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DNP Solid Polarized Target
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The g2p Experiment

Local Dump

New Beam Diagnostics
(BPM,BCM Harps,Tungsten Calo)

Polarized Target

Tardis

N for scale




Hall A Beamline

Chicane Magnets

.

Mgaller Polarimeter
Hall A Beam Dump

Fast Raster Super Harp

Slow Raster

N,

. Septa Magnets
Tungsten Calorimeter

Spectrometer
1) Upstream Chicane .
2) Slow and Fast Raster
3) Tungsten Calorimeter
4) Polarized Target
5) RT Septa Magnet
6) Local Beam Dump
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EO8-027 Structure Functions
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SSF Moments

Generalized PI(QQ) = / dz 01 ($,Q2)
0

GDH Sum
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Proton (E08-027)
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Q¢ 5, Proton (E08-027)

IRdR g gZp Data
- Hall B Model
MAID Model
— Alarcon et al.
— Bernard et al.
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O Sum Rule

Lensky, Pascalutsa, Vanderhaeghen, Kao (2017)

model-independent and predictive relation among low-energy spin structure constants of the nucleon

510 = —vpipt + 3M aen [P/(Ml,Ml)l(O) B P/(Ll,Ll)l(O)]
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RCS and VCS polarizabilities




o7 relation to HFS

Hagelstein, Lensky, Pascalutsa (2023, unpublished)

Electronic Hydrogen
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BC Sum Rule
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BC Sum Rule

Q° (GeVz)
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I, Sum Rule

Lensky, Pascalutsa, Vanderhaeghen, Kao (2017)

model-independent and predictive relation among low-energy spin structure constants of the nucleon

M? 1
5Y'(0) = —{—a o+ YE181] + 3M [P'<M1’M1>1<o>—P'<L1’“>1<o>]}
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RCS and VCS polarizabilities

8M* [
?/0 d:z::r:2gz(:z:, Q2),

= I(Q°) — Irr(Q?),

Q%)

See Marcs talk from Monday



d, Proton
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Finite size corrections
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Hyperfine Splitting
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Apo Muonic

Hydrogen

Dispersion relation
Tomalak 2019

Carlson et al. 2008
Faustov et al. 2006

ByPT LO
Hagelstein & Pascalutsa 2016 -

xPT Dispersion relations
. + data =
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Apol (uH) (ppm)

Antongnini, Hagelstein, Pascalutsa (2022)



g; contribution to A,

JeV?)

B, (C
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Preliminary Evaluation of A,

Term | Q? (GeV?) | Contribution | Result | Stat | Sys
A (0,0.043) | F and g1 1.28 | 0.20 | 0.83
(0.043,5.0) Fy 7.65 — | 0.45

(0.043,5.0) 91 —0.77 | 0.22 | 2.46

(5.0,00) Fy 0.00| —-| -

(5.0,00) g1 045 | —| 045

Total A 8.63 | 0.30 | 4.19

Compares favorably with published results

A; =885 £ 0.30 (stat) £ 3.57 (sys)

Phys.RevA.78.022517




g, contfribution to A, electronic Hydrogen
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g, contribution fo A, electronic Hydrogen

Q%(A; Integrand)

-1.0 - | xo\\‘
-1.2 Q&\\\S
. 0'<\\ 0
N\ e
-1.4 A (0/\\((\ oe
Hall B Model

-1.6 {1 =+ MAID Model

B g2p Results
-1.8 T T

102 10-1

Q%(GeV?)

Significant difference from g2ww



g, contribution to A,, Muonic Hydrogen

Q%(A; Integrand)

RSS Data constructed from F. Wesselman, K. Slifer, S. Tajima et al (PRL 2007)
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g, contribution to A, Muonic Hydrogen

Further Details in Davids Talk



g, proposal at intermediate QZ

Hall C HMS& SHMS
Transversely Polarized target
2.2 GeV and 4.4 GeV

0.4 < Q%< 1.2 GeV?
85 nA polarized beam



g, proposal

at intermediate Q2

Eo | © | Po | W | QF | RawP | Rate | Pre 72 PP | 1 Time
(Hz) | (kHz) (nA) (h)
22 | 150 | 2000 | 0.98 | 0300 | 25 60 | I | 09E+35 | 0.60 | 85 10
22| 150 | 1.636 | 130 | 0245 | 43 60 | 1 | 09E+35 | 060 | 85 1.0
22| 150 | 1339 | 152 | 0201 | 39 44 | 1 | 09E+35 | 060 | 85 10
22 | 150 | 1.095 | 1.67 | 0.164 | 38 35 | 1 | 09E+35 | 0.60 | 85 1.0
22 | 150 | 089 | 1.79 | 0.134 | 42 31 | 1 | 09E+35 | 060 | 85 1.0 Hall C HMS& SHMS
22| 150 | 0733 | 1.88 | 0.110 | 51 32 | 1 | 09E+35 | 060 | 85 10 .
22 | 150 | 0600 | 1.95 | 0,090 | 69 38 | 1 | 09E+35 | 0.60 | 85 10 Tr(lnsversely Polarized fargef
22 | 150 | 0491 | 200 | 0.074 | 95 49 | 1 | 09E+35 | 060 | 85 10
03 PACdays 2.2 GeV and 4.4 GeV
22 | 180 [ 2000 | 091 | 0431 | 11 28 | 1 | 09E+35 | 056 | 85 13 2 2
22| 180 | 1.636 | 126 | 0352 | 17 24 | 1 | 09E+35 | 056 | 85 1.0 0.4 < Q < 1.2 GeV
22 | 180 | 1339 | 149 | 0288 | 17 20 | 1 | 09E+35 | 056 | 85 10 .
22| 180 | 1.095 | 1.65 | 0236 | 18 17 | 1 | 09E+35 | 056 | 85 10 85 nA polar‘lzed beam
22| 180 | 0896 | 1.77 | 0.193 | 20 15 | 1 | 09E+35 | 056 | 85 10
22| 180 | 0733 | 1.86 | 0.158 | 24 15 | 1 | 09E+35 | 056 | 85 1.0
22 | 180 | 0600 | 1.94 | 0.129 | 32 16 | 1 | 09E+35 | 056 | 85 1.0
22 | 180 | 0491 | 200 | 0.106 | 45 21 | 1 | 09E+35 | 056 | 85 1.0
o PR d 7 PAC days + 5 days overhead
22 | 210 | 1.636 | 1.21 | 0478 | 7 I1 | 1 | 09E+35 | 060 | 85 16
22| 210|133 | 145 | 0301 | 8 10 | 1 | 09E+35 | 060 | 85 14
22| 210 | 1095 | 162 | 0320 | 9 09 | 1 | 09E+35 | 060 | 85 13
22 | 210 | 0896 | 1.75 | 0262 | 11 08 | 1 | 09E+35 | 060 | 85 1.1
22210 | 0733 | 1.85 | 0214 | 13 08 | 1 | 09E+35 | 060 | 85 1.0 BT 6 [ Po T W [ O [ RacP | Rae | Pre v BB T Ts
22 | 210 | 0600 | 193 | 0.175 | 16 08 | 1 | 09E+35 | 060 | 85 10 ¢ | () @A) ®
22 | 210 | 0491 | 1.99 | 0.143 | 23 09 | 1 | 09E+35 | 060 | 85 1.0 e o o T3 TR AR )
= ko 44 | 125 | 2455 | 200 | 0512 | 8 22 | 1 | 09E+35 | 057 | 85 25
44 | 125 | 2008 | 222 | 0419 | 9 19 | 1 | 09E+35 | 057 | 85 23
22 | 240 | 1636 | 115 | 0622 | 3 05 | 1 | 09E+35 | 056 | 85 37 04 PAC diys
22 | 240 | 1339 | 141 | 0509 | 4 05 | 1 | 09E+35 | 056 | 85 32
22 | 240 | 1095 | 159 | 0417 | 5 05 | 1 | 09E+35 | 056 | 85 25 i T 55 a0 Tosi To553 T3 T T T o965 T 056 153 &
22 | 240 | 0896 | 1.73 | 0341 | 6 05 | 1 | 09E+35 | 056 | 85 20
o | me |t |ih | ol 3 R pisiiend ol o e 44 | 135 | 3273 | 148 | 0796 | 5 16 | 1 | 09E+35 | 056 | 85 43
40 | 0. L. . - 1| O.9E+ - 1. 44 | 135 | 2678 | 1.86 | 0.651 6 17 | 1 | 09E+35 | 056 | 85 4.1
22 | 240 | 0600 | 191 | 0228 | 9 05 | 1 [ O9E+35 | 056 | 85 14 44 | 135 [ 2191 | 212 | 0533 | 6 15 | 1 | 09E+35 | 056 | 85 3.9
22 | 240 | 0491 | 198 | 0.187 | 13 05 | 1 | 09E+35 | 056 | 85 10 08 PAC 3y
0.6 PAC days
34 [ 145 [ 3667 | 11 [ 1028 | 2 09 | 1 | 09E+35 | 056 | 85 80
44 [ 12513667 [ 12210765 7 | 23 | 1 [O09B+35] 057 | 85 | 29 44 | 145 | 3.000 | 163 | 0.841 | 4 12 | 1 | 09E+35 | 056 | 85 52
continued on next page 44 | 145 | 2455 | 1.96 | 0.688 4 1.2 1 | 09E+35 | 0.56 | 85 5.1
44 | 145 | 2008 | 219 | 0563 | 5 10 | 1 | 09E+35 | 056 | 85 45
0.9 PAC days
34 [ 160 [ 3.667 [ 100 [ 1250 | 1 04 | 1 | 09E+35 | 056 | 85 214
44 | 160 | 3.000 | 158 | 1023 | 2 07 | 1 | 09E+35 | 056 | 85 13.2
44 | 160 | 2455 | 192 | 0837 | 2 07 | 1 | 09E+35 | 056 | 85 115
44 | 160 | 2008 | 2.16 | 0.685 | 3 07 | 1 | 09E+35 | 056 | 85 9.9
23 PAC days




BC Sum Rule Projected

M

0.04 4
N
' E\ 1 pp‘C aay
Xl a N S '(‘O:\ec,(e
7 %
il N
0.02 A P \R'\
-~ e
e g
0.00 \
W)
.
—0.02 - Elastic Contribution N\
-+ Hall B Model
-+  MAID Model|
- B g2p Results
. ® Proposed Results
¢ RSS Results
10—2 10_1 100

Q°(GeV?)



A, Muonic Hydrogen Projected

Q%(A; Integrand)
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d, Projected
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SANE Experiment
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SANE experiment found interesting d, results

at odds with other data and most QCD predictions
Armstrong et al (2019)



UNH Polarized Target Lab

3 faculty
-Slifer, Long, Santiesteban

2 post-docs
3 grad students:

lots of undergrads

Projects

- Polarized Target Material Production & Labview controls
- Tensor Polarization for the bl/Azz experiment



Target Material Production at UNH




Target Material Production at UNH

Butanol and other alcohols

solidification Chemical Doping

grade 5.5 NH; & ND;

Rapid vs SlowCooling
of NH;




Target Material Production at UNH

-Dedicated fume hood for Handling Ammonia and other caustic/toxic materials

-Vacuum GloveBox allows for over/under-pressuring

-Primarily chemical doping of ammonia and alcohols for now.
But potential to do much more.



—
JefferSon Lab

C12-13-011: The b, experiment C12-15-005: A,, for x>1
30 Days in Jlab Hall C 44 Days in Jlab Hall C
A~ Physics Rating A~ Physics Rating

RunGroup Spokespersons

Chen, Day, Higinbothan, Kalantarians, Keller
Long, Rondon, Slifer, Solvignon



-15-005: A,, for x>l

30 Days/

A- PP Go

44 Days in Jlab Hall C
A~ Physics Rating

nGroup Spokespersons

en, Day, Higinbothan, Kalantarians, Keller
Long, Rondon, Slifer, Solvignon
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Cl12-13-011: The b, expe C12-15-005: A,, for x>l

30 Days in Jlab Ha
A~ Physics Rati

44 Days in Jlab Hall C
A- Physics Rating

RunGroup Spokespersons

Chen, Day, Higinbothan, Kalantarians, Keller
Long, Rondon, Slifer, Solvignon



b, structure function

bi(x) =

¢ (x) — ¢*(x)

2

DIS (probing quarks)
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Data from HERMES

Conventional Nuclear Physics predicts b, to be vanishingly small at large x

Khan & Hoodbhoy, PRC 44 ,1219 (1991) : b, = O(107%)
Relativistic convolution model with binding

Umnikov, PLB 391, 177 (1997) : b, = O(10-3)
Relativistic convolution with Bethe-Salpeter formalism

W. Cosyn, Y. Dong, S. Kumano, M. Sargsian PRD95 (2017) 074036
Standard Convolution description

0.004

il
|

C. Reidl PRL 95, 242001 (2005)
L | L

ool ]
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X
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Projected Results for Q = 30%
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& Projected
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0.02 — e
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0.012
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0.008 — = Miller bl6q
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0004 —
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Unique probe of exotic contributions
To the Deuteron wavefunction

Hidden Color/6q configurations



E12-15-005

[Azz in the x>1 Region}

[ & O"=1.5GeV’Projected
[~ — Sargsian Light Cone
[~ — Sargsian Virtual Nucleon
| M | |
06 07 08 09 1 1.1 1.2 13 14 15 16 1.7 1.8 19 2
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1
- , ] et [
OF T 7 o + l
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Lo Lo T v o v T T Ty o | |

Covn Lo Loy Loy [ L P T T
0 0.2 0.4 0.6 0.8 1 12 1.4 1.6 1.8 2

Q@* (GeV?)

Very Large Tensor Asymmetries predicted

Sensitive to the S/D-wave ratio in the
deuteron wave function

4o discrim between hard/soft wave functions
6c discrim between relativistic models

“further explores the nature of short-range
pn correlations, the discovery of which was
one of the most important results of the

6 GeV nuclear program.’

PAC44 Theory Report



Summary

O, favors Alarcon et al yPT calculation

Hyperfine splitting contributions from g, is consistent with
previous values within large error bars

g, HFS contribtion is very different from previous model based
predictions.

Proposal to measure g2p for 0.4<Q%l1.2
UNH Target Lab
Tensor program at Jlab > 2026

See David Ruths talk for full discussion of uP HF results



Questions?




Backups




A, Model Dependence

Integrand of A,

Term | Q? (GeV?) | MAID | Hall B | HB 2007

i e Ay (0,0.05) -0.87 | —0.80 —-0.23
D (0.0520) | —1.26 | —1.16 | —0.33

""""" (20,00) 0.00 0.00 | , 0.00

Total Ag —-2.13 | —1.96 —0.56

Phys.Rev.A.78.02251’

MAID 2007
---  CLAS EG1b 2014
--------- CLAS EG1b 2007

102 107 10°
Q? (GeV?)

Significant difference from 2007 CLAS model
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Proton vy,

’70(10-4 f m' )
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Proton v,
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Proton gl (E08-027 vs. CLAS)
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Proton gl (E0O8-027 vs. CLAS)
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Cumulative Int.
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Kinematic Coverage
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Deuteron Tensor Enhancement

0.3 — RF hole-burn
— Standard

32.7 32.8 32.9 33 33.1 33.2

Tensor Enhancement by factor of 5.7 after rf-hole burning the left peak
1,2-Propanediol-d8, chemically doped with OX063, with 5T/1K



Deuteron Tensor Enhancement
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—— Enhanced 42.1% (online)
—— RF holeburn right pedestal
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MHz

Tensor Enhancement to P,,=16(=£5)%
after rf-hole burning the left peak and right shoulder.

1,2-Propanediol-d8, chemically doped with OX063, with 5T/1K



