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Goal kaon-pion separation up to 8 GeV/c (prototype results):

700

600

500

=
o
S

A RERRERRREE

300

200

100

6 Gev/c

1600—

1400

1200

[T

1000
800

600

[TrT 77T

400

e

w8 Gev/c

2500
2000

1500

1000 p

500

300 310 320 970 280 290 300 310 320

Cherenkov angle (mrad)




oton sensor. =

\=

MA-PMT

64 6x6 mm? pixels cost effective device
High sensitivity on VIS towards UV light
Mature and reliable technology

Large Area (5x5 cm?)

High packing density (89 %)

Fast response

< 1 cm spatial resolution
< 1 ns time resolution
Compatible with the low torus fringe field

Average MA-PMT gain ~ 2.7 10°
Corresponds to SPE ~ 400 fC
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Readout Electronics

Compact (matches sensor area)

Modular Front-End (Mechanical adapter, ASIC, FPGA)
Scalable fiber optic DAQ (TCP/IP or SSP)

Tessellated (common HV, LV and optical fiber)

ADAPTER BOARD

ASIC BOARD

FPGA BOARD

Spot 478 °C
Difference

Dist = 0.6 Trefl = 20.0 £ = 0.81




Analog: Charge (1 fC)
Digital: Time (1 ns)

Trigger latency (8 us)
Optical ethernet (2.5 Gbps)
Trigger: external

internal

self

On-board pulser
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Digital pulse

Ml preamp GAIN SCAN 0 to 4 (1/16 step)

Linear response

Multiplexed readout
Limited holding time delays

Used for calibrations



Multiplexed readout up to 50 kHz
High resolution SPE spectrum
Viable for efficiency and gain monitors

In conjunction with timing, allows the
study of PMT discharge and cross-talk
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Analog: Charge (1 fC)
Digital: Time (1 ns)

Trigger latency (8 us)
Optical ethernet (2.5 Gbps)
Trigger: external

internal

self

On-board pulser

Slow shaper
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Digital pulse

Digital response
Working in saturated regime

64 parallel channel readout

8 us FIFO and delays
1 ns time resolution

Pl preamp GAIN SCAN 0 to 4 (1/16 step)

Start time Stop time




TDC Digital Readout

During Acceptance tests During Internal Pulser Calibration
Pedestal rms as seen by a test-point As seen by RICH readout
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Discrimination down to 20 fC, i.e. few % of SPE, allows sensor characterization
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Single-photon Discrimination

Relative efficiency map
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Time over threshold relates to charge
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Channel by channel time calibration: no offsets

Typical time-walk with charge
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Pixel

Pixel

Electronic Pedestals
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Online Equalization

After equalization: distributions narrower and less sensitive to the common threshold

saturate signals and cross-talk well separate

Before equalization
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green: low threshold
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Single Photon Time Analysis

Aerogel
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RICH measure time

Event Start Time
Emission Time

Reconstructed time

dur_time_copy

Entries 1.123452e+07

CLAS12 Reconstructed Time and Position: )
Photons are traced using information

from other CLAS12 detectors
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time difference(det-rec)[ns]

time difference(det-rec)[ns]

Time Calibration

Time-Duration

50 - = - dur_time_pmt_52_copy
= - =g Entries 103233
40— e amm D o= - Mean x 57.91
- == - - . e Mean y 0.9759
30 = - - g e Std Dev x 4.801
E_ . - . -_ N - - .=- . - Std Devy 6.753 . .
205 " T T =g <= Time vs Duration
105 - . after offset correction
0OF - B = - e L3
= ph L Pl o :
-10E- = = = = B
= - = - = = = Time walk fit pmt_52
= = :_ - =—- = 10 w7 ndf %a/4
s _ - = po 9.684 +0.1937
30 - . . i —_— - 25 e 2 p1 -0.1611 0.003187
-40 ;_ - = -— - s 10/~ 3
_50E . E s = e L e *
0 10 20 30 40 50 60 70 80 -
durationlns] S
dur time_prmt_S2_copy 4=
50 - Ty - Entries 103233 E
=_ Mean x s7.92 2:_
40 -"- .- Mean y —0.034 oF - -
-- Sthevx 4.798 - :111a1.1A;AAl.A1Al.;;;l;.;;:':‘:.:.rlnl
30 = Std Devy 6.506 P 35 a0 a5 50 55 %0 3
= duration
20
10 - -
0 " - e L
i Time vs Duration
R -
o - after walk correction
10
-30 -
_a0E. Cross-talk .
-50 " 1
0 10 70 80
_durationlns]

10t RICH Workshop, 315t July 2018, RAS - Moscow

Contalbrigo M.




Single-photon Time Resolution

Single-photon time resolution better than the 1 ns specification
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Cherenkov Photon Reconstruction
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Example of signal hits identified by time consistent with CLAS12 reconstruction
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Direct Cherenkov Photons

About 18 photons for a center Preliminary single photon Cherenkov
ring (no reflection accounted for) angle resolution = 6 mrad
Consistent with the TDR projection Close to the 4.5 mrad goal despite

No alignment
Nominal (no real) optical property
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In principle enough for a Cherenkov resolution at track level of o =0,/VYN~ 1.5 mrad
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Compact and modular RICH indipendent elements
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Test of SiPM with RICH electronics
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Application: DIRC @ GlueX
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Hadron discrimination up to 4 GeV/c
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__ Condusions

CLAS12 RICH designed to provide hadron identification in the 3 to 8 GeV/c momentum range
A hybrid-optic design has been adopted to minimize the instrumented area to about 1 m?

Flat-panel multi-anode PMTs are being used for the first module
SiPMs are being investigated for the second module

The readout electronics is designed to offer

Discrimination down to few % of SPE
Time resolution of 1 ns

Negligible dead time at 30 KHz
Trigger latency up to 8 us

Featuring:

Compatibility with various sensors and applications

Modular Front-End (Mechanical adapter, ASIC, FPGA)

Scalable fiber optic DAQ (TCP/IP or SSP)

Compact and tessellated geometry (common HV, LV and optical fiber)
Flexible trigger logic (external, auto, self)

Charge measurement (multiplexed ADC or time-over-threshold)

Multi purpose electronics: in use also for GlueX DIRC and EIC R&D




