Latest Results on Unpolarized
and Helicity PDFs

Chris Cocuzza (Temple U.)
August 30, 2022

&

August 29-

(4]
#
o
o
o
,:;
September 4 5




Introduction
2

Current State of Unpolarized Global Analyses



Introduction
2

Current State of Unpolarized Global Analyses

Data space _




Introduction
2

Current State of Unpolarized Global Analyses

Data space _ Theory




Introduction
2

Current State of Unpolarized Global Analyses

Data space Theory

o

Methodology




Introduction

Current State of Unpolarized Global Analyses

Data space _

Theory

Methodo.

Simultaneous
Paradigm



Introduction
2

Current State of Unpolarized Global Analyses
Data space _ Simultaneous

Th
i Paradigm

Methodology

o




Introduction

Current State of Unpolarized Global Analyses

Kinematic coverage

Fixed-target DIS
Collider DIS .
Fixed-target DY e, ’
7 Collider gauge boson production e, e e ’
107 4 Collider gauge boson production+jet . w T % ® 1
Z transverse momentum Sl
Top- N . e \0!
op-quark pair production « % *o®oE W .!
Single-inclusive jet production .' : " : " ..5 '3 P
Di-jet production * & & & & i * i *
Direct photon production * _' B'm: {& :.‘ bd
Single top-quark production * o =,
10°4 o Black edge: new in NNPDF4.0 “ ‘.'}?fﬁ;gﬁg;
® o
g Fgem Sl &
o_ ¥ @x Lo O &
oqu ‘% J &'Oo
o & oaealt Ll &
o opo, .}b a;o ,;ou
o o
S AL R TS £
J O¢ % =}
5 | o % o o > o ';o
10 SR R e —— . , ,
<o<au<o<32<otlouohlm< 4o *o F T T T T T T T
0 %o ogtYooe® %o o fo o %9 ok % L . . ]
PRI S el Jol e - @ SeaQuest + CMS/LHCb W AM o, . 1
o RO . +
o w0 o aoD o8 4O 03 SOV OB RO 5 OSTARW + CDF/DOJetS ¢I++++ . +4 . + 4+ i
o 434*4«3%#434*44341 s Lo 10 3 . wt g+ . E
% 104 - 404U OIIAIOIINABIIAABIDT ©  © ' e NuSea x STAR jets *++++q+ : P . PR o 4 ]
o 4 qasaadaadaaaada i E LA LA 4R 4 4 i dddhhiaaaagan << r o4y + 4 + ]
y - 4 BCDMS —W? — 3 GeV? SN e . ¢ . . 1
~ ada4444 4444444444444 | PRALUE PO o, .* »
(@} * & a *« % & + - ‘.* . N
@4’44.34:»'445«1:11:41'44.«1‘ 10-1 L NMC % ;e ‘++z’ w e L * . i
A T S A S VS E .’6' ooy ] ]
Foro Coludl Feo A a1 F v SLAC e % 7 ) +¢+‘: ) * e ° ]
o ow o, ow e o, x ow * - o . ]
10° L CF ARAT IR > | . JLab BONuS LS e e e e e
. r S nddbalid . e 0 o 0 0 o ° °
S e QIO.BTxJLabHallC 'IRERIEE L i
R St M UV . HERA o RN P $ z
] - - 1
eyl v ~ | .CDF/DOW/Z - 2 . . ]
bl AL w v - o0NEDO ©® © & o o o o_o° L] A A A 1
102 - 3 (A 5 © 00000 O © O 0 o o X o 3
0)10“ et e o s o & o. % o 5 E
VT WYWY WY OV E E
b g FBeehidododos 8 3 3 ]
[ SO0EIDEe00 ]
oy Qe v ¥ v? ¥ 22" k‘ [ eeR s 500 0 500 & § 5 § ® ok E
A8 oQe
* 3 08 o B SLP AR
1 ° . _
10* 4 e AR AR A 10°F aboocdards ob Sob § o § 24 ]
v v F .o.-.oo. e o o o o o o ‘e .
r 2000 9000® > ]
A N »Eessee @ © : : : : : ° ° ]
[ o6hfilged © © © © o o o . £ °
fecsess® © © o o o ° . i 1
100 M| Ll 3. Co il ). MRS |
T I_ I_ l_ T _-l _: . _; - 0 r
10 1073 1072 107 10° 10 10 10 0.1 0.3 0.5 0.7 €T
X




Introduction

Current State of Unpolarized Global Analyses

Kinematic coverage

Fixed-target DIS
Collider DIS .
-
Fixed-target DY o, ’
107 1 Eollider gauge boson product?on e, * ® ’
ollider gauge boson production+jet . w T % ® 1
- * - * * *
Z transverse momentum R I I
Top-quark pair production s T2 P! N S Q
Single-inclusive jet production e a2 ox o» 3 " ‘ N ] t t
Di-jet production : : a' a‘ t' :5 o' aﬁ:: e ea ues a a'
Direct photon production R 'm: {f :.‘ ®
Single top-quark production * o oo
10°9 o Black edge: new in NNPDF4.0 < ‘.'}?fﬁ;gfgﬁ
o
§ fupow SEE &
o_ ¥ @ S’ Lo .S’ O &
SigrEney £F
° o o °$ Oy 20 Q& 40
£ SoiRERES S
SHASPRIS 5T
10° 4 o°‘;= o°‘°?°"@";b, é‘;b X
PRI 35 el e I S i ] — T : I ; : T .
o %o Octpogst %o Dot % o fo ok %o [ P
33: ”sﬁﬁi? o8 %0 ot % ';E s - @ SeaQuest »+ CMS/LHCb W AM | ., .
oo .
o w0 o aoD o8 4O 03 SOV OB RO 5 OSTARW +CDF/DOJetS I++++ . +a ¥ .4 i
= 434*4«3%#434*44341 s o 10 - AT 5+ .. + e
> gl 404414 04N IOIINABIIAAGIHT B © ' e NuSea x STAR jets S T & F o - +4
8 10 #*: + 4 * 4 + + N
A [ 2 2 + ++ +9 ++ g
%Y 1d49d9d999adaqdada494d4z [ s BCDMS —W?* =3 GeV ﬂ*:t;t: . i o. .J & - +
* . . * + » + °
@4’44.34:»'445«1:11:41'44.«1‘ 10-1 B NMC % Je ++=’ w e N E * . i
" * & N kR g .w :v" VN E J ‘.”6' QQ" ° E
P Xy > Ju ) .o (m\ | r v SLAC amnile Y e, .+*+. : o* ° ° ]
* & 4 o Te L& % X ) . ]
10% 5 A CEAROR I 1R > .+ JLab BONuS It - 4 . 5 .
*E e Raw 4 WARTV . e o 06 0 0 o o °
* . o ow e q-)1035><JLabHallC 'EEEERIEEEE N i
O e = cH IR O A N
- ” - 4
v v ° ° x ]
° ]
LA v « CDF/D0 W/Z o Smine o.! ! ! ! ! ! !‘ ! 4 n g
107 4 (o] ‘ o eE0we® © 06 © 0 o Xo
# 2 GEDININGOO ©® 00 ® o o o [ a
VYT WYWY WY TV 0)10 E S0omEme o0 0 o@ ¢ © © o o E
LR g Bkl Sodedos § § 8 ]
VWY VY VY § A r GONONINGNO 00 000 ® © O o o X ]
a CHIDOEED S0 OE 000 © O O © e E
* 308 o B SLPIR RS 3
v :: : vv vv § 1 e 8¢ °e $ N
10! - 10° ¢ m rot ! ° i i 2 *
v v F @OWMENGEO eSO © © O o o o ‘e
w i @esees00 0 : c o o o0 * o -
[ ocoglged® © © © © © o o ° °
lecsess® © © © o o . . »
100 M| Ll 3. Co il 5 MRS | n
I_ l_ I_ l_ T _-l _: - _; ~ 0 r
10~ 10~ 10~ 10~ 10° 10 10 10 0.1 0.3 0.5 0.7 ¢
X




Introduction

Current State of Unpolarized Global Analyses

Kinematic coverage

Fixed-target DIS
Collider DIS .
Fixed-target DY Yo * ‘
7 Collider gauge boson production * L, = e e !
107 4 Collider gauge boson production+jet . % : * * 1
- * * * * *
Z transverse momentum e e FEEr
Top-quark pair production Bl ; Pusli, N d
Single-inclusive jet production e o2 o2 ow 8 n' ‘N? t [[l t "x, t t
Di-jet production .' : .' ." .' :5 .' ;2 e a a ro e e ea ues a a
Direct photon production * : 'm: {f :.‘ bd
Single top-quark production * o =,
10°4 o Black edge: new in NNPDF4.0 < ‘.'}?fﬁ?ﬁgﬁé
® o
o [] #0 > Ok S0 Ok
SSEEE EF &4
NNPDF . /f&ss
o opo, o w00
o o
S AL REIT &
i Oo o
o o > E’ o
10° 4 o % o°?°°$ LR
«2‘12«2‘333%4;:%::4 - g8 ———rry ——— e —— ———r . r . . . .
0 %o Ocothogst %o T ot % oF %o ok %o [ —
PRI S el Jol e - @ SeaQuest + CMS/LHCb W AM | ., .
o wo .
o w0 o wol Or 40 OB #Oy OO A0 ) OSTAR %% + CDF/DOJetS T»++++ ++ ; +4 * . + o+ |
o 434*4«#%#434*«4341 s Lo 10 3 “+#+ L . E
% 10 - 4049l O INIOIIN A OI AN AOIHT B © ' e NuSea x STAR jets Hﬂt,r : Fr . & o o +4 ]
0] 4+ + + 7
~ dadadddadddddadad4a4444 |« BCDMS —W2:3GGV2 “{+1:++ ++++: A . ; * :
(@] * & g * % * B Ht =W * + 4 + P4
?4’44.31&45«121!«1‘44.«? 10-1_ NMC % +"J‘++f’ ;*:.f A + : i
L I . A N 3 ]
& | v SLAC R D0 O . *
L T Ak S B it + 4
10° L CF ARAT IR > | . JLab BONuS LS e e e !
. r b wwWe vy ’ e o o 0 o0 o ° °
S e Q 3L x JLab Hall C ERERIEERER 2 i
- * b [} x ]
* Sevvr v ij E HERA 0®°300%s & ¢ ¢ ¢ :x H ]
e v ~ Foe o°3NB%8 $ 8 8 ¢ ¢ .8 S ° ]
L 007330 ]
5 WV W WY WY .« CDF/D0 W/Z o:..oo.! ! ! ! ! ! !‘ ! 4 4 1
107 1 (A ) © 00000 O © O 0 o o X o
: 2 [ GEDININGOO ©® 00 ® o o o [ a
VW YWY WY v 0)10: S00EIDe ®eo 0 0® O © O o ° E
b g MBebldededes § § 8 ]
VYT Y Y ¢ A [ GONONINGNO 00 000 ® © O o o X 1
A CHIDOEED S0 OE 000 © O O © e
Bt | R RN Snda
v VY v v vl w ) e 3o ol 3 &
10* 4 e A AR AR B 10°F aboocdards ob Sob § o § 44
= b E @OWMENGEO eSO © © O o o o e
r wne®®® § o o ¢ o o o H
A r ENessee e © © © © o o ®
00figed © © © © o o o . °
tocsess® © © o o o . . [ NI | 2 A B AL AR
100 M| Ll M| MRS | n
I_ I_ r_ r_ T N _:3 ,_2 - 0
10-* 10-3 10-2 10~ 10° 1074 10 10 0.1 0.3 0.5 0.7
X




1. SeaQuest 1n Global Analyses

a 14
13 7
Article " T
1 H 1.2 | S
The asymmetry of antimatter in the proton il
1.1 \\\ﬁ\\:.\\\}}%
3 R
https://doi.org/101038/s41586-021-03282-z  J. Dove', B. Kerns', R. E. McClellan''%, S. Miyasaka?, D. H. Morton®, K. Nagai**, S. Prasad’, % 1.0 A\ \\ Y
F. Sanftl, M. B. C. Scott®, A. S. Tadepalli®*®, C. A. Aidala®®, J. Arrington™, C. Ayuso®?°, s

Received: 2 June 2020 —=—— SeaQuest/E906

[ systematic uncertainty
—&— NuSea/E866

C.L.Barker®, C. N. Brown®, W. C. Chang®, A. Chen'*#, D. C. Christian', B. P. Dannowitz',
Accepted: 15 December 2020 M. Daugherity®, M. Diefenthaler'*®, L. El Fassi®", D. F. Geesaman’?, R. Gilman®, Y. Goto?, 0.9
L. Guo®?, R. Guo®, T. J. Hague®, R. J. Holt’?, D. Isenhower?, E. R. Kinney", N. Kitts®, A. Klein®,

D. W. Kleinjan®, Y. Kudo', C. Leung', P.-J. Lin", K. Liu®, M. X. Liu®, W. Lorenzon?, N. C. R. Makins',

Published online: 24 February 2021

e ||II|I|II||I|||II|| |ll|||l||||||l|||||]

% Check for updates M. Mesquita de Medeiros’, P. L. McGaughey®, Y. Miyachi', |. Mooney*?*, K. Nakahara'®%s, 0.8 . CT18. NLO. S : :
SE— N eaQuest kinematics
K. Nakano?®?, S. Nara®, J.-C. Peng', A. J. Puckett®?, B. J. Ramson?, P. E. Reimer’™, : ’ Q
J. G.Rubin®’, S. Sawada", T. Sawada®?, T.-A. Shibata??, D. Su®, M. Teo'*°, B. G. Tice, 0.7 w\*eer CT18, NLO, NuSea kinematics
R.S. Towell®, S. Uemura®®', S. Watson®, S. G. Wang*'*%2, A. B. Wickes®, J. Wu'®, Z. Xi® & Z. Ye’ .
0 6 1 1 1 1 I 1 1 1 1 l 1 1 1 J
: 0.1 0.2 0.3 0.4




SeaQuest 1n Global Analyses

Spin-Averaged Sea Asymmetry (2021-2022)

Bayesian Monte Carlo extraction of sea asymmetry with SeaQuest and STAR data
Christopher Cocuzza, Wally Melnitchouk, Andreas Metz, Nobuo Sato C. Cocuzza et al" Phys‘ Rev. D 104’ no. 7’ 074031 (2021)‘

NNLO constraints on proton PDFs from the SeaQuest and STAR experiments and other developments in the CTEQ-TEA global analysis

Marco Guzzi, T. ). Hobbs, Tie-Jiun Hou, Xiaoxian Jing, Keping Xie, Aurore Courtoy, Sayipjamal Dulat, Jun Gao, Joey Huston, Pavel M. Nadolsky, Carl Schmidt, Ibrahim Sitiwaldi, Mengshi Yan, C.-P. Yuan

M. Guzzi et al., SciPost Phys. Proc. 8, 005 (2022).

CJ15 global PDF analysis with new electroweak data from the STAR and SeaQuest experiments

Sanghwa Park, Alberto Accardi, Xiaoxian Jing, J.F. Owens
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Spin-Averaged Sea Asymmetry (2021 -2022)
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Spm-Averaged Sea Asymmetry (2021 -2022)
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Spin-Averaged Sea Asymmetry (2021-2022)
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Spin-Averaged Sea Asymmetry (2021-2022)
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Latest LHC Results (2022)

The Path to Proton Structure at One-Percent Accuracy
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R. D. Ball et al., Eur. Phys. J. C. 82, no. 5, 428 (2022).
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3. Helicity Sea Asymmetry
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Summary

Extraction of Spin-Dependent Parton Densities and Their Uncertainties
A first unbiased global determination of polarized PDFs and their uncertainties
Polarized Antimatter in the Proton from Global QCD Analysis

o w(aa-ad) JAM 1"

+pos

0.04 R
0.02 T T IIIIIII T T IIIIIII T T T TTTTT
] o1 F o PSSV
~ | 0.05 [ .
Q= 10 Gev? = JAM PP N
0.06r : NNPDFpoll.1 | IR ]
— DSSVO0 o ]
SSV08 | 0 :_ - -
[ — Dssv - - - CTEQ x(d-u) ]
I DNS 1
-0.05  --- GRSV (val) DSSV Ax’=1 ]
[ eeeeee xQSM | DSS|V sz/x2=2% ]
- -2 -1
10 10 10 1
0.01 0.1 0.3 €T X

12

. [ZINNPDF prior 46

NNPDF rw W*
[ = STARW'data

[ [ZINNPDF prior 4
[SINNPDF rw W
o6~ ° STARW data -

| I | | L
45 4 05 o0 05 1
n

| I | | L. [
45 4 05 0 05 1 15
n




Summary and Outlook

Summary
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A first unbiased global determination of polarized PDFs and their uncertainties
Polarized Antimatter in the Proton from Global QCD Analysis

A first unbiased global determination of polarized PDFs and their uncertainties
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Outlook

Jefferson Lab 12 GeV will provide new information on helicity PDFs and
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Part 1: Introduction

JAM Collaboration

3-dimensional structure of nucleons:
 Parton distribution functions (PDFSs)
» Fragmentation functions (FFs)
* Transverse momentum dependent distributions

(TMDs)
* Generalized parton distributions (GPDs)

Collinear factorization in perturbative QCD

Simultaneous determinations of PDFs, FFs, etc.

Monte Carlo methods for Bayesian inference
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A Global Analysis

Simultaneous extractions of

spin-averaged PDFs, helicity PDFs, and FFs
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Parameters to Observables

‘ Parameterize PDFs at input scale Qg =m

2
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£(x) = Nx%(1 = x)’(1 + y\/x + nx)

Evolve PDFs using DGLAP |
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Calculate Observables ‘
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Now that the observables have been calculated...
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Bayes’ Theorem

Now that we have calculated y*(a, data)...

| Likelihood Function |
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Now that we have calculated y*(a, data)...

| Likelihood Function |

1
L (a,data) = exp <—§X2 (a, data))

Posterior Beliefs

P(al|data)

L(a,data)

Evidence

‘ Bayes’ Theorem \
P(a|data) ~ L(a,data) 7(a)

m(a)
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Introduction to Sea Asymmetry
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SeaQuest and NuSea Quallty of Fit
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Comparison to other fits and pion cloud model
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Comparison to other fits and pion cloud model
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Part 3: Helicity Sea Asymmetry

Kinematic Coverage (Helicity)
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Kinematic Coverage (Helicity)
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Part 5: Other JAM Results

Small x Global Analysis (2021)

First analysis of world polarized DIS data with small-z helicity evolution

Daniel Adamiak,':* Yuri V. Kovchegov,!'T W. Melnitchouk,?
Daniel Pitonyak,? ¥ Nobuo Sato,? ¥ and Matthew D. Sievert?: ¥

D. Adamiak et al., Phys. Rev. D 104, no. 3, LO31501 (2021).


https://arxiv.org/abs/2102.06159
https://arxiv.org/abs/2102.06159

Part 5: Other JAM Results

Small x Global Analysis (2021)

First analysis of world polarized DIS data with small-z helicity evolution

Daniel Adamiak,':* Yuri V. Kovchegov,!'T W. Melnitchouk,?
Daniel Pitonyak,? ¥ Nobuo Sato,? ¥ and Matthew D. Sievert?: ¥

D. Adamiak et al., Phys. Rev. D 104, no. 3, LO31501 (2021).



https://arxiv.org/abs/2102.06159
https://arxiv.org/abs/2102.06159

Part 5: Other JAM Results

Small x Global Analysis (2021)

First analysis of world polarized DIS data with small-z helicity evolution

Daniel Adamiak,':* Yuri V. Kovchegov,!'T W. Melnitchouk,?
Daniel Pitonyak,? ¥ Nobuo Sato,? ¥ and Matthew D. Sievert?: ¥

D. Adamiak et al., Phys. Rev. D 104, no. 3, LO31501 (2021).

SLAC(E143) 030, SLAC(E143) SLAC(E155) |
0.10 - 0.08

om A7 W‘\ ol 4 |1+ " 4 ”'lmm x <0.1

0.10f

0.03

SLAC(E155) COMPASS £ COMPASS
0.20 0.15¢ } 0.15
i o101 l 0.10
P 4 + P : P
ox0f A ff 0.05 ¢ A A
0.20F 0.20
020fCOMPASS | COMPASS EMC {
0.10+ ' 0.10 L
0.10 { } } } A A | ~|/
P P P
¥ Aj 000k f1 A7 | 000 Aj
010rHERMES 0.15 HERMES | SMC I
’ 0.20
0.08
0.10 i +}
s A7 A? ) I :
0.05 | 005k = 000} T i Aj
_|smc { 0057 SLAC(E143) SLAC(E143)
0.15 0.10
0.10 ‘
0.00+ 0.00
0.05 { P d | d |
0 "[: ’ ! Al Al AH

SMC SLAC(EISS)I SLAC(E155)
0.05¢ | 0.20
0.00
d d d
I AT | ooof Af ool Af +]Ti

ES

0.04F
0.05 COMPASS HERMES 0,05/ HERMES )
0.03 0.02k 0.03
d o d d
0.00 Af AI 0.00 AH |
0.10
SMC | | 0,010/ SLAC(E154) I 0.025 SLAC(E154)
L 13 0.000
0.00 r_/n/l 4 [O05) e } i A’He
f ! ' o025t~

0.01 0.05 x 0.01 0.05 x 0.01 0.05 x



https://arxiv.org/abs/2102.06159
https://arxiv.org/abs/2102.06159

Part 5: Other JAM Results

Small x Global Analysis (2021)

First analysis of world polarized DIS data with small-z helicity evolution

Daniel Adamiak,':* Yuri V. Kovchegov,!'T W. Melnitchouk,?
Daniel Pitonyak,? ¥ Nobuo Sato,? ¥ and Matthew D. Sievert?: ¥

D. Adamiak et al., Phys. Rev. D 104, no. 3, LO31501 (2021).

SLAC(E143) I 030, SLAC(E143) oos SLAC(E155) |
0.10 .
il 0.1
0.20+ +
oos A7 IW AP { 0.05 ar m x < .
otop ~ | f 0.03
SLAC(E155) 015/ COMPASS { o COMPASS {
151 ).15
" * 0.10 ! ‘ l
) ¥ 0.10
0.10 A‘\) W 005} ¢ A} - A7
0.20fCOMPASS | 0207 comPpAss “lEMc 1
} 0.10} t 0.10 /}
A
0.10 |} * o o A |, L‘
¥ 1] ggor £t 1| 0.00
0.10f HERMES ] .15 HERMES SMC () ooeeessssssesssssmmmmsssssssssssnnnsss s
0.20
0.08 s p p
0.10+
Es ()
005f Af | | A} \ }J-""+ ‘l | AY = 91 /gl =
0.05 0.00 —50 104 e e e e = DSSV
o151 SMC | 005TsLAC(E143) 0,10/ SLAC(E143)
) | ]
010 { —~ ] JAMsmallx 0.51  JAMsmallx
008 . 1 Ar | % | 0.00 A | NO) 100
’—,:' 1 1
Y 0.01
*reme SLAC(E155)| SLAC(E155) - == +EIC )
0.0 . 150 4
0.00 | 020 8 —150 1O
I Af| ooop Af oo} Af +]Ti Q"S DSSV 0.5 Sso D\S\ +EIC
0.03 COMPASS 0 ERMES 0.05} HERMES ) —2001 +EIC A L
0.0 - e
0.03 002} 0.03 JAMsmallx+EIC
0.00 Alll 0.00 Aﬁ | 314 2 . | o2 =
0.10 o - ’ —.2')(] (2' = 10 CI(‘\“ - 102
' I | 0,010/ SLAC(E154) 0.025 SLAC(E154) T
I Looist i J 0.000 s e AN DA MPART
0.00 ’_lzr( a0 A % . Al . 105 104 10-3 102
0.01 0.05 @x 0.01 0.05 x . 0.01 0.05 xT m



https://arxiv.org/abs/2102.06159
https://arxiv.org/abs/2102.06159

Part 5: Other JAM Results

Small x Global Analysis (2021)

First analysis of world polarized DIS data with small-z helicity evolution

Daniel Adamiak,':* Yuri V. Kovchegov,!'T W. Melnitchouk,?
Daniel Pitonyak,? ¥ Nobuo Sato,? ¥ and Matthew D. Sievert?: ¥

D. Adamiak et al., Phys. Rev. D 104, no. 3, LO31501 (2021).

SLAC(E143) 0.30L SLAC(E143) SLAC(E155) |
0.10 - 0.08 *
0.20} 0.05 1” | x < .
0.08 A" AP { AP f
otop ~ * 0,03 el
SLAC(E155) _| COMPASS { COMPASS
020 0.15 { ; 0.15
* 0101 ' 0.10 l
P P 8 P
0.10 A\ W 0.05¢ [ A A
0.20¢ - 0.20
0.20fCOMPASS | COMPASS | EMC
o.10 { 0.10
0.10 |}*} ) ‘,l' . |, }
¥ Ay 000k f1 Al 0.00
010 HERMES ] [ HERMES SMC () qereeeeeeeeeseessssssnsnsssssssss s
0.20
0.08 p p
0.10+ -
|oar P B o 091/ -
005 A A | Af = -
‘ 0.05f__) 0.00 —501 101t = DSSV

JAMsmallx 0.51  JAMsmallx
I -EIC 0.0

o151 SMC | 005TsLAC(E143) 0,10/ SLAC(E143)
0.10 {
{ { 0.00} 0.00 |

0.05 . Atl' . | Aﬁ

0.20
0.51 =

~~
o
e

SMC SLAC(E15 )| SLAC(E155) PN
L%ﬁ b P & 150
i W .+ % || Prediction, not o \
0.05| COMPASS 004 HERMES 0.0/ HERMES ) . ) +EIC O il TS
0.08 A 0.02} 0.03 At | eXtrapOlatlon! ' JAMsmallx+EIC

1[) \\
DSSV ~«_ DSSV4EIC

% —2501 Q* = 10GeV? 10 i
sMC | | 0,010/ SLAC(E154) 0,095 | SLAC(E154) T
Lootst . ' 0000f | LT AN DPARE — —
oo ’—lfr(lAil 0.01 A H o Ajpe » 10-5 104 10-3 102 101

0.01 0.05 x 0.01 0.05 x 0.01 0.05 x m



https://arxiv.org/abs/2102.06159
https://arxiv.org/abs/2102.06159

. Ml
Collaboration 49 '_."._I

Collaboration
Andreas Metz  Wally Melnitchouk Hanjie Liu Anthony Thomas Thia Keppel

Thank you to Yiyu Zhou and
Patrick Barry for helpful discussions

i lefferson Lah Angular
/A\\''" Momentum Collahoration




Part 1: JAM Methodology

Error Quantification

For a quantity O(a): (for example, a PDF at a given value of (x, Q%))

E[O] = |d"a p(a|data) O(a) Exact. but

n = 0(100)!

V[O] = @ p(a|data) [Oa) — E[0]]"
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Part 1: JAM Methodology

Multi-Step Strategy
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