First simultaneous extraction of spin
PDFs and FFs from a global QCD
analysis

Jacob Ethier

w/ JAM members: Wally Melnitchouk, Nobuo Sato
DIS 2017, University of Birmingham
April 5th, 2017

+
i
RY

WILLIAM & MARY  Jefferéon Lab jAM

CHARTERED 1693 ‘erson National Accelerator Facility




Proton spin from DIS

: 1 1
e Spinsum rule: 5 = §AZ +Ag+ L e Spin PDFs: Agt = Aq+ Ag

1

- Quark contribution: AX(Q?) = / dz (Aut (z,Q%) + AdT (2, Q%) + AsT (z,Q%))
0

~ 0.3[10—3,1]

1
- Gluon contribution: Ag(Q?) = / drAg(x, Q%) ~ 0.1[0.05,0.2]
0

- Orbital angular momentum: determined from GPDs

* Polarized DIS experiments measure asymmetries to extract information on the
polarized structure function

2 1 1
9 (z,Q%) = gAuT + 2 AdT + 2 AsT 4 O(as)

* Together with SU(2) and SU(3) constraints from weak baryon and hyperon decays,
information on quark and gluon spin contribution can be extracted




Strange polarization
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* Discrepancy in shape of strange polarization (DSSV, LSS)

— Claim: analysis of SIDIS data changes strange polarization shape




Fragmentation Functions

* SIDIS observables require information on FFs = contains information
about quark to hadron fragmentation.

—> Choice of kaon FF parameterization influences shape of strange
polarization density in SIDIS analysis (Leader, et al)

0.6 — 0.20 I
- — HKNS | — HKNS
' — DSS 0.15} — DSS
0.4} -

03l (@) D7 | o9 (b) zDE~ |

0.2} 0.05[

0.1

0.00}
0.0f

0. S —0.0 e
b1 02 03 04 05 06 07 08 00 Lo 01 02 03 04 05 0.6 07 08 09 L0
Z V4

- Recent JAM analysis extracted FFs from single-inclusive
annihilation using the iterative Monte Carlo technique (arXiv:1609:00899)
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JAM17 Combined Analysis

 We perform the first ever combined Monte Carlo analysis of polarized DIS,
polarized SIDIS, and SIA data at NLO

do P19 = Z/dg AF(E)de  do®TA = Z/dg D¢(¢)dé
f f

\ /

do®'PIS =" [ dg¢d¢ Af(E)Dy(C)do
f

e Spin PDFs and FFs are fitted simultaneously

e SU(2) and SU(3) constraints used in DIS only analyses are released

1
as = / dr(Aut — Ad™)
0

1
ag = / dr(Au™ + Adt — 2As™)
0




Traditional Fitting Method

* Functional form for PDF and FF, e.g.
rf(z) = Nz*(1 — 2)°(1 + ev/z + dx)

. 2
e Single X fit of parameters

> Typically fix parameters that are difficult to constrain

* Uncertainties determined by Hessian or Lagrange multiplier methods

I—) Introduces tolerance criteria

2
* Since X isa highly non-linear function of the fit parameters, there can
be various local minima

* We can improve on this using an iterative Monte Carlo procedure




Iterative Monte Carlo (IMC) Fitting Methodology

posteriors

parameters from
minimization steps

posterior




Iterative Monte Carlo (IMC) Fitting Methodology

| Initial iteration: flat sample priors |

[sampler posteriors

=

- Set of parameters used as initial
original data .
guess for least-squares fits

training

validation
data

as initial
guess

parameters from
minimization steps

posterior




Iterative Monte Carlo (IMC) Fitting Methodology

sampler posteriors

| Perform thousands of fits |

original data

training
data
as initial @
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Iterative Monte Carlo (IMC) Fitting Methodology

sampler posteriors

| Perform thousands of fits |

- Pseudo-data constructed by
bootstrap method

training
data
as initial @
guess
parameters from
minimization steps

validation
data

posterior
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Iterative Monte Carlo (IMC) Fitting Methodology

posteriors | Perform thousands of fits |

- Pseudo-data constructed by

(originel data) bootstrap method

4

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

validation
data

parameters from
minimization steps

posterior
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Iterative Monte Carlo (IMC) Fitting Methodology

posteriors

=

training
data

validation
data

posterior

as initial
guess
parameters from

[minimization steps

| Obtain a set of posteriors |

- Set of parameters that minimize
validation chi-square are chosen as
posteriors
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Iterative Monte Carlo (IMC) Fitting Methodology

@( -

posteriors

| Posteriors are sent through a sampler |

- Kernel density estimation (KDE):

original data estimates the multi-dimensional
22 probability density function of the
parameters

training
data
as initial @
guess
parameters from
minimization steps

validation .
—> A sample of parameters is chosen
from the KDE and used as starting

priors for the next iteration

- lterated until distributions are
converged

posterior
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Iterative Monte Carlo (IMC) Fitting Methodology

(sampler]—)( priors

posteriors

original data

training
data

validation
data

as initial
guess
parameters from

[minimization steps

posterior

| Obtain final set of parameters |

- Compute mean and standard
deviation of observables

BIO] = = 3 Olar)
k=1

n

V[O] = = (O(ay) - E[0))?

k=1
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Parameterizations and Chi-square

#4(1 - 2)'(1 + cy)
Bla+1,b+1)+cB(a+1.5,b+1)
20(1 — 2) Favored: DZ’ = T(z;a) + T(z;a’)

Bla+2,b+1)  Unfavored: D!, = T(z;a)

* PDFs: AgT,Ag= M

* FFs: T(z;a)=M

Pions: Kaons:
7T+ 7T+ ]_
DI =D} =T(z;a) D§+ _ D£{+ _ iDCI;f
7T+ 7T+ 1 7T+
bl =Dy =3bk DX =T(z:a)

e Chi-squared definition:

DENE _ 7 (g) N2 CERNONE
T () x| ()

AN

(@)=

e




Parameterizations and Chi-square

#4(1 - 2)'(1 + cy)
Bla+1,b+1)+cB(a+1.5,b+1)
20(1 — 2)P Favored: DZ’ = T(z;a) + T(z;a’)

Bla+2,b+1)  Unfavored: D!, = T(z;a)

* PDFs: AgT,Ag= M

* FFs: T(z;a) =M

Pions: Kaons:
D7_T+ — D7T+ — T( : ) KT KT 1 K+
a d z;a Dy =Dj =D
+ ~+ 1+
b =bi =Dk DX =T(z:a)

e Chi-squared definition:

(e) ar(e) (e) ¢ ‘
Z DN — T —|—Z((e))2 Z a®) — 1,0
: OO, g(ﬁ)

Penalty for fitting normalizations

Xla)=>"

e




Parameterizations and Chi-square

#4(1 - 2)'(1 + cy)
Bla+1,b+1)+cB(a+1.5,b+1)
20(1 — 2)P Favored: DZ’ = T(z;a) + T(z;a’)

Bla+2,b+1)  Unfavored: D!, = T(z;a)

* PDFs: AgT,Ag= M

* FFs: T(z;a) =M

Pions: Kaons:
7'('+ 7T+
DI =D} =T(z;a) D§+ _ D£{+ _ %Dgff
7T+ 7T+ _ 1 7T+
bl =Dy =3bk DX =T(z:a)

e Chi-squared definition:

(e) ar(e) (e) ¢ ‘
Z DN — T —|—Z((e))2 Z a®) — 1,0
: OO, g(ﬁ)

Modified likelihood to include prior information

Xla)=>"

e
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Simultaneous Fit Details

* Procedure:

= IMC fit of g+ and glue PDF distributions to DIS data (with W? > 10 GeV?)

- Sample above DIS parameters and JAM16 FFs through KDE sampler

— Generate priors (flat sampling) for unknown sea quark PDFs and unfavored FFs
—> Fit DIS, SIDIS, and SIA data simultaneously (pion and kaon observables only)

—> Fix r values to DIS/SIA only fits
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- ‘
714Tp HERMES

-
- AT, compass

1072

1071

0.8}
0.7
0.6}
0.5}
0.4+
0.3+
0.2+
0.1+

0.0

107!

1072

107!

0.5

0.4}
0.3F
0.2}
0.1}
0.0

—0.1

0.30
0.25
0.20

0.15F
0.10
0.05F
0.00 -

—0.05

PRELIMINARY

0.5

0.4

—-0.4

,[4ﬂ
L “*1.d
0.2}
0.1}
0.0
—0.1f
702 L
703 L

107!

10!

7t |
ATy

0.25

0.20+
0.15¢
0.10+
0.05}
0.00 -

—0.05

i
‘le d

)

1072

1071

* Other chi-square information: STA pion XQ/Npts —1.30

1072

1071




0.8

0.6

Data vs Theory — SIDIS kaon

X°/Npis = 0.73
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* Other chi-square information: SIA kaon X2/Npts = 1.01

DIS x?/Npts = 1.00
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Polarized PDF Distributions PRELIMINARY
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* As+ distribution consistent with zero! Q2 =1 G6V2




Moments PRELIMINARY

30 ‘ ‘ 18 ‘ ‘ 6 — 8 —
— JAM17 (Au*) — JAM17 (Ad*) — JAM17 {As*) — JAM17 (AY%)
J5| [ JAML7 Au” 16 jAM17 A0 S| [ JAM17 As* 77| JAM17 AY
(Au")=0.819+£0.018 14r(Ad+ ) =—0.423 +0.024 (As*)=—0.0340.089 6L(AD) =0.367 +0.077
2Nt — T AT
Au o Ad As AY
15} 3t :
8+
10f 1 6 2t
4,
1,
2,
0 : 0 0
-0.7 -0.6 . . -0.3 -0.4-0.3-0.2-0.10.0 0.1 0.2 0.3 -0.10.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

* Au+, Ad+ moments are well determined by DIS+SIDIS data

AS+ — —003 T 0089 Around zero, but with large uncertainty
AY =0.367+0.077 Consistent with previous analyses
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Moments PRELIMINARY

16 3.0

(g4) =1.242£0.032 — JAML7 (g,) (a5) —0.456 £0.195 — JAM17 {a)
14} m JAM17 g, m JAM17 a
2.5¢ 8
7 ga T ag

12

2.0t

gA as

0 e - - 0.0
1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

ga = 1.242 4 0.032 su(2) symmetry confirmed

* Flat sampled octet axial charge in range (-0.2,1.2)

ag = 0.456 + 0.195 Not well constrained by pion and kaon SIDIS data

—> SU(3) value within uncertainty range

* Need better determination of As+ moment to reduce ag uncertainty
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Summary and Outlook

As+ distribution consistent with zero with large uncertainties

- Need higher precision polarized SIDIS kaon data

Difficult to determine ag with DIS+SIDIS, but results confirm SU(2) symmetry

Need to release all r parameters for all data sets
Would like to lower W cut to include JLab data

QCD observables yet to be implemented:
W asymmetries for spin PDFs (up and down sea constraints)
* Unpolarized SIDIS and single-inclusive pp collision for FFs

Working towards a universal fit of quark helicity distributions
* Global analyses of combined unpolarized and polarized data

Thank You
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BACKUP SLIDES




Fragmentation Functions
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Fragmentation Functions
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Polarized DIS

* We fit measurements of parallel and perpendicular spin asymmetries

RN

Ay = Sy = D (A +ndz)
T= 1<

AL =2 "% (A4 CAY)

— UT:> + UT<:

— 7 + AM 22
A, — (91 —7792) A, 7(91 92) 2= M
F1 Fl Q

Define our polarized structure functions:

g12(x, QQ) = g{’,T2+TMC(Au+, Ad", Ag,...)
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Leading Twist Structure Functions

* Leading twist structure function defined in collinear factorization as

07 (@.Q%) = 5 32 [(AC, ® Mg ), @) + (AC, ® Ag)(z, Q)]

q

. . . 2 imlei
* Leading twist + target mass corrections ¢ =1— . PP =1+ jvfc'f“;,',‘;'s” Zr;‘észkﬁk(’;ag‘;;‘j

; ; 1 [td 3(p% — 1 ;
g; 2+TMC)<x,Q2):_%g§ 2)(§7Q2)+E/£ 5 [%_(p2_1)+ (p )lng] (2)(2’ Q2)

(124+TMCQC) 2 K (72) 2 (P2—1) 1%[($+§)_(3_P2) n ] (72) 2
o7 N @Y) = ol ie @+ o [T [ b R CRoY

* In Bjorken limit (Q* — 00)

1
) T _ _ dz (r
g\ = g g @, Q%) = —g (3, Q0 + | — g

(2,Q%)
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Semi-inclusive DIS

* In SIDIS, we fit the photon-nucleon spin asymmetries (assuming Bjorken limit)

h 2
h 2y 91 (7,2,Q7)
Al ($7Z7Q ) — 2
Fl (3:7 2 Q )
* The (un)polarized structure functions are defined
gh(:c p Q2) _ 1262 AQ(CU MF)Dh(Z ,LLFF) 4 O‘s(:uR)
1 ) 2 q ) q ) 27T

q

x(Aq®Aqu®D§+Aq®Ang®D3+Ag®Ang®D§)}

1 As(UR
F{L(xvz7Q2)25263{(](%7,“}7)1)(};('27#}717)—'_ éﬂ' )
q

><(q@cqq@@Dg+q®ng®D3+g®ng®Dg>}
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Single-inclusive Annihilation (SIA)

e Cross sections for 6+€_ — hX

doh da% darf,’: _ 2FE

— + _ L+ 7 = —

dz dz dz NG

* Transverse and longitudinal cross sections
do_% 2 g T 9 Qg T 5
=1 _ Za Di(z Q%) + = (CF @ D)= Q )] + 0 2 (CF @ D,)(2,Q")

dz

1

=3 015 (CF @ D) Q) + 0 32 (C0F @ D) (2 @)
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Single-inclusive Annihilation (SIA)

e Cross sections for 6+€_ — hX

do™ da% darf,’: 2Ly
p— + _ & = —F
dz dz dz V'S

* Transverse and longitudinal cross sections

dgf—Zm[ 2Q%) + 32(C © D) (.Q%)] + 00 3= (C] © D,) (2.Q%)

daL_ . . ,
dz Z C ®D>(27Q)+00 (C’ ®D)(z,Q)

_|_

* Electroweak cross sectione™e™ — v, Z — qq :

7i(s) = 00| €2 + 261 gt pr(s) + (952 + 657) (912 + 9i?) pal(s)]
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Single-inclusive Annihilation (SIA)

Cross sections for €+€_ — hX

doh dag darf,’: _ 2FE
p— + _ & = —F
dz dz dz V'S
Transverse and longitudinal cross sections
dU’ff’* 2 Qs 1 ~T 2 s+ ~T 2
dO-Z g L 2 Qg L 2
e = Zgi %(Cz ®Di>(zyQ )+00 %(Cg ®Dg)(z,Q )

1

Electroweak cross section €+

e — 7,24 —qq:
7i(s) = 00| €2 + 261 gt pr(s) + (952 + 657) (912 + 9i?) pal(s)]

Typically, observables are normalized by total hadronic cross section

Tiot(S) = Zai (1 + %)

1
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