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MCP-PMTs for PANDA DIRCs

e MCP-PMTs are the only suitable sensors for PANDA
o Compact and available as multi-anode devices
e Single photon detection even in B-fields of >1 Tesla
e Low dark count rates and good rate stability
o Excellent time resolution <50 ps Peak (0) (<120 ps RMS)
o Meanwhile sufficient lifetime to survive PANDA (ALD and modified cathodes)

e Barrel DIRC
e Photon rate: ~200 kHz/cm?
e 10 years anode charge: ~5 C/cm?
e Pixel size: ~ 6 x 6 mm?

e Endcap DIRC
e Photon rate: up to 1 MHz/cm?
e 10 years anode charge: >5 C/cm?
e Pixel size: ~ 0.5 x 16 mm?
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Measurement setups and measured parameters

e Surface scans: PILAS Laser with
micro focus attached to a 3-axis
stepper _

e FPGA based DAQ: TRB, Padiwa Photodiode

e Padiwa FEE for discrimination

e TRB for time and TOT measurement MCP-PMT

o Multihit capability "
e TRB3 and Padiwa3:

o Signal height distribution (important
for setting the threshold)

o Crosstalk, charge cloud width and

recoil electron behavior Lase_r with
o For each Pixel: time resolution, ND-filter
darkcount rate and afterpulse or diffusor

probability
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Measurement setups and measured parameters

e Oscilloscope: LeCroy WavePro 7300A
e Time resolution and gain vs. voltage

e With a Keithley 6487 Picoampere Meter:
o Rate stability

e Surface scans of quantum efficiency (QE) and gain distribution

e QE vs. Wavelength N _
measurements using a Xenon ~ MCP-PMTs ‘&=

Ilk -

arc lamp and monochromator = Lt M
e Lifetime measurements: ' ",
e Aging of MCP-PMTs with a
blue LED

o Continuous monitoring of
pulse heights and LED light
intensity

Merlin Bohm - DIRC 2019 - Rauischholzhausen - 9/11 5
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Investigated MCP-PMTs in this talk (all with ALD)

1Y - Kaulscnnoiznausen - Y/1§

Hamamatsu Photek Photonis
Model R13266-07-M64M PMT253 XP85112
S/N YHO0250 Al1171005 9002150
Pore size (um) 10 15 10
Pixels 8x8 8x8 8x8
Active area mm?2 51x51 53x53 53x53
Total area mm?2 61x61 59x59 59x59
Geom. Eff. (%) 70 81 81
Peak QE 28% @ 380 nm 12% at 340 nm 20% at 400nm
“over-cooked” PC, Modified backplane to
Comments no film metal housing reduce crosstalk and ringing
v 4
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Time resolution measurements with Oscilloscope

e Oscilloscope: LeCroy WavePro 7300A
e RMS between -0.5 ns and 2 ns around laser peak

Hamamatsu Photek Photonis

YHO0250 Al1l171005 9002150

Time resolution RMS 131 ps 155 ps 171 ps

Peak time resolution (o) 36 ps 40 ps 31 ps

counts

Time Resolution (Q > -0.60 pC && Q < -0.08 pC) Time Resolution (Q > -0.16 pC && Q < -0.02 pC) - Time Resolution (Q = -0.30 pC && Q < -0.10 pC)
h2E_py Py %10° h2E
C Entries 202502 - Entries 374062 , B 47197
L . Mean 0.04069 7 g;a;e 060:55:; f Mean 0.0449
L T A ! |
15000 Fl':aIESE 5 0.131 20000 th"w II EM? 0.1?&
- | - — = ol
i Enties 302562 C Enties 374062 300 it PO 3.286+05
Mean 0.0407 - ';'388 Ooﬁi‘gg Mean -0.0323
B - RMS 0.131 3 _ td Dev - | | Sigma [ns]  0.0315
- c =36 ps Prob 0 15000 o-=40 ps Prob 0 | c=31ps 1.32¢+05
10000 p0 1.51e+04 @ B po 2.048+04 @ ( | p4 0.0661
- Mean -0.000186 g L p1 -0.0244 S 200 b p5 0.0675
L Sigma [ns] 0.0363 ] I p2 0.0403 ] [ [ I
L p3 1.6e+03 10000 p3 3.7e+03 IBls
| p4 0.112 B p4 0.108 [ 1%
p5 0.0915 r p5 0.0997 A
5000 ] B 100 || '
i 5000 [ {17 |
L C [/
i C L { b |
o i ) - fo{ E— y) S - .
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TRB measurements — Time spectrum

Sum of all events

eE Photonis Laser peak
e 9002150 T | Recoil electrons
10" =~
L Afterpulses +
- Dark counts Dark counts

102.? ¢ || @ *
ol

! mn |

—-1000 —-800 —600 —-400 —-200 0 200 400 600

lead time [ns]

e Measured time delay between laser pulse and pixel response
e Laserpeak for all channels shifted to 100 ns for easier analysis
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Darkcount rate comparison using TRB DAQ
e Darkcount rate corrected for missing Channels in the DAQ
e Threshold setto 0.1-0.2 p.e., ~1e6 Galin

Hamamatsu Photek Photonis
YHO0250 A1171005 9002150
Integrated DC rate 430 Hz 907 Hz 593 Hz
Average Pixel DC rate [ Hz 14 Hz 9 Hz

Merlin Bohm - DIRC 2019 - Rauischholzhausen - 9/11 9
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Afterpulse probability comparison using TRB DAQ
e Afterpulse probability corrected for missing channels in the DAQ
e Threshold setto 0.1-0.2 p.e., ~1e6 Galin

Hamamatsu Photek Photonis
YHO250 Al1171005 9002150
Afterpulse probability
per pixel (%) 0,671

S
a

28 0.076 0.065 0.074
2

0.073 0.064

1054 1415

Merlin Bohm - DIRC 2019 - Rauischholzhausen - 9/11 10




e 200V at cathode, current measured at
MCP-In, calculated in reference to photo
diode current (known QE for wavelength)

e Scanned with 372 nm (blue) in 0.5 mm
steps across surface

e Latest Hamamatsu and Photonis tubes
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QE surface scans

reach = 30% peak QE
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Gain measurements o ProdcArTTIos
3 ‘ “ ) —— Photonis 9002150

Measured with shortened anode current — f / - amm =
Scan data are folded with QE of the sensor .. // | /

o Have to be divided by QE | ff / | e

o Scaled with point of known gain . J
QE corrected gain shown in pictures below | f ——
All tubes reach 1e6 gain, but the Photek WE
tube needs much higher voltage Ta0 Em w0 @0 mm w0 w0

Merlin Bohm - DIRC 2019 - Rauischholzhausen - 9/11
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Gain of non-ALD and ALD tubes in B-fleld
Non-ALD ALD, diff. HV ALD, diff. tilt angle

F'hotoms XP85112 10um (prototype) _ Photonis XP85112 10um (9002108 Photonis 9002108 at different tilt angles
£10° J@U=-2400v MU=2500Vv | S10'EZ ' : ' ' oy ' ' ' '
o U=2600v YU=2700v | & [ :ml .....

¥ U= 2800\" {',:U 2900\"

Photonis ot

[ m 0deg, 2200 V
: i B 7.5 deg, 2200V
........ : [| @ 15deg, 2200V

: . L. Fy 225 deg‘ 2200 V ............. e

........ (@ 2200V
@200V

; — | Seeeen e {666 ............. = 'édd"" ........ s  Arermrerer s e S
magnetic field B [T] magnetic field B [mT] magnetic field B [mT]
Hamamatsu R10754-00-L4 10um Hamamatsu R13266 10pm (YH0250) Hamamatsu YH0250 at different tilt ang

_gain
o

Hamamatsu |«

[ | &4 U=2600V |

T m 0deg,2500V |
: 7.5deg, 2500V |

[ | U=2600V

U=2700V

| w u=2800v [ | @ U=2400V ______________________ N A [| @ 15deg. 2500V |
: : W U=2500V | ! ? . [| 4 225deg 2500V :
10° ki i A R AP N . — A |
500 +500 15002000 0500 000 {500 2000

1 1.5 2 0
magnetic field B [T] magnetic field B [mT] magnetic field B [mT]

e ALD tubes show faster gain drop in B-fields than non-ALD tubes!
e Photonis 9002108: gain drop at 1 Tesla, 0 deg: factor 2; 15 deg: factor 3
e Hamamatsu YHO0250: gain drop at 1 Tesla, O deg: factor 4; 15 deg: factor 6
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Problem: Signal Oscillations RICH 2016: J. Vav'ra,
NIM A876 (2017) 185

e J. Vav'ra: “coherent excitations” in old (2005) Planacon tubes [ Yy
e Recently tested with latest MCP-PMTSs: R
e ALD coating; 1e6 gain; diffuse illumination of full PC area Wb s T

Coherent excitation from

21|22|23|24|25|26|27|28
21|32|33|34|35|36 | 37|38

EETEE T T D T e . .
. #a% ___ Photonis pixel's read out
T ) e 9002108 ru 12]13]14]15]1617] 18
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Photonis 9002108 and 9002150

Tested Tubes: Photonis 9002108 and 2150, which has a new backplane
Noticable less ringing, also on covered Pixels (yellow trace)
Red (632 nm) PiLas, 10 kHz, illumination of

ALD coating, 1e6 gain x: 10ns/div
y: 10mV/div

Trigger:
Laser pulse

0 Vsl 10pVs
36 ke 486 k8

9002108
64 Pixels * 7 Photons/Pulse = 450 Photons 64 Pixels * 7 Photons/Pulse = 450 Photons

4730/2019 11:55:42 AM

15
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Crosstalk behavior using TRB DAQ

e Cover half of the MCP-PMT and read out only the 3 most left and right rows

e Look at the number of simultaneous hits in a 15 ns window around the laser
peak on the covered and open side at different thresholds

e Adjust ND-Filter to get ~1 p.e./Pixel (n,.), adjust the voltage to get the same
signal height distribution in both MCP-PMTs

e |lluminated half: ~12 hits expected [24 pixels * (1- exp(-ii,¢) With 7, ~ 0.7]
Covered half:  only crosstalk (*fake”) hits from oscillation should be seen

2108 open half 2150 open half

10000

| IIIIIII| | IIIIIII| | |
ho

Expected 12 Hits || 2".C s Expected 12 Hits

hreshold
o"r

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 10 15 20 0 5 10 15 20

Number of Hits/Event Number of Hits/Event
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Crosstalk behavior using TRB DAQ Covered half ~ OPen half
e 9002108: at low threshold crosstalk events with up to 18
Hits/Laser pulse can be observed N \ ik

9002150: only up to 2 Hits/Laser pulse seen

e Crosstalk signal height also 25% smaller on 2150
compared to 2108

e Photonis PMT with new backplane reduces ringing and
crosstalk

Num Hits/Event covered Num Hits/Event covered

I 2108 covered half 2150 covered half

=10 8000 —
ot
(@) = =10 . E
< :ZE: - :zjzg_ Fewer “fake hits” at
St == covered half of 2150 &
I_ 30002— t /

1

oy Y
o

15 20 10 15 207

Number of Hlts/Event Number of Hits/Event
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Most recent Lifetime measurement results

w
[=}

25_E ‘ non-ALD MCP-PMTs before 2011
2@#5@@_& ; -=- PHOT. 9000296

Ay = gy BINP 82
%i : PHOT. 9000897

T PHOT. 9001394
n\‘\* 5 )

Mo
(93]

Requirements: > 5 C/cm? at

quantum efficiency [%]
3
o Tf.' s
QE [
S o
|

1e6 gain (50% duty cycle, e et e oo
10 years) of

Lifetime of < 200mC/cm?2 for i Hompumatu NCP- PM%; T

tubes without countermeasures s —ba0 508 To005 2005700576050 300520000 220053705

Lifetime increased by a factor PAYPAPRes— 2 go | DA Opgration Tims 121,
of 50-100 with ALD coating §25; R

Both Hamamatsu and Photonis gzo

tubes have reached > 5 C/cm? §15: ___________________

We didn’t measure the lifetime
of any Photek tube until now

———

- 400 nm PHOTONIS MCP-PMTs
- L1 | L1 - | - L1l | L1l
00 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000
integrated anode charge [mC/ecm?]
PHOTONIS 9001223 —@— PHOTONIS 9001332 —@— PHOTONIS 9001393
—@— PHOTONIS 9002108 —#— Hamamatsu KT0001 —%— Hamamatsu KT0002

Hamamatsu JS0022 —&— Hamamatsu JS0035 Hamamatsu JS0018
Hamamatsu JS0027 —@&— Hamamatsu YH0250
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Idea of collection efficiency (CE) measurement

Idea: CE = Npe@anode@lSkHz / Npe@PC@lSkHZ
Ny e@anoae- POISsSON statistics of charge
spectrum (with a Picosecond Laser (PiLas) at

15 kHz and a nd-filter)

Npe@anode@lSkHz == ln(NPedestal/Nall)
Nypewpcaisknz 1S difficult to determine

Direct measurement via illumination of a certain
area with a PiLas and current measurement at =

-08

PC or first MCP I(Iike quantum efficiency)
e kHz -

Nye@pc@iskhz = 2 f’; ‘;i;;ZH is really low (~fA) .|

Increase laser frequency to 50 MHz, .

Lye@pca@somnz Still low, but measureable (~10pA)

Laser is not linear -> monitoring of light intensity __|

needed

-08 |k

NPedestal

/

4500

counts

Np

4000

e@anode
3s00f-
3000f-
2500
2000F

1500;

1000

500F

‘\\\‘\X1079
-2 0.

L L | 1 L L
5

o
0 4

=10

|_B\

" "CE _test_7 laser intensitat_test 50MHz_lkHz.txt" u 6:(-54)

laser intensity is not
linear with laser
frequency

1 1 1 1 1 1 1 1 '
0 5e+06 le+07 1.5e+07 2e+07 2.5e+07 3e+07 3.5e+07 4e+07 4.5e+07

5e+07
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Idea of collection efficiency (CE) measurement

e Monitoring of light intensity with a photodiode
e Introduction of correction factor F to compensate non-linearity

o [ — Ipiode@soMHz 15kHZ

e Use of QE-Setup (200V between PC and MCP and current
measurement) with a beam splitter

e Beam to sensor goes through nd-filter (1-2 photoelectrons per pulse)
e Beam to diode is unattenuated

Ipc@soMHz
o |\ =
pe@PC@15kHz SOMHz-e /

CE — Npe@anode@lSkHz -e-15kHz IDiode@SOMHz

Ipc@soMHz IDpiode@15kHz



I|
juimm
L
26

Ii
[2)
2]

ERLANGEN CENTRE
E “ .:I E FOR ASTROPARTICLE
PHYSICS

NATURWISSENSCHAFTLICHE
AAAAAAAA

Results of collection efficiency (CE) measurement

Photonis | Photonis Hamamatu | Photek Hamamatsu
XP85112 | XP85112 R13266-07 | MAPMT253 | R10754X-07
9001394 | 9002108 JS0022 Al1171005 KTO0O01
comments non-ALD, ALD, Hi-CE ALD, film "0 film ALD,
no film no film before MCP
CE (63+6)% (95+ 9% (39 + 4)% (83 +8)% (76 + 8)%

e ~60% for Photonis 9001394 seems reasonable

e Photonis 9002108 is higher (HI-CE), Hamamatsu JS0022 is lower
(protection film through which electrons have to pass)

e errors are estimated to be at around 10% level
e -> high DQE (= CE * QE) (up to 30%) for Hi-CE tubes
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photons / (cm?s) (at gain = 10°)

Rate stability 100  10* 10°  10° 10"  10°
Measured with shortened B e
6 ) 1 Yo ATk ya A £ “‘-*Hu‘: " g,
anodes at ~1 * 10° gain = :
. . (@] A
Fully illuminated sensor and o
photodiode in same light spot =
(diffuser) E .
[
Monitor diode and shortened +  XP85012/9002085
. 01 " XP85112/9002150 AA
anode current _for different v XP85112/9002108
IaserfrequenCIeS - ! IIHIHIS ! \\\\\\\‘4 ! I\\IIH‘S ! II\\IHB 4 I\\HH7 Lolirul
] 10 10 10 10 10 10 1
In theory, when diode current current/ area [pA/cm?
doubles anode current should ¢ Normalized gain should be 1 if sensor
double too doesn’t change its gain

Normalize to first value taken: o Higher rates were not accessible
__ Anodecurr_x ,Anodecurr_1 T
/ because of limitation of anode current

Diodecurr x ' Diodecurr_1
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20
18 c tud
. g —— MCP-PMT signal gmpliu e
G al n reC Overy 1:2 _se(;gr-lir&ﬁ zignr;rals'a?;zllif::ég:ormaIized to ref. PMT charge
e Antamanovaetal. 3 '*-

T 1.0 e . h
observed (2018 5 0o Hig
JINST 13 T09001) © os] Illumination

o Atter high e
ilumination the P e | , |
galn |S Iower than 0 20k 40k 60k 80k 100k 120k
Event #
before L2410 K ' I ' Photonis 90018417104 gain, 1200

e Only in ALD tubes,

: : Y4 |Low
ALD tubes 80Tk . ’
. / Gain recovers

e \We can reproduce * |

this effect -~ : |
e This effect is under maorl * |
further investigation +

o[t | — = | Rate stability

2x107 L — S A J measurement

] 1000 2000 3000 4000 5000 6000 ?03023 8000
time in s

anode currentin A
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Saturation and Afterglow

anode current in A

-1.2x105 |

After illuminating MCP-PMTs with high intensity light the darkcount
rate is significantly increased

The count rate decays within several seconds - minutes

This effect can also be observed during our rate stability
measurements:

Red line corresponds to 2MHz photonrate per cm? (EDD)

el ) ""--*\ Lasgr OffE

-1.4x10°3

1
500 1000 1500 2000 2500 3000 3500

Photonls 9001393-URD

on

ode current

&

2000 fime in

0

C)dﬂ'

-4x10° |-

-6x10°¢

-8x10°¢

1x10 |-

-2x107

-1.8x105 |

-1.2x105 |

-1.4x107 |

-1.6x107 |

/

Afterglow

rff!ffff!!!i

{{,!’//,
/

{ i
!¢

0

500 1000 1500

ratestab_YH0250_2400V_nd3_roter Las

2000 2500 3000 3500

or_positive_Polung.txt” u 2:4

Hamamatsu YHO0250

s000 time in s
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Afterglowing — further investigations with 90013&3 with TRB

e llluminating the full MCP-PMT PC R
several seconds with ~1 p.e./Pixel, then ¢ ..} —
turn off the laser and measure the count & - —— ok
rate for 300 s S et
e Higher illumination intensity (laser £
frequency) results in more afterglow E
e Observed up to 10% afterglow events 1_
compared to the laser rate %E oSS e =

e Longer illumination intensity results in g T 6
@ —— Bsirrad
more afterglow § | ~ Somad
e Turning off the HV during the decay has 7 — 10s irrad

no effect on the number of afterglow R HV off
events o ©
e Amount of afterglow events depends on  awf |
the voltage applied (gain) during the 2000 M
illumination 3

0 L 1 1 l 1 1 il I 1 1 1 | [ 1 1 L I 1 1 1 I 1 L 1 l 1 1 1 I 1
20 40 60 80 100 120 140
Time [s]

o
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llluminated MCP
Afterglowing - photons or electrons? (1394)

Measured two facing MCP-PMTs, once
with the illuminated MCP-PMT turned
on and once turned off

Observe the count rates of the control
MCP-PMT

Count rates of the control MCP-PMT | aser
are higher when the illuminated MCP-
PMT has been turned on

->Afterglow effect must be based on
Photons

| Control MCP
(1341)
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Summary

e The investigated Hamamatsu, Photek and Photonis tubes have
e Time resolution <50 ps Sigma and <200 ps RMS
e Very low darkcount rate of <lkHz / MCP-PMT
o Low afterpulse probability of <1%
e Average gain and QE homogeneity
e QE up to 30% for Hamamatsu and Photonis tubes
with high CE -> DQE up to 30%
e All tubes show ringing, but new Photonis backplane reduces it
significantly
e Lifetime of Hamamatsu and Photonis ALD-coated tubes > 5 C/cm?
(best at 25 C/cm?), but no Photek tube measured yet

e ALD tubes show strange saturation, recovery and afterglow effects
o Needs to be investigated further

e Latest MCP-PMTs suitable for PANDA DIRCs
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