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Motivation

Wanit tor understand usability: range: of

Phetemultiplier Tukesi te e used as
LUuminesity: Moeniters.

Want to: fiind conditions for geod linearity,
petter than 2%, for Januamn/ rumn.

=0l PREX, Woeuld ke ter have: lineanity
petter than 0.5-1%.




Formalism

A PVITFS non-linear response cam e expressed
as follows:

EXpermentaliasymmetry can e approximatea:



Experimental Test Setup

2 LEDs (1 kept constant, 1 puised at
S0HZ) Used ter generate smalliasymmetry.

Ellter Wheellattenuates poth light: signals
after passiing threugh: a diffitser. lhere aie
Six filter settings (0,20,40,60,80 & 100%)).

Small aperture Is Used! fiel stability.

PVIIF eutpuit Is Integrated by a 16 it
IHAPPEX ADC.



Experimental Test Setup

Filter Wheel

Black Box

Pairsynch




Evolution: ofi Setup

Piiffuser added! te: minimize: effects fromi filiter
AON-NeNMOGEREILY.

Randomization/automation oi Elter Wheel
Setting.

Aperture added to minimize signal scatter:.

DiScovered gress nen-lineanty in lower end ofi
moedified ADC boearadl 13;

Startedwork withr ADC boeard L7, WHere: this
effect IS much smaller.



Aperture Effects

Each bit off data represents; the: LED signals' when the
filter wheel retuims to the 100%; setting.
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Noen-lineanty: ofi Beard 13

(Lefit)r ADC response: te CVW LED WL L. Integration Time.
(Center) Residualst afiter fitting data aboeyve 25K CHS.
(Right) Residual Percentages:

ADC Linearity for Run #11213
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Noen-lineanty: ofi Beard 13

(Lefit)r ADC response: te CVW LED WL L. Integration Time.
(Center) Residualst afiter fitting data aboeyve 25K CHS.
(Right) Residual Percentages:

Residuals After Fit
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Noen-lineanty: ofi Beard 17

Same: plots fier boeard 17.
hese runs are: used to re-calilbrate pedestals.




DATA AQUISITION



Calibrating PMITF Input

Diiferent LED ight Ievels were: calibrated
Pefore testing.

Calibration dene with a Gain=41 PNV hase,
previded by Riad Suleiman.



Calibrating PMIF Input

HV scans with Gain = 1 Base
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Analyzing the Data

Wpical runris 12000
events.

Each filter setting IS
sampled s times.

MVax: centinueus: signal
IS set at —=50000 CHSs.

Asymmetny of 100%
signallIs set at' —5%.

2000 4000 6000 8000 10000 12000
ev_num




Analysis Method

Plet asymmetry/ Versus continuoeus; signal ADC counts.
Eit a line and interpret results.

Asymmetry Trends for | = 5 nA @ HV = 1300, Run #11412 CH17_3 A_exp = A_trug*{1 + Bata*N_D}

A_true = 4T7347% +- 0.D0175%
Beta = 4.7645e-05% +- 9.6e-07 %

B*N_D @ 50T2B= 2.41%

Input = 5nA

HV = 1300
Output = 68UA
B*N_0 = 2.4%

10000 15000 20000 25000 30000 35000 40000 45000 50000
N_lo (CHs)




Stuaies; oft Geead Usanility: Range

IHeW: dees linearty depend on PV
INpU/eUtpUL cUrent?

Ohsenved hard cellingl ol phoetocatiode
current.

PIVIAF IS saturated at photocathode cllirents
Righer than —30nA.



PMVIIF IRpuUt satuiration

Asymmetry Trends for | = 20 nA @ HV = 700, Run #11389 CH17_3 | A _exp = A_true*{1 + Beta*N_0)

A_true = 5.3608% +- 0.00156%
Beta = -8.1579%e-05% +- 7.3e-07 %

B*N_0 @ 48710= -3.97 %

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
N_lo (CHs)




PMVIIF IRpuUt satuiration

Asymmetry Trends for | = 40 nA @ HV = 700, Run #11391 CH17_3 AEezpiAS i [ IHAIRNTL)

A_true = T.5335% +- 0.009TH%
Beta = 0.000230552% «- T.2e07 %
B'M_0 @ 51373 = 123 %

10000 20000 30000 40000 50000
N_lo (CHs)




PMVIIF IRpuUt satuiration

Asymmetry Trends for | = 60 nA @ HV = 700, Run #11395 CH17_3 A_exp = A_true*{1 + Beta*N_0)

A _frua= 22.662% +- 0.00192%

Beta = -0.001637895% +- 2.7e-07 %

E*N_0 @ 43020 = -T0.46 %

0-9%000 15000 20000 25000 30000 35000 40000 45000
N_lo (CHs)




Stuaies; oft Geead Usanility: Range

EGIF IoWer photecathode currents,
ehsernved HV range that preduces geod
ineanty. Typical l.,=50UA.

Resulits good! to subh-1%), bt residual
instanilities; preclude making conclusions
at- better than the 0.5% level.



HV scan for 10nA

HV (2V) | (UA) I (*2.5us) | Beta*N_0 (%)
1300 155 116 5.2
1200 104 172 3.48
1100 63 262 2.52
1000 43 415 1.32
900 26 689 0.78
800 15 1213 0.28
700 7.8 2300 -0.54
600 3.7 4820 0,48
500 1.56 11300 -0.9
400 0.54 11300 5.5




HV scan for 5nA

HV. (2V) | (UA) I (*2.5us) | Beta*N_0 (%)
1300 70 256 2.41
1200 48.5 360 1.29
1100 32.4 553 0.82
1000 20.7 867 0.11
900 12.6 1425 -0.26
800 7.2 2480 -0.21
700 3.8 4700 0,34
600 1.8 9922 -0.39
500 0.76 11300 -1.96
400 0.26 11300 -13.85




HV scan for 2nA

HV (-\) | (UA) I (*2.5us) | Beta*N_0 (%)
1700 44 404 2.79
1600 34 522 1.98
1500 26.3 680 1.27
1400 18.8 955 0.88
1300 13.5 1330 1.03
1200 9.4 1900 0.51
1100 6.3 2830 0.79
1000 4.1 4300 0.93
900 2.5 7300 0.23
800 1.4 11300 -0.075
700 0.75 11300 -3.15




New Developments

Learned how! te) preduce: consistent: resuliis with
2 LEDD expernimental test setup.

Piscovered ADC nenlinearity: onimoedified eald.
Fhisiledl te new: pedestal calibration; methods.

IHave way. te calibrate phetocatiode current wWith
Gain=41 PV

Eeunadl geodloperatienal range fer LUMIFPIVIEF at
Inputs up to 10 nA.



Next Up

Would like te fecus) en minimizing; pedestal
noISe; WhIchI st new: —100ppm.

a [ais will lberdone by reproducing LUMI setup inside
IHall A



Next Up

Would like te fecus) en minimizing; pedestal
noISe; WhIchI st new: —100ppm.

a [ais will lberdone by reproducing LUMI setup inside
IHall A

Lumi PMT C—Box Lumi DAQ C—Box

sighal to DAQ ADC
- "fat" Twinax _ ==
Coax BMNC . [ “thin" Twinax

[_;Sﬂig'éﬂ' GT;{FL; .- L) o - ', ADC Ctate GND
tate ! ’ ! - . '
' isolated from C—box chassis - %

| .-.__ 1

L -

r
isolated from C—hox chassis

Coax cable shieldfoconnector Twinax cable Sh[‘:ld‘r:':'““c'_‘_"'t':": Twinax cable shieldfconnectar
isolated from C—bow chassis coupled to C—box chassis coupled to C—box chassis




Next Up

Would like te fecus: en minimizing pedestal
AeISEe; WhichiIsrnow: —100ppm.

x Thiswill-lberdone by reproducing LUMI setup: inside
HallbA:

Want finaltgaimretrves: for all EOMITEMATS:

Decument geod lineanty regiens: fiex all-availanle
LOMIFRMASH IR preparation for Januamy/ run.
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Extira Stuiif



LUMI PMT Gain Curves

Gain Values @ 10nA Light Level
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Noen-lineanty: ofi Beard 17

Same: plots fier boeard 17.
hese runs are: used to re-calilbrate pedestals.




Pedestal Noise

Pedestal Noise Time History [Bin Size = 1000
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