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LHCb Detector e

LHCDb aims to make precision measurements of
CP violation and rare decays from B mesons.

Tracking stations
(inner and outer)

Magnet

~Calorimeters

; RICH?2
VELO RICHI1
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RICH Detectors %lg

Particle Identification: Ring Imaging Cherenkov detectors
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Photon Detector Planes %@

Photon detector plane
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Hybrid Photon Detectors

---------

RICH1: 7 columns of 14 HPDs (2 planes)

— 2
RICH2: 9 columns of 16 HPDs (2 planes) } =484 HPDs (area =2.6 nr’)
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Hybrid Photon Detectors %@

Si pixel array

voza eements) 1 Quartz window (S20 photocathode)
/ ~-JQEdE>0.7 eV
e |- Q 20 kV accelerating potential
= — 5000 e- signal
= U Cross-focussing optics
= Q Active diameter: 75 mm
J% 83 mm

WWWWWW

d Encapsulated readout chip

0 32x256 (8192) pixel array (Canberra)
—62.5 um x 500 um

(1 Digital OR: 32x32 (1024) super-pixels
—0.5mMm x 0.5 mm

] Demagnification factor of ~5:
— 2.5 mm x 2.5 mm effective size
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Hybrid Photon Detectors

Si pixel array

Photocathode i
(—20kV)

A1
Electrode )
\ Solder

bump
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‘ Binary
bonds electronics
chip
Optical input
window

d Encapsulated readout chip

0 32x256 (8192) pixel array (Canberra)
—62.5 um x 500 um

(1 Digital OR: 32x32 (1024) super-pixels
—0.5mMm x 0.5 mm

] Demagnification factor of ~5:
— 2.5 mm x 2.5 mm effective size

HPD SIMULATICN — T, GYS — CERN

ozt eemens) (1 Simulation of Point Spread Function:
VACUUW — Shows that RMS in position of

electron at the Si plane is 97 um
— Effectively, all points collected
within one super-pixel
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62.5um

Pixel chip (LHCBPIX1)

synchroniser

+ enable logic :
input  Ref  pre-amp  shaper [ shaper 2 o irinnr . =L 4-event

pixel n-1

shift

| [ 0.25 um CMOS
CLK process

1 Radiation tolerant
(3 kRad/year)

g . FIFO
= i — v
J- Q
C_tect delay units
T - l
:;,,-;_ T mask i e
feedback l-nggl:r
bias circuit fast-OF + il
1 fast -mult
analog in slobal — 3-hit threshold
threshold adjusi
ANALOG BT
500um

O Low noise (< 250 e)

O Low threshold (< 2000 e°)

0 40 MHz (25 ns precison)

U Binary architecture

1 16 mm x 16 mm active area

4 62.5 um x 500 um pixel size

O Two modes of operation:
8192 pixels or 1024 pixels
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HPD pre-series performance ﬁ’ﬁ@

 Mass production of 484 HPDs has commenced at DEP (~30 /month)
O Quality assurance to be provided by two test facilities

1 Pre-series of 9 tubes tested:

Hits on pixel chip HPD from window side
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LED scan

More than 99.3% good pixels
Threshold: 1100-1200 e- (< 2000 e)
Pixel-pixel variation ~ 90-100 e-
Noise: 160-170 e~ (< 250 )
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Leakage current and dark count (§isk

Dark count rate (< 5 kHz/cm?):

| Leakage current I
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Quantum eff. and ion feedback |L§Ii§§‘fb

| Quantum Efficiency (%) |
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+ typical spec

 lon feedback:
— Photoelectron ionises
residual gas molecule

— lon travels back to cathode
ejecting PE 200 ns after first

electron pulse
O Test of gas quality
O Requirement < 1% signal
O Results < 0.1% signal

| lon Feedback Rate |
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Magnetic field

1 Max field in RICH1 25 G, in RICH2 8 G
 Mu-metal shielding for each of the HPDs ———, 0.9mm
1 Distortions due to axial and transverse fields: ~

Need to correct for B-
field distortions by use
of test patterns.

Image rotation vs radial distance on entrance plane
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Radial distance of hit on chip vs radial distance of LED source on entrance plane
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Test beam %@

Test beam at CERN PS:
10 GeV/c electrons and pions

Observation of aggregate
Cherenkov rings in C,F,, gas.

Riun Mumiber: 111 o b of Wil 3250 B
Poaraaia] 10 S phan fumbsr of svents 58477
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Test beam (1) %@

Cherenkov rings in N, radiator Electron/pion separation at
focussed on one HPD 10 GeV/c clearly observed

Run 1ﬂ24: HPD In, Fli'nnﬂ |Iid|ui-n|‘-t|rtli-d hmnlﬂql i nsmibar: 1

=11

- 10GeV/c e- — (\
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o 10GeV /e n-

[pixels] . '

Expectation: 19.1 mrad 23.7 mrad

7th Position Sensitive Detector Conference 15
Liverpool, 12-16 September 2005



Conclusions %@

0 Hybrid Photon Detectors (HPD) will be used for
the RICH counters of LHCb

0o HPDs performing as expected
0 Production of ~500 HPDs underway

0 Quality assurance of production (~ 30 /month) to
be provided by two test facilities.

O Test beam validates test results obtained in the
laboratory
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Bump bonding and HPD assembly {54

U Bump-bonding: high melting point
solder (Sn/Pb = 10/90) at VTT (Finland)

L HPD assembly at DEP:

Photo-cathode deposition HPD cablin
and vacuum sealing 9

and potting
Tube body
assembly

Vacuum bake-out
@ 300°C

TT1 Tl
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