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Recent and Ongoing LAPPD/HRPPD studies

= LAPPD timing studies - CERN PS beam test, October 2022
D. S. Bhattacharya, et al., NIMA 1058 (2024) 168937

= LAPPD response in magnetic fields - CERN, October 2023 and March 2024
. Agarwala, et al., NIMA (2024) 170122
= Motivation
= Detector characteristics and schematics
= Experimental setup and results

= HRPPD ageing studies - Trieste laboratory 2025 (Preparation at final stage)
= Motivation
= Experimental setup and measurement protocol
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Context and Motivation

Large sensitive area

Large Area Picosecond Photon Detectors _
== Micro-Channel Plate-PMT technology

High Rate Picosecond Photon Detectors

e HRPPDs - photosensor candidates for pfRICH sub-detector in ePIC
e PfRICH application requires about 1.4 T magnetic field tolerance
e Response of MCP-PMT based detectors get affected in magnetic fields

= \We measured (upto1.57T)

< Degradation in gain and relative Photon Detection Efficiency (PDE) as a
function of B-field strength and angular distribution

v Partial recovery by increasing MCP bias voltages
< Geometrical effect on the anode charge spot
< Time response (delay in B-fields)
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Studies at CERN

* Vertical dipole magnets, Current to B-field converter, water cooling system
® QOperation in room temperature
e 3D Hall probe to check the field strength

‘- 2 " R 2 ™

¢+ MNP-17, 0.5 T, field direction - UP ¢+ M113, 1.5T, field direction - Up & Down
+ 30 cm aperture allows ~ +40° ¢+ 17 cm aperture allows ~ +27°
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LAPPD #153 (Gen. ll) - characteristics and schematics

https://incomusa.com

5 mm Fused Silica

Cathode
connect.

[ Na,KSb
¢ ~ 200 x 200 x 15 mm3, short stack tamm ""°‘°‘°j““°d°
+ Two MCPs in Chevron pair of 13°, 10 um capillary 125&{::&3 mm Entry MGR\\\| A
+ HV bias: ROP of 200-875-200-875-50V 776 i ERNEE 7777 B\
+ Gain @ ROP: ~7.5 x 10¢ S dimm X
¢ <QE> @405 nm: 18.0%, Max. @365 nm ~25% z” Re=o
¢+ Dark Count Rates (2.1 kHz/cm? at ROP, Resistive

2 mm ceramic plate roGe

threshold 4 mV)

NOT TO SCALE

0 is in Chevron plain

0 is +ve when B-field is along the capillaries of Entry MCP
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Experimental setup

Not to scale

Light
propagation
from laser to
box through
Multi-mode fibre

Magnet aperture

(285/2) * sin6

2*{(285/2)*sin® + (43/2)*cosB6}= 170

=>0~27°

Darkbox (380 x 285 x 43 mm?3), external support facilitates inclined configuration
PicoQuant pulsed laser (A=405 nm) driven by PDL 800-D, external trigger mode
Synchronisation output pulse of laser controller used as the fast trigger for DAQ
CAEN V1742 digitizer module installed in a VME crate

DTE1415 CAEN power supply

* & o6 o o
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Readout

LAPPD side

P} | -

LAPPD capacitively coupled with custom-designed (INFN-GE) RO PCB seeven | ERA | |[ERA
Central 13 pads (6 mm x 6 mm)
Coaxial cables (SMA connector on one side) soldered on the pads

Custom-designed (INFN-GE) amplifiers 1 GHz, 20 dB gain, 0.22 mV
noise, <0.2% cross-talk

t

Sensitive pad  Metalizéd hole

* & o o

LAPPD/HRPPD studies - Jinky Agarwala Giornata Nazionali ePIC Italia, 18 June 2025



Integra’(ed charge distributions
Evident SPE peaks
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® Collection of charge on all pads

® Signal amplitude integrated over 3 ns, converted in pC by normalising to the load
resistance of 50 Q and by scaling for amplifier gain

® |ntegrated charge supression - SPE peaks shift towards zero in B-fields
e At B =1.5T and MCPs at 925 V, weak angular dependence except at 6 = -13°
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Gain vs. B-field strength
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® Charge spectra fitted with a sum of a Polya and an exponential distribution
® Mean of the fit provides effective SPE gain

® Absolute gain/relative gain drop exponentially with B-field strengths

® From 0.5 Tto 1.5 T, relative gain drops by ~ one order of magnitude
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Gain(o)

Gain vs. B-field rotation (0)
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®* Very small angular dependenceat B=05T
® Some dependenceat 8 >20°andB=1.0T
® Dips at -13%are observed
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Gain vs. B-field rotation (@) | simulation vs. Data
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Simulation with one MCP (of +10°) of 10 um capillaries for Juno experiment

In simulation, no magnetic field was applied, but photo-electron inclination was considered
Dip at MCP bias angle present

Good agreement between simulation and data (Exit MCP)
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Gain vs. B-field rotation (¢)

Inclination in transverse plane
Out of Chevron plane

s B=05T - B=1.0T . B=15T
18)(10 16 & 10 X10
= | —=— B=-1T, MCP=875V = B=-1.5T, MCP=975 V, PC=150 V
15:_ 14 [ —— B=-1T, MCP=925 V ‘@‘ 9 ;——-9-— B=+1.5T, MCP=975 V, PC=150 V
C - s B=-1T, MCP=975 V 8 F —F— B=1.5T,MCP=75V
14 12 - B=+1.5T, MCP=975 V
- I —&— B=+1T, MCP=975 V - =
= L 7 F—®— B=1.5T,MCP=925V H—
— = - 6
= 10— r E
E C 81— = 5F
S 8- 5 A g
- 6 P 4E
6— r ~ 3 S
4 —=— M113 B=-0.5 T, MCP=875 V A0 m JFE C
2:_ —*— M113 B=-0.5 T, MCP=925 V Py /,_ = 1 E_
- —s— M113 B=+0.5 T, MCP=925 V - -
D|\||||||\||\|||||.\..\.....H..\..‘..H..... 0_||||||||\\||||||||\\||||||||\\||||||||\\|| 0_\|||||\|\|\|\|\||||||\|\|\|\|\||||||||\|\|\
-20 -15 -10 -5 0 5 10 15 20 -20 -15 10 _5 0 5 10 15 20 —-20 -15 -10 5 0 5 10 15 20
Inclination angle ¢ [deg.] Inclination angle ¢ [deg.] Inclination angle ¢ [deg.]

® Non-symmetric behaviour though the LAPPD geometry is symmetric!
® Absolute gain suppression by ~factor 2, at - 18°forB=1.5T
® Geometrical mismatch between Entry and Exit MCPs??

Studies with HRPPD #25 in M113 magnet at CERN in Oct. 2025
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Efficiency vs. B-field strength
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® Relative efficiency strongly depends on B-field strengths, ~ 30% suppression

from05Ttol.0T@ 875V

® Strong dependence on MCP bias, gain compensation by 50 V increase across

LAPPD/HRPPD studies - Jinky Agarwala

MCPs anduptoB=1.0T

Giornata Nazionali ePIC Italia, 18 June 2025



Efficiency vs. B- f‘ eld rotation (0)
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® Clear dip at -13° for all points in angular distribution

® At -13°lower production of secondaries - electrons follow the B-field lines and
don’t hit the capillary walls

® Higher PC bias (increment by 100 V) recover the efficiency by ~15%
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Timing response in B-field

At(LAPPD-Laser) - RMS OF At(LAPPD-Laser)

8000 x* I ndf 50.37 /18 B0, #=0, MCPs=775 V = - 1 o=k
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B ) Signal delay
- ® Measured for few photo-electrons (Not SPE)
LT 0 250 ps ¢ B-field introduces delay in LAPPD signals
15T | -27° 557 ps ® Further delay for inclined B-fields (longer paths for e’)
15T | +27° 665 ps
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Ageing Studies on an HRPPD unit

E6-3E-68-FA, Ch: 120

ounts

o] 7o
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Motivation

® High radiation environments for the HRPPDs installed near the beampipe
2 Photocathode lifetime affected
2 (MCP performances deteriorated)

® Three HRPPD-ageing test stands at BNL, INEN, Jlab

® Accelerated and localised ageing on an HRPPD unit in Trieste laboratory
(10% photon flux in 10 days, ~ 1 cm? surface area)
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Strategy for ageing studies

Ageing spot
HRPPD characterisation + irradiation

Darkbox top Darkbox top
+ Defocalised spot (d ~ 10 mm)
DO CO BO AO . + Central 2 x 2 pads irradiated
" * 4 x 4 pads under study
L py Al
3 e | p2 A2 Reference spot
HRPPD characterisation
D3 O .
. + Focalised spot (d ~ 1 mm)
Window + 2 x 2 pads under study

Backplane Frontview

Rear-end view 3 mm X 3 mm pixels

Pixelated Anode pads
Directly-couple to Readout pads

Protection of reference spot using black shielding during high illumination on ageing spot
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OEtics se‘(-uE

e Optics installed on a movable (XYZ) system

Vo e Same optics at two different Z positions - focused (measurements)/
i defocused (ageing) spots

» e Same optics at two different X positions - ageing/reference spots

Five configurations (different optics outside darkbox)

= 4 =

Pulsed Laser + ND filters(wheel) Continuous LED

-
' 2 1% Pure SPE (A=0.01) measurements |Direct for QE
1 |
L 15% SPE (A=0.1) measurements Via wheel (empty) Ageing
A x| =
o — 5 PE (A=5) measurements
|
| k_ D
!

Z
\
\

F
HLkbOX Continuous COIEECEE L1 Lens (20 mm), L2 Lens (50 mm), S splitter, PD Photo-Diode,
NOT TO SCALE LED sl K Keithley, D Diaphragm, F Fibre, W motorised wheel
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Measurement Ero’(ocol

Measurements before, after and at a few
intermediate stages of illumination

At ROP: 200 700 200 700 200 V

* SPE responses (1%, 10% non-empty
events) in terms of gain, PDE

e Dark Count Rates
o After Pulse Rates

PC at -50V, First MCP at
Keithley, 2" MCP at floating

e QE/Photo-current
measurements

1050 V/-\
PC
1.1 mm UPMZD =200V

XO: E-a“““‘ =200V " %i 650 V

|aV| = 200 V

- _H Two
W | [ | S| R

channels

2.5 mm

Circuit during ageing
-First MCP with lower gain
-Second MCP at Ground =

During irradiation monitoring of:

* Photon fluence by Photo-Diode current (keithley)
e Total integrated charge at second MCP (Keithley)
e Photocathode current (custom-designed PA)

e First MCP currents by CAENLOGS

v Effect on DCR, APR, Gain

v PDE, QE scans over pads as a function of photon flux and total integrated charge
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Conclusion

® \We studied the response of the LAPPD #153 in magnetic fields at CERN.
|. Agarwala, et al., NIMA (2024) 170122,
v LAPPD gain drops exponentially with B-field strength.
v Gain has mild dependence on B-field inclination.
v Reduction in effective PDE.

v' Both the gain and PDE are partially recovered with 50/100 V increase across
the two MCPs.

v Time delay for normal (~200 ps) and inclined B-fields (~500 ps)

® Preparation for ageing studies with an HRPPD unit is at its final stage.

v Reqgular, dedicated Global HRPPD ageing Meet:
https://indico.bnl.gov/category/605/

v Optics, electrical set-up and measurement protocol well defined.

v Measurements will start soon.
'hank you!
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Extra slides
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LAPPD/HRPPD studies - Jinky Agarwala

LAPPD #153 MCP features & performance

LAPPD 153 Microchannel Plate (MCP) Features & Performance

MCPs Two Arranged in a Chevron Pair
Dimensions 203 mm x 203 mm X 1.2 mm
MCP Substrate Incom C5 Glass

Capillary Pore Diameter (um) 10

Center to Center Pitch (um) 13

Channel Length / diameter 60:1

Substrate Thickness (mm) 0.6

Bias Angle 13

Capillary Open Area Ratio 265%

Resistive and Emissive Coatings Chem 1, Applied via Atomic Layer Deposition (ALD)
Secondary Emission (SEE) Layer Material MgO

Electrode Penetration — Input & Output (Pore Diameter) 0.5-1.0

MCP ID (Entry / Exit)

CJ19574001-007 / C)19574001-027

MCP resistance, Entry/Exit (at LAPPD M&T)

5.5/5.6 MQ at 900 V

MCP Dark Rate in the tile
(Obtained by setting the photocathode more positive than
the entry MCP)

5.7 Hz/cm? at a threshold of 8x10° gain (134 fC), 900
V/MCP, 10 V positive on photocathode *

Max Voltage

900/900 V/MCP (entry/exit), with -2,210 volts on
the photocathode; dark rate limited.
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Collected charge and gain
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Gain vs B-field angular distribution

. B = 0 data .
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Gain()

Gain vs. B-field rotation (¢)
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Ef‘ﬁciencg definition

Ncoén(B: 9)
Ntrig(B: 9) :

p(B;8) = p(B =0) ~ 0.057 £ 0.0015 . (3)

From the probability above we can estimate the mean number of PE per laser
pulse:

A(B,0) = —In [1 — p(B, 9)} ~ p(B,9) . (4)

Since the number of observed PE is proportional to the Photon Detection Ef-
ficiency (PDE), the relative efficiency of LAPPD in magnetic field can be esti-

mated by:
A(B, 0)

er(B,0) ~ NE=0) (5)
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Charge spot position vs. B-field inclination (0)
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- B ﬁ/f . E 28— d— B=05T, MCF 875V
° L 4 ; = - ¥ B=1T,MCPETSV
P 6 L e or o 2 7E- —O— B=0ST,MCF 25V
a - {En i o — 51— Bei T, MCP 825V
- - B=1.5T, MCP 925 ¥
E 41— E 2.6 B=1.56T, MCP 975V
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Simulation - efficiency vs. angle

Lin Chen et al., NIMA 827 (2016) 124

80 - /\ "
Anpeu
- ol - -
e
No dip observed for simulated z.
data (Juno experiment) g 40 L :
20 - :
ﬂ L 1 L 1 1 1 L 1 L 1 1
-60 -40 -20 0 20 40 60

Angle of incidence (degree)

Fig. 8. Efficiencies as functions of ¢ at U=200V and E=500eV. The MCP bias
voltage is 800 V. C,, (; and C; are represented by the solid line, the dashed line and
the dotted line respectively. A, represented by the horizontal line is 74.1%.
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HRPPD
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3 mm pixels

1024,

2

Anode plate vacuum side (left), air side (right)
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ETRRE R R,

Outer ide

Inner side
(matches HRPPD rear side) 32x Samtec ERF8 connectors/socketss;




EEA 0005
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Compression interposers arrived in Trieste

Direct connection between
HRPPD rear side and passive interface
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+

FE R R
L
R R
L
L R
LR
L

&+ # 42
L
TR EE RN

+

Designed and dimensioned in mm [inches]

0.03[.001] MIN (TYP)&

C,

<7

.l'"'..

4

2.00[.079] |
REF (TYP)

|
‘ |TT’F’|
[
|

Mechanical design of interposers

@21 .00[.827]

18.00[.709]
14.00[.551]

21.00(.827]

9] @

s
|
N A

1

)

>
[

A
QR

N

Q
Q

Q

2.00[.079]

00[.551]

AN 1A I TR
Q399 24QRK
S99
NSRRI TR SRR

TN NP NP N NP NP PN
RN NN E NN NPN

\_ 1

POSITION 1 INDICATOR

¢

[T] THROUGH COVERFILM ONLY

18.00[.709]

[3.1 0[.004] MIN (TYP)
1

| 1.00£0.10[.039+.004]

(SEE NOTE 8) @
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ﬁl‘lte_l: ERF8 sockets

2 FARID W BE PALRASEL IN IRKATS,

23.50[.925] REF
((20 POS x 200 [.0315]) + 7.50 [.300])

20.32[.800] REF

Yy YY?® A @6.00[.236] 0.20(.008
SEEREREREERRER ozv_f /- REF 40 {
”.A" ST T #
sé0[.220]1 1 | 3.36[.132]
REF REF
— R R AR, ¥
ol
0.800[ .0315] (TYP) :
s w Ty N LR B R (TOL NON-ACCUM] = [Czamv >
=iy
19.13[.753]

Used for 32 pads

2 X 20 pins, 8 extras, 2 x 8 marked
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HRPPD #25

Ground Pin

LAPPD/HRPPD studies - Jinky Agarwala Giornata Nazionali ePIC Italia, 18 June 2025



Assemblin of HRPPD #25

5
204460

sissevo &
om0

ne mounted

| T P Planarity O (100 ym)
, : : ~100 pm bump - top to bottom

Flat washer, Nylon, Black, 0.0
HEX NUT, Natural Nylon, #2-56T




Readout preparation

Breadboard (32 RO channels)
e Prepared
e Connections checked
e Cabling with labeling done

38




Mauro’s bread board - updates

Grounding: 32 channels

32 readout channels

()]
ap]




Electrical circuits

HV power supply
7 Channels in Daisy chain

200\.!/\

e UPAmO __ir

zzz) | 11111 oo — 3

A 70y y L. Tivo + CAEN DT1415ET HV power supply
er ""',"‘:ﬂw " mi dl:Jmmyl » GECO 2020 software

anneis
25 mm 5 MQ
e : * 2.5 GHz Oscilloscope (waverunner
Saua 9254)
K

NOT TO SCALE

HV Ground Pin
either to Keithley or Oscilloscope

From HRPPD Ageing Studies - Global Meet - 12 March 2025 by Jinky Agarwala - INFN 40



Measurement of Leaks/Isolation

PC

RIeakN 0.25 GQ

Rleak~ 1.2 GQ

A — — — —

PC

R

o TRRLRRRANAR .
o [ [ [[]][]][n8

so ™ 330 GQ

so”™ 390 GQ

so ™~ 380 GQ

so ™ 380 GQ
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# of Entries

SPE responses, longruns

800

700

600

500

400

300

200

100

LONGhistogram700_pin12A0T _Int1p62_1kHz_noamp_700V_200V

A L L L L L L L
= AVwecps 700 V (ROP) =
— . 8.5 M events —i
= L=955+03mV  —
= 6=01+00mv -
;(lll I5|0I |1(‘)0‘ II1%O‘ IIIZ(‘)O‘ I ‘2g0;

From HRPPD Ageing Studies - Global Meet - 14 May 2025

pulse height [mV]

# of Entries

LONGhistogram675_pin12A0T_Int1p62_1kHz_noamp_675V_200V

8 = \ L S A R T
“Ej 00 AVvcps 675 V E
i 7 M events -
C u=>533+0.2mV ]
200_— -
- c=01+0.0mV a
150(— —
100; é
a E
04 L L L ‘ L 1 L | L L L ‘ L L L ‘ 1 L L L L L L L :
0 20 40 60 80 100 120 140
pulse height [mV]
LONGhistogram650_pin12A0T_Int1p62_1kHz_noamp_650V_200V
)L B L B B L L L By
- AVycps 650 V ]
1000— —
00| - 10 M events -
600/ — u=19.2 £0.2mVv —
400} =03 0.0 mV {
200 — -
3 +
- ‘ 1 L1l | L1 L1 ‘ | I | ‘ Ll L1 | I I | | I ‘ L1 L | I I | ‘7
0 3 80

by Jinky Agarwala - INFN

70
pulse height [mV]



Normalised amEIi‘(ude vs. scaled rate

normalised

<spe amplitude>

1.2

1.1

0.9

0.8

0.7

0.6

0.5

Universal amplitude vs. rate curve (at 10° gain)

normalised SPE amplitude vs. equivalent rate for 10%gain
T T T TTT T T T T T T7TT T T T T TTT T \\II\\I‘ T T

Clear ¢

saturation e

ffects at 5 MHz

o
»

&
[

MCP bias

. 700V
. 675V
650 V

L 2

Scaled rate =

Rate x Gain (datasheet)

1

From HRPPD Ageing Studies - Global Meet - 30 April 2025

0 10? 10°

4
scaled rate [kHz]

by Jinky Agarwala - INFN

10¢°
|l
700 15
675 7
650 2
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Normalised amEIi’(ude vs. scaled rate

normalised

<spe amplitude>

Universal amplitude vs. rate curve (at 10° gain)

675V, Int. 3.5 (5 p.e.), without amplifier

1.17 B
1 I A f B .

i . (IR : rate = Rate x Gain (datasheet)

N ‘ ] 106
0.9 ._l i

- = 700 V SPE . N Scaling
ol = 675V SPE " - AV [V] factor

- 650 V SPE N N

B B 675V 5pe. ‘. ] 700 15
0.7 ]

- { 675 7
06 . 650 2

| L1 I\10 | [ \1\02 | I \1\03 | L 111 \1\04 | |

From HRPPD Ageing Studies - Global Meet - 30 April 2025 by Jinky Agarwala - INFN

scaled rate [kHz]
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Normalised amEIi’(ude vs. scaled rate

normalised

<spe amplitude>

Universal amplitude vs. rate curve (at 10° gain)

normalised SPE amplitude vs. equivalent rate for 10%gain
T T T TTT T T T T T T7TT T T T T TTT T \\II\\I‘ T T

1Hz MCP bias
o« 700V
o« 675V

I Scaled rate =

* Gain saturation as a function of rates has been measured (SPE responses).

Clear saturation effects at 5 N

1.2

Rate x Gain (datasheet)

b BV 2 W'

1.1

"® The effects are clearly observed for various bias voltages across the MCPs.
(

. ® Saturation effects depend on the product of Rate and Gain (universal curve).

0.6
0.5E el ] 3 ‘ 650 ‘ 2 ‘

10 10° 10° 10*
scaled rate [kHz]
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Dark Coun'l' Ra-l-es Dark Coun Rates [Hz/cm?], ROP, Threshold at -10 mV

Dark Coun Rates [Hz/cm?], ROP, Threshold at -6 mV

Dark Coun Rates [Hz/cm?], ROP, Threshold at -20 mV

37 127|133 | ? |19|14 |11 | 9
3413929 |24 |20(13| 3 |10
30 40 |31 |21 |17 | 7 | 4 | 1

38|28 |32|22| ? |8 |12 2

[a] Eal (3] EX3] [aTlal CaTal [aTs] aTs]

? D isconnected pins (#23, 18)
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AmEIi‘(ude vs. 2" MCP bias

<amplitude> [mV]

Trigger on Sync pulse, Int. 3.5; 1.0 kHz
Without amplifier; Pin #12 AOTop

HV: -200_varying-AVwuce. _-200_fixed-AVycer _-200 V

Laser intensity 3.5, pulse rate 1.0 kHz P
/®/
10? ,@/a: &
e
. e B
("
Py i
}D/ / AVFirs.t MCP B
/ L 700V
10 / ° Y 675V
o o 850V
//@B’ o
. Unbalanced MCP bias
1 - . s
450 500 550 600 650 700

AVSecond MCP [V]

70

¥2 /'ndf 5565/ 118
Constant 50.7 £1.059

60

# of Entries

Mean 36.49 £ 0.558
Sigma  21.22 +0.7446

50

HH‘I\I\‘\H\‘I\I\l\l\l‘\\\\‘\\\\‘\
\H\‘I\I\‘\H\‘I\I\l\l\l‘\\\\‘\\\\‘T

150
pulse height [mV]

Fixed slope for <a> < 50 mV
« AV ~ 75V corresponds to a
factor 10 in amplitude
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MQ

Modified picoammeter PR .
i) Bl
3 higei c7"|||-'1:60nrl;‘\‘v 3
PA120 : 7 W
330 kQ added in parallel to the 10 MQ DET o L | e S

9V_OA|—

FEEDBACK AMMETER

PA120 calibration

50 /l

offset: - 0.42 +0.00 nA /
slope: 0.03 + 0.00 A~

- T

20 Ve

[nA]
T

|_True
T 1T
[

40

\

Ivax for 10 MQ: ~46 nA

IMax fOF PA1 20 ~1 5 IJA | cacingl@-U-]
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QE measurement strategy

Preliminary

Light On state: Intensity 3.5, Internal Trigger 40 MHz

| On state

R E C A P Entries

Underflow

Overflow

1634
0
0

u=44.6187 £ 0.0015 nA
o = 0.0302 £0.0020 nA

u=44.7460 + 0.0013 nA 7
6 =0.0209 £0.0019 nA —

Photocurrent = 127 + 3 pA

NoN at +10 V
Photocathode current - Laser Off and On states 2 F
< 7 £ 180
c — [} L
= 448 — 5 -
3 ] « 160—
£ B [
¢ ] -
—44.75 — 140
. 120/
44.7 - -
] 100—
44.65 = 80—
. 60—
44.6 — -
] 40—
4455 — -
- 1 20—
2025/05/06 ‘ : ‘ ‘ 2025/05/06 l : 2025/05/06 ‘ ‘ 2025/05/06 C
17:21:13 17:32:07 17:43:00 . 17:53:54 40 :
Time[y/m/d h:m:s] 4.2
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QE measurement strategy

Preliminary

Light On state: Intensity 3.5, Internal Trigger 40 MHz
NoN at +10 V vs. 200 V

| On state

T T ‘ T
Entries 1634
R E CA P Underflow 0
Overflow 0

u=44.6187 £ 0.0015 nA
o = 0.0302 £0.0020 nA

a=E
o
o A
o>
R~
oA
© ®
L ©
o
o
o
—
@—L
S
p

Photocurrent = 127 + 3 pA

o

o

o

w

)

>
|

Laser OFF/ON
z‘ : [ [ [ [ :
A= 919.5 A
- 919,
R B ]
X — 1 _
2 ! .
919 :
- 0.3 %-
918.57 |
918 . N
B , ]
L 1 —
B ! ! i
[ 1 1 |
! 1
9175 : i
N . ON s . ]
[ ! 1 —
B :MWV
917 | | | | | | | d
2025/05/12 2025/05/12 2025/05/12 2025/05/12
16:46:29 16:59:30 17:12:31 17:25:32
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Time[y/m/d h:m:s]
Photocurrent = ~100 pA

8 x 108 p.e./sec

45 45.2

50
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