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Essential Quantities in ep Scattering

Electron and QED are known quantities so
define everything in those terms:
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Q? = 4EE"s,in25
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Electron and proton exchange a
virtual photon in EM interaction

W
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Inclusive ep Scattering Cross Sections
describe normalized interaction rate

. : . Cross sechion
Elastic scattering: target remains in the

ground state after interaction
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W= MT M

Mott cross section describes scattering from
point-particle:

a? , 0
g cos”3
4 E2 sin* >
Rosenbluth cross section describes deviation from point-particle: >/ Quuasi-slastie
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Ge and Gumrelated to charge and current distributions
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Inclusive ep Scattering Cross Sections
describe normalized interaction rate

Cross section
Inelastic scattering: Target is in excited Constant W resongaes
L]

state after interaction Elastic w2
W= MT 1

Structure Functions:

Inclusive unpolarized cross sections

d?c 1 2 50
= v | D+ |

F,and F, related to quark/gluon distribution

Adding a polarized beam and target adds two more structure ) Quasi-clastic
functions o

d’o*
dQdE’ ~ Mot [C“F L(,Q%) + BF2(e, Q) = (D) + 5-}

g, and g, related to spin distribution
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Extracting Spin Structure by Looking at
Cross Section Differences

Inclusive polarized cross sections
# — d2o™ 2ot 402 E' 0?
— — I 2 ! % 9
l ‘ # dE'dQ  dE'dQ MvQ? E |:gl($;Q ){E-l-E COSQ} y QQ(V,Q )

Parallel

2ot d2oV™ 4% E?
l_‘*— ‘_.» dEd0 ~ dpde ~ Mv@@ B oMY {Vgl(m’QQ) 280

Perpendicular

Two equations, two unknowns...
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. " . Measure a fundamental spin observable (g, ) in the
MOtlvatlon " region 0.02 < Q%< 0.20 GeV2for the first time

Measurements at Jefferson Lab: L e e Eiss<Q-100Gev?
e o El43:<(Q?>=50GeV?

* RSS-medium Q2 (1-2 GeV?) (published) °f e ]

* SANE - high Q2 (2-6 GeV?) (analysis)

* g,p—low Q2 (0.02-0.20 GeV?) (analysis)

Low Q2 is difficult:

* Electrons strongly influenced by target field

® & RSS - - @ <Q= =13 GeV?
® & FI55 - - g <Q%>=40GeV?
® & [lermes __ gimv: <Q2>:3.OGEV2 ]

» Strong kinematic dependence on observables

Low Q32 is useful:

» Test predictions of Chiral Perturbation Theory (xPT)
* Test sum rules and measure moments of g,

* Study finite size effects of the proton

g,p experiment ran spring 2012 in Hall A
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Hall A Experimental Setup:

9o

* Transverse polarized NH, target (2.5/5.0T)
* Dipole chicane magnets help compensate for target

field bending of beam

Chicane Magnets

1

Beam Position Monitors

Beam Current Monitors

* Dipole septa magnets get around space limitations '

of spectrometer
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Polarized Protons Created with Dynamic
Nuclear Polarization (DNP)

Creating initial polarization:

e Alignspinsinlarge Band lowT
esolT/25T@1K
NT— NV b7 —eitr

Prg

e Large e (~660up) creates large electron
polarization (~99% at 5T/1K)

Enhancing initial polarization:

Proton pol. much smaller (~0.5% 5T) at TE

ep spin coupling and microwaves drive pol.

vNMR

Electrons relax much quicker than protons so

polarization is sustained

e-relaxation

-
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Proton Polarization Measured with Q-Meter

* Raw Sweep Data
* Raw Baseline Data
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M, <W <2GeV

mmm 23GeV,5T
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MEASURING g,,. from data

What can we measure? 420 (1 o)
1. Helicity dependent asymmetries : AJ_ — ME

2. Unpolarized cross sections dﬂdE’ ({=+1=)
3. Polarized cross sections
1 d?c

% =3 aqap V7 1)
dE

&Jl_dﬂdﬂ'[‘l’_} T—F}—E AJ_J[]

Similar equation for parallel polarized cross section

Why do it this way?
e Asymmetries are easy to measure
e Lots of data on unpolarized cross sections so models are a possibility

Need to be mindful of contributions from scattering from anything other than
protons
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5T Proton Asymmetries
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Combine both
HRS for best

Araw  statistics!

dilution factor beam/target pol
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2.5T Proton Asymmetries
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Model Cross Section
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Model Cross Section

* Direct comparison to g2p

Longitudinal cross section yields
very similar comparison results

e Acceptance complications at the
transverse settings make it
preferable to use the model cross
section for final results despite the
relatively large associated

systematic
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Packing Fraction & Dilution Analysis

 Packing fraction describes how much material is in « Dilution approximates how much of data comes

the target cell, important for calculating dilution from other materials

factor
YN +YhHe + Y4

. . . —_— . o)
e Previous packing fraction and dilution analysis o f = ZProton _ 1 _
OProd Yprod

yielded unrealistic results, in February | concluded a _
lengthy re-analysis of both * Acceptance effects on edge of momentum settings

y re-analysi G . :
« Packing Fraction Analysis re-done with Oscar and BPM calibration issues complicated this

Ivsi
Rondon’s method from RSS analysis

Material 17
Material 18
g2psim pf 0.4
g2psim pf 0.6

e e Dilution (Material 19)
— Model
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w
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Extracting the Spin Structure Functions

Model driven procedure for unmeasured part

galx, F) = % [ﬂu:r_ (Hg + Bﬂﬂg)] -

.I.I':-L ] M{Ej y - -
4 {1-y2 -y Adjusting to a constant Q2
11 - yleosd

Ky = . . .
(1 ylsind Sevalve = ﬁ?gd [Faata, 'E'En-.;.,'l — g [Zeanst, {Erj&nr_ﬂl:} .

Fronst — Qf,.;n;“;u"l{ﬁ‘ﬂ - ‘l"'fz + I!'?Emu'.l:] ’

Small effect at the transverse settings

Model driven procedure for unmeasured part

X
0] (. Q%) W
A A . B R LONT % Jyand
e l[ "( +Fﬁm2)l

1
K, - M ¥
4a {1 -pi2-y
141 = ylecsd
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Structure Function Results

Blue Stars — g, (Transverse Setting)
Red Xs — g, (Longitudinal Setting)
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First Moment of g. (x, Q%) = [0

Moments provide a useful quantity that can be related back to
theory predictions!

Burkhardt-Cottingham
Sum rule says this

| moment should be zero
everywhere...

Unmeasured, low x part
difficult to calculate
accurately at low Q2

Distance between
— MAID Model .
— Elastic Measured+elastic and

+ 4 92p Measured zero can be taken as
| <> < g2p Measured + Elastlk

B B RSS Measured | measurement of this

[l [J RSS Measured + Elastic : .
SANE Mencured + Elastic hard to measure region if

@ ©® SANE Measured BCsum rUIe IS fO”OWEd

102 101 10t

Q° (GeV?)
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Transverse-Longitudinal
izability

Spin Polar

g2p Data
Hall B Model
MAID Model
Alarcon 2020
Meissner

0.04

0.08 0.10

Q° (GeV?)

0.06

4 ptstar—g2
measured with g1
from Hall B model

8 pt star— g1 and
g2 both measured

First ever
measurement of
this quantity in this
region!

Possible test of
chiral perturbation
theory
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First Momentof g: (x,Q%)  re- [ awee

— Alarcon 2020
— Meissner
X m g2p Data
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Generalized Forward 2 2
l6aM

. . .- Xth 4M
Spin Polarizability — ro="gr | *:(:.0% - T x*0ax.0*)dx
0.0 _ |

Strong
disagreement
1 with egib data

g,P data includes
measured data
forg,...

And goes closer
to threshold

#* g2p Data
eglb Data
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Alarcon 2020
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Gerasimov-Drell- o o
Hearn Sum Rule 9106, Q%) = 7 ¥*g2(x, Q*)elx

—

#* #* g2p Data
- Hall B Model
- MAID Model
— Alarcon 2020
— Meissner
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First publication nearly finished

Results split into two intended publications: a paper focused on the transverse results which
we intend to submit to Nature Physics, following the successful publications in that journal
of EG4 and Small-Angle GDH, and a shorter paper focused on the longitudinal results to be
submitted as a Physical Review C Rapid Publication.

The transverse-focused paper is almost finished, we intend to circulate it to all our
collaborators for comments after several more rounds of revisions!

Transverse Proton Spin Structure for 0.021 < Q> < 0.13 GeV?

Author Name!
(The E08-027 Collaboration)

' Author’s Institution
(Dated: July 6, 2021)

to form asymmetries and polarized cross section differences Aoy (v, Q* and
asymmetries were formed using measurements from the Jefferson Lab halahi
solid polarized target and the Hall A high resolution spectrometers. ;}‘ BN

%"/ with high precision.

used to caleulate the T'2(Q?%), 6,7(Q?) and d2(Q?) mome 2
aghired Tegion, and our data seems

%
to show a strong preference for one of these calculations ov he other. This data represents the
first determination of 8,7(Q?) for the proton, which had previously been subject to the “d.7(Q?)

puzzle” in the neutron.

Ny
Current chiral perturbation theory calculations disagree in @
th

WO

PACS numbers: 11.556.Hx,25.30.13f,29.25.Pj,29.27.Hj
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Conclusion

Experimental measurements of proton structure are key to understanding the proton!

The g,p experiment was a precision measurement of proton g, in low Q2 region for the first
time!

Analysis is complete!

Two publications in progress: Transverse-focused paper almost finished!
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Extra Slides: Gamma 2 Full Values
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