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Shower-max: Motivation and Requirements

e-e peak flux

e-p peak flux

» Provides additional measurement of e-e ring integrated flux
« Weights flux by energy = less sensitive to low energy and hadronic backgrounds

« Will also operate in tracking mode to give additional handle on background pion
identification — gives MIP-like signal
« Will have good resolution over full energy range (— < 30%), radiation hard with

(n)
long term stability and good linearity
-2
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Shower-max: Design Status and ring geometry

Open region Baseline Design

NAME | DATE " - N
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SCALE: 1:5 SHEET 2 OF 17

« Engineered shop drawings for full-scale prototypes

« Shower-max ring design concept: staggered in Z
with reinforced struts and brackets. 28 detectors
inring: 7 Open, 7 Closed, and 14 Transition

» Constructed two full-scale prototypes in 2018 and
tested at SLAC with 3, 5.5, and 8 GeV electron

testbeam
Jeff./e?son Lab
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Shower-max: Detector Concept and Materials

PMT

» Detector concept uses a layered “stack” of
tungsten and fused silica (quartz) to induce
EM showering and produce Cherenkov light

+ “Baseline” design developed using
GEANT4 optical MC simulation:
» Designuses a 4-layer stack with 8 mm
tungsten and 10 mm quartz pieces
» Cherenkov light directed to 3inch PMT
using air-core, aluminum light guide

Materials (all rad-hard):

* Tungsten is high purity (99.95%) and quartz is optically polished Spectrosil 2000
« Light guides are aluminum specular reflectors (Miro-silver 27, Anolux, or aluminized mylar, ...)
« Total radiation length: 9.1 X, tungsten + 0.4 X, quartz = 9.5 X,
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Shower-max: Energy and rate acceptances

Rate (GH2/5mm)

Rate (GH2/5mm)
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Shower-max: Resolutions

Resolution vs. Energy
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Shower-max: Prototyping and testbeam

» First prototypes constructed: two different “stack” configs:
8 mm thick tungsten and 10 mm thick or 6 mm thick quartz
« 1st-pass engineered design concept vetted
« Light guide construction techniques developed

SLAC testbeam T-577 run: Dec 6 — 12, 2018

« Exposed prototype to 3, 5.5, and 8 GeV electrons

« Validated our optical Monte Carlo quartz and cathode
properties and G4’s EM showering processes (but not
the light guide yet)

« Stack design validated--number of layers/thicknesses;
yields and resolutions match G4 predictions ‘

* Prototype beam performance sufficient for MOLLER and’~
2"d-pass mechanical deS|gn improvements underway =




Dustin McNulty
mcnulty@jlab.org

Summary

« Baseline design concept meets requirements:
—Proportional energy response and background suppression
—Large light yields and good resolution
—Radiation hard material construction

« 1stpass mechanical design validated through prototype
construction: supportframe design and light guide assembly

 [nitial beamtest performance validated optical MC and stack
design; baseline prototype (as is) is sufficient for MOLLER

« Future testbeam runs will be used to finalize the design
mechanics and light guide

), o oeserient o -
Jefferson Lab © ENERGY oo &
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Shower-max: Back-up Slides

December 11, 2019



Design Review JLab Hall A
Benchmarking Testbeam stand CAD and MC

Visualization (1B prototype)
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Design Review JLab Hall A

1A and 1B Benchmarking single-quartz Testbeam

Tandem Mount
&mm Benchmarking 18 (PMT5), run 267, channe! 2, 1.50 deg

Photo-Electron Distribution - simulated vs real data Photo-Electron Distribution - simulated vs real data
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Design Review

JLab Hall A

UNIVERSITY

1A Benchmarking Results for stack-layer study

—
o
()

™ YTT

Events/pe

02

—

10

-h

10

210°E

Events/pe

Dustin McNulty

Photo-Electron Distribution - simulated vs real data
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Photo-Electron Distribution - simulated vs real data
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Photo-Electron Distribution - simulated vs real data
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Design Review

JLab Hall A

1B Benchmarking Results for stack-layer study

Photo-Electron Distribution - simulated vs real data
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Design Review JLab Hall A

ShowerMax Benchmarking Prototype Testbeam Results
(1B full stack response vs energy)
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Benchmarking 1B: full stack
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Design Review

JLab Hall A

ShowerMax 1A PE Distribution

Full Scale 1A and 1B PE response Simulations

ShowerMax 1B PE Distribution
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Design Review JLab Hall A

Simulated Yields from Photons (1A Full-scale)

ShowerMax 1A Photon Response
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Design Review

JLab Hall A

Simulated Yields from Pions

ShowerMax Pion Response

(1A & 1B Full-scale)

ShowerMax Pion Response
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Design Review JLab Hall A

Simulated MIP signal for cosmic-ray tests
(Full-scale)

ShowerMax - 1 GeV Muons
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Design Review JLab Hall A #5¢

What is Resolution of Showermax (Open Septant)

How well does the Showermax count electrons? Open ShowerMax Photo-Electron Distribution
i
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PE Distribution: Showermax Open - 8mm W Ba00F-  snower s 4 paces. Opan flegion .::w 1048 1 ‘1‘10:
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Individually, it counts electrons with 14.6% resolution on average. Using this 01F — \
\
leads to: | . S . . /
D = - — .05 | :
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Design Review JLab Hall A

Attempts to improve Showermax resolution

Exploring Different phi Segmentation for Half-width, “full-stack” Shower-max
Shower-max

TRANS TRANS . L
«— Baseline (original)
OPEN CLOSED OPEN

. VTRANS TRANS
"1 «— HalfOpen/HalfClosed
AR (LOSED e Full-width, “full-stack” Shower-max
TRANS TRANS '
+— HalfOpen/FullClosed
OPEN CLOSED OPEN

Radial view of various phi segmentation ideas
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Design Review

JLab Hall A

Energy Acceptance for Different phi

Segmentation

OPEN ‘ CLOSED ‘

OPEN
OPEN TRANS TRANS OPEN
TRANS CLOSHED TRANS
TRANS TRANS
OPEN CLOSED OPEN|

<— Baseline (original)

Rate (GH2/0.1GeV)

Rate (GHz/0.1GeV)

<— HalfOpen/HalfClosed —

+— HalfOpen/FullClosed

N

Radial view of various phi segmentation ideas

¢ These ideas give no improvement due to the spectrometer’s
significant phi defocusing...The original segmentation 1s best
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Rate and A"V *Rate — weighted Energy Acceptance

meas
Original Baseline half Open/ Full Closed
Moller E' = Distributions: Original Baseline Moller E' = Distributions: halfOpen, fullClosed, BigTrans
3 as 3 - 151.3, 033 __ Al E asb —~ 152.1, 033 1 A||
."3 ~E - - 674, 025 |- Open - Y oo 395, 0.24 - Open
S s N 803, 028 — Transition § = #9.0. 022 — Transition
é - i - 236, 0.22 - Closed e - - BN .. 26,022 +Closed
] ; i S _’-"- - = 2 ,__ T—— ’_
g 25f ) — . g 2% . - -
2 2
15 E_ . 1.5
1 o - i o
05F- ST - 051 = -
- o it - | 0 e T T B 14«‘ |
- 10 * 0 2 B 6 , 10
vertex (G€V) E' ... (GeV)
Moller E' = Distributions: halfOpen, fullClosed, BigTrans
3’ 44290, 0.30 g 100~ 44413, 0.30_4_ Al
i ~ . 2032.0, 0.23-} - i e 1172.6, 0.23-- Open
5 - - 1 0zs - Trangitiop § - - 26577, 026 Transition
O — .610.7, 0.20 + Clos o 80 . - 6107, 0.20 +— Closed
H : g
g : g [ - -
@
= £ 60— -
% e [ =
8 2 - i -
f:, S 40— - . ;
3 : L o
: B .
z - -
2, J wf
L L 0 i ) .,;E:::(:-- 1 - | T e S |
10 0 2 - 6 8 10
E',oe, (GEV) E',..., (GeV)
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Baseline PE distributions weighted by A ™€,

%500 [Open Region, Quariz Model: glisur ground hit_n_hist
@ Hpolish 0.981, 3 inches PMT R7723Q, Reflectivity: const. 60% Entries 28218
Y400—  shower-Max, 4 pieces, Open Region Mean 1045+ 1.309
B Qthickness 12.5mm, Withickness 8mm RMS  287.5 + 0.9257
- Analyzing Power Energy Integral 4.8220+04
1200— Full Raster
- RMS
C =0.28
- X Mean
1000 Open
800 —
600 —
400—
200—
0 C 1 1 1 | 1 1 1
0 500 1000 1500 2000

Dustin McNulty

Open ShowerMax Photo-Electron Distribution

Photo-electrons

|
2500

Transition ShowerMax Photo-Electron Distribution

%200 [Transition Region, Quartz Model: glisur ground hit_n_hist
S [polish 0.981, 3 inches PMT R77230, Reflectivity: const. 60% Enbies yroTT
w - Shower-Max, 4 pieces, Transition Region Mean 8102 1.076
1000}— Qmhickness 12.5mm, Wthickness 8mm RMS 2365 + 0.7609
~ ____ Analyzing Power Energy oo 4.8320+04
i Full R'asx.er RMS -0 29
goo— Transition Mean ™
600—
400+
200—
O-LIJ.. vl oo b o v lv b Lo lya
0 200 400 600 800 1000 1200 1600 1800 2000

Photo-electrons

Closed ShowerMax Photo-Electron Distribution

lllllllllllllllIlllllllllll

Full Raster

Closed

Shower-Max, 4 pieces, Closed Region
Qthickness 12.5mm, Wthickness 8mm

Analyzing Power Energy

[T BT R AT RN B

§ ] | Closed Region, Quartz Model: glisur ground
§400 Lpolish 0.981, 3 inches PMT R7723Q, Reflectivity: const. 60%
w

1

hit_n_hist

Entries 50000
Mean 6254 + 0.725
RMS 162.11 05126

la v o be v b aa g

Intagral Sa+04
RMS _
Mean ~ 0.26

OQ

200 400
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Uniformity Studies:

Mean Along Phi

Mean Along Phi

1A PE means along ¢ and r

Mean Along Phi
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Uniformity Studies: 1A Resolutions along ¢ and r

Resolution Along Phi

Resolution Along Phi

Resolution Along Phi
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Prototype Designs for Testbeam

I EEEEEE——
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Shower-max Benchmarking Prototype concept

.
Concept allows stack
to be assembled and

beam-tested one piece 3” PMT

at a time for detailed —
‘ Exploded
View
Kapton
windows

benchmarking study
Config #1 (original baseline) benchmarking Prototype

Fabricated with
ABS plastic using
3D printer

Dustin McNulty - : - ) 2019Dec11-12
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Highlighted columns show changes due to quartz

Benchmarking Stack Configurations

thickness change: Examined 6 mm and 10 mm thick tiles

Con ﬁg tt L t"A" b a XO Rmolicr
# | (mm) | (mm) | (mm) | (mm) | (mm) (mm)
1A | 8 10 8 64 | 44 |95 | 110~
2A 17 10 5 55 55 9.5 11.0
3A 14 10 6 58 52 9.5 11.0
4A 6 10 6 58 52 7.3 11.5
Con ﬁg tt _ t'\"/ b a XO Rmolier
# (mm) | (mm) | (mm) | (mm) | (mm) (mm)
< IB 8 6 8 48 61 9.5 11.
2B 17 6 5 39 67 9.5 11.0
3B 14 6 6 42 65 9.5 11.0
4B 6 6 6 42 65 7.3 11.5

\/
0.0

Key benefit here is that the parameter “a”
(the width of the benchmarking quartz tiles)

can now be comfortably large to ensure
negligible transverse shower leakage.

A
v

Equation of constraint:

a’ + b* = 4R?

(thickness of
front tungsten
piece)

R=39mm
PMT « (for 3” pmt)

window

(thHickness of

1artz pieces)
(thickness of

inner tungsten
pieces)

Dustin McNulty
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Lateral size of EM Shower: Moliere Radius

» Lateral or transverse EM shower development and size dominated by multiple scattering
* One Moliere radius contains 90% of shower and characterizes width of shower; two Moliere radii contain ~95%

* For single material calorimeter:

Exy ~74 (&
E, Xo=77 (cmz)

Moliere Radius: Ry,

--where E = ,47: mc? = 21.2 MeV (Multiple Scattering Energy for electrons)
» E.~610/(Z+1.2) MeV (Critical Energy)

* For a mixed, homogenous material calorimeter:

Fraction of Energy Escaping

0%

woi

Monte Carlo {Cu)

. 0y
% * Pb
2 s Al

: : 1 w, 1« E.
-l = L —t = =) L . .
Moliere Radius™ R, {R,, — E, Li X,  For the baseline design:
—where w; is the weight fraction of the Woimgsten = 0.812 | Ry, =
ith material in the stack Woiart: = 0.188 ' 1.10cm
* Ifuse 10/90 Cu/W:
) P2 Ry Ry, Xy Xy/p Z E (e) Wtungsten =~ 0.724 R »
Material | (g/cm?) | (cm) | (g/cm) | (cm) (MeV) W ~0.19¢ — M —
quartz : 1.16cm
tungst 18.00 | 0.933 6.76 0.35 74 8.0 ~ '
nesten wcopper - 0080
C 14.05 1.57 12.9 1.44 29 20
Lo * Also note for tungsten, at
Si10, 11.3 5.15 | 27.05 12.3 | ~I1 57 shower max: <9.S'M> ~ me/Ec ~ 3.6°

Dustin McNulty
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Longitudinal Development of EM Shower

14,6,6,6 mm
17,5,5,5mm
Longitudinal Development of Electromagnetic Showers in Tungsten
1200 o
\ 2 GeV
[ L~ |\ 3 GeV
1000 , — 4 GeV
5 GeV
// 6 GeV
800 + 7 GeV
8 GeV
if 9 GeV

Number of Particles

400 r

200 1

40 50 60 70 80
Depth (mm)

Red and black lines indicate
points of quartz sampling for

Config #2 and #3
(see next slide)

The shower maximum depth
scales logarithmically with
particle energy, while the peak
# of particles scales linearly

For pure tungsten, shower
max occurs at ~24mm for 2

GeV and ~33mm for 8 GeV

--Baseline design uses
32mm of tungsten
(and 50 mm of quartz)

Shower-max: Back-up Slides
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PE Mean

'1A - 4A Mean PE and Resolution versus Energy

/:onﬂguutlon 1A\
P Y T v v

f Mean

. Resolution

Full-scale

8mm W and 10mm Q

1500

1125

750

3715

Energy (GeV

Configuration 3A

mean 170E - 20

Full-scale

14 & 6mm W and 10mm Q

3

Dustin McNulty

Energy (GeV)

0.265
102
0.165
- *
0.12
7 8

rMms/mean

rms/mean

PE Mean

1125

PE Mean

Configuration 2A

—— Mom
. Resolution

Full-.s:calc
17 & 5Smm W and 10mm Q

375

mean = 140E + %4

750
375
mean ISOF ')
0 ]
2 3 5
Energy (GeV)
Configuration 4A
1500 Y T
[ Memn Full-scale
. Resolution
6mm W and 10mm Q
125}
750

3
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Simulation results for B configs (6mm quartz)

PE Mean
~
=

/Configu ration 18\

Mean
*  Resolution

Full-scale

8mm W and 6mm Q

10.3

* The B configs have ~half the slope of the other configs — 80

" PEs/GeV — while maintaining good resolution and with
lower light levels.

* The reduced slope means less variationin PE yields with
energy--which will reduce the widths measured during
helicity window (it seems a potential win win win situation)

* Also interesting is that if you reduce the layers of tungsten tc
4mm, the resolution worsens ~drastically (even with 10 mm

,_,
rms/mean

quartz)
? 5 6 8 4mm Tungsten, 10mm Quartz
Energy (GeV 1500 T T T T 0.3
1500 T [ | ]C ) e :;:em T 1
— M ® esolution + -
e Full-scale i % x
6mm W and 6mm Q 125} 10.255
11251 10.255
5 g
c 5]
§ i 8 = 750 1021 E
= H £ w a
w @ o £
o g et
Full-scale
375 10.165
mean = 110E + 190
0 : ; : : ‘ 0.12
: 2 3 4 5 6 7 8
Energy (GeV) Energy (GeV)
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Prototype Construction and SLAC Testbeam Run

I EEEEEE——
Dustin McNulty Shower-max: Back-up Slides (2019Dec11-12) 24
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" Light Guide
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2O

o . Moller Collaboration

“Exploded Viem
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1A Full-scale Stack Assembly at SBU, June 2018

r 4 ~25 cm §

Aluminum

sheet cofﬁn\ \
Fully assemt

Quartz wrapped e stack weighs
in black Kapton ~40 1bs

& mm thick 99.95%

July 16, 2018 Pure tungsten plates .

Dustin McNulty - : - ) 2019Dec11-12
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July 16, 2018 ‘ ISk Tracking Bl
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Testbeam and MC benchmarking strategy

e Engineer benchmarking prototype capable of operation with
systematically more stack layers added and with no light guide

e Basic strategy outline:
— First take data with only one piece of quartz

— Then add the front tungsten plate and take data, then the next

layer of tungsten and quartz, then next, then next

— This will facilitate benchmarking of optical quartz properties and

G4’s showering process without light guide complication

e Also construct and test full scale prototypes (with same exact
stack configuration as benchmarking prototype) and with full
light guide; this will be constructed with machined aluminum

Dustin McNulty Shower-max: Back-up Slides (2019Dec11-12) 28
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Benchmarking Prototype (1A) Expectations

Benchmark 1A: n=2

Benchmark 1A: Single Quartz

2000 T n Fst Tl n_hist hit_n_hist
g - 2500 | Coman 29000 | Craen Pl
w : Moo MR D00 | Nean A B 0wen | Veas A2 4 00w
2m_ L% 29 L 00204 | P S8 £ R0000e | WS 1530 1 0.0neee
- e 2 50004 | e 2 50v4 | oegrs 2500
RMS RMS RMS
=01 ——=0.1 a—=01
2000} i Mean » Mean ™ .10 Mean 018
| !
C it
Barchmark 1A, Cong 1A
1500_— 1 Siagle Guartz, Cenosed Baam
N — 2 CaV
- 5 Gav
- — 8 GaV
1000_—
L l
500_— r
% 50 100 150 200 250 300 350 400 450 500
Photo-electrons

*Benchmarking PE yields are
incredibly high for n=1to 4

*Will use 3” ET PMTs:
9305QKB
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Benchmark 1A: n=1

2 r hit_n_hist hit_n_hist hit_n_hist
§400 b Entries 25000 | Ertries 25000 | Entries 25000
w o Mean 12191 3447 [Mesn 0607 + 2753 | Mean 5757 ¢ 1.700
L AMS 54411 2433 | AMS 4352+ 1946 [ AMS 2702+ 1.200
1200+ Intagral 2. 5¢+04 | Imegral 2.50+04 | Intagral 2%+
r RMS RMS RMS
- =0.45 =045 =047
1000 Mean Mean Mean
800 Benchmark 1A, Config 1A
ne1, Contered Baam
— 2 GeV
600 — 5 GeV
8 GeV
400
200
ok s b b e Lo Lo
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Photo-electrons

Benchmark 1A: n=3

400

200

a2 hit_n_hist hit_n_hist hit_n_hist
§400 — Entries 25000 | Entries 25000 | Entries 25000
w o Moan 5616+ 6350 |Mesn 37211 4226 | Mean  1601: 2117
- AMS 1008 + 4496 | AMS G682+ 2988 | AMS 3347 1 1407
1200 - Intagral 2. 5¢+04 | imegral 2.50+04 | Intagral 2%0:04
N RMS RMS RMS
- =0.18 =0.18 =0.21
1000 Mean Mean Mean
800 — Banchmark 1A, Consig 1A
C n=3, Centered Baam
B 2 GeV
600 t— — 5 GeV
I~ — 8 GeV

%

a b feda L a Lo a
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Photo-electrons
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1200— Intagral 2 80+04 | Intagral 250404 | Wtagral 250404
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1000 — Mean - Mean Mean
800— Banchmark 1A, Config 1A
r n=2, Cantered Beam
N 2 GeV
600 — 5 GeV
- 8 GeV
400—
200 —
0 ok A ' SHUARARTEEE NEEEE PR
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Benchmark 1A: n=4

Photo-electrons

a [ hit n hist hit n hist hit n_hist
§400 . Entries 25000 | Entries 25000 | Enrtries 29000
w N Moan 7891+ 516 [Mean 4337+ 3608 | Mean 17791 1964
| AMS $159 + 3640 | AMS 5704 + 2561 | RMS 31051+ 1289
1200— Intagral 2 8c+04 | Intagral 2.50+04 | Wntagral 2504
C RMS _g12 BMS _543 BMS _, 47
1000 Mean Mean Mean
L Benchmark 1A, Config 1A
800— n=4, Centered Beam
- 2 GaV
I~ — S GaV
600 (— — B8 GaV
- J,[LLL
o ra \
o of 1
L J

co

L
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T-577: SLAC Testbeam, Dec 6 — 12, 2018

* Tested ShowerMax full-scale and benchmarking detectors and new ring5 thin detector designs
* Used 3, 5.5 and 8 GeV electrons with multiplicity of a Poisson distributionwith y = 1
* Overall beam rate only 5 Hz (parasitic from LCLS beam) with ~1/3 of those being single e

PREX-II/CREX
Tandem Det New S
-Angle Monitor

New MOLLERS
ring 5 (thin quartz)’

Benchmarking protdtypes

-

Dustin McNulty Shower-max: Back-up Slides (2019Dec11-12) 30
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CAD of the SLAC testbeam setup
* Testbeam scheduled for Dec 5 — 10 (we may get more time)
* Setup allows testbeam to cover entire active area of full-scale prototypes

Array of 3 upstream

Counter weight Velmgx Counter weight for GEMs for tracking
for full-scale [5 J{sllder GEM charnbgers (based on PREX-II frame design)
stack

Velmex
20 shider

™~y

2-12 GeV

Testbeam

View from downstream

Dustin McNulty Shower-max: Back-up Slides (2019Dec11-12) 31
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T-577: SLAC |
Testbeam Setup |RF

for Full-Scale
ShowerMax

Dustin McNulty - : - ) 2019Dec11-12
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T-577: SLAC
Testbeam Setup:

Benchmarking
ShowerMax

ﬂ }

Dustin McNulty Shower-max: Back-up Slides (2019Dec11-12) 33
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Beam Spot (5.5 GeV): ~1 cm by 2 cm

Det 2 XY hits

Det 2 xcharge

scharge Det 2
Ereves =mn
Voo o
L iXQ

Fool- Det 2 XY hits
;_n u Entries 2301
i Meanx 1584
i Meany 2899
- Det 2 YX charge
400+ AMS x  27.02 $ F
- RAMS . ™
I Y 340 1 w;_
o0l i =
i %3_‘ .....
200_ 10 5 &y wuy o - o L ATy ” & ey we k. - o o TR
] gE — l 2;’:3'1; ZZ]L'L .__:][_L::] L gE L | S
B § %FFJMWM‘W §'§E’-hwwww«—‘*‘|w7
100 — T s o Ty e R = Ty o > - L & TR RS
- §3E ! F ! ézE ' I I
: “ W\;—?L 2 ™ - ax g o Eod T TW BOAERNS
I 10 g S N — — §'E§_,~ R e R e | P
0 | . I L1l I 11 11 l .| l | .| l e - - - S :\‘ - - - - - S
0 50 100 150 200 250 g0 = =
Xstrip ¢ - T ﬁvlvT_’-J gt H E puw——— R S R DR
; il L) e Wadhhhre ﬁ 3 x k) T w L AR
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Counts

10°

102

10

ShowerMax Benchmarking Prototype Testbeam Results
(1B response vs. stack layers)

Benchmarking 1B: Compare stacks

—— 0 stacks (1350 Vg
——— 1 stacks (1200 Vi3
—— 2 stacks (1150 Vi
——— 3 stacks (1000 Vi

Benchmarking 1B: Compare stacks

4 stacks (1000 Vi

et

%nl.,,.l

Hﬁ

T

2000 3000 4000 5000

6000 7000 8000  900(

Photo-electrons

—— 0 stacks (1350 Volts) Entries 11
——— 1 stacks (1200 Volts)
—— 2 stacks (1150 Volts)
——— 3 stacks (1000 Volts) ZOOM-IN
4 stacks (1000 Volts)

Photo-electrons

* Results are very reasonable—the means and relative widths behave as expected

* Simulations are underway for comparison and MC tuning/benchmarking

Dustin McNulty
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Monte Carlo tuning and Shower-max Simulations
. Quartz optlcal G4 propertles benchmarked at MAMI: Glisur ground polish parameter ~0.981

Photo-Electron Distribution - Prototype B Detector

"

§ Prototype B, 855MeV electron beam

w roal data, run 462, theta ~89 deg, gain 1.24E6
10* . Sensitivity, 2006C/Ch

___ Simulated data: Qthick 6mm, upasmm DetAngle loog
/ gu ur polish 0.981, QE R7723Q (blalkali)

- quanzAD" i hit n hlst
Entries SE3686 | : | Entries 883675

132 || Mean  37.94 = 0.009259
4 RMS 7.074 = 0.006847

: RIS 7208
102 R s R ! (N B L [ asarests |

W BUS _ g 191 RMS - 9186

10 ' i ’VIean

PREX thin quartz
tandem detector

G4 event visualization

MAMI testbeam with PREX detector for PREX detector ol L ~7r
PE dists: Real data vs. Sim data

* Stack configuration MC study: PMT
% Stack thicknesses all same (7.2 X)) ptioal ’
% 2,5, and 8 GeV incident electrons

photons

% PE dists generated using tuned polish center
parameter and 60% LG reflectivity sampling;
normal
Conclusion: incidence;
4-layer gives comparable 2,5, and
performance to 10-layer 8 GeV
(and is easier and cheaper to build) 10-layer 6-layer 4-layer

Shower-max event visualizations
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Benchmarking 1A testbeam results compared with simulation
(5.5 GeV electron response vs. stack layers)

Photo-Electron Distribution - simulated vs real data

81 04 = 0 cloctrond  GuanzADC
B - 5825 | Enties 15828
‘g . 16.25 | Mwan 822
B v 45862 689
3 Single quartz o2 |suve o)
- Berchmarkingl1A
Lu 10mm Quartz (PMTS), run run_292_ 230 234 295, channel 2
1 3L
= un run_202 293 2942965, PMT valtige « 1200, gin « 70000
- COSCKFL PMTS, ch 2
B quarntz polsh 0.940. positon = §0.00,0.00)cm
B SAGCKFL quantum ethoency, cathode ref. 0.12%

10%

1e peak (sim) = 80.11, m =0.22
1e peak (real) = 80.55

500 600

Photo-electrons

Photo-Electron Distribution - simulated vs real data

81 03 ) electriony  GuanzADC
Ry - o 5425 | Entries 13380
0‘2 548.4 | Mwan 5470
& | I Stack o _wis|saoe
LE = Bencrmarkng1A, 10 1W
10mm CQuartz (PMTS), run run_299_300_301, channel 2
24
10 - run ren_ 209 300 301, PMT voltage « 1100, gain « 460000
SQOSQKFL PMTS, ch2
= quarnz polsh 0.940, posison 00,0.00cm
- SADSQNFL quamum '\oon.y cvrooa red. 0125

0

1e peak (sim) = 1007.54, fiec = 0.45
1e peak (real) = 1050.22

J

Wiy .

4000 6000 8000 10000
Photo-electrons

2000

» Single quartz data used to benchmark quartz optical polish parameter

* With quartz polish calibrated, simulations performed with successively more
stack layers and compared with SLAC data
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Benchmarking 1A testbeam results compared with simulation
(5.5 GeV electron response vs. stack layers)

Photo-Electron Distribution - simulated vs real data Photo-Electron Distribution - simulated vs real data
¢D1 03 y_electrony GuanzADC 0)1 03 ecyora Uz ADC
% ’—_ Ertries 5125 |Enties 25130 % E Entries AB2S En:ns 15854
s I~ Mear 666 | Maan 1679 R - Maan 2416 | Maan 2474
8 2 StaCk i i | 5WDev 2350 s Dew 2340 GCJ B 3 Stack ; SidDev 3455 |sdpev 3259
U>J Bencrmarking1A, 20 , 20 u>J | Benchmarking1A, 30 , 3W
10mm CQuartz (PMTS5), run run_318_319_320 321_322, charnel 2 10mm Quartz (PMTS), run run_331_332_ 333, charnel 2
1 02 E runrn_318_319 320 321 322, PMT witage = 1000, gain « 240000 102 == ren run_331_332 333, PMT volage = 950, gain = 150000
- SAOSQKFL PMTS, ch 2 - GIOSQOKFL PMTS, ch 2
B quanz polsh 0.840, posison = (0.00,0.00) = quartz palish 0.540, postion = (0.00.0.00)cm
SA0SQKFL quamum othcency. c.vfooa red. 0.12% - S308QKFL quantum efficiency, cathode ref. 0.12%
10 10
N 1e peak (sim) = 3153.75, fms = 0.27 .
L 1e peak (real) = 3114.69 | poak (sim) = 3891.86, ay = 0.18
' ) 1 " (real) = 4256.90
1 , 1 .
= . oafd (8 L 1
“ v | |
= | 1 ‘ |
i . . |
1075 Jﬁ i 10_1_ [ ‘ ‘ ‘ (e |||| !
: | = ' LA i i |
I II | _ ||| l ‘Hmull || \ |
,,,,, NI SRR S A |0 A P — [ L1 E DL
0

0 2000 4000 6000 8000 10000 5000 1 0000 15000 20000
Photo-electrons Photo-electrons

* Data and simulation agree well (at 10% level)

* Resolution of single electron photopeak goes from 27% to 18% (simulated)
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Benchmarking 1A testbeam results compared with simulation

(5.5 GeV electron response vs. stack layers)

—
o
w

lllll]

Events/pe

10°

10

107"

* Data and simulation agree well (at 10% level)

* Resolution of single electron photopeak 1s 15% (simulated). Analysis of real

Photo-Electron Distribution - simulated vs real data

I

1

0

s

4 Stack

|

LI

» 14575 |Eries 10190

Benchmarking1A_ 4G , aW
10mm Quartz (PMTS), rum run_338_339_340, channel 2

run run_338 339 340, PMT voliage = 950, gan = 130000
SAOSQKFL PMTS, ch 2

quartz polish 0.940, pasition = {0.00,0.00)om
SGOSQKFL quanium efickency, cathode rel. 0.125

1e peak (sim) = 4856.96, = 0.15

1e peak (real) = 4647.97

) | X
' | || ’ ,
y | Iy
|_|H (T ’||
1 COMAR AT et A
10000 15000 20000
Photo-electrons

5000

data resolutions are on-going using GEM tracking data
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Benchmarking 1A Golden Track, single e~ data compared with simulation
(5.5 GeV electron response vs. stack layers)

Golden Track, Single electron PE Distribution 1A 1-Stack

1 Stack

Events/pe

10° =

10°E

10

| pr———-— c
E . [Erbtas 15605 | Covwa 15828
Single quartz Mear 45 (Mem 822
o De e Sud Dav a0
Beachranegih
e Guarts PMTS), san run 292290 204 209, charnd 2
run_202 233 234 2% age « 1200, ga
GONF, PMTS, ch 2
vtz pekeh O 40, ponk 2080
N cpawe, LL ) oce

1025

B ,Mﬁr
1l “IM\WM i L)OJ

Photo-Electron Distribution - simulated vs real data

© peak (sim) = 80.11, gt = 0.22
o posk (reah) = 8055

600
Photoelectrons

200

Events/50 PEs

10 g

.......................... smthQ DJcctron 1

Entries : : ¢ B095

4 'M'é;ir'””? ............. e B A0Y

Std Dev i 4885 _; 5.939
Integrali.............deiccien din. 3644

o LSttt 1 R s st ¢ P CRT T

4 Constant..... . 18.28 =042

L O - 3 %

1 T RealPEs .
o | Entries j 2726
| Mean._.. 982, 3 . 8634

Photo eleclrons

* Note that polish parameter was decreased from 0.98 (PREX)to 0.94 (4% decrease)

* Simulationuses state of the art understanding of optical properties of active material
including attenuation and dispersion inside quartz and pmt window, reflectivity at
air-pmt window interface & photocathode, and factory QE of photocathode

* Note: All comparisons and polish benchmarking rely on knowing operational pmt
gain (5 — 10% uncertainty (as well as QDC charge sensitivity))
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Benchmarking 1A Golden Track, single e data compared with simulation
(5.5 GeV electron response vs. stack layers)

Golden Track, Single Electron PE Distribution 1A 2-Stack Golden Track, Single Electron PE Distribution 1A 3-Stack
l&”j ............ ReaI;PEs .......... - Q : : . Real PEG
3 Entries ; 4324 R ol -Entrien: e RRYY:
@ Mean::::::: 3286 =::14.21 B Mean i 4264 £ 19.17.
§ | StdDev 934.32 1005  § Std Dev 914+ 13,56
@ Integral 4323 @ Integraf 2273
....SImPhpto. elecltons..t... : : H : simPhoto_electrons_1
Entncs : 12682 : : i : : "E'ifr'fé'«;"g """"""" STT74037
‘Mean Y2867 1072 : : i : : Mean | 40743 13.48
Std Dev  786.1% 7.583 10 . SdDev: 749.9: 9.528
.lnleqral....‘..,.,‘....5...,53_14
: 'nga T 6727 « 10.4 |

G RMS Mg 4%

|
1C
Photo electrons Photo electrons

* Data and simulations agree at 10% level

* Data shows larger high-light tails indicating potential mis-identified single e tracks

* Resolutions get steadily better and agree well with simulated distributions
--This tells us there was good alignment and minimal lateral shower leakage
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Summary and future work

e Showermax baseline prototypes constructed and tested
— Analyses of testbeam data still ongoing but converging fast

— Preliminary results for benchmarking prototypes in good

agreement with simulations

— Full-scale results and uniformity scans still in progress

e First results for full-scale tests show significant difference
between data and sims—PE yields ~2.5x lower than expected;
likely culprit is light guide but could also include broken

TIR—due to excessive pressure on Kapton quartz wrapping
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* Measuring light guide (LG) reflectivity as function
of angle (10 — 90°) and A (200 — 800nm); ongoing

* Light source: Ocean Optics DH2000: 200 - 800nm,
25W Deuterium bulb

* Spectrometer: Ocean Optics USB Flame, enhanced
sensitivity, UV-VIS grating

* NIST specular calibration standard

Light guide materials tested:

Light guide reflectivity

Reflectivity (Anolux I)

Reflectivity

measurements

Reflectivity: Nist Standard

90 degiree
60 degree
45 degree
30 degree

i i 1 i
200 300 400 500 600 700

1
800
Wavelength (nm)

Reflectivity: my Al. mylar (1 mil, single-sided)

ity

Reflectivi

&

500 600

60 dogreo
45 degree
30 degree

i i 1
200 300 400 500 600 700

Reflectivity: Miro-silver 27

800
Wavelength (nm)

Reflectivity
°
= -

| - 1
200 300

N L L |
200 300 400 500 600

800
Wavelength (nm)

Miro-silver 27
Alzak-Al and Alzak-Ag
1 mil, single-sided aluminized mylar

Miro-silver 4270
Anolux I and UVS
Miro 2000Ag (diffuse)

Reflectivity vs. A for various materials at diff. angles
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UNIVERSITY

LG reflectivity radiation hardness study

RE Frequency: 2856 MHz (S-Band)

Energy Range: ~4~25 MeV (current varies)
Pulse Width:

~50ns to 4 micro seconds

Repetition Rate: single pulse to 360 Hz

Ports: O degree, 45 degree and 90 degree (Beam energy resolution ~ 1+/-
15%)

25B Energy vs Current

Enery (Mev) - Oport(ma) 45 port (ma) 30 port (ma)
z s @38 68366
» 100 Py YT FYYM
s 100 2036w 28266
B w0 00338 158338
» @ w3l 25838
s 110 0o us 104
. 100 P P
s ) 0 0045 0848
B —
3 -

Irradiated several light guide material samples
over a 3 day period from Mar 22 - 24, 2016:

Miro-silver 4270
Anolux UVS
Miro 2000Ag (diffuse)
Miro-silver 27 (from Michael)
Alzak-Al and Alzak-Ag (from KK)
1 mil, single-sided aluminized mylar

» Used 8 MeV

e beam, 65 -

110mA I

4us pulse width
at 250 Hz,

310 -

Reflectivity

0.8

0.6

0.2

0

Reflectivity

“o

048

» Water-cooled
(15°C)

w/ 1.5 cm radius B
hole (for beam) —
more than
adequate
cooling.

peak>

880 W

) Rad. Exposed Reflectivities (90 degree)

aluminum brick A’X\ :

Reflectivity (~90 deg) during exposure to 8 MeV e-beam

i _Anolux UV§
t

Reflectivity

Miro-silver27 ..

800
Wavelength (nm)

Mon Apr 25 23:46:36 2016

Rad. Exposed Reflectivities (90 degree)
I i Anolux UVS

cooo W
S85° 4
T OO OOF

s o@anh

l@oenoNpasaa
8532888835
FOSO000090NC

280 300
Wavelength (nm)

Mon Apr 25 23:42:47 2016

Reflectivity

0.8

0.6

0.4

0.2

0

0.8
400 pC/pulse @ 2!
0.40.C 0.40.C
0.60C 0.60C
080C 0s80C
1.20C 1.20C
1.40.C.. ..1.40.C
1.60C 160C
1.80C 1.80 C
2.00C 220C
220C 260C
2.40C 0.2 N 3.00C
260C 340C
3.00C
340C
1 N N B T I B olkL PP | PRI IS S E SR
200 300 400 500 600 700 200 300 400 500 600 700 800
Wavelength (nm)

Reflectivity (~90 deg) during exposure to 8 MeV e-beam
Miro-silver 4270 1

400 pClpulse @ 250

2
B i
B¢

2
C00000°20D0 000N

85588

B

ISP TPINe ;

! 1 PR

| 41
200

600 700

800
Wavelength (nm)
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Linearity Test Box And Integrating DAQ

Temp. Probe

Shutter
LED Holder Diffuser
“Filter Wheel OMT B
PMT Holder ase Pre Amp. k -

Temp. Display DAQd Other ettings |
+ 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, 79, 63, 50, 40, 25, 10, 1)% transmission settings (~randomly ordered)

+ Filter Wheel is now controlled automatically using a shell script
« UV Diffuser — Edmund Optics’ ground fused silica

« 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)

Devi L. Adhikari PMT Non-Linearity Studies at ISU February 25, 2018 5
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Summary for PMT#4

LL = 0.3 nA LL = 6.0 nA
|Run| HV IPreAmpInon-Lin|Errorlx2/6df”Run[HVlPreAmpInomLin[Error]\2;6df|

[T896[-1150] 0.5 | 0.426 [0.075] 2.420 |[1843[-860] 0.1 | 0.904 [0.227] 16.77
1897|-1120| 0.5 | 0.320 [0.123| 5.564 |[1844/-840 0.1 | 0.869 |0.251| 25.18
1898[-1080| 0.5 | 0.228 |0.093| 2.871 ||1845-820, 0.1 | 1.269 [0.346| 26.10
1899|-1040| 0.5 | 0.200 |0.120| 5.120 [1846|-800, 0.1 | 0.848 [0.295| 29.19
1905|-1110| 0.6 | 0.502 |0.172| 7.533 ||1847|-860, 0.1 | 1.355 [0.247| 15.99
1906|-1080| 0.6 | 0.268 |0.125| 8.046 ||1848|-840, 0.1 | 1.054 [0.194| 14.76
1907|-1050| 0.6 | 0.227 |0.186| 8.355 ||1849|-820] 0.1 | 0.492 [0.194| 17.84
1908|-1020| 0.6 | 0.389 |0.083| 2.008 ||1850-800, 0.1 | 1.211 [0.541| 98.22
1901|-1010) 1.0 | 0.431 |0.102| 3.712 |[1834-720, 0.3 |-0.148 [0.163| 9.668
1902(-980| 1.0 | 0.182 |0.193|16.58 |[1835/-700, 0.3 |-0.179 [0.229| 9.338
1903(-950 | 1.0 | 0.287 |0.091|2.936 ([1837|-675 0.3 |-0.104 [0.242| 13.89
1904(-920 | 1.0 | 0.137 |0.112| 3.769 [1838-650, 0.3 | 0.205 [0.316| 24.99
1910(-890 | 2.0 | 0.027 |0.146| 7.582 |1830-650, 0.5 |-0.190 [0.111| 2.923
1912(-870| 2.0 | 0.159 |0.116| 3.802 |[1831-630, 0.5 | 0.148 [0.348| 39.38
. . 1913(-840| 2.0 |-0.154|0.160| 4.930 |[1832|-610, 0.5 |-0.268 [0.213| 9.548
nonLInearlty vs HV for PMT#4 1014|-810| 2.0 |-0.162 |0.151| 7.075 |[1833/-505| 05 |-0.301 |0.208| 7.082
1919|-770 | 4.0 | 0.072 |0.210| 7.561 |[1839[-645 06 |-0.079 0.157| 6.576
2 \ : "§ 0.3nALL| [I9T6]-750 4.0 [-0.01910.120[ 4.032 | (1851630 0.6 |-0.308 [0.084] 2558
— H ! 1917|-730| 4.0 | 0.133 [0.130] 3.262 ||1841-610, 0.6 |-0.424 [0.134| 5.048
— 4 05nALL|[1918/-710| 4.0 |-0.130(0.117| 3.480 ||1842/-590| 0.6 | 0.065 [0.383| 29.23
15 1920(-650 | 10.0 | 0.139 |0.202 8.691 |[1826/-570, 1.0 |-0.325 [0.190| 7.729
M ¢+ 6nALL | [1921(-630| 10.0 | 0.071 [0.150| 4.912 |[1827|-555| 1.0 |-0.397 |0.228| 9.533
= 1922(-610| 10.0 | 0.256 |0.144|2.719 |[1828-540, 1.0 |-0.460 [0.221| 15.22
— { 10nALL | [1923|-590| 10.0 | 0.223 [0.195] 6.154 |[1820}520| 1.0 |-0.099 (0.170 5.008
1 L — o0& nA 1819}500| 2.0 [-0.428 [0.166| 5.703
— = >——1820[-490| 2.0 |-0.518(0.124| 3.582
- [Run] HV [PreAmplnon-Lin[Error[x?/6df][1821| 475| 2.0 |-0.301 0.159] 4.882
= I 1863[-1040] 0.5 | 0.393 [0.039[0.7648|(1822[-460] 2.0 |-0.469 [0.241] 9.740
05 T 1865|-1010( 0.5 | 0.289 [0.108| 4.324 L= 100nA
_Mi-?t 1866/-080 | 0.5 | 0.238 0.05110.9041 |y o ey
— 1 1867/-950 | 0.5 | 0.360 [0.202| 19.54 |4~ reAmpjnon-Lin|Error|x" /6df
— 1857|-1000| 0.6 | 0.393 |0.064| 1.595 |{7a5r 7801 01
0 31 e - 1859(-970 | 0.6 | 0.354 [0.095| 3.488 ({755 7601 0 1 3
= - 1 1860(-940 | 0.6 | 0.525 [0.212| 15.26 740l 01 |-0163 [0.2
© — > 1861(-920 0.6 | 0.297 [0.142| 5.493 L7200 01 |-0160l0.1
Q — 1868(-900 | 1.0 | 0.344 [0.269| 29.49 2[780l 01 0262 l0.204] 2253
£ -05 1 1869/-880| 1.0 | 0.170 [0.184| 11.66 760l 01 057 10.092| 3°0a8
- — 1870/-850 | 1.0 | 0.331 |0.062(0.7265 720l 01 0.060 10247 1
c — 1 1872(-830| 1.0 [0.055 [0.231(13.05 ||;790 720/ 01 |-0417 101
[} = L 1873(-800 | 2.0 | 0.206 [0.148| 5.657 1ls6ol o 0743 lo
c —1_ 1874(-780( 2.0 | 0.055 (0.144|7.464 |/1705 640 03 0.698 lo
— 1875/-760 | 2.0 | 0.113 [0.114| 3.686 3620l 03 |-0672 103
— 1876(-740 | 2.0 | 0.469 [0.237| 16.29 600l 03 | o885 lo
- 0.03 1877|700 | 4.0 | 0.095 [0:157] 6.243 || {200 200l 0= |-0950 0
-15 — 1878/-680 | 4.0 | 0.097 [0.114] 2.977 ||;500 270/ 05 |-0.901 o 16.07
=  -0.01 1879|660 | 4.0 | 0.053 [0.146] 4.984 | (15011550 05 |-1015 10320! 3361
= : 1881]-640 | 4.0 |-0.130(0.166 8.138 ||1802/-530, 05 |-1.231 10 14.08
2— - 1883(-590 | 10.0 |-0.266(0.130| 3.332 ||1705/575 06 |-1.042 |0 10.40
el U.US i 1884|-570 | 10.0 | 0.166 |0.124|3.616 ||1706.-555| 06 4| 5.487
— A 1885|-550 | 10.0 |-0.237(0.186| 6.346 /1303535 0.6
- - + ; : 1886/-530 [ 10.0 [-0.009 [0.197| 5.260 >0l 0.6
_o5F_..10.079£0.157 | 200 06
e H i 5 1.0
— 1.0
- I T T | 1111 | L1 1 1 11 1 1 L1 1 1 111 1 | N | I L1 1 1 l~ ‘J‘
—”I, 200 -1100 -1000 -900 -800 -700 -600 -500 -400 2.0 16.2¢
HV (V) 2o 2
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Plans for MOLLER pmt Linearity Measurements

e Apparatus and technique validated for PREX pmts at 240 Hz ff
— Conclusion: want pmt I¢ < 15nA and Ip ~20 - 30 ©A

— Anticipate < 0.5% non-linearity systematic for PREX-II
and even better for CREX

— Measurements routinely find HV and preamp settings with

non-linearity deviations at 0.1 - 0.2% level

e While 30, 120, and 240 Hz ff data give very similar/same
results, we see differences at 480 Hz ff—possibly a result of
thermal or other instabilities in the flashing LED

e To address expected problems at 960 Hz ff, we plan to

implement a chopper wheel setup with phase-locked controller
to shutter the LED instead of flash it (M. Gericke’s idea)
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Plans for MOLLER pmt Linearity Measurements

e ISU group has two ET 9305KQB pmts with factory bases in
hand to start testing this fall

— Anticipated light levels or PE (I¢) currents for central-open
ringd pmts at ~16 nA (~4 GHz, ~25 PEs/e™)

— Will require custom tuned base divider to achieve desired
0.1% non-linearity

— M. Gericke and group will design bases for future tests; for
now, two different factory bases were purchased: one
standard circuit and one tapered (for high pulsed linearity)

e A non-trivial complication for precision measurements is
calibrating the incident light level or photocathode current. We
use special unity gain bases for PREX/CREX; need this for
MOLLER
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‘Baseline Design Stack and Light (Guide Concepts

* Detector concept uses a layered “stack™ of tungsten and fused silica (quartz) to induce EM
showering and produce Cherenkov light
* “Baseline” design developed using GEANT4 optical MC simulation:

» Current design uses a 4-layer stack with 8§ mm tungsten and 10 mm quartz pieces
» Cherenkov lightdirected to 3 inch PMT using air-core, aluminum light guide

, . . tungsten: 1% 4-layer Stack: 8mm thick tungsten (dark gre
“Baseline” LG Design upstream piece e DR S i~ (dar s )
(dark grey) interleaved with 10 mm thick quartz (white)

(front face view)

alternating
quartz
bevel design

single-bounce mirror;
“funnel” angle and

length optimized

+—-~25¢cm —— Quartz
| bevel “Baseline” Design
Materials (all rad-hard): (side view)
* Tungsten is high purity (99.95%) and quartz is optically polished Spectrosil 2000
* Light guides are aluminum specular reflectors (Miro-silver 27, Anolux, or al. mylar, ...)

* Total radiation length: 9.1 X, tungsten + 0.4 X, quartz =9.5 X,
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Quartz and Tungsten Ordered in Nov 2017

* For “benchmarking” prototype stack:
» Quartz: 6 mm (thick) by 86 mm (tall) by 40 mm (wide) --4 pieces ($975/piece = $3.9k)
» Quartz: 10 mm (thick) by 90 mm (tall) by 40 mm (wide) --4 pieces ($1005/piece = $4.0k)
» Tungsten: 6 mm (thick) by 80 mm (tall) by 40 mm (wide) — 4 pieces ($85/piece = $340)
» Tungsten: 8 mm (thick) by 80 mm (tall) by 40 mm (wide) — 4 pieces ($110/piece = $440)
» Tungsten: 2 mm (thick) by 80 mm (tall) by 40 mm (wide) — 4 pieces ($25/piece = $100)

* For “full-scale” prototype stack:
» Quartz: 6 mm (thick) by 111 mm (tall) by 246 mm (wide) -- 4 pieces (~$1750/piece = $7.0k)
» Quartz: 10 mm (thick) by 115 mm (tall) by 246 mm (wide) -- 4 pieces (~$1940/piece= $7.8k)
» Tungsten: 6 mm (thick) by 105 mm (tall) by 246 mm (wide) — 4 pieces ($600/piece = $2.5k)
» Tungsten: 8 mm (thick) by 105 mm (tall) by 246 mm (wide) — 4 pieces ($820/piece = $3.2k)
» Tungsten: 2 mm (thick) by 105 mm (tall) by 246 mm (wide) — 4 pieces ($200/piece = $0.8k)

Purchasing these pieces allows for Configs 1, 3, and 4 (A and B) to be tested
Total quartz: $25k, total tungsten: $7.5k: Total = $32.5k

* This purchase enables construction of two benchmarking and two full-scale prototype sets
* Building two sets of prototypes will allow for more efficient testing during both SLAC testbeam
and cosmic tests at SBU and ISU. We can each build a different configuration to test
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MOLLER Task Tracking: ISU Tasks

Relation to Director’s Estimated
Subsystem Task Description Status Owner Review Report Completion
Date
Michael and Dustin | Page 12:7"..., all components in
Detectors Radiation Investigate which detector Dustin devise a the scattered beam envelope May 2019
hardness of | components need radiation plan. Status: should show negligible damage
detector testing and carry out 50 Initial list being up to 50 MRad.”
components MRad test established
Devise plan to evaluate Michael and Dustin Page 12: Recommendation:
Detectors | QCplan for | robustness of main detector | Dustin to devise “'Conduct radiation damage May 2019
main detector quartz (Redundant with a plan? Not yet tests to at least 50 MRad to
quartz “'radiation hardness of started qualify fused silica for use in
detector components™) the thin detector
Shower-Max | This task incorporates the Advanced state | Dustin Not explicitly mentioned
Detectors module physical design and of first prototype May 2018
mechanical prototyping of the design,
assembly showerMax detector, as well including
design as the associated mechanical mechanical
mounting structure assembly
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Radiation Hardness Test plan Update

*Radiation hardness testing of mechanical assembly materials and parts (ISU, UM)

¢ Irradiated several light-guide (LG) material samples over a 3 day test run from Mar 22 - 24, 2016
at the Idaho Accelerator Center (IAC) using 8 MeV, 65 mA Iq., 4ps pulse width at 250 Hz rep-

rate (dose exposure rate was calculated but too high to measure):
* Measured LG specular reflectivity for 200 — 800 nm at 90, 60, 45, and 30 degrees.

* No measurable change in reflectivity was detected for >>50 MRad exposure

¢ Other assembly materials to test could include Kapton and Tedlar (light tight wrappings) and
possibly 3D-printed custom plastic assembly components (Nylon, ABS, PLA, ...) as well as
high-density shielding plastics, epoxies, ...

*Radiation hardness testing of electronic components: active bases, preamps, ...(ISU, UM)

*Main Detector Quartz Robustness (radiation hardness, QA, etc.) (ISU, UM)

¢ Apparatus developed to make relative transparency measurements between 200 — 800 nm
* Uses Ocean Optics USB spectrometer, UV-Visible light source, custom holder/stand
% Energy deposition calculations (dE/dx and brem) underway for 8 MeV beam and 1.5 cm thick
quartz—for heating and thermal expansion considerations (do not want to crack quartz)
** Developed plan to calibrate and monitor beam dose exposure during study
% Had a 1 day IAC test run on May 31, 2018; dose exposure rates calibrated; performed preliminan
quartz irradiation test
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Radiation Hardness QA for quartz and other components

RF Frequency: 2856 MHz (S-Band)
Energy Range: ~4~25 MeV (current varies)
Pulse Width: ~50ns to 4 micro seconds
Repetition Rate: single pulse to 360 Hz

Ports: 0 degree, 45 degree and 90 degree (Beam energy resolution ~ 1+/~
15%)

258 Energy vs Current

0 port(ma) 45 port (ma) S0 pont fmA)

i
i

23 35 35 @385 4650 365
20 100 TO@4 S 58 45
15 100 42 PI6S 420365
13 20 WPIIS 15 PINE
10 &0 1BEIS IS@3IS
9 110 30 @4S 158 465
6 100 60 @45 S0P 45
4 50 W0 @45 208 46

* Performeda 1 day
engineering run this past
spring to address this
question as well as perform
preliminary radiation
hardness QA quartz studies

* The key issue is how well
can we calibrate dose
exposure?
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Radiation Hardness QA for quartz and other components
*Performed 1 day irradiation study on Spectrosil 2000 quartz and 3D printed ABS plastic samples
*Tests performed on May 31, 2018 at the Idaho Accelerator Center (IAC) using 8 GeV electrons
*Dose exposure rates calibrated using thermographic film dosimetry measurements
*Quartz transparency measurements taken at 10, 30, and 60 MRad exposure levels
*Plastic dogbones radiated at similarlevels and tensile strength (stretching) measurements made

RF Frequency: 2856 MHz (S-Band)

Energy Range: ~4~25 MeV (current varies)
Pulse Width: ~50ns to 4 micro seconds
Repetition Rate: single pulse to 360 Hz

Ports: O degree, 45 degree and 90 degree (Beam energy resolution ~ 1+ /-
15%)

25B Energyvs Current

0pont(mA) 45 port (ma) SOpon fmA)
s SS@ias 5P 36
100 TO@ 4 S ESP 4
100 43 @366 42@ 36
20 0@ 3I3S 158336
&0 12936 IS@3IS

110 30 A5 1@ 46
100 60 @ 4.5 0@ 4.5
50 208 45 08 45
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Beam Dose Exposure Rate Calibrations (May 2018)

Glass slide for spot ISU MS degree student Connor

profile measurements Harper’s thesis based on this work:

- https://www2.cose.1su.edu/~mcnudust/
publication/studentWork/connorHarper
Thesis.pdf

Optically Stimulated Lumnecnce (OSL)
dosimeter (~ 7 mm by 7 mm square)

Laser
alignment
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Quartz geometry used
from .exploratory SAM design

N

~75.9 °C

Quartz
temperature
measured
~] minute

after beam S

turned off

OFLIR
Bright Cerenkov light generation
during 1rradiation

2018-05-31_15-01_Pulses_1006_50cm.png

x-center = 3.512 in, y-center = 2.661 in

glass plate at 50cm from beam window

quariz_02

leftovers

A
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Quartz Transparency Measurements

quartz

Transparency
measurement holder
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Unity Gain operation with Baseline design?

10 Detector Plane Radial Distributions 10 Open Region Radial Distributions
g 9 - g o E Open: 0.935<r<1.04 m I\Ellloller
— — . VZElastic e|
5 F Assume total 8 E Open region: ~45% :ff,|ne|asgic':p
g 8§ accepted Moller S Bg of 150GHz ~ 65 GH? Energies: 2 — 9 GeV
6F- 6 ~9 GHz/det. 5 and peak at 7 GeV
5E- st If Unity Gain: ‘<‘;Sé‘:;atf¢900
af aERate/det-<PE>-e = <PMT|1,,> °”
03 3 <PMT >~ 1.3 pA
3 2f-
3 1E
= F NP PP PP NP PP B
.6 . 8.6 0.7 0.8 0.9 1 11 1.2 1.3
r (m) r(m)
10 Transition Region Radial Distributions 10 Closed Region Radial Distributions
E é Transition: 0.96 <r <1.075 m EMoller E é Closed: 0.96 <r<1.1m NMoller
% 9 — E=Elastic ep % 9 - N Elastic ep
T SE =Inelastic ep T GE SVInelastic ep
< , E Transition region: ~40% Energies: 2 -7 GgV < , = Closed region: ~15% Energies: 2 — 5 zeV
€ _fof 150GHz=~ 60 GHz Wllth 3-5GeV ¢ F of 150GHz=25 GHz with peak at 3 GeV
= 60 GH~ . ) YR~/ ~ E 25 GHz
SE 1, =~ 4.3 GHz/det. <PE>/e =700 SE — Z ~ 3.6 GHz/det. <PE>/e ~ 500
= , , af . :
,£ If Unity Gain: o, If Unity Gain:
2E- <PMT I, >~ 0.5 uA 2~ <PMT I,,>~0.3 uA
3 3 &
F AP BRI B B A PR B = MM EPEPEFET EPETEE I NP BT
8.6 0.7 0.8 0.9 1 11 1.2 1.3 8.6 0.7 0.8 0.9 1 11 1.2 1.3
r (m) r(m)

* Could be possible to use conventional 3” pmts with electronic switching between
unity gain base (integrating mode) and high gain base (counting mode)
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ShowerMax Prototype Construction Timeline

* Feb - Mar 2018: Benchmarking prototype frames fabricated with 3D-
printer using ABS plastic (configs 1A and 1B)

* April 2018: Full-scale aluminum frame and light guide cut-outs
fabricated at machine shop

* May 2018: Light guide bending and frame assembly at ISU for full-
scale configs 1A and 1B

* June 2018: Config 1A full-scale and benchmarking prototype frames
and LG delivered to SBU for stack assembly and installation

Ca_..- -
-— - . :
- 4 »
. <

14
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Teatbeam Apparatus under construction

* Testbeam stand under construction

* Motion control system in place

* GEM systemis operational, analysis
software under development

[SU Cosmic stand with 4 GEM chambers
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Candidate Design for Stack Prototype: Config #2

Non-uniform Benchmarking Showermax

ShowerMax - Config 2

%800 hit_n_hist hit_n_hist hit_n_hist %000 L hit_n_hist hit_n_hist hit_n_hist
@ Entries 25000 | Entrles 25000 | Entries 25000 . [ — Entries 5 Entries 50000 | Entries 50000
'-;800 Mean 4978+ 4713 | Mean 983 + 4741 |Mean 4988+ 4745 BenChMarklng MC & C Ve 2 01 |Mean 1075+ 08745 | Mean 3824 + 0.4431
RMS 7452+ 3333 | RMS 496 3352 | RMS 7504 + 3356 . . . 2500 - RMS 2909 092 | RMS 1955 + 0.6184 | RMS 99.09 £ 03134
1400 -I’leg'al 250+04 | Integra +04 | integral 250404 Vlsuallzatlon N Integra Se.04 | Integral Sa+04 | Integral Se+04
- RMS _ RMS _ RMS _ C RMS _ RMS _ RMS _
1200—Mean ~ 0.15 Mean ~ 0.15 Mean ™ 0.15 2000[— Mean ~ 0.16 Mean ™ 0. Mean ~ 0.26
1000 - Benchmark, 43.1mm wide, 5GeV N s«mmenX' 4 places
Qthick: |2 5y Wihick: 17,5.5.5mm 1500[- (.mnungr&gtc\ 2
800 L e 1mm offsot ™ 5GeV
~ —— 2mm offset - '\h“"ll 8GeV
600 - Centered 3in wide 1000 __ J[ l
C - _ ﬂLH'ﬁ‘LI
400— - f_“‘ L\M full-raster beam
C 500 — P
200f— - ol A
B = - .4—’ \
) PRI PRI S A EETEFETE AR AT A AT 0_ FUR d/'t’lxﬁll-'\\tx_t_.illll\\lm.l.Jl
0 1000 2000 3000 4000 5000 6000 7000 8000 0 500 1000 1500 2000 2500 3000
Photo-electrons Photo-electrons
Config t tw b a Xo | Ry | Leakage (%) Imm 2mm Bench. | Bench. full- full-scale
- (mm) [ (mm) | (mm) | (mm) | (mm) (mm) | 2,5,8GeV offset offset Mean | RMS/ scale RMS /
from G4 Leakage | Leakage PEs Mean Mean Mean
MC (%) (%) PEs
~0 ~0 ~0 2412 0.19 382 0.26
2 17 12.5 5 65 432 | 9.5 11.0 ~0 ~0 ~( 4994 0.15 1075 0.18
1772 0.16
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Candidate Design for Stack Prototype: Config #3

Configuration 3 Benchmarking Showermax

ShowerMax - Config 3

%800 hit_n_hist hit_n_hist hit_n_hist Fu” Scale MC VIS'%OOO_ hit_n_hist hit_n_hist hit_n_hist
@ Entries 2 niries 25000 nries 2500 : [ [ Ent 50000 | Entries 50000 | Entries 50000
'-;600 Mean 5126+ :.;0001 -L\ an 4.303 ::aar 5108 = 4 ::J BCHChMarklng MC ™\ U>J C e 6+ 1.171 [Mean 1052 + 0.7823 | Mean 3932 + 0.3955
O o] [ o Visualization \ ES |
- RMS _ RMS _ RMS _ C RMS _ RMS _ RMS _
1200—Mean ~ 013 Mean= %1% Mean- 013 2000 Mean - >'° Mean- 17  Mean - %22
L Benchmark, 38.2mm wide, 5GeV -
1000 — Qthick. »]g gm’g‘, Wihick: 14,6,6 6mm : Jﬂ ShowerMax, 4 pieces
1mm offsot 1500 Configuration 3
- 2mm offsol - 2GeV
800 L_ éun:u'::‘d l;ul wide : j“ 11 e GOV
o [ — 8GoV
600} 1000 — ! hﬂ‘lﬂn _
C N L d 1, full-raster beam
400 C
- 500 —
200— C I
0;n|:||||| et il IFETEErE AR AT AT A 1 0: Lol Lr/fb-—-t—/‘*‘l‘i U S S BT b W N S B B 1
() 1000 2000 3000 4000 5000 6000 7000 8000 0 500 1000 1500 2000 2500 3000
Photo-electrons Photo-electrons
Config t tw b a Xy | R, | Leakage (%) Imm 2mm Bench. | Bench. | full- | full-scale
= (mm) [ (mm) | (mm) | (mm) | (mm) (mm) | 2,5, 8 GeV offset offset Mean | RMS/ | scale RMS/
from G4 Leakage | Leakage | PEs Mean | Mean Mean
MC (%) (%) PEs
0.5 0.6 0.8 2412 0.19 303 0.22
3 14 12.5 6 68 382 |95 11.0 0.3 0.4 0.5 5113 0.13 1052 0.17
1696 0.15
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Candidate Design for Stack Prototype: Config #4

ShowerMax - Config 4

Config4 Benchmarking Showermax - 5GeV

a _ _
800 hist hit_n_hist hit_n_hist .  r nitn fest hit_n_hist hit_n_hist
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Simulation Results for new Stack Configs
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Max Tungsten Quartz Total Moliere
Config # t f (mm) t g (mm) t_w (mm) b (mm) A (mm) X Weight (N)  Weight (N) Weight (N) R_m (mm)
1A 8 10 8 64 44,59 9.46 156.09 35.57 191.66 11.00
1B 8 6 48 61.48 9.33 156.09 35.57 191.66 11.00
4A 6 10 64 44,59 8.89 146.33 35.57 181.91 11.11
4B 6 42 65.73 7.04 117.07 35.57 152.64 11.53
Benchmark - 2GeV Full Scale ShowerMax — 2GeV
Leakage Leakage
Config # RMS/Mean Leakage (%) 2mm offset (%) 2°angle (%) Config # RMS Mean RMS/Mean
1A 0.17 0 0 -0.1 1A 63.36 315.9 0.20
1B 0.19 0 0 0.2 1B 45.46 197.7 0.23
4A 0.19 0 0 - 4A** 60.16 300.2 0.20
4B 0.21 0 0 - 4B** 39.67 179.3 0.22
Benchmark - 5GeV Full Scale ShowerMax — 5GeV
Leakage Leakage
Config # RMS/Mean Leakage (%) 2mm offset (%) 2°angle (%) Config # RMS Mean RMS/Mean
1A 0.13 0.04 0.09 -0.4 1A 123.7 768.5 0.16
1B 0.14 0 0 0.2 1B 87.82 473.6 0.19
4A 0.17 0.06 0.3 - 4A** 126.8 677.4 0.19
4B 0.19 0 0 - 4B** 80.61 397.4 0.20
Benchmark — 8GeV Full Scale ShowerMax — 8GeV
Leakage Leakage
Config # RMS/Mean Leakage (%) 2mm offset (%) 2°angle (%) Config # RMS Mean RMS/Mean
1A 0.12 0 0 - 1A 183.2 1197 0.15
1B 0.13 0 0 - 1B 129.1 732.3 0.18
4A* 0.18 0 0 - 4A** 187.9 1012 0.19
4B 0.19 0 0 - 4B** 118.8 591.3 0.20
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