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Outline

m CJPDFs- motivations and goals

@ New developments sinceji2

— more complete treatment of nuclear corrections
—> Impact of newW asymmetry data od/uratio
—> Inclusion ofllab (BONus)data

— analysis ofl - uat largex

— SACOT scheme for heavy quarks

@ Future plans



B Next-to-leading ordenNLO) analysis of expanded set
of proton and deuterium datéo heavy nuclei)

—> Include higkx region(x > 0.4)

m Highx region requires use of data at low&y & Q?
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B Next-to-leading ordenNLO) analysis of expanded set
of proton and deuterium daténo heavy nuclei)

—> Include higkx region(x > 0.4)

m Highx region requires use of data at low&y & Q?
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—> signibcant error reduction at high



B Analysis of higlx data requires careful treatment of
subleading/Q? corrections

— target mass corrections
—> dynamical higher twists

m Correct for nuclear effects in deuter(binding+ off-shell)

—> binding+ Fermi motion(standard deuteron wave functions),
nucleon offshell(stronger model dependence)

B Dependence on parametric form

—> d/uratio in X — 1 limit



Target mass corrections

o Operator product expansion

—> InverseMellin transform(+ generalized binomial theorem)
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O Collinear factorization

— diagrammatic approagts owq? onlyj]
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Target mass corrections
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— threshold problemr™ (x=1,Q%) 1 F?(15,Q%) > 0
(non-matching partoni& hadronic thresholds)

—> various remedie®.g.term-wise expansion
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Higher twist corrections

© Parametrized phenomenologicaéyg.
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— stable leading twist whelmoth TMCs andHTs included

—> extraction ofHTs depends oIrMC prescription...



Nuclear corrections

o Nuclear structure function ak > 0 dominated by
Incoherent scattering from individual nucleons

N=p+n
2 d 2 | N/ p 2
F2(x,Q°)= dyf(y,!) F,; (xly,Q~)
X
N / ;1) Ed
nucleon momentum ' 2
distribution ind /
d (Osmearing functionO off-shell
correction

—> Y = momentum fraction ofl carried byN

— a bnite Q¢, smearing function depends also on parameter
v=lal/go = V1+4M222/Q?




Nuclear corrections

o 9mearing function in the deuteron computed In
Oweak binding approximation@xpand in powers op*/M ?

- dp %+ 1p, "
fy,!)= 2 #a(p)|* $ y! 1! v - I 4(p) = dwave function
12 Ty M awz ) 2™
10 1 B 1 B 1 B 1 B 1 I I
i - - - wic-1
Sk " - Paris
i ___: i":(i) - — - — CD-Bonn

a'l#
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— effectively more smearing for larggmand lowerQ?
—» greater wave function dependence at lagge- largex)
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Nuclear corrections
o Nucleon off-shell correction to quarkDF

(p*! M?)
MZ

!OI(X)'

\ . gt

lq(Xx) =
ax) = log p?| 2= 1 2

a(x,p?) = q(x) 1+

— quark OspectatorO off-shell model
bg(x,p%) = di! 4(p%," (p%))

: / \ momentum distribution of quarks
applied toq,, g& g with virtuality p2 in bound nucleon

— scale parameter (p°) suppresses lagjeontributions

" log! 2
no~2

— off-shell OrescalingO parameter varied

INn Bt to minimizd 2

Kulagin, Petti, NPA/65, 126 (2006)
Owens et al., PRB7, 094012 (2013)
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Nuclear corrections

NuclearEMCratio in deuterium
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—> larger off-shell effects for largér, and forkP model

—> enhancemenantishadowing@j X ~ 0.2 In KP model



Nuclear corrections
o Hfect of nuclear corrections oRPDFuncertainties
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—> larger nuclear uncertainties farthanu PDFs at highx
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u/uref

Nuclear corrections

o Hfect of nuclear corrections oRPDFuncertainties
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—> |ncreasan PDFerror from more realistic
treatment of nuclear corrections

—> reductionof error from larger database
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Nuclear corrections

o InCJi2 considered sets ofPDFs corresponding to

d/ u

different amounts of nuclear corrections

¥ CJ12minWJC-1 + mild off-shell(! =0.3%) “—__ off-shell parameter range
¥ CJ12mid:AV18 + medium off-shell(! = 1.2%) motivated byQ? rescaling

model of nucleaeEMC effect
¥ CJ1Z2maxCD-Bonn + large off-shel(! =2.1%) Close, Jaffe, Roberts, Ross (1988)
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= CJ12min . ¥ With same functional form for
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Oor: forx! 1limit
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X allows Pnite, nonzera = 1 limit
Owens et al., PRB7, 094012 (2013)
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Constraints fromw asymmetries
B W* asymmetry at largg&v-boson rapidityyw
IS sensitive tad/u PDFratio at highx

B Earlier CDF W-asymmetrydata indicategreference
for smaller nucleon ofshell corrections

| I | |
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Constraints fromw asymmetries
B W* asymmetry at largg&v-boson rapidityyw
IS sensitive tad/u PDFratio at highx

B Earlier CDF W-asymmetrydata indicategreference
for smaller nucleon ofshell corrections

B New (2014)D0 W-asymmetrydata have even greater
discriminating power betweenuclear models

777

DO [PRL 112 151803 (2014)] variable!
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Constraints fromw asymmetries
B W* asymmetry at largg&v-boson rapidityyw
IS sensitive tad/u PDFratio at highx

B Earlier CDF W-asymmetrydata indicategreference
for smaller nucleon ofshell corrections

B New (2014)D0 W-asymmetrydata have even greater
discriminating power betweenuclear models
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Constraints fromw asymmetries

B W* asymmetry at larggv-boson rapidityyw
IS sensitive tad/u PDFratio at highx

B Earlier CDF W-asymmetrydata indicategreference
for smaller nucleon ofshell corrections

B New (2014)D0 W-asymmetrydata have even greater
discriminating power betweenuclear models
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CJ15PDFs
B Reduced nuclear uncertainty ahPDFat highx
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CJ15PDFs
B Reduced nuclear uncertainty ahPDFat highx

T — WJC2
—— CDBONN

Tolerance ! 12 =100

0.8 M\

Q*=10 GeV* scalar

O Lt I BRI B L | # diquark

0O 02 04 06 08 1 cf. du ! 0.22

X + 0.20 (PDF)
+ 0.10 (nucl)

in CJ12

AN ] d/u — 0.07
0.6 — _
R\ 1. 5U® + 0.17 (PDF)
Coal NN ] + 0.04 (nucl)
i N 1 nelicity in x ! 1 limit
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B Global! 2 values

CJ15PDFs

data set #pts WJIC2 CD-Bonn AV18

WJC1

BcdF2pCor 351 444.8 440.2 4443 453.5
BcdF2dCor 254 293.9 2945 294.8 294.5
slac p 564 439.9 453.3 450.7 446.8

|SIaC_d 582 380.7 385.7 389.4 396.0

| |+15.3]

jI00106F2p 136 163.3 167.1 168.5 168.9
jl00106F2d 136 124.4 126.3 126.2 126.3
NmcF2pCor 275 407.2 405.8 405.8 407.0
NmcRatCor 189 174.1 176.1 177.1 181.7
H nc_el ¢ 145 1134 1129 113.3 113.8
H nc_ps ¢ 408 544.7 545.1 5455 546.6
Hccelc 34 191 191 191 191

Hcpsc 34 318 325 322 31.7

BONUS F2”/F20I —> [BNS_F2nd 191 217.0 216.3 2134 2115

€605 119 91.2 93.1 93.2 92.2
e866pp06xf 121 137.6 139.0 138.6 137.6
e866pd0o6xf 129 132.8 133.4 133.3 133.0
e866rat 15 6.0 104 104 85
cdfLasy05 11 10.6 10.7 10.6 105
dOLasy e08 12 30.0 31.7 299 284
CDF Wasy 13 16.0 145 16.0 18.2

|[DO_Wasy 14 26.6 26.0 28.0 33.0

| [+6.4]

dOLasy13 10 354 34.7 351 348
CDF _Z 28 279 275 274 279
DO Z 28 157 156 156 15.7
dOrun2cone 110 21.2 221 218 214
CDFrun2jet 72 15.8 15.0 15.1 15.3
dO_gamjetl 16 6.2 65 64 6.4
d0_gamjet2 16 156 16.1 16.0 15.9
d0_gamjet3 12 25.6 25.0 25.1 255

essentially equivalent ptgo-9me?

12

12.9

13.0 131 131

TOTAL 4037 3981.2

1 2/N 4ot =0.99... 1.00 —> TOTAL+norm

3991

=106+ 0.3%

4008.9 4015.8 4034.6

3991.4 |4018.8

4025.9 |4045.6

i

0.2+ 0.5%

\

0.1+ 0.9%

0.5+ 1.3%
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New Jlab free neutron data

B New BONuSdata(spectator proton tagging in semi-inclusive deuters)
on F}/F § included for Prst time in globabFbts
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0.4_—&_‘55
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03- 8.f o [ 3
:Noazf_ ®o
O.ZE—Vlf_‘."a@%D ]
0.1~ 02 '0'4')'( 06 08 =
bl il il ke Bailie et al. PRL108, 142001 (2012)
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X

—> minimal uncertainties from nuclear corrections
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New Jlab free neutron data
N ew BONuS data(spectator proton tagging in semi-inclusive deuteros)

n d . .
on F}/F§ Included for Prst time in globabFpts
0.8 T T T T T T T T T T
| «  BONuS | I +  BONuS | | +  BONuS
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06} --- CJ15 (no-BONuS fit) . | ——- CJ15 (no-BONuS fit) . | ——- CJ15 (no-BONUS fit)
&N 0.4-— I T "1 — — H_ ! I_ i I-—I—- _ Tl
CLLN i ﬂ | _ 1 | . = ek
02} R .
[ CD-Bonn wfn. Q'=17GeV | [ Q=206GeV | - Q°=24GeV -
0 I3 . 4 é . 6 ; 4 . 5 6 3 4 é ' P
w2(GeV) W (GeV) W (GeV)
0.8 T T T T T T T T I i I
| . BONuS ] | . BONuS | - BONuS
— CJ15 — CJ15 — CJ15
0.6  --- CJ15 (no-BONuS fit) . | - -- CJ15 (no-BONuS fit) 5 ] -- CJ (no-BONuS fit)
s, | 1 I Q°=3.4GeV | ]
CE 0.4 I Ill H [ _ - B H H 1 _
T I Tl { ) I ’1’ —I ]
02} 1 L I i
! Q’=29GeV | | { o} I Q°=40GeV |
T T s o 3 4 s 6 3 s e
w?(GeV) w?(GeV) w?(GeV)

—> slight preference for larger neutronR, (henced-quark)
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CJ15
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CJ15
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Light antiquark sea

m Havor asymmetry - U in proton sea constrained mostly
by FNAL E866 ! P4/1 PP Drell-Yan data

B Recently nuclear corrections tpd data have been computed
IN same frameworksmearingt off-shell)as INDIS

—> requires nuclear modibcations in antiquark and gleors

1.3 T T T I ' ! 1.2' I I | | | | -
| —— valence - —— smearing
— gluon 11y i ff-shell ]
. ' I ¥ ) ]
A : smearing + off-she ]
~ [ _
ZU QE 1.1: ]
=11 SE [ ]
= 1.05 ]
| S :
1 |
i .:: | 1
0% 0.2 0.4 0.6 0.€ 0.9 0.2 0.8 1
AN

Ehlers et al., PR®0, 014010 (2014)
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Light antiquark sea

B Modest effect aE866 S AT E—

Kinematics, given large 11

errors at highx |
— [ free nucleon
€09 ___ smearing
| —— smearing + off-shell
08~ . Es66
O ——o1 o0z = 03 = o«
XN
. 1.4 T T T T T T T T
B More important effects |
expected atE9065eaQuest 1,
kinematics ak > 0.2 °
— could affect possible & | """
change of sign of 0g ~—- Smearing
- _ . —— smearing + off-shell
d - U at h|ghX - e SeaQuest
0691 — 0z _ 03 04 05




Light antiquark sea

B Interesting recent speculation suggesting
d- U already evident INMC FY! F} data!

! O NMC/JR14 Q°=4 GeV?
08 | * NMC/CT10 Q=4 GeV?
T m E36 Q*=54 GeV
RO 1
S 0.6
| *
Koo4 | w9
0.2 +
-_.5
0 .l 6
[ * ® ®
| | | | | |

—> based on leading order relation

1 3 )
# 6= (u,! d)! —(Ff! F})

sign change in

Peng et al., PLE'36, 411 (2014)
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Light antiquark sea
However, higher order an@? evolution effectsot negligible

1.2 T T T I ' |
| Q®=54Gev? LHS”
1 — - - "RHS" -
k ey — "LHS" . . )
08 T - 'RHg 1  OLHSO =#!
.\\ o E866 7 1 3
S 06} ~ o NMC (P m ~ N =
S 061~ (Pena) 1 ORHSO =_(uy! d,)! —(Fb! FJ)
— 2 2X
S 04}
| at NLO
0.2}
0
0ol ' ' :
0 0.2 0.4 0.6 0.8

—> negativeORHSdrom NMC data atx > 0.4 consistent
with zero OLHSOd(- u) at NLO

—> dangerous to draw physics conclusions frohanalysis
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Outlook

B New CJ15PDF will be available sogasummer2015)

—> include constraints on largePDRs from newDO
W-asymmetry data, and pPr3fabF, data

— reduced nuclear uncertainties ahquarkcf. CJ12,
with smallerd/u ratio in X— 1 (smaller nuclear corrections)

—>» treatment of nuclear corrections in deuteron

extended to sea quarks and gluons
(important for pd Drell-Yan cross sections faf, and forF, )

B Upcoming analysis will bt all availdbl& separated data
- Cross sections rather than extracted structure functions

—> provide baseline set @hlkx) PDFs in anticipation of
upcoming@ilab12 Gevdata at highx

—> Detter constraints on calculations of large invariant mass
observables atHC

31



