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The LHCb detector
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The LHCb RICH detectors

RICH: Ring Imaging Cherenkov Detector. Magneti

Shield

7| Photon
Detectors

Particle Identification by determining Cherenkov

angle. '2%%;3?@'
.~ / W ; II:Bea§m pige
C.F;o (RICH 1) and CF, (RICH 2) gas as Cherenkov A .
ra di at ors. VELO exit window ) e
Photon detection using Hybrid Photon Detectors s & é‘
(HPDs): solid state detectors with readout a2
electronics integrated inside vacuum tube.
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The LHCb RICH detector upgrade

Replace LO-hardware trigger (1 MHz) by ==
software trigger (40 MHz) for LHC Run Ill. T

.‘3

New readout rate requires

Digital oard : .

upgrade of readout electronics.

New photo detection system:

R-MaPMTs (1 x 1 in?) in high-occupancy regions

and H-MaPMTs (2 x 2 in?) in low-occupancy regions.

Bl s @

- H-type MaPMT
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The LHCb RICH Upgrade test beam

Goal of the study: Focal plane

Mirror
Create realistic simulation of RICH coating ;" [ :
Upgrade photon-detection system R b Absorber
using Geant4 toolkit. 180 cer v T T T T 7T -

A >z
Photon yield as parameter to : ‘_ MaPMTs
compare simulation with data. X Ny
adiator
(Borosilicate glass)
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Experimental Setup

Cherenkov
radiator

Elementary Cells
with MaPMTs

Trigger
scintillators
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Event simulation

?V Radiator
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Event simulation
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Event simulation
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MC data pixel hit coordinate Real data pixel hit coordinate

| PMTHitCoord2D_R
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Circle centre — Geometric fit

Simulation Data
Centre Levenberg Marquardt Circle Fit (sigma cut) (MC Data) Centre Levenberg Marquardt Circle Fit (sigma cut) (Real Data)
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Fitted circle S pmulation

X-position y-position radius

x-centre Levenberg Marquardt Circle Fit (cut) MC (red) & Real Data (blue) y-centre Levenberg Marquardt Circle Fit (cut) MC (red) & Real Data (blue) Radius Levenberg Marquardt Circle Fit (cut) MC (red) & Real Data (blue)
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RED: Simulation

Number of hits per event SLUE: Dot

Simulation Comparison Data

Hits per Event MC Data Hits per Event MC (red) & Real Data (blue) Hits per Event Real Data
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Conclusion

Parameters as circle centre, radius and radius spread are matching well within
uncertainties.

Photon yield in simulation and data is matching. Small discrepancies can be
explained by secondary particles in radiator lens that are not equally often

generated in the simulation.

The simulation is able to reproduce the photon-detection system
and readout which is foreseen for the LHCb RICH Detector Upgrade.
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cle beam (Telescope tracker data

Profile N ks Direction

Beam Profile Number of Tracks per Event Beam Direction
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Circle centre — Geometric fit (no cut

MC Real data

Centre Levenberg Marquardt Circle Fit (MC Data) Centre Levenberg Marquardt Circle Fit (Real Data)
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RED:
BLUE

Q
Q0
-
qo
>
O
7
-
Q
-
Q
C
O

1
cate = ﬁ "Nyad (/1)

Cherenkov angle calculated
coS0O .1y

O ckv caic Mmax = 1.56) = 875 mrad

e C mww m
s 3558
_%00&6

- o)

C ® <€ | =

A O c VS

>SS © Dix|3

X | eMC..nu

ojlw = i}

O ckv caic Mmin = 1.55) = 870 mrad

SO

874 mrad
868 mrad

Cherenkov Angle MC (red) & Real Data (blue)

Hmc
URD

T
[oo] (]
© ©
23
o -
s 3
A —
c
T @
o =
= -
,
1o
19
lo
25
ARXN]
R
ATIRIIRIN]
RERRIRIKIIIS]
ST
ST RRRRRIIRKKIIE
ST IRRIRIXIRIRIRIIIRK] =5
JRRRRIRRIIIILILLLRIIILLKKKL] O
oo et Tososasesetetetetetetetatetatetetotetotetods
<<<<<< BRI
R
B RRRRRIRRIRRRIRRIRRRIRRIRIIRRKN]
s esssesesesesese ITo)
a8
BOPPPARRIIIIIIE]
P77 XXX KRR o

OO X
s
=]

0.09F
08—
0.07—

> o
S1UNOO PasI|eWIoN

Cherenkov angle reconstructed for every h

NERIRRRNENNEE
© 0
< ©
o o

0.04—

0.03—

=10
"AR
Gk
o
i
=0
Zm
5T

Michele Piero Blago - TIPP 2017 Beijing 22

23.05.17

ZUKUNFT
SEIT 1386




Hits per Event MC (red) & Real Data (blue) PMT19

Hits per MaPMT — EC-T

Hits per Event MC (red) & Real Data (blue) PMT18
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Hits per MaPMT — EC-MT

Hits per Event MC (red) & Real Data (blue) PMT23 Hits per Event MC (red) & Real Data (blue) PMT22
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Hits per MaPMT — EC-B

Hits per Event MC (red) & Real Data (blue) PMT31 Hits per Event MC (red) & Real Data (blue) PMT30
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