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Photonis XP85112 9002192 (2192) & XP85112 9002193 (2193)

e 2x2 inch?, 8x8 pixels, 10 um MCP
e Comments so far:

tubes arrived in Erlangen: June 2", 2020

10 ym MCP diameter

backplane layout like Photonis 9002150 (no pins out, left picture)

high collection efficiency tubes (Photonis comment, not measured yet)

recommended voltage divider: 1:10:1 (0.5 MQ - 5§ MQ — 0.5 MQ), but changeable
up to a PC voltage of 800 V
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Quantum efficiency Photonis 9002192 . oy 1 203 305
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» Photonis datasheet: Peak QE (300 — 4(50 n]m): 23.2 %
» overall QE about 21 — 22 %, except small areas at the

corners top left, bottom left and bottom right to 12 — 14 % o
QE
« wavelength QE in important area over 20 %, fits with 5
Photonis datasheet, own measurements a bit lower (~ 1% N N N ]
absolute) T e (e

PANDA Collab. Meeting Darmstadt — June 23, 2020 — Steffen Krauss 3



panda g R s
— -y NATURWISSENSCHAFTLICHE
Quantum efficiency Photonis 9002193

Quantum efficiency 9002193 -
—125

10
5
—20
=
y projection of x-bin 61 (29.8 mm - 30.3 mm)
05 16 20 0 En) 0
¥ [mm]
. . QE vs wavelength 9002193 Pix 22_23_32_33
S 2 372 nm
40

20

x projection of y-bin 61 (29.8 mm - 30.3 mm)

QE (%]

y [mm]

QE [%]

QE (%]

qe [%]

!

x [mm]
» Photonis datasheet: Peak QE (300 — 400 nm): 26 %
» overall QE about 23 — 24 %, except small areas at the
corners top left, bottom left and top right to 19 — 20 % QE o
+ wavelength QE in important area over 20 %, fits with
Photonis datasheet, own measurements a bit lower (~ 2 %

absolute) . A R R
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Compared wavelength QE with Photonis datasheet

own measurements

QE vs wavelength 9002192 & 9002183 Pix 22_23_32_33
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QE homogeneity compared by active area
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plotted QE distribution for different sensor areas
(2x2, 4x4, 6x6 pixels and whole area)

both tubes show very good homogeneity up to
6x6 pixel area

rapid decrease at the end of QE for 2193 due to
analysis or defect bins (maybe caused by dust
particles at the sensor while measurement)
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Gain curves Photonis 9002192 & 9002193 for pixel x5 y5

Photonis 9002192 Photonis 9002193
R 6~ £
S | 10°gan@ S e
1980 V :
10° gain @
1 06 » - A
N - 10° 1880 V &/
i /'/ g
i -
[ S 32 SN N /.//
L O S i e T S S— 5
I o 10 e
1800 1850 1900 1950 2000 —4750 1800 1850 1900 1950
high voltage [V] high voltage [V]

« measuring gain by 20 V steps with scope by fitting a poisson distributionon the whole
signal height distribution
* measured at a center pixel (x5 y5)

« datasheet: 10° gain @ 1980 V « datasheet: 10° gain @ 1850 V
»  measured: 10° gain @ 1980 V « measured: 10° gain @ 1880 V
* maximum operating voltage: 2200 V * maximum operating voltage: 2200 V
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QE corrected Gain dlstrlbutlon Photonis 9002192
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» Applied voltage: 1970 V ¥ o

reference position for scaling: x: 33 mm, y: 31 mm (black circle)
maximum: 1.1 x 106 in the middle area
towards edges gain drops to ~ 3 x 10°
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Applied voltage: 1880 V

maximum: 1.1 x 10® in the middle area
towards edges gain drops to ~ 4 x 10°
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QE corrected Gain homogeneity compared by active area
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plotted gain distribution for different senso
(2x2, 4x4, 6x6 pixels and whole area)

X axis: top - active area [%], bottom - area[mm)]

rareas

y axis: left 2 normalised gain, right > absolute

gain
scaling value: 1 - 10°
both tubes have average gain distribution
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Rate stability Photonis 9002192 & 9002193

photons / (cm?*s) (at gain = 10°)

103 10* 10° 10° 10’ 10°
T"T ......... r. rrrey LU IULEL ALY I LI LLLI LALANL LRI LI VLI LLY W LA

Barrel DIRC

requirement:

600 kHz per
2

cm

1 hd e ¥ ol
T = Photonis XP85112/9002193 (10um, 2 inch)
Photonis XP85112/002192 {10um, 2 inch)
Photonis XP85112/9002150 {10um, 2 inch)
| | Photek A3191220 (6um, 2 inch)
[ A Photek A1200107 (6um, 2 inch)

102

10°

10*

10°
current / area [pA/cm?]
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Photonis 9002192 & 9002193 different voltage divider

e for datasheet voltage divider (0.5 : 5 : 0.5) [MQ] time resolution increases, so
taking measurements with different dividers - changing PC voltage

e for scope time resolution 4 dividers used (0.5-2:5:0.5)

e for DIRICH measurement two divider (0.5:5:0.5& 2:5:0.5) and threshold
of about 25% of single photon peak (~ 2 - 3 mV), same threshold for both
configurations, so 2 : 5 : 0.5 threshold may be a bit lower due to higher

signals 9002192 9002193
Divider [MQ] voltage used gain Divider [MQ] voltage used gain
(PC-MCP) [V] (PC-MCP) [V]
0.5:5:0.5 182 9.5 - 10° 0.5:5:0.5 173 9.3 -10°
1:5:05 364 1.5 - 10° 1:5:05 346 1.5 - 10°
1.5:5:0.5 547 1.5 - 10° 1.5:5:05 519 1.65 - 10°

2:5:0.5 729 1.45 - 10° 2:5:05 692 1.4 - 10°
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Time resolution Photonis 9002192, pixel x5 y5 (scope)

Time Resolution (Q > -0.35 pC && Q < -0.15 pC) Time Resolution (Q > -0.50 pC && Q < -0.20 pC) Time Resolution (Q > -0.60 pC && Q < -0.20 pC)
q_vs_eres_delay _meanbincorr_py q_vs_eres_delay_meanbincorr_py q vs_eres_delay_meanbincorr_py
Entries 1454198 [ Entries 1064850 r Entries 917203
[ Mean 0.04597 - Mean -0.001156 = i Mean 0.0009046
[ Std Dev 0.2687 L Std Dev 0.1682 L ‘ Std Dev 0.1404
r %2/ ndf 1.696e+04 / 275 %2/ ndi 2.46e+04 / 257 ¥* { ndf 2.247e+04 /274
L po 2.646e+04 = 3.751e+01 B p0 2.446e+04 = 4.311e+01 20000 po 2.032e+04 + 4.562e+01
20000 — Mean -0.119£0.000 20000 Mean -0.09498 = 0.00005 L Mean -0.07072 £ 0.00006
Sigma 0.0406 = 0.0000 - Sigma 0.03005 £ 0.00004 Sigma 0.02697 = 0.00006
[ p3 4705:7.9 @ B p3 6493+ 13.0 @ [ p3 7734+ 19.9
- p4 0.1738 = 0.0003 € p4 0.06775+0.00020 | & - p4 0.03227 + 0.00019
L p5 0.154 = 0.000 § r p5 0.09717 = 0.00012 é L p5 ] 0.08138 £ 0.00011
1000.,7 10000 10000
i MS =269 ps - RMS =168 ps - RMS =140 ps
i o=41ps | o=30ps L o =27 ps
o 0 1 o 0 ‘ 1 o "o 0.5 1 15
Delay [ns] Delay [ns] Delay [ns]
Time Resolution (Q > -0.70 pC && Q < -0.25 pC) =t
] wema ey Divider [MQ]  PC-MCP o [ps] RMS [ps] Tgignat — Trecoir [PS]
Entries 1752250
L H Mean 0.003299 [V]
Std Dev 0.1088
L %2/ ndf 4101604 / 242
0 4.233e+04 + 6.9056+01 . .
40000 o e 0.0oo00 0.5:5:05 182 41 269 293
L Sigma 0.02649 = 0.00004
p3 1.74e+04  3.94e+01
- p4 0.03208+ 0.00014
I R eamoou 1:5:05 364 30 168 163
oo | RMS = 109
L =109 ps
‘ 15:5:0.5 547 27 140 104
r c=26ps
0 A . .
0 i 2 2:5:05 729 26 109 81

Delay [ns]

 RMS time resolution displayed for -0.5 ns to 2 ns range
* increasing of PC voltage improves RMS of a factor up to 2.4
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Time resolution Photonis 9002193, pixel x5 y5 (scope)

Time Resolution (Q > -0.40 pC && Q < -0.15 pC) Time Resolution (Q > -0.50 pC && Q < -0.20 pC) Time Resolution (Q > -0.60 pC && Q < -0.25 pC)
q_vs_eres_delay _meanbincorr_py q_vs_eres_delay_meanbincorr_py q vs_eres_delay_meanbincorr_py
15000 Entries 7973968 B Entries 1668399 L Entries 1095825
= Mean 0.1749 40000 3 Mean —-0.001826 30000 Mean —0.0004593
L Std Dev 0.29 = Std Dev 0175 L Sid Dev 0.1306
L %2/ ndf 4506/ 249 - %2/ ndf 3.473e+04 ] 266 L %2/ ndf 2.334e+04 / 256
p0 1.361e+04 + 2.692¢+01 r p0 3.857e+04 = 5.2206+01 B po 2.786e+04 £ 5.0126+01
B Mean -0.005236 = 0.000076 30000 Mean -0.09809 £ 0.00004 Mean -0.06948 £ 0.00005
10000 Sigma 0.04205 + 0.00006 - Sigma 0.03135 = 0.00003 r Sigma 0.02698 £ 0.00004
- p3 2479458 » H p3 9024148 | 20000 p3 8636+ 18.4
L p4 0.2758 = 0.0005 € r p4 0.07836+0.00018 | & r p4 0.05078 + 0.00017
p5 0.1524 £ 0.0003 3 B p5 0.1033 + 0.0001 2 - p5 0.07684 + 0.00010
r G 20000 3] L
5000 — y - L Mme
L MS =290 ps L RMS =175 ps 10000 3 MS =131-ps--
10000 r
i c=42ps N c=31ps i o =27 ps
o 0 1 o 0 1 z ° 0 1
Delay [ns] Delay [ns] Delay [ns]
Time Resolution (Q > -0.75 pC && Q < -0.25 pC) =t Q C C S
) weman ey Divider [MQ]  PC-MCP o [ps] RMS|[ps] Tggnat — Trecoir [PS]
Entries 3094656
L h Mean -9.584e-05 [V]
80000 Szld Dev 0.1088
L %2/ ndf 6.073e+04 / 282
L po 7.518e+04 = 8.776e+01 0 . . O 3 9 0 8
L Mean -0.05519 = 0.00003 o 5 o 5 o o 5 1 7 42 2 2 1
60000 Sigma 0.02674 = 0.00003
L p3 2.986e+04 £ 4.4520+01
L p4 0.03529+ 0.00010
¥ 5 twwome  1:5:0.5 346 31 175 168
40000
r RMS = 109 ps
20000 1.5:5:05 519 27 131 120
L \ c =27 ps
L |

° o a8 1 75 2 2:5:05 692 27 109 90

Delay [ns]

« RMS time resolution displayed for -0.5 ns to 2 ns range

» increasing of PC voltage improves RMS of a factor up to 2.6

» Both tubes: with increasing PC voltage recoil peak moves into main signal
peak - better RMS & o
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Compared timeresolution with Photonls measurements

PC-MCP o [ps] RMS 1ns RMS 2ns

v v | e et
200 34 159 205

182 41 225 269
364 30 131 168 i 29 118 178
600 28 90 123
547 27 105 140 800 75 75 100
729 26 84 109 I
9002192, measured data, 9002193 Photonis measurements

¥ ¥

PC-MCP ~olps] ~ RMSins  RMS Zns s e L e oy
40 207 264

[V]

173 42 237 290 400 25 125 180
800 25 76 96

346 31 143 175

519 27 103 131

692 27 85 109
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Photonis 9002192 & 9002193 RMS resolution (DiRICH)

0.5:5:0.5divider

RMS timeresolution, timewalk corrected, 9002192

372 384 403 388 392 388 424

344 368 369 348 363

348 371 349 348 349

345 348 346 346 347 347 372

78 343 347 343 344 346 369

344 350 344 347 346 344 362

(=]
©

346 349 348 346 343 360

374 373 379 376 390 391 394

g

-

x-pixel
RMS timeresolution, timewalk corrected, 9002193

403 399 399 391 399 396 439

345 369 370 349 369

352 367 352 350 351

349 355 353 352 351 353

351 352 350 351 354

351 355 354 353 354 356

355 355 357 356 357

405 406 407 399 407
N P N I ETIIN PSP IV I

x-pixel

400

350

300

250

200

400
380
360
340
320
300
280
260
240
220
200

Timres per pixel [ps]

Timres per pixel [ps]

y-pixel

y-pixel

2:5:0.5divider

RMS timeresolution, timewalk corrected, 9002192

8210 209 240 218 227 223 260 _oag
7208
e —1220
6212
5220
47222
3f228
2F223
1237 213 211 220 213 220
wnflnr o (L SO Lo SR
2 3 4 5 6 7 8
x-pixel
RMS timeresolution, timewalk corrected, 9002193
- 250
8246 226 226 240 221 221 217 274

45 214 220 227 232 237 233 264
P B I I O IO A

1 2 3 4 5 6 7 8
x-pixel

AT

PANDA Collab. Meeting Darmstadt — June 23, 2020 — Steffen Krauss

Timres per pixel [ps]

Timres per pixel [ps]

 after taking the DiRICH
time resolution (~ 90 ps)
into account -
comparable results of
RMS resolutions

» goal - better DIRICH
resolution of 20 — 30 ps
(more information - ask
Merlin)

* mean of inner 6x6 pixels:
« 0.5:5:0.5,9002192:
> 349 ps

2:5:0.5,9002192:

170 ps

0.5:5:0.5,9002193:

355 ps

2:5:0.5,9002192:

178 ps

A\

A\

A\
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Photonis 9002192 & 9002193 darkcount distribution (DiRICH)

environment

0.5:5: 0.5 divider 2 :5:0.5divider . .
darkcount pixel map 9002192 darkcount pixel map 9002192 * mean of inner 6x6 plXGlS
T T B E 100 - i .
- 32 68 207 224 139 272 266 L 3 8-93 78 216 301 349 287 435 271 % Z (per plxel)'
> T > F 2 * 0.5:5:0.5,9002192:
58 49 56 a 70186 69 65 9 86 93 a
g g - g » 17 Hz
N ER- E .+ 2:5:0.5,9002192:
o 5 3 3 > 33 Hz
S + 0.5:5:0.5,9002193:
> 47 Hz
« 2:5:0.5,9002192:
> 51 Hz
1 2 3 4 5 6 7 8
X-pixel x-pixel . .
darkcount pixel map 9002193 darkcount pixel map 9002193 y tOp plxel row hlgher
3 ¥ 3 ¥ darkcount rate than rest
% 89580 1498 614 1275 1430 499 258 186 L 3 =
> g T 3 of tube
316 101 a a .
. g g » not clear, if property of
o E B tube or caused by
— < =
N 3 5 measurement
o
o
»

17226 342 135 125 389
PN U N B
1 2 3 4 5 6

x-pixel

17
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Photonis 90021
0.5:5:0.5divider

afterpulse per pixel 9002192

&

42 1.33 1.30 1.34 1.31

afterpulse probability per pixel [%]

1.34 1.31 1.36

x-pixel

afterpulse per pixel 9002193

1.00 1.10 0.99 1.02 1.00 11.50

0.99 1.02 0.99 1.01

afterpulse probability per pixel [%]

0.99 1.00 0.99

x-pixel

PANDA Collab. Meeting Darmstadt — June 23

92 & 9002193 afterpulsing (DIRICH)
2:5:0.5divider

afterpulse per pixel 9002192 * darkcount corrected

afterpulse probability in

g ;:;.28 g range of 5 — 500 ns after
Eee 5 main peak
e =« mean of inner 6x6 pixels
250 g (per pixel):
252 £ - 0.5:5:0.5,9002192:
22 £ > 1.3 %
212 « 2:5:0.5,9002192:
: > 1.69 %
e « 0.5:5:0.5,9002193:
afterpulse per pixel 9002193 > 0.99 %
3 « 2:5:0.5,9002192:
2 > 0.74 %

» afterpulse probability
decreases by using
higher PC-MCP voltage

afterpulse probability per pixel [%]
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Photonis 9002192 crosstalk behaviour (DiRICH)
X-pos vs y-pos (with laser time cut, 1 hit) 9002192 X-pos vs y-pos (with laser time cut, 2 hits) 9002192 x-pos vs y-pos (with laser time cut, 3 hits) 9002192
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Photonis 9002193 crosstalk behaviour (DiRICH)

X-pos vs y-pos (with laser time cut, 1 hit) 9002193 X-pOS Vs y-pos (with laser time cut, 2 hits) 9002193

X-pos vs y-pos (with laser time cut, 3 hits) 9002193
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Summary
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spatial QE distributions are homogeneous over almost whole active
area (~ £ 0.5 %), except corners

gain distribution average and comparable with previous Photonis tubes

10 gain everywhere reachable, 10° gain voltage ~ 200 V (2192), 300
V (2193) below maximum appliable voltage = gain of up to 107 (in
maximum area) seems to be reachable

rate stability: both tubes reach Barrel DIRC requirement but not for
EDD

required time resolution with PC voltage modification easily reachable

darkcount rate, afterpulse probabilities and crosstalk behaviours are
moderate and viable for the PANDA-DIRCs
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Summary

missing measurements:
o all tubes: magnetic field, collection efficiency

o Photonis: oscillation measurements, lifetime (will start after missing
measurements, except magnetic field)

o Photek A1200116 (not official one): rate stability, oscillation measurements
wavelength QE

due to corona pandemic, physics department was in lockdown between
18" of March until end of May - no measurements were taken

after, reduced working possible (one person per office/laboratory), but
still many restrictions

not cleared when magnetic field measurements will take place, due to
forbidden FAU business travels for an indefinite period
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