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Photonis XP85112-Q-HA 9002018

e 8x8 pixelated Sensor
e ALD coated
e High collection efficiency MCPs

e 10° gain at 1803 V (datasheet)
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Gain vs voltage

_ GAIN Photonis XP85112/9002108
e Measured with

scope

Gain

e Signal not amplified

e Gain calculated with
double gauss fit in
histogram data
(pedestal and signal)

e 10° gain at 2030 V
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QE vs wavelength

e -200 V at cathode

e Current QE / %

measured at 05—

MCP IN - Pixel 22 23 32 33
e Calculated with 20— j/ / N Pixel 57

photo diode -

current (known 15—

QE for each -

wavelength) 10—
e ~20-23 % QE at -

300-400 nm 5—
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QE surface scan

e -200V at cathode
e Current measured at MCP IN

e Calculated with photo diode current
(known QE for wavelength)

e Scanned with 372 nm PiLas laser
e 0.5 mm steps across surface

e Projection is “worst” homogeneity
measured

e 25 % QE in max. region 22 % at the
rnms
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Quantum Efficiency - Photonis XP85112/9002108
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Mean -27.35
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Current gain scan f Gain o

e 2030 V at voltage divider
e Measured shortened anode current

e Scan would be folded with QE of the sensor
> Is divided by QE

e Gain then scaled to known value of Pixel 44

e Gain range from about 10° in the center T
down to 6 - 10° at the rims

ProjectionX of biny=72 [y=6.4..6.9]

10°

Number of Entries
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Time resolution

High collection efficiency MCP causes worse time resolution
Option to increase voltage between cathode and first MCP
Tested up to 800 V between cathode and MCP by Photonis

Measured with 3 voltage dividers:
e 0.5:5:0.5 (MQ) at 2030 V cathode-MCP voltage: 250 V
e 1:5:0.5 (MQ) at 2280 V cathode-MCP voltage: 500 V
e 1.5:5:0.5 (MQ) at 2530 V cathode-MCP voltage: 750 V
e Measured with scope at 10° gain
e Blue laser at 15 kHz and 45 % tune

e 200x amplified signal then impedance matched splitting and 100 mV
discriminator threshold

e Time walk corrected spectra
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Time resolution
cathode-MCP 250 V cathode-MCP 500 V cathode-MCP 750 V

Time Resolution (Q > -0.32 pC && Q < -0.08 pC Time Resolution (Q > -0.32 pC &8 Q < -0.08 pC Time Resolution (Q > -0.32 pC && Q <-0.08 pC)
? P h2E
10 h2E_py h2E_py _py
B Entries 2340121 B Entries 409948 . Entries 215077
L Mean 0.09864 | Mean  0.05575 - n Mean 0.0446
RMS _ 0.2084 20000 RMS __ 0.1324 10000 nrst 0.1088 |
h2E_py o h2E_py _py
L Entries 2340121 B Entries 409948 - Entries 215077
Mean 0.0986 r Mean 0.0557 Mean 0.0446
- RMS 0.209 . RMS 0.132 B RMS 0.109
c=31ps Prob 0 150001 O=2YPpPs Prob 0 B c=32ps Prob 0
r po 1.13e+05 ® - - po 2.04e+04 @ p0 1.04e+04
= Mean —0.00125 5 = —_ - Mean —-0.0065 5 - —_ Mean -0.0025
| R M S 20 9 pS Sigma [ns] 0.031 3 T R M S - 1\-;2 pS Sigma [ns] 0.0289 | 8 R M S - 1()9 pS Sigma [ns] 0.0319
p3 1.646+04 10000 p3 4.296+03 5000 p3 2.03e+03
p4 0.197 L p4 0.119 | p4 0.108
B p5 0.111 = L p5 0.0835 0.08
| K " | J/Ek
- : B [
L C Ly | . —
0 05 15 0 ] 0.5 15 0 0 0.5 1.5 2
Delay [ns] Delay [ns] Delay [ns]

Tail and RMS getting better with higher PC-MCP voltage
Tall is a sensor artifact

Possible to reduce RMS to 109 ps

Same tests panned with TRBv3



Results of latest measurements
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Data from February 21, 2018
lllumination Overview QE (all sensors with ALD)

Film between MCP Two ALD layers Film in front of first MCP

QE latest/QE

Senor ID start [%]

Manufacturer

0001223

0001332

Photonis

R10754X|XP85112

9001393

KTooo1 (M16M) 19534

KToo02 (M16M) 18175

JS0022 (64 pix.) 608

JS0035 (64 pix.) 5294
JS0018 (768 pix.) 1133

2Inch 1Inch 2Inch

Hamamatsu § framamatsu
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JS0027 (768 pix.) 2261
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QE scan of Photonis 9001393-URD (double ALD)
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QE scan of Hamamatsu KT0001 (ALD)
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19535 mClcm?
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QE scan of Hamamatsu KT0002 (ALD)
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QE scan of Hamamatsu JS0022 (8x8, ALD)
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QE scan of Hamamatsu JS0035 (8x8, ALD)
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QE scan of Hamamatsu JS0018 (6x128, ALD)

o e I
10 0 10 20 20 10 0 10 20
X [mm] X [mm]

20

10 O

10 20

X [mm]

y =23 mm

— 0 mC/cm® |1
== 471 mClcm? §
— 807 mC/cm?® K
— 1133 mC/cm?'§

0 10 20
X [mm] X [mm]

0 W4
20 10 0 10 20

Panda Cherenkov Meeting - March 6, 2018 — Markus Pfaffinger

20

10 0 10 20
X [mm]

17



FRIEDRICH-ALEXANDER
UNIVERSITAT

. \\ ERLANGEN CENTRE =—==
a " l:l E ‘\>' FOR ASTROPARTICLE = = ERLANGEN-NURNBERG
w PHYSICS

NATURWISSENSCHAFTLICHE
FAKULTAT

QE scan of Hamamatsu JS0027 (6x128, ALD)
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Lifetime data of all sensors (February 21, 2018)

Lifetime of various MCP-PMTs (400nm) PANDA-Barrel time [a]
0 5 10 15 20 25 30 40
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mallfam BINP 82

PHOTONIS XP85012 9000296
@ PHOT. XP85112/A1 9000897
s PHOT. XP85112/A1-BSRD 9001394
@ Ham. R10754X-06-L4 JT0158
=@ BINP 1359
mmfpn BINP 3548
s Ham. R10754X-01-M16 JT0117
mallfem pHOT. XP85112/A1-HGL 9001223
=@ PHOT. XP85112/A1-D 9001332
msf=f= PHOT. XP85112/A1-URD 9001393
malffsm Ham. R10754X-07-M16M KT0001

1 Ham. R10754X-07-M16M KT0002

me{= Ham. 2ZolI8x8 JS0022

E mglpss Ham. 2ZolI8x8 JS0035
* Ham. 2Z0l1768 JS0018
0 T BT B l N T B T T ST T AT R Ham. 2ZolI768 JS0027
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 )
anode Charge [mC/Cm ] No countermeasures
e Most sensors with ALD coated MCPs have lifetime > 5 New cathode material
ALD

e All non ALD devices have a lifetime of < 200mC/cm?
e Measurements are taking a long time
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Summary and outlook

e Double ALD Photonis tube (1393) at 18C/cm? without damage

e First results with new Photonis tube obtained
e QE homogeneity looking promising
e Gain could be more homogeneous
e Further tests with TRBv3 and “new” dividers planned
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