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How can we probe the inner structure of nucleons?
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Link between experiment and theory frameworks
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Link between experiment and theory frameworks
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Building up theoretical cross section for [N reaction
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Factorization in inclusive DIS

do~ | H|* [ dkdk*L(@P* k™ k) [dI'U(")dQ + O(m?/Q?)
Hard

Parton densities Jet function

Q>m

— See Moffat, Melnitchouk, Rogers and NS
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Factorization in semi-inclusive DIS

do ~ | H |2/dk—dkiL(xP+, ko kY /dk;dk,ﬁU(k,j, 2P k) dQ + O(m?)Q?)
——

Hard

Parton densities Fragmentation function

Q>m
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Extend the formalism to hadron-hadron reactions

do ~ | H |2 /dk—dkLL(a:aP;{, k= k) /dz—din(x,,Pg, 17,15 dQ + O(m?/Q?)
~——

Hard Parton densities Parton densities
_’_C_D’_
/_ _\
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Examples of nucleon distributions

m Colliner densities m Transverse momentum distributions
+ ¢ : Light-cone momentum fraction + ¢ : Light-cone momentum fraction
+ [ () =TT+ T () + K, : intrinsic transverse momentum
+ AL =T =T + fol& k) =T (E k) + T (& )
+ hg(€) = ¢"() — () + A& kL) =T (& kL) =T (& kL)

m Myths in QCD + hg(&, kL) = q" (& kL) —qH (& kL)

+ fq(g) = fdgkj_fq(fakj_) X

+ p dependence in f4(&, 1) — renormalization of collinear singularities X
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Global analysis in a nutshell
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Global analysis in a nutshell “tuning”
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Global analysis in a nutshell “tuning”
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Metrics (Collinear PDFs and FFs)
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Metrics (Collinear PDFs and FFs)

~ 40 CPU secs
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“Tuning” in Bayesian statistics
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“Tuning” in Bayesian statistics

parameters
n
n

{p}: MC samples
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Iterative Monte Carlo approach

[sampler]—)[ priors]

13/31



Iterative Monte Carlo approach
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Iterative Monte Carlo approach

[sampler]—)[priors}

N

posteriors

repeat N until convergence
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Iterative Monte Carlo approach

[sampler priors] posteriors

repeat N until convergence

Collinear PDF and FFs
B Nparams = 173 = Ngteps = 30k
B Tepu/step ~ 40 secs

u Nsamples = Nsteps X Nrep X Niter
= 30k x 1k x 20

B Tiotal ~ 7,000,000 hours/trial
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Iterative Monte Carlo approach

[sampler priors] posteriors

repeat N until convergence

TMD PDF and FFs
B Nparams = 173 = Ngteps = 30k
B Tepu/step ~ 10 mins

u Nsamples = Nsteps X Nrep X Niter
= 30k x 1k x 20

B Tiota ~ 100,000,000 hours/trial
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JAM highlights

m Barry, NS, Melnitchouk, Ji
Phys. Rev. Lett. 121, 1525001 (2018)

m Lin, Melnitchouk, Prokudin, NS, Shows
Phys. Rev. Lett. 120, 152502 (2018)

m Ethier, NS and Melnitchouk
Phys. Rev. Lett. 119, 132001 (2017)

featured in APS

m NS, Ethier, Hirai, Kumano, Melnitchouk, Accardi
Phys. Rev. D 94, 114004 (2016)

m NS, Melnitchouk, Kuhn, Ethier, Accardi
Phys. Rev. D 93, 074005 (2016)
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JAM15: APDFs
NS, Melnitchouk, Kuhn, Ethier, Accardi (PRD)

— JAMI5

N m Inclusion of all JLab 6 GeV
b data — 0.1 <z < 0.7
0.1

—0.05 . . .

m Non vanishing twist 3 quark
—0.10 . . .

distributions

—0.15
0.04 | 0.010
0.02 0.005 . .
0.00 e 0.000 s m Residual twist 4
0.2 ’32{1’0 contributions consistent with
—0.04 U

Zero

1072 0.1 03 05 0.7 g ’ 1077 0.1 03 0507 g
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JAM15: d, matrix element
NS, Melnitchouk, Kuhn, Ethier, Accardi (PRD)

0.020 : : : : : :
(a) —— JAMI15 p (b) —— E155x
0.015f =— JAMI5 n H —=— RSS 1 m Existing measurements of ds
—e— lattice e —— E01-012 . .
d, 00107 IR FOo01 are in the resonance reglon
T e e | B JAMI5 +V — quark-hadron duality
0.000} poheoow
¢ :
—0.005} | .
2 3 4 5
Q* (GeV?)
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JAM15: APDFs
NS, Melnitchouk, Kuhn, Ethier, Accardi (PRD)

0.5 S
— JAMI5
0.4 --- JAMI3
-= DSSV09 . .
0.3F ... NNPDF14 m SU2, SU3 constraints imposed
0ol "~ BB
‘‘‘‘‘‘‘‘ AAC09
0.1F ——- LSS10
o m What determines the sign of As™?
oo
—0.06}
—0.10}
—014f  xAd*

0% 102 107% 1072 0.1 03 0.5 0.7 T
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JAM16: FFs

NS, Ethier, Melnitchouk, Hirai, Kumano, Accardi (PRD)

14 14
ut dt
1w s L0 -
2
Q
X - G-
02 0.2
02 01 06 08 02 04 06 08
14 14 14
¢t bt g
JERK]a gt Lop \ ot 10 -
2
oo 0.6 0.6
K+
02l K+ 02} poo 0.2
02 04 06 03 . 02 04 06 08 - 02 04 06 08 -

m 7 and K Belle, BaBar up

to LEP energies

m JAM and DSS Dsfi

consistent
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JAM17: APDF +FF
Ethier, NS, Melnitchouk (PRL)

0.4 O Ad* = No SU(3) constraints
0.3
0.2

0.1 . . . .
m Sea polarization consistent with zero

—

m Precision of ASIDIS is not sufficient to
determine sea polarization

O e DSSV09 —0.04F (A% — Ad)
1077 102 10T 04 08 107 102 107 04 08
0041 p A g+ 01f 2 As™

0.05
0
—0.05
—0.1

0.02
0
—0.02

OO JAMIT ESU)
1077 102 10T 04 o.sx 107% 1072

0T 04 08
X
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JAM17: APDF +FF
Ethier, NS, Melnitchouk (PRL)

m Flat priors that gives flat ag in
order to have an unbias
extraction of ag

m Data prefers smaller values for
ag — 25% larger total spin
carried by quarks.

m ag which is in a good
agreement with values from 8
decays within 2%.

Normalized yield

Normalized yield

SU(3)

1

0.2 0.3 04 0.5 —0.2 0 0.2
obs. | JAM15 | JAM17
ga 1.269(3) | 1.24(4)
gs 0.586(31) | 0.46(21)
AY 0.28(4) | 0.36(9)
A — Ad 0 0.05(8)
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SIDIS+Lattice analysis of nucleon tensor charge
Lin, Melnitchouk, Prokudin, NS, Shows (PRL)

4
n)/‘/ 4 2 o 1(1)
7 zH
o f 2 W\i LH*F/* 1(fav)
O+ ©
-4 S L] 2 - .-
—_ -8+ HERMES p } -4 -4 { ZHJ'(]‘)
Sa o e o A s(um)
s 0 -0 0
s -4 K‘H‘ﬂ 3 | == SIS e (b)
) 2 = ; =)
P 8[compassp 1 2 >
2 3
N ? iy e
0 = 0 = -0.8 I & ‘—é
-2 0 % % 2 SIDIS flattice <o §2
-4 - _ s
compass d 2 ap b 1 0.2 0 .
C0 01 02 5 o2 04 06 02 04 06 Py,

m Extraction of transversity and Collins FFs from SIDIS Ayp+Lattice gp

m In the absence of Lattice, SIDIS has no significant constraints on gp
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First global Monte Carlo analysis of pion PDFs
Barry, NS, Melnitchouk, Ji (PRL)

First Monte Carlo Global QCD Analysis of Pion Parton Distributions

Overview of attention for article published in Physical Review Letters, October 2018

SUMMARY News Blogs Twitter

@ 5o far, Altmetric has seen 3 news stories from 3 outlets,

46

physicsiord  Gluons account for much more pion
Giuons contribute around 30% to the total momer

estimated.

@ About this Attention Score Researchers discuss the probability

In the top 5% of all research
outputs scored by Altmetric

Home Physics General Physics October 12,2018 0|

MORE.. ) . )
LS synopsis: More Gluons in the Pion

A combined analysis of collider data finds that the

Mentioned by

1blog

B e

AP | st v | s ot wrsvws

PhysTcs srowse o

Synopsis: More Gluons in the Pion

" October 10,203

First Monte Carlo Global QCD Analysis of

- estimates.

P.C.Barry,N. Sato, . Melnitchouk, and Chueng
Ryong JiJeferson Lab Angular Momentum
(3Aw) Colaboration)

Phys. Rev Lett. 121, 152001 (2018)

Published October 10,2018

Features

Arts & Culture: Poetry Takes on Quantum
Physics

Poet Amy Catanzana hopesthat poetry can help
physiciss develop a more efective and accurate
language todescribe the complexideas of
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First global Monte Carlo analysis of pion PDFs
Barry, NS, Melnitchouk, Ji (PRL)
m How to probe pion structure
+ 7+ A— 1+ X (Drell-Yan)
+ 74+ A — v+ X (prompt photons)

+ e+p—e +n+ X (SIDIS) — small 2, gluon PDF
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First global Monte Carlo analysis of pion PDFs

YEFT pQCD

_do | bodg z/y o
drdQ2dy fpsmin (y) I zq:/m/y ¢ (&) Q< ¢ @
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First global Monte Carlo

2 x x
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x  NAlO X X
*  HL x XX x
x  ZEUS -
X x x
100 % % x
xR X
x o X B
R R R LR
X %o Kox Hx Hoc X x x X
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0.001 0.01 0.1 03 05 07 T

m Our new analysis extends previous pion
PDF analysis down to x ~ 0.001

m The OPE+pQCD can describe the HERA
data simultaneously with the DY data

FYN(@,Q2y) = 2fysmin(y) FF (2, Q%)

d3ULN/dde2dyA
dZUinc/ddeQ

r(z, Q% y) =

analysis of pion PDFs
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First global Monte Carlo analysis of pion PDFs

0.6 N .
E velonce m S|gn|f|c?nt. reduction of the
05 [— uncertainties
Il glue/10
< 0.4 model dep. . L.
= m Non-overlapping uncertainties
= 0.3 — tensions among the data
802
01 m Accuracy will be improved with future
TDIS (JLab12/EIC)
0.001 0.01 0.1 1
Tr
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First global Monte Carlo analysis of pion PDFs

~ 04

= sea glue valence

5.0.30

ch 0l m Constraints from HERA significantly

= increase (z9).

=R The role of the glue is more important
é than suggested by DY alone

o
=
=)

—

<o
>

m In contrast, the strength of the sea is

i - glue reduced
04} |:
| g

g GRS valence = Due to momentum sum rule (z}*ence)
021 _lL‘-' T
| P sea decreases
SMRS
0 107 102 10
Q* (GeV?)
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First global Monte Carlo analysis of pion PDFs

001 y * — } m We performed an additional analysis

003 @4 ~ of LN+DY+E866
lI: 0.02 — good description of E866 data
I~ except for large x
< oo } E866

0 |

—0.01 SeaQuest \
0 01 02 x 03 04 05
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Future
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Machine learning applications?
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Machine learning applications?

. distortion .
- h Ry ‘

Nature ':k Experimental é
. g detector .
Events: il Events:
vertex level detector level
I

Inverse problem — solutions are not unique

— Model dependent
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Machine learning applications?

- distortion .
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Events: Events:
vertex level detector level
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Machine learning applications?
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Machine learning applications?
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Summary and outlook
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