Hall B Status Report

We were busy taking data with > 50 % Efficiency!

= News from Hall-B Group
» Status of Hall-B Operations
= Target Updates

= Recent Publications & Press Room

Covering the time since Nov. 2023
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News from Hall-B Group



New Hires & Open Position in Hall-B Group

» Hall-B Postdoc Richard Tyson started in Nov 2023
- J/y near threshold photoproduction of the proton and neutron (RG-A/B)
- Development and deployment of an Al/ML level-3 trigger for CLAS12

= Hall-B Staff Scientist Raffaella De Vita started in Nov 2023
- Development of offline CLAS12 software and common analysis tools
- Scientific guidance and cooperation for CLAS12 experiments with higher-than-design luminosity
= 80%-LDRD, 20%-Hall-B Postdoc Sara Liyanaarachchi starts May 1, 2024
(maiden name Sahara Jesmin Mohammed Prem Nazeer)
- Developing a new high-rate micropattern gaseous detector for high-luminosity experiments

- Sara has a PhD from Hampton University (supervisor Michael Kohl), > 8 years of experience
in developing, handling, calibrating, and conducting QA for Gas Electron Multiplier (GEM) detectors

= 70%-SPF, 30%-Hall-B 2-year termed Engineer |l position to be filled as soon as possible
- Developing polarized material; design, construct, and commission cryogenic equipment
- Interviews with candidates during this month
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Status of Hall-B Operations
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Cryo-Target Operation in Hall B
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Run Group D

E12-06-106: Study of Color

Complete transparency

Glauber
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Fully Formed
P’ Meson

Small size configuration, SSC,
p°, escapes interactions with
the nucleus

Transparency (CT) in Exclusive Vector
Meson Electroproduction off Nuclei

Spokespeople: W. Armstrong?, L. El Fassi?,
K. Hafidit, M. Holtrop*, and B. Mustapha

E12-06-106A (endorsed by PAC-48):
Nuclear TMDs in CLAS12

Spokespeople: R. Dupré?, L. El Fassi®,
Zein-Eddine Meziani?, and Holly
Szumila-Vance®

» 10.5 GeV polarized beam with CLAS12 (FT-OFF)

» Runs with €D, and a nuclear target foil assembly
= Study of p®-meson production as a function of Q?
» Extraction of Color Transparency

* Nuclear TMDs in CLAS12

Program is a continuation of CLAS 6-GeV
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Run Group D Data-Taking Completion

B runwithemply = Tolal Gharge on emply Fi n al Statu S
W runwithCxC  —— Total Charge on CxC
o Chwge o RGD 2023 Progress IPM2C21
B run with LD2 = Total Charge on LD2
B run with Cusn = Total Charge on Cusn
Calibretion runs —— Expectad charge at 50% up
| -
Factor: 1.2 . RG-D was delayed by 10 days
35 180

= Ran from early Oct to mid Dec
=75 calendar days (¥z of extra

2 / 140 time to compensate lower
luminosity & ¥2 opportunistic)

= 951 ABUs =40 PAC days
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|
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Event rate kHz

. (40/75 > 50 % efficiency)
., ¢ ® RG will not come back to Hall B

Accumulated Charge (mC)

» Collected statistics on targets:
- Cu x Sn foils: 182 mC

40

20

ok sl ", - C x C foils: 30 mC
- pate Factor: 1.6 Factor: 1.4 - {D, cryo-target: 32 mC

= Three fast dumps of superconducting torus and solenoid magnets, Faraday Cup failure, 5 days of injector
gun downtime, Moller cone sagging, several upsets of electronics/DAQ, etc.

= Acceptable beam current limited by Central Tracking Detector, requiring a longer-than-scheduled run
= After all, Run Group D collected more production data than approved by PAC (at Hall Leader’s discretion)
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Run Group D Online Analysis

= [First-ever use of online reconstruction in CLAS12 = Covered electron kinematics

. . e-Q2-theta-D2 e-Q2-theta-CC
» Developed by Gagik Gavalian £ - g
= Very useful to control targets in z-vertex spectra ® v
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HALL B
CURRENT
EXPERIMENT

This series of experiments

focuses on understanding E12-16-010
quark-gluon confinement E12-16-010A

through exploration of the

structure of the ground E12-16-010B
and excited states of the E12-16-010C

nucleon.

Run Group K

E12-16-010:
A Search for Hybrid Baryons in Hall B with CLAS12
A. D’Angelo, V. Burkert, D.S. Carman, R. Gothe, V. Mokeev

E12-16-010A:

Nucleon Resonance Structure Studies Via Exclusive KY
Electroproduction at 6.6 GeV and 8.8 GeV

D.S. Carman, V. Mokeev, R. Gothe

E12-16-010B:

Deeply Virtual Compton Scattering with CLAS12 at
6.6 GeV and 8.8 GeV

L. Elouadrhiri, M. Defurne, F.X. Girod, F. Sabatie

E12-16-010C:

Separation of the o, and o Contributions to the
Production of Hadrons in Electroproduction

T. Hayward, H. Avakian

Program in part linked to RG-A, but at lower beam energy
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Run Group K Data-Taking Completion

B runwith LH2  — Total Charge on LH2 RGK 2024 Progress IPM2C21

Calibration runs —— Expected charge at 50% up

30 E, = 6394 GeV E,, = 8477 GeV 100
total: 91.35 mC

RG-K commissioned in Dec

25 total: 81.77 mC

” o " Couldn'’t start production before
o £ Win break due to Faraday Cup
: " &= Ranfrom mid Dec 2023 to
g - ‘ ”H 3 yesterday = 60 calendar days
g | I|H||| ® 3 887 ABUs = 37 PAC days
||||||"|| il ‘ III,|.|I|”i| ‘ ¢ = Collected statistics on tH,:
5 ‘”" i L -6.4 GeV: 91 mC
. ] Jim ” i -8.5GeV: 82 mC

2024
Date

= |ssues with a series of fast dumps of superconducting torus and solenoid magnets
= Running at 6.4 GeV with 65 nA, 13% less than design luminosity of CLAS12, i.e. 0.87x103% cm2s-1
= Running at 8.5 GeV with 75 nA corresponding to design luminosity of CLAS12, i.e. 1x103%° cm2s1

= Run Group K has not only collected large statistics of production data, but also many first-time
empty target warm/cold alignment studies, trigger studies, DC HV and luminosity scans
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KY Analysis
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6.394 GeV
10 runs
— online calib/align

211 Analysis

[Krishna Neupane]
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Run Group E

= Comprehensive study of impact of the
nuclear medium on quark hadronization

= A multidimensional kinematical analysis of
hadrons in DIS

= Carbon, aluminum, copper, tin, lead, and £D,
double targets

experiment

Heat shield for the » Target tests at JLab in Aug and Oct 2023

4
'\

Glued targets onto ¥
composite ribbon (G10 + =
copper) Bl

Non-ferromagnetic materials |

resistant to radiationand
vacuum.

[Milan Ungerer, Nov 2023] Change-over to RG-E this week

Mar 2024

Facility Patrick Achenbach

Jem;s Son Lab




Run Group E Data-Taking

Target configuration with 70 nA beam current

» RG-E commissioning will

Sc.}lid targ{_at Liquid target Solid target Total Number of . DHYS.:

th'cf:;ss n Luminosity Luminosity Luminosity Days to Run ;':EE:::;E; take 4'8 dayS
2cmLD2 +C 1.48 8.56E+34 8.79E+34 1.74E+35 9 8/1 * Will'run from mid Mar 2024 to

May 20 = 65 calendar days =
2cm LD2 + Al 1.20 8.53E+34 1.71E+35 9 8/1 32.5 PAC days
= Will possibly include some more
C . . . / -

2cm LD2 + Cu 0.36 8.50E+34 1.71E+35 9 8/1 streaming readout tests
2cm LD2 +Sn 0.30 5.78E+34 1.43E+35 14 12/2
26m LD2 + Pb 0.14 4.18E+34 1.27E+35 19 17/2

Integrated luminosity for each solid target is: 6.81E+40

[Haik Hakobyan, Mar 2024]
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Target Updates From Chris Keith

Irradiation of Polarized Tﬂrget Materials
The irradiation will be done at the CEBAF injector (8- 10 MeV)

The typical dose on a sample for good polanzation 1s ~ 107 e-/fcm?

At 10 pA on a (2.5 x 5) cm? sample, this will take about 5 — & hr

oy —
Smm
&t —

This basket has a volume of about 37 cc (22 g).

Enough for 2 — 3 target cells in Hall B or Hall C.
— . Up to 20 cells per

T S experiment
___"":‘-r-'l'-ﬂ-::-:___—__
2.5cm $. T
Rastered beam, 25 x 2.0 cm?
L 2.3 cm (Final number TBD)
‘ ___ __'_————___ Raster speed not important
§5.0cm T




Target Updates From Chris Keith

Irradiation of Polarized Target Materials

Our goal is a first attempt over the holiday break, Dec. ‘24.
Second opportunity will be SAD summer ‘25.

Frozen ammonia samples will be provided by U. New Hampshire

Mar 2024
J,gﬁfjegon Lab .
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Target Updates from Chris Keith
Polarized 3He for CLAbl')

James Brodk
The test bench for high-field MEOP* has moved to the Devlab ‘:f:J--_‘"I._-:__-f Jm;;:;a;;‘-e.

Pol. vs Field studies have been published in NIM A *Metastability Exchange Optical Pumping
* Pol. vs Gas Pressure will soon commence
* Pol. vs. Temperature next year?
* Gas filling station is complete
* LOSP & ePAS work control documents are complete
* New 1083 nm laser on site (needs minor wavelength adjustments)
» Post-docs have left for faculty positions (Xiaqing Li — Shandong U., Dien Nguyen — UT-Knoxville)
* New post-docs on the way (2?? 7?? Pushpa Pandey (MIT))

J”%tfegon Lab
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Physics Advisory Committee Meeting 2024

= 52nd JLab Program Advisory Committee Meeting (PAC52) will be July 8-12, 2024
Deadline for submission of proposals and updates is 9:00 am EDT on May 1, 2024

= CLAS Collaboration proposals:
Updates required from Run Groups A, B, C, G, H as part of jeopardy process

= CLAS internal review: abstracts of new proposals for PAC52 must be sent to CLAS Chair and respective
Physics Working Group Chair by March 12, 2024, full proposals to the review committee by April 1, 2024, that
will provide their recommendations by April 22, 2024.
For jeopardy reports to PAC52 the abstract is not expected and there is a later deadline of April 8, 2024.
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Ensuring a Safe Work Environment in Hall B

» After-Hours High-Hazard Work Policy
Effective Sept. 15, 2023, JLab instituted a policy for High-Hazard Work performed in off-normal hours

= Badges
Recently, JLab instituted a policy requiring DOE badges to be displayed at all times when at the facility

= Work Planning and Control Software ePAS

“Effective Jan. 8, 2024, ePAS is used throughout the lab to identify the hazards and controls for maintenance,
diagnostics, repair, fabrication, and non-construction installation activities”, but not operation. “Additionally,
ePAS is used to identify the hazards and controls for spaces in which R&D and production activities occur.”
Everyone that performs such work must do so under an ePAS Permit-To-Work. Hall-B Group learned a lot about
how to make the process better. | have to note that ePAS also has delayed operation of the accelerator.

= Training Requirements

Most people will have to do Basic Electrical Safety training ESCO001. Particularly, anybody who is going to touch
cables. This is a virtual class followed by a quiz: https://misportal.jlab.org/training/skills/4825. It is not offered every
week and it takes about an hour and a half. In addition, Basic ePAS Training ePAS000 can be taken by users, a
web-based training: https://www.jlab.org/human_resources/training/webbasedtraining

Je mas Jeﬂés?nn La‘b



https://misportal.jlab.org/training/skills/4825
https://www.jlab.org/human_resources/training/webbasedtraining

Publications & Press Room Since Sep 2023

JefferSon Lab
FTriomas Jefferson National Accelerat

or Facility



DOE Coverage of Earlier CLAS News Release

US Department of Energy Office of Science Research News Update 116, 4 December 2023 and
appearance on the DOE office's landing page https://www.energy.gov/science/office-science:

° SCIENCE AE S INITIATIVES MISSION SCIENCE & INNOVATION FUNDING RESOURCES

Registration Now
Open for Energy
Department’s
National Science
Bowl®

Digging Through Data to Statement of Interest
Investigate Strange Matter for EIC

DOE and France Sign

. Using the Continuous Electron Beam Accelerator Facility, scientists were able to make the first-ever observations of how
=) Lambda particles are produced by a specific process.

Sometimes, science is all about turning existing information on its head to get a new perspective. A

“strange” perspective, in some cases.

SCience Com m u n ication G rou p at \] Lab iS Worki ng With US to As a PhD student working with nuclear physicists at the Department of Energy’s (DOE) Argonne
real |Ze SUCh featu res more Often o National Laboratory, Lamiaa El Fassi used data from a 2004 experiment at the Continuous Electron

Beam Accelerator Facility: (CEBAF). A DOE Office of Science user facility, CEBAF is a huge particle

[Based on T. Chetry et al. (CLAS), Phys. Rev. Lett. 130, 142301 (4 Apr 2023)]

J ,%f,fego n Lab
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Research Outreach

Article in The Innovation News Network in response to latest N* spectroscopy & structure studies
https://www.innovationnewsnetwork.com/three-dimensional-pictures-quarks-inside-resonating-protons/39413/

appeared in the quarterly publication The Innovation Platform Issue 16 , 360—-363 on 4 Dec 2023:

PHYSICS | PROFLE

Three-dimensional pictures of
the quarks inside of resonating

protons

Physicists at Jefferson Lab use resonating protons to gain insight

into the Universe that existed just after the Big Bang

THE atomic nucks of all olamants in the Untwerso
mwu of protors a7 neutions. From the pioneing

wramarts of Robart Hotstadiar and his co
workirs 1 tha 10505, & became avidant it prokons
are not point.like particlos. Protons have 2 finke
520, o1 the orer of ana femtomatre, which makes
the size of the proton (o bo arcund 100,000 fimes
‘smaar than that of th atom,

Elactrons, on the other hand, e point-ike particlos
st Furvo the oppsity carge of e proton. By
dirocting high onorgy boams of socions oo
Peotons by using a partice acodtor and by
xamining the directions in which the elocirons wer
coctid, We CaN Measure the N of protons.

Tuking pictures of tha inwde of protons
Ve can draw n snalogy 10 Spacioacopy kom
optica. Just as Aght revaais the STUCTure of atoms,
wo can sirilardy e the s(m-i stucture of the
obpcts undar investigation from 1he Gifiraction

pettonn of o plectrons. By anslogy. if we
diroct  bsar theough  pinore, @ pattern wil be
formad with & cantral bright spot sumounded by &
sonis of concentnc fings. Gosng outwards from tho
contro, the rgs wil become Examinieg the
ilfraction pattern prowides tellie information oo
the siza and shape of the pinhola. Flacsons anay
Guuantumn mechanics and passoss 3 wavolko rture
As thear cnengy ncreases, the wavskngth got:

omaln. So. high sewegy olcirons ofa bilion decren
ol (GeN), roquiring powerkd coloenlons
Wil hawe winvelgihs compaable 10 oves 20 of the
proton and wil thersy provice spatial informabon on
e inside of prolons.

10 fAct, 1 prOSON'S SIS | Quts compiex,
compeling scontists to sasndon the nation that

vecind tha 1 protors
h.m A1ich inner structure foemed around thees
latar named quarks, and pos:
etres dutnbaions The discovery of unexpectodly

larga umbars of so-callod doop inakstic scattering
events gave drect proof thak the quarks really axst
Irsido of the proton. Thess quarks ar bound 5o
SONGly ThA 10 QUATK CAN ever ladve 8 proton. I

the intarvaning yaers. mary oloctron scattering
Mmoasurements have been perond 1 provde ano-
dimonsional pictures of the deribution of the guarks.

Rescasting protons
Snce the middia of the last century, physcists have
employed sccolerstons 1o Creats beams arganging
onlo proton targats. Thoy have found that protons.
may resonat just e stTking & bell ot 15 oot
=pot. If the bell vibratas p=t nght. thers wil ba an
onseing form. A proson 5 ciearty not a bel, bt it
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gy oF frequancy.

three-dimansional stnctur of Fsorating protons
3D imaging, ako caled nuckon phatographry.

can potontially dslinsato the infarmal structure of
protons compiutely. This is not unlie lomography
30 imaging. Thase 30 images ar caplurod by

ha disrEtion ncion that sncode the namal
propertias. Ultimataly, the gaal is to unambiguously
«xtract and fully undeestand the distributions of
Quarks inside the protcn. This requires high procision
measurements, good dita sets, and powetul
analytical fooks.
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modsl can axplan thar existanca. A proten 15 3

composio systom of throe quarks bound togatter

by the strongest force known in nature, thi

forea. Thes grourd stse is the bwést

of tha proton. Whan a proton is excied & g
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and whbrato aganst sach other. exhiating resonance

characloistics. n 1962, Envico Fermi saw tha
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Insicka of prolons. Since the protan & 100,000
Bimen smallor than the slom, i takes many impinging
‘elactrons 1o contact the minula proton.
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twoad programme o study the structurs and
interactions of fundamental particks. Resonating
protons (ive tor around a trilionth of a trilionth

of a second, o about the tima i takaes for light to
1058 the distance of 3 proton. These feoNaNces
will typicaly rok into a ground stato by emitting a
quirk-antiquark state — tarmed a mason. CLAS1Z
can track nimly formed particlos such

a5 1hesa mesons and 1he scattered slectrons
roving awey from the tamot. allowing the
reconsinction of sesonating protons. It can also
record the particle's flight times with & precision
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Now experiments and technalogios at Jefterson
Lab in the US
Gxpenmonts Ao bang conducted at
the US. K)t‘blhllll' of Energy's Thomas Jefterson
Nations? Accolorulor Facilly Lelerson Lab)
From tha world-class Continuous Flactmn Baam
Accolrstor Facilty (CEBAT), high-ancy eloctron
boams are focused onto rescnating protons.
surmounded by kego doloclons such s GLAS12 in
=on Lab's Expermental Hall B. CLAS stancs
10r CERAF Bige acoeplancs spectronmeter, and he
12 roprosents the recent upgrade to Joftarson Lab
fom 8 GoV 1o 12 Gl b ey, CEBAF s o
DOE Office of Science user faclty that support
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Three-dimensional pictures

of the quarks inside of
resonating protons

Three-dimensional pictures of the
quarks inside of resonating
protons

Science | 7th November 2023

© shutterstockipixeiparticle

Physicists at Jefferson Lab use
resonating protons to gain insight
into the Universe that existed just
after the Big Bang.
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https://www.innovationnewsnetwork.com/three-dimensional-pictures-quarks-inside-resonating-protons/39413/

First Determination of Distribution of Forces in the Proton
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[V. D. Burkert et al., Rev. Mod. Phys. 95, 041002 (22 Dec 2023)]
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Coverage of News Release
Strong force

News Release Gra\zlgyJHelggzsélhow Strodng .I;orce Strength in the Proton® on strength in the
an received wide coverage proton revealed

COSMOSH IMyCosmos |Space 'Tech INature Earth |Histo by gravity
New details about the properties of protons © Ozusmunes 02 3o
uncovered with gravity test

https://gizmodo.com/proton-physics-strong-force-
quarks-measurement-1851192840

PHYSICS

Physicists Just Learned Something Major
About the Proton

The research has "changed the way we think about the structure of the proton,” one scientist said.

5 Gravity helps show strong force
Ja 4
ﬁstrength in the proton

By Amit Malewar 26 Jan, 2024

N

By Isaac SchultzPublished January 24, 2024 | Comments (22)

00006

https://cosmosmagazine.c
om/science/physics/proton
-strong-force-gravity/

Spread the love

https://simplysciencene
i ws.com/qgravity-strong-
RN ! force-proton-nuclear-
"hmw e y https://www.techexplorist.com/gravity-  physics/
helps-strong-force-strength-proton/80137/
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Beam Spin Asymmetry Measurements of Deeply Virtual m° Production
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e } } { M
6! -t [GeV?] - [GeV? t[GeV?
I The black curves show the theoretical prediction from the
A GPD-based Goloskokov-Kroll model. The black dashed
B lines show the effect of the GPD multiplied by a factor of
L 0.5, and the black dotted lines show the effect of the GPD
L H. multiplied by a factor 0.5

Sensitivity to the chiral-odd GPD, containing information on quark transverse spin
densities in unpolarized and polarized nucleons

[A. Kim et al. (CLAS Collaboration), Phys. Lett. B 849, 138459 (Feb. 2024)]
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Design, Construction, Performance of RTPC for BONuS12
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