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Jefferson National 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 = GaAs photocathode - Polarized e’

Transport: Spreaders/recombiners, arrays of arc dipoles
Acceleration: Liquid helium cooled, superconducting RF linacs (1400 meters)

Arc Dipoles

Superconducting RF Linac e eonal Soin P & | 3
(1.09 GeV per straight-away) ntenational Spin Physics Symposium



CEBAF Large Acceptance Spectrometer (CLAS12)

« Wide coverage detector system capable of ranging
particle ID (e, p, n, y, m, K)
* Near full coverage in azimuthal ¢ , ~5° — 140° in lab scattering 6

« 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 ~4-8nA beam current

CLAS12

CLAS12 Detector System
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Run Group C @ CLAS12

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

» Physics Goals

DIS inclusive and flavor-tagged spin structure functions

Semi-inclusive DIS (SIDIS) to access Transverse
Momentum Distributions (TMDs), dihadron production
and backward baryon production

* Longitudinal beam & target polarizations

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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List of RG-C Experiments

Longitudinal Spin Structure ofthe Nucleon

DVCS on the neutron with polarized deuterium target

DVCSon longitudinally polarized proton target

Study of partonic distributions using SIDIS K production

Spin-Orbit Correlations with longitudinally polarized
target

Spin-Orbit correlationsin K production with polarized targets

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

Studies of Single Baryon Production inthe Target
Fragmentation Regionwith a Longitudinally Polarized
Target

Polarized parton distributions, gluon helicity, higher twist

Neutron Compton Form Factors

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

Hadron multiplicities, flavor decomposition of nucleon spin
dependentquark PDFs

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

Strange sea p+ distributions, kaon SIDIS (complementabove)

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

Fracture functions, separation of current/target hadronization
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RG-C Experimental Configuration

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

«» NEW 2" azimuthal sector RICH detectorinstalled

* Two beam current configurations
* (~4-4.5months)4nA: Forward taggerinstalled (2° < 8 < 5°)

widen kinematic coverage

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

scattering Moller shield installed

« Target raster system
* Minimizes local depolarization of target

Dipoles
e~ Beam

Spiraling
Raster
Pattern

—)

T

ADC Readout

(Left) Back view of two
installed CLAS12RICH
sectors

(Bottom) Schematic ofthe
CLAS12 forward tagger
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RG-C’s Polarized Target

Target material w/ paramagnetic radicals

Provides longitudinally polarized p and d High magnetc fied
ow lemperature
Design Features o L] Crvogenics

« 1K Trolley with swappable 5cm long target —=
cartridges (videos in Pushpa’s Tues. talk!) %

3 NMR system

* 5T solenoid magnet + 140GHz uwave

Microwaves

waveguide cavity / -140GHz @ ST
* Nested NMR system for live target \ . LE@ Pumping system
polarization readings s

Cryogenics
» Cryostat: 4.2mlong horizontal 1K evaporation refrigerator

 Liquid helium supplied from JLab’s End Station Refrigerator
{ (ESR)
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RG-C’s Polarized Target

Solid target cells kept in 80K liquid Argon bath (Ammonia Perforated PCTFE
freezes at 195.5K Target Cell Wall

» Crushed pellet-sized beads
Heat removal
* Perforatedcell walls

]

Target Material

19 ym
Al foil

Upstream AL Frame

Ammonia beads sent by collaborators at University of Virginia % Do

(UVa)
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Online Monitoring
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Offline Monitoring

NMR unable to measure full target volume’s polarization

Solution: Monitor polarization with predicted asymmetries in DIS & Elastic scattering
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(Top) Deep inelastic scattering asymmetries from NH; (Gregory Matousek)

(Left) Elastic scatteringasymmetries from NH; (Noémie Pilleux)
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Calibration Efforts

Target Raster Calibration (Derek Holmberg) on = oun g o crambens
i System evT .
* Analyze extrapolated track vertices and raster ADC,,, /
» Look at multiple track species (e, m) and detector subsystems -i -f-nh_f"ii:";:::‘“ v i -
(forward, central) Target Cel T~——

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

ADC, Bin: 2428.15
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Counts

X Vertices from u_of Double Gaus.
1400 1

08

Vy {em)
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Track vertex given ADC signal strength
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Event rate kHz

Status of Data Processing

Total Accumulated Beam Charges ( \

* NH3: ~13.06 mC *CH2: ~2.88 mC 1." Preliminary analyses featured ¢

* ND3: ~14.19 mC *CD2: ~0.42 mC correspond to a fraction of the total

» G =343 mC *Empty: ~1.85mC RG-C NH3 data
~5% of collected data has been processed for analysis

Q i — 0 - 5
S0 TEECsea e RGC 23 FTon Progress g tbarget pollarlzatlon

B ARG, Total Chamge n 03 ~83% beam polarization
S M £, = 1054 GeV 45 \ )
= A

fl 3.5 ..E,
/ [ 3 g.’-. . .
,,,,,,,, s Timeline for Forward Tagger On 2023
' 25 G _ .
__________________ / , & « Spikes --> Individual runs
s B « Colors --> Target species
S - R ) g « Shades --> Target spin
\ total: 0.63 mC ° T T __
s asome [ (RS Diagonal lines --> Total beam charge
Fel Feb 2 Mar5 Mar12 Mar 19 0
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Preliminary Analysis: Pion SIDIS

* Measuring double-spin asymmetry (F;;)
» Pr-dependence - Access the k;-dependence of the helicity
distributions g4 (x, k)

do < FUU,T + EFUU,L + Ae\/ZE(l — E) sin (phFLS(ianbh +

S| l\/ZE(l + €) sin thFUSin Ph ¢ sin(2¢y) F(j'in(quh) +H S AeV 1 — €2F,

—
on Proton helicity  Electron helicity
;Z+ 0.09 |
Z 008 | e NHI10.55Gev
'Lz;‘ 0.07 |
+' 0.06 [
N 1S =1 50,05? FLL chl(x) kT) ®D1(ZJPT)
I EE: oy Y & * /
N->AS =-1 oo | IR { Convolution over transverse
0 0 D.IE l]l.ﬂ Iﬂ.ﬁ 0.8 1 P1 .2
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Preliminary Analysis: Pion SIDIS
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™~ T Depolarization factor
Beam/target polarization

@

. : . I — 1
* Bin-by-bin determination of dilution factors S ool
« Analyze NH; vs. C yields | a o:s . CLAS12 Preliminary
« Calculate %-age of proton cross section Q. 07 :
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Preliminary Analysis: Fracture Functions

N Q2 current
 —
>\J’V‘f - ( =
. A _
¢ s =
CITI M §*
X Y =
X’

N —'—C? target

auan h

xF’ pT
Z‘ ’ ,

003 ClOSﬁ RG-A CR ® .
E 0027 LA H ¢
>~001. TFR 23 1 CFR
< 1

Ofe® - -
001t 4 < 3
~0.02, e

AAAAAAAAAAAAAAAAAAA

0.8 -06 04 -02 0 02"04“0‘6”‘0“8
xF

XF = Hadron p; relativeto y* p;

“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 g TFR

: d
» No hard/softenergy scale separation U

a

m - Z e; (1 — zp)[Ma(zp, (1 — z5)2)

do

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

th *de ¢t (x,) =1 —x)f(x)

th Yd ¢ Ii(6,) =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 mechanismin TFR > FSln 2% ~ 0 and simpler structure functions

« Testnuclear medium modificationin NH3’s Fy; vs. Hy’s Fiy (RG-A)
» Accessfamiliar 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;
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Preliminary Analysis: pDVCS on NH,

ep — €'p'y

FA&0) = GFuE0) + 5Fi(6, )

9

4
fn(f:t) — §~Fd(£at) -+ %fu(fat)

.. Flavor Decomposition .

« 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, 4y
« With nDVCS (ND3;) - Separation of u, d Compton Form Factors
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Preliminary Analysis: pDVCS on NH,
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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

* Broad physics program: Structure functions, TMDs, GPDs
 Polarized p and n --> quark flavor sensitivity
« Large acceptance to explore a wider kinematic phase space

* Unprecedented polarized target & 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 . Step 2: Induce electron-nuclei spin

of free e~ with 5T solenoid field ' exchange with 140 GHz microwaves

P, =~ 95%

Proton

I ] 0
1 electron Electron /—‘ ‘ Pd =~ 50 /0
08 i pr"OfOH ] 4 ‘ szvNMR /\
‘ﬂ 0.6 |
s T
E b~ g~ —
O gal Ve =Vg _%: "g é Ve +Vp Ve — Vp
I v : 2.
L 4 |
[ I
L —T
0 R I R B | Vp=
0.001 0.01 0.1 1 10 100 L/ l

Temperature (K)

ubB

P = tanh| —— > Learn more at Pushpa Pandey’s talk on Tuesday!
keT
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