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LHCb Detector Upgrade The PDQA Test Bench
The LHCb upgrade will take place during 2018 to cope with higher luminosity 2 x 10%* cm=2 s 1[1] Fully intergrated Front End readout with Data Acquisition and Environment Control:
Challenges for the RICH upgrade: 40 MHz readout e @ Front-End -
@ New readout electronics (dead time 25 ns, low power MAROC3 ASIC
consumption, radiation tolerance) 8bit ADC
@ New photon detectors (sensitive to single photons @ FPGA Data
between 300 and 700 nm, good spatial resolution, acquisition
high Quantum Efficiency) boards

@ Fully automated
Control Station

@ Significant modifications to RICH1 to reduce peak
occupancy (optics to be optimised, mechanics to be

=114 redesigned) = o Power and
: — li
Multi-anode Photomultiplier tubes (MaPMT) Cooling
-ast, sensitive to single photons, large active area, excellent granularity, radiation hard, from Fully Automated System
Hamamatsul2]: In the coming two years, the testing will involve a strict schedule and highly standardised

procedure[3]. An essential part of this effort is the system that will handle the photon detector
quality assurance of sevaral thousand MaPMTs. 4 test stations for the RICH upgrade PDQA have
been developed and equipped in 2 different test facilities - Edinburgh, UK and Padua, Italy.

@ R13742 (Custom variant of R11265) 1", 64 (8 x 8)
pixels for RICH1 and RICH2

@ R13743 (Custom variant of R12699) 2", 64 (8 x 8)
pixels for RICH2 peripheral area only

@ FPGA firmware on Chimaera DAQ boards | e i ’ SN
@ C++ API to send & receive data between DAQ | e
hardware & Linux DAQ PC

@ C++ API layer — libraries to interface to Labview

@ MaPMTs are expected to be more reliable than
current Hybrid Photon Detectors

@ External readout electronics compared to the current | |
built-in one @ XML files to configure DAQ hardware

@ LabView GUI to log and sequence

The Photon Detector Quality Assurance e ROOT & C++ for data analysis
The aim of the procedure:

@ Verify minimal contractual specifications Offline Data Analysis
@ Analyse parameters - average gain, uniformity, peak-to-valley ratio, dark count rate o F — Gaussian model for pedestal and
2 offline
c - ' : .
@ Assemble MaPMTs in groups of 16 based on performance - common HV operation s [ it valley fuly comprehensive photon signal peaks
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3100 R13749 Redund 10°= W J o Resolves flat valley
) @ Redundanc - S .
y | - i double photon peak @ with light the pedestal is
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MaPMT Ageing g Seo h.ﬁﬁ” v : important parameters. We require a

xoerimental setu PMT aging over time (lab time) PMT aging over time § B :_*:*:,’;':*.*,Z ,v‘.'-' . .

E P tal tup . o 0 0s os o 06 Yeargiic lort . , ; 5LHbe rgsmcestrt 26_ . 50; ?':’.:"::: '..lv. "'-.\ galn Of at |eaSt a ].I\/I eleCtronS and
=5 PLASTIC = —mEmms| ¢ Torsm - R T | that the uniformity remains less than
B ’ o : H ) [ ety W T T . - presseres _ _

" & R B ossf e, I *éﬁx’;‘"«“g : 20f- ‘oo 1:4. This will ensure that PMTs
"E I 10f o operate as single units and they could
z 9 085 I I D I R B SR IR B S SR R ) ) ..
g% ] - 0‘8; o,aé— 004 ? ! ga6tasheet a%erage glaion [x10"61]2 O‘ ? ) satasheet gverage g1a0in [x10"€j]2 aChIeve unlform efﬁC'enCy over the
) Lg PMT _ change of graunding i 075E- SN one 0 oMe | photodetector plain.
B . BN = Comparing Hamamatsu datasheet values for gain (left)

0 10000 20000 30000 40000 50000 60000

and uniformity (right).
Dark Count Rate (DCR)
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The ageing test procedure is run by a lab in Birmingham. It is performed on R12699 & R13743
MaPMTs types. The setup is a DAQ system with 5GS/s ADCs, where each ADC channel collects

3 time-delayed MaPMT channels and the charge is integrated. The measurement is based on gain £ A 0 5%14511 " The RICH DAQ will depend on binary
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