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Overview

The CJ15 global QCD analysis
— Controlled PDFs and nuclear corrections at large x

Connection to quark-hadron duality
— What extrapolation curve should we use?
— How can we “test” duality?

Concluding thoughts

— What do we need to use duality to probe large x
parton structure?

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



The CTEQ-JLab global analysis

] Collaborators:
— Theory: A. Accardi, W.Melnitchouk, J.Owens, N.Sato
— Experiment: E.Christy, C.Keppel, 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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35+ years of unpolarized global PDF fits

Large-x treatment

JLab & HER HERA Tevatron v+A
HT FI 3
BONUS MES I+l newW,Z Hle di-u  Nucl. T™MC gx 'OSEN
* in
CJ15 v v v v rox vV vV vV YV
DIS
CT14 S v¥w v v
MMHT14 M S v
NNPDF3.1 v v v TMC
only
JR14 v v v v v
ABMP16/17 ** v v v vV v v
HERAPDF2.0 v X

*NLO only ** No jet data " see 1503.05221 ** see 1508.06621 ™ no reconstructed W
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A PDF landscape

Pert. order
A “Do we need N3LO parton distributions?”
——_ —F I, PLB 731 (2014
N3LO { . e 201 Plenty of
T opportunities
@ NLO
QED
corrections _ "
NNLO N l\lNP_DE
MMHT >
Resum-
mation(s) % #
NLO CTEQ-JLab > Theory input
(roughly x)
<>
Onthewayto |~ LT NUCL TMC/HT RESUM  Quark-hadron
“1% precision” duality
for the LHC
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Data coverage for PDF fits
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FTDY
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HERA2

ATLAS WpT
CMS W ASY
CMS JETS
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LHCB Z
TTBAR

OO0OO0O0O0CO0OO000O0 % ¥ X X X X %X X

ATLAS JETS 2.76TEV
ATLAS HIGH MASS [~

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

as;s‘bm*

NNPDF3 0 NLO dataset ‘

HC data

< —WandZ

<
@

DY and DIS
(on p, d)
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Data coverage for PDF fits
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DY and DIS
(on p, d)

/ SLAC, JLab
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Data coverage for PDF fits

k[~ 7= |- NNPDF3.0 NLO dataset.. LHC data
I
N%msé_ § AZW ______________________________
Zy0tk] & e | Scant large-x
_‘3‘ E| O ATAsweT H DIS I
s JHomve /oy coverage In :
I
107 © ez b
o
1: | I\Illl\i 1 \\IIIHi | I\Illl\i | I\IIHII 1 \\IIIH‘ | Ll
e - i - ° DIS — prot. & deut
T I T T Ll I T T T I T T T I T T T
& DIS data
. & F e sue
o @ B u} Q JLAB
5 om : x Boows standard cut
a] 2
PR e W? > 14 GeV
i ;
1 _ﬂé‘é CJ15
&) W2 > 3.5 GeV?
0.2 0.4 0.6 0.8 1
X
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New in CJ15

] s-ACOT scheme for heavy flavors e ’ e X
] New data: W - p
— BONUS spectator tagged DIS on neutrons ... . —°"
— HERA I+l combination
— HERMES F2

— High-statistics W-boson
charge asymmetries from DO

p T1 W l p T W

pbar < v pbar q
] New off-shell nucleon treatment

in deuteron targets (DIS and DY)

— Parametrized vs. modeled - absorbs wave function uncertainty
— Comparison to extraction from DIS on heavier targets
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CJ15 - PDFs

d+
d— 1
g/10

Q% =10 GeV?

0% 10°% 102 0.1 03 05 0.7 0.9

O] Fitted with  x°/datum = 1.04

] Hessian error analysis

— Correlated errors where
available

] Error bands displayed for
Ax? = 2.71

( 90% confidence level
in a perfect, Gaussian world )

) LO fit much worse — cannot accommodate Q? dependence of data
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Nuclear corrections

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

]

."},l
dz
/—rf;u Fpalz ) @ /2% Q)
N .
nucleon momentum PDF in bound
distribution in d (off-shell) nucleon
Jd (“smearing function”)
P-q Po + VP p?
—_— = ~ 14+ —FF— po=M+¢e, e=¢4— —
Pd - q M lp{; LM

momentum fraction of d carried by N

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

) Offshell expansion; parametrize first order coefficient, x, fixed with valence sum rule

AT 3 T 2 - 41_{2 .
7 (z,p?) = ¢V (x) |1+ (p ‘ ) oq™ (x)
M? X
SN o - e e e . . ! ¢ N/ Ny o N7
0 =Cn(x —x0)(x —x1)(1 + 2 — x0) / dz dq (.I?J(f} () — g L.;t}) =0
J0O
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Tevatron as NUCL facility (!)

Accardi, Brady, Melnitchouk, Owens, Sato, PRD93 (2016) 114017

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

0.5 == CJ15
R

Y—"Ymaw 1 - d/u(xl)

A > 3
w(y) 1+ d/u(xy) -
n
] Compare to abundant deuteron DIS data: X
— constrain deuteron corrections
— precise u, d flavor separation D Fd«x 8[45%(33) i xd(x)}

] Currently, mostly a D@ vs. SLAC(d) interplay
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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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Summary: controlled PDFs at large x

CJ15 provides the most controlled large-x PDF fit on the market

— ABPM16 next-best choice / benchmark

0.6 1 \ + + ' CJ15 PDF + uncert.
! ¢ ¢ 4 B Nuclear SU (6)
] I $ B Parametriz. AT

=04 ] ' § it ¢ : Statistical
% .+ ¢ : . < DSE

1 ¢ Marathon 3H/3He S ¢

e {  SoLID PVDIS/ . *M pQCD
| ¥ BoNusl2 —high Q? =

o0 +H—-"—17—"7""-"-+-—-—-"17-—"—"—""" IR S

0

i

X

o broken SU(6)

Further progress needs precise nucleus-free “control observables”...
— W asymmetry: RHIC
— BoNus12, Marathon*, SoLID PVDIS

...and more p, d DIS
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JLab 12 - proton, deuteron structure functions

Cleut: 1972 > 3 GeV?
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= 70
— 60

Jlab12 experiment E12-10-002

h."l"'l'd!h"l"'l""""'|"'E
& & +*SLAC L

.. e 1 E00-116 (JLab 6GeV) 3
o 2 2 + 3
Soo v W'<AGeV? | :
%L S SRatgeorEIZ0002 F
e o +% L

: i & 3 i f_

=

od E ¥ ¥
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2 2
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) JLab 12 GeV

— More than double Q? range
Similar precision as JLab 6 GeV
(largely improve cf. SLAC)
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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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Connections
to Quark Hadron Duality



Structure functions for QHD studies
Question:
“What DIS — resonance extrapolation curve should we use?”

— Answer: CJ15, of course!
— Provide a controlled extrapolation from pQCD regime

— Best available theory corrections: nuclear, HT, TMCs
— DIS data as close as possible to resonance region

CJ15 structure functions soon publicly available
— | can give you F2 p, d, and n right now
e 3 sets: LT, with TMC+HT, fully corrected
— F2 uncertainties need some debugging
— FL, F3, PVDIS in “near future”
e Help is very welcome!
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Neutron DIS “data” for QHD studies

1 F2(neutron) extraction — with Shujie Li
— Take F2(p) and either F2(d), F2(d/p), or F2(n/d) data
— Apply CJ15 nuclear corrections
— Extract F2(n) or F2(n/p)

vooa X=0.0052 (i=20) o JLab E99-118 +  HERMES
il poes | F2(n) o JLab E00-116 . x=0.0052 (i=18) Fz(n/p) s NMC
108 - .-----‘—1&-:1: . x=0018 a BCDMS 1) a-a-a-a X=0.0083 A JLab BoNgS
ok o JLab E03-103 10 s SLAC-Whitlow
e *-aw X=0.026 b -d--dr--g--4 X=0013
- i et olgE a SLAC E140X o, x=lnio1e
B e A duin inie it it ] i NMC L e e I T 1
106 - gr-Ba--ma---k-tak—-w--a X =005 i SACWEGW R e e | PR ONI26
PO ————_ 108 23 o . X=0.036
g =gy ==y =-f-—g -~ -yt~ G- -~ x=0.088 7
-t * i t = *L g . x=01 L it bt bt e Rt S it St x=0.05
-----:----t-----------r-l---o---r---n---- x=0.11 R e e e e e R
Fn 10%; AT A w - wA-ak R kA abra-ag X014 f—n *“"}"'*"*"‘ """""""""""""" w AS0:088
B B R e i e 1044 = x=0.1
X Sepaa AR g B - - g S0 k- Sga-grx-a-s X023 X rhadh k-l - d-—-k----k---m--g X=0.11
SN 102 "‘*‘“"f“‘“""l"f-‘r‘r.rf’-l Saa-ggbgoa-aoy X=0.28 g_ » PO, PO
o ﬁ'ﬁ"%;}-ira-ﬁ—n&-;..‘.‘l._._*_._‘__‘ x=0.35 W B e e - S I +---a& X=018
KR & =
. "‘-ﬂ!-q&--p-m-m #-4-FH-x--a X=045 102+ B ool i A b e e 5 X=023
3 " [T S T Y ENEEP DU PURP— 1 G S S —— 5 Xx=028
0 | Sl S Lk B s b LY aarr. =055
10 = ‘i" PRI B el b o ‘{"‘é“'j o i jab. il X088
?‘% *rridbi -i—;—}-;.-f._-i_.__ X=0.65 -ob-f T T S 5 X=045
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10-2 A ﬁ 100 B S 4 *=o=
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Neutron DIS “data” for QHD studies

F2(neutron) extraction — with Shujie Li
Take F2(p) and either F2(d), F2(d/p), or F2(n/d) data

accardi@jlab.org

Apply CJ15 nuclear corrections
Extract F2(n) or F2(n/p)

ﬁp_” V.S (QQ rebinned)

And F2(p-n) |

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
—_——

Thy

0 10t

BT e
Thj
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Further questions

] Question:
What / how should we integrate?

— Region by region?

M (data) /M (theory)

accardi@jlab.org

AA, AIP Conf.Proc. 1369 (2011)
— in collaboration with S.Malace

LS B B B
C W= (1.3, 1.9) GeV*

0.95' Hﬁﬁ : 1“’}‘Ei§§§*

I.2I|l||||||||||||

08 ) . I
C §§ ]
- 'y
07 EE Y
r ;-\SO" W = (1.9, 2.5) GeV’
[ R I B A l 4 TR T T T TN N T N Y W B
0.6 2 4 & Q‘S&\ 2 2 4 & 8
eV
1.2|||||||||Q1||| 12 LI I L A R R L BB B
¢ AlekhinQg
% o CTEQEX

%ﬁﬁgﬁ e

T W= (25, 3.1) GeV’ T W= (3.1, 3.9) GeV’
UB 1 I 1 1 1 I L 1 1 I 1 1 L I 1 D-S 1 I 1 L L I 1 1 1 I L L 1 I 1
2 4 6 8&8_, .2 4 & 8
Q7 {GeV’)
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Further questions

! Question: AA, AIP Conf Proc. 1369 (2011)

— in collaboration with S.Malace

What / how should we integrate? ' oot ] 12 [

1 —
0o :_ ‘E _E r §}%$ ﬁ 1
— Cut out data where struck quark __ + %}% § R R o
“too close” to target remnant? © | = Y
g o7p . Q:‘S

© WS =(1.9,2.5) GeV’
[ I T B [ ]

¥ 24:5&\(\ T2 4 s 8
o

t
7‘\"’ t \
N v {.
N N/ \ EIIIHII”Q‘III 1.2 e
: VIV - 1 i o Alekhin0g
Z z B % T r T

o CTEQEX

_ #%%;% | |
No string breaking Little breaking Much breaking q __}iﬁ - g _ , .ﬁ .éﬁ%§§§ n

— Collins’ talk

- W =25, 3.1)GeV" T W= (3.1, 39) GeV’
| | | |

L L1 L1 TR T L cea e v b e Iy
— How? T e 8, " 2 4 s 8
07 {GeV™)

— e.g., use “Berger’s criterion”

Berger, ANL-HEP-CP-87-045 (1987)
Mulders, hep-ph/0010199
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Further questions

] Question:
What / how should we integrate?

— Cut out data where struck quark
“too close” to target remnant!

ory)

M {data; /M {the

current jet

2v/2v 1

By~ g~y =In =g J1— Q?/2MzE)

11 T e e e s e e e N = s B L L B
1 DW= (1.3, 1.9)GeV ] -
09 - E é
- [ SRR i e
0.8 - - |
: a |
0.7 - —,(\0'
- {1'*:."* T W = (1.9 25)GeV®
PO N T N T T T T TN T s . N PN N T T T W M T A TN T B A
06 " i\ﬂi\ 0.8 21 i : 5
1.2 77T y> L L L LR
T o Alekhin09
E i |
3 E | _; o CTEQ6X |
T W = (25 31) Gey' LW e (31, 389)Gel®
PR N T T T N W W [N T T T A 1 PN [N TN T T W M T A TN T B
08 4 5 ,q,u'ﬂﬁz 6 8
O {GeV™)
1L
y=§ln(p /p”)
24

AA, AIP Conf.Proc. 1369 (2011)
— in collaboration with S.Malace
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Further questions

Question:

To what extent does duality work?

What does “work” mean??

Global QCD analysis can help:
— Extensive old/recent/upcoming data in resonance region
— Average the way you want
— Calculate in pQCD (+TMC+HT+...) the same way
— Put in CJ15 fits:
e Tension with higher Q2 DIS data?
e Tension wit non-DIS data?
e Do we need more theory input?
— Find what “works” and what does not
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Concluding thoughts



A question (or two) to rule them all

 What do we need in order to use duality as a tool for large x ?

— A reliable extrapolation from DIS to resonance region
e Well constrained PDFs
e Evaluation of theoretical systematics
e Theory corrections to structure functions
— CJ15 fits the bill !

— Tests of duality
e averaging procedures, regions of integrations
e Right theory corrections, additional cuts (e.g., Berger criterion)
— QCD global analysis as a tool

 What other questions do we need to ask to “understand” duality ?
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Backup



NUCL / HEP symbiosis

2

Observable Experiment # points X
LO NLO NLO NLO
(OCS)  (no nuecl)
DIS F» 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 (p) [17] 10 37 20 19 29
DO (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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Example 2: strange strange quarks

! v+A > dimuons vs.

p=3 GeV, n=3

I NuTeV/CCFR + NOMAD

I NuTeV/CCFR

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

~*° CHORUS + CMS

[ - - - - ABMI2

-0 | - - = - CHORUS + CMS + ATLAS
~~°° NuTeV/CCFR + NOMAD + CHORUS W& .. .
60 |
| L L | L
1077 10 X 107 107" X

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 ™ . rown @ ooz

not under theoretical control!
h 2 o F
h (AN"/d®pr) 4 4 s

Centrality 0-100% y 4

AA — 19 04 4 _
pp 0.2 h
- B+ Quark Matter 2017
Uru.\ L vl Lol
! plG(GeV/c) o
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Example 2: strange strange quarks

1 s:large or small?

— Possibly, large Hadron Mass effects
Guerrero, Accardi, in preparation

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

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

©
o

0.15

0.1

« COMPASS

other systematic error

~ o HERMES

systematic error

2006 data preliminary

= systematic error on hadronic radiative correction

-- Monte Carlo LEPTO/JETSET(LUND)

] 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 ?
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1077

102
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Appendix:
Nuclear corrections



Nuclear physics output

] Compare to Kulagin-Petti fit to e+A collisions

— Same functional form (but different normalization)

0.2+

3

f(x)

25

2

1.5

1

Kulagin-Petti

[ -] Global QCD fit to p,D

Kulagin, Petti,
NPA 765 (2006) 126

Alekhin + KP
PRDY6 (2017) 054005

== AVI8 .
—04¢ -=-=- CD-Bonn .
-------- WICL 0
—0.6f ... WJC2 T
l ) l l ) ) ‘ l ) -0.5
0 02 04 06 08 1 S e e e s

T

] Different shape and size
— no nuclear universality ?? 0 fn
— too hard nuclear spectral function at large momentum ??

—> ?7?
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Nuclear corrections...

1.2

1.1

d
c”/2c"

0.9

0.8

0.7

Ehlers, AA, Brady, Melnitchouk, PRD90 (2014)

. ™

free nucleon

— - — smearing

—— smearing + off-shell

E866

,

0

0.1

0.4

Red band:
combined wave fn.
& off-shell model
uncertainty

] Off-shell corrections help makes dbar-ubar stay positive

accardi@jlab.org
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Future DY reaches into large-x
Ehlers, AA, Brady, Melnitchouk, PRD90 (2014)

1.4 T T T T T T T T T 14 T T T T T T
1.2 1.2F
S S
© ©
N QA
B <
© R free nucleon © R free nucleon
osk 7" smear%ng osk "7 smear?ng
—— smearing + off-shell —— smearing + off-shell
* E906 ' - e J-PARC
- 1 | 1 | L | L 1 L N | N 1 L |
0'60 0.1 0.2 0.3 0.4 0.5 0'60 0.2 0.4 0.6
N XN

] E906/Sea Quest: off-shell effects even more important

1 J-PARC: can cross-check nuclear smearing vs. DIS
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Appendix:
Large-x data



New Large-x data: a partial list

] DIS data minimally sensitive to nuclear corrections
— DIS with slow spectator proton (BONUS / BONUS 12)
® Quasi-free neutrons

— 3He/3H ratios (Marathon)  Jlab

] Data on free (anti)protons, sensitive to d
HERA (e” vs. e7), EIC, LHeC |

— e+p: parity-violating DIS

— v+p, v+p : ShiP, ELBNF Near Detector, MINERVA
. . LHCb(?) RHIC !!
— p+p, p+p at large positive rapidity AFTER@LHC

e W charge asymmetry, Z rapidity distribution

] “Drell-Yan” data

— Dimuons: E906, J-PARC (?) RHIC ??

— p+d at large negative rapidity — dileptons; W, Z AFTER@LHC

e Sensitive to nuclear corrections, cross-checks e+d
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At the EIC

] Neutral current DIS
— MEIC Vs =31 GeV (ca.2010)
— Pseudo data using “CTEQ6X” fits, L=230 (35) fb™*

[Accardi, Ent, Keppel, 2010]
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At the EIC

] Charged current DIS
— plot for polarized scattering, similar for unpolarized
— Not optimized at large-x: likely to add a bin around x =0.85

[Aschenauer et al, 2013]

“; w*k  current polarized DIS data: -
Q o CERN s DESY ¢llab gSLAC rreyEET Vi
i current pelarized BNL-EHIC pp data: L &
-

1 o PHEMIX ' & STAR ljet * W basoms

0
projected CC DIS data:
myvs = [d] GeV

(i S

Ik
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Constraints from the LHC: Electroweak Boson Production

", " E i
" E |3:|_— % Z_“IJIJ
100 ATLAS #L
" ol t LHCB
3 o
W -lJ:I: . L HCh 3071 prolimirery, T— ||mlgm5h:fi3—
L B:I:— LHCH 3041, T-a e saiapolyied :Iq;;
. E’ F o I.'-.L?iﬁ:ll.:'zd.k.'z'.t? ETTIREETIN "J'."i.t-.,_._
probe light quarks wl E*Gﬂ BE TR TR T 3E 4 il
at low and high x g Pl > 35 Qavic
o s | W—lv .
e 9 - e
. | s
b E ;
: sl sl sl d bl ul .
[HCh (5 Tnurnﬂur} w  owt w' wt w w w W g‘ o CMS
» a8
m
LHCh, 7= TTe¥ = MISTWOH » NAPDED] (R T 5 oal " wch 200, W sspoiied - LIHCl
Dot | o ABKMM + HERALS T = A8 ) - CMS 2011, W—s oy
Crata i JRIE a CTERM (NLOp Foih < iy = 12 e
—-— R TR R Y R R T B R T
rlt I-: *__-:l - Iq |I Tz v LD 5 1.7 I I ) ' i ' ' . ' i '
- v S = |6E LHCh preliminary
'_ﬁ'__'.__|—: B 15 Dain |5tnd)
Tt 750 ET) RS0 ) asi “ __ipbl 13 - Drata {ra)
o T Z 14 & MSTWOR (NNLO)
NI o vl PPN IR (R e, ) 3z 13 ¥ CTIO{NNLO)
550 i) 550 il FE) el B 12 & MBPDE2I (MELOY
— ! st E ABEMI(MRELOY
sl i :@;ﬁ. - - ﬁ" T I"I'-Il I_I
1 1.2 1.3 14 1.5 —— \
oo | \ | WWWWWW{&%
I 1 1 1 1 . L ' “Il -run.lrrn‘- —urlll ':l‘}
I7 17 Ik 1% ) 2 3 2 L — "'
gt
. . . — T L Hl:w-l-:]’lﬂ-l:w] i 7 ] . N . ; i . N . ; i
4 I i 12 LT |.7% precise! 2 3 4
e o 7 hoson ranidity
1 1 X 1 T 1 1 W i B i
58 858 w5 W P Systematic error comparable with PDF error
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Benchmarking different PDF sets




Structure functions for QHD studies

Question:
“What DIS — resonance extrapolation curve should we use?”

— (CJ15, of course!
— Provides a controlled extrapolation from pQCD regime
— Includes the best available theory corrections: nuclear, HT, TMCs

CJ15 structure functions soon publicly available
— | can give you F2 p, d, and n right now
e 3 sets: LT, with TMC+HT, fully corrected
— F2 uncertainties need some debugging
— FL, F3, PVDIS in “near future”
e Help is very welcome!
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