Measuring Strong Coupling
at the Future EIC

Darrea W Upton




How Strong is Strong?

% Strong coupling is scale-dependent
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% Spin sector offers special access
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How Do You Find aS?




Bjorken Sum Rule
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Hadronic observable I, from spin structure moments

I'1 related ag via axial coupling x pQCD series
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Spin-Polarized Lepton Scattering
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Why do we need the EIC?

% Need for really low-x data World Dataforg?
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DIS on the “Neutron”

% Free neutron target is a fairy tale
< Current methods use polarized deuteron or *He targets

< In S-state of 3He, proton spins cancel -> “semi-free polarized neutron”
> Sizeable systematic uncertainties from nuclear effects

]
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Doubly-Tagged DIS at the EIC

< Measure protons from 3He break-up

% Minimize systematics coming from nuclear corrections to 3He

> Select scattering from quasi-free neutron
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Future EIC (Assumed)

< Three energy settings for ep and e-*He
% Beam polarizations ~70%
% Projections from simulation of ECCE

< Far-Forward detectors for tagged DIS of 3He

10



A, - Projections

DJANGOH to generate
events in simulated in ECCE

Systematics from unfolding,
Rad Corr, etc

A F.~g,

Not full coverage of x
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World Fits of g, for Large x,

% “Hall B Model” uses world data for longitudinal
scattering on proton, deuteron, & neutron
> Covers resonance through DIS
> Fit uncertainties are shown with error bars

% Model precision will be improved by my thesis
data from CLAS12 Run Group - C & A1n JLab12
experiment in Hall C
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Stitch Projections & Model

X/

% Using model to fill-in coverage at large x
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% Color is associated with region with best precision
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Moments & Fitting for ag

Integration over x provides I,

Fit projections at N*LO

Estimation for missing low-x
comes from Regge theory
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How does this Compare?

% EIC precision is competitive against existing global analyses
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What Else Can Help?
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Updating World Fits using ML

% Model full spectrum using flexible ML modeling techniques
< Gaussian Process (GP) provides flexible models with UQ
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Synergy with JLab 22 GeV

Comparison with EIC
E |
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Closing Thoughts

% EIC offers unique opportunities for spin physics via tagged DIS
< Using projections we show a competitive extraction of a,

% Excellent complementarity between EIC & JLab
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Questions & Comments
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Backup Slides
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Understanding the Evolution in x,

W
D ”"Z

{((\

W
({

S

YW,
(é(‘éf(({j" i

W Y,

Z
%

%

//I‘ l\\\\‘: d

\\\\\\\\l)

=
LISy




EIC Kinematic Coverage

EIC Coverage for Q? vs xp
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Projections for g1
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Stitched Version (Overlap)

X/

% EICglpistoohigh & EIC g1nis too low

@ = 2.371 [GeV?] Q@ = 4217 [GeV?] Q? = 7.499 [GeV?] 00107 | @=237LIGeV?] |1 Q¥=42170GeV] [  QF=7.499[CeVA]
0.06 1 \ ) ] i i { 0.005 - — —
2 h Y 1 4 4
.05 N 0.000 - : .
i EIC (18x275)
0041 . EIC(10x100) | 1 i i ~0.005 — ,
6169 .\ EIC(5x41) || J Ll | '
+ Model 5 A 1 —0.010 4 2
0.02 . e } 1 i !
1 \ 1 -0.015 1} .
0.01 E 1 y 8% I 5 —
,« t ot 1 i -0.020 E . .
0.00 4y i : | | saoctatell : | | et : | - - 3 - - - il - . . : : b - . :
xgg"® Q@ = 13.335 [GeV?] Q@ = 23714 [GeV?] Q@ = 42.17 [GeV?] Q2 = 74.989 [GeV?] Xpgy 00107 Q*=13335[GeV?] |1 Q*=23714[GeV?] |1 Q? =4217[GeV?] |1 Q% =74.989 [GeV?]
0.06 1 ] 1 0.005 - E . 1
0.05 - - ! 1 ul . ¢
‘ 0.000 - E . A | LA
0.04 { . t 1 . T d ‘
—0.005 | E | : E
0.03 - y E 1 e t \ l
: | ~0.010 - E | l . | E ‘
0.02 I e | R T 1 J al | | | |
1 : f l p -0.015 1 . ] 1 1 !
0.01 ol 2 | P . d g t ! f
o i wf -0.020 | . 1 1
0.00 T T T T T i T T T T T T 7 T T T T T T T T T T T T T T T T
10 102 107! 10° 10~ 1072 107!  10° 103 102 10-' 10° 10~ 102 10!  10° 102 102 107!  10° 10~ 102 10!  10° 10~ 102 10! 10° 10~ 102 10-1  10°
XB XB



Moments

™ vs Q2 Bin .
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Integration Methods

0.20 - |
J % o

0.19 - ¢ ¢
< 0.18 A *'}
i

0.17 A

0.16 - ® Edges - Combined *’ *\

' @ Midpoint - Sep #
® Simpson - Sep *
100 | | 101 | | "””102

Q? Bin 27



Beam Polarization Uncertainty

% Order of magnitude estimation
from MC approach

% Generate pseudo-data at each
energy by varying overall g,
normalization by 0=2% per setting
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Moments from ML World Fits

% Integrated over x for GP model
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