CTEQ-JLab global QCD analysis

Alberto Accardi

Hampton U. and Jefferson Lab
| CTEQ-Jefierson Lab

HIiX 2019

Kolympari, Crete, Aug 18", 2019

E .geff;?son Lab

THE STANDARD OF EXCELLENCE




Overview

The CJ15 global QCD analysis

d/u and off-shell corrections at large x

F2 neutron extraction
e Non-singlet p-n moment

Systematics of off-shell and d/u extraction

Summary and the future

REFERENCES:

* Accardi, PoS DIS2015 (2015) 001 — “PDFs from protons to nuclei”

* Accardi et al, PRD 93 (2016) 114017 — the CJ15 global fit
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The CJ15 global QCD analysis



Global QCD analysis

data theory
e DIS: p, d  pQCD at NLO
* p+p(pbar) = I'lI-, W, Z e Factorization & universality
’ , ° - _N2
* p+p(pbar) — jets, y+jet Large-x, low-Q?, nuclear corr.

fit
K‘ - Parametrize PDF at Q_, evolve to Q I J

* Minimize y°

PDFsI

F,(n)
W',Z', Higgs / any hard obs.
Nuclear dynamics
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The CTEQ-JLab global analysis

] Collaborators:
— Theory: A.Accardi, |.Fernando, W.Melnitchouk, J.Owens, N.Sato

— Experiment: C.Keppel, Shujie Li, P.Monaghan

1 All-x PDF global fits, focused on the “large” x region
— Maximize use of large-x data (esp. DIS)
— Include all relevant large-x / small-Q? theory corrections
— Quantitatively evaluate theoretical systematic errors
— Use PDFs as tools for nuclear and particle physics

] Latest public release: CJ15

— Accardi, Brady, Melnitchouk, Owens, Sato,

. . PRD 93 (2016) 114017
e www.jlab.org/cj

e |Included in LHAPDF
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CJ15 - PDFs

CJ15 U
0.8} ) Hessian error analysis
d+14 — Correlated errors where
— U. i1s d — U .
U0 “ available
S /10
% 0.4
o ] Error bands displayed for
0.2} Ax? = 2.71
Q% =10 GeV? .
0 ( 90% confidence level
103 103 102 01 03 05 0.7 09 in a perfect, Gaussian world )

xr

O] Fitted with  x°/datum = 1.04

) LO fit much worse — cannot accommodate Q? dependence of data
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35+ years of unpolarized global PDF fits

Large-x treatment

JLab & HER HERA Tevatron LHC v+A Nl:fl' HT Flex low-W
BONUS MES [+l W,Z di-n  offsh T™MC d DIS
CJ15* vwoov v v hox Y Vv
CT18 v vy v v
MMHT 14 ST SV Y Y
NNPDF3.1 v v v mg
JR14 v v v v v
ABMP16/AKP v v v VYV (V) v
HERAPDF2.0 v H

*NLO only ** No jet data " see 1503.05221 ** see 1508.06621 ™ no reconstructed W
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35+ years of unpolarized global PDF fits

Large-x treatment

JLab & HER HERA Tevatron v+A Nucl. HT Flex low-W

BoNUs MES I+l wz “HC g, &ofsh TMC d  DIS
CJ15* vwoo v v v ox Y YV VY
CT18 v v v v v
MMHT 14 LRV O A A4
NNPDF3.1 v v v mg
JR14 v v v v v
ABMP16/AKP v v Y VYV (V) v

HERAPDF2.0 v H

*NLO only ** No jet data " see 1503.05221 ** see 1508.06621 ™ no reconstructed W
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Extraction of large-x d/u
and off-shell deuteron effects



Data coverage for PDF fits

~NNPDF3.0 NLO datasetooooe: - HC data (soon to be included in CJ fits)
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Data coverage for PDF fits

= NNPDF3-0 NLO dataset ____________________________

HERA1
FTDY
TEVEW
TEV JET
ATLAS EW
LHCB EW
LHC JETS

Large-x coverage in DIS:
mostly SLAC
JIab limited kinematically
(but full Jlab 6 sets being investigated)
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...and uncertainties

Large-x coverage in DIS:

mostly SLAC
JIab limited kinematically
(but full Jlab 6 sets being investigated)

DIS — prot. & deut.
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DIS data
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...and uncertainties
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Interplay of observables
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Interplay of observables

Deep inelastic
deuterium

X

D
FY oc S[4auos () + zdog (2)]
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Interplay of observables

p q W l .
o DO, CDF asymmetries

Ta_~

pbar 4 v

Deep inelastic
deuterium

X

D
FY o S[dzuos(r) + xdog (7))
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Interplay of observables

p q W l .
o DO, CDF asymmetries

Ta_~

pbar 4 v

Deep inelastic
deuterium %

X

D
FY o S[dzuos(r) + xdog (7))
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Interplay of observables

p q W l .
o DO, CDF asymmetries

Ta_~

pbar 4 v

Deep inelastic Offshell dynamics

deuterium

8 “BONuS” tagged neutron target
n o

X

D

FY o S[dzuos(r) + xdog (7))

Fn
F—Qd x xu(x) + dxd(x)
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Fd x 2

Interplay of observables

0.8 CI15

DO, CDF asymmetries  , : »
< 04l
02|
1

O0F = #0i5 = B o) s
yw

d/u d-quark at largest x
on proton targets

Deep inelastic Offshell dynamics

deuterium

106
u-m X=0.0052 (i=20) = HERMES " ”»
| D uS” tagged neutron targe
10°4 ": - mw X=0.02 = BCDMS
::f- =0. = SLAC-Whitlow
101 - e - = SLAC E140X
A . X —0.058 JLab CLAS6 5
i a x=0.073 o JLab E00-116 AT
10 [ a-® *x=0.094 JLab E99-118 10 2
x=0.11 —oha o JLab E06-009
10 e naliuth = Zoay © JabE03-103
R - -1 =0.23
il T -
1] il o~ - % 0.28 [a]
10 Lee o g - g a-u-g X=035 X
. am @-'““-_»-“fl-iii-l-l--l x=0.45 E:]
1071 i = 10%
VT wErrelgRg-g-o--5 ¥=055 &
1014 J Ia b 6 M'i‘l‘rrrr.fr.-",_r“. X=065
bl Rl 22 ——— =0.75
10 SLAC e
DLAS Mo x-o0ssi=0)
103 T |
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Deuteron corrections

1 Atlarge x, DIS dominated by incoherent scattering from individual nucleons

]

.“},-

dz TMC+HT
Pau(.Q%) = | Z fpaler?) BRI 02,02, @2)
' AN
N nucleon momentum / Str. fn. in bound
distribution in d‘ (off-shell nucleon)
J (“smearing function”)
p-q po + p- e
5 — ~1+— |pp=M+e c=c4— —
— p— M [‘T 0 ' oM

momentum fraction of d carried by N

—> at finite Q% smearing function depends on ~ = \/1 + 4M222/Q?

1 Offshell expansion: parametrize first order coefficient, x, fixed with valence sum rule

— T ) T 2 - Jﬂ-.{z T

7 (z,p?) = ¢V (x) |1+ (p ‘ ) oq™ (x)

% ;""lf" _ T . e e - } ) ! - N \ N \ N 73

0 =Cn(x —x0)(x —x1)(1 + 2 — x0) / dz dq (.I?}(f} () — g L.;t}) =0
Jo
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Tevatron as NUCL facility (!)

Accardi, Brady, Melnitchouk, Owens, Sato, PRD93 (2016) 114017
) Universal fit: d/u and binding effects

— confinement at large x  (using flexible large-x d-quark)
— bound nucleon corrections in deuteron PDFs

Bl CJ15 i 0.2¢

0.8 MMHT14 | T
| CT14
0.6l 0 JR14
s | J<— sU(s)
~— a1
~ 0.4} ]
! 1e— DSE 0 AV18 N K
0.2} 1€ helicity | --- CD-Bomn . .
- [ WJC1 .o
0t l«— scalar gg -0.6} -.... WJIC2 TeeT
0 02 04 06 08 0 02 04 06 08 1
xX x

] 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”
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Interplay of observables

D0, CDF asymmetries

— Dominant constraint on d(x)
—dataup tox~ 0.7

— Not much dta, but very precise
— Dominantt constraint from DO W
— need cross checks

Deep inelastic Offshell dynamics

deuterium <

— Large body of data from “BONuS” tagged neutron target

multiple experients — Nearly model-independent
—datauptox~0.9 neutron data
— Mainly constrains off-shell — Data obtained in 6 GeV
(and helps with d/u uncertainty) Jlaberaatlow W, Q

— Loss of precision for large x DIS
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Interplay of observables

] @ = LT GeV? (i =35)
i B >=r>01
101
QF =20 GeV*

E 049> r > 028
o Ty | 335 Q7= 24 GeV?
[} 0453 >r>0.H

X

T @ =29 GeV?
=L 058 = r > 0.40
— ) 1
=o 100t i
= ¥ @ = 34 GeV?

062 = x = 046

P = a0V (i=0)

LGS = r = L56 BO N US
Il { JLab
— (J15

10!

5 G 7 8
H;Z {G(,\ﬁ!) T

* BONuS data well fit by CJ

* Effect of adding BONUS (also

/

W, | asymmetries from DO)

* Substantial reduction in d/u___

uncertainty at large x!

accardi@jlab.org

A. Accardi, et al., Phys. Rev. D 93 114017 (2016)

0.5

Keppel, DIS 2019 talk

[ DIS only
Bl + BONuS

Bl -V asym

Bl - (asym (& Z rap)

CJ15

0.7

08 0.

CJ15
MMHT14
CTi4
JR14

{e— SU(6)

1e— DSE
<«— helicity

scalar gq
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Interplay of observables

PR %2

Q@ =20 GeV?

049 > r > 028
[% II Q= 2.4 GeV?
053 » x>0

Q@ = LT GeV? (i=35)
044 > x> 0.4
101} ]

0.5

0.4} + BONuS

11

+ W asym

0.3}

Mutual agreement
gives confidence

inlextracted
dEeltErGNICOIECIoNS

Effect ¢ 0
W, | asymmetries from DO)

Substantial reduction in d/u
uncertainty at large x!

DIS only

+ € asym (& Z rap)

CJ15

A. Accardi, et al., Phys. Rev. D 93 114017 (2016) 0.2 0.4 0.6
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Extraction of
“free neutron” DIS data



Application: Neutron DIS “data”

1 F2(neutron) extraction
— Take F2(p) & F2(d), and either F2(d/p) or F2(n/d) data

K B

— Apply CJ15 nuclear corrections

— Extract F2(n) and F2(n/p)
— Use, e.qg, for “pure” A/(p+n) “EMC” ratios

a--4 X=0.0052 (i=20) o JLab E99-118
AT x=0.0083 Fz n o JLab E00-116
108 A e XAO'Elsola Sl
P T 0026 o JLab E03-103
- --aaaweoaa X i 4 SLAC E140X
.—-—»-—»—-tt--.-‘:"""1"""" ;(zo.os 4 NMC
6 J - - Eaeiiihed - i i
10 : e ew-a X=0069 4 SLAC-Whitlow
b g gty w-dae--a X 50088
¥y s x=0.1
5 M-k ARt --a---x X011
10%+ AL e e x=0.14
SE v A AR A S -t -aad g X=0.18
Copa- A g mr - - MR g e A st Sae-gx-a-s X =023
102 *‘*‘"*ﬁ“".'ir--f-?‘r.fw-n Saa-gghgoxgo, X=028
‘l*--mgﬁ-1;'1-'—.&-;1‘}111-1-1‘1-&-, x=0.35
o DS .
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10° 1 “Q?."l R sy N S S g X055
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L3
10-2 . :
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02
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Plots: Shujie Li
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Application: Neutron DIS “data”

F2(neutron) extraction

Take F2(p) and either F2(d), F2(d/p), or F2(n/d) data
Apply CJ15 nuclear corrections

Extract F2(n) and F2(n/p) 2

...and F2(p-n)

accardi@jlab.org

V7" vs. ap; (QF rebinned)

CJ + Shujie LI + G&I Niculescu

to appear soon

Plots: Shujie Li

Q2 = 2 GeV? Q2 = 4 GeV? Q? = 6 GeV?

SLAC-Whitlow
SLAC E140X
NMC

JLab E03-103
BCDMS

JLab E00-116
JLab E99-118
HERMES

o 0000 O0O0CO0

Q? = 15 GeV?

-7
—_——
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Application: Neutron DIS “data” CJ + Shujie LI + G&I Niculescu

to appear soon
F2(neutron) extraction

— Take F2(p) and either F2(d), F2(d/p), or F2(n/d) data
— Apply CJ15 nuclear corrections
— Extract F2(n) and F2(n/p)

0.35
--and Fz(p n) . Lattice QCD (M. Constantinou’s talk)
— ...and nonsinglet moment 03 — ; + . |
- : .
025 . {7 ‘e
g i cé) o
1:?; 0'2 = Qé) J @  Jiab E06-009 w elastic
Q B ‘ % : :Iab Eos-ofoz I;v;oe:asti:-:
V 0.1 5 } i :,=2TMIZ?Iove.r: a=0.093 fm
- " w—_ CTEQ-Jlab i ot
0.1 A globaldataset |, (2Ll
I~ A N;=2 TMF: a=0.089, 0.07, 0.056 fm
- JLab E06-009 i Pt iy
0.05 j PRL 123 (2019) 022501 "/ QCDSF18 (Clover, $N_f=2+15)
u ‘ Q* =4 GeV?| g Gulmesene
% 005 01 015 02 025 0.3
m2 GeV?

accardi@jlab.org HiX 2019 — 18 Aug 2019 28



Application: Neutron DIS “data” CJ + Shujie LI + G&I Niculescu

to appear soon
1 F2(neutron) extraction

— Take Sreemeltronédata

oV S O U b lTely z vl o)
— ...d . "
S NORESIHE et MEnL:

systematic difference
withi Lattice QCD

extractions

GSR revisited & more
—, CON|Terftaee |

0 005 01 015 02 025 0.3
m2 GeV?
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Systematics:
compare to ABKM/AKP



Off-shell function

] Compare to Alekhin-Kulagin-Petti (2017)
— Same functional form (but different normalization)

0.2+

= AVIS

3

f(x)

25

2+

L3t

1

Kulagin-Petti

[-_—_] Global QCD fit to p,D

Kulagin, Petti (e+A fits),
NPA 765 (2006) 126

Alekhin + KP (e+d global fits)
PRDY6 (2017) 054005
(Note: Paris ~ AV18 wave fn.)

04 --- CD-Bonn il
[ WJC1 )
—0.6p ... WJIC2 \\J\\\
l ‘ . ‘ ‘ . ‘ l ‘ -0.5 -
0 02 04 06 08 1 | 02 04 06 08

— Different shape and size ?!?
] But:
— Extended d-quark (CJ15) vs. conventional (AKM)
— Use real W asymetry vs. decay lepton W = | + (n) asymmetry
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Off-shell function (and d/u)

] CJ study of data set and parametrization dependence

CJ + LFernando

— Use /remove W-asymmetry
— Use extended or conventional d-quark

deis(x) :/ N (2%(1 = 2)"p(x) + cxd;m))

Quark sum rule Mixes in some u quark

— | d/u —> cN # 0,00
x—1

— Generalize off-shell parametrization: TW with and w/o

Of(x) = N(x —x1)(x — x3)(x — x3)

accardi@jlab.org HiX 2019 — 18 Aug 2019 32



Off-shell function (and d/u)

] CJ study of data set and parametrization dependence
Initial conditions: pure CJ15

CJ + LFernando

1.05 0.6
d/u 0.4
1.00 e e - 0.2
H&? 0.0 beesooe
< 0.95} 1 % -o02
= >
< -0.4
0.90 |- - -0.6
Q* =10.0 GeV? -0.8
0.85 ' ' | -1.0
00 02 04 06 08 1.0 00 02 04 06
X X
10 d ! ' ' ! Kulagin-Petti
0.8 —\/u i — CJ15 (ref)
ioffl_CJ15-2 (1.04)
06 . - — ioffl_CJ15-3 (1.03)
o Extended d ioff1_CJ15-2-noW (1.03)
0.4 - — ioff1_CJ15-3-noW (1.03)
ioff1_CJ15'-2 (1.04)
0.2 Q? =10.0 GeV? i — ioffl_CJ15'-3 (1.04)
0.0 . S < ioffl_CJ15'-2-noW (1.03)
00 02 04 06 08 1.0 ioff1_CJ15'-3-noW (1.03)
Conventional d g
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Off-shell function (and d/u)

CJ + LFernando
] CJ study of data set and parametrization dependence
Refitted initial cond,: fixed KP off-shell, with W data
06 | | I
0.4} -
02} |
0.0 |essssmmrvesasoosios
2NN/
% —0.2 7 3 /_ A
= _04l 4
—0.6} .
Q* =10.0 GeV? -0.8} a
0.85 | ] | | _1_0 | | ] |
00 02 04 06 08 1.0 00 02 04 06 08 1.0
xIr
10 ! ' ' ! Kulagin-Petti
0.8 d/u il — Q15 (ref)
ioffl_KPe-2 (1.04) N
06 - — ioffl_KPe-3 (1.03)
< ioffl_kPe-2-now (1.03) | ( EXtended d
0.4 - — ioffl_KPe-3-noW (1.03)
ool | ioffL_KPe'-2 (1.04)
) Q2 =100 GevZ —_— ioﬁ’l_KPe'-3 (1.05) \ Convent-lona/ d
0.0 I I , ioffl_KPe'-2-noW (1.04)
00 02 04 06 08 1.0 ioff1_KPe'-3-noW (1.03)
Conventional d
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Off-shell function (and d/u)

] Conclusions:

CJ + LFernando

— CJ15 d/u is robust against
e use of W asymmetry
e offshell parametrization

— Off-shell function strongly correlated to d-quark
e becomes large, “O(AKP), with conventional d parametrization

— Sign change in CJ off-shell 6f
e was an artefact of overconstrained parametrization
e would likely reappear if including pion cloud effects
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Off-shell function (and d/u)
1 ...and finally:

CJ + LFernando

— Concavity is rather robustly downward!
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Off-shell function (and d/u)
1 ...and finally:

CJ + LFernando

— Concavity is rather robustly downward!

Is trizre 2o ralative sign crangs
in definition/irnolerneantation of of 7
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Off-shell function (and d/u)
1 ...and finally:

CJ + LFernando

— Concavity is rather robustly downward!

Is trizre 2o ralative sign crangs
in definition/irnolerneantation of of 7

Or rnavoe a local rinierurr)

when limiting 6f to e 2™ order
oolvynorrizl
(ut wWithout rruch effect o d/u) 277
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d/u ratio

) ABKMP suggest our d/u ratio driven by lack of NLO effects in W-asy
— even if K-factor ~ 1

u=3 GeV, N_=3

e
Z08
;;‘_ W-asymmetry, NLO
%h o -
S 0.6 =777 e-asymmetry, NLO
CJ15
04 |
0.2 +
0L - - - N :
PoS D|52018 008

010203 04 0506 07 08 09
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d/u ratio

) ABKMP suggest our d/u ratio driven by lack of NLO effects in W-asy
— even if K-factor ~ 1

u=3 GeV, N_=3

=
Zosl 0.8 1 —— NLO W-asy
=
;‘5_ W-asymmetry, NLO CJ15 {LD‘ W—EIE-‘:,-’}
%0.6 =771 e-asymmetry, NLO 0.6 - CONV. LEIE-‘:,-T ﬂn"j’
CJ15
0.4 B = 0.4
F T,
3
0.2 + 02
' N 0% = 10.0 GeV
0_1____‘ (0.0 -
POS D|52018 008
0102 0304 0506 07 0809

X .2 0.4 .6 (.58

] But:

— CJ15 ratio robust against order of perturbation theory in W-asy
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Summary and future



Summary: controlled PDFs at large x

CJ15 provides the most controlled large-x PDF fit on the market
— ABMP16 / AKM “next best” choice, provides systematic benchmark

0.6 | : + + CJ15 PDF + uncert.
- ¢ + ¢ 4 Bl Nuclear SU(6)
: i ¢ B Parametriz. ;
S 041 ¥ ¢ g ' Statistical
Em 1 n
= W 'y, . DSE
| HE f
0.2 4 ¢ Marathon *H/3He z :
}  SoLID PVDIS . _++ 4 -~ < = pQCDH
| ¥ BoNusl2 — high Q?
00 : : i l w

0

e

G

1.

o broken SU(6)

Further progress needs precise nucleus-free “control observables”...

— W asymmetry: RHIC, LHC (working on it w/ Sanghwa Park, Xiaxian Jing)

— BoNus12, Marathon*, SoLID PVDIS
...and more p, d DIS

* see F.Hauenstein and M. Petratos talks
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The Marathon parallelogram

Can extend the CJ15 triangle to a parallelogram

— Verify if off-shell protons ~ off-shell neutrons — cf. W.Melnitchouk’s talk

DO, CDF

MARATHON asymmetries
3H/3He <=

&

Deep inelastic Offshell dynamics

deuterium

“BONuS” tagged
neutron target
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More p, d DIS = Jlab 6

CJ + LFernando + F.Araiza-Gonzalez

1.04 T T ; 0.030 | |
O3 U e 0.025 | Tu L
1.02 | Xy =B
: . 0.020 | _
N 1.01 _ -
< 1.00 = 0.015} -
< S
H%" Ogg — — D[)]_U B QE =10.0 Gev_‘z |
0.98 |- |
0.97 I Q2 =10.0 GeV? | 0.005 _
0.96 ' ' L ' 0.000
00 02 04 06 0.8 1.0 0.0 0.2 0.4 06 0.8 1.0
xI
1.2
1.1 + Halls(A,C) + BoNuS + Wasy
1.0 + Halls(A,C) + BoNuS
.
o< 09 + Halls(A,C) + Wasy
s + Wasy
< | 2 0.8
> 0.7 + BoNuS
+ Halls(A,C)
D.E‘ — 2 _ 9 —
Q* =10.0 GeV — g
0.5 l | ] I
00 02 04 0.6 0.8 1.0
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Probing the Valence Regime at JLab12
Keppel, DIS 2019 talk

¢t } CJ15 PDF + uncert.

. v by . Nucl
SSClear
] '|'+ ¢ 4 e Parametriz. ¢ SU(ﬁ)
3 0.4+ et Statistical
— -
S Nty «—DSE

] - 317 /3
0.2 - ¢ Marathon 3H/*He .
}  SoLID PVDIS o +«—pQCD
iMus=l? — hig 2
L + BLII\IH Ili I hlj_;jth i - I 5{;a|ar
| 0.2 0.4 0.6 08 1o diquark

X
* New generation ot experiments at JLab at 12 GeV will access the regime where
valence quarks dominate

*  First experiments COMPLETED! ignificﬂnt

v" Hall C sz,d — S. Malace’s talk Expect 5 nt in

v Hall A3H/3He — Hauenstein & Petratos talks improue € in ne)(t
»  BONUS12 to run this Fall arge X pDF>
* PVDIS (further future) on p target 1-2 yearsu

 Dedicated effort to extract valence PDFs

« “C)”, (CTEQ-Jefferson Lab) — and also “JAM” (polarized PDF, SIDIS)
collaborations

* Also SeaQuest Drell-Yan experiment ES06 at FNAL focused on high x se
_Jrgf_fer on Lab



Enters the EIC

] Unique at the EIC
— “Easy” spectator tagging in DIS

FTDIS
HERA1

TEVEW
TEV JET
ATLAS EW
LHCB EW
LHC JETS
HERA2

ATLAS WpT
CMS W ASY
CMS JETS
CMsS WC TOT
CMS WG RAT
LHCB Z
TTBAR

OO0 O 000000 ¥ X X X ¥ ¥ X X

ATLAS JETS 2.76TEV
ATLAS HIGH MASS

NNPDFS.O NLO dataset.ﬁ ...........

] Interpolates fixed target and HERA

_________________________ _______ * S D Large Qz Ieverage

— More evolution at large x

— Better separation of LT and HT

HIIIHI| IIIHI'IT‘ T TTIT IIIH|'|T| T TTTT I\IIII'IT‘ TTTI T

) High luminosity = large x capabilities

— EIC2 project under way
(Hobbs, AA, Furletova, Yoshida)

* Quasi-free neutron targets; neutron tagging — check vs real free p

e Strong PID capabilities — Ff, F<, ...

— High luminosity — CC, PVDIS — d/u, strange quarks, dbar/ubar, ...
— Unpolarized & polarized scattering (also light ions)
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Backup



NUCL / HEP symbiosis

2

Observable Experiment # points X
LO NLO NLO NLO
(OCS)  (no nuecl)
DIS F5 BCDMS (p) [81] 351 430 438 436 440
BCDMS (d) [81] 254 297 292 289 301
SLAC (p) [82] 564 488
SLAC (d) [82] 582 396
DIS F5 tagged Jefferson Lab (n/d) [21] 191 218 214 213 219
W /charge asymmetry CDF (e) [88] 11 11 12 12 13
DO (u) [17] 10 37 20 19 29
D® (e) [18] 13 20 29 29 14
CDF (W) [89] 13 16 16 16 4
DG (W) [19] 14 39 (1) 15 (s2)
Z rapidity CDF (Z) [90] 28 100 27 27 26
DG (Z) [91] 28 25 16 16 16
x2/datum 1.33 1.04 1.04 1._09
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NUCL / HEP symbiosis

Observable Experiment # points x2
LO NLO NLO NLO
(OCS)  (no nucl)
DIS F BCDMS (p) [81] 351 430 438 436 440
BCDMS (d) [81] 254 297 292 289 301
SLAC (p) [82] 564 488 434 435 141
SLAC (d) [82] 582 396 @ 380 @
DIS F5 tagged Jefferson Lab (n/d) [21] 191 218 214 213 219
W /charge asymmetry CDF (e) [88] 11 11 12 12 13
DO () [17] 10 37 20 19 29
DO () [18] 13 20 29 29 14
CDF (W) [89] 13 16 16 16 4
DO (W) [19] 14 39 @ 15 (s2)
Z rapidity CDF (Z) [90] 28 100 27 27 26

) lgnoring nuclear dynamics, SLAC(d) and DO(W) pull d quark
in opposite directions

— DO (W) data determine nuclear corrections !!

— other asymmetries inconclusive by themselves
— BONUS data validate DO(W) analysis
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What fits what?

' ' ' ' ' | R 0.5 . :
10[] L 7 ; '
no DIS (d), no Wasym .- DIS only
— - == 1o Wasym S, + BONuS
E ----- no DIS (d) S o Casym (& Z 1ap)
= , + ¢ asym (& Z rap)
~ — (CJ15 o + W asym
= 0.3}
= S
® | =
g 0.2
=
< 0.1
CJ15
0.0

03 04 05 06 07 08 09

] Large x> 0.3:

— DO0's W-asymmetry determines the d-quark

— SLAC(d)'s statistical power used to fit the off-shell function
) Moderate x <0.3:

— SLAC(d) enables precise d/u flavor separation
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CJ15 vs. W-asymmtrey and W-| asymmetry data

081 = CJ 0.2
| conv. Lasy only ]
{  CDF
0.6 1 (.0
b DO

< < .,
(0.4 —0271 OIS
"""" conv. Lasv only
021 —04q + CDF
b DO
k' DOu T = 1.646
() — ' T ' T _ —0.6 - - ' . ! T p
() (0.5 1 1.5 2 2.0 3 () (.5 1 1.5 2 2.0 3
yw e

1 W=l asymmetry well described in both standard or no-Wasy CJ15 fits!
— Another proof that W-asy reaches to larger x than L-asy
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Example 2: strange strange quarks

J v+A > dimuons vs. p+p > W+c at LHC  diekhin et al., arXiv:1404.6469

p=3 GeV, n=3
Se [
a | R 0 NuTeV/CCFR + NOMAD _,_/.
40 ) W
S | R ,-f'_/_'__...,_,_.. g Sp C FSI ?
20 T (I A : |

VSA %,u_/fruus

~*° CHORUS + CMS

[ - - - - ABMI2

-40 - - - — CHORUS + CMS + ATLAS
~—~ NuTeV/CCFR + NOMAD + CHORUS & _._._._
-60 |
| L L | Ll
107 107! X 1072 107" X
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Example 2: strange strange quarks

! v+A > dimuons vs.

p=3 GeV, n=3

I NuTeV/CCFR + NOMAD

I NuTeV/CCFR

.............

~*° CHORUS + CMS
- — - — CHORUS + CMS + ATLAS

- — - — ABMI2

——~ NuTeV/CCFR + NOMAD + CHORUS

350.68 pb' (5.02 TeV PbPb)

p+p > W+c at LHC

Alekhin et al., arXiv:1404.6469

gsp, — We

VSA —>,u_,u+uus

PbPb 2.76, 5.02 TeV

D Heavy quark pUZZIE at RHIC / LHC: . :_EMIS : gge:rglid1hgdrons\v\<1.0
. . reliminary - -, I;ll s
— Color propagation in QCD matter * ,row oz

not under theoretical control!
(th/d2pT)AA

Centrality 0-100% ; -

h 0.6
AA = 0a- .
Neop X th/deT) - Yen-Jie,
co pp 0.2 h
: B+ Quark Matter 2017
ok~ | | Lol
! plG(GeV/c) 1o
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Example 2: strange strange quarks

1 s:large or small?

— Possibly, large Hadron Mass effects
Guerrero, Accardi, PRD 97 (2018)

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

(MX(z) + MX(2)) dz

©
o

0.15

0.1

« COMPASS 2006 data preliminary
= systematic error on hadronic radiative correction
other systematic error
| -- Monte Carlo LEPTO/JETSET(LUND)
- o HERMES
systematic error
| EEEe i }
— Y W
[ o s
- . %
°c o o ©
1 I 11 |
102 107!

] As : positive or negative?
— Depends on kaon FF used

in SIDIS calculations!
LSS, PRD 84&91

h 2
h 2y _ 9 (3::2::(’2 )
Al (:I::IZ}Q ) — F]_(T‘E Qi}) —0.04t

0.02}

0.02+

— What about the unpol s ?

accardi@jlab.org
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