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Main Detectors for PREX and CREX

Outline

e Detector design (~finalized)

e Optical simulation (~benchmarked)
e Results from 2015 MAMI testbeam
e Plans for upcoming testbeam

e GEM trackers (very brief)

e Summary and Plans
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PREX/CREX Detector Design
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PREX/CREX Detector Design

Scattered electron’s view
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=T PREX/CREX Collaboration Jefferson Lab Hall A

/ Optical Simulations: Geometry and Event vis. \

e FElectron enters quartz at 90 deg (coming from below quartz)

e Showing 6 mm thick PREX-I quartz geometry

e Quartz is 3.6 mm from pmt window (no light guides used)

e Using 2 inch R7723Q pmt

ko Simulating MAMI testbeam: 855 MeV pin-point electron beam /
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. PREX/CREX Collaboration Jefferson Lab Hall A

/ Optical Simulations: Comparison with Data \

Photo-Electron Distribution - Prototype B Detector

Prototype B, 855MeV nlam:mn baam

real data, run 462, theta ~89 deg, gain 1.24E6

T4 CJ EE A | S— SONSItIVIEY. 200ECITR. ..o oo
i Simulated data: Qthick 6mm, sep 3.6mm, DetAngle -1deg
glisur polish 0.981; QE R7723Q (bjalkali) '

107 v 3 W quartzADC _ |:| hit_n_hist | .
: : Entries SE3GEEE Entries SE36TS
Mean 37568 £ 000932 Wean 37894 + 0.006E5G
R 206 & DCOesT RME 7.074 + 00057
102 .................... .......... Integrs T —— T
RMS _ 9,191 RMS _ g 156

10— F -. , J Ean,;Mean ..... . .........................

0 50 100 150 200 250 300
Fhoto-electrons

\ No light guides used; quartz properties Nbenchmarked/
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PREX/CREX Collaboration

Jefferson Lab Hall A #5%

Photo-Electron Distribution - Prototype B Detector

Entrles
Mean 35880
RMS 6
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£ E Prototype B, §55MeV electrof baam
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w L real data, run 462, theta ~89 deg, gain 1.3E6
100 T Sensitivity 200C/Ch
E Simulated data: Qthick 6mm, sep 3.6mm, DatAngle -1deg
E glisur polish 0.975, QE R7723Q (bialkali)
10° quartzADC hit_n_hist
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Events

Photo-Electron Distribution - Prototype B Detector

/ Optical Simulations: Tuning quartz properties

Photo-Electron Distribution - Prototype B Detector

10° £ A=
E Prototype B, 855MeV electron baam E E Prototype B, 855MeV alectron baam
E 2 F
- {\\ real data, run 462, theta ~89 deg, gain 1.3E6 w = /.\ realdata, run 462, theta ~89 deg, gain 1.24E6
10° b Saensitivity 200fC/Chi 100 & sazpoceas 200fC/Ch.
E Simulated data: Qthick 6mm, sep 3.6mm, DetAngfe -1deg E l\ Simulated data: Qthick 6mm, sep 3.6mm, DatAngle -1deg
=t glisur pelish 0.978, QE R7723Q (bialkali) C \ glisur polish 0.981; QE R7723Q {bialkali)
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Polish: 0.978
gain: 1.3E4-6

Polish: 0.981
gain: 1.24E+6 £5%
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e PREX/CREX Collaboration Jefferson Lab Hall A

/ MAMI Testbeam (PREX/CREX Detector Tests)\

—

e Last testbeam: May 29 - June 1, 2015: MOLLER, PREX/CREX

e About 1.5 shift for PREX/CREX prototype tests:
—2 prototypes tested: Angle scans with and without LG (6 mm)

—Longpass filter study with no-LG 6mm
\ —Angle scan for no-LG with 10 mm thick quartz /
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2 PREX/CREX Collaboration

Jefferson Lab Hall

A

UNIVERSITY

/ Testbeam Data:

Raw Quartz ADC, run 462

T -I-I III|T|“
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2 r 89 beam angle :{|RMS 14.93
> . . .
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10% -+
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1
ADC channel
Ped subtracted Quartz ADC, run 462
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E Integral 5.837e+05
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ADC channel

Events/1ch

Events/1ch

Quartz pedestal fit, run 462

6mm, no-LG, 89deg incidence

105 . Mean 60.13

RMS 2.584

Integral 1.131e+05

. X2 / ndf 32.02/1

10°E Prob 1.524e-08
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L Mean 59.83 + 0.00
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ADC channel

Ped subtracted Quartz ADC fit, run 462

Mean 36.27
RMS 6.67
Integral 5.82e+05
X2/ ndf 17.55/14
Prob 0.2279
Lwidth 0.5844+ 0.0315
MPV 33.83+0.04
Integral 6.132e+05+ 2.649e+03
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i
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PREX/CREX Collaboration Jefferson Lab Hall A

/ MADMI Testbeam: no-LG, 6mm angle scan \

Det. response vs. beam-quartz angle
70
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— : : : : : : - - chi2/ndf (£ 10)
[ —a— resolution (%)

BOb— x,v,r ........ W QW"F ..... gg ..... vy SRR ........ vy S ........... ¥ "'é""v"""f.'.";"'ﬁéﬂésitél'l"mean
: : : : : : —|:|— ped corr. peak ch.

refer to legend

—— ped corrected RMS

SD ............ .- ................ ;................-.................; ................ .- ................ .- ................ . .......... IP'E'SﬁI'ﬂTTgEiI'I!

40

30

]
i
o

coé

20

10

T TITT[TTTT[TITTTTTT]

70 80 90 100 110 120 130 140 150
Incident beam-quartz angle (deq)

=

Fri Feb 26 13:50:54 2016
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PREX/CREX Collaboration Jefferson Lab Hall A

/ 6mm, no-LG angle scan PE comparisons:
Gain vs. Stat widths

Peak PE's from gain vs. peak PE's from stats
40

DesB 2, 6mm, No lightguide
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% PREX/CREX Collaboration Jefferson Lab Hall A

/ 6mm, no-LG angle scan PE comparisons:
Gain vs. Stat widths

Peak PE's from gain vs. peak PE's from stats
40
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PREX/CREX Collaboration Jefferson Lab Hall A

/ Comparison: 6mm, no-LG, 92deg incidence \

Photo-Electron Distribution - Prototype B Detector

10°

W = :
% — Prototype B, 355Me\f electron beam _
> - :
L — real dala run 461, theta ~92 deg gain 1.24E6
10 S R s, 1 W—— Sensntwlty200foCh
E Simulated data: Qthick 6mm, sep 3.6mm, DetAngle 2deg
— glisur pollsh 0.981, QE R7723Q (blalkall) :
103 E_ ................................................ (TR T T T o T PSSPy S Ty ST ST ST BTSSP PONes:
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= f } . Mean Mean
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Thu Feb 25 18:25:57 2016
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. PREX/CREX Collaboration Jefferson Lab Hall A
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/ Comparison: 6mm, no-LG, 88deg incidence \

Photo-Electron Distribution - Prototype B Detector

1) = : : :
. — : . .
E = . Prototype B, /855MeV electron beam
W - | real data, run 472, thita ~88 deg, gain 1.24E6 :
10* = S Sensjtivity 200fCICh: oo R s
= I Simulated data: Qthick 6mm, sep 3.6mm, DetAngle :2deg
= glisur polish 0.981, QE R7723Q {bialkali) j
AP EE S . WS quartzADC _|i|  hit n_hist |
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[ Mean 3608 + 0008228 Mean 3652 + 0008172
B RS ST+ DGR RMS B985 & 0006486
1 nZ E_ ...................................................... — T Integral T
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. PREX/CREX Collaboration Jefferson Lab Hall A

/ Comparison: 6mm, no-LG, 86deg incidence \

Photo-Electron Distribution - Prototype B Detector

Prototype B, Bﬁﬁhﬂe‘u‘ alectron: hnam

real dal:a run 473, thatu =86 deg, gairl 1 24E6 :
10 = o Hlnnslthrit! ROOFCICI. e e

E Bimulmd data: -I:lthlclc 6mm, sep 3. Emm DatAngle -4]:!9-9
[ glisur pnlish 0.981, EIE R77230 :hlalkali]
10° __ ______________________________________________________ quarleDC _ hit_r'l_hist ___________
= Entries 5E0TES Entries 580000
[ Mean 3378+ 0008024 Mean 3266+ 0008228
B RIS £.601 + 000831 RS €602 + 0.00813
1{"2 E_ ...................................................... Integra 6. a0ae+0s bl integral s gars [
[ AR RN, | | N ME‘H”ME&“ .................................
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T T T ==
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Fri Feb 26 14:58:30 2016
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. PREX/CREX Collaboration Jefferson Lab Hall A
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/ Comparison: 6mm, no-LG, 101deg incidence \

Photo-Electron Distribution - Prototype B Detector

Pml:ntypa B, ﬂEﬁMe‘U alactron I:mam

: real data run 460, theta-1l]1 deq, galn1 24E6 :
/S | Ferverrers SENSIVIY. 200FCICR. ... d b
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PREX/CREX Collaboration

Jefferson Lab Hall A

/ Comparison: 6mm, no-LG, 77deg incidence \

Photo-Electron Distribution - Prototype B Detector

10°

Thu Feb 18 16:39:51 2016

\_
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= Simulated data: chlck 6mm, sep 3. Gmm DetAngle 13deg RMS 4.075 £ 0.004669
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PREX/CREX Collaboration Jefferson Lab Hall A -

/ Plans for next MAMI Testbeam (May 2016) \

Side-angled view Top view

Will test PREX tandem detector mount using "thin” 6 mm quartz

upstream and "thick” 10 mm quartz downstream

\_ /
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2 PREX/CREX Collaboration Jefferson Lab Hall A

~
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GEM Trackers for PREX/CREX

Contacted Rui De Oliveira at CERN last November to discuss
possibility of purchasing custom (10 by 20 cm?) complete
CERN GEM chamber kits

A couple weeks later he sent me a rough cost estimate and I
asked for a formal quote for:

-5 triple gem chambers assembled and tested
—5 spare framed foils

Placed the order last month — 12 weeks lead-time

Also joined Nilanga’s big electronics order: We’re getting 6
MPD VME modules and 55 UVA-style APV FE cards

Complication is mostly in the readout. Still need to design and
build custom APV FE bussing PCB and HV distribution

scheme (will modify UVA design for our system) /
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Summary and Plans

PREX II det design near final: no-LLG / uses quartz TIR as LG

Final CREX design waiting for focal plane footprint—for quartz
(and pmt) size—but will also use no-LG design

G4 optical simulations for no-LG, 6mm configuration in very
good agreement; continuing to refine and study

Simulations for designs with LG’s require additional tuning
(need to sample reflectivities as function of angle and \)

Working to simulate complete angle scans for 6mm and 10mm
quartz as well as long pass filter study (and compare with data)

Planing to test 6 mm/10 mm tandem PREX detector at
MAMI this May

10 by 20 cm? GEM tracker system under development...more

next time /
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/ Extra Slides

\_ v
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PREX/CREX Collaboration

Jefferson Lab Hall A U

PMT Gain Measurements

e ADC charge sensitivity calibrated

e (Gains measured using linearity apparatus with CAEN LED
driver, ND filter wheel, and CAEN fast amplifier

e PE peaks extracted using multi-Poisson fit algorithm
e Purchased 4 new R7723Q pmts (with Mod. base); also have
two pmts on loan from Jlab

40

20

Entries 10378
Mean 2101
RMS 76.16
norm 180.6 + 2.8
lambda 0.8125 + 0.0129
pedMean 2025+ 04

pedSigma 15.29 + 0.26
1PEMean 2093 + 0.6
1PESigma 24.39 + 0.40

Y
ADC channels

3
e %10

/
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/ PMT Gain Measurements
(ADC Charge Sensitivity)

5
| |
E
1
§
o
3

2&.53!]33
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5
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Gate wit?t?\ (ns)

e Using CAEN v965 dual range QDC
e Spec. gives 25 and 200 fC/ch sensitivities

\o We found ~28.6 and ~230 fC/ch with about ~3% uncertainty/
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2 PREX/CREX Collaboration

Jefferson Lab Hall A

UNIVERSITY

PMT Gain Measurements

e PMT 1 (new) gain at -2000 V for two different light levels:

x10*
< — N
g | Entries 10329
x - Mean 1040
0.8— RMS 5.107
- norm 1125+ 24.7
L lambda 0.24 + 0.01
0.6 N pedMean 1038+ 0.1
L pedSigma 3.442+ 0.052
0.4— 1PEMean 1044 + 0.0
: 1PESigma 4.229+ 0.209
02—
&_| . A A
I F Entri 10299
9 500 — ntries
I B Mean 1046
B RMS 8.66
400 — norm 1060 + 78.2
B lambda 1.14 £ 0.03
300— pedMean 1038+ 0.1
L pedSigma 3.211+ 0.088
200 C 1PEM.ean 1044+ 0.1
- 1PESigma 3.793+ 0.280
100— l
T..‘|...|...|...|..:.\.. ‘ R R B
3.94 0.96 0.98 1 102 1.04 1.06 108 11 112

~—

ADC channels

HMo4
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20

ADC channels

- Entries 10364
L Mean 2044
B RMS 36.77
:— norm 256.8+ 3.3
C lambda  0.1531=+ 0.0046
C pedMean 2028+ 0.2
- pedSigma  14.31+0.14
B 1PEMean 2094+ 1.0
L 1PESigma  24.04 + 1.97
N " _ beempeeid i 11 |11 [x10°
- Entries 10378
L Mean 2101
- RMS 76.16
— norm 180.6 + 2.8
: lambda  0.8125+ 0.0129
- pedMean 2025+ 0.4
B pedSigma 15.29 + 0.26
- 1PEMean 2093 + 0.6
B 1PESigma 24.39+ 0.40
e alarins %100
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2 PREX/CREX Collaboration Jefferson Lab Hall A -

PMT Gain Measurements

e PMT 2 (new) gain at -2000 V for two different light levels:
3
<+ A0 , < 250 — _
3 11— Entries 10130 g - Entries 10316
T [ Mean 1038 | — L[ Mean 2022
08k RMS 4.479 200 — RMS 30.63
L norm 1115+ 38.2 B norm 261.9+ 3.4
i lambda  0.3048 + 0.1201 B lambda  0.1525 + 0.0047
0.6— pedMean 1036+ 0.2 150~ pedMean 2009 + 0.2
pedSigma  3.374 + 0.096 B pedSigma  14.00 £ 0.14
0.4 1PEMean 1040+ 1.4 100 — 1PEMean 2061+ 0.9
- 1PESigma  4.134 + 0.296 B 1PESigma 23.11+ 0.1
0.2— 50—
L . C 3
al‘uu‘u“-uu‘u“luu‘uuu““ -‘L‘\n:_‘uu-uu“‘iu|“|||‘“L||_ 0! ! --a-lnﬁl_l | |‘A| L |“| |_X10
5 Entries 10am | & F Entries 10432
=g00— ~100—
= » Mean 1043 - Mean 2068
r RMS 7.053 i RMS 59.46
500— 80—
C norm 1193 + 62.7 B norm 199.9+2.3
400 - lambda  0.92852 0.0682 - lambda  0.8291+ 0.0146
C pedMean 1037 £ 0.3 60— pedMean 2009+ 0.5
s00F- pedSigma  3.613  0.122 C pedSigma  14.74+0.30
C 1PEMean 1044 £ 0.5 a0l 1PEMean 2063+ 0.9
200 E 1PESigma  3.446+ 0.172 = 1PESigma 22+1.5
C 20—
100 C
‘|...|...|‘..|...|.|.\\. A T 0 - e,y 0 L [x10°
%.94 0.96 0.98 1 1.02 1.04 1.06 1.08 11 112 2 21 2.2 2.3 2.4
ADC channels ADC channels
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= PREX/CREX Collaboration Jefferson Lab Hall A

/ PMT Gain Measurements
RUN | LED amplitude | PMT | Amp | Gain (x10%)
1410 4,50 1 No 1.33
1412 5,50 1 No 1.16
1417 4,50 1 Yes 1.23
1419 5.50 1 Yes 1.95
1424 4,50 2 No 0.75
1426 5,50 2 No 1.16
1431 4,50 2 Yes 0.96
1433 5,50 2 Yes 0.99

Table 1: Table of gain measurements at -2000 V. Estimated uncer-
tainty is about £5%. Gains measured without amplifier are some-

what sensitive to fitting, while gains measured with amplifier are

Qave uncertain amplification. /
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=5 PREX/CREX Collaboration Jefferson Lab Hall A -

Path to Linearity Measurements

e Test apparatus constructed (based on Luis’ setup):
—Two LEDs (one steady, one flashing) — filter wheel —
diffuser — pmt

—Integrating DAQ using Qweak ADC: have HAPPEX timer
and ported drivers for linuxROC, NEED help porting
drivers for Qweak ADCI!!!— Paul King volunteered to help
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2 PREX/CREX Collaboration Jefferson Lab Hall A

~
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Linearity Study Strategy

Using apparatus to map out pmt gains over large range of HV

Will use these gains to calibrate PE’s from real data tests. Can
then use estimated e~ flux combined with PE’s/e™ to estimate
anticipated pmt anode currents during PREX II and CREX

LED light level is then adjusted to yield those anticipated PE

rates

For various HV’s, LED asymmetries are measured for each
filter setting and the degree of non-linearity is extracted from
fits to the data.

Choose HV setting that gives best linearity while utilizing
~full range of 18-bit ADCs

/
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