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Motivation

pfRICH: ePIC PID detector A
in the electron-going endcap -~
N T
Z "o Verify HRPPD operation in magnetic fields

| E Pty typical for the pfRICH sensor location in ePIC

i dE) ///////,/\q;\ o Magnetic field strengthupto ~1.3 T

3 o N o  Field-to-HRPPD window normal angles up to ~13°

| /;:?// o Conduct a systematic study over (HV,

e magnetic field, inclination angle) parameter
space

<+ ——— aerogel container
& ———— acrylic filter
————— inner conical mirror

o Goal: Produce publishable-quality results

_____ sensor plane o Two measurement campaigns @
Superconducting Magnet Division at BNL

_ _ o  Nov 17-26* (installation and dry runs included)

o outer conical mirror *Nov 20-21 (CERN Director-General Visit SMD at BNL)

Pt ———————— vessel o Dec11-12
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Facility and Experimental Area
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=" . \ Magnet Division (SMD)
e T at BNL

warm dipole

HRPPD enclosure mounted on a sled
— — — —g PiLas laser; Hall probe controller
e — - 10’ long rails

rack with HV, digitizers, NIM logic

DAQ PC
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EX[ erlmental Setup details

CI\\H \ON

TRAY IAGHETICHELDS.
YEER \RON AND STEEL
oM. |

ol As= 7 Al T B . o € ‘\\ i
HRPPD assemblﬁjﬂ' N e |Ha|| probe and fiber port at the b

| . - S [T

o Retractable sled with an optically tight HRPPD assembly
o Protractor with pin holes (2.5° step) to fix a tilt angle
o Assembly can be rotated around XY-axes and flipped upside down

o PilLas laser is SM-fiber coupled to the enclosure
o 3D Hall probe attached (rotates together with the assembly)
o Readings are included in the event file headers

o Asingle 8x8 pad spot equipped with MCX adapter cards
o Remember, HRPPD anode has a 32x32 uniform pixellation

Sled W|th HRPPD assemblym = W o 10 long RG-174 cables to V1742 CAEN digitizer(s)

k?Broaven o o Most part of the data taken with a single digitizer (6x6 - 4 pad areal
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Optlcal conflguratlon details

B

HRPPD window

diaphragm

lens

CAD model

fiber port

» Use F=20mm plano-convex lens
in a close to “2F-2F” configuration

» ODA4 filter, diaphragm fully open
» At a 40% laser tune get 5-7 %

useful events

» Beam spot size ~1.5mm diameter

» See backup slides

mirror

lens ND filter inside

diaphragm

fiber adaptor



Data Taking and Online Monitoring

Online Monitoring VNC display _ _  6x6-4 instrumented pad area Data Summary Google sheet

N By HRPPD B-Field Data Summary # & & D B (- Rshre - 4
_— —— — _— ot (351 petop File Edit View Insert Format Data Tools Extensions Help
F G Toot (161 pelose
‘E En [ ——— QMenis © ¢ & § 100% - $ % O 9 123 Defaul. ~ —(10]+ B I 5 A% @ o o Aol @ b3 ~
S eld xiyre: 01135 2,051 0.007 otal: 2.68476
i crrctin i1 coin 27 5 0 3 -
A B c o E F G H 3 K L M N
1 Laser was on sinc yesterday, HRPPD warmed up 15 mins, no-field-flip scan
2 lteration Tilt Axis Nom. Angle (deg) Time Run # Mag. Curr. (Amp) ~B-Field_Tot (T) B-Field Bx (T) laser HV Setting Note Channel Selectior PDE q0 qt
3 I. +X +10 201365 0 1.6 kHz, 40 % 848 1766.83
4 +X +10 7:59 201366 0 1.6 kHz, 40 % 8.79 3585.67
5 +X +10 201367 400 1.6 kHz, 40 % 6.87 405.249
6 +X +10 8:05 201368 400 0374 0.052 1.6 kHz, 40 % 6.69 548.909
7 +X +10 201369 400 1.6 kHz, 40 % 7.35 601.248
8 +X +10 8:09 201370 800 0.752 0.105 1.6 kHz, 40 % Ch17,18 3 6.72 301.162
9 +X +10 8:10 201371 800 0.752 0.105 1.6 kHz, 40 % Ch17,18 3 6.82 381.746
10 +X +10 201372 800 0.752 0.105 1.6 kHz, 40 % Ch 17, 18, afterpulse 3 75 564.045
" +X +10 8:13 201373 800 0.752 0.105 1.6 kHz, 40 % Ch 17, 18, afterpulse 3 6.76 654.819
12 +X +10 8:16 201374 1200 1.135 0.159 1.6 kHz, 40 % Ch17,18 3 6.81 178.101
1 +X +10 8:17 201375 1200 1.137 0.159 1.6 kHz, 40 % Ch17,18 3 6.64 306.736
Fun Type Gontol 1 +X +10 8:19 201376 1200 1.137 0.159 1.6 kHz, 40 % Ch17,18 3 6.62 378.622
magnet 15 +X +10 821 201377 1200 1.137 0.159 1.6 kHz, 40 % Ch17, 18, afterpulse 3 6.85 488.117
e 16 +X +10 8:23 201378 1600 1.507 0212 1.6kHz, 40 % Ch17 1 6.53 108.82
== I +X +10 825 201379 1600 1.508 0212 1.6kHz, 40 % Ch17,18 3 160.061
8 +X +10 826 201380 1600 1.508 0212 1.6 kHz, 40 % Ch17,18 3 6.52 223.806
19 +X +10 8:28 201381 1600 1.508 0212 1.6 kHz, 40 % Ch 17, 18, afterpulse 3 6.53 340.865
Y +X +10 8:30 201382 1900 1.774 0250 1.6 kHz, 40 % Ch17 1 524 75.8572
2 +X +10 832 201383 1900 1.775 0.250 1.6 kHz, 40 % ch17 1 6.36 105.37
2 +X +10 8:33 201384 1900 1.775 0.250 1.6 kHz, 40 % Ch17,18 3 6.87 143.701
5 +X +10 8:35 201385 1900 1.775 0.250 1.6 kHz, 40 % Ch 17, 18, afterpulse 3 6.84 162.763
u +X +10 8:39 201386 0 0.004 0.001 1.6kHz, 40 % Ch18,17,24,23, 12, .. 7.85 1797.79
» +X +10 8:40 201387 0 0.003 0.000 1.6 kHz, 40 % Ch 18,17, 24, 12,23, 19, 11 8.91 3685.13
» +X +15 8:44 201388 0 0.001 0.000 1.6 kHz, 40 % Ch18,17,24, .. 833 1839.87
7 +X +15 8:45 201389 0 0.001 0.000 1.6 kHz. 40 % Ch18.17.24.23.19.12. 11 866 3617.76

o RCDAAQ data acquisition by Martin Purschke, VNC, elog, HV control, online display

o Fully automated data taking in a batch mode (except for magnet ramp-up and ramp-down)

o ~1.5 kHz on tape, typically 100k events per setting, ~1500 runs, ~7.5TB of data

o Atypical “beam test” environment (and a very useful exercise before going to a pfRICH beam test @ CERN)
o Near-online data analysis, with subsequent data productions on BNL SDCC

¢ Brookhaven

National Laboratory 7



https://docs.google.com/spreadsheets/d/1YWhTMTupEhW2SHGdD-VX3CkcM7VUVixBggy1QHezrBc/edit?gid=1483838853

Typical Waveforms (Single Event)
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o ~200 ns full range (1024 samples @ 5 GS/s); few dozens of mV signals (gain-dependent of course)
o Charge sharing between channels 17 and 18, with an afterpulse observed in channel 18
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Typical Accumulated Waveforms
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o Charge sharing between channels 17 and 18, with afterpulsing observed in channel 18
o Other channels also show some activity when several waveforms are accumulated (stray photons?)

L? Brookhaven
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Run Configuration Parameters

o Tilt axis: +/-X, +/-Y, +/-X with assembly flip imitating B-field sign change
o High voltage (HV): MCP symmetric, MCP asymmetric, PC HV variation
o Magnetic field: 0—-1.86 T (magnet current 0—2000 A)

O

Inclination angle (0): -30° to +30° (actual range tilt axis dependent)
o Only a fraction of results will be shown today; also see the backup

o Laser repetition rate: 600 Hz, 1 kHz, 1.6 kHz (default), 2 kHz, 10 kHz
o A NIM trigger pulse signal gets digitized by the V1742 along with the HRPPD pad signals

o Laser tune: 30 %, 40 % (default)

o Single photon mode: typically, ~5-7% of “useful” events out of 100k events / run

o Notation: 0V 200 -675-200-675-200V

anode ~—————————"——————————— -+ photocathode

$ Brookhaven MCP#2 MCP#1
National Laboratary (EXlt) (Entry)
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HRPPD assembly rotation axes

HRRPD facing down, +/-X rotation (*main” axis)

L:.\ Brookhaven

National Laboratory
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HRPPD assembly rotation axes

HRRPD facing down, +/-X rotation (“main” axis)

X \ ]
I L}‘ Brookhaven
National Laboratory
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HRPPD assembly rotation axes

HRRPD facing down, +/-X rotation (“main” axis)
-

L:.‘ Brookhaven

National Laboratory
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HRPPD assembly rotation axes B

HRRPD facing down, +/-X rotation (“main” axis) ~.Back: anode, readout, PCB ‘

MCP #2

MCP #1

\
|e PC
O

Front: fused silica

u 4o Y +12.5° rotation around X axis
. X is when MCP#1 pores
) , . | are aligned with the B-field (?)
(9 = - — 7 z PiLas
<" Brookhaven
< 4
L it Yet MCP#1 & MCP#2 chevron capillary orientation needs to be clarified

14



Hall probe orientati

Use mounted Hall probe
readings to measure magnetic
field components on a run-by-
run basis to correct the
“nominal” angles

% Deviation From mean

Tilting Along X axis
X axis avg. offset: -1.4° (Protractor error)
Y axis avg. offset: -0.4° (Hall probe misalignment)

Deviation From Nominal Angle (Tilting along X axis)

® XAxis Angle @ Y Axis Angle

©
£
5 ;
® ® o

Z' 0 [ ] o0
© ! 0 0
G|_) 0 0 [ ] ® [

@]
? 2 g
©
(]
=

-20 -10 0 10 20 30

on / misalignment

. . Absolute field values
° are reproducible within

: . . ~0.3 % throughout the
: whole data taking period

1000 1500 2000

Magnetic Field Current [A]

« Tilting Along Y axis
Offset has small dependence on nominal
angle due to slight misalignment

Deviation From Nominal Angle (Tilting along Y axis)
® XAxis Angle @ Y Axis Angle

Measured-Nominal

-30 -20 -10 0 10

Nominal Angle ANDREW TAMIS Nominal Angle 15



Example charge Spectra vs Magnetic Field

With a 0T Spectrum included Zoomed in non-zero B-field data

10° g T T T T T T TS 10° g T T T T T T
i HV 200-675-200-675-200 3 - HV 200-675-200-675-200 .
+X tilt axis, 6=0° — B=1.81T 1 B +X tilt axis, 6=0° — B=1.81T .
10* laser tune 40% — BT o 10*E laser tune 40% — BT 5
_ laser rep rate 2kHz — :82;; 3 - laser rep rate 2kHz — :giﬂ E
=] —_— =0T T B —_ =0T =
o 10°E 3 ® 103§ =
c - - C = -
o C L _ ) u 3
gt : g :
10°F E 10°E E
10 E 10 E
1_|...|...|...|...|...|...||..||"._ 1 |

0 2000 4000 6000 8000 1000012000 14000 0 500 1000 1500 2000 2500 3000 3500 4000

>Charge [fC] >Charge [fC]

o Charge calculation: a sum of 3x4 neighboring pad signals in a 4ns wide window (20 time bins)
o Gain reduction with increasing magnetic field is seen (see backup: full magnetic field set)
o Units: 1600 fC is equivalent to a gain of 107

<" Brookhaven
kf National Laboratory JIHEE KIM 16




Mean Charge Extraction (Gain)

Fit pedestal (Gaussian) alone Apply a 40 cut to remove the pedestal
5 5
10°E e hQ 10°E L " |h@_chopped
- Run 201394, +X tilt axis | gntries 99998 - Run 201394, +X tilt axis Vean 5678
B HV 200-675-200-675-200| Mean 25.32 B HV 200-675-200-675-200 Std Dev  245.3
10°E 3:0.75T, 0=+15° Std Dev 135.7 10°F E=0.75T, 0=+15° 3
E laser tune 40% 12/ ndf 191.3/2 E laser tune 40% Mean charge = E
B laser rep rate 1.6kHz Constant7.85e+04 + 3.75e+02 [~ laser rep rate 1.6kHz " H|str<1)—>GetMea£1() ]
103 _— Mean -2.851+ 0.064 o 103 _— €an charge error = -
% E 1-photon Sigma 20.61+ 0.06 g 3 1-photon Histo—GetRMS() E
TN § : o f ]
10°E E 10°E E
10 2-photon = 10 -
1 - Il I 1 I 1 1 I 1 1 I I l .|- 1 - 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 l ]
0 500 1000 1500 0 500 1000 1500
>Charge [fC] >Charge [fC]

o Currently it is based on an average over 1-photon & 2-photon contributions
o Eventually, will account for 0-photon, 1-photon & 2-photon Poisson statistics and also go down to a ~2c cut
o Polya fit does not work well anyway (see backup: gain saturation, no large amplitudes)

<" Brookhaven
kf National Laboratory JIHEE KIM 17




Gain vs Magnetic Field at various tilt angles

Time Window Based Analysis Threshold Based Analysis
I T T T T I T T T T I T T T T I T T T T I_ I T I T T T T I T T T T I T T T T I_
HV 200-675-200-675-200 i b HV 200-675-200-675-200 )
+X tilt axis +X tilt axis

B S laser tune 40% 7 B laser tune 40% 7

N > X S laser rep rate 1.6kHz : ~ laser rep rate 1.6kHz
7 o <& _ 7 I _
10" E N B~y 3 10" E ~ o~ 3
= - O e ] < . RN ]
o B ~ - E V) B > \\ ~ = \\\ ]
© i °~\\\ N \\? ~ ] © - ~°\\ \\§ ]
i g g::;;,gf’, :);:;22;823 \\\ :gt ;\g : o 7 [ o ef+3o:, exp(:;-O.sz) ~ \\\§ i& \s: A
[ 0 6=+12.5°, exp(B/-0.57) NN ] "o 2:12; e ;;';16)4 DN R ]
o 0=0°, exp(B-0.78) I et O~ o 00 oxp(BH8D) Foasos

=0°, . - =0°, =-0. S S

10°F © 9=-12-5:, exp(B/-0.62) \0\\ ~ }:& 3 10°F o 6=12.5°, exp(B/-0.70) ® . \\ S
- o 0=-27.5° exp(B/-0.61) N <o~ \\_ - 0 0=-27.5°, exp(B/-0.65) ¢O ~3
T 1 I 1 1 1 1 I 1 1 1 1 I 1 1 ol\ L\I_ T 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 \I \I_
0 0.5 1 1.5 0 0.5 1 1.5 2

i 51 - =

Magnetic Field (B) [T] Magnetic Field (B) [T]

o Two independent analyses were conducted: time-window—based and threshold-based event selection
o The mean charge values from both methods are consistent

~ =
Q Brookhaven JIHEE KIM, YIFAN JIN 18
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HRPPD Gain in a “pfRICH tilt angle” range of interest

pfRICH sensor plane location in ePIC: up to ~1.3T field, tilt angles up to 13°

c 10— IR R S R IR R S R
g F X-axis rotation, nom.  0=-12.5°, PC 200 V | X-axis rotation, nom. '6=0.0°, PC 200V | X-axis rotation, nom. 6=15.0°, PC 200 V
[ = !
'. ~1.3T @ ~1.3T ‘o ~1.3T
10'E 0 l X 3 l ¥ l
E ® | E () n E -
. ° ] [ ° | [ o m
I o u I ° " ot ° -
106:_2|\_/|QF16_5Q\_/ ______ S °___._:_ _________ o — g ———
- s MCP 675V F F
- +MCP 700V *t
I 1 IMICPI 725IVI 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
0 0.5 1 1.5 0 0.5 1 1.5 0 0.5 1 1.5
IBI (T) 1BI (T) IBI (T)

One can easily achieve >106 gain of few times 106 the whole tilt angle range of interest
« Which may mean that all 68 HRPPDs can be oriented the same way

« Atthese HV settings an HRPPD would not trip even at a zero field
« We've taken this type of data in a range of a photocathode and transfer voltages, for a sake of completeness
k? Brookhaven

National Laboratory
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HRPPD Gain vs Tilting Angle

S [X-axis rotatlon, MCP 675V, PC 200V Y-axis rotatlonI MCP 675V, PC 200V
?—:__:_—_;.FO [ ..O... o __——:___.——.. ([ ] .Q o
7 - m E - E ol I [ = [ | E [ |
10 E | ? || ] n . E. . [ | - g R [ | ;.
I P s -
| ve—
[ e * T ek x o *
% ®
108 %" % % FaT
[ 0.00T ®=037T 40757 +114T
-1.51 T+ 178 T 1.82 T - s
IIIII|||||§I|II||||||||II§II|II IIIIII|IIII|IIII|IIII|IlIII|IIII|I
-30 20 -10 O 10 20 30 -30 -20 -10 O 10 20 30
0 (°) 0 (°)
« X-axis: a minimum in gain is observed at » Y-axis: a smaller angular dependence is
approximately +15° nominal angle (B-fieldis roughly observed

aligned with MCP#1 pores)
« X-axis: there is also a small dip at =12.5° nominal

+ Gain slightly d tl t
angle (B-field is roughly aligned with MCP#2 pores) ain slightly decreases at large negative

tilting angles (around -30°)

<" Brookhaven
Lf National Laboratory CHEUK-PING WONG
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Repetition rate dependency

Signal rate = laser repetition rate *

fraction of signal events in a run.

Gain can be rate-dependent,
especially in a high magnetic field,
due to the electron avalanche
focusing when only few of the
MCP#2 pores are involved and
can therefore saturate

One can indeed see a substantial
rate dependency, however under
the conditions we took data (1.6
kHz repetition rate, ~5-7% useful
event fraction) a respective
correction will be very small

Brookhaven

National Laboratory

Gain
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w

200-675-200-675-200V
1.3 T, 0° tilt angle

Gain vs Frequency
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YIFAN JIN
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After-pulsing example: accumulated waveforms

+X tilt axis, B = 0.37T, 8 = —12.5°, laser tune 40 %, laser rep rate 1.6 kHz

HV 200-650-200-650-200 | HV 200-675-200-675-200

| |
w—— 10 | ————— paimiorn o - g somsirm so
i e { .................... i ................... i ‘ e { e { e H — i e { e i e i e {
« - S | o ) « - w a - w
x| o _— b - 1 - ol " - el - W T ol |
wavefcem per el 16 i persistency channsl 17 wasetom ate . m per - oo charmal 18 " 19 ™ b st 16 col 17 w y charnal 18 chamal 18
N ey T T { JpE ,.'...“.H-- B oanaau LT i T i T T LT T i“ e — r,\,i o ..,,,.i N e U N ooanaa iy i N anaan SaaEE b T T T T T T
o - - ! "l = x - . - i - - | = T A
y x - ] o - e 1 : |
wavetcem par el 2 i persistancy chanmi 23 - parsistancy charne 26 " azs . m parsistancy chanmel 23 chamai24 " 25 —— ot 22 oy crancel 2 w y charal 24 - parsismncy chamai 25
B ooy I REEaaEEEE L) - L EARAAAA LA LA EARAR » P | B saaaas ooy T T o AR EEAIaYEANEAEY o T —— B e ey N Qe T TETT o N e N g —
] - o e @ e e 200} i e W e o oo ool o)
L " wr T il oo ™ i L. ol ™ L o L0 " wr LU— i pog L L il TS Loy L o, . d ™ L L. o L L T Tos e ™ ™, L2 T y - L w ™ w i - v Loy Lo s 12 wr ™ ™, ™ T d

o An increase in MCP bias voltage leads to more pronounced after-pulses
o Which presumably means a faster photocathode aging
o As a rule of thumb, the after-pulsing rate should be kept <1% or so

k? Brookhaven
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After-pulse rate

« For different HV setting, after-pulse rate ranges from O(1)% - O(10)%

« For “reference” pfRICH settings (200-675-200-675-200V @ 1.3 T and 0¢° tilting angle), after-
pulse rate is ~1.3% in a 70ns window past the primary photoelectron pulse

After-Pulse Rate vs Gain Afterpulse Separation
o r : : : : : o 30
& || Data Points & Trends _'G:j : 200-650-200-725-200
0.07H 200-662-200-700-200 SIS TINE ST Freren B s Lﬁ |
] § § Py o 200-662-200-700-200
] 200-650-200-725-200 : : L, o5—
sl — mommomomo | _ o i
TH 200-625-200-775-200 J/ B B field: 1.3 T 200-725-200-650-200
[ =~~~ Set1Trend ,/ 20—
0.05H 200-700-200-662-200 ....................... ....... _F ........... .................. : ]
i 200-725-200-650-200 ) - -
i 200-750-200-637-200 Set1: 15—
004: 200.775.200.625.200 B / T N T RO :
: — — — Set2Trend /'714' : B
0.08f . e ................. 10— i
o . Bfield: 13T -
0.02__. ................ + _ ....... + .......................................................................... 5_— —I
SRR DS s W . QLT N I 1 A,
: : : : : : B _ [ HENE
0_01_; ..... OSSN USSR NIRRT TSP ISR SRR (VS g O""lJ_'JJEH‘ 1 T L L ]
3400 3600 3800 4000 4200 4400 0 20 25 30 5 5 50
Gain t_bins[0.2ns]

After-pulse rate (for about the same gain)
strongly depends on MCP#1 voltage YIFAN JIN :




Dark count rate - pRICH case

~
~
~
~

 Using 11 runs, each run has 100k events, 32
channels, first 500 bins in the waveform (laser

TR A b shots around bin 600), with HV setting 200-675-

200-675-200, 1.3 T magnetic field, 0° tilting
angle: 10 dark count events are found.

« Thus, dark count rate (1.3T) = ~30 Hz/cm?

é

64

62

60

58

56
Compare to a zero-field case:

With HV setting 200-675-200-675-200, 0 T
magnetic field, ~5700 dark count events are

1 200 1 1 200 1 1 1 6(!)0 1 1 1 8(|)0 1 1 |10|00 found In One run

T Bin[0.2ns] «  Thus, dark count rate (0 T) = ~170 kHz/cm?2

54

52

50

o

Y
dark counts

|
after-pulses

primary
c,‘ Brookhaven photo-electrons
National Laboratory YIFAN JIN 24



Detection efficiency

« HV setting 200-675-200-675-200, 0° tilting angle

Signal Counts vs B-field

o] MRS U S A S— A S— — S —

Signal Number

s I ______ e More studies needed (in a range of
40000t T tilt angles and HV settings), but

S T R R <12 first impression is that there is no

3000:_ ......... — .............. .............. .............. .............. .............. .............. .......... critical detection efficiency loss in
a “typical pfRICH configuration”
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Timing resolution with a DRS4 readout
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ical” pfRICH conditions (1.3 T magnetic field, 0° tilting angle), with HV settings 200-675-

200-675-200V (gain ~3*10°%), we observe ~52 ps timing distribution core Gaussian width
PiLas laser contribution, effect of DRS4 timing calibration and NIM trigger jitter not unfolded
« Weak dependence on a B-field is observed
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Timing resolution using a 50 GS/s scope

Timing Resolution [ps]

Time Resolution Vs B-Field and HV Settings (Amplitude Cut)
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: L] Raw Timing Resolution: Two Gaussian Fit
: le) Corrected Timing Resolution: Two Gaussian Fit
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Outlook

o Need to perform a gain uniformity scan and other
calibration measurements

o Athorough data analysis and paper drafting will
take a couple of more months

o All materials are available under this Indico category

o The setup has been left intact and turnkey ready

o Would therefore like to come back and repeat the
timing measurements using a femtosecond laser
and a fast scope, some time in February

o Eliminate PiLas laser timing jitter, DRS4 calibration
contribution and NIM trigger jitter

o  Come up with a definitive statement about the expected
HRPPD timing resolution in a pfRICH-like configuration

o BNL SMD welcomes other ePIC groups to use the
facility (but be aware about a 6” gap and <1.8 T
field limitations)

¢ Brookhaven
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Example — Mean Charge Extraction (Gain)

Apply a 40 cut to remove the pedestal

Fit pedestal (Gaussian) alone Fit polya function

T T T T hQ_polya s, " 7 7 T T hQ_polya_chopped

10 Run 201391, +X tilt axis | Entries 99998 10 Run 201391, +X tilt axis [~ 1032

HV 200-675-200-675-200| Mean 51.18 HV 200-675-200-675-200 Std Dev 464.4

o B=0.37T, 0=+15° st ev 253.3 o B=0.37T, 0=+15° ot as6.4 /35

laser tune 40% 12/ naf 626/4 laser tune 40% norm  4.171e+05 + 5.996e+03

Constant9.435e+04 + 3.325e+02 ' T

laser rep rate 1.6kHz laser rep rate 1.6kHz mean 1040+ 7.2

Mean -2.99+0.24 -
_,2 10° Sigma 27.3: 04 | ..g 10° width 202150 |
() - ) 3
> - > 3
LUl . LUl il
E 10° =
3 10 N E
1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 Imlml l | |I | 1 1 ] 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 Imﬂ l | |I | 1 1 ]

0 1000 2000 3000 4000 0 1000 2000 3000 4000
2~Charge [fC] ~Charge [fC]

o Define pedestal using Gaussian fit and apply a 40 cut to remove the pedestal
o Remaining distribution using polya fit to estimate mean charge. Not always works (case-by-case)
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Example — Mean Charge Extraction (Gain)

Apply a 40 cut to remove the pedestal
Fit polya function

10°

10*

10°

Events

10°

10

Fit pedestal (Gaussian) alone

1
Run 201389, +X tilt axis
HV 200-675-200-675-200
B=0T, 0=+15°
laser tune 40%
laser rep rate 1.6kHz

hQ_polya1
Entries 99998
Mean 334.4
Std Dev 1508
%2/ ndf 2923/8
Constant9.368e+04 + 3.915e+03
Mean —43.44 + 9.76
Sigma 36.73 + 34.92

1 IIIII|,|] 1 IIIIIIII L LLLI

i,

—
5000 10000 15000

>Charge [fC]

Events

T 1
Run 201389, +X tilt axis
HV 200-675-200-675-200
B=0T, 0=+15°
laser tune 40%

laser rep rate 1.6kHz

hQ_polyai_chopped

Mean 4453
Std Dev 3284
¥2/ ndf 2594 /41
norm  1.975e+06 + 2.725e+04
mean 6101+ 37.0
width 936.1+ 22.0

—
5000 10000 15000

>Charge [fC]

o Define pedestal using Gaussian fit and apply a 40 cut to remove the pedestal
o Remaining distribution using polya fit to estimate mean charge. Not always works (case-by-case)
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Example — Mean Charge Extraction (Gain)

Fit pedestal (Gaussian) alone Fit combined Gaussian + Polya
5 I T T T T I T T T T I hQ_pona1 5 I T T T T I T T T T I hQ_pOIya1_combined
10 Run 201389, +X tilt axis [‘Enmies P 10 Run 201389, +X tilt axis [ Entries 99995
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laser rep rate 1.6kHz laser rep rate 1.6kHz Mean _43.44 1 9.54
* Mean —43.44 + 9.76 » Si 36.73 + 33.16
(2 3 ) 12] 3 igma .73 + 33.
(- 10 1 Sigma 36.73+ 34'92: (e 10 'I norm 1.975e+06 + 2.735e+04
g) | 3 q>) L mean 6101+ 37.5
L | : L L width 936.1+ 23.0
10° E 10° E
I E 1 E
: . | .
] I i
10" = 10, =
| 3 3
' ﬁ [l ! Wm
1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 l II ,I 1 1 1 I 1 1 1 1 I 1 1 1 | |
0 5000 10000 15000 0 5000 10000 15000
>Charge [fC] >Charge [fC]

o Define pedestal using Gaussian fit and signal using Polya fit.
o Apply a combined fit (Gaussian + Polya)
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Example — Mean Charge Extraction (Gain)

Fit pedestal (Exponential) alone Fit combined Exponential + Polya

S hQ_polya2 s 0 T 77 Tl ha_polya2_combined

10 Run 201389, +X tilt axis [ —— p— 10 Run 201389, +X tilt axis [Enme 99998

HV 200-675-200-675-200 Mean 334.4 HV 200-675-200-675-200| mean 334.4

L. ) -

4 B=0T, 6=+15° Std Dev 1508 4 B=0T, 6=+15° Std Dev 1508
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* , 3 A 5.515e+04 + 2.297e+02 * , slope _0.01027 + 0.00006

_E 10 slope -0.01027 + 0.00006_ 'E‘ 10 norm  1.975e+06 + 2.741e+04

g) E G>J mean 6102+ 37.6

L . L width 935.4 + 23.0
10% E 10° E
10 |*h’| E 10 3
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0 5000 10000 15000 0 5000 10000 15000
>Charge [fC] >Charge [fC]

o Define pedestal using Exponential fit and signal using Polya fit.
o Apply a combined fit (Exponential + Polya)
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Charge Spectra VS Magnetic Field

With 0T Spectrum Without 0T Spectrum
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>Charge [fC] >Charge [fC]

o Charge calculation: 3x4 neighboring pad selection.

o Peak shifts toward lower charge values.

o Gain reduction with increasing magnetic field.
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Charge Spectra VS Inclination Angle
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Charge Spectra VS Inclination Angle (+6)
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Measured charge spectra at different inclination angles
with magnetic field B ~1.4 T

o Charge calculation:

o Major signal channel selection by accumulated signals
o Observations:

o Mean charge remains consistent across most angles

o 13°and 15° cases show behavior different from other

angles

o Takeaway:

o Overall angular dependence is weak
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Charge Spectra VS Inclination Angle (-0)
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Charge Spectra VS Inclination Angle
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Measured charge spectra at different inclination angles
with magnetic field B ~1.4 T

o Charge calculation:

o Major signal channel selection by accumulated signals
o Observations:

o Mean charge remains consistent across most angles

o 13°and 15° cases show behavior different from other

angles

o Takeaway:

o Overall angular dependence is weak
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Gain VS Magnetic Field (w/ HV)@ 06=0°
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Measured mean charge as a function of magnet
current at different bias voltage

o Charge calculation:

o Major signal channel selection by accumulated signals
o Observations:

o Mean charge reduces as higher magnet current

o Mean charge increases as higher bias voltage
o Takeaway:

o Gain partially recovered by increasing bias voltage
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Gain VS Magnetic Field (w/ HV)@ 6=+13°
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Measured mean charge as a function of magnet
current at different bias voltage

o Charge calculation:

o Major signal channel selection by accumulated signals
o Observations:

o Mean charge reduces as higher magnet current

o Mean charge increases as higher bias voltage
o Takeaway:

o Gain partially recovered by increasing bias voltage
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Scope Timing resolution: Pedestal Cut Only

Time Resolution Vs B-Field and HV Settings
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Scope Timing resolution: Amplitude Correction

Trig-Sig Time Difference Vs Signal Amplitude Trig-Sig Time Difference Vs Signal Amplitude (Corrected)
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Scope Timing resolution: 2-Gaus Fit

Raw Trig-Sig Timing Difference (Amp > 0.005000) Raw Trig-Sig Timing Difference (Amp > 0.005000)
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Scope Timing resolution: Laser Contribution

O In B-Field setup with PiLas laser and scope, measure time resolution of ~40 ps at zero field
and ~50psat1.5T

O With femtosecond laser and scope in lab, measure time resolution of ~16 ps

Q PiLas laser contribution to timing resolution = V402 — 162 = ~37 ps

0 HRPPD timging resolution @ 1.5 T = V502 — 372 = ~34 ps

O Many assumptions and hand waving, but we could be seeing ~ a factor of 2 degradation in
intrinsic HRPPD timing performance from 0 Tto 1.5 T
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Complimentary documents for timing VS B-Field.




