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Why measuring LAPPD response in magnetic field

@ Large Area Picosecond Photodetectors were
expected to operate in magnetic fields,

@ smaller MCPs from other brands ???,

@ RICH and PET applications require detector tolerance
to about 1 T magnetic fields,

@ it is already established that LAPPD gain drops in
magnetic field, but can be recovered by higher bias
voltage,

@ it is yet not clear whether efficiency, timing and
spacial resolutions are also affected,

@ we decided to verify it on MNP-17 magnet at CERN.
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MNP-17 magnet in B-168 at CERN

@ 0.5 T dipole magnet with 30 cm gap height,
@ current-to-magnetic field calibration, water cooling,
@ 1D Hall-probe available.
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Measurement setup

@ PicoQuant 405 nm laser connected by optical fiber,
@ 10 um pore LAPPD N.1583 in inclinable dark box,
@ 3D Hall-probe.
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LAPPD N.153

@ Gen ll, 10 um capillary, short stack, Multi-Alkali,

@ ROP 50/875/200/875/200, gain 7.45x 10%, TTS SPE 68 ps,

@ MCP maximum bias 900 V, 5.5 MQ/MCR

@ Dark Count Rate (th. 4 mV) 2.1 kHz/cm? over 373 cm?,
means 0.76 kHz/6 mm pad,

@ QE(405 nm)~18% (max. at 365 nm 25%).

5 mm Fused Silica

Na,KSh
Photo-Cathode

Resistive
Anode

2 mm ceramic plate
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LAPPD bias voltages

How we used it: An example set of voltages
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How channel-stacking works in DTI41SET




LAPPD readout

@ LAPPD is capacitively coupled to PCB pads,
@ PCB pads are directly connected to amplifiers,

@ 1 GHz ampilifiers have 20 dB gain, 0.22 mV noise and
<0.2% cross-talk.

LAPPD side

Side view FR4 FR4

1

Sensitive pad  Metalizdd hole
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DAQ system

FRONT BANE|

WEINER VME crate: |
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Entire setup

@ LAPPD and dark box were covered with black clothes
to reduce further ambient light background,

@ electronics was installed at about 2 m from the
magnet.
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Measured LAPPD signails

@ LAPPD risetime (20-80%) was about 0.45 ns,

@ V1742 digitizer has BW=0.5 GHz —0.45 ns is ifs intrinsic
limit on risetime (20-80%).

@ LAPPD 6 mm pad has capacitance 1.6 pF, assuming
509 load we expected 80 ps,

@ B=0.5T field increased signal risetime on 25%.
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2D maps of collected charge at B=0

@ 55% of charge is collected on the pad under fiber,

@ different LAPPD inclinations at B=0 preserve the same
charge map,

@ after fiber movement the charge collection in alll
pads increased on 34%, 0.2 mm gap area fraction is
just 6.35%, requiring main peak to be located at the
edge of central pad, but the observed distribution is

symmetric,
normal inclination -40 deg.
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2D maps of collected charge at B=0.5T

@ at normal field the peak is still in central pad, but it
collects 79%,

@ inclination of field shifts the peak by about one pad
and increases peak pad fraction to 85%.

inclination -40 deg. inclination +40 deg.

chl
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LAPPD hit multiplicity

@ at B=0 charge distribution is 2 times broader and pad
hit multiplicity is larger (mean 2.8),

@ at B=0.5T all multiplicities are similar and the mean
varies from 1.1 1o 1.7.

Standard bias voltages
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LAPPD collected charge at B=0

@ datasheets of LAPPD N.153 at 875 V (60 V PC) gives
gain of 8x 10°, we expected SPE peak at 2.56 pC,

@ the observed SPE peak at 2.46+0.04 pC, /u ~0.32,
@ ¢ =-30 and -40 deg. peak at 3.3 pC (+34%),
@ fit requires exponential component.

Run.108: B=0, MCP=875 V, A=0.109 Run.146: B=0, MCP=875 V, A=0.061

i
} —— CERN MNP17 data
—— CERN MNP17 data E M SPE Polya fit

SPE Polya fit F / K
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LAPPD collected charge at B=0.5 T MCP=950 V

Events

@ exponential tail is 10 times smaller (w.r.t. B=0),
@ Polya shape gives 2 times larger x2 (w.r.t. Gaussian),

@ o/u ~0.26 (Gaussian) or 0.06 (Polya), number of
secondaries Ng ~ (u/c)?: 15 or 278,

@ SPE charge is compatible within uncertainties.

Run.137: B=0.5 T, MCP=950 V, A=0.03
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LAPPD collected charge aft B=0.5 T MCP=925 V

@ exponential tail is 10 times smaller (w.r.t. B=0),
@ Polya shape gives 2 times larger x2 (w.r.t. Gaussian),

@ o/u ~0.31 (Gaussian) or 0.09 (Polya), number of
secondaries Ne ~ (u/c)?: 10 or 123,

@ SPE charge is compatible within uncertainties.

Run.136: B=0.5 T, MCP=925 V, A=0.03
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LAPPD collected charge at B=0.5 T MCP=875V

Events
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@ exponential tail is 10 times smaller (w.r.t. B=0),
@ Polya shape gives 2 times larger x2 (w.r.t. Gaussian),

@ o/u ~0.57 (Gaussian) or 0.22 (Polya), number of
secondaries Ne ~ (u/0)?: 3 or 21,

@ Polya gives 13% larger SPE charge.

Run.133: B=0.5 T, MCP=875 V, A=0.025
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LAPPD gain and efficiency at 875 V

@ gain estimated from Polya fit (Qspe parameter/e),
@ 0 =-30, -40 deg. peaks are higher, -15 deg. 40% lower,
@ at +40 deg. gain drops by 35%,

o efficiency: ratio of Polya normalizations B=0.5 T/B=0,

@ at B=0.5 T Polya fits are not always good.
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Fits af B=0.5 T, MCP=875V

@ at -30 deg. higher peak and large exponential,
@ at-15 deg. lower peak and large exponential,
@ fits ambiguous due to overlap with exponential.

-40 deg.

Run.114: B=0.5 T, MCP=875 V, A=0.025

ERN MNP17 d:
SPE Polya it

+40 deg.
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LAPPD gain and efficiency at 925 V

@ confirm that at +40 deg. gain drops by 18%,
@ 0 =-15 peak 30% lower (consistent with 875 V),

@ gain variations of 20%,

@ efficiency: ratio of Polya normalizations B=0.5 T/B=0,
@ at B=0.5 T Polya fits are not always good.
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Fits at B=0.5 T, MCP=925 V

@ pedak positions are unambiguous,
@ magnetic field variations <2%.

Run.150: B=0.5 T, MCP=925 V, A=0.025 Run.145: B=0.5 T, MCP=925 V, A=0.025 Run.112: B=0.5 T, MCP=925 V, A=0.025
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LAPPD gain and efficiency at 950 V

@ confirm that at +40 deg. gain drops by 13%.
@ efficiency: ratio of Polya normalizations B=0.5 T/B=0,
@ at B=0.5 T Polya fits are not always good.
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LAPPD gain and efficiency at 900V,

Photo-Cathode disconnected

@ 1.7 fimes higher gain than at 875 V (both B=0 and
B=0.5T), datasheets suggest factor 2,

@ efficiency independent of angle and B-field,

@ minimum at -15 deg. the same as with
Photo-Cathode.

Gain(6,B)
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Fits at B=0.5 T, MCP=950 V

@ pedak positions are unambiguous,
@ magnetic field variations <0.4%.

Run.118: B=0.5 T, MCP=950 V, A=0.025 Run.124: B=0.5 T, MCP=950 V, A=0.025

—— GERN MNP17 data
SPE Polya it

—— GERN MNP17 data
SPE Polya it

5.104 kG
+40 deg.

L Lo o

Run.137: B=0.5 T, MCP=950 V, A=0.025

MNP17
SPE Polya it

3 4 5 5 g 0 T 2 3 4 5
Qncpe) anc pe)

3 4 5
Qncpe)




Infroduction

Fits af B=0.5 T, MCP=875V, 6 = —40 deg.

@ PC=100V: gain +17%,
@ Gap=300 V: gain +14%.

Run.148: B=0.5 T, MCP=875 V, PC=100 V

Run.149: B=0.5 T, MCP=875 V, Gap=300 V
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Events
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Fits af B=0.5 T, MCP=875V, § = —30 deg.

@ PC=100V: gain +17%,
@ Gap=300 V: gain +14%.
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Fits af B=0.5 T, MCP=875V, 6 = —15 deg.

@ PC=100 V: gain +2%,
@ Gap=300 V: gain +21%.

Run.109: B=0.5 T, MCP=875 V, A=0.025 Run.110: B=0.5 T, MCP=875 V, PC=100 V Run.111: B=0.5 T, MCP=875 V, Gap=300 V
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Fits af B=0.5 T, MCP=875V, 6§ = 0 deg.

@ PC=100 V: gain +14%,
@ Gap=300 V: gain +18%.
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Fits af B=0.5 T, MCP=875V, § = 15 deg.

@ PC=100 V: gain +3%.,
@ Gap=300 V: gain +17%.
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Fits at B=0.5 T, MCP=875V, § = 30 deg

@ PC=100 V: gain +2%,

@ Gap=300V:

Run.120: B=0.5 T, MCP=875 V, A=0.025

gain +18%.

5T, MCP=875 V, PC=100 V

Run.122: B=0.5 T, MCP=875 V, Gap=300 V
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Events

Infroduction

Fits at B=0.5 T, MCP=875V, 6§ = 40 deg

@ PC=100 V: gain +4%,

@ Gap=300V:

Run.114: B=0.5 T, MCP=875 V, A=0.025

gain +14%.

5T, MCP=875 V, PC=100 V

Run.116:B=0.5T,

MCP=875 V, Gap=300 V
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Threshold

Lowest feasible threshold

@ integrating 3 ns interval 20 ns after the laser synch
gives an idea of S/N,

@ for # <+30 noise rises <0.025 pC, corresponding to
5 mV threshold,

@ for # >+30 noise rises <0.05 pC, corresponding to
10 mV threshold,

@ for the reference the baseline RMS is about 2 mV,
@ 0 =-15 deg. has second peak at low QDC~0.13 pC.

Run.147: B=0.5 T, MCP=875 V, 8=-40° Run.109: B=0.5 T, MCP=875

Run.114: B=0.5 T, MCP=875 V, 8=+40°

E —— CERN MNP17 data
250 QDC=0.05 pC —— no coincide

QDC=0.05 pC —— CERN MNP17 data
idence
SPE Polya fit

o coincidence 20 | QDC=0.05 pC
SPE Polya fit E

—— no coincidence
SPE Polya fit




Timing

DRS4 timing calibrations

@ we used fiming calibration procedure developed by
Vincenzo Vagnoni (INFN Bologna),

@ validation of calibration gave 4 ps residual resolution,

@ calibrated delays between cells are around
1560/250 ps for even/odd cells,

@ timing corrections are significant: 50 ps broadening.

@ ndf 60.18/4

Constant 3245 + 39.8

3000 Mean 51.411 0.00
Sigma 0.003993 + 0.000032

Nominal, RMS=241 ps
CAEN, RMS=17 ps
500 —— Bologna, RMS=4 ps

H‘MM oA i
bs

1.2 51.4
Time difference [ns]




Pulse Height [0.244 mV]

Timing

LAPPD time measurements

@ acquired raw waveforms (no CAEN on-line
corrections) were converted in TGraphs with variable
delays between samples (using Bologna calibrations),

@ to measure time we fitted pulse rising edge in the
region of 50% height with a linear function,

@ time was determined as the crossing point of 50%
height by the linear fit function.

Graph Graph
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LAPPD PH-corrections on time

ADC [mV]

@ linear function approximation in the fit leads to
systematic effects on the time difference,

@ time difference depends on signal Pulse Heights,
@ in LAPPD time drift is about 0.2 ps/mV, mostly <100 mV,

@ but this correction is visible only in runs without
Photo-cathode.

ADC [mV]




Timing

SPE timing results

@ fime difference distributions mostly appeared as a
Gaussian-like peak,

@ Gaussian fit was used to determine timing resolution,

@ movement of optical fiber reduced resolution by a
factor of 2, and shifted mean by -1.6 ns (34 cm),

@ for # =-40 and -30 deg. SPE timing was 135 ps at B=0,
and 145 ps at B=0.5 T (datasheets 70 ps),

@ for other angles varies in range 300-400 ps.
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Photo-cathode bias effect

@ data taken with disconnected Photo-cathode (+2200
V w.r.t. entry MCP) show 50 ps RMS,

@ with Photo-cathode RMS is at least factor 3 worse,
and mean shifted by +0.6 ns ({ime electron travels in
50 V/1.4 mm electric field is 0.58 ns),

@ PicoQuant LDH-P-C-405 laser head has 44 ps FWHM
pulse (19 ps RMS), thus fiber uncertainty 40 ps,

@ initial electron energy 7 times lower than acceleration
term, why RMS different?

C X2/ ndf 152.8/7 5

C Constant 1306 +21.7 X2/ ndf 193.9/34
1200— Mean 18.24 +0.00 Constant 966.5 + 17.8

E Sigma 0.1343 +0.0013 Mean 17.64 = 0.00

PC at-50V
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Coincidence time

@ before fiber movement we had secondary peak at
+6.5 ns (and small one at +13 ns),

@ after fiber movement it disappeared,
@ the main peak has r.h.s. tail up to about 3 ns.
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Timing

Coincidence time vs QDC

Events
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@ the secondary peak appears for all charge values,
@ it is not for small signals only.
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Timing

Rise-fime vs B

@ at B=0 all risetimes are about 0.45 ns (V1742 limit),
@ at B=0.5 T risetime depends on angle:

0.48 ns at 0 deg.,

0.52 ns at 40 deg.
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Spacial charge distribution B=0, § = 0 deg.

@ spotin central pad
(ch4),

@ all angles in agreement,
@ RMS about 3.6 mm. .
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Spacial charge distribution B=0, § = —40 deg.

@ offsetin X: .
+0.24+0.05 mm,

@ offsetinV:;
-0.024+0.05 mm,

@ within uncertainties .
same position.
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L Constant  0.2967 + 0.0056 024 Constant  0.2627 + 0.0047
0.25— Mean 9.058 + 0.051 0.22 Mean 9.295 + 0.051
L Sigma 3.717 + 0.040 o 25 Sigma 3.735 + 0.039
02F 018~
L 0.161—
015 0.14F
r 012
01 01
E 0.08
Dot e L N 1] 006E |/ 1wl e N L
2 4 8 10 12 14 16 18 2 ) 8 10 12 14 16 18
X [mm] Y [mm]
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Timing

Spacial charge distribution B=0.5T, ¢

@ offsetin X: +0.3£0.2 mm,
@ offsetinY:-1.8+0.05 mm,
@ peak still in central pad.

Row

2
Column

h_xpos_bin1 h_ypos_bin1
Entries 12079 Entries 15466
Mean 9.351 Mean 7.718
Std Dev 233 Std Dev 2.949
X2/ ndf 7.55¢-09 /0 X2/ ndf 1.661e-10/0
Constant  0.2627 =+ 0.0027 Constant  0.3206 * 0.0035
Mean 9.373 +0.022 Mean 7.478 +0.021
Sigma 2.773 + 0.011 Sigma 2.884 +0.017




Timing

Spacial charge distribution B=0.5T, 0 =

@ offsetin X:
+0.54+0.05 mm,

@ offsetinY: -3.84£0.05 mm,

@ peakin first pad - need
one pad more!

Row

z s
Column
h_xpos_bin0 h_ypos_bin1
Entries 6252 Entries 8537
E Mean 9.379 E Mean 557
£ Std Dev 264 E Std Dev 3.104
0.35— X2/ ndf 1.883e-08/0 035~ X2/ ndf 1.211e-07/0
E Constant  0.3708 + 0.0055 E Constant  0.4898 + 0.0093
03 Mean 9.399 + 0.030 03 Mean 5.47 +0.05
£ Sigma 2.955 +0.017 E Sigma 3.174 +0.054
0.25F 0.25—
02 02
E .15
0.15— 0151
E 0.1
0.1 E
E 0.05/—
0.05— E
C i ol L L
2 4 12 14 16 18 K 2 2 12 14 16 18
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Timing

Spacial charge distribution B=0.5T, ¢

@ offsetin X:
+0.55+0.1 mm,

@ offsetinY: -7.44+2 mm,

@ peakin first pad - need
one pad more!

Row

2
Column

h_xpos_bin0 h_ypos_bin1
Entries 4744 Entries 4527
Mean 9.564 Mean 4.044

E Std Dev 2.581 & Std Dev 2.264
035 X2/ ndf 3saset0/0 | O35F X2/ ndf 1.8180-07 /0
E Constant ~ 0.3671 £ 0.0062 E Constant  0.3836 +0.0155
03 Mean 9,638 +0.033 03 Mean 1.85 + 0.49
E Sigma 2,908 +0.019 E Sigma 3.929 +0.200
0.25 0.25—
02F 02F
015 015~
01 01
0.05 0.051-
E L N P L L
4 16 18 2 4 2 14 16 18
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Timing

Spacial charge distribution B=0.5T, # = 15 deg.

@ offsetin X: +0.3+0.2 mm,

@ offsetin:
+2.24+0.05 mm,

@ peak still in central pad.

Row

T 2 s
Column
h_xpos_bin1 h_ypos_bin1
Entries 3067 Entries 3979
Mean 9.255 E Mean 11.29
Std Dev 2.629 04 Std Dev 3.085
X2/ ndf 5.823e-10/0 “E X2/ ndf 2.209e-11/0
Constant  0.4161 = 0.0087 0350 Constant  0.5473 +0.0121
Mean 9.243 +0.042 E Mean 11.48 £ 0.04
Sigma 2.948 +0.024 o 3; Sigma 2.943 +0.036
025
0.2
015
0.1
0.05—
A R N I S IR Py= P N AR R IR B I
2 ) 6 8 10 12 14 16 2 ) 6 810 12 16 18

X [mm] Y [mm]
enko INFN 4 January 2024 ERN MNP-17, Nov. 20




Timing

Spacial charge distribution B=0.5T, # = 30 deg.

@ offsetin X: .
+0.54+0.05 mm,

@ offsetin'V:
+4.14+0.05 mm,

@ peakin first pad - need .
one pad more!

Row

2
Column

h_xpos_bin2 h_ypos_bin1
Entries 4168 Entries 5572
E Mean 9.085 E Mean 13.31
0.35— Std Dev 2534 0.35— Std Dev 3.009
C X2/ ndf 4.107e-11/0 E X2/ ndf 2.325e-10/0
03F Constant  0.3507 + 0.0062 03 Constant  0.4388 = 0.0110
E Mean 9.02 +0.04 F Mean 13.39 £ 0.07
025 Sigma 2.883 + 0.021 025 Sigma 3.119 +0.073
02[- 0.2~
015 015/
oal 01
0.05/— 0.05—
E L L ok ! L
2 ) 12 14 16 18 2 14 16 18
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Timing

Spacial charge distribution B=0.5T, # = 40 deg.

@ offsetin X:
+0.55+0.1 mm,

@ offsetinY: +8.3+2 mm,

@ peakin first pad - need
one pad more!

Row

2
Column

h_xpos_bin2 h_ypos_bin1
Entries 2081 Entries 2775
03F Mean 9.069 03 Mean 1472
L Std Dev 2456 [ Std Dev 2.081
F X2/ ndf 9.6580-08 /0 r X2/ ndf 4.26-07/0
0.25( Constant  0.2886 + 0.0060 0.25F Constant  0.3279 + 0.0309
L Mean 899 +0.05 E Mean 17.59 + 0.86
r Sigma 2834 + 0.024 [ Sigma 4.038 +0.321
0.2~ 0.2
0.5 0151
01 01
0.05F- 0.05F
E L ) L | [
2 4 2 14 16 18 2 6 18
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Collected charge spot position in B-field

@ X-positon is offset by -0.3 mm and moves with angle
on 0.6 mm, at B=0.5 T it jumps by +0.2 mm;

@ Y-position is well centered at expected 9.3 mm, at
B=0.5T it follows the expected 6.44*tan() distribution
except +£40 deg. which are highly uncertain;

@ -40 and -30 deg. are consistent with others;

@ at +£20 deg. offset =2.4 mm, spot will be almost
equally shared between central and nearby pads.

C —a B=0 E —=— B0
r. —+— B=0ST 18 .
PN res Expected E 8051 '
T F \ Expected B_=0.05"'B T 16— ......... Expected for 6.44 mm gap
E o g E 14 /
& r ; @ e
s [ e s 12 e
5 92— AN 5 e
2 F \\ g8 10
5 I k] C o
s °r Tt s 0
g E g
£ C £ 6= ,,
% 88— > E -7
C a7
8.6 2*'/




CoIIeCTed charge spoT posmon without PC

@ X-positon is offset by -0.3 mm and 10% B-filed effect;

@ Y-position is offset by +0.5 mm, at B=0.5 T it follows the
expected 5.04*tan(d) distribution;

@ 1.4 mm difference in total gap height (with and
without PC) is clearly visible,

Fi e B0 W T
10— TBe0sT E with PC, B=0.5T
£ [ -+ Expected 4 - Expected for 5.04 mm gap
T 98 ) Expected B =0.1'B T E Expected for 6.44 mm gap
E E 14 e
[ o c o
g o6 ) 3 -
= E S = E -
2 ME N A T
& F 4 & —
- F - E .
5 5 gL e
§ i H E
g g F o
£ £ £ 6 -
% E > E
.8 a4
8.6 2
Bl | | I | | | | | Eol | | I | | | | |
-40 30 -20 -10 [ 10 20 30 40 -40 30 -20 -10 [ 10 20 30 40
Inclination angle 6 [deg.] Inclination angle 6 [deg.]
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CoIIeCTed charge spoT RI\/IS in B-field

@ X-resolution is 3.5 mm at B=0,
at B=0.5Tif reduces to 2.9 mm (-17%);

@ Y-resolution is consistently 3.5 mm at B=0,
at B=0.5T it reduces consistently to 2.9 mm (-17%),
except uncertain edges +40 deg.;

@ -40 and -30 deg. are consistent with others.

445 —=—B=0 445 —eB=0
4.2 4.2
E ——B=05T E —~—B=05T ‘
EE E /
= 38 = 38 F /
o @ el
< 36 < 36 /
a ’.’—U—u——-lv—oi\._" a E \ 7
& 34— & 34— \ /
o o E \ /
g 3.2 g 3.2? \ /f
% 3 L ey > 3= _ - e
= s — E —— =
2.8F e * 2.8F
28 1 | | L L L | 261 | | L L L |
40 30 20 -10 0 10 20 30 40 40 30 20 -10 0 10 20 30 40
Inclination angle 6 [deg.] Inclination angle 6 [deg.]
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Timing

new LAPPD gain and efficiency at 875 V

@ confirm that at £40 deg. and -15 deg. gain drops by
-40%,

o efficiency: ratio of data or fit B=0.5 T/B=0 with pC or PE
thresholds,

@ all efficiency estimates are similar.

5

25 X10
r —&— B=0 £} B=05T,PC100V
C ——B-05T 5057, Gap 300V 12—
F B=0.5T, MCP 925 V r
F M 3
15[ @ 08—
a F s r
S g C
s ¢ 5 06—
8 . r g %or
10— £ L
C 04—
5 [ = fitQQg>0.1
- 0.2 [~ & data 0>0.065 pC
L [ -e-fitQ=0.065pC
F) P P I P I I I P B [y P I Y I I I DI P P
-40 -30 -20 -10 0 20 30 40 -40 -30 -20 20 30 40

10 -0 o0 10
Inclination angle 6 [deg.] Inclination angle 8 [deg.]




Ti

B=0 fits used in gain

lagligte]

@ large exponential contribution;
@ peak position is model-dependent (exponent shape),
except for -40 and -30 deg.

Run.146: B=0, MCP=875 V, A=0.061

—— CERN MNP17 data
SPE Polya it

I-40 deg.

Run.141: B=0, MCP=875 V, A=0.061

—— CERN MNP17 data
SPE Polya it

-30 deg.

Run.108: B=0, MCP=875 V, A=0.061

—— CERN MNP17 data
SPE Polya it

-15 deg.

z
Run.113: B={

N QDC oCl °
0, MCP=875 V, A=0.061

—— CERN MNP17 data
SPE Polya fit

i g,
5 [

z
Run.119: B={

N QDC oCl °
0, MCP=875 V, A=0.061

—— CERN MNP17 data
SPE Polya fit

z 3 s
QDe (561
Run.138: B=0, MCP=875

—— CERN MNP17 data
SPE Polya fit




Timing

B=0.5 T fits used in gain

@ at +40 deg. threshold rise in data too steep;
@ at-15 deg. double Polya (also very steep threshold

rise).
Run.147: B=0.5 T, MCP=875 V, A=0.025

—— CERN MNP17 data
SPE Polya it

-40 deg.

Run.142: B=0.5 T, MCP=875 V, A=0.025

—— CERN MNP17 data
SPE Polya it

-30 deg.

Run.109: B=0.5 T, MCP=875 V, A=0.025

—— CERN MNP17 data
SPE Polya it

-15 deg.

L
05 T 35

adho  °
Run.114: B=0.5 T, MCP=875 V, A=0.025

—— CERN MNP17 data
SPE Polya fit

+40 deg.

3

L iy
05 T s 2 25
QDC i5C1
Run.120: B=0.5 T, MCP=875 V, A=0.025

—— CERN MNP17 data
SPE Polya fit

+30 deg.

3

, 1
05 T 35 3

adho  °
Run.133: B=0.5 T, MCP=875 V, A=0.025

—— CERN MNP17 data
SPE Polya fit

+15 deg.

L
& 25
Qpcpe)

3

5
Qocpe)

L
5
Qocpe)




Timing

Slmple LAPPD gain and efficiency at 875V

@ our goal was to take data at A = 0.05, but some runs
were taken at A ~ 0.10;

@ at A\ ~ 0.10 the probability to observe 2 PE events is
=0.05 (at A = 0.05 it is 2 times smalller =0.025);

@ efficiency obtained simply from the ratio of
coincidence events at B=0.5 T/B=0 in good
agreement with more sophisticated estimates.

0.2

.
0.18 -
0.16 U - WL
0.14 £
0.12
< 01
0.08
0.06

0.04

0.02




Charge fraction collected on the spot pad

Q,,

ot pac! Qrot(0:B)

@ at B=0 spot pad collects about 0.55 of total charge;

@ at B=0.5T this fraction increases up to 0.7 (smaller
width), but varies with angle;

@ af +40 deg. the extrapolation intfo missing pad
indicates that we are loosing about 5-7% of charge,
insufficient to recover -40% gain loss;

@ instead the peak positon from the fixed width fit
comes on the expected tan 8-line.

X2/ ndf 10.22/1
N 2.846 +0.045
E E — A
09E —=B=0 0.35F 7 mean 3.616 + 0.046
0.8 +B=0.5T 03F
E & F 4
0.7 e ?- E Y
E N\ A R / 0.25— Y
0.6 . / \ / Q F %
E e < - = 02F 4
0.5 — s B
045 o 015
03F- E
E 01
0.2 C "
04 0.05— ‘
ol b b i b b e L L O.r"]'l | [ B !
-40 -30 -20 -10 [ 10 20 30 40 -5 [ 5 10 15

Inclination angle 6 [deg.] Y [dmm]




* Conclusion *
Lessons learned |

@ avoid touching optical fiber: 35% variation of gain,

@ at low gain ambiguous SPE-charge reconstruction:
higher MCP voltage in B-field? But it is unstable at B=0.

Q extrapolating to B=1.5T expect <2% gain (at B=0.5T
wass 25%), QDC shoulder will shrink from 0.7-1 pC
(B=0.5T) to 0.04-0.06 pC. This is below actual threshold
of 0.2 pC. Can we measure at much lower threshold?
Or shall we increase laser intensity and measure 10 PE
peak?

@ at +£30 deg. charge spot moves to the edge of
instrumented 3x3 pad array: solder remaining 4 pads
and add SMA connectors!

@ angular gain variations are seen only around § = —13
deg. and |#| > 40 deg.: enough measure at 0, £13
deg., +£40 deg. and higher.
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* Conclusion *
Lessons learned |

@ bad timing resolution with PC not understood,
@ does it depend on the laser intensity?

@ for NA=0.22, 200 um core straight fiber TIR every
>1.3 mm, corresponding to >6.4 ps,

@ RMS~40 ps residual (observed without PC) suggests
6.3 TIRs FWHM, or 8 mm of fiber length,

© test (in Trieste) fibers of different length and different
core sizes,

Q test (in Trieste) time resolution as a function of fiber
bending,

@ fest (in Trieste) time resolution as a laser intensity,

Q@ fest (in Trieste) charge collection as a function of fiber
bending.

4 January 2024



g Conclusion *
Summary

@ tested 10 um pore LAPPD N.153 capacitively coupled
to custom readout board with 6 mm pads,

@ tfests performed at CERN MNP-17 magnet at 0.5T,
@ in 0.5 T field gain was reduced by factor 0.25,

@ gain reduction was almost independent of angle,
except § = —13 deg. and |#| > 40 deg.,

@ gain reduction in 0.5 T field can be compensated by
about 60 V increase of MCP bias voltage, but LAPPD
dark current might become unstable,

@ timing resolution was not understood (but B=0.5T
effect is relatively small),

@ spacial resolution improves in B=0.5T field.
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Conclusion
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g Backup slides  *
Polya approximation

@ Polya distribution approximates events following a
segquence of Poisson processes proceeding with
slightly different rate parameters,

@ For alarge number of multiplied electrons, the Polya
distribution approaches a Gamma distribution:

1 q 5 g
Polya(q; i, b) = — e bu
ya(q: p, b) bur(lb)<bu>

w is the distribution mean, and b is unitless relative gain
variance.
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Backup slides  *

LAPPD Quantum Efficiency

WUVEICNY LAPPD. 12 with Na,KSb photocathode
range 180-400 nm 0%
QE of LAPPD is 35%
> 30%, 30%
. 25%
@ numerical £ 0%
convolution 9 1s%
dN/dA(\) and 10%
QE(\): 33.6 Zj

pe/mm u1[50 260 360 460 560 660 760

@ analytic estimate Wavelength [nm]

of Cherenkov p.e.
yield assuming
average QE=30%:

] ]
160nm 560nm

N, = 0.0256*{ }*0.30 SRV
mm
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Backup slides  *

Optical fiber propagation time variance

@ laser head LDH-P-C-405 operates at 405 nm,

@ quartz refractive index n(405 nm) = 1.4698, light group
velocity vg ~ 21 cm/ns,

@ optical fiber NA=0.22 maximum photon angle inside

core: ) _ .60,

omss = asin( -

core

@ fiber length traveled by a photon between TIRs in
D = 200 um fiber:

IT/RZ W: ]Smm,

core
@ photon path length variation (inclined-straight):
cosomex — IR
—=cre  —0.0114,
e

@ assuming flat angular distribution (for SM NA=0.12 fiber

3.4 times smallen: RMS = 202 5 e = 16 ps.
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