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Photon Sensor Parameters for EIC PID Cherenkov

Detectors
Parameter DIRC mRICH dRICH
Gain ~10° ~10° ~10°
Timing Resolution < 100 ps < 800 ps < 800 ps
Pixel Size 2—3 mm <3 mm <3 mm
Dark Noise < 1kHz/cm’ < SMHz/cm? < 5SMHz/cm?
Radiation Hardness Yes' Yes' Yes'”
Single-photon mode operation? Yes Yes Yes .
Magnetic-field immunity? Yes (1.5-3T) Yes (1.5-3T) Yes (1.5-3T)
Photon Detection Efficiency > 20% > 20% > 20%

Goals

® to identify the limitations of current MCP-PMT design and operational

parameters for High-B operations;

® tentative: to achieve optimization of these for successful application in DIRC in
the high magnetic field of the central detector at EIC.



Facility Capabilities

Overview

— Purpose: Evaluation of small-PMT gain,
efficiency and timing resolution in B fields
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— Data taking: November 2014




Facility Capabilities
Major Components
Magnet:

.

- superconducting solenoid

- max. field: 5.1 T at 82.8 A

- 12.7-cm (5-inch) diameter warm bore
- length of bore: 76.2 cm (30 inch)

— central field inhomogeneity: <5X10~ over a
cylindrical volume of a diameter of 1.5 cm and length
of 5 cm

Test Box:
- non-magnetic, light-tight
- cylindrical shape: din ~ 4.5 inch, L ~ 18 inch

— allows for rotation of sensors

- LED light source, 470 nm



Facility Capabilities

Major components

Trigger k
1 Fan In/Fan Out
Dark Tube ﬂ
Diffﬁser Discrirﬂinator
MCP-PMT NIM to ECL
PreAmp
J ij!
MVME == fADC250 = Sync = Trigger Board
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Facility Capabilities
Major components

dark tube for test sensor

Laser
Control
Box )
DVI-D bulkhead 5 Tesla B g
Dgl-b adapter magne'r ; (,x"\ F‘_// P igtail
C e P »-_. = = W .
Laser ' gy /- Fiber
Interlock Box Interlock S —
Laser Electronics T \
Head
1 m single mode
L / output fiber
"\ FC/APC
bulkhead adapter optical
photodiode Breadboard digital diffuser
monitor attenuator 5 meter length
D ® (0-60 dB) single mode fiber
Fiber optic

splitter (90/10) j

A picosecond laser added in Summer 2018 (procured by ODU)

Laser setup (JLab Detector Group)

Laser safety system (JLab electronics Group)




Gain Characterization of Single-Anode MCP PMTs

Photonis PP0365G Photek PMT210, PMT240 Katod

2 2d

pore size: 6 Um pore size: 3 pum, 10 pm pore size: 3 pum,
max. gain: ~10° max. gain: 10° 5 pm
QE: 18% at 470 nm QE: 15% at 470 nm gain: 10°

QE: 20%



Sensor Orientation Capabilities

older: balance of

. 0: rotation about Y(Y’)
agnetic torque

Y (Y') £

urntable: rotation
about Y(Y’) axis

Z (along B-field)




Gain Characterization of Single-Anode MCP PMTs
Results at O deg
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Gain Characterization of Single-Anode MCP PMTs

Results at other angles
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Gain Characterization of Single-Anode MCP PMTs
Studies of Azimuthal Angle Dependence

6 Um pore size




Gain Characterization of Single-Anode MCP PMTs
Studies of Azimuthal Angle Dependence

Average Charge (a.u.)
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Gain Characterization of Single-Anode MCP PMTs

Overview

® Smaller pore size yields better gain performance in B-fields

3 pm: about a factor of 6 decrease of signal from O T to 4 T.

® 6 pPm: about a factor of 15 decrease of signal from O T to 3 T.
® B-field gain performance varies among different types of sensors

Shape of gain B-field dependence at various polar angles strongly depends
on the sensor.

Azimuthal dependence strongly correlated with polar angle.
Overall, reasonable performance up to 2 T.

® Design optimizations needed if the orientation of the sensors relative fo
the field varies significantly.



Gain Characterization of Multi-Anode MCP PMTs

Photonis XP85112, 10 pum pore size Hamamatsu Photonis XP85012,
R10754-07-M16X 25 YUm pore size
10 pym pore size .
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Gain Characterization of Multi-Anode MCP PMTs

Results
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Gain Characterization of Multi-Anode MCP PMTs

Photonis XP85112

Results
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e Measurements
performed at 96%
of maximum allowed
high voltage.

* Data

* Maximum gain at
03T

¢ Bmax - 2.2 T.

* Value of Bmax
strongly depends
on orientation.

* The larger the
polar angle, the
lower Bmax-



Gain Characterization of Multi-Anode MCP PMTs

Results

HV=-2.7 kV (96% of HVmax)
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Azimuthal-angle dependence is
correlated with the polar angle

e O = 0° - minimum at ¢ = 180°

e O =10° - minimum at ¢ = 270°

e O = 20° - no characteristic
features



Gain Characterization of Multi-Anode MCP PMTs

Results

10-um Planacon: Relative efficiency and Relative gain
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Efficiency: € = Ny, pe/Npeq
At 6=20° between the sensor and the B-field axes, the efficiency drops continuosly as B
iIncreases even though the gain shows a maximum at 0.3 T.

An increase of HV ; yiocathode-mcpt PY 200 V (close to maximum allowed) recovers only
about 13% of the efficiency (6=20°).




Gain Characterization of Multi-Anode MCP PMTs

Results
10-ym Planacon: lon Feedback
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A=Rate(A, =Pedestal)—Rate(A,,=233). A=0.13. Reported above: Rate(A, =233)+ A

« At all voltages the ion rate is below 2%.
* Results suggest that ion-feedback is primarily driven by HV.

* |on-feedback rate dependence on B-field magnitude is relatively weak. ’



Short Term Plan
Analysis of 2019 Data

 Study the effect of different amplifiers and amplifications on derived gain and
efficiency curves.

« 2019 data seem to confirm low efficiency at 20deg - plan how to study this in the
future.

* Re-evaluate efficiency estimates with same method as used for ion-feedback rates.

FY20 Plans

* Procure a 32x32 10-pm pore size Planacon XP85122.

» Install a high-resolution TDC (CAEN V 1290-N) and perform timing-resolution
measurements.

« Study effect of different readout solutions on gain and efficiency curves (signal
cables, preamplifier).



Long Term Plan

 Study new 10-pum pore size Photek sensor.

« Perform timing ftests with a CAEN 3-ps resolution TDC - have an alternative
readout to SIREAD-type of solution for tfests.

« Study gain, timing and efficiencies, for different amplifiers and amplifications.

* Prepare for large-scale characterization of MCP PMTs for DIRC prototype using
planned SiREAD readout (share resources at JLab with INFN-Ferrara, ANL LAPPD
project)

e cross talk
e uniformity

* gain, timing, efficiency per channel



