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Sensors

T Backplane of 943P541
Photonl S Sen SorS \\\\\\\\‘\\\\\\l\‘\“l‘ll‘\ I‘l‘lt‘ll"llljlt"f }ﬂ / } / / / 1
* 3x100 anode pixels l,x:\\:\;\\\mt SR

* MCPs 10 pm pores

SN

Tubes:

« ES440 (2017)

* 943P541 (January 2020)
e 946P541 (January 2020) . Planned to use Iin
 O37P541 (December 2020) Endcap Disc Dirc

* One more will come

-



gain

ERLANGEN CENTRE : = FRIEDRICH-ALEXANDER
( |:| = @[I = | ‘ \Emgyommm P

NATURWISSENSCHAFTLICHE
FAKULTAT

Gai n Cu rve * Measured with scope at

central region

Gains

Tube 10° gain at
943P541 2550 V

s 946P541 2650 V
= ; — E E g ZZ;ZZZ"..ZZZZZZZZZZZZ 037P541 1975 V

= = 943P541 and 946P541.:
—®- 943P541(2:8:1) | o | ass Steep

—»— 946P541 (2:8:1) | * Higher voltage than
—— 9002193 (1:10:1) O37P541

037P541 (28:1) | 37p541
]

7800 2000 2200 2400 2600 2800 e Similar to 9002193 (8x8)
voltage [V]




Photonis 943P541

Photonis 943P541, 0 deg, fits
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Gain in B-field

Photonis 943P541, 2850 V, fits

Photonis 943P541, 2950 V, fits
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10°) \\ \\\ 25 deg \ || —e— 20 deg \ \ ______
i 2950 V N \ L|| —*— 20 deg \ 25 deg \
| —e— 2850 V \\ 10 i 15 deg '\\ 10°F —e— 10 deg \
|- 2750 v \h (I \L e ?5d:29 "
104 I_|._|?6|5IO\V\ " e 7\_\._\?d|e?\ T B L1 1| 7|_\-\_\0\d|e\g\ I I R R A R R B N !
0 0.5 1.5 2 0 0.5 1 1.5 2 0 0.5 1 1.5 2
B-field [T] B-field [TI B-field [T]
Gain loss [1/x]:
Tube 0-1T,0° 1-2T,0° 1T, 0 - 20° 2T, 0 - 20°
943P541 (2950V) 1.8 9.1 1.02 1.5
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Photonis 946P541, 2900 V, fits

Photonis 946P541

Photonis 946P541, 0 deg, fits

Photonis 946P541, 3000V, fits

= = £
g 5 5
.—'—.\_\_‘
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AN
105E \i 10°

\ N 10%

. 3000 V N i 25 deg \ : 25 deg
L N | —&— 20 deg » | —@— 20 deg
- —%— 2900V 1 15 deg \ 15 deg
_.+2800V || —e— 10 deg \ | —e— 10 deg
i | —e— 5deg | —@— 5 deg
—— 2700V —e— O deg —e— 0deg
1041\\||i\\\|i\\\\|\ww 1O4i|||\i\\\\i||\\\\\\ 1O4i\\\\i\\||i\\\\\\||
0 0.5 1 1.5 2 0 0.5 1 1.5 2 0 05 1 1.5 2
B-field [T] B-field [T] B-field [T]
Gain loss [1/x]:
Tube 0-1T,0° 1- 2T, 0° 1T, 0 - 20° 2T, 0 - 20°

946P541 (3000V) 2.2 12.7 1.1 1.7
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Comparison with 9002192 (8x8)

10" C10?:.. 2

o _'::0\.\\ S

<i e — \\Q\
\
b \\ . \'\\\
& \ 9002192, 2700 V, 17.5 deg
4 9002192, 2500 V, 0 deg N . —a— 9002192, 2700 V, 15 deg
5| —A— 9002192, 2700 V, Odeg N\ \ A— 9002192, 2700 V, 0 deg
10 oa3Psa 2650 V. 0. =" —e— 943P541, 2950 V, 20 deg
e ’ 1o oed Sy 10°| —e— 943P541, 2950V, 15 deg
—&— 943P541, 2950 V, 0 deg —e— 943P541, 2950\/ Odeg
AN T T T T T A T I T | [ R N
] 0 0.5 1 1.5 2 0 0.5 1 1 5 2
Gain loss [1/x]: B-field [T] B-field [T}
Tube 0-1T,0° 1-2T, 0° 1T, 0 - 15° 2T, 0 -15°
943P541 (2950 V) 1.8 9.1 1.0 1.1

9002192 (2700 V) 3.3 7.4 1.05 1.2
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spectral QE

s g * Measured at position 57
— 943P541 e Peak at ~430 nm

— 946P541  |. * Peak QE ~28%

O37P541

Tube Peak QE At A

__________ b N | oa3Psa1 282% 420 nm
946P541 27.6 % 438 nm
O37P541 27.9% 426 nm

300 400 500 600 700 800
wavelength [nm]



QE scans
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943P541

946P541

Entries 13683
Mean x 30.19
Mean y 27.71
Std Devx  14.88
StdDevy 14,93

Entries 13689
Mean x 31.17
Mean y 27.53
16 |StdDevx 14.74
StdDevy 14.83

037P541

Entries 13689
Mean x 30.28
Mean y 27.98
Std Devx  15.04
StdDevy 15.15

12
30 30
10
20 8 20 8
6 8
10 4 10 4
2 2
0
h 10 20 30 20 50 0 og - - o e - 0 0 10 20 30 40 50
943P541 946P541 037P541
T 25 7 20 — 20
& T =7 &
. & S & |
20 gEaa ] v TS i §
- ﬁ W 15_ Wt ﬂ 15 !
15 ' ] ? : \
i 10 101
10 - -
1 - —y=40mm
- —y=40mm 5- y
5 — y=30mm i |
- —y=20mm ] - —y=0mm
. . 3 —y=10mm
- _y=10mm ‘ ol ‘ 0\\\\\.\\\\\\\\\\\\\\\\\\\\\
R e SO S R MR IR PR EEEE TR e T EEE ] e e i el e EE 1 2 4
% 10 20 30 40 50 % 10 20 30 40 50 0 0 o % O 0

x [mm]

Tube
943P541
946P541 17%
O37P541 18.5%
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Max QE (at A = 372 nm)
21%

X [mm]

Peak QE

28.2 % (420 nm)
27.6 % (438 nm)
27.9 % (426 nm)
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Photonis ES440 (3x100)

June 2018

QE problem

January 2021

No continuous illumination

Max
QE
2018

2021

Uniform drop in QE
— NOo microleaks
-~ More investigation

ES440

29%
22%

¥y =24 mm
30— ; 3 ; ; ;
ui : ; TR | : : 5
ETe) | DO N 3 LS, 108 snen sy INNNNNNRN | N ENNET,! Fs s IR 5. NN, S s S 10k L LS,
i —Jun-2018 o — Jun-2018 —.Jun-2018 —.Jun-2018 : g —Jun-2018
i1 |ee- Jan-2021 -+« Jan-2021 -+ Jan-2021 --+ Jan-2021 R e
DT:.l....i.. | Lol B..i...l I T A T i A P I | 1.;|||| | |
-20 10 0 10 20 -20 10 0 10 20 20 -10 0 10 20 20 -10 0 10 20 -20 10 0 10 20
2 [mim] 2 [mim] ® [mm] x [mm] 2 [mim]
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Photonis 943P541  QE prob I em ?
QE 943P541 Jan 2020 QE 943P541 Dec 2020 QE 943P541 Feb 2021
24
22
20
- Max 943P541
10 16
14 QE
0 12
. 2020 22.5%
-10 8
o 2021 21%
-20 N
12
—2‘0 —1IO f; 1ICI 20 0
¥ =23 mm y =12 mm ¥y =0 mm y =-12mm y =-23 mm

— 15-Jan-2020 — 15-Jan-2020 — 15-Jan-2020 — 15-Jan-2020 — 15-Jan-2020
sl = 07-Dec-2020 |- sl === 07-Dec-2020 | e === 07-Dec-2020 | e === 07-Dec-2020 | 5 === D7-Dec-2020 |
: — 02-Feb-2021 u — 02-Feb-2021 — D2-Feb-2021 ‘ — D2-Feb-2021 — D2-Feb-2021
[j"'i -i---.I....n.... i [:"'i -'---||||||I||||| s -;---.I....|..... i s -'---||||||I||||| q G"'i -i---.I....n....
-20 -0 0 10 20 -20 -0 0 10 20 20 10 0 10 20 20 10 0 10 20 20 0 0 10 20
X [mm] X [mm] x [mm] x [mm] % [mm]




Photonis 946P541

QE 946P541 Jan 2020

—sem N
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QE 946P541 Jan 2021

QE problem?

QE 946P541 Feb 2021

20 20 20
20 18 - 18 18
16 16 s MaX 946P541
M | 14 10 14 14 QE
12 12 12
off 10 0 10 10 2 2 1 (y
. 0
8 8 ° 2020 185
—10F & -10 I 6
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QE problem?

Max QE 943P541 946P541
(Scan)
Jan 2020 22.5% 18.5%
Dec 2020/ 21.5% 16.5%
Jan 2021
Feb 2021 21% 17%
spectral QE 943P541
UOJ 255 : //\\ — 2020 "
202 / \
P o
300 400 500 600 700 800

wavelength [nm]

30

25

20

15

10

* No difference between
December/January and February

* No difference in spectral QE

— Possibly problem of first scan
— will be observed further

e ES440 at the moment in Giel3en

spectral QE 946P541

o] [/ ﬂ
: / — March 2021
N

2 IR

-/

é;r'//sool T a0 500 600 mEPF:

wavelength [nm]



Entries
Mean x
Mean y

= _== =
_.'- \ ERLANGEN CENTRE E_—EE E FRIEDRICH-ALEXANDER
Gal n Scans ( pa @d —= | .}}., ) FOR ASTROPARTICLE £ S~ ===="cRiANGEN-NORNBERG
— -y PHYSICS NATURWISSENSCHAFTLICHE
943P541 946P541 037P541
h2GainG o [ h2GainC ito | h2GainC
3126 Entries 7013 Entries 5796
29.4 1400 |Meanx  26.31 [ 1400 |Meanx 2903
30.26 Mean y 28.15 Mean y 27.51
StdDevx  14.13 1200 |StdDevx 1451 1200 |StdDevx 13.39
StdDevy 13.92 Std Devy 15 StdDevy 13.87
F 1000 B E
30/ 800 30— 30
20; 800 20; 20;
F 400 r r
10; 200 10;— 10;_
ok 10 - 00:L 0; =
. «10° 943P541 . <A0P 946P541 . «10° 0O37P541
© @ = ©
O] O L O]
i //\/\W 1500 - /%\ 1000 [\A}WM@QW‘A “
. o
\\ 1000: , %\3\% W\\ \
sool ‘ - 7 V\\\\z\ 5004 |
] —y=40mm 500 —y=40mm . —y=40mm
—y=30mm ] —y=30mm —y=30mm
—y=20mm 1 —y=20mm —y=20mm
- —‘y=10r‘nm | 3 —y=10mm : —y=10mm
% """F0 20 80 40 50 % 96 20 30 40 50 O 96 20 30 a0  s0
x[mm] x [mm] x [mm|
Tube Max Gain  at
943P541 1.4 - 106¢ 2650 V
946P541 1.6 - 1068 2550V
O37P541 1.1 - 106 2000 V
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x10"

100

943P5410

Time resolution

counts

q_ws_eres delay meanbincorr_py

Enlries
Mean

i | sid Dev
E| et

Co| o 6.4Bde+D4 + 1.357a+02
Mean 003619 + 0.00012
Sigma 0.05704 + 0.00010
i 36130404 £ 14410402
4 0.03876 + 0.00018

i1

c =57 ps

RMS = 121 ps

Delay [ns]

O37P541

counts

q_ws_eres_delay_meanbincor_py

Enlries
............ | Mean

15000—

10000—

i | s Dev
Do g rndt

LT ] A

\

....................... RM8=206pS

3

?‘0 A

Po|es

oo 1.3280+04 + 6.677e+01

Pm 0.05753 + 0.00021
_______________ \ee
o\

0.04438 + 0.00198

c= ‘i].ﬁe+02 ps

.
Delay [ns]

946P541

0 vs_eres_delay meanbincor_py

i | Entries 5461544
e | MBER -0.0001327
i | Std Dev 0.1081
Co| xErnat 1.129e+05 / 294
i w0 7.461e+04 & 1.0770+02
i | Mean —0.05713 + 0.00008
i | Sigma 0.04048 + 0.00007
k] 4.817e+04 £ 1131402
P e 0.02936 + 0.00014
L 0.08411 + 0.00006

RMS = 109 ps
c =40 ps

:
Delay [ns]

Provisory setup:
Not ideal for measuring one pixel with the scope
O37P541: bad signals
- high value due to setup

Tube

943P541
946P541
037P541

Measured at one central pixel

RMS
in ps
121
109

206

Soon boards for better measurements

o
in ps

57
40

160
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Collection efficiency
o current not corrected

Tube CE

O37P541 ~100%

G43P541D
e High dark current
— factor 10 higher than 946P541
— consistent with QE measurement
* High fluctuations of dark current
— CE not measurable

current [A]

current [A]

10°

-0.08

hist1

-0.085( Mean

Entries
2.593e+04
Std Dev

17452

3592

-0.09F

4y . Laser off
"

-0.095[-

M

-0.105]

0.1

-0.115

..... w M‘ — Laser on

ZOOOd ‘

10”°

52000 24000 26000 28000

943P541)PC current not corrected

30000 32000
time

hist1

|
-
o
B

Mean

Std Dev

Entries

26

17452

-1.06

—1.08*

_1.1... Mk

—1.127 0
- |

g

130404
3582
||
|

||w:1 I

R

[ 1 1
20000

1
220

1 1 1 1 1 1 1 1 1 1 1
00 24000 26000 28000

1 1 1
30000

1 |
32000
time
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Rate capability whole tube, current measurement

—
n

-y

0.8

0.6

0.4

0.2

Relative GAIN (averaged & corrected)

photons / cm? s (at gain = 10°)

10 102 10° 1o 10° 10° 10’
—><—946F’541
I S O | R O37P541  |-id e
[ : —— 943P541 : |
IIII| | IIIIIII| IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII|
10 10° 10° 104 5

& 7
1 ?:urrentfarla% [pmﬂ\fr.:m*"gil

* 943P541 and 946P541.:
90% relative gain at 106 Hz/cm?

* O37P541.:
strange effect:
high anode currents at certain
photon rate (~200 pA)
- Increase of relative gain

* Will be measured with pulse
mode soon
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Summary
Tube 10° gain Peak QE Max QE Peak Gain RMS CE
at (@372 nm)
943P541 2550V  28.2% 21% 1.4 - 1068 121 ps ?7?
(@420 nm) (@2650 V)
946P541 2650V  27.6% 17% 1.6 - 106 109 ps ~95%
(@438 nm) (@2550 V)
O37P541 1975V 27.9% 18.5% 1.1 - 106 206 ps ~100%
(@426 nm) (@2000 V)
O37P541.

» 108 gain at low voltage, different slope
* High anode currents at high illumination rates

943P541 and 946P541
* Lower gain loss in magnetic field (than Photonis 9002192)

* Possible problem with QE
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