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Heavy Gas Cerenkov Overview
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Mirror Two:

1st ecornmer: 110, —5%5; 2nd corner: 94, 6; radius; 110; focal point: 60.0,—53.1; phi: 308
Dispersive: Af: 70.0; 8: —10.0 22.0; z=0 is at 18.80 m.

in: 429, caught: 429, eff: 100.00%, spot sizes: B5.45%, B3.32%
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NSERC Funding Decision: March 31

Research Tools & Instruments 1 Grant Application:
= Requested Funds: C$148,529
= Awarded: FY10 (April 1,2010) C$ 80,000
FY11 (April 1, 2011) C$ 45,000

Subatomic Physics Evaluation Section (SPES) comments:
m The SPES recognizes the applicants’ merit and the strength of the research
program this detector would support.

m Considering the budgetary pressure, the Section recommends funding at a
level that is somewhat reduced with respect to that requested.

m Moreover, the Section acknowledges the timely need for initial funds but,
given the SHMS schedule, recommends that approximately 1/3 of the
amount be deferred to a second year.

m In seeking the necessary small economies, the Section encourages the
applicants to refine the design of the vessel to possibly make use of in-house
staff for finishing tasks and yield a higher response rate on a future request
for quotes. The Section also suggests more economical shipping
arrangements and aluminization processing.
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Project Timeline Plans (updated Aug 11/10)
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Resource Usage

Plans (updated Aug 11/10)
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Transverse Configuration

m Bert Metzger asked us to consider
if HGC PMTs can be mounted
Left-Right (transverse plane)
instead of Top-Bottom
(dispersive plane).

m |f HGC is simply rotated by
90°, there is 19cm clearance
between the PMTs and the
back wall.

m To see if this is advantageous,
need an entirely new set of optics
simulations.

m Study was not in our plans for
Summer 2010.

m Study accommodated by .
deferring some planned A g 0 s v e
studies until later this winter.
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Transverse Configuration: 2D raytrace studies

* Unable to collect 100% of Cerenkov
light in all configurations studied.

* Difficulty likely due to dispersion
in transverse plane:

— Reducing Ag/2, Ay/2 results in
improved performance.
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Transverse Configuration: 3D Geant4 studies

3D simulations confirm poor light
collection found in 2D studies.
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Mirror Curvature Studies
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Spherical Mirrors: 2D raytrace studies

= Some improvements made to program to speed execution.
m |nvestigate finer grid of mirror radii, PMT and mirror positions compared to

2009.

= Find better configurations with r=105-107cm vs. r=115cm previously.
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is at 18.80 m.
sizes: B5.45%, B3.32%
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One constraint to keep in mind

= |f the mirror focal length is too small, the PMT comes
too close to the beam envelope and the flanges holding
the quartz windows may block some particles.

Dr. Garth Huber, Dept. of Physics, Univ. of Regina, Regina, SK S4S0A2, Canada.
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3D simulations: Mirror Interleaving

m Mirrors must be as close as
possible without touching.

m Because the mirrors are curved,

the interleaving is a little
complicated.

m Required mirror spacing: 3cm.
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14.4M y's
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Spherical Mirrors: 3D Geant4 r=110cm
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PMT positions re-optimized wrt raytrace positions:
#1: 3.0cm closer to mirror, #3: 3.1cm further.

Pairs1-2, 3-4 at equal angles, but offset by 3cm.
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Spherical Mirrors: 3D Geant4 r=110cm

PMT RMS Area vs. Mirror Radius

Obtained from Geant4 Simulations

ul ‘ ' . 1 3D optics studies confirm better focusing
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Dr. Garth Huber, Dept. of Physics, Univ. of Regina, Regina, SK S4S0A2, Canada.



Spherical vs. Parabolic Mirrors: 7 GeV/c ot

Focusing onto PMT With our improved mirror & PMT

PNIT 1 (All Photons) hxy150 PMT 1 (All Photons) hxy150 5 : 1
............ e conﬁguratlons the sphencal mirror
80— Meanx  26.44 80 o6 Meanx  26.46 >
i ’ Meany 654 [y [ o o . Meany  67.19 I f 1 h th
B e performance nearly approaches that
757_.:1:. S . |AMsy  1dsa] 75; HMSy. 155 DI . .
o ol T of the parabolic mirrors.
70? 60 o[ 601
E ‘| Ss0r E . 501
g 401 o -. 40( - - - -
t S Mirror Hits missing PMT
=g [ B | [ | e
r . cer R110. PTMpCn. Entries 329419 -, Jtn, Entries 383582
60y “I20I U -'__I20| Meanx -0.411 sol Mean x -0.6443
A 3 L 80— Meany 2154 [ Meany 18.83
hxy350 hxy350 L x 17.62 60:_ RMSx  18.86 i
cor | Entries 3099378 cor 110 A | Entries 3093047 60:_ 27;8;| L il
-45— x 274 -45 x 2762 F r
eany 4946 ) [ eany -51.62 40~ 40 oo
x 2295 x 2351 L —25! [
RMSy 1211 = 1324 20— 20—
-50/- -50— % =0l I | _
:. 501 : 1, 5 of |20 éo} 15l
L L x L
é [ é 501 -40[- 100 -40F
o o T i -60F- 0 60 -
r PMT 12cm 301
- ; S L I P 0L b bt 1 Bl
| active area o0 651 20 60 40 20 0 20 40 60 60 -40 -20 0 20 40 60
e L Y(cm) Y(cm)
Parabolic f=55.0cm Spherical r=110cm Parabolic f=55.0cm Spherical r=110cm

PMT positions for parabolic mirrors have been re-optimized compared to spherical mirror configuration.
All are further from mirrors, #1: 2.8cm, #2: 2.8cm, #3: 3.9cm, #4: 2.6cm.
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Plans for further Geant4 Study

m Bug checking and documenting:
m Geant4 code is complex, still completing final bug checks.

= Implement Donal Day’s PMT position sensitivity measurements in
SensitiveDetector analysis to produce more accurate simulated
photoelectron distributions.

m This work only partially completed because of time needed for
transverse configuration study.

m Continue double-checks of optimized PMT-mirror locations and
angles before finalizing vessel design:

= Determine sensitivity to misalignments.

m Once mirrors arrive, can refine MC to more closely
approximate actual mirror geometry.

= Need to be sure all engineering constraints in mirror mounts,
beam envelope, etc. have been taken into account.

m Your feedback requested on proposed order this fall for 10

spherical r=110cm mirrors from EuropTec USA (Clarksburg, WV).

Dr. Garth Huber, Dept. of Physics, Univ. of Regina, Regina, SK S4S0A2, Canada.
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Mirror Backing Design Proposal

Andre Braem (CERN Detector Lab):

m It would be better to apply the carbon-fiber epoxy layer
prior to the aluminization. A compact, fully polymerized
and free of out-gassing holes back layer should not affect
too much the reflectivity.

m But a structure like honeycomb or based on rohacell foam
or similar should be avoided since the out-gassing during
the aluminization process could be excessive.

m To stay on the safe side, I would suggest to aluminize and
measure the reflectivity of a test sample before to launch
the production of the new substrates. I think a new
composite structure might strongly affect the global shape
and stability of the mirror (if the expansions of the
different components do not perfectly match). This test
sample could also be interesting to be measured in order to
check the optical quality.

Dr. Garth Huber, Dept. of Physics, Univ. of Regina, Regina, SK S4S0A2, Canada.



Proposal

PMT Mounting Brackets Des

COLLAR HELD IN PLACE

LOWER PMT HOLDING
BY PRESSURE HIT
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4
.
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SEC

M8 SET SCREW WILL
TACK THE UPPER
HOLDING COLLAR

PMT
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Quartz Window FEA Study

= |n late June, we asked Steve
Lassiter for a quick FEA study
of the HGC quartz windows.

m Needed to ensure our
proposed flange design is
sufficient to keep the quartz
window from cracking under
the applied 1atm pressure
differential.

m A larger flange potentially
affects the optics
optimizations, since it requires
additional clearance between
the PMT and the beam
envelope.

1 ATM PRESSURE ON

<

(VACUUM 11 | qUARTZ-GLASS WINDOW | | AVACUUM

1y ) . -
AV = % ]
gg} 16
'WVACUUM 1‘, VACUUM |
e e |
UETAIL B

Assumed Properties
Spectrosil 2000 Fused Quartz

Modulus of Elasticity 10.7x10° psi
Poisson Ratio 0.170

Shear Modulus 4.5x10° psi
Compressive Strength 0.16x10° psi
Density 0.0798 Ib/in3

Dr. Garth Huber, Dept. of Physics, Univ. of Regina, Regina, SK S4S0A2, Canada.
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Modeled Configuration

1cm thick

Quartz window

\

Flange is
constrained
not to move.

Quartz-glass
allowed to
move in the
vertical
direction and
restrained
from motion
only along its
edge.

1 atm pressure

§ 11

1

Separation
gap 0.01” for

/ fit tolerances

Flange fillet
1/16”

0o &a=
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Maximum Principal Stress
Top side.

Red = Tensile.
Blue = Compressive.

Criugshecratchicerenkoy
RESULTS: 3- §uC, I,5TRESS_3,vACuuM

STRESS - MAX PRIN MIN!-1,63E+00 MAx: 7.21E402

DEFORMATION: 1= 8., 1,DISPLACEMENT T, vaciim

DISPLACEMENT = MAG WMING 3. 94E-02 wAx: 4, 00E-02

PRANE OF REF: PART = =

Tensile Stress
Max=721 psi

WALUE COTTOM ACTUAL

Toalo40z
B. 31LH{1|
3, 430402

A, 540407
3, 60400
2RO
1.870+07
4, 8o+

.32

- OOl

-1, B300E

Maximum Principal Stress
Bottom side.

Largest compressive
stress along contact area
with flange.

Criugshecratchicerenkoy

BESULTS! 3- 8., I,5TRESS_3, VACUUM
STRESS - MAX PRIN MIN!-1,63E+00 MAx: 7.21E402
DEFORMATION: 1= 8., 1,DISPLACEMENT T, vaciim

DISPLACEMENT = MAG WMING 3. 94E-02 wAx: 4, 00E-02
PRANE OF REF: PART

WALUE COTTOM ACTUAL

Toalo40z
B. 31LH{1|
3, 430402

A, 540407
3, 60400
2RO

1.870+07

4. 8in

.32

=7 460401

=¥, B300E

Facga=

Dr. Garth Huber, Dept. of Physics, Univ. of Regina, Regina, SK S4S0A2, Canada.

21




Criugshecratchicerenkoy
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Highest shear stress
along contact area with
flange.

Shear Stress

Max=407 psi

Dr. Garth Huber, Dept. of Physics, Univ. of Regina, Regina, SK S4S0A2, Canada.



BESULTS ! 3- §.C, T,5TRESS_3,VACULM
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Von Mises Stress
Bottom side.

Highest VM stress along
contact area with flange.

Von Mises Stress

Max=732 psi
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Conclusions from Steve Lassiter’s FEA Study

s Highest stresses (maximum principal and
shear) occur along contact area of quartz
window with bottom rim of flange.

m Suggest a fillet be machined into lip of
window flange. FEA model used a fillet
of 1/16”, which is small and may warrant
increasing.

m Highest stresses small compared to
reported Spectrosil 2000 properties.

Maximum Stresses e
1atm applied to quartz window .
Tensile 721 psi s
Compressive -169 psi
Shear 402 psi
Shear Modulus 4.5x108 psi
Compressive Strength | 0.16x10°¢ psi

= Not known at what stress levels hazing and cracking begin, but it is

probably only a small fraction of the reported compressive strength.

Dr. Garth Huber, Dept. of Physics, Univ. of Regina, Regina, SK S4S0A2, Canada. 24
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Quartz window sitting on flange with loads and restraints as shown.

e i
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