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JLab Results in Nature
« PRad: Nature 575, 147-150 (2019)

Antognini 2013 (uH spect.) —— CODATA-2014
Pohl 2010 (uH spect.) |-| ———g——— CODATA-2014 (ep scatt.)
Beyer 2017 (H spect.) —— —o——1 CODATA-2014 (H spect.)
CODATA-2018 s »> Fleurbaey 2018 (H spect.)
Bezginov 2019 (H spect.) ———e——i —4— Bernauer 2010 (ep scatt.)

Mihovilovic 2019

PRad exp. (ep scatt.) ——|—— (ep scatt.)
= Note: PDG has adopted PRad result for e-p
078 08 o8z 081 o8 o088 o8 o8z scattering, with new average radius of 0.841 fm

Proton charge radius r, [fm]
* Probing the core of the strong nuclear interaction:
Nature 578, 540-544 (2020) oN
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 Also - “Deeply virtual Compton scattering off the neutron”, Nature Physics 16, 191-198(2020)
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Primakoff Experiment

PrimE A Precision Measurement of the m° Radiative
FiMEX Decay Width via the Primakoff Effect

Science 01 May 2020: 95
Vol. 368, Issue 6490, pp. 506-509

y  DOI: 10.1126/science.aay6641 °r ]
g’ra LLLk RESEARCH -: KM,| NNLO AM, NLO GBH, NL(
- Chiral Anomely I I
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Y NUCLEAR PHYSICS [¢] d l
. Precision measurement of the neutral pion lifetime 75 - l -

AZ .
I. Larin'2, Y. Zhang*, A. Gasparian®*, L. Gan®, R. Miskimen®, M. Khandaker’, D. Dale%, g
S. Danagoulian®, E Pasyuk®, H. Gao™*, A. Ahmidouch®, P. Ambrozewicz®, V. Baturin®, V. Burkert®, H -
E. Clinton?, A. Deur’, A. Dolgolenko, D. Dutta'®, G. Fedotov™2, J. Feng®, . Gevorkyan™®, 2L 1 — N ! B

A. Glamazdin'®, L. Guo™, E. Isupov™, M. M. Ito®, F. Klein'®, 5. Kowalski'’, A. Kubarovsky®, . o B 4. & &

V. Kubarovsky®, D. Lawrence®, H. Lu'®, L. Ma™®, V. Matweev', B. Morrison®®, A. Micherdzinska™, Zzg e~ Sg M3 EE Eg EE

a 5 23 5 o= M= M= A= -2 PR

L. Hdmgnrazz, K Park”, R. Pedroni®, W. Phelps=, D. Pmtupnpscuz“. D. Rimal'® D. Romanov™, =P g =] o= | e ) e )

o2  uve o nd e R af

C. Salgado’ A. Shahinyan®, D. Sober', . Stepanyan® V. V. Tarasov’, . Taylor®, A_ Vasiliev®” M. Wood®,
L. Ye'®, B. Zihlmann®, PrimEx-ll Collaboration | 6.5

Theory and Experiments

* Precise measurement of T1° two-photons decay width
 Precise test of chiral symmetry and anomalies
* PrimEX final results published in Science
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Demonstration of Conduction-cooled SRF Cavity

Cu/Nb/Nb,Sn 1.5 GHz single-cell cavity

Cryocooler . ‘
4 Kstage [ : > W g

Commercial Gifford-McMahon
cryocooler

The cavity is cooled to ~4 K by ‘ *~_
conduction only, no LHe! Cu plate

The cavity was operated up to 5 W of
power dissipation, 6.5 MV/m

accelerating gradient =
The performance was limited by 10| A
defects in the Nb;Sn film. Better Nb,Sn %
] . i G. Ciovati, G. Cheng,
coatings are being developed U. Pudasaini, and R
o Rimmer,
. G 7
Major step towards " . g Supercond. Sci.
compact, low-cost accelerators for P R | Technol. 33 (2020)
. . .. . . [ =61 aaf EE
applications in industry, medicine - sf 56 heater g o7LTol
. . L 41 . P = |He w(o Cu
or university-scale research. b [ e vt ou arXiv:2001.10924

Power (W)

Work supported by Accelerator R&D 0o 5 10 BzzmTz)f’ 3 40
p

funding and PECASE Award of G. Ciovati

00 11 22 34 45 56 67 78 89
E. (MV/m)

acc
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12 GeV Science Era in Full Swing!

« Hall A:
o Tritium family of experiments — all 4 complete! *
o Completed APEX (search for heavy photons)
o PREX complete, running CREX £ P

L]
1+ TR RN E R E Y R L ¢

700 200 300 w0 L —
B, Mevic)

https://doi.org/10.1016/j.physletb.2019.134890
 Hall B: Editor’s choice PRL:
o First phase of CLAS12 Run Groups A & B complete https://doi.org/10.1103/PhysRevLett.124.212501

o PRad results published in Nature
o Heavy Photon Search planned 2019 run complete

Nuclear Inst. and Methods in Physics Research, A —

+ Hall C: e } }
o 5.9 experiments completed ~d | d | :
o F,I/F,P preliminary result | o
o Search for LHCb pentaquark complete = ]| EE
o A;" running complete Mf N\_Gu
* HallD: * D/H at high x
o GlueX phase | complete
Threshold J/y published in PRL FiTst CLAS1Z publication!

O
o DIRC enhancement complete
O

Phase Il started

_y
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Pentagquarks

,Y p _) Pc _) J / w p “Bag of quarks"rpenlaquark

s — LHCb (2019)
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HallC \;\\@

J/y-007 phase2 |
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SY\ ‘ |- Background e'n* B
9% Cu Radiator \AG o o __ 20| — MC + Background =
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beam \ k=] L i
Hydrogen O‘ Detector Stacks: 2 | |
arge O" Tracking/ Timing: 10— _
6’4, Q 1. Drift Chambers L B

S « 2. Hodoscopes
o /’ . Particle ID;

3. Gas Cerenkov

7
QQ/\} > 4. Lead Glass Calorimeter
&

«

The Large Hadron Collider beauty experiment has discovered three new pentaquarks

Al Tl ¥ n’f‘l(!“l - A S e ke . ‘
5’_5 26 2.7 2_32_9 3 3_13_2 3334 35 Exotic partlcles called pentaquarks may be less we|rd than

previously thought

electron in HMS

——

M, (GeV)
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Jefferson Lab Theory Center

Hadron spectroscopy

— LQCD: Briceno, Edwards,
Dudek, Orginos, Richards

Hadron spectroscopy

— JPAC: Briceno, Passemar,
Szczepaniak

Structure of nuclei
(A>1):

Weiss

Schiavilla, Van Orden,
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Hadron/nuclear structure

— LQCD: Briceno, Edwards,
Monahan, Orginos, Qiu,
Radyushkin, Richards

Hadron/nuclear structure

— Partonic: Accardi, Balitsky,
Melnitchouk, Prokudin, Qiu,

Radyushkin, Rogers

Hadron/nuclear structure

— Hadronic & EFTs: Goity,
Melnitchouk, Van Orden,
Szczepaniak, Weiss

1

>

—o] Radici et al (2015) & 03
—e—] | | Kangetal (2015) y =
—_— . 1 Radici, Bacchetta (2018) S 0.2

=——g—r - | Benel etal (2019)
—— | D’Alesio et al (2020)

| —————————me
JAM20 {===-#— SIDIS + SIA

Goldstein et al (2014)

:—é—: GLOBAL
T

GLOBAL ¢ JAM20 —-: H .i thschmatnn1 ?;;ié)QOIE) 0.5 =
[ asan et a @ E615 (ASV-rescaled)
SIDIS +STA - Alexandrou et al (2019) | © ® Gupia et al (2018) 2 Eols sy
SIDIS # Radici, Bacchetta (2018) I »d Alexandrou et al (2019) 0.4+ #s LCSs: Fit 2
Pitschmann et al (2015) =t I Anselmino et al (2013)
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Virginia Center for Nuclear Femtography

Funded by Commonwealth to “.....to facilitate the application of CENTER for

modern developments in data science to the problem of JWEMTOGRAPHY
imaging and visualization of sub-femtometer scale structure of

protons, neutrons, and atomic nuclei”

— Seven joint lab/university initiatives funded by the
Commonwealth of Virginia

FEMTOGRAPHY 2019

Multi-disciplinary, bringing together nuclear theorists and Machine Learning & Reveating
experimentalists, mathematicians, computer scientists, ... ... and the ntennal Stuucture of
architects and artists! Vucleon & Nuclel

SURA Headquarters » Washir
August 12-13,2019

Director: Xiangdong Ji -

hers from universities and research insti to
review progress on imaging and visualization of scientific
data, as well as discuss new opportunities for machine

)\ learning in nuclar femtography.

lefferson Lab) (Co-chair)
Richards (Jefferson Lab) (Co-chair)
ill Briscoe (GWU)
Nikos Chrisochoides (ODU)
% Jerry Draayer (SURA)
A
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PACA47 Results

CONTACT DAYS DAYS |SCIENTIFIC| PAC
HALL
NUMBER TITLE PERSON REQUESTED|AWARDED| RATE |DECISION
New Proposals
PR12-19-001 Strange H_adrcnn Spectroscopy with Secondary | Moskov D 200 co
KL Beam in Hall D Amaryan
PR12-19-002 High precision measurement of Lambda Toshiyru_ki A 12 co
hyperhydrogens Gogami
Studying Short-Range Correlations with Real
FR12-19-D03 Photon Beams at GlueX Or Hen D 30 | 15 B+ Approved
PR12.19.004 Search _fﬂra_i $\phi-N$ Bnund_State from $'\phi$ Haiyan Gao 5 45 Deferred
Production in a Nuclear Medium
Beam-Dump Dark Matter Search Uiilizing a Daniel
PR12-19-005 | Low-Threshold, Directional Dark Matter Sﬁg:ﬁden o | A 285 Deferred
Detector (EDX-DRIFT) at Jefferson Lab )
10 Jeff.e'r:son Lab




PAC47 Results (Jeopardy)

CONTACT DAYS DAYS |SCIENTIFIC| PAC
NUMBER TITLE HALL
PERSON REQUESTED [AWARDED| RATE |DECISION
Large Acceptance Proton Form Factor Ratio Boad
E12-07-109| Measurements up to 14.5 GeV2 Using the Recoil{ | oo | A 45 A-
o Waojtsekhowski
Folarization Method
E19-06-105 In::Iu*_swe Scattenng frcrm Nucle_l at x:_*1 in the Donal Day . 39 A
quasielastic and deeply inelastic regimes
£12 0610 gﬁdatedor;_EuF-Dﬁ-’l t;t tr'v'le?suHr_er:g’;Gf tr;;eE12
E12 g7 405 | —N@rged Fion Form Factor 1o Hig ancd t12- 1 Garth Huber C 8s A
£19.19.006 07-105: Scaling Study of the L-T Separated Fion
T Electroproduction Cross Section at 11 GeV
e Hadron Propagation and Color Transparency at Dipangkar
E12-06-107 12 GeV Dutta C 175 B+
Measurements of the electron-helicity dependent A
E12-06-114| cross sections of deeply virtual Compton Charles Hyde C 50 | 35 A
scattering in Hall A at 11 GeV
£12.06-104 Mea_sureme_nt of the Ratio R_ZSlgmaLfslgmaT in Rolf Ent C 40 A Upgraded
Semi-Inclusive Deep-Inelastic Scattering to A
11 Jeff.e'r:son Lab




PAC Approved experiments (status at May 15Y)

Topic HallA | HallB | HallC | HallD | Other | Total
Hadron spectra as probes of QCD 0 2 1 3 0 6
Transverse structure of the hadrons 6 3 3 1 0 13
longitudinal structure of the hadrons 1 3 7 0 0 11
3D structure of the hadrons 4.5 9 5.5 0 0 19
Hadrons and cold nuclear matter 8 5 7 1 0 21
Low-energy tests of the Standard Model and

: 3 1 0 1 1 6
Fundamental Symmetries
Total 22.5 23 23.5 6 1 76
Total Experiments Completed 8.6 8.7 6.8 14 0 95 B
Total Experiments Remaining 13.9 14.3 16.7 4.6 3.0 50.5

* Equivalent to 14 fully completed and 21 partially completed experiments

12
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12 GeV Experiments by PAC Days (status at May 15

Topic HallA | HallB |HallC |HallD | Total

Hadron spectra as probes of QCD 0 219 11 940 770
Transverse structure of the hadrons 150.5 85 146 25 406.5
Longitudinal structure of the hadrons 19 230 211 0 460
3D structure of the hadrons 359 872 196 0 1427
Hadrons and cold nuclear matter 220 275 205 15 715
Low-energy tests of the Standard Model and Fundamental Symmetries o547 180 0 79 806
Total Days 1295.5 | 1861.0 | 769.0 659 | 4584.5
Total Days - (includes MOLLER) 821.5 | 1861 769 659 | 4110.5
Total Approved Run Group Days (includes SoLID) 1295.5 1026 726 459 | 3506.5
Total Approved Run Group Days (includes MOLLER) 821.5 1026 726 459 | 3032.5
Total Days Completed 2405 | 283 | 159.0 | 184 | 866.5
Total Days Remaining 581 743 | 567 | 235 | 2166

+167 (PAC) days completed in FY20 to date

A DECADE OF EXCELLENT SCIENCE!

13
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PACA48

Aug. 10 - August 14, 2020

Proposals were due June 22

New chair: Markus Diehl

New members: Elke Aschenauer, Shinya Sawada, Concettina
Sfienti, Feng Yuan

Will continue Jeopardy process...

14 Jefferson Lab



MOLLER Progress
« January 14-16, 2020 Director’'s Review

» Project manager: Jim Fast
» Plannina for summer DOE CD-1 Review Sept. 22-24, 2020

Change Control Board

The Change Board consists of,

Project Manager,

Deputy Project Manager,

Project Engineer,

Safety,

Cost Account Managers (CAMs)

Executive Board (EB) chair

DOE Office of
Nuclear Physics
JLab
Directorate

Physics Division
Associate Director
R Ent
Hall A Leader
C Keppel

(—4 Collaboration
Project Manager: H Fenker

N Deputy Project Manager: J. Butler
Project Engineer: R Wines

Safety: £ Fdits

Technical Board
The Technical Board consists of
Collaboration Spokesperson,
Experiment Contacts (ECs),
Project Engineer (ex officio),
Hall Leader (ex officio)

May19 | Jun19 | Jul19 | Aug10 | Sept19 | Oct19 | MNov19 | Dec19 | Jan20 | Feb20 | Mar20

Acivity Name Resources Assigned
:!“zlqsan‘smz::al\u\:louu.‘ru 81522288 1320273 11724 1 8 |15i2229 5 1210028 2 8 1629 1|2 152229 5 | l ] I I ]

Start - {

— Spectrometer Datactors Target DAQ/Monitoring Hall Infra. & Integ. Polarimetry
Select Technical Path Forward | Cotanorston TAM: R. Fair CAM: C Zom CAME: 5. Cowrig CAM: R Michaels CAM: /. Garnez CAM: D. Gaskell
Revise preCOR Golisboratin EC: 4 Mammel EC: NA EC: K. Paschke
Level-2 Technical & Safety Reviews | CAM, Callaboration G&T: R Wines & CS&T: O Meekins CS&T: S Malare

T T. Whitlatch
Propare Draft COR Collsboraticn
CDR Review | EAMS, Collaboration |

] Integrating
Post-Review CDR Update Gollaboration LAB: O M
NSF Proposal Due Collaboration EC M Gericke
Establish Initial Basis of Estimate | CAM: Estabish nital Bass of Estmar CS&T: C Zon& EC: C6d
Assess Risks: Set Contingency  |cAMe | | | | CS&T: B. Wojtsekhowski
Level-2 Cost & Schedule Reviews | CAMS Beam Diag./Mon
Prop Independent Cost Review | CAM: LAB: R Carlini
Project Independent Cost Review | CAM: E?&Tﬂgi:«h -

1 H nbotham

Prep for GD-1 Review CAMtS, Gollabaration I CS8T: M kel 'l
Director's Pre-CD-1 Review | CAMs Collsborsion ||| TTTTTT1 ITTITTTTTT0 ITTTTT=11
CD-1 Review |
DOE CD-1 Pracess. I 1 BB I T T N I W Il I T I N I W I UK:CD'| Process
C0-1 Approval INERRRRRERRRRENR IREEE T -

Control Account Managers (CAM), Lab. L2 (LAB), Experiment Contact (EC), Reviewer (CS&T)

15 Jefferson Lab
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SoLID Activities

» Director’s Review (Sept. 9-11)

- 5 recommendations —
Light Gas Cerenkov

— Many COmmentS Cosmiceventsi PMT prototyp\ing }L
«  Submitted proposal to ONP — Feb. 2020 :

« Anticipating Science Review to follow

JLab CLEO-II magnet CE funding:
—  Outer steel from Cornell - July 2019

-~ Prep for Magnet Static Tests

-~ Magnet instrumentation & controls

purchases and work ongoing Collaboration working on pre-R&D

-~ ECal fiber testing

-~ LGC background test with
prototype, mirror study

—  Prep for Cryo Reservoir work

-~ HGC performance simulations
w. different options, gas system

window test

16 .;g_ﬂggon Lab



Published FY20-21 Schedule

Experimental Hall A

Neutron Skin Experiments (CREX)
SBS Nucleon Form Factors (GMn & Gen-RP)

Experimental Hall B

3D Imaging - deuteron
Nuclear targets test
BoNUS experiment (u/d)
Heavy Photon Search
Electrons for neutrinos

Experimental Hall C

Spin Structure at large-x (A1n,d2n)
Pion L/T cross sections and form-factor

Experimental Hall D

GlueX Phase Il (w. DIRC)
Primakoff
Short-Range Correlations

Other

CHL 2K down & restore
2.06 GeV/pass

1.82 GeV/pass

1.96 GeV/pass
Schedule Contingency

FY-2020

0

o [l

CAL 2019

CAL 2020

17

FY-2021

FY-2022
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CAL 2021
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Advanced Computing Initiatives e—

Norfolk, Virginia, USA
May 17-21, 2021

Computation is crucial to all aspects of our NP Program.

Initiative 1: Integrated Start to End Experimental Computing Model for
12 GeV Physics Program and future EIC

Computing in High Energy & Nuclear Physics

Initiative 2: Develop computational and data science methodology and
infrastructure to realize the scientific goals of Nuclear Femtography

Noifolk  Jefferson Lab EJA chep202i.org

Streaming readout
simultaneously on 7

Initiative 3: Apply Machine Learning for accelerator modeling/control CLASTZsubsystems

Integration of LQCD
results as data source

March 4-6, 2020 in global fits

LDRD in progress for
A.l. for accelerators

Quantum Simulation
mini lecture series

Hosting A.l. for Nuclear
Physics Workshop

Selected as host for

www.jlab.org/conference/Al2020 N
Computing in High

e >180 Attendees! Energy and Nuclear
- . Physics, 2021
* Report writing in progress
- —
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A.l. : Enabling Technology

Data Science is a component of all Advanced Computing Initiatives:

recent progress

Theory: Using Generative
Adversarial Networks to extract
observables from data (LDRD)

Generated Pythia sample
used to check methodology

Experiment: CLAS12 using Neural

FAT-GAN (Cart)
=108

Network to determine the segments ., | i

that belong to valid tracks i B

* Preliminary results 96%
accuracy and factor of 6 faster
for this class of events

Accelerator: Use data from CEBAF

to diagnose and improve
operational performance (LDRD)

— Significant progress applying
machine learning to the
problem of classifying

C100 cavity faults 0

— RO4
— RO45
— R0O46
— R047
— R048
. Not the cavity you

are looking for

100 200 300

Re-organization to
foster A.l.

Lunch and Learn
Weekly Community
of Practice

Hiring A.l.
Developer

Lab wide regular
Machine Learning
Challenge Contest

Satellite Site for
Pittsburgh Super
Computing Center
Big Data Training
programs

A.l. Hackathon
March 3, 2020

Al for Nuclear
Physics Workshop
March 4-6, 2020

s
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Jefferson Lab Opportunity: Quantum Computing

Preamble: There have been significant advances in QIS in recent years

« Algorithm development for nuclear theory

« Studying Hamiltonians to develop QC algorithms is likely to pay dividends in classical approaches
« Availability and access to experimental hardware platforms will ultimately be key to progress
» Analogous to early days of LQCD

QIS Testbed is well-suited to JLab’s core
strengths:

Quantum Field Theory

Advanced Computation/Software
Algorithm Development

SRF

Cryogenics

Ultracold technologies (<20 mK)

JLab Cryogenic Polarized Target

» Lecture series funded by ONP — March 2020

» Collaboration preproposals

- BNL Center
- Yale U. Center

» Encourage LDRD proposals

20
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Summary

« 12 GeV science program at JLab is underway
— 4 Hall operation is now routine

— ADbroad program of 76 approved experiments with many
opportunities for discovery is planned

— Initial science results are already being reported

* Future Equipment projects
— MOLLER: CDO - FY20 start, CD-1 review in Sept.
— SoLID: Prepare for DOE science review

« Anticipate a unique program for CEBAF with fixed targets at the
luminosity frontier, complementary to EIC, in the future.

« We continue to develop advanced computation at Jlab, including Al/ML
and QIS
",

21 Jg,tf.erson Lab



