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Introduction (Asymmetry and non-linearity)

A pp=A,.(1+B N, ) is the fit function.

= N* = N_(1+BN.*) is the PMT response for
the signal N_*.

» 3 parameterizes the non-linearity
= N, settings provided by ND filter wheel

« Fitsto A ., vs. N plotgive A  andA [
and hence the non-linearity.

true

= Linearity measurement plays an important
role in detector systematics.

= R7723Q PMT with modified base for
improved non-linearity was used.

PMT Non-Linearity Studies at ISU
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LED PREX-II/CREX
N*—N- N*+N- » Polarized beam with unpolarized
_ v =iV i _ + target.
Arep= N "+N"~ With, Navg= 2 = Measurements in opposite helicity

states.
= Asymmetry of cross sections:

dGR(L) R(L)\2
ORr(1) JdO OC(Sy"'Sz )
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Motivations
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+ PMTs tested here will be used in the PREX-II/CREX detectors

+ PREX-II/CREX are high-precision experiments with statistics
dominated uncertainties

+ PMT non-linearity is one of the important sources of systematic errors
iIn PREX-1I/CREX experiments

+ PMT non-linearity will be at most 0.3 % (CREXx) and 1 % (PREXx-II).

+ PMTs should show the best linear response with the LL equivalent to
Cerenkov light that it receives during PREX-II/CREX experiments
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Black Box Setup and Integrating DAQ Systems

LED Holder

Filter Holder

Shutter

Filter Wheel Controllery 2

Filter Wheel

Pre Amp. Settings

+ LED Holder —» holds two LEDs, each with 2 mm diameter collimation

+ Electronic Shutter —» has now been connected with a relay to turn it “ON” and “OFF”
automatically at any interval with computer script

+ Filter Wheel —» Computer Controlled Edmund Optics’ Absorptive ND filters (400-700
nm) with 8 (100, 78, 50, 40, 25, 10, 0)% transmission settings (~randomly ordered)

+ Filter Wheel is now controlled automatically using a shell script

. e
+ PMT Holder —» 2" PMT with modified base for improved linearity

+ Different pre-Amp settings with different resistances and offsets tested (MAIN, LUMI,
KDPA, and SNS)
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Qweak ADC Details

. LEDSignal o o 4 o Flashing LED ON ON ~ N_*
X X X o OFF~N., |
oo o E
DAQ Settings | LED Settings
| !
GATE Sum Flashing LED OFF
Figure: DAQ response sampled in four blocks. Figure: Function Generator settings.

« Samples the voltage every 2 s

* Has a £10 V range with 18 bit resolution (corresponding to 76.29 uV/channel)
» Has 8 inputs with 12 Q input impedance

» Working with CODA 2.6.2 and a Linux ROC

* We use a Struck S1S3610 for triggering

» Each GATE is split into 4 blocks with the length (in time) of each block
specified by user

» For 120 Hz flipping rate, we set 500 samples/block. So 2000 total samples,
every 2 s, gives 8000 us long gate

» We are currently using a function generator to provide synchronized DAQ and
LED driver signals
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Selection of Light Level (Preliminary)

e Upstream Quartz thickness = 6 mm

* Downstream Quartz thickness = 10 mm
Results from Testbeam (Mainz Germany) w/o
wrapping give:

* Peak PEs upstream = 37 with ~20% resolution

e Peak PEs downstream = 65 with ~17% resolution

PREX-II
 Rate =1 GHz
 LL with upstream quartz = 1GHz*37*e ~ 6 nA
 LL with downstream quartz ~ 10 nA
CREX
e Rate = 50 MHz
 LL with upstream quartz = 50MHz*37*e ~ 0.3 nA
 LL with downstream quartz ~ 0.5 nA
| have tested 0.7 nA, 3 nA, 7 nA, and 14 nA LLs so far
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Steps in Data Collection

+ LL controlled by HAPPEX timer DAC12, calibrated using R375 PMT
with unity gain base

+ DAQ (240 Hz) and LED flash (120 Hz) signals were synchronized

+ Proper timing setting between LED, TRIGGER and GATE (40 us and
100 ps respectively) was maintained (GATE duration is 8000 us and
the GATE does not start until 20 us after the ADC receives the GATE
signal)

+ An automated filter wheel and shutter script orchestrated the data
collection over 20 cycles of filter wheel:

> Each filter stayed in its position for 10 sec and during each filter
change the shutter remains closed for 2 sec

> Just before each new filter cycle, pedestal data was taken for 5sec

> Asymmetry Mean and Error from 20 cycles of filter wheel was
used to produce non-linearity plot (A .. VS N_ )

LED avg
Devi L. Adhikari
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Steps and Approaches in Data Analysis

+ Used simplified version of vQwk Analyzer to analyze data
+ Quartet and non-Quartet approaches were tried for 7 nA LL

« An automated c++ code has been developed that removes
any “unclean” data during filter rotation and analyzes the rest

+ The pedestal correction was performed in three different ways:

(1) include all pedestal data and subtract the same average
for all data points (Note, pedestal data was collected anytime
shutter closed)

(2) like (1) but for even and odd separately

(3) include only the pedestal data just before and just after a
filter change (to pedestal-correct that specific filter)

« All three approaches were tried for 14 nA LL, and all gave
same/consistent results — so we now only use method (1)
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Steps and Approaches in Data Analysis (contd.)

« For non-Quartet approach, the data from two consecutive
gates were used to calculate simple pair-wise asymmetry

[ s11.S2
_ 51_52
- S,+S,

A

+ For Quartet approach, the data from eight consecutive
gates was used to determine asymmetry. Asymmetry is
formed between the even and odd groups — gives flavor of
30 Hz flipping

S11S2 (53 IS4 g5 1S6 [g7 1S8 |

4
Sn_ Z Sn
A= ev:n odd

4

4
2. S+, S,

even odd
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0.7 nA LL Measurement
e 1.0 MQ preAmp and -780 V High Voltage.

run 1720, 760 V, |_pe= 0.7 ni, 120 Hz

Filter wheel scan: pmt# 4@ -780 V, | = e havg_asymo0! 2 havg_asym1 2 havg_asym2 » havg_asym3
_F P @ cathode Shutter closed (pedestal data) il i .05% ND fi H % NO filte HEEIE H % ND filtes
E 550 [ un 1720, PreAmp @ 1.0 M2, LED flash @ 120 2 r on |Enies o852 |Enes 20| 13 s El I Eniries E) Enires =
32000 g Mean 4089106
- [ FH off | e ean 0 05001 - [ -
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g 201 E
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T
o
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T
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T e e, o bt s Bt ot Toee 2 ol U T o bat v Goe
ADC (raw ch sum) o -
Pedestal-corrected Pair-wise Asymmetry vs. pair #
e th ry vs. p: R asym_m) havg_asymd havg_asym5 . havg_asym6 havg_asym7?
E T g Enties 240538 $ F 1oob (Mo filter) :
3700 < Wean x 1.206e+05 & H
2 Eniics = Ewes 20 Enies 2 Enics =
T Meany 003896 ’ ”
5 F L RMS x 6.935¢+04 Moo D03650, Mean  0.03823 Mean 002908 Mo DoER
3 g ;i [RMS y 00000681 A
iTr s j F RIS fie  omress AMs ooon1ag1 AMS 0000208 s oooots
g sl A 004
= [
i H
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DR SN SRR e S S S 10 L. : 10
50100 150 200 260 300 350 400 450 20740 60 B0 00 720 140 160 180 200 220 280 ool Leisd TP PR N | N O IR |17 | T i didii, i
Event# Pair #t B T T T T T T B T T T T T obs Do Do oo Gor noa o B T T T T T R T

A A A A
run 1720, -780V, |_pe = 0.7 nA, 1 .n#:b_ i =
0_asym0 g

§[lava = Tde0 (00 %) e i : - =
Mto_om’?nw s o Ozl1lter wheel scan: pmt# 4@ -780V, Icalhode =0.7n X2 T 7776

run 1720, 120 Hz, .00 MQ. o A 0.03893 + 2.468¢-05
B*N,, @ 5.696 = 0.152+0.116 % non-lin | AP _1.039¢-05+7.926e-06

0.0405

i A T
[ Lo e e

0.04

am o ayma ] e Fo sy o as]
SN avg = 1.976:04 (B0 ) | no-asym3 i PRGN 0_asym 0_asym5
] it gt Erramrer) B TR Free 1200

% ND filee, |70 - 5% ND fittee

Mean  0.03932
AMS 00004558

Mean  0.03928
RMS 00003057

Mean 000 0.0395

RMS _ 0.0004174.

0.039

i i H
o T B = R R

g 0.0385

=" _avg = 7.6046+04 (100.0 %] [ h0_asym6 | "N avg = 7.2486:03 (0.5 %) { 0 _asym7 | [ hPed asym |
H 1900%) Teie e H - Trives 1200

niies 48103 0.038

Mean 5669006
RMS _0.0002256

Mean  0.03955
AMS 00003283

Mean  0.03827
AMS 00006552

wof:100% (No filfer).. 10+ 19 ND filter.

0.0375

IIIIlIIII|IIII[III illllllllll

i i i
6 8 9 10
ADC Voltage (V)
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7 nA LL Measurement
e 0.5 M2 preAmp and -610 V High Voltage.

run 1748, 610V, |_pe= 7.0 nA, 120 Hz

Filter wheel scan: pmt# 4@ 610V, I, .= Shutter closed (pedestal data) I L I e T I ey L o oy havg_asym
E psof v, W e e @ R Booo P T g pretesionig e g N e e o iler | b e E——
3 2 o0 dean 3748106
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10t Pedestal-corrected Palr-wise Asymmetry vs. pair # § F 700 5% ND iter 5 F a0k asnD ftter §F 100% (o fiten) 5 F 10 1% D fier
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Event# Pair#
run 1748, 610 V.| pe~7.0nA, 120z R R
o _ - _asym g I h0_asym e[ h0_asym
£[N_avg=6.63¢+02 (09 %) £OIN 546+04 (50.9 %) £ [N_avg = 5.798e+04 { .
5 o012 6.05% ND fite Ewes mo) 3 502 5% ND filter Eve vl 5 L 63 5% ND filter Eres 1199 Filter wheel scan: pmt# 4@ 610V, | =7.0nA
lean 434 Mean 003402 Mean  0.03396 cathode
RMS  0.0008112 RMS  0.0003314 RMS  0.000197 E 0-036 [ H H 7= I ndf 741 [
- C run 1748, 120 Hz, 0.50 MQ 18+ 2261805
f < = H H Aya'B 05+ 5.49-06
rf Luﬂwm ,TI LH 0.0355F BN, @6.992=-0.378+ 0.112 % non-lin
; C N . -1
g =ity btk ok o Y ok ok s ssh s 0.035 %onondin=-0.054V_ |
9=2371e704 (59 %) | Eh‘u—asy"fm £*/N_avg = 7.3056+04 (799 %) Eh‘o—asy"‘:gg '[N avg = 3.707¢+04 (405 %) Er:n_asyn:‘sgg 0.0345C
w00[-25.1 2.5% ND filter Mean 003408 10| 79.+ 5% ND filter. Mean 00381 100|401 4% ND filter. Mean 003403 —
RMS  0.0003162 RMS  0.0003595 RMS  0.0002345 i_ F
L E ] - = iy = ] S R
| i e 0%
f i [ W Lol =
! C
7:1\ Iy 0.0335
b oot ek o ke R 5okt GG iRt o -
#N_avg = 0.1498+04 (100.0 %) Eh‘u-“y"“ig £*/N_avg = 8.6686+03 (9.5 Er“o—“y"‘;g £ [Navg=8719003(10% Ehf'e“-afayg C . data
wf 100% (No filter) oo o100 + 1% ND filter. o ostre Shutter Closedd A vt - "
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h C K|
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ADC Voltage (V)
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14 nA LL Measurement
e 0.3 M2 preAmp and -540 V High Voltage.

Filter wheel scan: pmt# 4@ 540V, 1 =140nA Shutter closed (pedestal data) run 1660, 540V, 1pe=14.0nA, 120 H2
PR cathiode . i} havg_asym0 havg_asym1 havg_asym2 havg_asym3
E 250 —run 1660, MO.LED flash @ 120 1 on 5°F on | Entries 96829 5 .14 0.05% NI filter 5 50 5% ND filter 5 63+ 5% ND filter 5 25+ 2.5% ND filte
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E £ C AMS 00wz0zt s oomoress s ootz Fws s
37°C r i
s b L i
Eor E !
¢ k ; I
- L
o : - | | I [
: o AN I I |
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Event# air#
run 1660, 540V | pe =140 nA, 1208z FoasvT | o .
g = D _asym N ave = 33965704 5090 1 _asym > _asym: .
£[N_avg = 6.070e+02 (0.9 =3.206e+04 (50.9 1230+04 (63.7 . -
F Lo bt (09 Jewe o0 et OO e a0 S = Filter wheel scan: pmt# 4@ 540V,1 =14.0 nA
1op 0.1 0.05% ND filte) Mean 003273 5% NO filter ‘U]IL Mean 003363 5% NDfl "‘ Mean 003345 ~0.035 cathode —
. - 7 16
RMS  0.0005585 RMS  0.0002621 RMS  0.0005329 w — e A e
- run 1660, 120 Hz, 0.30 MQ fosne L sattes
Iy < — -0.0002706 + 1.026-05
i \ (1 0.0345F BN, @4.924 = -3.920+ 0.148 % non-lin
, o . -
,L['-PH jj U L[, non-lin=-0.796 V
ottt e T ok o g0 S R e 0.034 ° -
£ N avg = 16796704 (259 %) | 0-asym3 £ [N_avg = 5.1706%04 (79.9 %) |_0—asym4 £ N avg = 2.6256704 (405 %) | _0-ASymS 0.0335
H D it Eniries 1200 o ND it Entnes 1200 B e N fiter Enes 1200 . i
10252 2.5% ND fi Mean  0.03392 e S Mean 0.03338 o LA Mean 0.03354
RMS  0.000236 J\\ n RMS  0.0007196 RMS  0.0004556 3
. i 0.033 :
L) I ~
(L) ™ =
N L "JJ ‘Hj LL J/ 1L x

0.032

£ N_avg = 64742404 (1000 %) |_"0-25ym6 £ N avg = 6.1656%03 (9.5%) | | 10—y’ $[N_avg = 2.0116-03 (0.0%] |~ 00=2Sym " data
© wE100% (No filter) e w0+ 1%ND flter.......) Fwes 2%l Fshutter Closed.. | | Frines w0
oo ° Mean  0.03246 ool s 1 Mean 0.03345 200) utter HJ H’ Mean  8.059e-05
RMS  0.001303 RMS  0.0002451 AL |RMS  0.0007087 H (14,']* ‘)
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Need of Second Order non-linearitv

Filter wheel scan: pmt# 4@ 540V, I =14.0 nA
50.035 ——cathode
< run 1660 120 Hz, 0. 30 MQ f

0.0345 p N @a4. 924 =-3. 920 +0.148 “/u non- Iln ....................

76216
0.03398 + 3.2112-05
yw B 0.0002706+ 1.02a-05

PRt

avg

o ron i = .0 708 V!
0.034 — ....................... ....................... ....................... ....................... ...... /onon-lin=-0.796 V"'

0.03350L % T S T— SRR NN DU S T—
0.033
0.0325

0.032

0.0315 —-rn ....................... ....................... ....................... ....................... _ ..ft.A ....... Awaﬂt X “g .................

fit: ALED—A".“(‘I ﬁ*Na +0" Ny
|||||||||||||||||||||||||||||||||||'||| R I e OO

0 1 2 3 4 5 6 7 8 9 10
ADC Voltage (V)

« Fit function with first order | * But for higher LLs (14 nA), fit function
non-linearity: with second order correction:
ALED:A ]_+I3N _ALED:Atrue(]‘-I-BN +CXNavg)
fits much better. (However, overall
is good for lower LLs. error is much higher???)

0.031

true ( avg )
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S u m m a ry Ta ble (O - 7 n A L L)?un HV LL PreAmp Navg non-Linearity non-Linearity/V X2/ndf

1710-1060 0.7 0.3 104400 0.821+0.169 0.103 2.220/6
1708 -10350.7 0.3 92420 0.594+0.192 0.084 1.213/6
1706 -1000 0.7 0.3 74430 0.503+0.127 0.089 18.30/6
1713 -970 0.7 0.3 64570 0.448+0.130 0.091 1.245/6
1711 -950 0.7 0.5 96510 0.287+0.103 0.039 5.926/6
1712 -920 0.7 0.5 79540 0.352+0.117 0.058 1.464/6
1704 -890 0.7 0.5 71150 0.21440.136 0.039 10.79/6
1702 -850 0.7 0.5 53790 0.369+0.112 0.090 10.06/6
718 -825 0.7 1.0 101200 0.267+0.109 0.035 6.506/6
1719 -800 0.7 1.0 87940 0.211+0.119 0.031 7.054/6
1720 -780 0.7 1.0 74670 0.152+0.116 0.027 7.700/6
non_“nearity vs HV 1721 -750 0.7 1.0 61430 0.213+0.119 0.046 6.454/6

-LED flash rate: 120 Hz (sing- ped} with LL 07nA i+ 03 moh'm pre-Amp (knp.u.;

X IDMDhrp pre-Amp{L?UMl}
0.8— ] ................ ........................ ........................ ........................ ........................ ........................ .............. % smaller non_linearity for

C larger preAmp gain and
smaller HV.

nonLinearity %

| N W —— . T T o

02— T [ K S J TR S -

D L 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 1 |

-1050  -1000  -950 -900 -850 800 750
HV (V)
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Summary Table (7 nA LL)

Run HV LL PreAmp Navg non-Linearity non-Linearity/V X2/ndf

0.3
0.3
0.3
0.3
0.5
0.5
0.5
0.5
1.0
1.0
1.0
1.0
2.0
2.0
2.0
2.0

109800 0.102+0.439
90000 -0.15640.408
78090 -0.025+0.585
66730 -0.34740.540
108700 -0.321+0.581
91650 -0.375+0.571
73170 -0.243+0.568
61010 -0.28140.539
118700 -0.38740.648
96220 -0.497+0.817
71480 -0.847+0.592
58620 -0.535+0.555
106600 -0.484+0.627
89840 -0.58540.490
79900 -0.687+0.559
71210 -0.663+0.719

-0.012
-0.023
-0.004
-0.068
-0.039
-0.054
-0.043
-0.060
-0.043
-0.068
-0.155
-0.120
-0.060
-0.085
-0.113
-0.122

8.261/5
18.12/5
13.51/5
14.92/5
3.652/5
7.399/5
18.53/5
6.255/5
8.446/5
1.341/5
0.9393/5
5.859/5
6.619/5
8.503/5
8.788/5
11.59/5

1743 -690 7
1744 -670 7
1745 -650 7
1746 -630 7
1747 -630 7
1748 -610 7
1750 -590 7
1751 -570 7
1753 -560 7
1754 -540 7
1756 -510 7
1757 -490 7
1758 -485 7
1759 -470 7
) ) 1760 -460 7
non-linearity vs HV 1761 -450 7
B LED flash rate: 1_:_20 Hz {slng-p?d}, with LL: 7 nA . éo.a MOhm pre—Aémp
0.5 _ ..... ........................ P .[}5 MOhm pre_m-np .........
- : : X 1.0 MOhm pre-Amp
D SN RPN IR Y R E B PO O ILSCRITEITSRPPUIPRIL: SROP, IV PUTTPTRPTTOSPPRY FETRPRPPRRY
2 B *
‘.‘:‘E-' B ¥ i +
o - 1
% _0_5 R R PO P A A SN U IR "IN RS e SR I S R,
= L
) L
A M ' B B e e e T

Devi L. Adhikari

PMT Non-Linearity Studies at ISU

« smaller non-linearity for

October 1, 2017

smaller preAmp gain and

higher HV.

16 / 25



Run HV LL PreAmp Navg non-Linearity non-Linearity/V X2/ndf
S u m m a ry Ta ble ( ].4 n A L L} 1643 -1000 14 0.01 68950 -5.941+0.980 -1.129 189.4/5
1642 -710 14 0.1 95810 -1.669+0.870 -0.228 8.623/5
1637 -700 14 0.1 94070 -1.7984-0.549 -0.251 10.96/5
1651 -690 14 0.1 74550 -1.928+0.672 -0.339 10.62/5
1638 -670 14 0.1 73150 -2.1634:0.767 -0.388 6.173/5
1656 -600 14 0.3 111400 -2.905+0.682 -0.342 4.381/5
1657 -580 14 0.3 94320 -2.8024-0.674 -0.389 7.933/5
1658 -560 14 0.3 78190 -3.0994-0.640 -0.519 5.036/5
1660 -540 14 0.3 64550 -3.19840.797 -0.649 1.581/5
1661 -540 14 0.5 106600 -3.4604-0.604 -0.418 8.637/5
1663 -520 14 0.5 88860 -3.800+0.640 -0.561 10.98/5
1664 -500 14 0.5 72020 -3.913+0.668 -0.712 4.415/5
1666 -480 14 0.5 56870 -4.30740.636 -0.993 29.52/5
1662 -540 14 0.5 108600 -3.796+0.985 -0.467 4.45/5
1667 -480 14 0.5 57230 -3.849+0.665 -0.882 14.42/5

non-linearity vs HV

—LED flash rate: 120 Hz (sing-ped), with LL: 14nA . 0.0 MOhm pre-Amp (SNS)

A b e b .. 3 MORM pre-Amp (SNS)
'k O 0.3MOhm pre-Amp (KDPA)

- X 0.5MOhm pre-Amp (MAIN) . .
o T— T i S NS L. x smaller non-linearity for
jE - smaller preAmp gain and

BE _ __ ............................. ............................. ....................................................... .................... ]

g FE | higher HV.
o -

E s T v SRR S v I U S I

& F
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Issues and Questions

= Should we think about changing quartz thickness for PREx-I1?7 10 nA
LL will be near the acceptable limit.

= |s it a good idea to study linearity to the second order?
= How to handle error (and interpret x?) on non-linearity properly?
« Why 27 order fits give much higher non-linearity error?
= Could use more precise calibration of LL:
— calibrate picoammeter.
— use R7723 PMT with unity base, not R375 PMT.
= Question of preAmp bandwidth? What is best? Does it matter?
— We need a working KDPB preAmp to help test.
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Summary and Future Plans

Devi L. Adhikari

So far, results are very promissing; we will meet or surpass PMT
non-linearity systematic error requirements.

At 7 nA and 14 nA LLs, get smaller non-linearity for smaller preAmp
gain and higher HV.

At 0.7 nA LL, get smaller non-linearity for larger preAmp gain and
smaller HV.

Results from quartet analysis were not significantly different than those
from non-quartet after implementing the 20 cycle data collection
technique.

Different approaches of subtracting pedestal didn't cause any
difference in the non-linearity result.

Planning to study non-linearity at other LLs and with different PMTs.
Constant temperature data collection technique; exploring now.

Also, still planning to explore the Qweak style non-linearity
measurements which use 3 LEDs (two of them flashing at different
rates and one steady).
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THANK YOU

All the plots of the study can be found at:

daq3.physics.isu.edu/linearity /Linearity.html.

Devi L. Adhikari PMT Non-Linearity Studies at ISU
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Steps in Error Analysis

First Order non-Linearity

A

true(

LA =

2.N=B*N,,

1+p*xN

P

_*N

Po

avg )

*100%

Second Order non-Linearity

Atrue(1+B*N +a*Navq)

1.A .p=

2.N=B*N_, +cx*Navg

P P>

Devi L. Adhikari

Here, p, and p, are the fit N=LlyN, #100%+L24 N2 *100%=x+y
parameters Po Po
Here, p., p, and p. are the fit parameters
3.8N —&*Navg*loo% Par Py Po P
9 Po po
3.0N= \/Gx 8y)
4. S;V pi*Navg*loo% 2
0 0
e 4.6x=\/( ppl) +( pPO) *%*N * 100 %
1 0 0
ON ON .’
s.azv:J(aplﬂ ) +(@pof (5 ) 2
op, 9 Py 0 p, apo P>
5.0 x=4/( 5 ) +( 5 ) *p—*Navg*loo%
2 0 0
_lop, 7 opg P #1009 2 2 2
MN_\/( p ) Ty e 100% 6.6N=\/[(ap‘:1)+<ap’z°>]*pi+[(ap’zz> +(6p‘:°)] PN+ =225 100%
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0.7 nA LL Measurement
e 0.5 MQ preAmp and -850 V High Voltage.

run 1702, -850 V, |_pe= 0.7 nA, 120 Hz

Filter wheel scan: pmt# 4@ -850V, = Shutter closed (pedestal data) £ +{ havg_asym0 = havg_asymi 2 havg_asym2 » oy havg_asym3
10 cathode i) H : H & H 5% ND fifter
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7 nA LL Measurement
e 0.5 M2 preAmp and -590 V High Voltage.

run 1750, 590V, |_pe= 7.0 nA, 120 Hz

Filggr wheel scan: pmt# 4@ 590V, 1 = Shutter closed (pedestal data) : - havg_asym0 ; - havg_asym1 ; havg_asym2 : havg_asym3
3 E H0.14 0.05% N filts 50+ 5% ND filts 634 5% ND filte 25, 5% ND filter
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14 nA LL Measurement
e 0.01 MS2 preAmp and -1000 V High Voltage.

Filter wheel scan: pmt# 4 @ 1000V, 1 =14.0 nA Shutter closed (pedestal data) run 1843, 1000V, |_pe = 14.0 nA, 120 Hz
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