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CREX

Electroweak asymmetry on
“8Ca to measure the weak
charge

Getting ready to resume!
Spectrometer magnets
VDC swap to spare
Polarimeter fixes

Charge total vs shift

All Chamge on Target 305.99C
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Large installations on the horizon!

SBS, Hypernuclear, MOLLER, and SolLID...

- The right equipment to fully leverage the unique Jefferson Lab
accelerator capabilities (intensity, polarization, resolution, parity

quality)
- Enable high impact science

SUPER
BIGBITE

SPECTROMETER

Jefferson Lab



Planning for SAD 2020 (i.e. SBS installation!)

Remove PREX2/CREX Equipment
Upgrade LCW System 9-12

Assemble SBS Equipment monthS‘-
- Install SBS Magnet & Detector Systems

- Install Big Bite Magnet & Detector Systems

- Install Target Chamber, Exit Beamline, and Tower Assembly

- Install Electronics Bunkers
- Equipment Commissioning and Testing

Decommission HRS-R

- Warmup Cryogenic system.

- Rotate HRS-R pass rollup door

- Cool down and cleanup HRS-L cryogenic system

Facilities Work List
- Hall power upgrade (contract in place for upgrade to 2MVA)
- Move small AHU, replace main (overhead) AHU

- Move various electrical connections along the wall

- Changeout overhead lights

- Repair ground water leak near Compton



Example: Long-standing water leaks near Compton polarimeter




SBS Physics: Extending Q? Range of Nucleon Form Factors
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* Map transition to perturbative regime—running of dressed quark mass function

* Imaging of the nucleon charge and magnetization densities in impact-parameter space in the infinite momentum frame
* Precision high Q? form factors have impact on GPD extractions from DVCS

* Combined data allows flavor separation for large range of Q?
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Continued E&D Emphasis: SUPER BIG Efforts for
SUPER BIGBITE SPECTROMETER Installation

Polarized Dipole magnet

3He Target

Gen-RP
detectors ==

Layout of equipment for 14 different configurations
=) - Installation planning - assuming COVID restrictions!
Ce « Preparation for multiple experiments utilizing SBS

C

" :1\ Counterweight  (Gen-RP, GMn, GEn, GEp, SIDIS, TDIS........ )

GEM
detectors

- M support —)
T Al Jefferson Lab




Hadron Calorimeter (JLab, CMU, INFN Catania)

* Detects multiple GeV protons
Wavelength Shifter

and neutrons.
* 40 iron layers (absorbers)
create particle showers.
e 40 scintillator layers sample

Rectangular to cylindrical

energy. Scintillators  Light Guide
Absorb
* 288 modules over 4 e
subassemblies. *
* Fully assembled and cabled. &

* Data acquisition system
operational.

e Cosmic ray tests underway.
* Approaching 0.5 ns timing
resolution goal
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SBS GEM-based tracking (UVA, INFN Rome, HU, Uconn, JLab)

* Assembly of five 50x60cm? modules into one
chamber
e Five chambers assembled. Schedule to

GEM efficiency and resolution

* GEM efficiency and resolution with the current algorithm
* GEM is counted as efficient if there is a reconstructed hit within +/- 5 strips (2mm) around the MC hit

* GEM resolution: the difference between the MC hit and its closest reconstructed hit within the +/- 5 strips range
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BigBite Detector Package

Preshower
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Preshower & Shower (JLab, Uconn, Yerevan)
* Cosmic testing done to measure each block’s gain versus HV
* Lower performing blocks were replaced in the Shower.

Hodoscope (Glasgow U, JLab)

* Counter holding method was improved.

* Rigidity of individual counters is improving.
* Front-end electronics was installed

* DAQ is under commissioning

* Preshower blocks were replaced with radiation hard from HERMES
* Magnetic shielding on shower and preshower upgraded to meet
field conditions during GMn experiment.

GEM chambers (UVa, INFN/Sanita)

* Rear chamber was test installed

* Front holding frame was optimized for operation
* Two extra chambers with UV strip orientation are under

consbruction Jefferson Lab




POLARIZED *HE TARGET DEVELOPMENT

Polarized 3He for A1n/d2n experiment in Hall C | Polarized 3He for GEn experiment in Hall A

30 pnAon 40 cm, ~10 atm 3He gas = 60 pAon 60 cm, ~10 atm 3He gas
= L ~2.2x10% cm?s1— x2 previous highest L | = L~ 6.6x10% cm?s'— x3 higher L
In-beam polarization ~ 55% = |n-beam polarization ~ 55-60%

= Polarimetry precision ~ 3% Polarimetry precision ~ 3%
Main challenge was to resume cell production Main challenge: glass/metal end window of cell
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Readying Additional Hardware for G_,"-RP / E12-17-004

o Active Analyzer (RP) e Inline GEMs (R + ChEXx)
— segmented plastic scint. array — 2X INFN + 6x UVa GEMSs
— np recoil vertex identification — charged particle veto
— large angle proton tracking (RP)
o Recaoil proton detectors (RP) o Steel Analyzer (ChEXx)

— 2 packages total:
» One on SBS Left
» One on SBS Right
— Each package contains
» 1x Hodoscope array
— timing, coarse location
» 2X UVa GEM planes
— proton tracking

. Thomas Jefferson National Accelerator Facili
.geffef_s)on Lab v @ @A‘




Ge"-

e ERR

— Some ongoing questions from
the ERR Committee regarding
GEM status need resolution

« Significant benefit to
entire SBS program —
accelerates GEM
schedule

— October 15 deadline allows
for scheduling

« E&D work continues
« Adds substantially to installation

; Thomas Jefferson National Accelerator Facili
geffgon Lab v

RP Status

Active
1 Analyzer

Top trigger layer:
2 scintillators (50 x 150 cm?)

Bottom trigger layer:
4 scintillators (60 x 200 cm?)




PREX2/CREX as (one) GEM testing ground
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Figure 19: PRex GEM Fake Hit Rate

shows the sigma cut used as a threshold to identify the effective signals. The Y-axis is the false single
strip hit ratio in a pedestal run. As expected the increasing threshold reduces the false hit probability;
a standard 5 sigma cut limiting the false hit possibility to 1*10~* for RHRS and 1.5% 10~2 for LHRS.
The higher false hit rate in the LHRS is due to the higher LHRS pedestal noise levels shown in fig 17.

Figure 18: GEM Efficiency Map

HRS LHRS RHRS
Module 1 2 3 1 2 3
Efficiency | 88% | 76% | 92% | 88% | 93% | 94%

PRex Experiment GEM detectors Layout

Figure 16:

Thomas Jefferson National Accelerator Facility

geffgon Lab

Table 2: PRex GEM Detector hits near (projected) VDC track
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SBS Status

o All SBS equipment and dependencies are at the lab and on track
for planned installation(s) to run in Hall A

— First experiments to be G,,"and G "-RP (after current CREX
experiment)

— No technical showstoppers
o Gy," Physics Division ERR on May 2017 and G:"-RP on May 2019

— Both experiments have responded to the ERR committee recommendations
e Internal Hall A preparedness reviews

—Joint G," and G¢"-RP reviews in Oct 2018 and August 2019

— Review committee was Hall Leader and two senior Hall A/C staff

— Produced list of action items
o Bi-weekly SBS management meetings

— Track action items from the preparedness reviews

— Monitor progress and coordinate activities between users and Hall A
designers/engineers/technicians

o Weekly SBS collaboration meetings

) Thomas Jefferson National Accelerator Facilit
.{effe?son Lab o ’ &fg@-ﬁ?m






MOLLER

* Project Management

= * Spectrometer Development
(Physics Division Magnet Group)
\ge/ff.e-rfon Lab * Detector and Integration (Hall A) © EnNERGy O™ @A




MOLLER Timeline

- 2009: Approved by PAC
- 2010: Assigned A rating and awarded full beam time request of 344 PAC days
- 2014: DOE Science Review, Strong Endorsement
- December 2016: Director’s Technical Cost and Schedule Review
- CD-0 achieved on Dec. 21, 2016 with caveat that project is “paused”
- 2015-2018: Work continues on physics design and simulation of apparatus
- 2019: Project restarted and OPC funding provided for preconceptual design and planning
- Ongoing Computational Fluid Dynamics calculations for 4 kW LH, target
- Spectrometer magnet — hybrid vs segmented coil design
- Evaluated vacuum vs inert gas in spectrometer — decision to use vacuum
- Optimized quartz detector geometry and acceptance
- Ongoing conceptual design for support structures and shielding requirement
evaluations
- April 2019: Director’s Technical Cost and Schedule Review
- November 2019: Cost Review
- December 2019: Conceptual Design Review
- January 2020: Director’s Technical Cost and Schedule Review
- May 2020: New Project Manager Jim Fast starts
- August 18-21 2020: CD-1 Director’s Review scheduled
- September 22-24 2020: CD-1 Independent Project Review/(OPA review) scheduled
- Design and prototyping in FY21-22; construction FY23-25; start of operations late FY25

Hall ASBS, MOLLER, SoLID Experiments



Spectrometer Design (JLab, Manitoba)

UPSTRE"I‘M DOWNSTREAM
1

1
Scattermg Chamber and Lead Wall Lead Collar Lead Collar Lead Collar
! Target ‘
(i qot included in
Specftrometer scope)

Electron beam

Lead Wall

Drift Pipe

1.03.05 Collimator #4 Detectors

1.03.05 Blockers #6 and #7 A — 1.03.05 Collimator #5 (not included in
(for calibration and defining collimator) (Photon blocking Spectrometer scope)
background checks) — not collimator)

shown in this image . .
1.03.07 Beam Pipes and Window
1.03.05 Collimator #1
(Primary beam
intercepting collimator)

1.03.03 Upstream Torus

(Pre-bending of particles) 1.03.02 Downstream Torus Not shown here:
. 1.03.04 Field measurement system

. 1.03.06 Water chiller
. 1.03.08 Shielding supports

(Focusing and separation of
1.03.05 Collimator #2 particles)
(Primary acceptance
defining collimator)

[Note: There is no Collimator #3]

A. Combined Collimator #1 & #2

B. Upstream coil — 7 off — simple pancake

19 Jefferson Lab



Spectrometer Design (JLab, Manitoba)

C. Downstream coils — 7 off (2 possible designs) E. Downstream magnet vacuum enclosure

Downstream

Direction of beam

Sub-Coil 1 Upstream

Upstream

|

Downstream

D. Upstream magnet vacuum enclosure




Asymmetries in the Polarized Beam — Lessons from PREX-2

PREX-2 demonstrated new RTP

Pockels cell technology, with fast

flip and <30 nm in injector

* Good control of beam asymmetries
* Used during 2019/2020, including all
of PREX-2 and CREX

HAPPEX-II [29] | Qweak [63] PREX-2 MOLLER
(achieved) (achieved) (achieved) (required)
Intensity asymmetry 400 ppb 30 ppb 25 ppb 10 ppb
Energy asymmetry 0.2 ppb 0.4 ppb 14 0.6 ppb < 0.7 ppb
position differences 1.7 nm 2.5 nm <2+2nm 1.2 nm
angle differences 0.2 nrad 0.1 nrad < 0.2+ 0.4 nrad || 0.12 nrad
size asymmetry (quoted) — <1074 <107 <107
e 30min—— . Towf
D o0s[ PREX position § r
During configuration: £ | differences B oo ...
tune Pockels celltozero € | | average to be &
position differences 2 s consistent g ofp
g o ~5 nm with ‘g-o.nz_.
0.008 - . convergence i
i Va7 of beam noise. 00s ...
o #; inte:vals (2min) i 008 i :

+1655V

Ez (V/m )

Voltage gradient steering tuned
to control position changes

Control sufficient to
achieve MOLLER goals.

.............................................................................. - .1

T P T Ofam % ofaa,.d%

Beam Position Monitors



Compton Polarimetry

Electron
Detector

Scattered -
Fabry-Perot Elect
Optical Cavity
A A = S - .A Phot
ey T
Backscattered

Photons

Dipole

Precision Compton polarimetry for MOLLER being addressed as part of HIPPOL
capital project

* Improved laser system, electron detector DAQ for Hall C

e Larger electron detector for Hall C

 New electron detector system for Hall A

Nominal detector technology = diamond
- New vacuum can needed
- Additional amplification of analog signal in vacuum
desired — or amplification + discrimination at detector?
- JLab support likely required for new
amplifier/discriminators"
- HVMAPS also being developed at Manitoba
22 .ggf,./egon Lab




Moller Polarimeter

* Developing new, common A/C target design (capital project)
* New suoerconducting magnet for Hall C
 Some improvements to Hall A Mgller polarimeter will be accomplished
as part of MOLLER project
o New tracking detector (GEMs) to better understand spectrometer

optics and acceptance

o Additional collimation to more robustly define the acceptance
23 .;gf,ggon Lab



SeLID: QCD at the intensity frontier

SoLID provides unique capability combining high luminosity (103739 /cm?/s) (more
than 1000 times the EIC) and large acceptance, with full ¢ coverage to maximize the
science return of the 12-GeV CEBAF upgrade

o new Hall

AddS T ——— and power

Enhanced capabilities
in existing Halls V4

SoLID with unique capability for rich physics programs

4 Pushing the phase space in the search of new physics and of hadronic physics

v" 3D momentum imaging of a relativistic strongly interacting confined system (nucleon spin)
v’ Superior sensitivity to the differential electro- and photo- production cross section of J/y
near threshold (proton mass)

SoLID physics complementary and synergistic with the EIC science (proton spin and
mass, two important EIC science questions) — high-luminosity SoLID unique for
valence quark tomography (separation of structure from collision) and precision J/i
production near the threshold 24



SoLID Timeline Overview
Proposed QCD & Fundamental Symmetries MIE
Unique Capability:

v'High luminosity (1037-39)
v’ Large acceptance detector with full ¢ coverage

| Item Date
Director’'s Review February 2015
SoLID User Meeting with DOE/NP November 2015
Science Review — | Director's Review February 2016
March 8-10, 2021 Follow-Up to Director's Review Late 2017
CDO _ SoLID User and JLab Management Meeting with DOE/NP
Mid 2018
proposed
2Q FY21 Pre-R&D Plan Submission - Updated Cost, Scheduled and
Assessed Technical Risks Summer 2019
CD1 —_ Director’'s Review
September 2019
proposed
Follow-Up to Director’'s Review
1Q FY22 P End of 2019
SoLID MIE Submission to DOE
February 2020

od



SoLID PreR&D - retiring the few risks

- Funding started this year
- DAQ: GEM readout and DAQ testing for
high rates
- Cherenkov test for high rates/high
background
- data acquired during Aln/d2nin Hall C S%
- CLEOII magnet static tests |
- Successful preR&D review August 7

Low rate configuration (~300 kHz rate on
maPMTs) at ~ 105 deg, 17 feet away
from the target

26




CLEOII Solenoid Rehab — Static and Cold Test

Phase 1 Solenoid Rehab Milestones

Task Completed
Task In-progress

CCR
DESIGN/PROCUREMENT

1&C PROGRAMMING

1Sep 41Nov 1Jan 1Mar 1May 4 Jul
2020

MAGNET SENSOR & HIPOT

STATIC TEST 1&C GUI DEVELOPMENT

Instrumentation & Control (1&C)
Cryo Control Resevoir (CCR)

MAGNET COOL DOWN

CCR DELIVERY

CCR / I&C INSTALLATION

1Sepl 1Nov 41Jan | 41Mar 1May 4Jul 1Sep 1 Nov
2021
CCR ACCEPTANCE
ACCESS PLATFORM/CCR COLD TEST COMPLETE
SUPPORT INSTALL (9/16)

\\\~\ Test Lab

N
3 Control Room

SoLID - Solenoid Cryo Control Reservoir

Solenoid rehab
will confirm
magnet condition
Provide project
risk reduction
Refine magnet
planning
Estimated
completion Sept
2021

-800 1000
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