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a, from the Bjorken Sum rule

* Polarized inclusive lepton scattering
 The Bjorken Sum rule and «;

« Measurement at EIC, o (M.)
« Measurement at JLab, a (M)
 Search for new physics with a, from JLab+EIC
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Inclusive lepton-nucleon scattering

o(n’
*p=(E\p), p’=(E-v.,p-q), 9=(v.q) () »)
*y* virtual photons: g2 )
*Since g2 <0 here, we use O” = -¢°. %Y%
*» Bjorken scaling variable x= 02 /2Mv. NP ___—
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Inclusive lepton-nucleon scattering

o(n’
*p=(E\p), p’=(E-v.,p-q), 9=(v.q) () »)
*y* virtual photons: g2 )
*Since g2 <0 here, we use O” = -¢°. %Y%
*» Bjorken scaling variable x= 02 /2Mv. NP ___—

Cross section: O = Oy OLF (X, 0%)+ PF,(x,0%)+ yg,(x,0°)+wg,(x,0’)]

F,, F,, g, and g,: structure functions
F, and F,: obtained with unpolarized beam and target.
g, and g,: obtained with both beam and target polarized.

Bjorken sum: | gProwen — gpeutrongy
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Considering the nucleon inclusive scattering, a, can be extracted from:

e O%-evolution of structure functions/PDFs. Complex task: involves DGLAP
global fit, non-perturbative inputs: quark and gluon distributions (possibly higher-
twists for low-Q? / large-x data).

1
» Q%-evolution of isovector moment J gy (X, 0?%)dx, i.e Bjorken sum.
» Simpler:
» no x-dependence, Q*-evolution predicted by pQCD.
» O?-evolution known to higher order than structure functions/PDFs/single

nucleon case.
* Non-perturbative x-dependence integrated into precisely measured axial charge

Z4- (g4 = 12762 £0.0005). No gluon contribution.

e |Ssues:
e unmeasurable low-x contribution

* Measurement on polarized p and n.

Jeffégon Lab

DThomas Jefferson National Accelerator Facility
Exploring the Nature of Matter

A. Deur. alphas-2025:Workshop on precision measurements of a,. Dec 2025



Considering the nucleon inclusive scattering, a, can be extracted from:

» O”-evolution of structure functions/PDFs. Complex task: involves DGLAP
global fit, non-perturbative inputs: quark and gluon distributions (possibly higher-

twists for low-Q? / large-x data).

. O%-evolution of isovector moment g gy (X, 0?%)dx, i.e Bjorken sum. ?
{ * Simpler: :
! » no x-dependence, Q*-evolution predicted by pQCD. .’?
» O?-evolution known to higher order than structure functions/PDFs/single |
| nucleon case. .
* Non-perturbative x-dependence integrated into precisely measured axial charge f

Z4- (g4 = 12762 £0.0005). No gluon contribution.

e |Ssues:
e unmeasurable low-x contribution ‘

* Measurement on polarized p and n.
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Bjorken sum rule

—n —n 1
"= Jgf dx = Z8

Nucleon
axial charge
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Bjorken sum rule

i i 1 a a,\’ a;\’ a;\* a,\’
F’i n = Jgf "dx = —g4|l —— =358 — ) —2021{ — ) —1757{ — ) — ~893| —
6 T VA T 7 7T

2
+o [4a(@) + 4doe) + 4| + .
Nlidﬁon pQCD radiative corrections ™~ Non-perturbative 1/Q2n
axial charge (MS Scheme, n, = 3) power corrections.

(+rad. corr.)
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Bjorken sum rule

i i 1 a a,\’ a;\’ a;\* a,\’
F’i n = Jgf "dx = —g4|l —— =358 — ) —2021{ — ) —1757{ — ) — ~893| —
6 T VA T 7 7T

M2

\ +E ar(a,) + 4d,(a,) + 4f,(a,)| + ...
Nlidﬁon pQCD radiative corrections ™~ Non-perturbative 1/Q2n

axial charge (MS Scheme, n, = 3) power corrections.

(+rad. corr.)

= Two possibilities to extract a,:
eDo an absolute measurement of F’f ~(Q?) and solve the Bj SR for aS(Qz).

«One a,per ["™" experimental data point.
eSystematic accuracy typically Aa,/a, ~10% at high O = Not competitive for a,(M,) determination.
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Bjorken sum rule

i i 1 a a,\’ a;\’ a;\* a,\’
F’i n = g{’ "dx = —g4|l —— =358 — ) —2021{ — ) —1757{ — ) — ~893| —
6 T VA T 7 7T

M2

\ +E ar(a,) + 4d,(a,) + 4f,(a,)| + ...
Nlidﬁon pQCD radiative corrections ™~ Non-perturbative 1/Q2n

axial charge (MS Scheme, n, = 3) power corrections.

(+rad. corr.)

= Two possibilities to extract a,:
eDo an absolute measurement of F’f ~(Q?) and solve the Bj SR for aS(Qz).

«One a,per ["™" experimental data point.
eSystematic accuracy typically Aa,/a, ~10% at high O = Not competitive for a,(M,) determination.

eMeasurement of O’-dependence of F’f (0?).

eNeed [ at several 02 points. Only one (or a few) value of o
*Good accuracy.
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Bjorken sum rule

i i 1 a a,\’ a;\’ a;\* a,\’
F’i n = g{’ "dx = —g4|l —— =358 — ) —2021{ — ) —1757{ — ) — ~893| —
6 T VA T 7 7T

M2

\ +E a>(a,) + 4d,(a,) + 4f>(a)| + ...
Nlidﬁon pQCD radiative corrections ™~ Non-perturbative 1/Q2n

axlal charge (MS Scheme, n, = 3) poOwer corrections.

(+rad. corr.)

= Two possibilities to extract a,:
eDo an absolute measurement of F’f ~(Q?) and solve the Bj SR for aS(Qz).

«One a,per ["™" experimental data point.
eSystematic accuracy typically Aa,/a, ~10% at high O = Not competitive for a,(M,) determination.

eMeasurement of Q°-dependence of Flf_”(Qz).

eNeed F’l’ " at several O? points. Only one (or a few) value of o ﬂ
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Possible future extractions of a; from I'] ~(0?)

¢ (J efferson Lab: EG12 (CLAS12, 11 GeV, Data partly taken in 2022-2023))
* Electron Ion Collider (EIC)
o Jefterson Lab at 22 GeV
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EIC Kutz et al., PRD 110, 074004, 2024

Simulated data: ¢-p and e - 3He DIS events generated with DJANGOH event
generator for 6 colhsmn ENergies (5x41 GeV, 10x100 GeV & 18x275 GeV for p, 5%41 GeV/nucleon,

10x100 GeV/nucleon & 18x166 GeV/nucleon for 3He) and & transverse hadron
polarizations settings.

T

Neutron information extracted from *He ( ~ 1)

T

Tag two spectator protons from "€ - *He : minimize nuclear corrections for neutron
information.

Use 10 fb™! luminosity.

Monte Carlo simulation of detector effects (resolution, efficiency, acceptance, radiative effects)
= Very realistic simulation
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__EIC: generated pseudo-data

< 12 ECCE Simulation T < 10} ECCE Simulation
= - xg=0.0001 DJANGOH ep,1ofb-1 S - =« x5=0.0005 DJANGOH e3He, 10 fb™
3 ~+ Xg=0.0002 $ 5x41 GeV 3 eee == X5=0.0008 § 5x41GeV
ff) 0.0003 { 10x100 GeV é I 10x100 GeVv
| MR I 18x275 GeV | e « =+ x3=0.0013 I 18x166 GeV
T 10T e « «« x3=0.0005 T <
8fF - « w + -+ x3=0.0020 -
- - XB=00008
S = o e o XB=0.0032
- o e - =00051
8_ = 9 9 9 o - XB=00020 i & XB
@ <+ oo o+ o+ x=0.0032 6 i St XB=0'0082
@ Or - - e - - XB=00051 B e & = = eI - XB=00129
@ &0 + oo + == Xx3=0.0082 Gm ® & = = o == xg=0.0205
6_ .
©e oor s o= -+ X=00129 EEE 8o = = == X3=0.0325
9 L & S = = - = XB=0.0205 4+ 4
= !I{ E maex = == =x Xg=0.0515
00:[0:00---“--0--0- xg =0.0325
.Ig & = wom = =« == x=00815
4 e o ofm ®#om = =« = = x3=0.0515 .
e o of ®E mom = === == Xz=0.0815 ® eI! !]:ir EF s mae =x x3=01292
s cTe o 68 mem = = x = Xxg=0.1292 ol zo o3 {iii{i == = Xxg=0.2048 i
- = 0.2048
Te E=E e ¢ EFE = m K XB EE{E{ §4 E £x= x3=0.3246
21 weq:.iiiii = Xg=0.3246
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Measured fraction of the Bjorken sum F’i (0?)

0.20

0.19}

p—n
1_Il
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Missing
low-x part

A EIC Projected
& ® EIC + Lowx i )\
—— Theory (N*LO)
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Measured fraction of the Bjorken sum F’f (0?)

'Flt yleldsAa(MZ)/a (MZ) '1 3%
- ’ 6 (tlicatln) - ‘ 78 % (polarimetries)
- : A
| 0.19 i
Q. I
— 0.18
0177 A EIC Projected
| & ® EIC + Lowx i )\
O.167 —— Theory (N4LO)
3 « = = Fit N5LO
0.157 - -~ Fit N4LO
0° [GeV?]
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Compared to other DIS results and world average (from PDQG)

- EIC Projection '_‘_' i
- HERAPDF20jets ———————
- MSHT20 '—'—°—:——'
-CT18 '——"—'—"
- NNPDF31 i
- ABMP16 -~ !
| JR14 '—'—'i
- BBGO6 = ’—" ? i o

0110 0115/  \ 0120

as(M2)
PDG average PDG average
PDF fits (including lattice)
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Compared to other DIS results and world average (from PDG)

[EIC Projection ——— |
B
- HERAPDF20jets —o—-—i—u
. I
- MSHT20 .
-CT18 .__.._,__.
- NNPDF31 L
- ABMP16 - 1
| JR14 ———!
- BBGO6 = —— |
0. 110 o 0. 115 o o 120

'Reahstle s1mulat10n shows that EIC can y1e1d a eompetltlve measurement  PRD llf(‘)“f)ijgé i20os |}

e Just one method. Other extractions will be available, e.g.: :
{ Global fits (unpolarized and polarized) Harland-Lang, ef al. arXiv:2512.06092
+ eInclusive neutral current reactions (EIC+HERA). s. Cerci, et al. EPIC, 83(11):1011, 2023: Aa,(My)/a,(M,)=0.4%
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Possible future extractions of a, from Flf ~(0?)

¢ (J efferson Lab: EG12 (CLAS12, 11 GeV, Data partly taken in 2022-2023))
* Electron Ion Collider (EIC)
e Jefferson Lab at 22 GeV
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Bjorken sum rule at JLab@?22 GeV

eStatistical uncertainties will be negligible:
eJLab 1s a high-luminosity facility;
°A JLab@22 GeV program would include polarized DVCS and TMD experiments. Those imply
long running times compared to those needed for inclusive data gathering;
*High precision data already available from 6 GeV and 12 GeV for the lower Q7 bins and

moderate x.
*6 GeV CLAS EGldvcs data: required statistics for DVCS and TMD experiments =>statistical

uncertainties < 0.1% on the Bjorken sum.
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Bjorken sum rule at JLab@?22 GeV

eStatistical uncertainties will be negligible:
eJLab 1s a high-luminosity facility;
°A JLab@22 GeV program would include polarized DVCS and TMD experiments. Those imply
long running times compared to those needed for inclusive data gathering;
*High precision data already available from 6 GeV and 12 GeV for the lower Q7 bins and
moderate x.
*6 GeV CLAS EGldvcs data: required statistics for DVCS and TMD experiments =>statistical

uncertainties < 0.1% on the Bjorken sum.

eUse 5% for experimental systematics (i.e. not including the uncertainty on unmeasured low-x).

Jeffe?son Lab
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Under these assumptions:

- W Expected JLab (< 22 GeV)

!

: -

% 02 —Full sum
S !

)

Missing low-x part
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= =

0.1}
0.075 |
0.05 |- x

0.025 | s
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Bjorken Sum
S
> B

S
~
S

0.15|

0.125 |

0.075 |

0.05

0.025

Jefferson Lab

Comparison with EIC

0.1}

:— B Expected JLab (< 22 GeV)
- <2 Estimate EIC (no low-x)
~ —Full sum

Nice complementarity with EIC

I

|

ol

O Thomas Jefferson National Accelerator Facility

Exploring the Nature of Matter

10 QZ (Gev2)
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Low-x uncertainty
*For the O bins covered by EIC, global fits will be available up to the lowest x covered by EIC.
= assume 10% uncertainty on that missing (for the JLab measurement) low-x part.
Assume 100% for the very small-x contribution not covered by EIC.

*For the 5 lowest Q7 bins not covered by EIC:
*Bin #5 close to the EIC coverage = Constrained extrapolation, assume 20% uncertainty on missing low-x part.

*Bin #4, assume 40% uncertainty, Bin #3, assume 60%, Bin #2, assume 80%, Bin #1, assume 100%.

um
S
)
N
W

_— B Expected JLab (< 22 GeV)
- < Estimate EIC
Full sum

Bjorken S
S
ko

0.175 |
0.15|
0.125 |

0.1}

0.075
0.05 -~ u

0.025 |- :

1 10 2
GeV*
Jeffegon Lab Q" (GeV)
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Extraction of a (M)

s 025
3 L
e i
S 0225
=2 i
~
S
R 02+ :
i F1t these data . *
- S
i Itz
0.175 - i . .
i Fitting the data yields
[ Ao,
0.15 - (M) = 0.60 %
i O
0.125
0.1 *  Expected, 22, with low-x corrected,
- assuming no missing high-x strength
0.075 - . . .
- Point-to-point correlated uncertainty
0.05 - . . .
- Point-to-point uncorrel. uncertainty
0.025
0 i \

1 10 2 2
| O (GeV”)
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Compared to other DIS results and world average (from PDG)

- EIC Projection ——
- EIC+JLab@22 GeV —c—

- HERAPDF20jets
- MSHT20

-CT18

- NNPDF31
-ABMP16

-JR14

- BBGOO6

H

0.110 0.115 0.120
as(M2)

| EIC+ILab@?22 GeV can yield a compelling 0.6% |
{ determination of a,(M,) from the Bjorken sum rule.
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Bjorken sum rule

i i 1 a a,\’ a;\’ a;\* a,\’
F’i n = g{’ "dx = —g4|l —— =358 — ) —2021{ — ) —1757{ — ) — ~893| —
6 T VA T 7 7T

M2

\ +E a>(a,) + 4d,(a,) + 4f>(a)| + ...
Nlidﬁon pQCD radiative corrections ™~ Non-perturbative 1/Q2n

axlal charge (MS Scheme, n, = 3) poOwer corrections.

(+rad. corr.)

= Two possibilities to extract a,:
eDo an absolute measurement of F’f ~(Q?) and solve the Bj SR for aS(Qz).

«One a,per ["™" experimental data point.
eSystematic accuracy typically Aa,/a, ~10% at high O = Not competitive for a,(M,) determination.

eMeasurement of Q°-dependence of Flf_”(Qz).

eNeed F’l’ " at several O? points. Only one (or a few) value of o ﬂ
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Bjorken sum rule

i i 1 a a,\’ a;\’ a;\* a,\’
F’i n = g{’ "dx = —g4|l —— =358 — ) —2021{ — ) —1757{ — ) — ~893| —
6 T VA T 7 7T

2
+E a(a,) + 4d,(a,) + 4f> ()
Nlidﬁon pQCD radiative corrections ™~ Non-perturbative 1/Q2n
axlal charge (MS Scheme, n, = 3) poOwer corrections.

(+rad. corr.)

=> Two poss1b111tles to extract a
eDo an absolute measurement of Fp "(0?) and solve the Bj SR for a (Qz)

eOne o, per Fp " experimental data point.
-Systematlc accuracy typlcally Aa / a, ~10% at hlgh Q => Not competltlve for a (M ) determmatlon

eMeasurement of O’-dependence of F’f _”(Qz).

eNeed [ at several 02 points. Only one (or a few) value of o
*Good accuracy.
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World data on a (Q)

Mostly: Bjorken and GLS sum rule data.

/ Several precise point from PDG
¢

PDG
compilation

PN WWW

0"1.1 el N 11“.,12 N ,1“..13
1 10 10 10
Q (GeV)
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World data on a (Q)

No data

03|
02| 3
i % ?’&3%
0.1 WWW
: Data, but no high-precision
O il " i1 s aaal 1 L 111;.112 1 L 1111..13
1 10 10 10

Q (GeV)
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a,(Q) from JLab@?22+EIC

¢ World data
¥ EIC expect. (uncor. uncert)
B JLab22 (uncor. uncert)

-
k4
f

0.1}

Single experiment: Correlated uncertainty irrelevant for O-behavior of o, = 5% uncertainty — ~1%.
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a,(Q) from JLab@?22+EIC

o 0.7
= | 0 World data
0.6 ¥ EIC expect. (uncor. uncert)
T8 B JLab22 (uncor. uncert)
05| I | ¢
N — pQCD at B, — pQCD at B,
04 ¢- — pQCD at 3, — pQCD at [33
03}
02}
0.1} -
0 il A Lo a gl A L 11;1“12 1 bl

] 10 10 10°
Q (GeV)

Single experiment: Correlated uncertainty irrelevant for O-behavior of o, = 5% uncertainty — ~1%.

=Sensitivity to multi-loop effects on a,(Q).
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Constraint on BSM from a (Q) from JLab@22+EIC

Single experiment: Correlated uncertainty irrelevant for Q-behavior of o, = 5% uncertainty — ~1%.

=Sensitivity to multi-loop effects on a,(Q).

Jeferon Lab

DThomas Jefferson National Accelerator Facility

a (Q) difference

—pQCD B, -,

| World data
o pQCD [32 _BO [ EIC expect.
— pQCD IS3 _BO ! uncor. uncert

JLab22
1l uncor. uncert
T
| I ‘ | I I ‘ 2 | I ‘ 3
10 10 10
Q (GeV)

Exploring the Nature of Matter

World data: very
precise at large Q,
but multi-loop
effect 1s too small
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Constraint on BSM from a (Q) from JLab@22+EIC

Single experiment: Correlated uncertainty irrelevant for Q-behavior of o, = 5% uncertainty — ~1%.

=Sensitivity to multi-loop effects on a,(Q).

o
% 0.15 1) —pQCD B, -B, World data
g 0.] _ —pQLD ﬁz _BO [ EIC expect.
;8 . i — pQCD ﬁ3 _BO . uncor. uncert
= JLab22
gw 0°05 1l uncor. uncert
© [ 119
0 N LR
-0.05
-0, WHMHREL L S e
] 10 10° 10
Q (GeV)

Among all f, and f; loops: mm@mw mm@mm m@tmﬂs
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Constraint on BSM from a (Q) from JLab@22+EIC

Single experiment: Correlated uncertainty irrelevant for Q-behavior of o, = 5% uncertainty — ~1%.

=Sensitivity to multi-loop effects on a,(Q).

o -

% 0.15 1) —pQCD B, -B, World data

g 0.1 —pQLD ﬁz _BO [ EIC expect.

36 — pQCD [33 —60 . uncor. uncert

-~ JLab22

g/w 0°05 1l uncor. uncert

© [ T13- ]

0 N LR
-0.05
_0.] “‘“‘ L ‘ ‘ Lo | \ ! Lo
] 10 10° 10

Q (GeV)

Among all ﬂO and :51 IOOPSI !ﬂm‘@b‘b‘ﬂ mn‘@ﬁtm m@tmﬂs
New physics appears at NLO.
BSMbOSOIlWithquarkcoupling oJeJo]o 5000 VOO0 oJoJo]o oJeJo]o oJeJo]o
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Constraint on BSM from a (Q) from JLab@22+EIC

Single experiment: Correlated uncertainty irrelevant for Q-behavior of o, = 5% uncertainty — ~1%.

=Sensitivity to multi-loop effects on a,(Q).

a(Q) difference

-0.05

-0.1

0.15 ||

—pQCD B, - | World data
o pQCD ﬁz _BO [ EIC expect.
— pQCD ﬁ3 —BO * uncor. uncert
JLab22
1l uncor. uncert
::% e
Lo \\\\\‘2 Lo
10 10 10
Q (GeV)

10-90 GeV: interesting window for BSM search:

e No resonances (heaviest hadronic M<10 GeV, then Z0 pole ~90 GeV)
= many precise techniques for BSM search unavailable.

e o run: one of the cleanest QCD-based probes (especially when sum rule are involved). Available at low O where
other clean QCD probes (W/Z hadronic width, event shapes) are not available.
e (O as low as possible (still within pQCD) is beneficial.

e (o, running steepest = most sensitive to deviation from pQCD;

o Larger lever-arm Myq\—0:;
e a,1s larger.
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Constraint on BSM from a (Q) from JLab@22+EIC

[Mlustrative BSM model:
e coupling to quark only

e boson must be massive, Mssw> Agen
 flavor-preserving, universal coupling

e no direct coupling or mixing with Higgs boson

Effect on spin-0 BSM meson on o (Q): & f BSM effect at B, [ Weadda
Machacek &. Vaughn, Nucl. Phys. B 222 (1983) ;’3 015 - or ala
< \ —— 0 =0.08, M, =50 GeV [ EIC expect.
0.] } — aBSM=O'3’ MBSM=50 GeV (uncor. uncert.)
- I JLab22
0.05 TE; (uncor. uncert.)
0 [
0.05 1]
_0.]T Lo Lo Lo
2 3
1 10 10 10
Q (GeV)

JLab@?22: starts to be sensitive (y?/ndf ~ 3) to BSM boson for a coupling as low as assm= 0.04.
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Summary

 Bjorken sum rule: simple (=clean) and competitive method to determine a.

Aa
e Realistic simulation: EIC (g, from inclusive polarized DIS reaction) can yield — = 1.3%.
a

A
* Preliminary study shows that JLab@?22 GeV can lower this to ~0.6% with same method.

 Possible further improvement:

1. Improved knowledge of pQCD series: a, at 3, already available. Estimate for N3LO results for Flf ~" available.
2. Improved perturbative methods minimizing pQCD truncation. Some have already been worked out for F’f -,

 One but of several ways to determine ¢, at EIC or JLab. Others, e.g., global PDF fits or inclusive
neutral current reactions also provide competitive measurements.

» Valuable comparison with ¢, extracted from other processes: very different data (polarized DIS).
« JLab@?22+EIC: clear sensitivity to f; = clean QCD-based BSM search in hard to test energy range.

» Sensitive to BSM boson (massive spin-0 boson with flavor-preserving universal coupling to quarks only) for
ossm =0.04.
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Supplementary slides
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Measured fraction of the Bjorken sum F’i (0?)
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Missing
low-x part

A EIC Projected
& ® EIC + Lowx i )\
—— Theory (N*LO)
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Measured fraction of the Bjorken sum Fli (0?)

Fit and procedure:
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p—n
1_Il

o.2of
0.193
0.185
0.17|
0.165

0.15|

Jeffe? son Lab

)Thomas Jefferson Nato al Accelerator Facility

Measured fraction of the Bjorken sum Flf (0?)

Fit and procedure:

e Main fit function: Bjorken integral approximant
at N*LO with a, at 4-loop (1.e. f3), for main

result.

I _ 1 a a ’ a . a !
Jreen= —g |1 -2 —358( =) —2021( =) —175.7( =
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2 aM(Q) =
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2 p?
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PoIn(Q?/A3) g In(Q?/A2)
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Measured fraction of the Bjorken sum Fli (0?)

Fit and procedure:
e Main fit function: Bjorken integral approximant

0.20 i at N4LO with a; at 4-loop (i.e. f3;), for main
I result.
S | S A (=) - imsa(2)
| 0.19F Jre = —a|1 - 3.58(7[) 2021( =) -1757( =
Q.  Secondary fit at N°LO and a, at 5-loop, for pQCD
— 0.18 B A truncation uncertainty.
0.17} L
: & ¢ 1
0.10 -
0.15

0° [GeVZ
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Measured fraction of the Bjorken sum Flf (0?)

0.20 |

0.19}

p—n
1_Il

0.18}
0.17 |
0.16

0.15}

Fit and procedure:
e Main fit function: Bjorken integral approximant

at N*LO with a, at 4-loop (1.e. f3), for main
result.

S

2 3 4

1 a a a a
] ——— 3.58<—> —20.21 <—> - 175.7<—> ]

T T 78 T

A
¢ ¢

I

I

Jeffe?son Lab

DThomas Jefferson National Accelerator Facility

Exploring the Nature of Matter

= ggA

 Secondary fit at N°LO and a, at 5-loop, for pQCD
truncation uncertainty.

» Systematically vary fit Q?-range to find the
optimal range minimizing the uncertainty: Low Q*
points have high a, sensitivity but larger pQCD
truncation error. High O points have smaller
sensitivity but smaller pQCD error. May not be worth

including the low and/or high Q? points. (Not worth
using all data for statistics sake since stat. error 1s small.)

1¢ 2-parameter fit:

1. A, 1s the free parameter of interest. From it, we obtain
a(M,).
2. Twist-4: free fit parameter.

0° [GeVZ
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Measured fraction of the Bjorken sum Flf (0?)

0.20 |

0.19}

p—n
1_Il

0.18}
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0.15}

Fit and procedure:
e Main fit function: Bjorken integral approximant

at N*LO with a, at 4-loop (1.e. f3), for main
result.

S

2 3 4

1 a a a a
] ——— 3.58<—> —20.21 <—> - 175.7<—> ]
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A
¢ ¢
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= ggA

 Secondary fit at N°LO and a, at 5-loop, for pQCD
truncation uncertainty.

» Systematically vary fit Q?-range to find the
optimal range minimizing the uncertainty: Low Q*
points have high a, sensitivity but larger pQCD
truncation error. High O points have smaller
sensitivity but smaller pQCD error. May not be worth

including the low and/or high Q? points. (Not worth
using all data for statistics sake since stat. error 1s small.)

1¢ 2-parameter fit:

1. A, 1s the free parameter of interest. From it, we obtain
a(M,).
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Measured fraction of the Bjorken sum Flf (0?)

Fit and procedure:
e Main fit function: Bjorken integral approximant

020 F at N4LO with a, at 4-loop (i.e. 3;), for main

- result.

' I e Ly 1% _5sg( % 2—2021 & 3—1757 )’
0.19] egu - oas(3) w2 (2) -msa(2) |

_|» Secondary fit at N°LO and ¢, at 5-loop, for pQCD
truncation uncertainty.

» Systematically vary fit Q*-range to find the
optimal range minimizing the uncertainty: Low Q>
points have high o, sensitivity but larger pQCD
truncation error. High Q2 points have smaller o,
sensitivity but smaller pQCD error. May not be worth

including the low and/or high Q? points. (Not worth
using all data for statistics sake since stat. error is small.)

2-parameter fit:
1. A, 1s the free parameter of interest. From it, we obtain

0.15} A (M.

2. g4. Well-known but left as a free to account for
ol . . . N normalization uncertainties.

p—n
1_Il

0.18}

0.17 |

0.16

0° [GeVZ
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Extraction of a (M)

S
N
G

Bjorken Sum
o
N}
¥

S
b

0.175

0.15

0.125

0.1

0.075

0.05

0.025

Fit and procedure:

« Main fit function: Bjorken sum approximant at
N4LO+twist-4, with a, at 4-loop (1.e. f;), for main
result.

2
fron= Lo 1% _5s( %)
1 _6gA :

T T

+

3 4
a a
20.21 <—S> — 175.7<—S>
n T

X X

*  Expected, 22, with low-x
assuming no missing high

Point-to-point correlated

Point-to-point uncorrel. u

 Secondary fit at NSLO+twist-4 and ¢, at 5-loop,
for pQCD truncation uncertainty.

« Systematically vary fit Q2 range to minimize total
uncertainty: Low Q2 points have high a, sensitivity but
produce larger pQCD truncation error. High QO points
have smaller a sensitivity and larger experimental
systematic uncertainty but smaller pQCD error. =May
not be worth including the lowest and/or highest Q?
points. (Using all points for statistics sake is not worth it,
since stat. error is negligible.)

 3-parameter fit:

1. A, 1s the free parameter of interest. From it, we obtain
a(M,).

2. Twist-4: free fit parameter.

3. g,: free fit parameter (for normalization adjustment)

0 \
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Comparison JLab@?22 GeV and EIC
EIC JLab@?22 GeV

»Covers region with strong Q?-dependence: best
sensitivity to a,. (Up to 50 time more sensitive.)
*Small Higher-Twist uncertainties.

*Finer Q2 binning (19 bins (JLab) vs 7 bins (EIC)).

*Best low-x coverage.
*No Higher-Twist uncertainties
*Smaller pQCD uncertainties.
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Comparison JLab@?22 GeV and EIC

EIC JLab@22 GeV
Bost | »Covers region with strong Q?-dependence: best
*HCST IOW-X COovEerage. cle . . ..
No Hicher Twist & aint; sensitivity to a,. (Up to 50 time more sensitive.)
O m1gner- 1wist uncertaintics . . .o
oSmall & cD . *Small Higher-Twist uncertainties.
maller pQCD uncertainties. : 7. . . :
*Finer O binning (19 bins (JLab) vs 7 bins (EIC)).
= 025¢
0.20} S :
o § 0.225 ;
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0.171 A EIC Projected 0.15 -
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¢ -
0.16 —— Theory (N*LO) 1 0.125:—
L I B i 5 :
0.15F F?t N 4LO 0.1 — *  Expected, 22, with low-x corrected,
' [ -—- Fit N°LO B assuming no missing high-x strength
Q 2 [GeVz] 0.075 - Point-to-point correlated uncertainty
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0.025 -
04 0 :
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