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News from Hall-B Group and Collaborations




Hall-B Group

NEW APPOINTMENTS POSTDOCS
= New Bridge Appointment with Lamar University = Pierre Chatagnon left for CEA in Paris-Saclay
— 5-year assistant professor position with Hall B = Bhawani Singh started in Feb 2025

= Richard Tyson will leave in mid October

GROUPS IN HALL B

CLAS Collaboration: | '
HPS Collaboration (not pictured)

PRad Collaboration:
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News from Hall-B Collaborations

CLAS COLLABORATION

» Collaboration meetings in Nov 2024, Mar 2025 and July 2025
= More than 200 members and new institutions joined

= Bryan McKinnon from Glasgow U elected as next chair
» ALERT detector installation in Nov 2024

= ~46 of 55 PAC days of DIS data taken on track to complete in July &
= Expected to complete SRC data taking by end of run

Proposal Physics Exp. Contact | Rating | PAC Group Equip- | Energy | Group Contact | Target
Days ment

E12-17-012 Partonic structure of light nuclei Z. Meziani A- 45
E12-17-012A | Tagged EMC measurements on light nuclei R. Dupre 45 1 High

. . 55 CLAS12 1 pressure
E12-17-012B | Spectator-tagged DVCS on light nuclei W. Armstrong 45 AR R. Dupre gaseous
E12-17-012C | Other physics opportunities with ALERT M. Defurne 45 IjHD’

e

E12-23-013 Measuring short-range correlations with ALERT | F. Hauenstein A 91 17 6.6 F. Hauenstein



https://www.jlab.org/exp_prog/proposals/17/PR12-17-012.pdf
https://www.jlab.org/exp_prog/proposals/17/PR12-17-012A.pdf
https://www.jlab.org/exp_prog/proposals/17/PR12-17-012B.pdf
https://www.jlab.org/exp_prog/proposals/17/PR12-17-012B.pdf
https://www.jlab.org/exp_prog/proposals/17/PR12-17-012B.pdf
https://www.jlab.org/exp_prog/proposals/17/PR12-17-012C.pdf
https://www.jlab.org/exp_prog/proposals/23/PR12-23-013.pdf
https://www.jlab.org/exp_prog/proposals/23/PR12-23-013.pdf
https://www.jlab.org/exp_prog/proposals/23/PR12-23-013.pdf

Physics Opportunities with ALERT
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ALERT Detector Operation
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HPS COLLABORATION

= Semi-annual collaboration meetings in Nov 2024 and June 2025

News from Hall-B Collaborations

= Reapproved in jeopardy hearing of PAC 52 with “A” rating and all originally approved 180 PAC days
» Requested and planning 60 out of remaining 105 PAC days of 4.4 GeV running

» Draft "Displaced Vertex Searches for Electroproduced Strongly Interactive Massive Particles with the

2016 HPS Dataset” based on analysis notes from Alec Spellmann and Tom Eichlersmith:
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News from Hall-B Collaborations

PRAD COLLABORATION
= Semi-annual collaboration meetings in Nov 2024 and March 2025

= Collaboration charter adopted in November 2024
= More than 60 members including new U.S. and international collaborators
» Experimental Readiness Review for PRad-Il/X17 on May 8-9, 2025

Updated projections for PRad-Il/X17 runs:
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PhD Theses



MEASURING CLAS12 D(E, E'lI*) CROSS SECTIONS FOR E4NU
by

Caleb Fogler
B.S. December 2016, Old Dominion University
M.S. May 2019, Old Dominion University

A Dissertation Submitted to the Faculty of
Old Dominion University in Partial Fulfillment of the
Requirements for the Degree of

DOCTOR OF PHILOSOPHY

PHYSICS

Completed Theses in CLAS Collaboration

Timelike Compton Scattering from a Longitudinally Polarised
Target with CLAS12 at Jefferson Lab

Kayleigh Gates

Submitted in fulfilment of the requ

Degree of Doctor of Philc

!

Differential Cross Sections from (

Inclusive Electron Scatt

THE STRUCTURE FUNCTION OF THE FREE NEUTRON AT

OLD DOMINION UNIVERSITY
December 2024

CLAS: since Oct 2024
Valerii Klimenko
Caleb Fogler

Kayleigh Gates
Noémie Pilleux
Madhusudhan Pokhrel
Krishna Neupane

HIGH X-BJORKEN

by

Madhusudhan Pokhrel
B. Sc. December 2013, Tribhuvan University, Nepal
M. Se. December 2016, Tribhuvan University, Nepal
M. S. May 2019, Old Dominion University, USA

A Dissertation Submitted to the Faculty of
Old Dominion University in Partial Fulfillment of the
Requirements for the Degree of

DOCTOR OF PHILOSOPHY
PHYSICS

OLD DOMINION UNIVERSITY
May 2025

Approved by
Stephen Bueltmann (Director)
Sebastian Kuhn (Member)
Raul Briceno (Member

Yuan Zhang

Member)

Sylvain Marsillac (Member

. Valerii Kilimenko
lysics and Ast B

lence and Eng

sity of Glasgo B.S. Physics. Moscow State University

M.S. Physics, Moscow State Universit

Inivers

‘Glasg

2024
= A Dissertation
r Submitted in Partial Fulfillment of
Requirements for the Degree of
Doctor of Philosophy
at the

University of Connecticut

2024

HPS: December 2025
— Alec Spellman

@
universite
PARIS-SACLAY

Nucleon Structure Studies at
lefferson | ab and the Electron lon

Collider

ins au laboratoire
eur électrons-ions

UNIVERSITY OF CALIFGRNIA

BANTA A

SEARCHING FOR STRONGLY-INTERACTING DARK MATTER
WITH THE HEAVY PHOTDN SEARCH EXPERIMENT

v husitied im | L whion ol the
i) T v e i | LLUN
CHOCTONE OF PHILOSOPHY
) université Paris-Saclay
FirsT CLAS12 DOUBLE-PION (N77m) ELECTROPRODUCTION ANALYSIS

by
Krishna Chandra Neupane
Bachelor of Science
Tribhuvan University, 2011

Master’s Degree in Physics
Tribhuvan University, 2014

Submitted in Partial Fulfillment of the Requirements
for the Degree of Doctor of Philosophy in
Physics
College of Arts and Sciences
University of South Carolina

2025

Accepted by:

Ralf Gothe, Major Professor
Fred Myhrer, Committee Member
Steffen Strauch, Committee Member
Viktor Mokeev, Committee Member

Ann Vail, Dean of the Graduate School
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Only listings because of limited time,
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Publications using CLAS Data

A.V. Golda, ..., V.I. Mokeev et al., “Cross Section Evaluation for Exclusive Channels of K*/\ and K*2°
Electroproduction off Protons Using CLAS Detector Data’, Moscow Univ. Phys. 79, 450 (Aug 2024), DOI:
https://doi.org/10.3103/S0027134924700577

L. Clark et al. (CLAS Collaboration), “Photo-production of the 2* hyperon using linearly polarized photons with
CLAS’, Phys. Rev. C 111, 025204 (Feb 2025), DOI: htips://doi.org/10.1103/PhysRevC.111.025204

A. Deur et al. (CLAS Collaboration), “Measurement of the nucleon spin structure functions for 0.01 < Q? < 1
GeV? using CLAS”, Phys. Rev. C 111, 035202 (Mar 2025), DOI: https://doi.org/10.1103/PhysRevC.111.035202

A.V. Sarantsev et al. (CLAS Collaboration), "Photoproduction of two charged pions off protons in the resonance
region", Phys. Rev. C 111, 035203 (Mar 2025), DOI: https://doi.org/10.1103/PhysRevC.111.035203

A.V. Sarantsev, E. Klempt, K.V. Nikonov, T. Seifen, U. Thoma, Y. Wunderlich, P. Achenbach, V.D. Burkert, V.
Mokeeyv, V. Crede, “Decays of N* and A* Resonances into Np, A, and Nf,(500)”, Phys. Rev. C 112, 015202
(July 2025), DOI: https://doi.org/10.1103/qfpf-tcs3

P. Roy et al. (CLAS Collaboration), “Measurement of Single- and Double-Polarization Observables in the
Photoproduction of rr Pairs off the Proton Using CLAS at Jefferson Laboratory”, arXiv:2504.21119, DOI:
hitps://doi.org/10.48550/arXiv.2504.21119, submitted to Phys. Rev. C

T. Mineeva et al. (CLAS Collaboration), “Suppression of Neutral Pion Production in Deep-Inelastic Scattering of
Nuclei with the CLAS Detector’, arXiv:2406.04512, https://doi.org/10.48550/arXiv.2406.04513, submitted to
Phys. Rev. C



https://doi.org/10.3103/S0027134924700577
https://doi.org/10.1103/PhysRevC.111.025204
https://doi.org/10.1103/PhysRevC.111.035202
https://doi.org/10.1103/PhysRevC.111.035203
https://doi.org/10.1103/qfpf-tcs3
https://doi.org/10.1103/qfpf-tcs3
https://doi.org/10.1103/qfpf-tcs3
https://doi.org/10.48550/arXiv.2504.21119
https://doi.org/10.48550/arXiv.2406.045,13

Publications using CLAS12 Data

A. Hobart et al. (CLAS Collaboration), “First Exclusive Measurement of Deeply Virtual Compton Scattering on
the Neutron”, Phys. Rev. Lett. 133, 211903 (Nov 2024) , DOI: https://doi.org/10.1103/PhysRevlLett.133.211903

V. Klimenko et al. (CLAS Collaboration), “Inclusive Electron Scattering in the Resonance Region off a Hydrogen
Target with CLAS12”, accepted in Phys. Rev. C (June 2025)

D.S. Carman et al. (CLAS Collaboration), “Recoil Polarization in K*Y Electroproduction in the Nucleon
Resonance Region with CLAS12”, arXiv: 2505.12030, DOI: https://doi.org/10.48550/arXiv.2505.12030,
submitted to Phys. Rev. C

A. Kripko et al. (CLAS Collaboration), “Multi-dimensional Measurements of Beam Single Spin Asymmetries in
Semi-Inclusive Deep-Inelastic Charged Kaon Electroproduction off Protons in the Valence Region”, arXiv:
2504.0858, DOI: https://doi.org/10.48550/arXiv.2504.08580, submitted to Phys. Rev. Lett.



https://doi.org/10.1103/PhysRevLett.133.211903
https://doi.org/10.48550/arXiv.2505.12030
https://doi.org/10.48550/arXiv.2504.08580

Other Publications

V. Burkert, G. Eichmann, E. Klempt, “The impact of yN and y*N interactions on our understanding of nucleon
excitations”, arXiv: 2506.16482, DOI: https://doi.org/10.48550/arXiv.2506.16482, submitted to Prog. Part.
Nucl. Phys.

P. Achenbach, D.S. Carman, R.W. Gothe, K. Joo, V.I. Mokeev, C.D. Roberts, “Electroexcitation of Nucleon
Resonances and the Emergence of Hadron Mass”, Symmetry 17, 1106 (July 2025), DOI:
https://doi.org/10.3390/sym17071106

V. Kubarovsky, J. Rittenhouse West, and S.J. Brodsky, “Quantum chromodynamics resolution of the ATOMKI
anomaly in “He nuclear transitions”, Phys. Rev. C 111, 024320 (Feb 2025), DOI:
https://doi.org/10.1103/PhysRevC.111.024 320

V. Burkert, S. Diehl, P. Schweitzer, “Quarks unter Hochdruck im Proton”, Phys. Unserer Zeit 55, 298-306 (Nov
2024), https://doi.org/10.1002/piuz.202401699

R. De Vita, “The CLAS12 Experiment at Jefferson Lab”, to appear in Encyclopedia of Particle Physics (2026)
P. Achenbach, “Experiments at Jefferson Lab”, to appear in Encyclopedia of Particle Physics (2026)



https://doi.org/10.48550/arXiv.2506.16482
https://doi.org/10.3390/sym17071106
https://doi.org/10.1103/PhysRevC.111.024320
https://doi.org/10.1002/piuz.202401699

Publications on Detectors and Methods

K. Gnanvo, F. Hauenstein, S. Liyanaarachchi, N. Liyanage, H. Nguyen, R. Paremuzyan and S. Stepanyan,
‘URWELL detector developments at Jefferson Lab for high luminosity experiments”, PoS QNP2024, 014 (Mar
2025), https://pos.sissa.it/465/014

G. Gavalian, P. Thomadakis, A. Angelopoulos and N. Chrisochoides, “Charged Track Reconstruction with
Artificial Intelligence for CLAS12”, EPJ Web of Conferences 295, 09038 (May 2024), DOI:
https://doi.org/10.1051/epjconf/202429509038

R. Tyson, G. Gavalian, B. McKinnon and D. Ireland, “Level-3 Trigger for CLAS12 with Artificial Intelligence”, EPJ
Web of Conferences 295, 02018 (May 2024), DOI: htips://doi.org/10.1051/epjconf/202429502018

G. Gavalian, “High-performance data format for scientific data storage and analysis”, Comp. Phys. Comm 315,
109732 (Oct 2025), https://www.sciencedirect.com/science/article/pii/S0010465525002346

F. Rossi, M. Battaglieri, E. Ragusa, P. Gastaldo, G. Gavalian, “Artificial Intelligence Data Reduction Algorithm for
Streaming Readout in High Energy Physics Experiment”, Commun. Comput. Inf. Sci. 2253, 50-58 (Apr 2025),
https://doi.org/10.1007/978-3-031-85856-7 5

G. Gavalian, “Real-Time Charged Track Reconstruction for CLAS12”, JINST 19, C05050 (May 2024), DOI:
https://doi.org/10.1088/1748-0221/19/05/C05050



https://pos.sissa.it/465/014
https://doi.org/10.1051/epjconf/202429509038
https://doi.org/10.1051/epjconf/202429502018
https://www.sciencedirect.com/science/article/pii/S0010465525002346
https://doi.org/10.1007/978-3-031-85856-7_5
https://doi.org/10.1007/978-3-031-85856-7_5
https://doi.org/10.1007/978-3-031-85856-7_5
https://doi.org/10.1007/978-3-031-85856-7_5
https://doi.org/10.1007/978-3-031-85856-7_5
https://doi.org/10.1007/978-3-031-85856-7_5
https://doi.org/10.1007/978-3-031-85856-7_5
https://doi.org/10.1007/978-3-031-85856-7_5
https://doi.org/10.1007/978-3-031-85856-7_5
https://doi.org/10.1088/1748-0221/19/05/C05050
https://doi.org/10.1088/1748-0221/19/05/C05050
https://doi.org/10.1088/1748-0221/19/05/C05050

Publications on Methods

D.l. Glazier, R. Tyson, “Converting sWeights to Probabilities with Density Ratios”,arXiv: 2409.08183, DOI:
hitps://doi.org/10.48550/arXiv.2409.08183, submitted to Comput. Phys. Commun.

G. Gavalian and R. Tyson, “Online Electron Reconstruction at CLAS12", , arXiv: 2507.05274, DOI:
https://doi.org/10.48550/arXiv.2507.05274, submitted to Comput. Phys. Commun.

G. Matousek and A. Vossen, “Al-Assisted Object Condensation Clustering for Calorimeter Shower
Reconstruction at CLAS12” arXiv: 2503.11277, DOI: https://doi.org/10.48550/arXiv.2503.11277

V.D. Burkert, A. Camsonne, P. Chatagnon, K. Cichy, M. Constantinou, H. Dutrieux, I. M. Higuera-Angulo, C.
Mezrag, D. Richards, P. Sznajder, “Open database for GPD analyses”, arXiv: 2503.18152, DOI:
https://doi.org/10.48550/arXiv.2503.18152



https://doi.org/10.48550/arXiv.2409.08183
https://doi.org/10.48550/arXiv.2503.11277
https://doi.org/10.48550/arXiv.2503.18152

Concluding Remarks

Hall B is scheduled to complete all ALERT experiments in this run period
Installation of PRad-II/X17 setup is planned for this SAM

CLAS Collaboration in Hall B continues to deliver high-level physics results

CLAS-approved proposals to PAC53:

Stepan Stepanyan et al.: “Electro- and photo-production of muon pairs with yCLAS12: Double Deeply
Virtual Compton Scattering, Timelike Compton Scattering, and J/w production”

Marco Contalbrigo et al. (Run Group H): “Experiments with a Transversely Polarized Target”

Harut Avakian et al. (Run Group H addition): “Measurements of Single Spin Asymmetries in exclusive
production of hadrons with RGH"

Sangbaek Lee et al.: “Measurement of the Coherent J/w Electroproduction off 4He”
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A.V. Golda, ..., V.I. Mokeev et al., “Cross Section
Evaluation for Exclusive Channels of K* A\ and K*39
Electroproduction off Protons Using CLAS Detector Data”,
Moscow Univ. Phys. 79, 450 (Aug 2024), DOI:
https://doi.org/10.3103/S0027134924 700577
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Publications Using CLAS Data

A.V. Sarantsev et al. (CLAS Collaboration),
“Photoproduction of two charged pions off protons in
the resonance region”, Phys. Rev. C 111, 035203
(Mar 2025), DOI:
https://doi.org/10.1103/PhysRevC.111.035203
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https://doi.org/10.1103/PhysRevC.111.035203
https://doi.org/10.3103/S0027134924700577

L. Clark et al. (CLAS Collaboration), “Photo-
production of the 2* hyperon using linearly
polarized photons with CLAS”, Phys. Rev. C 111,
025204 (Feb 2025), DOI:
https://doi.org/10.1103/PhysRevC.111.025204
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Publications Using CLAS Data

A. Deur et al. (CLAS Collaboration), “Measurement of the
nucleon spin structure functions for 0.01 < Q2 < 1 GeV?
using CLAS”, Phys. Rev. C 111, 035202 (Mar 2025), DOI:
https://doi.org/10.1103/PhysRevC.111.035202
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Archival paper with details of the CLAS EG4 experiment
from 2006 and final results for proton and deuteron spin
structure function data



https://doi.org/10.1103/PhysRevC.111.025204
https://doi.org/10.1103/PhysRevC.111.035202

P. Roy et al. (CLAS Collaboration), “Measurement of
Single- and Double-Polarization Observables in the
Photoproduction of - Pairs off the Proton Using
CLAS at Jefferson Laboratory”, arXiv:2504.21119, DOI.
https://doi.org/10.48550/arXiv.2504.21119,

submitted to Phys. Rev. C

= Beam and target asymmetries, and beam-target
double-polarization observables measured using a
transversely polarized target (FROST)
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Publications Using CLAS Data

A.V. Sarantsev, E. Klempt, K.V. Nikonov, T. Seifen, U.

Thoma, Y. Wunderlich, P. Achenbach, V.D. Burkert, V.

Mokeev, V. Crede, “Decays of N* and A* Resonances
into Np, Amr, and Nf,(500)”, Phys. Rev. C 112, 015202
(July 2025), DOI: https://doi.org/10.1103/gfpf-tcs3

» Masses, widths and branching ratios of N* and A*



https://doi.org/10.48550/arXiv.2504.21119
https://doi.org/10.1103/qfpf-tcs3
https://doi.org/10.1103/qfpf-tcs3
https://doi.org/10.1103/qfpf-tcs3

Publications Using CLAS12 RG-B Data

A. Hobart et al. (CLAS Collaboration), “First Exclusive Measurement of Deeply Virtual Compton Scattering on
the Neutron”, Phys. Rev. Lett. 133, 211903 (Nov 2024), DOI: https://doi.org/10.1103/PhysRevLett.133.211903

0.1 E Without CLAS12 nDVCS || With CLAS12 nDVCS With CLASI12 nDVCS
l] W E=] u quark \
. — d quark |} S8
~0.1f<-t=021 GeV* 1 -—:13(;(:& T =083 GeV? 1 =20 X :I ! quack |
x- }I'~ 1 x-—} -ax -—f].. ] E \ |
- 72 + 2 2 T e ] [ " :
I_:.:l? (‘;I =l j{,'\ : : «.U —I ql’.:u._;'u- : U . 3(11.,:"'-' : ] 10 \ X [
<01 + i N S— | —
0f £ % | | ] | |
—0.1F<>=0.31 GeV? F <.5=0.37 GeV? —-- < --—mﬂ (.Lu
L <Xg==0.11 I <ng>=0.16 ;
—0.1F <-1>=0.37 GeV? } <5043 GeV + <-t==0.58 GeVes ] —20 f~ F
-’xl{' 0.13 ] -:'-.‘-.“-J- 0.19 <Xp== 0.30 5 . 2
0.2k "-D == 1.6 GeV* T “U == 23 GeV? --.;-_'(‘}:':,_ 3.8 GeV* 1 Ipg = 0.15 Irp = 0.15 t = —0.2 GeV .
1000 2000 300 100,200 300 100 200 300 00 02 04 00 02 04 0.1 0.2
¢ (%) —t  [GeV?] —t [GeV? £
Beam-spin asymmetry for nDVCS versus ¢ Extraction of up and down quark contributions to
for 3 binsin —t, 3 bins in x5, and 3 bins in Q? the Compton Form Factors 3m Hand 3m E

July 2025
Patrick Achenbach


https://doi.org/10.1103/PhysRevLett.133.211903

Media Coverage of this Publication

€ i » " INTERESTING
ENGINEERING

SE7EN.ws IE PRO NEWSLETTERS IE ACADEMY] E El'ekAlen! AVAAAS

SCIENCE

HOME NEWS RELEASES MULTIMEDIA MEETINGS

PeBONOLUMOHHbINV OETEKTOP OTKPbIBA€T HOBbIE

BO3MOXHOCTUN U3y4HEHUNA BHyTpeHHeI7I CTPYKTYpPbI A reaCtion that only

NEWS RELEASE 22-NOV-2024

HeNTpoHa Yepes rnepsble U3MepeHns rnyoboKoro measu red protons Accessing the lesser known nucleon

An inaugural measurement of the neutron will help physicists learn about nucleon structure

BMPTYaJibHONO KOMMNTOHOBCKOIO paccedHuA

and spin

detected neutrons for the e

= DOE/THOMAS JEFFERSON NATIONAL ACCELERATOR FACILITY
- L
MPOTOHbI U HEATPOHbI, U3BECTHbIE NOA 06LLMM Ha3BaHUEM HYKNOHbI, ABNAIOTCA OCHOBOMONAraloLWmMy 3nemel fl rs t tl m e

b
MaTepuu. TeM He MeHee B SiepHOM dU3MKe HEITPOHAM TPAANLIMOHHO YAGNSNOCH MeHbLLE BHAMAaHIS Mo Cpak o .
npoToHamu. B HeaaBHO OMy6/IMKOBaHHO cTaTke B Physical Review Letters onuchiBaeTcst HOBAaTOPCKWI NOAXO) For the last 10 years, scientists have been Worklﬂg on a neutron Protons and neu phySIcsworld
PARTICLE AND NUCLEAR RESEARCH UPDATE
W3yUeHMI0 BHYTPEHHEN CTPYKTYPbI HEATPOHA, A0CTUMHYTI 61aroAapst CO3AaHMIO CeLManbHOro AeTeKTopa, b A i : : - nucleons-are be " o _
pa3pa6oTKy KOTOPOro NOTpe6oBanach 10 net detector. Finally, they tested it, and it worked like magic. matter, but one ¢ Inner workings of the neutron illuminated by Jefferson Lab experiment
Updated: Nov 24, 2024 07:40 AM EST received:a bit mg 470662024

types of nuclear

Rupendra Brahambhatt . S——
4 i : 1 B;: !

! ; X

PHYS ¢ -ORG S

SciTech DaillJ Biology ~ Chemistry  Earth  Health 0 S [ lj \ AU
' \

Topics

Nanotechnology Physics Earth Astronomy & Space Chemistry Biology Other Sciences

4 Inside the Neutron: Scientists Discove
L Accessing the lesser known Hidden Layers of Matter
DO nucleon: New neutron .
O - measurement can help physicists

learn about nucleon structure and
spin

X

Email




Publication Using CLAS12 RG-A Data

V. Klimenko et al. (CLAS Collaboration), “Inclusive
Electron Scattering in the Resonance Region off a = First inclusive electron scattering cross sections

Hydrogen Target with CLAS12”, accepted in Phys. = JLab press release is prepared
Rev. C (June 2025)

5 ms 255 < Q" <209 GV’ __ [Clasizve oiAs | [Ciasizve raic | CLAS12 Provides a New View of the Proton Spectrum
HE e T T New data bring physicists closer to a full understanding of the proton’s structure
“a . 25 _ e 5y Uncen Laetd 4 03 ::L‘{_.As;lz .\dz;s:s,g Gev? ‘*
'8 % 4 g: g|:23 t ga:u et . g: nDz; Hall C ) ot | |
5 o R e o 015 . e NEWPORT NEWS, VA — The small but mighty proton serves as a foundation for our
05— i I Somb .0 {  universe. It abides at the very heart of matter, giving rise to everything we see around
o cessney SRY axssanse "1 usas it anchors the nucleus of the atom. Yet, its own structure is unbelievably complex
= C 12 14 L6 1.8 2.0 2.2 o) AU U RN Y MDD . : '
e 0T B L R and the quest to understand the details of that structure has occupied theorists and
1 oar . SO i T e @ experimenters alike since its discovery over a century ago
gl8 o2 o3 % PR . - , : i .
2 ol Lo R E . The visible universe is made of protons,” said Kyungseon Joo, a physics professor at
Lt SS0s , 0. z 0.05 B g > 3 & 2 2 -
el | ] SN R the University of Connecticut. “And so, if you want to understand the universe, it's
e emacPetonon | H—=——————1 143 . | important to understand how the proton is structured. We think we understand it quite
;F 200 7 - ol " waew "™ well, but a lot of things are still missing.”
= i ’ < ® — CLASI2 | <Q™ =7.1GeV*
10 15 - _. 08 L % 004 | e — Hall ¢ . . -
B ol ) gfios cLo on| In 2018, an international team of researchers began taking new measurements of the
8 % : : H§ : 2 ’ ] proton in experiments conducted at the U.S. Department of Energy’s Thomas Jeffersor
i _  cLAs12 ’ :i ﬁ,nt bl . : National Acrelerator Eacility with 2 new annaratiis called Cl AS12 Now the first res it
O T4 16 18 2 22 A —— e ) - 4 - } 1
W (GeV) "W (GeV) 1 w(]ddev) Le




Publications Using CLAS12 Data

D.S. Carman et al. (CLAS Collaboration), “Recoil A. Kripko et al. (CLAS Collaboration), “Multi-
Polarization in K*Y Electroproduction in the Nucleon dimensional Measurements of Beam Single Spin
Resonance Region with CLAS12”, arXiv: 2505.12030, Asymmetries in Semi-Inclusive Deep-Inelastic Charged
DOI: https://doi.org/10.48550/arXiv.2505.12030, Kaon Electroproduction off Protons in the Valence
submitted to Phys. Rev. C Region”, arXiv: 2504.0858, DOI:
https://doi.org/10.48550/arXiv.2504.08580,

submitted to Phys. Rev. Lett.

L0 prr T T T T T L0 prreerrrrrerererrerpYYeT Lo L0
5 5L KM BS Sl KM
ns 0. s 05
LR po B .Pr| . . PI X ] Sslat. I:"—O—' MOge};I? —_— b
e = R v 0= L A s "1 p 520,23 Gev P :;-439 v T Pr>=0.79 GeV §
- —emig ez s TE T X A L=atig -0. -0. -0. 8
05 b=t s, g g T T 3 0.5 == E 0s :'\""--nca‘.rl I3 1 as ™ 4 <> e <Fr= e <Pr>=0.79 Ge 5 10 s
A A A A
Lo 0 L/ PORP TR AR PO ST 10 Dbttt _ 8
s 1.0 1.5 20 25 340 By 1.0 1.5 0 23 3o 0% 140 1% 20 25 30 3.5 40 0% 140 1% 20 25 30 35 40 £ | b
1 : % N N s £ A -
T GeY " (GeV) (GeV") (GeV™) ~
L T Q l. J. 14 T 9 ':. - T T Lo 9 L0 9 o 15
2 4
- - 100
VL - 05 nspF E ns p
! “‘\___Hh ‘\m--.,‘ .
i ) —
Po oo - PY g e — PL oo e — Py 00 e — . I
¥ - e - et g . i o0 01 02 03 04 o0 06 07 08
05 "1_1-"'!.’?“"" 4 0.5 \-"'"’.llh'ﬂﬂ- NiE] !"".q_,--?\_’,li:n'l’", ‘H- L} ’.n":’nnh‘ihl- e
A A A A
i =10 1.0 -~ i ! L 1.0 - - - - o~ . .
18 2 23 24 IR 20 22 24 18 0 22 24 18 20 21 24 £ - L k t
W (Ge¥) W (GeV) " W {GeV) " W (GeV) m; arge Inematic
10 - . - 140 - - , 0 T T T T T T .
"
os N range of z, Xg, Pt
) i
P oo P w0 g T 0.0 r
¥ W ¥ — e —— ¥ | R ———
— | oo P and Q2
O5F  x, Lxa="" o 05 e
T xE Zxm |‘ |‘
1.0 L L L T 1 L i " . .
A0 a5 0005 10 A0 s 0005 10 = | | CO nStraInS On tWISt_
cos the 5 Gt cos thy 5
’

3 PDFs

= Polarization observables extend existing data on A
and first electroproduction measurements for 0

015 03 045 06 075015 03 045 06 075015 03 045 06 075
z z Z



https://doi.org/10.48550/arXiv.2505.12030
https://doi.org/10.48550/arXiv.2504.08580

V. Burkert, G. Eichmann, E. Klempt, “The impact of yN
and y*N interactions on our understanding of nucleon
excitations”, arXiv: 2506.16482, DOI:
https://doi.org/10.48550/arXiv.2506.16482,

submitted to Prog. Part. Nucl. Phys.

1+ 1= 3+ 9= 3+ 1 1+ 1~
M [GeV] 2 '
I
‘ B
N(1880) B N(1895) 4 N(1900) I N(1875) [#% A(1920) E & ats10) 2% 4(1900)
14 F —
. N(1710) !z N(1650) 272 N(1720) & N(1700) =) vz 5(1700) = i
- i N(1535) 2. N(1520) A(1600)
= s =
12 | <= 4(1232) PDG
7] PDG**
10 PDG ****
«=n N(940)
=) N(1895) A(1920) =mili]
N(1880) L L N0y gy ey e 209 aila a910) J ac1s00)
18
allll N(1710) —all. NO720) p oo0) alln  (1700)
. ) e JL a(1620)

all_ N(1535) fla_ N(1520)

1o | RO N(1440)
12 | o 201232)

L=0 L=1 L=2 L=3
10 F l N(940) -a— quark

model

Review Publications

P. Achenbach, D.S. Carman, R.W. Gothe, K. Joo, V.I.
Mokeev, C.D. Roberts, “Electroexcitation of Nucleon
Resonances and the Emergence of Hadron Mass”,
Symmetry 17, 1106 (July 2025), DOI:
https://doi.org/10.3390/sym17071106

A

proton mass budget
9

882
w chiral imit mass = EHM+HB feedback = HB current mass

B C
pion mass budget ;. hiral limit mass kaon mass budget 0 = chiral limit mass
7

98

133 396
u chiral limit mass » EHM+HB feedback HB current mass u chiral limit mass = EHM+HB feedback HBE current mass

July 2025
Patrick Achenbach


https://doi.org/10.48550/arXiv.2506.16482
https://doi.org/10.3390/sym17071106

Other Publications

V. Kubarovsky, J. Rittenhouse West, and S.J. Brodsky, | K. Gnanvo, F. Hauenstein, S. Liyanaarachchi, N.
“Quantum chromodynamics resolution of the ATOMKI Liyanage, H. Nguyen, R. Paremuzyan and S.

anomaly in *He nuclear transitions”, Phys. Rev. C 111, | Stepanyan, “URWELL detector developments at
024320 (Feb 2025), DOI: Jefferson Lab for high luminosity experiments”, PoS
https://doi.org/10.1103/PhysRevC.111.024 320 QNP2024, 014 (Mar 2025), https://pos.sissa.it/465/014

100

4 ATOMKI Data

4 Background Data
= Fit Background
80 + — Fit Signal+Bgrd

E | M :
—— Signal only o 300E Bimericisrrinbpsmsiisrslispimsirestseberesiiomsiosbisrearissivba
off 2 200F- | R :
O A . .d( : s -
—
3

40

Events

20 A

(=)
llll'll'llll'lIll!lllllllll'lllll ‘ lll'llll

0

-\ EC RN T ORI O SO N N
ooz s w1 1 17 18 19 -800-600-400-200 0 200 400 600 800
Me+e- (MeV) Cross X coordinate [mm]

Description of ATOMKI invariant mass Distribution of hit coordinates on the detector
distribution with electromagnetic transition surface from the cosmic rays
hexadiquark*(17.9) — 4He + (e*e")



https://doi.org/10.1103/PhysRevC.111.024320
https://pos.sissa.it/465/014

Outreach Publications

V. Burkert, S. Diehl, P. Schweitzer, “Quarks unter Hochdruck im Proton”, Phys. Unserer Zeit 55, 298-
306 (Nov 2024), https://doi.org/10.1002/piuz.202401699

Quarks unter Hochdruck im Proton

VOLKER BURKERT | STEFAN DIEHL | PETER SCHWEITZER
IN UNSERER ZEIT

“Warme in der Quantenwelt

Schon vor etwa 90 jahren haben Experfmente gezefgt, dass nen sind verantwortlich fiir mehr als 99,9 % der Masse der

das Proton kein punkrférmiges Elementarteilchen ist. wie Materie im sichtbaren Universum. Damit sind Nukleonen
’ natiirlich auch die am meisten experimentell untersuchten

das Elektron, sondern eine innere Struktur aufweist. Dies Objekte der Hadronenphysik. Im Folgenden beziehen wir
war der Beginn der Protonstrukturforschung, die vor Kur- uns auf das Proton, aber viele der diskutierten Fragen gel-
zem mit der Messung des Drucks im Innern des Protons ten gleichermagen auch fir das Neutron.

Fin wichtiocer Meilenstein_anf dem Gehiet der Proton-
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Abstract
This chapter presents experiments condscted at Thamas Jefferson ional Accelerator Facility (Jefferson Lah), a US. Department of " 8 of 1he Svmncir s Hal B arw o W, o Aot (35,
Energy national labaratory in Newport News. Virginia. There, physicists exploring the nature of matter make use of the Continuous QRS 5 v o o st n vith S shopn o 0
Electron Beam Accelerator F e of ¥ that enables the research of more than 1450 f
scientists worldwide. CEBA| h energies up to 12 billioa electron-volts and exhibit high
af polarizatson. Jeferson Lab's m 1995, Simce then, the facility has become a world beader in
the study of quantum chromodynamics. Today, experiments an ied out simultaneowsly in four experimental halls, each with
specialized capabilities. The primary instruments in use are focusing or large-acceptance magnetic specirometers, many of which
feature superconducting elements. Jefferson Lab's physics program provides unprecedented insight into the partiches and forces that
shape the visible universe.
Keywords: Jeiferson Lab, electron scattering, magnetic spectrometer, quarks and ghons, hadron stnacture, hadron spectroscopy, e
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