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Overview

e Overview of unpolarized PDFs

e Updating the unpolarized distributions: JR14

* The role of the input scale and procedural bias

e The Jefferson Lab Angular Momentum collaboration

e Improving the description of polarized DIS: JAM13

e Large-x constraints and impact of (future) data from JLab

* Moving forwards: Including RHIC data
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Our determinations of unpolarized
PDFs and the strong coupling: JR

PID, E. Reya, Phys. Rev. D89 (2014) 074049
PID, Phys. Lett. B714 (2012) 301
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Introduction: singlet sector
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Constraints on the gluon

Gluon only enters directly (at LO) in: 5
- Fr (both small and large x) % 108 d,9
- HQ electroproduction (small x) 5
- Jet production (medium to large x) O
il Tevatr
But constrained via scaling violations | VH/
in the small-x region 10° F2>q.,9 /
; dF,/dInQ*>g

Momentum sum rule correlates 107}
small and large x N
DIS data often excluded from fits: / .

Q* >4 GeV?, W? > 10 GeV~

Moderate cuts lead to larger o, thus softer small-x gluons [Particle Data Group]

Jet data also moderately increase o ; should not be used beyond NLO
(NNLO corrections are large)
Dl Pedro Jimenez-Delgado
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Updating JR09: data selection

- Switched to HERA combined neutral-current DIS o, o,
and included charged-current
- Foreplaced for cross-section for SLAC, BCDMS and NMC (aBM 2010
- From 30 points on p/n ratios to an equal-footing treatment of fixed-target data

- Dimuon data included in nominal fits

- JLab proton and deuteron data 5 10° ;
included (need lower W cuts) = PIAT
O
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[Monaghan et al. 2012] X
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Updating JR09: calculations
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Status of gluon distributions
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Reduced experimental uncertainties due to new constraints

Systematic (procedural) uncertainties become dominant
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The role of the input scale in PDF analysis

[PID 2012]
Any dependence 1s due to shortcomings of the estimation: procedural bias
(e.g. parametrization bias, backwards evolution to low scales, ... rather general)
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ll ] | | 1 1 (}1]_ 1 [ ! 1
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These variations can be used to estimate the procedural uncertainty
(devise a measure: e.g. in JR half the difference between dynamical and standard)
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Benchmark cross-sections and other predictions
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PDFs, details of the fits (correlations, eigenvectors, etc.), predictions for
structure functions, LHC cross-sections, etc., available:

http://users. hepforge. org/ ~pji nenezdel gado
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...and polarized PDFs: JAM

PJD, H. Avakian, W. Melnitchouk, arXiv:1403.3355
PJD, A. Accardi, W. Melnitchouk, Phys. Rev. D89 (2014) 034025

JL .
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The JAM collaboration

www.jlab.org/jam

w g Privacy and Security Notice
e .
leﬁersnn Lah nngular

@pﬁnt version

About JAM
s About JAM
e Parton distributions The JAM (Jefferson Lab Angular Momentum) Collaboration is an
= Hitnlmes enterprise involving theorists and experimentalists from the Jefferson Lab

community to study the quark and gluon spin structure of the nucleon by

. Talks ] ] ] ] ] L] ]

N o performing global fits of spin-dependent parton distribution functions
e (PDFSs).

® | INKS

Because of the unique capabilities of Jefferson Lab's CEBAF accelerator in
measuring small cross sections at extreme kinematics, the JAM spin PDFs
are particularly tailored for studies of the large Bjorken-x region, as well
as the resonance-deep inelastic transition region at low and intermediate

values of W and QE.

e I

12000 Jefferson Avenue, New port News, VA 23606

Phone: (757) 269 5854 Fax: (757) 269 7002

Parallel effort to our unpolarized PDFs: CJ and JR
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http://www.jlab.org/jam

The JAM collaboration

.Jeﬂ‘erson Lab > JAM

WWWj|ab org/Jam

Jeﬁersnn Lab Angular —
Mnmentum Collahoration

Collaboration
e About JAM
® Parton distributions The JAM Collaboration consists of the following members:
& [atabase
* Talks Theory
e Collaboration

_ * Pedro Jimenez-Delgado (Jefferson Lab)
el e Alberto Accardi (Hampton University)
« Wally Melnitchouk (Jefferson Lab)

Database Working Group

e Peter Bosted (Jefferson Lab / College of William and Mary)
¢ Jian-ping Chen (Jefferson Lab)

+ Keith Griffioen (College of William and Mary)

e Sebastian Kuhn (Old Dominion University)

« Wally Melnitchouk (Jefferson Lab)

¢ Oscar Rondon (University of Virginia)

e Brad Sawatzky (Jefferson Lab)

FA T

12000 Jefferson Avenue, Newport News, VA 23606 contact!

Fhone: (757) 269 5854, Fax: (757) 269 7002 Luuiafwirﬂaru h 21, *LJL

to start with, open to further contributions
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The JAM database

Public database with all data on polarized scattering experiments

Login

Jefferson Lab

® EXPLORING THE NATURE OF MATTER {2 ENERGY

MENU: JAM database - Experiments

JAM main page ; S
Experiment Description

DE Instructions 7 &

Experiments COMPASS proton and deuteron Al, gl

Al data EMC proton AL, gl
HEREMES proton, deuteron, and 3He A_par, neutron Al

proton HERWMES2012 proton A2 and g2

deuteron JLab Hall A(E0L-012) 3He A_par, Al, gl

IHe JLab Hall A(ES7-103) 3He (and neutron) asymmetries, gl, g2
JLab Hall A(E99-117) 3He (and neutron) asymmetries, gl, g2
JLabh Hall B (EG1hE) proton and deuteran Al
JLab Hall C {E0L-006 "RS5") proton and deuteron A_par and A_perp (resonance region)
SLAC E142 3He AL, AZ, 01, g2
SLAC E143 proton and deuteron A_par, A_perp
SLAC E154 3He A_par, A_perp
SLAC E155 proton and deuteron Al, A2, gl, g2
SLAC E155x proton and deuteron A2, g2
SLAC EBO/EL3D proton A_par
SMC proton and deuteron Al, gl

s, Vi 23606 Frivacy and Security Motice contact helpdesh@jlab.arg

(. .
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Current status of polarized PDFs
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Worse known than the unpolarized

AuT = Au+ Au and

AdT = Ad + Ad better known

Sea distributions A4, Ad

do not enter in DIS asymmetries

Ag less known, determined mainly
from RHIC data (also COMPASS)
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Data considered at this (first) stage

World data on polarized DIS (for @* > 1 GeV?, W?* > 3.5 GeV? )

P — reference | observable .u:;m-u H.. '\._2-:].':'_]-_:."'.'_|_._ '._—'l'.l_"'\.i":\.ll_l_-".".'_|_.| Mainly on measured
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Dedicated analyses of the impact of individual data sets from JLab
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Parametrization

Only rwo independent combinations of quark distributions contribute:
rAuT(2,Q3) = Ny 2% (1 —2)% (1 4+ Ay /T + By T)  a¢ =g+ 24
rAdT(2,Q3%) = Ngx® (1 —x)% (1 + Agv/T + Bgx) Q2 =1CeV?

Constrains from hyperon decays relate NV,, and V4, and fix Vg :
1 1
/ (Aut — Adt)dz = 1.269 + 0.003 / (Au™ + AdT — 2AsT)dx = 0.586 4 0.031
0 0

The x-dependence of the sea has been fixed by counting rule and imposing:

: _ 1. 1 /| AG?
m A Q> ~ lim Aqt(z, Q3 q |

A5(2)
‘ Ag?)

>:1i0.25

For the gluon we leave N, and B, as free parameters

Goal 1s to asses the impact of improvements in DIS description (corrections)

Nominally 13 (LT) + 14 (HT) = 27 parameters to be determined

Pedro Jimenez-Delgado
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Simple fit without further corrections: reference

Nuclear targets treated with the “effective polarization” approximation:

gt = (1 — 3wq) () + g7) g3 =P, gt + P, g%

! L1 L |_|.-|-|-|]_J|S|S|1|O| |
1 0 02 04 06 08 1

X X

More similar to DSSV, LSS than to others

Baseline for assessing the impact of additional corrections

(= .
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Improved description of nuclear targets

Improved by using “smearing functions” derived from nuclear wave functions:

d L 2 M2 2
gi'(x) = > /;y fin(y,7) g7 (%) o1,

7=1,2

[Kulagin, Petti 06]

1.4 ——
13
1.2 |
_ Most relevant for Ad

in the medium- and
large-x region

1.1}

.

0.9 |
0.8 |

o7
02 04 06 08

Ag™ (smear) / Ag™ (ref)
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Target-mass corrections

We use power corrections from finite target mass calculated in the OPE approach:

M2 n%(n + 1) LM ME
TMC/ \ _

1~2 _ T T T T T T 71T T T "1 T 7 | [Bluemlein, Tkabladze 99]
. Ag(TMC) / Ag™ (no TMC) _

! 1 Relevant for both Au and

| ! " Ad in the large-x region
0.9 Both TMC and nuclear
: corrections should be

0.8 L included in global fits

Q% =1 GeV?
0.7
02 04 06 08

JL . X
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Higher twist contributions

We consider also corrections from higher twist contributions:

_ T=2 T=3 T=4
g1 — g1 -+ 91 T 51 [Wandzura, Wilczek 77]

— n—1 __
=3 7-—2(7% 2)_ Ww __ g7 2(n,Q2)

g2 = g5 >+ g3 92

The Bluemlein-Tkabladze relation: 91 (2, Q%) = 12 (9523 (2, Q%) — 2 / 1 @9523(@/, Q2)>
[Blue:nlein, Tkabladze 99]
With a phenomenological parametrization :

gi=Ahe+(1—-2)+i1-2)’]+ (1 -2’ B+C(1—2)+D(1 —2)>+ E(1 —z)°]

[Braun et al. 09]

_ h !
And a splines approximation for: g{‘4 _ M) / dz ¢g5=3 =0
0

=

Possible scale dependence in h and g5 =5 have been neglected

JL .
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Higher twist contributions

Considerable improvement of x* for some sets (globally 1.07 — 0.98, 30)

2

1.8 |
1.6 |
1.4 |

: Very large changes in Ad
1.2 |

1 i

08 AZ*(LT+HT)/AgH(LT)

0.6:..|...|...|...|.
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Higher twist contributions

It 1s possible to determine simultaneously higher-twist contributions for g1 and g2

1 0.04
006 fF t=2 Xo, =2 X0
oon ! 81 ] 0.02 82
: 3 proton ] g e .
0.02 | - - - - neutron : [ S— T
0 — _
0.02 [T m——— - ; -0.02
0.02 ———,——— -0.04
- 1=3 E
001 | ° g . 0.03 [
0 - . : 0.02 |
001 [ ] 0.01
04 [ 0
0.02F T g :
0 =g =T — | ) [
002 | e __ 0.01
004 L 0.02
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
X X

Qualitative agreement with previous (separated) determinations
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Including all these corrections

05|11

ref.
- - -- 4 Smear

+ TMC

0.4 |

X X

This corrections are manifestly important for PDF extractions
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Constraints at large x

aMvo—1 o 12p - A
SIMP ] : e

OAM  ----- g

05
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031
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0.1
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02 -

Current data can be accommodated by a range of large-x behaviors

Systematic uncertainties should be considered, and more data needed ...
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Impact of JLab data
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Impact of JLab 12 data
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70% reduction of experimental uncertainty for 0.6 < z < 0.8
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Moving forwards: including RHIC data

High pr pion production at RHIC: pp — 70X

E——
= d(A)o /dp; [pb/GeV] %
NLO

0% E

dAoc  dot" — do’

] ﬂﬁ = —
——————— LO LL do dott + do

1090 "\ unpolarized

We use scaled LO (K-factors):
j dAGNEO =1 x dAc™?

4k

polarized

10k

%_::::}::::}::H:‘:_ dO-NLO:15><dO-LO

NLO,, LO -
ldo i

()
I

Eu

=]

One should use the full calculation,

ob v v v v v 1w . 3 however experimental errors are large
( 5 10 - 15
P [GeV]

[B. Jiger et al., PRD67 (2003) 054005]
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Moving forwards: including RHIC data

Data from PHENIX, arXiv:1402.6296 Data from STAR, PRD89(2014)012001

003 I I T T T T I I 01 ! = !
—— JAMI3 '
- JAMI14 |
0.02 + a 0.05 L -
'fj 0.01 _ .‘///:'_——‘: {I:j O %‘q e
| -0.05 L ! ]
ﬁ 7 — JAMI3 ;
-0.01 | | | --- JAM14
2 3 4 5 6 7 8 9 10 11 0_1-....|....|....| [ TR S RN
pr (GeV) 5 6 7 8 9 10 11 12
Pt (GeV)
Already “well described” by JAM because of relatively large errors Q
o , -
Data do not affect quark distributions or DIS asymmetries, . &‘b‘
but do constrain A g at small x e\.‘&
Q‘&
|
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Effect on the polarized gluon distribution

xAg

Q’ =10 GeV” |

02 | xAg(x, Q= 10 GeV?) | 02§

' RHIC 200 GeV |
0_1 ! H

| - e DSSV -
_ —— JAMI13 | I ~ Dssv+ |
0.1 -~ JAM14 { . e
0.001 0.01 0.1 1 10 10"’ .
' J:D Ag(x,0° =10GeV?)dx =0.10'70;  [DSSV]
Quite comparable with DSSV++ , except for small-x error band
W,
0.2 ; , ‘b‘d.
/ dz Ag(z,Q*=10%) = 0.15 % 0.09 — 0.07 & 0.03 RN
0.05 \\&

JAMI3 JAM14 Q&
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Summary and outlook

Last update JR14 of our unpolarized distributions has recently been presented
Results not very different from JR0O9 although with several improvements

A procedural bias which 1s usually disregarded in PDF analysis can be
estimated from input-scale variations and is not always small

Next natural step: inclusion of LHC data

First JAM results on the determination of polarized parton distributions:
- More accurate nuclear corrections relevant

- Target mass corrections should be used

- Complete inclusion of higher-twist possible and manifestly important

Dedicated studies of large-x region and impact of JLab data

Other developments in progress or planned: RHIC, SIDIS, EIC, combined fit ...
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