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MOLLER - World leading measurement of Apy

« MOLLER aims to measure the parity violation
asymmetry in é-e or M@ller scattering at 11 GeV
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MOLLER schedule from 10,000 meters

« Wrapped up all Preliminary Design Reviews last week
—PDRs generally went well
— Detectors and Upstream Toroid fell a little short of “60% design complete”
— However, designs mature enough to continue to Final Design without further review

« Working on completing final designs
—Need to complete Technical Design Report over this summer

« Targeting Final Design Review(s) in late CY2022 to support spring 2023 CD-2/3 approval
— This is the DOE authorization to start construction; should be ready for installation about 18 months later

MOLLER Schedule

Review

PDR - Downsteam Toroid

PDR - Trigger and DAQ

PDR - Magnet Power Supplies, Leads, Jumpers
PDR - Beam Pipes, Bellows and Windows

PDR - GEM Modules

PDR - Detector Systems (except GEMs)

PDR - Hydrogen Target

PDR - Spectrometers

PDR - Shielding and Utilties

FDR - Trigger and DAQ; Cables, LV, HV Supplies
FDR - Hydrogen Target and Shielding

FDR - Spectrometers and Infrastructure

FDR - Detectors and Beam Pipes

Independent Final Design Review
CD-2/3 Directors Review

CD-2/3 Independent Project Review
CD-2/3 ESAAB

Construction
Installation
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Target system schematic

Integrated piping schematic SAFETY RELIEF/STACK
* Vacuum system (warm) i
* H2 piping (warm) =
 HePiping(cryo) 0 —
* Target loop (cryo) ]
DA = D. Meekins LH2
* Design pressures H2 Storage G
. 6000 Gal
* H2 piping 150 psi I
* He piping 300 psi
* Vacuum -15 psi |
* Target loop 100 psi
* Vacuum is insulation for Loop ) ] | A
I
|
|

ESRII
— | End Station
— Frige

and He piping. B
All pumps, reliefs, blowdowns supRLY
are vented to atm

Exhaust piping is purged with

inert gas to stack.

» Stack has 1.5 psi EOLR

Vacuum Sys

o)

— — — — — —

e 2
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Target system elements

» Heat exchanger (5 kW cooling power, assessed
with CFD)

—ASME stamped vessel

* LH2 Pump (25 liters/s@4psid)
— Case, impeller, shaft and motor

—Very similar to Qweak pump with room temperature
motor, not cold

» High power heater (4 kW, assessed with CFD)

» Solid targets (as requested by Collaboration, will
be assessed with CFD)

* Piping: connecting loop components
 Cylindrical target Cell: 125 cm long, 7.6 cm @
— Extensive CFD to model the cell fluid space

Exit window -
flow diverter
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Target cell CFD calculations support design goals

MOLLER Cell Model 21 Flow Space

Bypass jet at beam
in window, 6 mm
diameter

and 35 psia

Beam-in cell Al
il window, 2 cm
Internal flow Cl) LH2 flow ol - diameter},1 '0i<125
; ; aperture into 2 f\o mm thic
dlvirter to jet the cell ) <D,
AbEaog LH2 flow outlet
niRple manifold

Beam direction

Temperature profile snapshot in beam-in nipple
Beam-out cell Al window, 7.6 cm

diameter, 0.25 mm thickness with
a 12 mm diameter beam nipple

Max 31.8 K

ATmax ~ Twall - Tsat

0.125 mm thick ]
Z‘Z‘: ¢ For beam-in window
i':’., AThmax ~9K

12 mm diameter nipple
4x4 mm? raster area

Temperature profile snapshot in beam-out nipple

Max 34.5 K

* For beam-out window
ATpax ~ 22K

* The conditions for
reaching CHF for LH2 are
not met

12 mm diameter nipple
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* |h2-core12mm
© outlet
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LH2 flow at beam-out
nipple 7-9 m/s
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Beam-in nipple
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Beam direction

0.00e+00 —

LH2 flow profile in
horizontal cross-section,
zooming in at cell
windows

LH2 flow profile in
vertical cross-section,
zooming in at cell
windows

Beam-out nipple

-5.00e-01 T T T T T
-08 -06 -04 -02 0 02

Flow outlet Position [m]
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Spectrometer separates signal from background with ~100% acceptance

Spectrometer Elements

* Set of resistive toroidal magnets (US and DS)

* 2 collimators to define the acceptances

* Beam pipe and enclosures

* collimators to control backgrounds

* Blockers to study backgrounds

* Lintels and “collars” to shield coils and detectors

Other parts of the experiment
Integrating detectors

Tracking detectors

Beam monitors
Shielding
Target

Acceptance defining
collimator

Full azimuthal acceptance
for mollers from
6 < 0;4p < 20 mrads

particle envelopes
along beamline
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Upstream toroid and collimator region

The purpose of the collimators is to absorb scattered electrons and gamma radiation,
combined with the bending of the spectrometer fields, to selectively exclude unwanted signals

from the detectors

1mm-10mm

Blocker Collimator
Cooled during
operation

MOLLER Status Report

Sieve Collimator
Array of high-
aspect ratio holes

2-Bounce Shield
Collimator 1-2 Long, self-
Complex 4-piece supporting /
brazement with structural piece
internal cooling
passages

In this analysis, the coolant channel is kept at a
constant 30 °C. This is reasonable since at the
expected 4 GPM flow rate, the delta T across
the blocker is only 0.95 °C, and the Reynold’s
number is very high indicating a high
convective coefficient, thus, temperature
gradients in the fluid and cooling channel can
be neglected. The results of the FEA show very
low temperature rise in the collimator, about
14.3 °C.

Collimator 4
500mm diameter, 500 kg

Sieve Collimator

Beam Direction
Blocker Collimator

Retraction Limit Switch
(Can be pneumatic for hardware-only interlock)

Supports slotted in X
Brass Roller
Retraction Hard Stop

Extension Hard Stop (adj.)
Dichronite-coated bushing

Adjustable Pivot Plate

Leybold rotary feedthrough

Parker rotary actuator PTR series
Predicted Torque Required: 180 Ib-in
PTC251 Output torque @ 75 psi: 322 Ib-in
Transverse Position Requrement: 1 mm

URES pmicron)



Primary collimator design and engineering

» Primary tungsten and copper collimator receives ~5 kW of deposited power
—~4 KW on long central tungsten tube, ~1 kW on acceptance defining section (W+Cu)

« Disc: 300mm dia x 150mm thick

+ Core: 59mm dia x 575 mm long

+ 90W 10Cu

« Min Density 17 g/cc

« Absorbs 4500 W in core, 900 W in disc

* +/-100 um on petal surfaces

« +/-50 um on core inner profile, which has several

different tapers along length

« Copper cooling fittings brazed to drilled holes
« Multiple water-vacuum braze interfaces
« Leakage between inlet and outlet channels is

permissible, but ideally avoided where possible

» Temperature during operation: 30 - 150 C
» Radiation dose 6.6e11 Rads

MOLLER Status Report

?59.00

Maximum Tungsten Temperature | 147 C
Maximum Water Temperature 5320

(20 C inlet)
Pressure drop 170 kPa (24.6 psi)
Water Temperature Rise 4.6C

——— Water — Vacuum Braze Joint
~—— Water — Water Braze Joint

fferd

Jefferson Lab
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Upstream toroid design is underway, but behind other designs in maturity

Collimator #4 Lead wall (not shown)
. 7 Coil Spectrometer
Collimator #1-2 P

Blocker Collimator

Sieve Collimator.

—mmm

1200A Current feed
Supply- Green
Return- Red

MOLLER Status Report 10 Jefferson Lab



Downstream toroid design is maturing well

MLSLan Collimator
DS DS1 DS 2 DS3  Collimator 5 Bulkhead P DS 4
Enclosure Magnet Magnet Magnet Collimator ~/; on Lol Magnet
am
Top Hat 6a on Coil P
Collar 1
‘ _ : ' Clamp
Photon | ! ' ‘ | : | '
Scraper ——— :
DS
Enclosure
Base Plate
Magnet \
Water Feeds
(Current
Leads Far ?: :onhil(ondlxllvlty-‘IWonld frame cooling
empeva ure
side) E);;:te:::l'cemperatule
Time: 15
Custom
Max: 54
Min: 27
5/9/2022 5:17 PM
pe—0—sii—— 54
51
48
DS U DS Lorentz force = 788 N a5
39
K DS Phi Link 36
Collimator 5 ;3
Dual L section DS Lower 4
Clamps ! —
= _— =" us Upper
Single ‘ . US Lorentz force = 860 N
layer coil N = US Phi Link
TM3 Coil Clamped with Collimator 5 section US Lower
P
11 Jefferson Lab
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Downstream torus coil prototyping is nearing completion

Conductors

49,

Brazing Qualification Parts Conductor Insulation Wrapping Sub-coil 1, 2 and 3 after winding
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Potting compound irradiation tests

» Coils are potted with CTD-403 cyanate ester resin
— Selected for extreme tolerance to radiation — developed for ITER
— Prior post-irradiation strength tests all done in LN (77K)
— Atmosphere during irradiations not well documented
« Found a publication suggesting less damage during irradiation under vacuum vs inert gas or air

« MOLLER conducted set of tests closer to our conditions
— Samples under vacuum (MOLLER condition) and inert gas (likely prior test conditions)
— Wanted to tie to existing data at ~50 MGy and fill in data gap between 50 and 240 MGy
— Testing done at slightly elevated temperature expected in MOLLER operations (~38 C)

« Multi-institution effort
— Sample fabrication and testing done by the resin manufacturer (Composites Technology)
— Encapsulation in quartz ampoules (vacuum and N2 gas) by Twinleaf (glass blower)
— Irradiations done at UC Davis Triga reactor (can hold 3 sets of samples in core)
— (5) sets of samples irradiated

 Air and vacuum to ~50 MGy (actual 41 MGy) and 100 MGy (actual 84 MGy)
« Vacuum to 124 MGy (left in reactor for both irradiations in center location with highest flux)

2
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P/N: 340002 - Qty:30 SIN’s: 16-45
A Description: SBS Specimens
Notes:

Specimens have been measured prior to irradiation testing

COMPOSITE TECHNOLOGY DEVELOPMENT, INC
2600 Campus Drive, Suite D, Lafayette, Colorado 80026
Ph: 303-664-0394 - Fax: 303-664-0392 -
www.CTD-materials.com
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Test results better than anticipated
Confirmed publication hypothesizing less degradation for irradiations in vacuum

« Solid red curve is ITER data CTD-403 Strength vs Dose
measured at 77 K

 Red dashed curve is the ITER data
scaled for temperature dependence
to 38 K using historical
measurements of unirradiated
samples - what we were expecting
going in to tests

 Red dotted line uses our unirradiated
strength value to scale the ITER low
dose values

* Blue is our measurements of
samples irradiated under vacuum

Apparent Shear Strength (MPa)

« Critical data for design of coil
Shleldlng 0 25 50 75 100 125 150 175 200 225 250

Dose (MGy)

—=e@— Vacuum, 383 K —o— N2, 383K —e— 77K data — @ —77K Shifted using historical control ++--@-++ 77 K Shifted using new 0-50 MGy
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Beampipe, bellows and pion donut support are all coming together well

12" beam pipe Drift Pipe Detector Pipe
DS enclosure

_ Rotatable Shutter window

Al flange

Vacuum Line

..US enclosure

Beam direction

Edwards
Bellows 1 and 2 Bellows 3 Bellows 4 Bellows 5 Bellows 7 iH1000 dry

Inconel 625 Inconel 625 Inconel 625 Inconel 625 Inconel 625 pump
ID=12" ID =26" ID = 54" ID = 41" ID =16"
Length = 18" Length = 20" Length = 15.75" Length = 24.5” Length = 22"

Design = 0.5”
Min allowable (Dev 2) = 0.45”

12" CF flanges

12” CF ﬂanges OD =5.563"
Collar0  Gap=1.0" Beam direction

MOLLER Status Report ~ Gap=0132" 16 ’ .ggf_f,/erjson Lab



Drift pipe exit window - will be building a scaled test article

Full strength
properties of the
5083-H116 material
was used.

Ribs are
located in the
sector where
the particle

flux is very low. Two groove welds

4

4

Rolled & Welded Pre-prototype Thin Window

D: 44
Maximum Principal Stress
Type: Maximum Principal Stress
Unit: MPa
Time: 1
Max: 186,73
Min: -24.729

1.503 mm
=0.059"”

186.73
163.24
L 13874
] 116.25

68.255
L 45,759
L 22.263
-1.2327
-24.729

V-¥ NOILO3S

Prototype window

Detector window
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Tracking (GEM) detector design

« GEM trackers will be used to image
scattered electrons during low current
calibration runs

» Trackers are retractable during normal high
current running

» Trackers sit on rotating wheel support
system so all azimuths can be covered

» Design of both linear (radial) motion system
and support of sectors (two BGEMSs plus a
trigger scintillator) have matured
significantly since the preliminary design
review

« GEM prototyping will be underway shortly
at both UVA and Stonybrook

—NSF is funding UVA (4 sectors)
—DOE is funding SBU (3 sectors)
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Detector region has evolved considerably

« Main detectors and Shower-Max integrated on “rotator” so all modules can be installed
from above rather than needing complex materials handling to insert, e.g. from
underneath the structure

« Requires robust, simple cable disconnects
— Each 1/28" module has 8 detectors

— One connector can provide all HV, one for LV,
and one each for the two signal paths

QuadraX/TWinaX MHC Contacts
Connector Series

MIL-DTL-38999 Style Connectors

Fferd
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Latest beam test at Mainz — MOLLER ring 5 and 6 modules

S

MoIIer Rlng 5 Prototype / ‘

T e
g 6 Prototype

’ ﬁ#ii; MoIIer Rm

: Entries 4097
r Mean 438.3
2000 Std Dev 4301
C %2/ ndf 587.6 /591
r Width 78.71+1.03
1500 H MP 663.1% 0.4
C Area 4.819€+05 + 1.949e403
: GSigma 91.06 + 1.22
1000}
5001
[0 ol T T e o B B ST
0 500 1000 1500 2000 2500 3000 3500 4000
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Hall A Moller beamline — target moved 4.5 m upstream from pivot

PMIHO3BH— . . .
J1HO3BY FM1HO7AH IHATHOS F I M ” B I D
PM1HO3 :z.:::,,i?] IPM1HO3C pch/,w_] IHATHOBA Ina O er eal II Ine eSIgn
VBV 1H00 MQK 1HO3 T MOLLER TARGET 18C1HO7C VTC1HO8
91400 — MBC1HO3H o - IPM1HO8 1 _ - -
oo, IPuIHDY e o7 wites | (Prelim ACC-000-2845-0036)
Y:-100.02200 \ MECIH1O0H VTC1HO2 MRATHO3AV VAVIHOS MQO1HO4 ‘l.'Bv:::7 VCG1H08
\ . I1PM1HO2 PMIHO3A MOM1H05 v VIP1HO8
REF DWG | "T(T‘.],?lgf MQR1HOZ | |BCTHO1A HATHO3A VTP1HO3 MMATHO1 DETECTOR [~ |BC1HO7 1BC1HO8 o
o \ IBCTH VBV1HD3A 07
\ MBD1HO2V VBV1HO3A NOO1HOBA IBC1HO78 -
..‘ [
e { b 4 .
\ | [ - - E I
ot . | EE D
” — / N\
4 Y
A 1 ¢ p—
3047 T l | ! . k\iyw
i i
! ! CH
i t .
| | :
| | }
| ! )
ah = 4 i L i
REGION 1 REGION 2 REGION 3
ACC0363601-0001 ' ACCO363602-0001 ACC0363603-0001
23185 mm
R 26656 mm

* Majority of New Design Scope is located in Regions 1 and 3
e Existing Hall A Moller polarimeter Quads, Dipole and Detector box are unaffected and will remain in place
 New Unser box (Unser-BCM-BCM) will use commercial “Unser”; has % the current noise of the Hall A unit

* Region 1 section being assembled and installed ahead of main MOLLER down as “prototype”
* Improves beamline performance for SBS-era experiments
e Gain operational experience with new beamline and instrumentation prior to MOLLER engineering run

* Reduces work coordination issues in Hall A during the MOLLER installation down (i.e. shortens long down period)
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Hall A entrance beamline for MOLLER - prototype procurement progress

A=Y

Pedestal Stand PIatform and Braces Stored in Test Lab High Bay

MCG Coils Currently being
Fabricated at Technicoil, along
with QR Coils to replace Spare
QR that will be used for Moller
Beamline.

Hall A Moller Entrance Beamline 22




MOLLER — a DOE Major Item of Equipment (MIE)

 Falls under DOE-0O-413.3B Change 5

Project Cost
Included in DOE
Budget

I

WE ARE HERE

Iflependent
eview to

Vlidate PB

MOLLER PLANS TO HAVE
A COMBINED CD-2/3 IN
Q2FY23 (March 2023)

EIR for Major
System Projects

B perating R
h | Funds l g
' z
Initiati(> Def> Execution Closeout H
I T 'y A
r | TPC
CD-0 CD-1 CD-2 CD-3 CD-4
Critical Approve Approve Approve Approve Start Approve
Decision Mission Altermnative Performance of Construction Start of
Need Selection and Baseline (PB) or Execution Operations
Cost Range H or Project

A

E‘ Projects Report Earned Value > SS0M

Completion

PARS II Reporting for Projects > $S0M

- REReS.

\ 4

Figure 2. Typical DOE Acquisition Management System for Other Capital
Asset Projects (i.e., Major Items of Equipment and Operating Expense Projects)
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Target
WBS 1.02
S. Covrig

Project Management Executive
Department of Energy, Office of Nuclear Physics
T. Hallman

Federal Program Manager
Department of Energy, Office of Nuclear Physics

E. Bartosz
TISO Federal Project Director
M t Thomas Jefferson Site Office (TJSO)
anagemen B. Foley
MOLLER Project Office
Thomas Jefferson National Accelerator Facility
J. Fast — Project Manager
J. Butler — Deputy Project Manager MOLLER Collaboration
TINAF R. Wines — Proj?ct Engineer Spokespersons
Management P. Kessler — Project Controls .
M. Laney — Procurement Technical Board
E. Folts — ES&H
J. Fast (acting) — Quality Assurance
J. Finch — Administrative Support
Spectrometer Detectors Hall Integration DAQ/Trigger Installation
WBS 1.03 WBS 1.04, 1.05 WBS 1.06 WBS 1.07 WBS 1.08
M. Bevins (interim) C.Zorn J. Fast (acting) R. Michaels J. Fast (interim)

Working on hiring “Engineering Physicists” to
fill two of these three positions

- 2
Jefferson Lab



Funding outlook

« FY20 funding was $2M (TEC)
— All carried over to FY21 — awaiting CD-1 approval for spending this flavor of funding

« FY21 funding was $5M
— $3.2M carried over to FY22

« FY22 funding President’s Budget Request was $7M
— Actual appropriation was only $5M
— Still ample to get the project through CD-2/3

« Challenge is going to be FY23 where we requested ~$14M

—We need ~$8M to stay on schedule
* Any less and we will have to slip the schedule one year

— President’s Budget Request supports only $4M [worst case scenario]
« Estimate is that we will have >$2.5M in carryover to help us through FY23
« We can maintain the team and get through this lean year, but funding will be very tight

— Congressional marks are not available yet
« Congress funds science very well
« We are awaiting news on House and Senate marks (typically come out during the summer)
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Summary

We have been making steady progress since CD-

1; continue to be on track towards CD-2/3 Spring
2023

We had a very successful set of Preliminary
Design Reviews over the past several months

FY22 allocated funding is sufficient for us remain
on course to CD-2/3 with minimal impact on CD-4,
but current President’s Budget Request for FY23
would result in a 1 year delay

The tight integration we have of the scientists and
engineers on MOLLER is essential

— Reviewers, DOE and NSF have all commented
favorably about this!

But much work remains to be done to complete
final designs and navigate DOE reviews...
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