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Why PDFs ?
 

 High-energy  (large to small x)

– Beyond the Standard Model searches

– Precision (Higgs) physics
– Gluonic “matter” at small x

 

 Hadron structure (large to medium x)

– Effects of confinement on valence quarks

– q – qbar asymmetries; isospin asymmetry 

– Strangeness, intrinsic charm

– Spin structure: 
• Longitudinal (spin puzzle)
• Transverse

 

 Nuclear physics

– Bound nucleons, EMC effect, SRC

– p+A and A+A collisions at RHIC / LHC

– Color propagation in nuclear matter

Accardi – PoS (DIS2015) 001
Jimenez-Delgado, Melnitchouk, Owens, JPG 40 (2013) 093102

Forte and Watt – Ann.Rev.Nucl.Part.Sci. 63 (2013) 291
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Many distributions, “single” fits

PDF

pol PDF Frag Fns

nucl PDF

(nucl pol PDF) nucl FF

→ Nocera[129]

→ Nocera [129]

→ Zurita [129]
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But physics is not isolated

Helic
ity

 se
para

tion Flavor separation

(w/ SIDIS, pp→
hX)

Flavor separation

(w/ SIDIS, pp→hX)

IS & FS nuclear 
matter effects
(w/ deuteron, 
heavier nuclei)

PDF

pol PDF Frag Fns

nucl PDF

(nucl pol PDF) nucl FF

Accardi, 
PoS DIS2015 001

→ Nocera [129]

→ Nocera [129]

→ Zurita [129]
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35+ years of unpolarized global PDF fits

 * NLO only  ** No jet data  ¤ see 1503.05221  ¤¤¤ see 1508.06621  ¤¤  no reconstructed W
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Large-x treatment
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20+ years of polarized global PDF fits → Vogelsang, 
      PDFLattice 2017
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20+ years of polarized global PDF fits

Needs FFs !!

→ Vogelsang, 
      PDFLattice 2017
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5+ years: new fitting methods
 

 More computing power, efficient implementations

– New fitting, analysis methods

 In traditonal fits:

– Detailed c2 scans, refined statistical analysis

 Monte Carlo fitting methods:

– NNPDF: bootstrap + neural network fit

– JAM: bootstrap + Iterative Monte Carlo (IMC) approach
 

Large number of parameters, trustable uncertainty estimates

 Self organizing maps → Liuti et al.

→ Sato, Ethier et al (since 2015)

→ Nocera’s talk
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JAM - Iterative Monte Carlo approach
 

 Provides control over large number of parameters

 Maximizes extraction of physics information from data

 Statistically robust uncertainties

PDF

pol PDF Frag Fns
JAM 17 – arXiv:1705.05889

[J.Ethier et al.]

Not so far away!

Helic
ity

 se
para

tion Flavor separation

(w
/ SIDIS, pp→

hX)

Flavor separation

(w/ SIDIS, pp→hX)

JA
M

 18 ?

 N.Sato et al [JAM], PRD93 (2016) 074005 and PRD94 (2016) 114004 

Strange, glue
& Twist-3 and 4 (p & n)

using inclusive DIS only !

JAM15
[PRD93(‘16)]

u+, d+, g+, c+, b+ FF's
using SIA only !

JAM16
[PRD94(‘16)]



Two examples
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Example 1: Tevatron as NUCL facility (!)

D

n

X

 

 Reconstructed W   →  constrain d-quark at largest x on proton targets  

 Compare to abundant deuteron DIS data:  

  →  constrain deuteron corrections

  →  precise u, d flavor separation

Accardi, Brady, Melnitchouk, Owens, Sato, PRD93 (2016) 114017
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Example 1: Tevatron as NUCL facility (!)
 

 Combined fit: d/u and binding effects

  →  confinement at large x    (using flexible large-x d-quark)

  →  bound nucleon corrections in deuteron PDFs

 

 Opens novel possibilities: test nuclear theory ideas against other data:

– Test “EMC effect” models (of course)

– On the lattice: “nucleon response to external color field”

– ...

Accardi, Brady, Melnitchouk, Owens, Sato, PRD93 (2016) 114017
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Example 2: strange strange quarks

 Ds : positive or negative?
– Depends on kaon FF used 

in SIDIS calculations!
– What about the unpol s ?

  s : large or small?

– Possibly, large Hadron Mass effects
 

– Extraction of s(x) strongly affected 
by kaon FF systematic uncertainty

Guerrero, Accardi, in preparation
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Need combined fits!

PDF

pol PDF Frag Fns

Strange, glue
& Twist-3 and 4 (p & n)

using inclusive DIS only !

JAM15 JAM 17 – arXiv:1705.05889
[J.Ethier et al.]

Helic
ity

 se
para

tion Flavor separation

(w
/ SIDIS, pp→

hX)

Flavor separation

(w/ SIDIS, pp→hX)

u+, d+, g+, c+, b+ FF's
using SIA only !

JAM16

[N.Sato, et al.,, PRD93(‘16)] [N.Sato, et al.,, PRD94(‘16)]
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Need combined fits!

Most slides by J.Ethier – mistakes misinterpretations are all on me
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First combined PDF and FF fit!

 Data set

 Cuts:

– Q2 > …  W2 > …   Z > ...     (avoid HT, hadron mass effects)
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Iterative Monte Carlo (IMC) analysis

“template functions”
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Iterative Monte Carlo (IMC) analysis in a nutshell

“template functions”
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Data vs. Theory - SIDIS
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Fragmentation Functions

 Data set
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Polarized PDFs

 Data set
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Strange polarization

 Data set

But, possibly large 
hadron mass effects
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Moments



Final thoughts
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Final thoughts
  

 Entering a new PDF precision era:
  

– New combined fitting approaches
• Hadronic, nuclear physics output 
• Improved PDF accuracy and precision 

– Entering the Jlab12 & EIC era
• With the complicity of RHIC, LHC / Compass, E906, ...

 What else?
– towards “universal” collinear PDF+pPDF+FF fits+...
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Masters of the Universe

PDF

pol PDF Frag Fns

A
3He
deuteron

→ Accardi, PoS DIS2015

transversity

di-had
FF

→ Accardi 
    talk [3-3]  
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Masters of the Universe

PDF

pol PDF Frag Fns

A
3He
deuteron

transversity

di-had
FF
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Masters of the Universe

PDF

pol PDF Frag Fns

A
3He
deuteron

transversity

di-had
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Backup
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Yen-Jie , 
Quark Matter 2017

Strange strange quarks
  

 n+A → dimuons     vs.     p+p → W+c  at LHC

 Heavy quark puzzle at RHIC / LHC:
– Color propagation in QCD matter 

not under theoretical control!

Alekhin et al., arXiv:1404.6469

FSI ?

A
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Strange strange quarks
  

 What next? 
– Use data on proton targets to fix s   → CJ17, in progress

– Use dimuons on nuclear targets to study 
charm quark propagation in nuclear matter A

Observa
ble x Q2 [GeV2]

LHC W, Z, 
W+c

10 –4 – 10 

–1 > 6400

JLab 12
[M.Dalton]

PVDIS 0.1 – 0.4 1 – 4

EIC
[Y.Zhao, 

Aschenauer]

PVDIS, 
CC

10 –3 – 
0.5 1 – 5000
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The JAM15 polarized PDFs
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Impact of JLab data
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The JAM FF 2016 fit
  

 Kaon FF too uncertain, correlated to strange PDF in SIDIS
  

– Cannot take kaon FF off the shelf 

– Need in-house extraction

 Iterative MC approach 
 

– Only SIA data used :
npts=245, χ2 = 305.2

 Strange-to-kaon FF:
 

– Between HKNS and DSS

– Will it give a negative ∆s ??

– Combined pol SIDIS + FF analysis underway!
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IMC method in action
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Higher twist and color polarizability

Lattice calcs from Goeckele et al. 2005 – time to revist?Lattice calcs from Goeckele et al. 2005 – time to revist?
(needs about 10 x precision, see next)(needs about 10 x precision, see next)
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JAM 17 – Moments
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