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Whg JAM?

JAM: Jetterson Lab Angular Momentum Collaboration

o IO stuclg the quark ancl g!uon structure 01(: tlﬁe nucleon bﬂ Pemcorming

global fits of both sPin-dePenclent (APDFs) and unPolarizecl Parton
distribution functions (PDFs)

How?
o Analgzing the imPact of JLabina rigorous way

e JlLab DIS data: !arge x,, low-intermediate 0*and W?

® Framework: (NLO) collinear factorization
Higher twist (HT) and Target Mass Corrections (TMC) needed at large X,
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Evolution of JAM JAMIS

lterative MC ﬁtting technique IMC analgsis + all available JLab data
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JAMIS

e [rst IMC analgsis of FFs

L Onlg SIA included

JAMI7 FFs better agreement

with other analgsis

JAMI7

e First (simultaneous) MC analgsis of
Polarizecl PDFs and FFs
e Polarized SIDIS, Polarized DIS and
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Motivation

* Knowing the limits in  and Q°of collinear factorization

® Testing the universalitg of PDFs FFs...

o All the data must be studied using the same theoretical
framework

® [First step: (ﬁrst) combined analgsis of unpolarizecl PDFs and

FFs



Setup JAMI8 data
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SetuP: theorg

o All observables comPutecl at NLO in PQCD
e DGLAP truncated evolution at order « <IN Mellin space
e DIS cross sections Coml:)uted at |eacling twist
o Nuclear smearing for deuterium DIS
® Heavy quark treatment : ZM-VEN
* Fitting methodologg:
¢ IMC based on Bayesian statistics

e Future: Nested sampling



Why IMC?
3> et

o Tgpical PDF Parametrization:

Multiplc local minima!

eAf(x2) = Nz®(1 — 2)°(1 + /T + dz) m——ih

2
e Perform single X~ fit.
Parameters difficult to constrain

Hessian method for Uncertainties wm—-—- Introduces tolerance criteria

Unsuitable for simultaneous analgsis of collinear distributions

e Monte Carlo methods:

° A”ows eﬁq’cient exploration O]C the Parameter space

e (Incertainties clirectlg obtained from MC replicas
JAMIE currentlg uses an IMC based on a Bayesian aPProach



Data vs. theorgz DIS

DIS: I+ (p,d) = I' + X
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Data vs. theoryz DY
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Data vs. theorgz SIA
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Data vs. theorg

SIDIS:l+p/d = 1"+h+ X
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First time SIDIS data are included in

FPDFs glob
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UnPolarized PDFs (Preliminarg)
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FFs (Preliminarg)
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Summary

e MC statistical methods are imPortant for a robust extraction of

non-Perturbati\/e collinear distributions

Crucial for future Global TMDs, GPDs analgsis

e st (Preliminarg) MC fit of PDFs and FFs using DIS, SIDIS and
SIA data

o Strange PDF constrained bg SIDIS data
o Signiﬁcant effect of SIDIS data on flavor decomposition of FFs

o Dificulties in incorPorating low Q? < 5GeV25SIDIS data
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Outlook

o lmpact PFS!DIS dataon s vs. 3

e Introduce the HQ treatment: ACOT (GM-VFENS) \/

o Use F¥Yand FYHERAdata GM-VFNS requirecll

e Likelihood sampling methods: Nested sampling \/

¢ Inclusion of Polarized DIS and SIDIS and extract
PDFs, FFs, and APDFs

Simultaneous extraction of all non-Perturbative inPut

Strict test of universalitg

17
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lterative Monte Carlo (IMC)

\ JAMIS
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priors { new priors J

FIG. 1. Schematic illustration of the workflow for the iterative Monte Carlo fitting method. In the first stage, K pseudodata sets are
generated, each of which is partitioned into training (T) and validation (V) subsets. For each pseudodata set, the training set is fitted and
the paramcters {p'} across all the minimization stages j arc stored. The cross-validation procedurc sclects a single sct of best-fit
parameters @'’ from {p'/)} for each pseudodzta set /, and the collection of {a";/ = 1,..., K} is then used as the priors for the next
iteration.




JAM ] 5 lmPact of JLab data
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JAMIS
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lterative Monte Carlo (IMC)

(sampler)—![ priors @‘ posteriors

(original data)

pseudo
data

training
data

validation
data

as initial
guess

parameters from
minimization steps

-> Samples wide region of parameter
space

—> Data is partitioned for cross-validation
— training set 1s fitted via chi-square
minimization

-> Posteriors used to construct sampler
(multi-dimensional Guassian, kernel
density estimation, etc) — where

parameters are chosen for the next
iteration

-> Procedure iterated until converged
1 n
E[O] = - Az_; O(ay)

VO] = = 3 (0(ax) - E[0])?

Tl
k=1



MI16: iterative convergence
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1.4

JAMIS: FFs evolution
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JAMI6: comparison
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JAMI7: motivation

SPm sum rule AY(Q?) = / dr (Au™(2,Q%) + Ad™ (2, Q%) + As™ (z,Q?%))

1
| 1 2) — Aalr O
5= 5AS +AG + Ly + Ly AGET) /0 delg(x, Q)

AE(Q%}MC) ~ 0.1

* First moment of polarized structure function g;:

/Od:vgl( ,QQ)——[SAZ—I-SQA—I-(LS] (1———I—(9( ))+(9(@)

—> DIS requires assumptions about triplet and octet axial charges to extract AX

* Assuming exact SU(2), and SU(3),values from weak baryon decays

/ dx (Au™ — Ad") = ga ~ 1.269 / dr (Au™ + Ad™ —2As™) = ag ~ 0.586

/!

AE[IQ—B,O.S] ~ 0.3 Releaded in JAMI/



. . o - Euler Beta function
Parameterizations and Chi-square

Ma*(1—x)"(1 1
Bn+a,14+b) +cBn+++al+b)

Template function: T(z;a) =

* PDFs:n=1 A¢™ . Ag,Ag =T(2:a)

* FFs:n=2,¢=0  Favored: D(’; = T(z:a) + T(z:a’)
Unfavored: Df,’ o= L(za)

Pions: Kaons:
f 4
D} =D77 =T(z:a) Df_*L — D
R | R
=Df =D

P

syst + stat (quad.) f Nuisance parameters

Normalization
(Correlated uncertainties)



Polarized SIDIS

£.
Proton Spin Structure from SIDIS ¢ -
?Z At J
* Mecasured via longitudinal double spin asymmeltrics ’%l -
A (.2 \ gll &€, (_,)3) , I\
Y S TERYeD —@

 Polarized structure [uncuon at NLO delined 1n terms of 2-D convolution

(02
gz, z, Q%) = 22 {Aqu Q*) D% (= ()*->—“‘_{2)

2
X (Aq D AC,, ® Dy + Aq@ AC), @ Dy + Ag @ ACy, & D;’)}

 To includc SIDIS obscrvables i the JAM global analyscs, fragmentation functions
(FFs) must bc known

— Choice of FF parameterizations available (HKNS & DSS) differed significantly in
kaon scctor — strongly impacts As™ cxtraction

JAM decided (0 use Monte Carlo procedure (o extract FFs [rom SIA



JAMI/: Data vs. Theoru
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JAMIT: Polarized PDFs
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JAMI7: Lowest moments

Normalized yield

Normalized vield

02 0.3 04 |
ga = 1.24 + 0.04 Confirmation of SU(2) symmetry to ~2%
ag = 0.46 £ 0.21 ~20%SU(3) breaking + ~20%; large uncertainty

* Need better determmation of As" moment to reduce ag uncertainty!

AS+ = —0.03 £+ 0.09
AY=0.36+0.09




JAMIS8: Parametrization

Parametrization — generic template functions

T a) =N §(1—€)°(1 + evE + df)
- B(2+a,b+1)+cB(5/24+a,b+1)+dB(3+a,b+1)

For PDFs 13 parameters

+ g, Uy, dy, U, d, s =5

+ momentum sum rules and quark number sum rule
For FFs 7™ 16 parameters

+ g, u(fav.), d (ufav.), ¢, b

+ u=d,d=u=s=35
For FFs KX 15 parameters

+ ¢, u (fav.), d (unf.), s (fav.), ¢, b

+ d=d=u=3s:



UnPolarizecl PDFs (JAMI8)
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Decrease of strange uncertainties due to K SIDIS data



Uﬂpolarizecl PDFs (JAMIS)

Sea distributions
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Next steps

* Using Fy and ngata? GM-VFENS requirecl!

HERA data: arXiv:1804.01019 Thep-ex]

52 Po;ntg, o€, 3.-107° <2 <005 and 2.5GeV? < Q? < 2000 GeV?

27 points o 13107 <2 <005 and 2.5GeV? < Q? < 2000GeV?

red °

36


https://arxiv.org/abs/1804.01019

JAMIS

Methodology Shift: Nested Sampling

Statistical mapping of multidimensional integral to 1-D

Z = / d"aL(datald)w (@)

|
/ dXL(X)
0

where the prior volume dX = w(d)d"a

Algorithm:

Z,

where w, =

(X1 — X

I'erozetal. arXav: 13062144

. |astro-ph]

-2 Initialize X;= 1, L = 0 and choose N active points X, X5, ..., Xy from prior

= Forcach itcration, samplc ncw point and remove lowest Z;, replacing with
point such that 7. 1s monotonically increasing

- Repceat until entire paramcter spacc has been explored



