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Overview

* Introduction to parton distribution functions

* Overview of current global extractions

* The Jefferson Lab Angular Momentum collaboration: JAM

e Improving the description of polarized DIS

e Impact of kinematic cuts and Jefferson Lab data

* The dynamical approach to PDFs

* The role of the input scale in PDF analysis

e Updating the unpolarized distributions: JR
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Scattering events in high-energy collisions

Diphoton production in gluon-gluon fusion: (g g — H — Yy

Top quark loop

Higgs Boson
pl’otons Gluon Fusion Top Quark/W Boson loop

—

Nucleon structure Scattering amplitudes

Hadrons are bound states of quarks and gluons

JL .
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Hadron-hadron vs lepton-hadron collisions
At the LHC there are two protons

proton Nucleon structure can also be studied
— amplitudes . .
, in electron-proton scattering
Hadron structure —
\ \ electron electron
proton
L —
amplitudes
Hadron structure l S
Deep Inelastic Scattering \ —
use the electrons to “look™
deep 1nside the nucleons proton

(at the quark and gluons)
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The parton model

Hadrons regarded as a compound of point-like constituents (partons)

Proton o Plausible if the hard interaction is much

G . .
@gﬂﬂ faster than the structural interactions
(ustified by time dilatation); 1.e., at high energies

Thus the incoming particles scatter

incoherently off partons:

Parton distribution functions

\

1
0 = Z /O dz 6-fparton(z)

partons

Pedro Jimenez-Delgado

Theory Seminar, KEK, Oct 10, 2013

Db

P1

Pi

5/48



Kinematics for inclusive DIS

One can consider inclusive DIS, thus a reduced number of variables:

k k'
Virtuality: Q° = —q°
2
! Bjorken-x: 1= -9 n<.<1
) 2Py-q
.
— 2P . -
p== | Inelasticity: Y = }]iglz (O<y<1)
P J

Q2 sets the scale at which one is “lOOkiIlg” (larger Q7 smaller distances, deeper)

In the parton model the 0's are delta functions: z = =

JL .
Pedro Jimenez-Delgado Theory Seminar, KEK, Oct 10, 2013 6/48



Structure Functions

One can consider inclusive DIS, thus a reduced number of variables:

do
!/
X
- / \

Spm\‘ ------------- Leptonic tensor (calculated) Hadronic tensor (parametrized)
P, S I

E — X * [ ) o

S— Nucleon structure in Structure Functions.

WNV(P7Q7S) - ( g'LW + . q (ijZ) T (P'u o %qu)(PV T P_2qql/) 2(337@2)

)F
M gy S g1 (v, Q) + F=ED LD gy (0, Q%)

The spin-averaged double differential cross-section:

d*o 272 2 2
o = (4 (1R~ FL)

Fr ~ Iy — 2z F] and g2 are much smaller than F5, g4

JL
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Spin-averaged and spin-dependent

To measure the polarized structure functions one makes asymmetries:

A otV _ T A o o= _sT T:>F nucleon spin orientation
H o TiL +o Tﬂ L= oT= 4ol o ~~_—"e¢lectron spin orientation
Then A oc 4, A, 1s again much smaller

How to relate them to PDFs?

Partons can have same (f) or opposite ( f_) helicity as nucleon

ot +o  xf=fi+f — Spin-averaged or unpolarized PDFs

o -0 x Af=fr— o= Spin-dependent or polarized (or helicity) PDFs

In the parton model.
Fy =) ex(q(z)+q(x)) =3 _e.(Aq(z) + Ag())
q q

JL .
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Global analysis of parton distributions

Goal: determination of the input distributions (for light quarks and gluons):

Method: Parametrizations zf(x,Q3) = Nx2*(1 — z)® function(x)
and usual statistical estimation (f1ts):

x lterative

N . ) 2 I e fixed errors
data(z) — theory(z, p *

— error (1)

Position of minimum gives the value ~__
and curvature gives the error (region
within a certain “tolerance” Ax” = 1)

(Monte Carlo methods can also be used)

Usually the chi-square definition 1s
more sophisticated, experimental
correlations are also treated,etc.

0.111 0.112 0.113 0.114 0.115 0.116 0.117 0.118
o
2 .
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Data for unpolarized distributions
Pre-LHC data:

i

Inclusive DIS structure 2" [ 9.9
functions (FT and HERA) 105)
Drell-Yan (or CC DIS) 1045_ W
needed for d # u . _ |

L ~>q,q
Neutrino dimuon data ? dF, /émQZ%g /
sensitive to strangeness 10 R
W/Z production (Tevatron) 1w |

provides additional

1 _ ixed Target
(redundant) information

Gluon only enters (at LO) A Ud|s
in jet production (large-x) e e e e ey
and semi-inclusive heavy-quark production in DIS (small-x)

JL .
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Data for unpolarized distributions

10° g
| LHCb 2<y<5 = | —
(Cj’ 10 b [ 1 atlas and CMS
5 i . s
10 - ATLAS.CME < 25 g [ 1 Atlas and CM3 rapidity plateau
j |y| O]U '.-‘: E= D0 Central+Fwd. Jeta
=1 CDF/D0 Central Jeta
W/Z E-\/EITTCV -
5 ==
g 10° F 10~
(i 104-
Q 10° :
o — - *
~ Y 3 j
o 10°L i
10" F 102
E M= 10 Ge¥
0 | | 10
' F  evolutio HERA | | ‘
: | | 1 E (a) il
) - e
10 | -1
e ul i i o " - ll " E it ! | il ! E
107 10° 10° 10™ 107 107 10" 10° w10 1wt ot 1wt 1wt 1! 1
sea X valence B

We will go from predicting LHC measurements to using them for
constraining the parton distributions (some groups have already started)

JL
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Current global PDF groups

ABM: Careful treatment of experimental correlations, nuclear
and power corrections in DIS, FFENS

MSTW: negative input gluons at small-x, rather “large”

as (M%), GMVNS

HERAPDF: Only F

FRA data, less negative gluons, GMVES

NNPDF: neural-network parametrization, Monte Carlo
approach for error propagation, GMVENS

CTEQ-TEA: parametrization with exponentials, substantially
inflated uncertainties, GMVFENS

JR [with E. Reya]: dynamical (and “‘standard”) approach, rather
“small” as(MZ), FENS

(there are more groups focused on particular aspects, e.g. CTEQ-JLab)

Pedro Jimenez-Delgado
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Polarized data and groups

Mainly DIS structure functions ot — O | :

, , g — T, : X
Kinematic coverage greatly N o UL

. S B IR

reduced (compared to unpolarized) A TT*'_ ] |
One can use SIDIS (less “clean™) —————*—L*—ﬁ AR
DSSV/AAC use pp data | ﬁ“ﬁ#““\
(RHIC) ds WGH Ll S ___4_+——*———,j—__ri""“"_§ | -, __‘:___,____
State-of-the-art is NLO opeme 4 |

1 1w Q*Gevy) w07

Main current groups:

DSSV: de Florian, Sassot, Stratmann, Vogelsang [D. de Florian]

LLSS: Leader, Sidorov, Stavenov

BB: Bliimlein, Botcher

AAC: Asymmetry Analysis Collaboration

NNPDEF': Neural Network Collaboration

JAM: Jefferson Lab Angular Momentum Collaboration

(- .
Pedro Jimenez-Delgado Theory Seminar, KEK, Oct 10, 2013 13/48



Our extractions of polarized PDFKs
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The JAM collaboration

www.jlab.org/jam

T Privacy and Security Notice
]
]ﬂﬁﬂrsml Lah Angular

M[IIIIBIIIIIIII Collaboration

@pﬁnt version

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

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

* Talks : . . R :

S 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.

FA ST

12000 Jefferson uﬁ.,narmnL I‘meu urTrh:Awd VA 23606

Phone: (757) 269 58 ) 269 7002

Parallel effort to our unpolarized PDFs: CJ and JR

Pedro Jimenez-Delgado Theory Seminar, KEK, Oct 10, 2013
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The JAM collaboration

Jefferson Lab > JAM

www.jlab. org/Jam_

leﬁersnn Lab Angular —
Mnmentum Collahoration

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

_ * Pedro Jimenez-Delgado (Jefferson Lab)
b 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)

¢ Sebastian Kuhn (Old Dominion University)

¢ Wally Melnitchouk (Jefferson Lab)

¢ Oscar Rondon (University of Virginia)

e Brad Sawatzky (Jefferson Lab)

A T

12000 Jefferson Avenue, Newport News, VA 23606 contact!

Fhone: (757) 269 5854, Fax; (757) 268 7002 Luuiafwirﬂarn h 21 *ulL

to start with, open to further contributions

Pedro Jimenez-Delgado Theory Seminar, KEK, Oct 10, 2013
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The JAM database

Public database with all data on polarized scattering experiments (DIS for now)

Jefferson Lab

® EXPLORING THE NATURE OF MATTER

ME N L:

JAM main page

DE Instructions
Experiments

All data

proton

deuteron

3He

Pedro Jimenez-Delgado

JAM database - Experiments

Experiment
COMPASS

EMC

HERMES
HERMES2012

JLab Hall A(E01-012)
JLab Hall A (ES7-103)
JLab Hall A (E95-117)
JLab Hall B (EG1h)
JLab Hall C (E01-006 "RS5")
SLACEl42

SLAC E143

SLAC E154

SLAC E155

SLAC E155x

SLAC EBDVEL30

SMC

Description

proton and deuteron Al, gl

proton AL, gl

proton, deuteron, and 3He A_par, neutron Al
proton AZ and g2

3He A_par, Al, gl

3He (and neutron) asymmetries, gl, g2

3He (and neutron) asymmetries, gl, g2
proton and deuteran Al

proton and deuteron A_par and A_perp (resonance region)
3He AL, AZ, 01, g2

proton and deuteron A_par, A_perp

3He A_par, A_perp

proton and deuteron Al, A2, gl, g2

proton and deuteron A2, g2

proton A_par

proton and deuteron Al, gl

Privacy and Security Notice

Theory Seminar, KEK, Oct 10, 2013

Login

BN GRARTEENT G

{7) ENERGY

contact helpdesh@jlab.org
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Data and theory comparison with other groups

DIS SIDIS i‘;?fé’:r Srrlr‘lfififg TMCs HTg
pDssvos | v v v
AAC 09 v v
BB 10 v v v ~
LSS 10 v v v v
NNPDF13 | V) v
JAM 13 v v v v v

Presently concentrated on improvements in the theoretical description of DIS

Long-term objective is to tick all the boxes (include SIDIS and RHIC data)

JL .
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Current status of polarized PDFs

ﬂm T T

n.02

-0.04

JL

0 01 02 03 04 05 06

0 01 02 03 04 05 06

X
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-0.04 |

reference |
- - = AACOD

----- DSSV(O9
......... BBIO |
Ly s LSSIUI |
0 02 04 06 08 1
X
| R T
xAd

0 01 02 03 04 05 06

Theory Seminar, KEK, Oct 10, 2013

Worse known than the unpolarized

AuT = Au+ Au and

AdT = Ad + Ad better known

Sea distributions Aw, Ad, AS

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

- Ss o asymmetries

Aj = DA+ nds)
- FE IR AL =d(As — €A)
S5 = Dd dependon

Z| & = P
ol o - (14+~2)F, — Fr

- 55 k.5

SLAC El5hx

HERMES

. . _ 2 M? 2
T [1_56G ChH5 — 4 T
- 2
=] {120 Ch_5L) /y Q
e ] L. A37 1._1¢3
JLalb E99-117 A He A {12 Ch L

[ A A T T T S TS S S N e S S A S S
- | [T F ke om e fm fom f§owom w w ow w m w

| - We consistently develop
- our own unpolarized

JLal E9T-11015"

[
I
i

i

A H = 2

analysis 1n parallel (JR NLO)

JLalb Edi1h*

= g = L
- om

[ prreliom. )

Dedicated analyses of the impact of individual data sets from JLab
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JL




Underlying QCD description

Asymmetries from (un)polarized structure functions:

DV 2x
Ay = (g1 =7 Az =
1 (91 Y 92) (1 n ’Y2)F2 _ FL 2 fy(gl + 92) (1 € 72)F2 _ FL

Leading-twist structure functions in OPE from NLO QCD computations:

_ 1
97 (n, Q%) = 5 D eq (ACq, Mg+ AC;Ag)

9,9

n—1

95:2 (n, Q2) = gng = — 91-22 (n, Q2) [Wandzura, Wilczek 77]

n

Calculations and RGE evolution implemented in the space of complex
Mellin moments (truncated solutions)

o= | e e (@)

JL .
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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(x2,Q3%) = Ngx® (1 —x)% (1 + Agv/T + Bgx) Q2 =1CeV?

Constrains from hyperon decays relate N,, and Vg, and fix/V; :
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:

A5(2)
‘ Aq?)

: _ 1. 1 /| AG?
m A 03 ~ lim Aqt(z, Q3 q |

):I:I:O.25

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

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

JL .
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Statistical estimation

Least-squares estimator with a complete treatment of systematic uncertainties

(equivalent to the correlation matrix approach) [CTEQ]:

N 1 M : M
i=1 "¢ j=1 j=1

Here the systematic shifts are calculated analytically
Iterative procedure for multiplicative correlated errors [PID 2012]
Unfortunately most experiments do not provide all this information
Errors estimated with the Hessian approach (linear propagation, works well)
“Vicinity” of the minimum (tolerance) characterized by:

Ax* = x*p) = x*(°) <T? =1

Pedro Jimenez-Delgado Theory Seminar, KEK, Oct 10, 2013
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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 |

07 b
02 04 06 08

Ag™ (smear) / Ag™ (ref)

JL . X
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Target-mass corrections

We use power corrections from finite target mass calculated in the OPE approach:
TMC M?n*(n +1) M* M*

91 (n) :gl(n) + QQ (n_|_2)2 gl(n—I_Q) Q4 y +O( Qg )
1 *2 | oo rr T T T T | [Bluemlein, Tkabladze 99]
+ +
11 i Aq (TMC) / Aq (no TMC) ) Note that the Wandzura-Wilzceck
B | relation holds also after TMCs
: u
1 Relevant for both Au and
: Ad in the large-x region
0.9
08 | Both TMC and nuclear
ﬁ 02 = 1 GeV? corrections should be
07 Lo v included 1n global fits

0.2 0.4 0.6 0.8

JL . X
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Higher twist contributions

We consider also corrections from higher twist contributions:

g=91 " +g > +97"

g2=95 > +g3="°

The Bluemlein-Tkabladze relation: ¢7(z,Q%) = 42 =5 ( (2, Q%) -2 / Y=y, Q) )
[Bluemlein, Tkabladze 99]
With a phenomenological parametrization :

g5 =3 =Allnx+ (1 —2)+ %(1 — 33)2] + (1 — x)S[B +C(1—x)+ D(1 — .’L')2 + E(1 — 33)3]
[Braun et al. 09]

_ h 1
And a splines approximation for: g =4 = () / dr g5~ =0
0

QQ

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

JL .
Pedro Jimenez-Delgado Theory Seminar, KEK, Oct 10, 2013 27/48



Higher twist contributions

Considerable improvement of y? 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

0.8 1 AZ*(LT+HT)/Ag*(LT)

0.6:..|...|...|...|.
0.2 0.4 0.6 0.8

JL .
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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
002f "7 e :
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

JL
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Including all these corrections

0-5 ! : 4 J ! ¥ I ; 1 T T L L ¥ T

ref.
- - -- 4 Smear

+ TMC

04 L

X X

This corrections are manifestly important for PDF extractions

JL
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Impact of Jetferson Lab data

-2'|"'|"'|"'|"""|' U-]-'I"'I"'"'I"'I"'I'
. (a) Au" | AuT(TAM) ] (b) error(&u+]fA¢f+(JAM)
] = —-w-"',"_'_'"""'“"'--L--—-'__'_"'
i ] 0.05 -
09} —— JAM
[ - - -~ w/o E99-117 ("He) '
N P with E97-103 ("He) ]
08 . with EG1b (p,d) ]
U? I 1 1 1 1 ] 1 | U 1 1 ] 1 1 1
02 03 04 05 06 07 02 03 04 05 06 07
X X
12 T T T T T T (]4 T T T T T T
(c) Ad" | Ad*(1AM) P
1.1} ]
i - 1 0.3
1 oAt _ F : - “-’i ]
_ o _ 0.2
09 [ ]
M ] 0.1
0.8 [ ]
{]?_IIIIII U.|...|...|...|...|...|.
02 03 04 05 06 07 02 03 04 05 06 07
X X

[ .
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... and unpolarized PDFs



Introduction: non-singlet sector

0.7 ————rrr———rr———

it u-valence rather well determined

0.0 [=

03[

0.2 |

larger differences for d-valence,
but also quite stable

01|

0.0 |

0.04 [

x(d- Q)

o __ much smaller but can be determined

- e using Drell-Yan o”?/o"P ratios

0.01 :\ ®(s-58) —

Ll far less relevant except for v, v

o e g differences in dimuon production
JLU ’
il Pedro Jimenez-Delgado Theory Seminar, KEK, Oct 10, 2013 33/48




Introd

4.0

3.0 |

uction:

i
2.0 HINNNEES

1.0

0.0

3.0 |

RO9 —
MSTWO8 - - -

ABM11 - ]

20 I e

1.0

0.0

3.0

1.0

0.0

5.0
0.0
5.0 Ff
0.0 |

’
50 F «

0.0

2.0 I

104

0¥ 102 10t 10?

. | |
& Pedro Jimenez-Delgado

X

10%

10l |

1|:|-2 L

singlet sector

| sea distributions at small x determined
. 1 by the gluon via RGE evolution
Xu+u \ 1
i |
d/u ratio at large x sensitive to nuclear
corrections and parametrizations
x(d + d)
N :
N, | strange-quark well determined from
| dimuon (now also LHC) data
E x(s+ 3) e ;
| largest and most relevant differences
A\ | in the gluons (and «y values)
-
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Status of gluon distributions

JL

2.0

E T |||||||| T |||||||| T T TTTTIT T T TTTTIT T ||||||l_.||||||||| TTTTTTTTTIITTITITTITT IIIIII]HI'II”III” TTTTTTTTT]TITTTTITTTT
1.8 £ — JR09 E XQ !

S MSTWO08 5 ;
1.6 E_ """""" ABM11 _E J'
1.4 £ - ,
1.2 £ 3
1.0 TR :
0.8 & i * :
0.4 £ £ :
0.2 F Q2 = 10 GeV2 + -
0.0 é ||||||||JI ||||||||| ||||||||| ||||||||| |||||||'|:'§|II|||||||||||||||||||||||||||||||||||||||||||||:-‘lll.l‘I‘I‘I-I-;-I-I-l-;I-I‘I‘;T-II-;

106 105 104 103 102 0.1 02 03 04 05 06 0.7 0.8

X

Large differences at small and large x, and in as(M %) values

Pedro Jimenez-Delgado
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Propagation to Higgs cross-section

JL

1.1

GIGMSTW

1.05

0.95

0.9

0.85

0.8

0.75

0.7

0.65

Pedro Jimenez-Delgado

[Anastasiou et al. 2012]

] MSTW08_90CL
171 JRO9

ABM11

| ] NNPDF21_as_0119
| NNPDF21_as_0114

i i i |
200 300 400 500 600 700 80

m, (GeV)
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Constraints on the gluon and data selection

Gluon only enters directly (at LO) in: <5
@) B
- Fr (both small and large x) & 10°F 3,9
- HQ electroproduction (small x) 5
- jet production (medium to large x) o
o TdethOtr
But constrained via scaling violations |
in the small x region 103} F2>q,q
; dF,/dInQ*>g

Momentum sum rule correlates
small and large x

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)
& Pedro Jimenez-Delgado
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The dynamical approach
Parametrizations: xf(x,Q3) = Nz%(1 — z)° function(z)
“function” may be polynomial, contain exponentials, neural networks, ...
We are free to (and have to) select the input scale Q(Q)
Physical motivation:

At low-enough Q° only “valence” partons would be resolved
= structure at higher ()* appears radiatively (due to QCD dynamics)

Dynamical: “Standard”:

Q3 < 1GeV? optimally determined Arbitrarily fixed Qf > 1GeV?
Valence-like structure ‘/ \ Fine tunning to particular data

QCD “predictions” for small-x Extrapolations to unmeasured regions

More predictive, less uncertainties ~ More adaptable, marginally smaller X

There are no extra constraints involved in the dynamical approach

Physical motivation for contour conditions # non-perturbative structure

_J L 38/48
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I I |

100 — 4
M dynNNLO —— -

dynNLO - - - -

stdNNLO —-— |

Gluon evolution from dynamical scales

xg(x,Q%)

Larger “evolution distance”+ valence-like structure:
- smaller uncertainties

- steeper gluons (correspondingly smaller cg)

Fine tunning marginal (e.g. for DIS in JRO9 X?lyn =0.90, x2,;, = 0.87)
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The role of the input scale in PDF analysis

JL

Any dependence 1s due to shortcomings of the estimation: procedural bias

[PID 2012]

Typlcally parametrlzatlon blaS NNLO13 | NNLO17 | NNLO20 | NNLO22
CbLu Vv vi v v
Example: backwards evolution to A v v y j
. : By, - Vv Vv Vv
low scales leads to oscillating gluons ol Y Y Ny
vl vl vV
Excers1§e: systematic s.tudy with é‘j; Y Y y j
progresively more flexible o |- . Y i
rametrization Nal v v v
parametrizations il M Y v
ba v i v vi
2f(x,Q5) = Ny 27 (1 — )" (1 4+ Apv/x + By + Cya?) ol v v v
Ny v v v i
Allow also for negative input gluons: =Y y Y y
R
xg(x,Q3) = N, 2% (1 — z)% (1 + N, z% (1 — a:)25> C - - - -
ag Vv v v v
by Vv Vv Vv Vv
Ny |- - - v
ay, - - - V4
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The role of the input scale in PDF analysis

X2decreases at first and stabilizes at NNLO?20:

allowing for negative gluons (at any scale) does not improve the description

X2/#points

1.26

T B
NNLO20 ]
1.24 NNLO22 —=-— - - - g
1.23 -------- ---------- ---------------------------------- -------------------- E
1.22 ----- -------- ----------------- Tf7?~.--;-§ ---------------------------------- -------------------- —
1.21 ""‘"-‘-‘-‘-‘-‘.‘..‘_‘_‘?_‘_‘; """"""""" ‘
L2 Eo
T S T -z
Y S —_— -s
117 o ___.....-————"""____-—_— ______ E
La6 b S5OSO SO E
1.15 ----- -------------------------- R _.—_ --------- -
S T — S A -5
Y 0 T SR S -z
1.12 ;
0.6 0.7 0.8 1 2 5 9

Qo%(GeV?)

These variations can be used to estimate the procedural bias

(devise a measure: e.g. in (G)JR half the difference between dynamical and standard)
Pedro Jimenez-Delgado Theory Seminar, KEK, Oct 10, 2013
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Positive input gluon distributions

NNLO22 with Q2 = 0.6 GeV*does not turn negative, remains valence-like
(ag ~ 1,a, ~ 1.2) = natural tendency of the input gluons at low scales

1.6 E T T T T TTT1T T T T T TTTT T T T T T 11T T T T 11 Ilééllllllllllllllllll IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII IIIIIIIII|IIIIIIII]E

dynJR09 :
NNLO20 - - - -

1.4 F
- NNLO22 ---------

1.2 F

0.8 [
0.6 F

0.4 F

0.2 &

10> - - - 0.30.40.50.60.70.80.91

JL
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Uncertainties in the strong coupling

Results stabilize at NNLO20 but variations do not (substantially) decrease

0.115 : ;
: KNS =
NNLO17 & = =
NNLO20
NNLO22 —--—
0.114 |

as(M32)

0.113 [

0.112

0.6 0.7 0.8 1 2

Qo%(GeV?)
Following our “recipe” we would estimate Ap;as >~ 0.0006

About the same size than the error from experimental uncertainties!
Jl
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Updating the JR PDFs: 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

- HERMES data included (p and d) 5 1% g0
S AL G o
- JLab proton and deuteron data B 1009 : P I f 8
: 2 e : £ P § B £ & &
included (need lower W cuts) — B B B B - E—
¢ E E E ci M..o..
Q? > 2GeV?, W2 > 35GeV2: © b § fLiil
- Inclusion of Rosenbluth separated o i_oo ;?SMSE%”O gtﬁgzgﬁ%ﬂ
(Fy, Fr) data from H1, and from : . }J\ILI\";I‘E =o9ms - EI:AC

BCDMS, SLAC and JLab 10%5""0.1 0.2 0.3 0.4 05 06 0.7 0.8 0.9 1

[Monaghan et al. 2012] X
a .
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Updatlng J R: calculations Preliminary!

(.15

- Experimental correlations properly o .
treated (also multiplicative errors) 0.05 _
- Switched to MS scheme for R re——— m——
-0.05
heavy quark masses [ABM 2010] ois
s T4FZn
- NNLOapp for heavy quark L S
. 0.05 [
structure functions [ABM 2010] o ——
: | -
- Target mass corrections used 005 —
also for p, (in addition to g, ) o
0.10 | S ST MRS L ol s i
- Nuclear corrections for 0,08 N
deuteron data [cy2012] 0.00 e
. . . . -0.05 T4FLp .
- Determination of higher-twist . -
contributions to structure functions or0p  marln UM |
. 0.05 \’\
TAFYT () -
T2Fp’n(33 QQ) 4+ 2,L 0.00 il
2,L ? QQ -0.05
10 o 1073 1072 0.1 02 0.3 04 05 0.6 0.7 08 0.9 1.0
JL x
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Interim results Preliminary!

4.0 10"
06F _ g8 508 —
—.. 82 3.0
52 —.. 107!
Y e AH__Iv_lll ABMI1 - —
MSTWOS 2.0 MSTWOS
----- dynJRO9 dynJR09 ... | o
021 1.0 x(u +7)
0.0 W i
0l - Q" =10 GeV- it
0al 20 102
i | 1.0 107
ih 0.0 10
10!
0.04 | L
10°*
2.0
0.02 | o
1.0 i
0.00 104
0.0
n.o1 | : x(s -5)
D-ﬂﬂ — '::_J 'TJ: _'I.-'-l.- =3 BTG
-0.01
0°  w* 10t 10r  10'02 04 06 08 1

X
JL
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Interim gluons

Dynamical a,(M3Z) = 0.1126 % 0.0005
Standard o (M%) = 0.1147 4 0.0007

Preliminary!

25 t S08 ——
5 S2 —--
o ABMI11 — —
20 i MSTWO08
151 dynJRO9 -----
10}
51
0 5 7 3 2 -
10 10 10 10 10

X

JR gluons at large x are rather stable: not very sensitive to the inclusion
of jet data and describe well the Rosenbluth separated F’;, data

JL .
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Summary and outlook

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 analysis of the impact of JLab data

Other developments in progress or planned: OAM, SIDIS, RHIC ...

An update of the JR unpolarized distributions currently in preparation

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

At low input scales the natural tendency of gluons is a valence-like structure

Preliminary results consistent with JR09 although with some improvements
s and gluon distributions rather stable; some 1ssues still in study

JL
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