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* In This Talk:
— Validation of LHCb RICH* final hardware system
— Synchronous data taking at LHC bunch crossing rate
— Estimate the photoelectron yield for the upstream LHCDb
RICH
« Ongoing projects:
— Determining the Cherenkov angular resolution in C,F,,
— Increase the realism of the LHCb Monte Carlo simulation
to correctly model the environment of the test beam

* Check LHCDb RICH alignment procedure (to be
discussed by A.Papanestis, 19" October)

*For details of the full RICH detector in LHCb | refer you to talk on 16" October
“An overview of the LHCb RICH detector status” by N.Harnew
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« Bunches at 80 GeV/c with SPS spills
particle composition extracted
from fit to data
— 80% pions — < >
_ 10% electrons 2.2s spill 12 s between
oS bunches

: Bunch trains
— 3% anti-protons

« Electrons, pions are saturated W““W“““m W““W“““m W““W“““m
In the radiators used
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10 HPDs in test beam acceptance ool
— Vacuum tube of diameter 83 mm - :”y‘”’ “y?i’;j"’y"ﬂ"v_
— S20 multi-alkali cathode sensitive at 200-600 nm F:::“:: [? E — -
electrudes "1 -
— 30 % average quantum efficiency |r_ =
— Cross focussing optics i
— Binary readout of hits recorded by pixels on the anode Silicon 4
- %5

— Refer to previous 2 talks for more details on HPD e
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Radiators

« n-1~310%at NTP
 Ring image contained in single HPD

* Cherenkov angle resolution minimally
affected by alignment

* Photon yield integrated over 21
« Simplest scenario

1 run taken for each HPD with mirror
focus in HPD centre

| RUN0028 - C4F10 |

b CaF10

il?O

n-1~14-10%at NTP
Cherenkov ring is ~55 mrad

— Spans multiple HPDs
— HPD relative alignments important

Photon yield statistics lower due to gaps

Runs taken so that rings fall on 3 or 4
HPDs
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 Full LHCb Monte-Carlo framework based on GEANT 4

— Full simulation of particle interactions with material
— Specially modified geometry for test beam
— Particles generated with measured beam composition

Simulation of test beam
used to check C,F,,

CherenkoV, photoelectron expected
tracking ring yields
Sensors . 3
Every contribution to the
light photo electron yield
detector should be understood
particle system and modelled
ath .
: mirror Test Beam to provide the

tuning of the simulation
ready for the LHC next

ear
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JHC Event selection for
ARGH photoelectron yield

« Fitrings around the N, and C,F,, data on event-by-event basis
— Require at least 5 hits in each event
— Ring is fit with a circle
« Define signal region as a road around the average ring centre
— Road is <R> %3 pixels for N, and <R> *1.7 for C,F,, data, where <R> is average ring radius
— Events with a large hit multiplicity outside this road are rejected
« Select events with 4 or more hits inside the road & less than 3 hits outside the road

« Histogram the number of hits in the road for each event

[ RUN0008_HPD 117 | N - [[RUND027 HPD 222 | CyF10 [ RUN_0027_HPD_222 | CaF1o
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JILCL | Modelling Photoelectron yield
eleaad =

number of events.

Extract yield from a fit to the number of hit pixels

Series of terms in fit model
— Sum of Poisson contributions modelling Cherenkov emission from 1, e, K, p
— Abundances of above particles left as free parameters
— Terms in fit allowing for 1 and 2 beam particles per event

Fixed term to allow for a single photoelectron to produce multiple adjacent hits

— Due to sharing of charge between pixels
— We measure this charge sharing for each HPD using a low intensity light source in vessel
Fix probability that 2 photoelectrons strike the same pixel but only 1 hit recorded
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&Gy | Photoelectronyieldin N,
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| RUN0ODDE HPD 117 |

« X2 of fit for HPD 117 31.5/21; suggests model is sufficient
« HPD 117 measured, repeated for 264, 265
* Dominant particles are saturated 1, €

Full fit

n contribution

— K coniribution
p contribution

2-particle contribution

* Expected yield determined analytically

—  Error dominated by assumed 5 % error on QRT (detector
efficiency)

*  Quantum efficiency measured by manufacturer

ap-1L
[RUN0008 HPD 117 | 0g & 10 15 20 25 30 35 40 45 50
Mumier of Hits in the Road

d
e. | Ra%:
Result® Y ‘r)eeﬂ\e“'t T

o HPD Measured Yield Expected Yield—
117 12.3210.12 12.2010.62
264 13.1440.13 14.09+0.70
el Sl 265 12.564+0.12 12.81+0.65

RICH 2007: 15th-20th October, Trieste Sean Brisbane 10



JHCD | photoelectron yield in C,F
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[ RUND029 HPD 117 |

* Allow for a 3 particle contribution, with only pions in the fit

Full fit
n contribution

« x?offit for 117 19/21; suggests model is sufficient -

Z-particle contribution

J-particle contribution

*  Multiple particle terms amount to 2% of total

10°

* Yield is 9 photo-electron per particle per radian, consistent with
simulated yields 102
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— 10 % Spread in n.p.e, consistent with Q.E. variations between tubes

— du/dA@ ratio checked and varies around ring following measured
quantum efficiency

Expected yield determined from full LHCb Monte Carlo simulation

[ RUNO029 HPD 117 | 0 & 10 15 20 25 30 38 40 48 AO
e — Data MC Number of Hits in the Road
30 25000 HPD
p/Bod | p/Ad
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—  Previously fixed values in the fit
o L7 8.5+£0.4 allowed to vary with Gaussian
i 222 9.04+0.5 10.9

Pixel Row

0 penalty term
1000 223 8.940.3 B, i Bt sl |
om0 265 8.8+0.3 9.6 ystematiCs contribute a o leve
282 0.44-0.6 11.3
Pixel%clumgﬂ . 283 9.24+0.6 0.2
9.1L£0.7
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G { Summary
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» Data acquisition at LHC clock frequency
successful

* Photo-electron yields meet requirement for
detector

« Simulation and reconstruction with the full LHCb
framework successful

« First studies of Cherenkov angle resolution in
progress with encouraging early results

* Photon detection system of LHCb
working in realistic environment

- T
LHCb RICH 2 under
construction
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