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Jefferson Lab

« US Department of Energy funded
research facility in Virginia

« Home to CEBAF (polarized electron
accelerator) and 4 fixed target
experimental halls
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Continuous Electron Beam Accelerator Facility (CEBAF)

Provides longitudinally polarized (~85%), high luminosity (up to 120uA)
electron beams at 10.6 — 12 GeV to four experimental halls

Injector: Circularly Pol. Light 2 GaAs photocathode -2 Polarized e~
Transport: Spreaders/recombiners, arrays of arc dipoles
Acceleration: Liquid helium cooled, superconducting RF linacs (1400 meters)

Arc Dipoles

Superconducting RF Linac COMAP-2024 3
(1.09 GeV per straight-away)


Presenter Notes
Presentation Notes
https://indico.jlab.org/event/98/contributions/7445/attachments/6315/8363/18T_-_CEBAF_USPAS_SRF.pdf

https://accelconf.web.cern.ch/e04/papers/TUPLT164.pdf


CEBAF Large Acceptance Spectrometer (CLAS12)

» Wide coverage detector system capable of ranging
particle ID (e, p, n, y, T, K)

* Near full coverage in azimuthal ¢ , ~5° — 140° in lab scattering 6 Solenoid

» Fixed-target experiment (RG-C is the first polarized
target experiment at Hall-B in the 12 GeV era)

+ ~10.5 GeV, ~85% longitudinally polarized electron

beam at maximum luminosity of 103°cm-2s-1

“HV{““. :'-\:
———

CLAS12 Detector System
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Presentation Notes
Hall B
Detector system outline
Drift chambers, electromagnetic calorimeters, time-of-flight, Cherenkov, CND (will need to read up on it)
https://www.jlab.org/Hall-B/album/



Run Group C @ CLAS12

 Polarized fixed target experiment (June 2022 — March 2023)
« Dynamically polarized NH, (proton) and ND; (deuteron) targets
« Calibration targets C, CH, and CD,

* Physics Goals

DIS inclusive and flavor-tagged spin structure functions

* Longitudinal beam & target polarizations

Momentum Distributions (TMDs), dihadron production
and backward baryon production
Spin direction Polarization

changes every configurable
33ms (CEBAF) run-by-run

Semi-inclusive DIS (SIDIS) to access Transverse <> G

Deeply Virtual Compton Scattering (DVCS) & Timelike
Compton Scattering (TCS) to access Generalized Parton

Distributions (GPDs) - Measure target single and
beam/target double spin asymmetries in proton and
neutron DVCS.
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Presenter Notes
Presentation Notes
First polarized target experiment at Hall B in the 12 GeV era
Emphasize its sensitivity to nuclear helicity structure, spin physics, etc.
Began receiving beam in June 2022, Completed data collection in Spring 2023

Physics Goals 
See Sebastian November 2023 talk (https://indico.jlab.org/event/597/contributions/10748/attachments/8609/12406/RGC_Status4Nov_CCM.pdf) 




List of RG-C Experiments

Longitudinal Spin Structure of the Nucleon

DVCS on the neutron with polarized deuterium target

DVCS on longitudinally polarized proton target

Study of partonic distributions using SIDIS K production

Spin-Orbit Correlations with longitudinally polarized
target

Spin-Orbit correlations in K production with polarized targets

Studies of Dihadron Electroproduction in DIS with
Longitudinally Polarized Hydrogen and Deuterium Targets

Studies of Single Baryon Production in the Target
Fragmentation Region with a Longitudinally Polarized
Target

Polarized parton distributions, gluon helicity, higher twist

Neutron Compton Form Factors

Helicity dependent cross sections, upgrade precision and
coverage of previous CLAS DVCS measurements

Hadron multiplicities, flavor decomposition of nucleon spin
dependent quark PDFs

Transverse momentum dependence of valence quark T/L spin
distributions, pion SIDIS

Strange sea p distributions, kaon SIDIS (complement above)

Spin-orbit correlations in hadronization, dihadron
fragmentation functions, fracture functions, twist-3 PDFs

Fracture functions, separation of current/target hadronization

COMAP-2024
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Presentation Notes
See Sebastian’s November talk again
Maybe include little screenshots of these paper’s covers (https://clasweb.jlab.org/wiki/index.php/RGC_ERR) 


RG-C Experimental Configuration

« Standard CLAS12 forward detectors (5° < 8 < 35°)

) Spiraling
Dipoles Raster
e~ Beam Pattern

—

< NEW 2" azimuthal sector RICH detector installed

Two beam current configurations

* (~4-4.5 months) 4nA: Forward tagger installed (2° < 6 < 5°) for
low angle e, y reconstruction = low Q2 , widen DVCS coverage

* (~3months) 8nA: Forward tagger removed, additional e"e~

scattering Moller shield installed

Target raster system
* Minimizes local depolarization of target

T ADC Readout

COMAP-2024

(Left) Back view of two
installed CLAS12 RICH
sectors

(Bottom) Schematic of the
CLAS12 forward tagger



Presenter Notes
Presentation Notes
FTon vs. Ftoff (ELMO)
Information about the beam current
Raster beam
Types of targets used (polarized and unpolarized) 
See Pushpa’s proceedings

https://www.sciencedirect.com/science/article/abs/pii/S0168900220300838



RG-C’s Polarized Target

Target material w/ paramagnetic radicals
High magnetic field
Low temperature

Provides longitudinally polarized p and d

Design Features NMR Systorm g
« 1K Refrigerator Trolley with swappable 5cm

long target cartridges 2 neVEe /N NMR system

b / efrigerator IR
« Target embedded within a 5T solenoid magnet (:z SeRehe i
. . . 6 N N ~140 GHz @ 5T
* 140GHz uwave waveguide cavity to provide @ i
umpmg system

Dynamic Nuclear Polarization (DNP)

Target material

» Nested NMR system for live target Supplied by (UVa)

polarization readings

Conical Heat
‘ Exchanger

i ([ 7 [
s S\ . e f
/1"": .

High modulus geometric trusses i

| Separator Shim Coil Carrier
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Presenter Notes
Presentation Notes
Picture of the setup
Explanation of the ammonia pellets (packing fraction)
Diagrams of the liquid helium bath, maybe mention the buffer dewar and the JLab cryogenic storage
Online monitor with live NMR measurements, calibrate to the brute force polarization of the nuclei 
Mention solenoid magnet with its 5T field, working in tandem with a 140 GHz microwave resonator to polarize nucleons




RG-C’s Polarized Target

Solid target cells kept in 80K liquid Argon bath (Ammonia
freezes at 195.5K

» Crushed pellet-sized beads
Heat removal
* Perforated cell walls

,(A\Urr\l/m)onia beads sent by collaborators at University of Virginia
a

COMAP-2024

Perforated PCTFE
Target Cell Wall

Upstream AL Frame
& Door

Target Material

19 um
Al foil
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Presentation Notes
Picture of the setup
Explanation of the ammonia pellets (packing fraction)
Diagrams of the liquid helium bath, maybe mention the buffer dewar and the JLab cryogenic storage
Online monitor with live NMR measurements, calibrate to the brute force polarization of the nuclei 
Mention solenoid magnet with its 5T field, working in tandem with a 140 GHz microwave resonator to polarize nucleons




New Online Monitoring Tools
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Live updating raster monitoring
NMR software measuring d polarization
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Presentation Notes
Raster monitor
Faraday cup accumulated charge
NMR monitoring
AI-assisted monitoring of detector system (Hydra)



Near-Online Polarization Monitoring

NMR unable to measure full target volume’s polarization

Solution: Monitor polarization with predicted asymmetries in DIS & Elastic scattering
» Determination of dilution factors

» Corrections for beam charge asymmetries 1.0 P | . : lFJ':up tdt(a h&i"”ﬁ"’; 0)
5 re I m I n a ry {) FCup corrected (NMFZ P < 0)
P | E 0.9 4 QO Uncorrected (NMR P: < 0)
i IR
Lt 02 < ¢ {’
Zlz % 0.5 1 % ¢
t 1 o f 4
o ED.T- } %%} % Q 5 % é{; 51')(}
: ) 7 53
_02 Pb . Pt = 0'69 t 0°09 " —HV.VP:in —HV.VP:out HWP=in —HV.VP:out
| L l 163IQD 163ISD 161;40 163:50 163:60
2 3 > 5 Run Number
Q° [GeV]
Elastic scattering asymmetries from NH, Deep inelastic scattering asymmetries from NH,
(N. Pilleux) (G. Matousek)
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Target Raster Calibration

* Analyze extrapolated track vertices and raster ADC, ,, T um @/(Q

CVT \ Drift Chambers
= System % S \\\\!
WA
\ \\\‘\ \?\\
W\ \

» Look at multiple track species (e, m) and detector subsystems
(forward, central)

« ** Determine event-by-event beam position in xy-plane for
future analyses to utilize **

ADC, Bin: 2428.15

Counts

1600

X Vertices from pu_of Double Gaus.
1400 1

o8

Vy fem)

Slope: 0.000955 + 0.000002
Spiraling 1200 Intercept: -1.889 + 0.005

0.6

Raster 10005_ - 22, 10.584

Pattern N 04—

800 . -

: ﬂ,Z_—

600 — B

—_— C -

400{— 0:
ebeam 200:— o |suu|"z_ulﬂol"z_zliolllz-‘fﬁoll.ESJtTOl"EIICEL
OT n 4| 1 I '

V., (cm) —_—

Track vertex given ADC signal strength
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Not sure exactly what to put here, should probably talk to the calibration experts
Raster? Ecals? Tracking?






Status of Data Processing

» Total Accumulated Beam Charges

* NH3: ~13.06 mC *CH2: ~2.88 mC KA’ Preliminary analyses featured ‘AN
* ND3:~14.19 mC -CD2: ~0.42 mC correspond to a fraction of the total
« C: ~343 mC *Empty: ~1.85mC RG-C NH3 data

« Calibration efforts still in progress

% i _ 0 . -
DU RSt RGC 23 Fon Progress G0 gt [PRlEUIZE Rl
et e \_ ~83% beam polarization )
e
3 E;I;\]i b:rEE ogngriu ns / &
H1 ) 3.5 E
N fiflif ]
- ] Timeline for Forward Tagger On 2023
% 2.5 5
n total:E.MmC . ..
¢ , & « Spikes --> Individual runs
@ B « Colors --> Target species
Lol & « Shades --> Target spin
i asomo [ (A8 « Diagonal lines --> Total beam charge
iz Marig "
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Preliminary Analysis: Pion SIDIS

o+ / * Measuring double-spin asymmetry (F;;)
ep - enX « Pr-dependence - Access the kr-dependence of the helicity
pr H distributions g4 (x, k)
Zk']' __________
TR ——— do o Fyyr + €Fyy 1 +Aey/26(1 — €) sin g F P14
S| [V2e@+ €) sin gy, " + e sin(2y) By, PP+ S A6 1 — €2Fy,
— N
p— Proton helicity  Electron helicity
Z 0.09 |
"5 0.08 e NH310.55GeV
o 007 [
+' 0.06 [
e s o) Fri, < g1(x, k1) ® D1(2,pr)
0.03 F 4 M Y N H’ .
N->1S,=-1 0.02 F o Convolution over transverse
0.01 _ CLAS12 Pre/lmlnary momentum space
0(;‘ ‘0i2‘ | ‘0i4l | ‘01.6‘ | ‘018‘ | ; | .|;1.2
H. Avakian COMAP-2024 14



Preliminary Analysis: Pion SIDIS

* Bin-by-bin determination of dilution factors
* Analyze NH; vs. C yields
» Calculate %-age of proton cross section

contribution to NH;

fo1-m
NNH3

H.Avakian

4 Nt —-N- 1 Nt —-N~-
= -
LL + — + _
N*+ N [XP,xP.XD(y)]NtT+N
~ T Depolarization factor
Beam/target polarization
= L
a’-‘«" 09 [ o
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Q. 5
" o 07 f
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—— N
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0 02 04 06 08 1 12 P

Pr
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Preliminary Analysis: Fracture Functions

Q2 current

Xp» Pp

2003 . <%

3 °%° clas® RG-A g
€ 002 " H

£ ; 2

& 0.01F TFR
- 0

TTT[TTroI[roT
@
l
)
o
®
[ J

-0.01

[ ] ®
~0.021- ..

xF -2 Hadron p; relative to y* p;

T. Hayward

| SR EESNRNE SRR BRI L R |
-08 -06 04 -02 0 02 04 06 0.8

xF

“‘What physics can we learn from the target remnant (TFR)?”

Fracture Functions - probability for the target (p/n) remnant to form a
hadron given ejected quark qy

» No hard/soft energy scale separation

TFR d a-

drpdydz - Zei (1 o xB) Ma(QUB, (1 — a:B)z) d_y

do

Direct relationship to traditional PDFs by integrating over fractional
longitudinal nucleon momentum ¢

Snly TS (x,0) = (1 —x)f;(x)
2n fol_x d{ ¢l (2,9 =1 =x)gq.(x)

Key for understanding how to separate current vs. target fragmentation

RG-C is a great laboratory for testing TFR phenomena
* No Collins mechanism in TFR - F;i“ ?® ~ 0 and simpler structure functions
« Test nuclear medium modification in NH3’s Fy; vs. Hy’s Fiy (RG-A)

» Access familiar TMD/PDFs with different systematics
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Preliminary Analysis: Fracture Functions
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Visible separation
between TFR (xr < 0)
and CFR (xz > 0)
contributions

Minimal nuclear medium
modification

TFR Access to helicity
distribution g4,

\/1 —EQFLL

Four

A, = MNSL
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Preliminary Analysis: pDVCS on NH;

ep — e'p'y

Fo(60) = 5Fu6:0) + 5Fal6 1)

4
Fn(gat) — §~Fd(€at) + %fu(&-:t)

.~ Flavor Decomposition .

N. Pilleux

« GPDs give a 3-d partonic picture in terms of longitudinal momentum,
transverse spatial position, and their correlations

pDVCS (NH3) measurements at RG-C give access to A, y, Ay;, 411
« With nDVCS (ND3) - Separation of u, d Compton Form Factors

p’ Aoy =~ sin(¢p)S [FfH + &E(FL + FQ)?:[ — fﬁFgE}
. 1 Aoy, ~ sin(¢)S {F—lﬂ +&(Fy + Fo)(H + @5) — g(@ﬂ + ﬁ&)é}
' _‘ Aovy = (A+B cos(0) RIEHH¢ (i Bl "2 8) (L Frt o )

40f-

20

mm?Z,, [GeV 1 —}— NH3 befor

—}— NH3 after cuts

y .In the FT —|— C before cuts

p In the CD —|—Caftercuts

l.H.-H- .,..e::t.
WWM ey .
7 02 0.2 0.4
(e'yp") Missing Mass (exclusivity)
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-0.5

N. Pilleux

Preliminary Analysis: pDVCS on NH;

a sin®

A(®) = 14+ b cosd

405 405
_ <
A(®) = a sin ®
~1+b cos®

0- 0-
-0.5 ' _ |

0 200 300 5 % 200 800 4
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Run Group C Summary

RG-C is the first longitudinally polarized target experiment using
the CLAS12 detector system in JLab's 12 GeV era

» Large acceptance given by the capabilities of CLAS12 to
explore a wider kinematic phase space

* Broad physics program: Structure functions, TMDs, GPDs
 Polarized p and d --> quark flavor sensitivity

« Unprecedented polarized target and beam statistics capable of
performing multidimensional binning of observables

* Preliminary 5% of data has been processed (stay tuned!)
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Dynamic Nuclear Polarization

Step 1: Brute Force polarization R Step 2: Induce electron-nuclei spin
of free e~ with 5T solenoid field ' exchange with 140 GHz microwaves

5 Tesla B, 95%

Proton

! I eiectron Electron /‘ ' Pd 50 /0
0.8 I proton L3 ‘ \_‘ \Ip=VNMR A

0.6

Polarization

04| Ve +Vp Ve = Vp

0.001 0.01 0.1 1 10 100 \‘

Temperature (K)

uB

P = tanh | — > Learn more at Pushpa Pandey’s talk on Tuesday!
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Presenter Notes
Presentation Notes
Explain the mechanism behind polarizing the NH3/ND3
Brute force polarize the electrons (include equation)
Microwave resonance at the Larmor frequency to pass polarization to nuclei
Ability to swap polarization with a simple tuning of the frequency
Explanation of the dilution factor and how it may be incorporated into equations such as asymmetries
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