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1. Introduction
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Af(X, QZ) = fj*}(xv Q2) - f:w;(xv QZ)

@ Understand the spin content of the proton

@ what are the patterns of up, down and strange quark and antiquark polarizations?
@ how do gluons contribute to the proton spin?

1 1
3= ZATHAGH Lot L

1 1
Az:/ d< > (Agi+Ag) AG:/ dx Ag
0 i=u,d,s 0
@ Describe processes with polarized hadrons in initial states

@ explore QCD beyond the helicity-averaged case
@ beyond SM studies at a polarized Future Circular Collider [ 1

The goal is to provide a statistically sound determination
of polarized parton distributions and their uncertainties J
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Spin-dependent PDF analyses in a nutshell

Reaction Partonic subprocess PDF probed Xx Q? [GeV?]
i _é‘ £{p,d,n} —» £Ex T AqggA" 0003<x<08 1<Q2<70
os
_ p Au Ag
0 {p,d} — £Ehx g —q Ad Ad 0.005 < x < 0.5 1< Q<60
- Ag
sors £ {p,d} — ¢EDx Y*g = ce Ag 0.06 < x < 0.2 ~ 10
. 88 — qg < g < < p2 <
- BB — jet(s)X a — ae | Ag 005<x<02 30 < p% <800
+ updg — W Au AT 0.05 < x < 0.4 2
u . . ~ M,
- Fp o WEX diig — W™ Ad Ad ~XS w
g8 — qg < x < < pZ <
o PP — X o e Ag 0.05 <x<0.4 1< p3 < 200
Fit Data sets Parton Distributions Uncertainties Latest update
AACO8 DIS, ©° Aut, AdT, AsT, Ag Hessian Ax? = 12.95 [ 1
BB10 DIS Au~, Ad™, AG, Ag Hessian Ax? = 1 [ 1
L.SS10 DIS, SIDIS  AuT, Adt, A, Ad, AS, Ag Hessian Ax? =1 [ ]
DIS, SIDIS o Hessian Ax? = 1 [ |
DSSV ; " Aut, AdT, AT, Ad, AS, A
70, Jets Y “ > 08 Lagr. mult. Ax?/x% = 2% [ ]
JAM13 DIS Aut, AdT, AT, Ad, A, Ag Hessian Ax? = 1 [ ]
NNPDFpol1.0 DIS AuT, AdT, AsT, Ag Monte Carlo [ ]
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The NNPDFpol1.0 parton set in a nutshell pxiis0s72:

@ Monte Carlo error propagation by generation of N, replicas of experimental data
— results are delivered as statistical ensembles of equally probable PDF replicas
— expectation values and uncertainties are computed as means and standard deviations
—> no need to rely on linear propagation of errors (not always adequate)
@ Neural Network parametrization of each PDF replica
— only requires smoothness of PDFs, reduce the bias due to the parametrization
— genetic algorithm for Neural Network training + cross-validation for stopping
@ Only DIS data included
— where no data or theoretical constraints are available, uncertainties are large
— gluon largely uncertain; no handle on Ag and Ag separation

T 1.4 T
XE(x,Q2=1 GeV?) xAg(x,Q2=1 GeV?)
[C7]NNPDFpol1.0 1= [T]NNPDFpol1.0
) 7) DSSV08 Ay=1 u.a: [Z) Dssvos ax?=1
F £98B10 ax?=1 [ £YBB10 agP=1

F []AAC08 Ax*=12.95 E []AACO8 ax*=12.95
— positivity bound

— positivity bound

Lol M| L
v =l

0. R R ETT R i
10° 10? 10"
X X

S

Emanuele R. Nocera (UNIMI) Unbiased spin-dependent PDFs April 29, 2014



2. Including collider data in a global PDF determination
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Old and new experimental data set

10—y ——r — g
; aEMC = compassoc T 7 % 7 ® ® ;
L asmc o STAR-W' (prel) ]
[ oSMOow  + STARjes 1 @ Include the experimental information from:
10| =E143 o STAR-jets 09 (prel.) é:" - . . .
E eerse + PHENIjets o 3 — jet and W production data (collider)
& f o, ]
> [ xEtss o ]
3 L o ] STAR, PHENIX
o0 102} "COMPASS-P 4 - .. . .
B eressr A 3 Limited kinematic coverage at low-x
= [ avenues o st .
S . i ] Large Q? reached by collider data
¥ A
10 A% 3 . .
F g 5 E New data sets are included in NNPDFpol1.0
L R 1 . . . . .
[ o ;.;--T;'w ] (DIS-only fit) via Bayesian reweighting
A X " Xe « ‘.f aadt B
L] e Y E P U IR -
10° 10?2 10"
X
REACTION PARTONIC SUBPROCESS ~ PDF PROBED x Q? [GeV?]
tE1p,d,n} — £EX v g = q Aq:gAq 003<x<08 1<Q<70
£ {p,d} — DX v*g — ct Ag 0.06 < x < 0.2 Q2 ~ 10
BB — jet(s)X gg : Zg Ag 005 <x<0.2 305 p2 <800
+ udg — Wt Au Al 0.05 < x < 0.4 A2
Fp— wEX diig — W™ Ad Ad xS M
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Bayesian reweighting in a nutshell 10

@ We would like to assess the impact of including a new data set {y} = {y1,...,¥n}
(delivered with o) in a prior ensemble of PDF replicas {fi}, k =1,..., Niep

@ We can apply Bayes theorem to determine the conditional probability of PDF upon
inclusion of the new data and update the probability density in the space of PDFs

Prew = MxPOGHANPaa{i})  POGIAY) = DAy}, {12 Ve Xk (D)

n

Xy {63 =D Ay — il o {y; — vilAl}
iJ
@ Replicas are no longer equally probable. Expectation values are given by

Nrep
<O[fi(X7 Q2]>new = Z W;((Q[fi(k)(x7 Qz)]
k=1
) Nrep
wic o< DE({y} (A N]EO Ve DAOLEN with Ny = > w
k=1

@ Loss of efficiency: Neg = exp [— Zlk\’:f’ px log pk} with px = wi/Nyep

0 < Neg < Nrep; Neg must not be too low = increase the number of replicas in the prior

Reweighting allows us to incorporate new datasets without the need of refitting )
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Construction of the prior PDF ensemble: our strategy

New data sets are included in the DIS-only fit, NNPDFpol1.0, via Bayesian reweighting J

BUT

The computation of the new observables requires light quark-antiquark separation
The NNPDFpol1.0 fit does not provide separate Au, At and Ad, Ad PDFs
We need to make some assumption on A, Ad and construct a suitable unbiased prior

@ Take a polarized parton set wich provides Ag and Ag PDFs (from SIDIS)

@ Sample their A and Ad distributions at a given reference scale

© Perform a NN fit to these pseudodata

@ Supplement each replica in NNPDFpol1.0 with Az and Ad obtained in this way
@ Reweight PDFs and check that observables are properly reproduced

Check that reweighted results are stable upon the choice of different PDF priors:
repeat the procedure from step 2, e.g. by increasing the nominal PDF uncertainty,
until independence from the prior is reached
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Construction of the prior PDF ensemble: our strategy

We consider four different priors: 1o, 20, 30, 40 corresponding to the different factors
by which the DSSV08 nominal Ax? = 1 PDF uncertainty has been enlarged

‘ ‘
*0T(x,Q2)
ol

L 0 Q)

oo 3 o0 3 0,04 —— DSSV08 pseudodata 3
—s— DSSV08 pseudodata [ZZZ] NNPOF prior 1o
DSSV08 fit — positivity bound
0081 ) . - 008 . . - 006 A . 5
107 107 10° 1 10° 107 10% 1 10° 107 10" 1
X X x
T T
xAd(x,Q%) xAd(x,Q%
o 030D 3 ) ]

006 B

—e— DSSV08 pseudodata
[ [ZZ] NNPOF prior 1o
— positivity bound
|

[ —— DSSV08 pseudodata

10° 107 10 1 10° 102 107 1
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Construction of the prior PDF ensemble: our strategy

We consider four different priors: 1o, 20, 30, 40 corresponding to the different factors
by which the DSSV08 nominal Ax? = 1 PDF uncertainty has been enlarged
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o0af- 004 5
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Construction of the prior PDF ensemble: our strategy

We consider four different priors: 1o, 20, 30, 40 corresponding to the different factors
by which the DSSV08 nominal Ax? = 1 PDF uncertainty has been enlarged
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DSSVO8 fit
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Construction of the prior PDF ensemble: our strategy

We consider four different priors: 1o, 20, 30, 40 corresponding to the different factors
by which the DSSV08 nominal Ax? = 1 PDF uncertainty has been enlarged
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A) Reweighting with inclusive jet pro

Longitudinal double-spin asymmetry for single-inclusive jet production
[ 11 11 1

Aljet _ O'++ B U+7

LL ™ g4+ 4 gt

FEATURES

@ sensitive to the polarized gluon Ag
(receives leading contribution from gg — qg and gqg — gg partonic subrocesses)

EXPERIMENTAL MEASUREMENT

@ STAR 2005, 2006 | 1, 2009 (prel.) [ ]

@ PHENIX | ] at RHIC
Data set Ngag  Jet-algorithm R [Mmins Mmax] Vs[Gev]  L[pbTY]
STAR 1j-05 10 midpoint-cone 0.4 [+0.20, +0.80] 200 2.1
STAR 1j-06 9 midpoint-cone 0.7 [—0.70, +0.90] 200 5.5
STAR 1j-09 (prel.) 11 anti-kt 0.6 [—0.50, 4+0.50] 200 25

11 anti-kt 0.6  [—1.00, —0.50] U [+0.50, +1.00] 200 25

PHENIX 1j 6 seeded-cone 0.3 [—0.35, +0.35] 200 2.1
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A) Reweighting with inclusive jet production at RHIC

T
1jet
Al

°

tjet
Al

°

IRRmsEaaS:
1jet
Al

-0.05(— [777] NNPDF prior o E NNPDF prior 1o 4 0,05~ [777] NNPDF prior o
[ NNPDF w 1] ] NNPDF rw 1j [ [ NNPDF w 1j
—— STAR 1j:05 data q [ —— STAR 1j-06 data [ —— STAR1j:09 data
T I W B T -
[N [GeVic] P, [GeV/c] [N [GeV/c]
Experiment  Set Neat X /Naat X2/ Natat
lo 20 30 4o lo 20 30 4o
STAR 41 1.19 1.19 1.20 1.20 0.79 0.79 0.79 0.79
STAR 1j-05 10 1.04 1.04 1.04 1.04 1.01 1.02 1.02 1.01
STAR 1j-06 9 0.75 0.75 0.75 0.76 0.59 0.59 0.59 0.59
STAR 1j-09 22 1.69 1.69 1.70 1.71 1.02 1.02 1.03 1.04
PHENIX
PHENIX 1j 6 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24
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A) Reweighting with inclusive jet production at RHIC

T T T T
1jet -
Al

NNPDF prior 1o
NNPDF rw 1j
.05F- —— PHENIX 1] data
T T I TV AT PP

5 6 7 8 8 10 1 (L
pT[GeV/c]
Experiment  Set Neat X /Naat X2/ Natat
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STAR 41 1.19 1.19 1.20 1.20 0.79 0.79 0.79 0.79
STAR 1j-05 10 1.04 1.04 1.04 1.04 1.01 1.02 1.02 1.01
STAR 1j-06 9 0.75 0.75 0.75 0.76 0.59 0.59 0.59 0.59

STAR 1j-09 22 1.69 1.69 1.70 1.71 1.02 1.02 1.03 1.04
PHENIX

PHENIX 1j 6 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24
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A) Reweighting with inclusive jet production at RHIC

Overall good description of all data sets after they are included in the fit via reweighting

Reweighted results are stable upon the choice of different prior PDF ensembles
since we are looking at an observable which is mostly sensitive to Ag

Different data sets have different power in constraining Ag
Significant redution of the uncertainty of the gluon PDF in the measured region

D—

Experiment  Set Nat x*/Ndat Xiw/ Naat
lo 20 30 4o lo 20 30 4o
STAR 41 1.19 1.19 1.20 1.20 0.79 0.79 0.79 0.79
STAR 1j-05 10 1.04 1.04 1.04 1.04 1.01 1.02 1.02 1.01
STAR 1j-06 9 0.75 0.75 0.75 0.76 0.59 0.59 0.59 0.59

STAR 1j-09 22 1.69 1.69 1.70 1.71 1.02 1.02 1.03 1.04
PHENIX

PHENIX 1j 6 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24
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B) Reweighting with W= production at RHIC

Longitudinal single-spin asymmetry for W* boson production

[ ]

wt ot —o~
L

ot 4o~

AZV+ N Au(xi)d(x) — Ad(x1)u(x2) AV Ad(x1)t(x2) — At(x1)d(x2)

u(x1)d(x2) + d(x1)u(x2)
FEATURES

d(Xl)l_l(XQ) =+ U(X1)d(X2)

@ sensitive to individual quark and antiquark flavours (Au, AT, Ad, Ad)
(purely weak process coupling g; with gg at partonic level, urdg — W+ or d g — w-)

@ no need for fragmentation functions (instead of SIDIS)

EXPERIMENTAL MEASUREMENT

@ STAR and PHENIX at RHIC | 11
(only preliminary measurements from STAR (2012) [

] will be considered here)

Data set Niat  [PT,mins PT,max] [GeV]  v/5[GeV] £ [pb™]
STAR-W (prel.) 6 [25, 50] 510 72
STAR-W ™~ (prel.) 6 [25, 50] 510 72
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B) Reweighting with W= production at RHIC

RN A N A RN e T T T T T T T
N N

e
L AL

0.

@

0.

g %

05 05
[ [ZJNNPDF prior 1o ] [ [ZJNNPDF prior 1o
e b -1~ EYNNPDF rw W ]
[ = STARW"data ] [ ° STARW data ]
Dooder b ] S REARER N
n n
Experiment  Set Naat x%/Naat X /Nt
lo 20 30 4o lo 20 30 4o
STAR 12 1.93 1.97 1.97 1.91 1.43 1.12 1.03 1.02
STAR-WT 6 1.15 1.14 1.22 1.25 1.04 1.01 1.02 1.01
STAR-W™ 6 271 2.80 2.59 2.43 1.78 1.25 1.04 1.02

Overall good description of both data sets after they are included in the fit via reweighting
Stability of reweighted results reached starting from 30 prior J
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B) Reweighting with W= production at RHIC
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B) Reweighting with W= production at RHIC
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B) Reweighting with W= production at RHIC

RN A N A RN e T T T T T T T
N N

L Al

0.! 0.

@

@
LI e e

-0.!

o

-0.!

o

[7JNNPDF prior 46 [ [ZJNNPDEF prior 4

LR 7 -~ YNNPDF rw W ]

[ = STARW"data ] [ ° STARW data ]

Dooder b ] S REARER N

n n
Experiment  Set Naat x%/Naat X /Nt

lo 20 30 4o lo 20 30 4o
STAR 12 1.93 1.97 1.97 1.91 1.43 1.12 1.03 1.02
STAR-W+ 6 1.15 1.14 1.22 1.25 1.04 1.01 1.02 1.01
STAR-W™ 6 271 2.80 2.59 2.43 1.78 1.25 1.04 1.02

Overall good description of both data sets after they are included in the fit via reweighting
Stability of reweighted results reached starting from 30 prior J
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C) Global reweighting

2w/ Naar = 1.02

GLOBAL REWEIGHTING Ng,¢ = 74

lo 20 30

4o

X2/ Ngat 122 125 125
X2 /Naay ~ 1.07 104  1.02
Nogt 224 197 177

1.24
1.02
176

Good overall description of new data

The loss of efficiency of the reweighted replicas is under control
Results do not depend on the choice of either the 30 or 40 prior

Reweighted NNPDFpol1.1 36 vs 46

Central Value
T T

Uncertainty
T T

Negr ~ 180
dn~2
—Ag
6 - -Au
---a9
s
—As
~ 4F
&
s
5 3F

—Ag
6 - -au
---ad
Fooe AT
5 Ad

dxQ))
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3. The NNPDFpoll.1 parton set
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Constructing the NNPDFpol1l.1 parton set

The NNNPDFpoll.1 parton set, made of N.ep = 100 equally probable replicas,
is obtained by unweighting the result from global reweighting.
The idea is to select (possibly more than once) replicas carrying relatively hight weight
and discard replicas carrying relatively small weight.
The unweighted ensemble is statistically equivalent to the reweighted ensemble.

Experiment NNPDFpol1.0 NNPDFpoll.1

x?/Naat X*/Naat
EMC 0.44 0.43
sSMC 0.93 0.90
SMClowx 0.97 0.97
E143 0.64 0.67
E154 0.40 0.45
E155 0.89 0.85
COMPASS-D 0.65 0.70
COMPASS-P 1.31 1.38
HERMES97 0.34 0.34
HERMES 0.79 0.82

Similar (good) description of inclusive DIS data in both NNPDF parton sets
How are PDFs affected by the inclusion of polarized collider data sets?
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Comparison with NNPDFpol1.0

Aut and Adt

r

XAU*(x,Q2=10 GeV?)

xAd*(x,Q?=10 GeV?)

-] NNPDFpol1.0

NNPDFpol1.0

[ NNPDFpol1.1
positivity bound 025 positivity bound
E 0 il R | o dend L vl | . nd
10° 10? 107 1 10° 10? 10" 1
X X

@ Ag" = Aq+ AG, g = u,d are statistically equivalent in the two parton sets
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Comparison with NNPDFpol1.0

Ast and Ag

XAs*(x,Q%=10 GeV?)

xAg(x,Q%=10 GeV?)

// %/%/
- //////////’%/
2

0.04=
D_osi 08 NNPDFpol1.0
C 7) NNPDFpol1.1
-0.08— positivity bound -1 positivity bound m|
C M | M | Lo endd M | M | Lol
10° 10? 10" 1 10° 10? 10" 1
X X

@ Ag" = Aq+ AG, g = u,d are statistically equivalent in the two parton sets

As™ is almost unaffected by W data (unlike in the unpolarized case)

@ the underlying probability distributions for Ag in the two determinations differ up to one
sigma in the region covered by jet data, 0.05 < x < 0.2

@ Ag from NNPDFpoli.1 is definitely positive in the data region and its uncertainty is
reduced up to a factor three w.r.t. NNPDFpol1.0
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Comparison with DSSV

Au and Ad

XAU(x,Q?=10 GeV?)

T 015 T

o xAd(x,Q?=10 GeV?)

=

0.

@

0.:

N

[ NNPDFpolt.1
DSSV08 Ay?=1
— positivity bound

INPDFpol1.1
DSSV08 Ax’=1
— positivity bound
| | P | | L
10° 10°? 10" 10? 10"

X X

[,
. p

b
3

@ Consistent results are found in the two parton determinations

@ NNPDF uncertainties are slightly larger, especially at small-x values
(where experimental data are lacking)
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Comparison with DSSV

Ad and As = AS

XAd(x,Q%=10 GeV?)

xAs(x,Q2=10 GeV?)

e
3
2

[E-INNPDFpol1.1
71 Dssvos ay’=1
— positivity bound
M | M | r
X 10" 1 10°

X X

I NNPDFpoli.1
DSSV08 Ax?=1
— positivity bound

MR | T il L
2

Q

@ Good agreement for the Ad distribution, but with large uncertainty

@ Discrepancy between NNPDF and DSSV determinations of As
(bias from the kaon fragmentation function used to include SIDIS data?)
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Comparison with DSSV

T —rg - r T —
0.03— B i
u.ozf— é 002 - xAu =
/V%W ///,{/4 > B 0G VI

Ny /{//// 7 % E 10 GeV” ]

= 77277 ]

o = 0 2 =

F E .. ] 2R
0.01F 4 o, - ]
002l 4 om | ]
00t XAT(X,Q%=10 GeV?) 3

F 3 ===e- DSSV with COMPASS SIDIS 4
0.0a [Z7J NNPDFpol1.1 3 004 |- ]

E DSSV08 Ay?=1 ] ——— DSSV++ with STAR W data ]
-.0.05 — positivity bound 4 4

El L \ | - =3

102 107 ) 1

X 10 10

@ Slight discrepancy for the Az distribution at x > 3 - 1072
@ Recall that W* data were not included in the DSSV08 analysis

@ The AU distribution was determined in DSSV08 from 7 production data in SIDIS
(bias from the pion fragmentation function?)

@ This discrepancy disappears when W data are included in the DSSV analysis
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Comparison with DSSV

Ag

xAg(x,QP=10 GeV?)

[ IRHIC x range 7
-0.05 r . 1
0.1 -0.1 = = —== NEW FIT
0 [E] NNPDFpol1.1 L . incl,90% C.L. variations |
045 SSV08 Ax’=1 Coo e DSSV* 1
: —— positivity bound ] L - == DSSV 4
0 Eeednl 0 ol o deod 02 Y B BTN )
10° 10?2 10" 1 T3 2 -1
X 10 10 10 X 1

@ For x < 0.2 the gluon has a node in DSSVO08, while it is definitely positive in NNPDFpol1.1
@ NNPDFpoll.1 and DSSV are in perfect agreement once recent jet data are included
@ First evidence of gluon polarization in the proton in the region covered by data, x = 0.2

@ The uncertainty of the gluon blows up in the unmeasured small-x region
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The spin content of the proton: quarks and antiquarks

AR S R A R AR NNPDFpol1.0 vs NNPDFpoli.1
—— NNPDFpol1.0

@ Moments obtained from NNPDFpol1.0 and
H ——NNPDFpol1.1 NNPDFpoll.1 are consistent with each other

——DSSV08 @ The uncertainty in the region x € [0, 1] reduces
: by a factor two, except for As

. @ The relative contribution to the total momentum
{Jpp— <Ay_(02)>[‘°'“"1 uncertainty from the extrapolation region is
P roughly a half in both parton sets

(az@y*"

e b b b b b Lo Ly
-0.4 0.2 0 0.2 0.4 06 0.8 1

Q% = 10 GeV? (AF(Q2))0: (aF(@2yo 31
Af NNDPFpoll.0 NNPDFpoll.1 NNDPFpol1.0 NNPDFpoll.1 DSSV08 (Ax2/x% = 2%)
Au+ AT +0.77+£0.10  +0.79£0.06  +0.76 0.06  +0.76 = 0.03 +0.79379,%%8
Ad + Ad —0.46 £0.10  —0.47 £0.06 —0.41+0.06 —0.41+0.04 —0.4167%0%
Al - +0.06 £ 0.05 — +0.05 £ 0.05 +0.02810,0°0
Ad — —0.12 £ 0.07 — —0.10 + 0.05 —0.08979,%%0
As —0.074+0.06 —0.06+0.05 —0.06+0.04 —0.050.04 —0.006+%%%5
AT +0.16 £0.30  +0.20 £ 0.18  +0.234+0.15  +0.25 4 0.10 +0.36674, %%
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The spin content of the proton: quarks and antiquarks

AR S R A R AR NNPDFpoll.1 vs DSSVO8

: — NNPDFpol1.0 .
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The spin content of the proton: the gluon

~NNPDFpol1.0 | NNPDFpol1l.0 vs NNPDFpoll.1
—~NNPDFpol1.1 | @ Reduction of the uncertainty thanks to jet data
~Dssves - — by a factor two for x € [0,1], x € [1073,1]
—ossvir | (Ag(@?)°%502 — by a factor three for x € [0.05, 0.2]
H NNPDFpol1l.1 full vs truncated moments
: @ The extrapolation uncertainty is still dominant
—— (ag@yr™" — 3 times the uncertainty in x € [1073,1]
— —> 40 times the uncertainty in x € [0.05,0.2]
(rg(@®" NNPDFpoll.1 vs DSSV++ (same jet data sets)
R @ Results perfectly consistent for x € [0.05,0.2]
-6 -4 -2 0 2 4 6 8
Q2 = 10 GeV?2 (Dg(@?))101] (Ag(Q2))[1073’1] (Ag(Q?)y10:05,0.2]

NNPDFpol1.0
NNPDFpoll.1
DSSV08 (Ax2/x% = 2%)
DSSV++ (Ax2/x2 = 2%)

—0.95 + 3.87 —0.06 +1.12 +0.05 £ 0.15
—0.13 + 2.60 +0.31 £ 0.77 +0.15 £+ 0.06
£0.702 40.129
— 0.01377; 575 040054:0&01664
- - 0.1075 o7
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4. Conclusions and outlook
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Summary

@ The first unbiased global determination of polarized PDFs was presented

@ NNPDFpoll.1: inclusive DIS + open-charm (fixed-target) + jets + W (collider)
W data allows for a determination of Al and Ad polarizations

jet data from STAR provide the first evidence of gluon polarization, x € [0.05,0.2]
outside this region, the polarized gluon is still largely uncertain

large values of the gluon first moment are not completely ruled out

@ The NNPDF parton sets (polarized and unpolarized) are available at
http://nnpdf.hepforge.org/
NNPDFs together with stand-alone Fortran/C++/Mathematica code
© We plan to determine a set of pion and kaon fragmentation functions
@ in view of a full global analysis including SIDIS and hadron production data

@ Only an EIC would probe polarized PDFs at small-x values and higher Q?

@ accurate determination of the longitudinal spin structure | 11 1
@ quark-antiquark separation from charged-current DIS | 1
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@ The first unbiased global determination of polarized PDFs was presented

@ NNPDFpoll.1: inclusive DIS + open-charm (fixed-target) + jets + W (collider)
W data allows for a determination of Al and Ad polarizations

jet data from STAR provide the first evidence of gluon polarization, x € [0.05,0.2]
outside this region, the polarized gluon is still largely uncertain

large values of the gluon first moment are not completely ruled out

@ The NNPDF parton sets (polarized and unpolarized) are available at
http://nnpdf.hepforge.org/
NNPDFs together with stand-alone Fortran/C++/Mathematica code
© We plan to determine a set of pion and kaon fragmentation functions
@ in view of a full global analysis including SIDIS and hadron production data

@ Only an EIC would probe polarized PDFs at small-x values and higher Q?

@ accurate determination of the longitudinal spin structure | 11 1
@ quark-antiquark separation from charged-current DIS | 1

Thank you for your attention
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5. Backup
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W= production at RHIC

Weighted distribution of 32, /Ny, P(ar)

R e B e  mama A L A A A M

o3f E 1+ B

025 il t ]

E ] 08— B

o2f E L ]

é r 1] §O.Sj i

Borst LA :
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0 2 4 5 6 7 05 1 15 2 25 38 35 45 5

xi weigthed o
Experiment Set Ngat X%w/Ndat (o)

lo 20 30 4o lo 20 30 4o
STAR 12 1.43 1.12 1.03 1.02 1.45 1.43 1.40 1.39
STAR-W+ 6 1.04 1.01 1.02 1.01 1.11 1.13 1.15 1.14
STAR-W™ 6 1.78 1.25 1.04 1.02 1.60 1.47 1.38 1.35

Overall good description of both data sets after they are included in the fit via reweighting
Stability of reweighted results reached starting from 30 prior J
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Predictions for single-hadron production asymmetry

ottt —ot— > abc—ggg 2 ®Hh® DY @ A&<,

AR — =
LL =
ott +ot- X:a,l:uc:q,a,t;f fo®f,® DI @ 9

PHENIX [ 11 11 ] STAR | 1
IO S I N B e R e R e R
S 0 | S 0 |
EAL E E AL ]
0.3~ - 0.03~ -
[ Vs=200 GeV E [ (s=62.4 GeV E
002 4 0.02- =
0.01; —f o.otf— —f
'0-01; —f -0401; é
-o.ozf— é -0»02; ’f
-o.nsf— —f -0.03; —f
[ NLO QCD, NNPDFpol1.1 E [ NLO QCD, NNPDFpol1.1 ]
0.04 - 0.0~ -
f\\;\\\i\\\‘\;\\\;\\\‘\o\— 7”4\”\1.\5\\”;\\HZESHHS\HHJS\\u‘\tu—

p, [GeV] P, [GeV]

@ Good agreement between experimental data and theoretical predictions
@ Experimental uncertainties are larger than than those of the corresponding predictions

@ We expect a slight impact on the gluon PDF from these data
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A general overview on the methodology

Theory: - : :
DIS observables H \Smglet\Gluon \Tnplet ‘ Octet | ;

| Neural Networks
g Fast Kernel PDF
oce _" Tables

. S inimization algorithm ;
‘ Theoretical P 4——{ (GA) :

: ‘ Comparison with Experi Data
‘ o No ;
H Stopping Criteria H
: Yes :
: CompletediStop Fitting Algorithm :
Ingredients:
Monte Carlo sampling and Neural Networks
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Ingredient 1: Monte Carlo sampling of experimental data

MONTE CARLO SAMPLING

@ Sample the probability density P[Agq] in the space of functions assuming
multi-Gaussian data probability distribution

(art (X Q )_

1Jrzrcp‘7€p+ Os,p:| gle;(p (x, Q)

Oc,p: correlated systematics os,p: statistical errors (also uncorrelated systematics)

(k) (k).

re,py rs,p: Gaussian random numbers
@ Generate MC ensemble of N, replicas with the data probability distribution
MAIN FEATURES

@ Expectation values for observables are Monte Carlo integrals

Nrep

N > 0Olaagd

P k=1

(OlAq]) =

..and the same is true for errors, correlations etc.
@ No need to rely on linear propagation of errors

@ Possibility to test for non-Gaussian behaviour in fitted PDFs
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Ingredient 1: Monte Carlo sampling of experimental data

DETERMINING THE SAMPLE SIZE

@ Require the average over the replicas reproduces central values and errors of the
original experimental data to desired accuracy

Central Values
R L B I e ey B e e ) R e e e AR
[|+ Ni=10 ] E|+ Nie=10 ]
08| . N,,=100 . 3 [] < Ngp=100 ]
o.ef— x Nig;=1000 ';; H 7 F| « Nip=1000 1
r ’ ] 0t E
0.4 E £ ]
s [ ] - ]
S [ ] s [ ]

So2f e £
< T ] < 0 ]
o- 7 107 x E
r ] 5 - ]
0.2 j F . ]
-0.4F e [ |
Bl b b Lo by b w Lyl 3 Ll Lol Lo
10
-04 -0.2 2 1 10° 102 . 1 1
Experimental Experimental
0 . .
Accuracy of few % requires ~ 100 replicas J
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Ingredient 2: Neural Networks

A convenient functional form
providing redundant and flexible parametrization
used as a generator of random functions in the PDF space

n—1
n _ (1=1) #(1-1) (N
& _g<2wij 'fj —0; )

Input Layer Hidden Layers QOutput Layer

made of neurons grouped into layers (define the architecture)
each neuron receives input from neurons in preceding layer (feed-forward NN)

activation determined by parameters (weights and thresholds)

activation determined according to a non-linear function (except the last layer)
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Distances

Compare two sets of Nr(elp) and N,(elp) replicas coming from different fits
Do they have belong to the same underlying probability distribution?

MEAN VALUE
2 (, (k) (%) (<q(k)>() <"<k)>())
d ((q Yy, (q >(z))= 2T 2Tt
o [(q )(1)]+U [(q )(2)]
Nrep(i) Nrep(:
(y 1 (k) 270y T Y oy b ey )2
0= 5 7 o] Mrep(s [ "’rep() = (20 = @)
UNCERTAINTY
2 =2
@ (o) = (ty — %)
Wl (o] + 2 [o)]
Nrep(i) _
2 _ 2 (K 27 27_ 1 1 _ Nrepy =3 /2 2
o = 7" [0 « [otol rep(i) | Mrep() 13 (0 = @)" Nrepw*l(a('))

By definition, the distances have a x? probability distribution with one degree of freedom
mean (d) =1 and d < 2.3 at 90% confidence level
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U Welghtl N [arxiv:11081

Unweighting allows for constructing an ensemble of equally probable PDFs
statistically equivalent to a given reweighted set
Hence, the new set can be given without weights

IDEA
Given a weighted set of N,ep replicas, select (possibly more than once) replicas carrying

relatively hight weight and discard replicas carrying relatively small weight

CONSTRUCTION OF THE UNWEIGHTED SET

@ Set the number of replicas N;ep in the unweighted set
(pointless to choose Ny, > Nrep: no gain of information)

@ Compute, for the k-th replica of the reweighted set, the integer non negative number

Nrep

. K
Wi

— P11 | 0| Pk — J , Pk:Z L, ZWk Nyep
N 2 Nyep

rep

ol

rep

© Construct the unweighted set taking w, copies of the k-th replica, for k =1,..., Nyep
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CONSTRUCTION OF THE UNWEIGHTED SET
@ Set the number of replicas N;ep in the unweighted set
(pointless to choose N, > Nrep: no gain of information)

@ Compute, for the k-th replica of the reweighted set, the integer non negative number

Nrep

. k
J wj
—>9<Pk_N, )v Pk:ZNJ ' § Wk N;ep
- rep

rep

ol

rep

© Construct the unweighted set taking w, copies of the k-th replica, for k =1,..., Nyep
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C) Reweighting with open-charm production at COMPASS

Virtual photon-nucleon asymmetry for open-charm production
[ 1
ATN—DOX _ Ag ® N6y ® DY
Ry ® D¢
FEATURES

@ Ag is probed directly through the photon-gluon fusion process
(in DIS Ag is mostly probed through scaling violations instead)

@ the fragmentation functions for heavy quarks are computable in perturbation theory
(and only introduce a very moderate uncertainty in the fit)

EXPERIMENTAL MEASUREMENT
@ COMPASS (2002-2007) [ ]

2
i X~/ Ndat

Experiment  Set Naat  yNppFpo11.0  DSSVOS ~ AACOS  BB10

COMPASS 45 1.23 1.23 127 125

COMPASS Kl 15 1.27 1.27 143 138

COMPASS K27 15 0.51 0.51 056  0.55

COMPASS K37 15 1.90 1.90 181 1.82
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C) Reweighting with open-charm production at COMPASS

F T M T D{’l( T T T T T T T T ] T T T T T T T T F T M T D"‘X T T T T T T T T ]
£ AL ] ER ]
e E ! E e F . E
i Ll E L el _ ]
: ! ] i LT T ]
ra i | E E P E
—————— DSSV08 El - DSSV08 $ - DSSV08 El
--- AAC08 | --- AAC08 i --- AAC08 |
— BB10 1 — - BB10 — -BB10 ]
[ZZ]NNPDFpol1.0 3 [Z7]NNPDFpol1.0 [ZZ]NNPDFpoli.0 3
—— COMPASS Kin E —— COMPASS Kin —— COMPASS Kin E
TRETVIES 0 N ST i N S RCY SRR f
T R T e T

P2 [GeV] pY’ [GeV] P2 [GeV]

Data are affected by large uncertainties w.r.t. the uncertainty due to PDFs
They do not show a clear trend
E . t Set N, Xz/Ndat

Xperimen € dat  NNPDFpol1.0  DSSVOS  AACOS  BB10

COMPASS 45 1.23 1.23 1.27 1.25

COMPASS K1m 15 1.27 1.27 1.43 1.38

COMPASS K2 15 0.51 0.51 0.56 0.55

COMPASS K3 15 1.90 1.90 1.81 1.82
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C) Reweighting with open-charm production at COMPASS

F T T ] FT 7]
Ens o 1 s ]
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NI
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| WWIE FEE P FT T SR T SE T N R e e | | W FWWE FWWE NS FUTE PR FETY T ST S S Ol b benn benn benn b b besa Lewe L 1A
0204 66 08 1 52 14 e 1e 7 22 0204 06 08 T 12 i4 16 ¥ 020 e o T A L e e s
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The impact of open-charm data from COMPASS is mostly negligible,
as we notice from the value of the x?/Nynda: and the reweighted observable

D—

Experiment  Set Naat  X*/Naat X2y /Naat

COMPASS 45 1.23 1.23
COMPASS Klm 15 1.27 1.27
COMPASS K2m 15 0.51 0.51
COMPASS K3m 15 1.90 1.89
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