0015- % 4_4 84
32 89
u.uuusf— } n 4_5 \ :
EEMLJ.....J’:'»'....|.........|....|......:.‘;|-.. 2—7 4/Poorpeakseparatlom
0 100 200 300 4ugha|frqgl r‘EIIZIIII 700 00 900 1000 —_—

rach
A.Pickford - Pixel HPDs - IWORID 7 SUBAN



QE Curves
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Conclusion

* Pixel chip meets HPD requirements
e HPD pre series performance ok

* Production of ~500 HPDs on going
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Extra slides
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Testing

e Production rate of 30 HPDs per month, over production
period of ~18 months

* Two HPD test facilities (Glasgow, Edinburgh)
- 1 HPD per work day per facility

1LHCH

A.Pickford - Pixel HPDs - IWORID 7 A RCD |



HPD Pixel Chip II

A
synchroniser pixel n-1 shift
input ~ Ref ~pre-amp  shaper I shaper 2y oo + enable logic 41;%%? T register
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One super pixel (500um x 500um) = 8 mini pixels (62.5um x 500um)

Internal logic makes logical OR of hits
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Specifications

Item Specification Results Note

Pixel response >95% >99% missing column in
1 HPD

Min. threshold <2000e- Typ. 1200e-

Noise <2b0e- Typ. 160e-

Leakage current Typ. 1uA @ 80V < 1uA 4.3uA for 1 HPD

bias

(OK)

Dark count rate

Max. b5kHz/cm?

0.03-3kHz/cm?

Correlated to red

response
Ion feedback rate Max. 102 rel. to <103
signal
P.e. detection Typ. 85% 79-89% No dead channel
efficiency correction
Quantum See next picture Generally well 1 HPD below specs
efficiency above specs in UV
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