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Director’s Review JLab Hall A

Motivation & Requirements
E - Original Concept

:

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) 1dentification — gives MIP signal

Should have good resolution over full energy range (% < 25%), long term

stability and be radiation hard
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Shower-max phi-segmentation, rates and energies
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Director’s Review

JLab Hall A

Baseline Shower-max Design: 4-layer Stack

* 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 6mm tungsten and 12.5mm quartz pieces
» Cherenkov light directed to 3inch PMT using air-core, aluminum light guide

) . tungsten: 1%
“Baseline” LG Design  upstream piece
(front face view) / (dark grey)

Materials (all rad-hard):

4-layer Stack: 6mm thick tungsten (dark grey),
interleaved with 12.5mm thick quartz (white)

alternating
quartz
bevel design

single-bounce
mirror: “funnel”
angle and length
optimized

“Baseline” Design
(side view)

* Tungsten 1s 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: 6.8 X, tungsten + 0.4 X, quartz = 7.2 X,

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

PREX thin quartz

‘ \
il tandem detector VA

MAMI testbeam With PREX detéctof

« Stack configuration MC study:
% Stack thicknesses all same (7.2 X))
< 2.5, and 8 GeV incident electrons
» PE dists generated using tuned polish
parameter and 60% LG reflectivity

Conclusion:

4-layer gives comparable
performance to 10-layer
(and 1s much cheaper to build)

Photo-Electron Distribution - Prototype B Detector

210’
§ E : Pmlotypna 855MeV electron beam ;
w - roal data, run 462, lhela ~89 deg, gain 1.24E6
100 o f . Sensitiuity 2004C/Ch. . ;
E f Simulaled data: Othlck Smm upiiﬁmm Del.knqlo 1deg
r glisur polish 0.981; QE R7723Q tblalkall] i
i L quadzADC [ hit_n_hist
10° _E 1 Entries 13686 | ; | Entries 583675
F B8+ i|mean 37046+ 0.000280
| 206 RMS  7.074 +0.006547
107 :E h ! Integral saareros [
ol RMS =0.191 h':”'s = 0.186
G4 event visualization i: ” N \ ’ |
for PREX detector 101 1 Ll | | |
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3
Photo-electrons

PE dists: Real data vs. Sim data

PMT

optical

photons

center
sampling;
normal
incidence;

2.5, and
8 GeV

6-layer 4—laye
Shower-max event visualizations

| O-Iaer
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Light guide reflectivity measurements

* Measuring light guide (LG) reflectivity as function . i s s s T 1 [ i B SR
of angle (10 —90°) and A (200 — 800nm); ongoing ' °

eflectivity

30 degree

| | | | ol L i PP | M PPN
200 300 400 500 600 700 800 200 300 400 500 600 0 BOO
Wavelength (nm) Wavelength (nm)

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

ity

Refectivi

45 degree :
0 degree 02 : 30 degree

800 & 800
Wavelength (nm) Wavelength (nm)

Reflectivity
o
= -

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

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

» NIST specular calibration standard

| 1 | | 1 i | | 1 I
200 300 400 500 600 700 m!t] ’ o 200 300 400 500 600
o

800
Wavelength (nm)

Light guide materials tested:

60 degroo
45 degree

Miro-silver 4270 Miro-silver 27 l )
Anolux I and UVS Alzak-Al and Alzak-Ag ‘ S o o
Miro 2000Ag (diffuse) 1 mil, single-sided aluminized mylar Reflectivity vs. A for various materials at diff. angles
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4-layer baseline PE Dists for 2, 5, and 8 GGeV

Photo-Electron Distribution
~ Shower-Max Detector Open Region
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Prototype build /test plans and ring concept

Open region Prototype Design

NAVE | DATE . . .
Idaho State University
Ds | 0516

TITLE:

EXPLODED VIEW

SIZE DWG. NO. REV

Il A : ‘ ”Baseline”

"\ 153 Costs: Total w/ spares
quartz: $150k (Heraeus)
tungsten: $60k
alum.: $10k (machined)
grand total: $220k

Weights of each assembly:

. . . oA . . Open: 39.7 lbs.

* Shower-max ring design concept: staggered in Z with reinforced struts Transtion: 42,5 1.
Closed: 50.8 lbs.

and brackets. 28 detectors in ring: 7 Open, 7 Closed, and 14 Transition ring weight: 1230 Ibs.

SCALE: 15 SHEET 2 OF 17

* Engineered shop drawings and Prototype CADs in hand

« Will finalize prototype Stack designs this winter, construct in
spring/summer and test using 8 GeV electron testbeam at SLAC
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Summary and future work

e MOLLER Shower-max baseline detector design developed

— Meets requirement criteria: good res. and constructed with
rad-hard materials to help ensure longterm stability

— Continue design improvements; phi-dependent Stack configs

e G4 Monte Carlo work ongoing;:
— Continue to study/optimize Stack configurations
— Study det. res. uniformity over entire face; edge effects
— Incorporate LG reflectivity lookup tables; using 60%
— Sample realistic e™ energy, position, and angle
— Evaluate detector response to soft (photon) bkgds

e Plans and pre-R&D funds in place to build prototype and test
at SLAC next year
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Backup Slides
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UNIVERSITY

LG reflectivity radiation hardness study

. » Water-cooled
Energy Range: ~4~25 MeV (current varies) . Used 8 Mev (150 C)

Pulse Width: ~50ns to 4 micro seconds

e e o e beam, 65 - aluminum brick AXN-
o 1TOmA L., w/ 1.5 cm radius
4us pulse width hole (for beam) —

at 250 Hz, more than

258 Energy vs Current

= o = ——
» s oeis s
310 — 880 W adequate
: ~ T e cooling.
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= 14 o«
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. . 0.60¢ 06|k ‘60
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S . - 40
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Unity Gain operation with Baseline design?

Detector Plane Radial Distributions

s
o

g E I Moller
¢ °E  Assume total -I'i':f;:;:zp
& 8F accepted Moller
£ 78  eventrate 150GHz
0@ 6 z_
SE-
)3
£
A3
£
86
— 10 Transition Region Radial Distributions
E = EMoller
.E 9 E=Elastic ep
E E_ Inelastic ep
< °E Transition region: ~40% Energies: 2 -7 G¢V
& "Eof 150GHz = 60 GHz with 3 - 5 GeV
6 ‘ plateau — estimatd:
5;_ % ~ 4.3 GHz/det. <PE>/e =700
af- . .
3 If Unity Gain:
2f- <PMT, > = 0.5 uA
1E
R ¥ S T R 14 1.2 1.3

r (m)

Rate (GHz/5mm)

Rate (GHz/5mm)

—
- N W A N OO N ® O O

iy
(=]

N W e N 0

Open Region Radial Distributions

Open: 0.935<r<1.04 m EMoller

* 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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E— . FZ)Elastic ep

E - Open region: ~45% Inelastic ep

E of 150GHz = 65 GHz Energies: 2 — 9 GeV

65 GHz ~ w/ plateau from 3 —

— ~9 GHz/det. 5 and peak at 7 GeV

= If Unity Gain: o

ERate/det <PE>-e = <PMT|1,,> ©

E-<PMT [,,> =~ 1.3 uA

E P | PRI BN EE R PRI R T N S N

.6 0.7 0.8 0.9 1 11 1.2 1.3
r(m)

Closed Region Radial Distributions

E  Closed: 0.96 <r<1.1m NMoller

= K Elastic ep

E_ Inelastic ep

E  Closed region: ~15% Energies: 2 — 5 (GeV

E of 150GHz = 25 GHz with peak at 3 (JeV

3 — estimate:

E 25 GH: i

E ——— =~ 3.6 GHz/det. <PE>/e = 500

E  If Unity Gain:

- <PMT1,>=0.3 pA

E III&I

.6 0.7 0.8 0.9 1 1.1 1.2 1.3
r (m)

11



Director’s Review JLab Hall A %%

New results from W thickness optimization study
PE Distribution: Showermax Open - 8mm W

2 B hit_n_hist Ait_n_hist hit_n_hist
©1400 — Entries 25000 | Entries 25000 | Entries 25000
L B Mean 307.9 £ 0.3452 | Mean 750.7 £ 0.6469 | Mean 1172 £ 0.957
— RMS 54.59 £ 0.2441 | RMS 102.3 £ 0.4574 | RMS 151.3 £ 0.6767
1200 — Integral 2.5e+04 | Integral 2.5e+04 | Integral 2.5e+04
— RMS _ RMS _ RMS _
I —0-18 —_0l14 nm == 0-13
1000 |— Mean Mean Mean
N Open Region, New Design (Daniel’'s),Quartz Model: glisur ground
800 - polish 0.981, 3 inches PMT R7723Q, Reflectivity: const. 60%
- Shower-Max, 4 pieces, Open Region
600 — Qthickness 12.5mm, Wthickness 8mm
il —— 2GeV electron beam
L —— 5GeV electron beam
400 __ —— 8GeV electron beam
200 —
0 B | 4 | | ok, = L._.-_I..n | | | | | | | | | | | |
0 200 400 600 800 1000 1200 1400 1600 1800

Photo-electrons
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Optimal funnel-mirror angle and length study
Light exit angle study for

hit_thetaVsphi_hist, 8GeV e- beam

optimizing funnel mirror _ _ , hit_thetaVsphi_hist Results:
> 8ol Entries 8.27423e+07
% = Mean x 0.4588 2GeV 9 Bpeak =45 4°
C Mean y 0.01574 |OA — o
60— RMS x 55.89 5GeV > 0 peai = 45'80
40— — 10O
20—
C 8001
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C g BN hit_phi_hist
C — 600 Seoof . oy
_20 L P > - . nan anism
C ’ \ soof-
- J/ b
_40 :—_ - \\.,_ 4 001 00 E )
L Bevel facing Bevel facing o
60—one way other way wb f
12.5mm quartz, bmm C 2000 =
C o
tungsten, n = 4 layers pad
’ I A | Lidu IR A 0 =
-150 -100 -50 0 50 100 150
0[deg]
hit_theta_hist, 2GeV e- beam hit_theta_hist, 5GeV e- beam hit_theta_hist, 8GeV e- beam
x10° hit_theta_hist x10° hit_theta_hist %10’ hit_theta_hist
gﬁo C Entries 24404420407 ‘g C Entries 5.54881Te+07 ‘2 r Entries B.27423e+07
§ C Mean -0.3833 ?00:_ 5GeV Mean 0.1307 %GDL 8GeV Mean 0.4588
300— RMS 56.60 r e RMS 56.14 r € RMS 5589
C € 1 ndf 738717 700 ¥ 4 naf 189417 L ¥ naf 2041/7
F Constant3.307e+05 = 2.747a+02 c Constant7.937e+05 = 4.181e+02 1000~ Constant1.206e+06 = 5.102e+02
250~ Mean 45412002 600— Mean 45832001 L Mean 46032001
L Sigma 8.713 =0.052 E Sigma 8.355 = 0.029 r Sigma 8.256 =0.023
2005 500 800,
C 400 L
150~ E 600r
C 3001 C
100— E 4001~
: 200 r
sor 1001 2001~
:IIIIII||||‘||I|\I\IlIIIILII\II D:||IIIIIJ\||III|\I\Illl\lllllll _Illll\‘llllllll\I\I|||||IIIII\
150  -100  -50 0 50 100 150 150 -100  -50 0 50 100 150 150 -100  -50 0 50 100 150
6[deg] 6[deg] 6[deg]
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Light exit study for
optimizing No. of layers

12.5mm quartz, 6mm
tungsten, n = 4 layers

Dustin McNulty

Which layers give the most light?

Events

Events

Photo-Electron Distribution
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hit_vz_hist, 2GeV e- beam

g X hit_vz_hist
€900
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800 Mean 002844
700 ;_ h RMS 0.0158
600 i— 2 GeV
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a00f-
= -  »
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100 ﬂ
G : L I 1 L 1 1 |" 11 | L 1 L L I 1 1 L L | L L Ll I L L L 1
=01 -0.05 0 0.05 0.1 0.15 0.2
#hit_vz[m]
hit_vz_hist, 8GeV e- beam
o A0 hit_vz_hist
gODU ; L\,J Entries B.5316382407
HH - Mean -0.02448
25001— u RMS 0.01545
C 8 GeV
2000—
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1500(—
B I
1000— . .
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500
0:IIIJHLI|III|III|IIJILI
01 -0.05 0 0.05 0.1 0.15 0.2
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#5900
§ E Open Region, New Design (Daniel's),Quartz Model: glisur ground
w800 — polish 0.981, 3 inches PMT R7723Q, Reflectivity: const. 60%
C hit n_hist
700~ Enlries 25000
C Mean 5813107514
- RMS 1188 + 0.5313
600 8 GeV Integral 2.56+04
E EIe ctrons Shower-Max, 4 pieces, Open Regiol
500 C 6 mm Qthickness 6mm, Wthickness 6mm
400 :— quartz —— 8GeV electron beam
300
200
E BMS _,»5
E Mean
100 —
0 E T I T TR N I R TR N T 1
0 500 1000 1500 2000 2500

Dustin McNulty

Optimization study (8 GeV):
6mm thick tungsten, variable quartz thickness

15mm quartz

6mm quartz

8GeV Photo-Electron Distribution

Showermax ﬂppn - 6mm Quartz

Photo-electrons

Photo-electron Mean vs. Quartz Thickness - 8 GeV

c
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HIVIS>/mean vs. quartz tnickness

>

>

O] L

®Lf In=z4,w__=6
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0.185— I
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8GeV Photo-Electron Distribution
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@900 -
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> c i ivity: .
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Cleves 2000 electrons
700 H !
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400 | —— 8GeV electron beam
300
200
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) E el ek | 1 L !
0 500 1000 1500 2000
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Optimization studyl (2 GeV):
6mm thick tungsten, variable quartz thickness

15mm quartz

6mm quartz

Photo-Electron Distribution

Showermax Oppn - 6mm Quartz

u

0600
E -
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Lﬁ -
o hit_n_hist
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- electrons Mean  179.3 + 0.2509
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200—
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r = =0.22
C Mean
100—
r Open Region, New Design (Daniel's),Quartz Model: glisur ground
- hes PMT R7723Q, Reflectivity: const. 60%
0 I L1 Il L 1 Il Il 1 Il 1 1 1
0 100 200 300 400 500
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Optimization studyl (5 GeV):
6mm thick tungsten, variable quartz thickness

15mm quartz

Photo-electron Mean vs. Quartz Thickness - 5 GeV

IH}TTITWIIH'IIIIll[l\llHlNlHTIITIII
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5 GeV Photo-Electron Distribution

Showermax ﬂppn - 15mm Quartz

SI. A
UNIVERSITY

5_1_;000 -
0[) E Open Region, New Design (Daniel's),Quartz Model: glisur ground
(71600 —polish 0.981, 3 inches PMT R7723Q, Re : const. 60% . .
r hit_n_hist
- Entries 25000
800 F RMS =0.17 Mean 1046+ 1.136
r Mean = RMS  179.6 + 0.8032
700 - 5 GeV Integral 256+04
c | Shower-Max, 4 pieces, Open Regio
6001— electrons Qthickness 15mm, Wihickness 6mnj
500 ; —— 5GeV electron beam
400
300 :—
200
100 :—
P ST S Do T IR SR B
0 200 400 600 800 1000 1200 1400

Photo-electrons

17




Director’s Review JLab Hall A

Baseline design PE Distributions for Pions
Showermax Photo-Electron Distribution (open)
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Director’s Review JLab Hall A
Showermax Quartz (4 piece stack)
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Spectrosil 2000: One 45 degree polished face, all surfaces polished to 20
Angstroms or better, no small edge/corner bevels. Heraeus quote:
~$1100 per piece. $150k total.
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Director’s Review JLab Hall A
Showermax Tungsten (4 piece stack)
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99.95% purity; £0.005” tolerances. Received quote from company
"Marketech”: OPEN-$484 /piece ($13.6k), CLOSED-$647 /piece ($18.1k)
TRANSITION-$511/piece ($28.6k); total tungsten cost is $60.2k.
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Director’s Review JLab Hall A

Prototype stack support structure and LG
(CAD and renders by Daniel)
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