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CT10 parton distribution functions (prps2, 074024 (2010))

B new experimental dataq, statistical methods, and
parametrization forms

» combined HERA-1 data are included

» 53 CT10 and 53 CT10W eigenvector sets for az(M ;) = 0.118

» 4 CT10AS PDFs for as(Mz) = 0.116 — 0.120
sufficient for computing the PDF+a, uncertainty, as explained
in PRD82,054021 (2010)

» CT10/CT10W PDFs with 3 and 4 active flavors

B Version 2 (Aug. 20, 2010):

» extended discussion of
the Tevatron Run-2 W asymmetry data

» search for deviations from NLO DGLAP evolution
in the small-z HERA data
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1. The puzzle of the IV lepton asymmetry

B Rapidity asymmetry A,(y,) of charged lepton ¢ = e or pin
W boson decay provides important constraints on
d(z,Q)/u(x,Q) at x > 0.1

do(pp — (W* — ) X)/dy, — do(pp — (W~ — £~ ) X)/dy,

Ae) = G = (W = ) X)Jdye + do(pp — (W~ = £ 7)X)/dys”

B A/(y,) is related to the boson-level asymmetry,

_do(pp — WTX)/dyw — do(pp — W~ X)/dyw

A =
w(yw) do(pp — W*X)/dyw + do(pp — W~X)/dyw’

smeared by W+ decay effects

Berger, Halzen, Kim, Willenbrock, PRD 40, 83 (1989); Martin, Roberts, Stirling, 1989
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The puzzle of the I/ lepton asymmetry, cont.

B At (N)NLO, many recent PDFs fail fo describe the most
precise A.(y.) and A,(y,) from DO Run-2 (2008) and prel.
CDF Run-2 (2010)

Agreement of Source or
PQCD with DO A (y.) X2 /npt comments
CTEQ6.6, NLO 191/36=5.5
CT]OW, NLO 78/36=22 Our study
With 4,,(y,): 88/47=1.9

ABKM'09, NNLO 540/24=22.5 Catani, Ferrera, Grazzini,
MSTW’08, NNLO 205/24=8.6 JHEP 05, 006 (2010)

JROYVF, NNLO 113/24=4.7

B The CT10W fit describes the Run-2 A4,(y,) reasonably well.
PDF uncertainty on A,(y,) is correlated with the PDF
uncertainty on the measured W boson mass = Potential
impact on the My, measurement at the Tevatron?
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- ________________________________________
d(z,Q)/u(x,Q) at Q = 85 GeV
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CT10W prefers a larger slope of d/u, has a smaller uncertainty
than CTEQ6.6 or CT10
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- ________________________________________
Why difficulties with fitting A,(y,)?

Au(ys) is very sensitive to the average slope s, of
d(x, Mw)/u(z, M)

1 d(z1, M) d(z2, M)
Ag(ye) ~ A - = S
o(ye) e(yw)lpo o w1 — a2 |u(zy, My)  u(za, My)| ¢

T1p = Qeiyw

NG
Small changes in s4, cause significant variations in A,

Berger, Halzen, Kim, Willenbrock, PRD 40, 83 (1989);
Martin, Stirling, Roberts, MPLA 4, 1135 (1989); Phys. Rev. D50, 6734 (1994);
Laietal., PRD 51, 4763 (1995)
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Challenges with fitting A,(y,), cont.
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Comparison of CT10 and CT10W fits
The CT10 fit does not include the Run-2 W asy data
The CT10W fit includes

B All p5 bins of DO Run-2 A.(y.) in the These data are mutually
electron channel compatible, but show

B One pk bin of DO RUN-2 A,,(y,,) in ‘rednsion wifh NhﬁC/BCDMS
the muon channel Fy(z,Q) and F;(z,Q)

The CT10 and CT10W fits do not include

B two other pf}. bins of 4,,(y,,) from

DO Run-2 Incompatible with the
B Reconstructed W—boson level other Run-2 4,

Aw (yw) from CDF Run-2 measurements

(207 pb™1)

Pavel Nadolsky (SMU) PDFALHC meeting, DESY Now. 29, 2010
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Calculation of A,(y,): dilemma of pi. cuts

Selection cuts on pf....

B help to “tune” A,(yy) to probe d(x, p)/u(x, 1) in different z
ranges

B infroduce expt. systematic uncertainties when sorting W
boson events in different p4. bins

The CT10W fit includes overlapping p%. bins as though they are

independent, to allow for possible differences in experimental
systematics
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Calculation of A,(y,): radiative contributions

B Default calculation: A,(y) at NNLL-NLO, using lookup tables
for O‘(pgﬂ, yf)NNLL+NLO/0'(p§“a yg)LO from ResBOS saiazs, vuan, Pro 56, 5558
(1997); Landry, Brock, PN. Yuan, PRD67, 073016 (2003)).

B Cross check: include NNLO corrections at Q7 ~ My @moias
reno, 1989; Ay(ye) Changes by a few percent at the highest y,
and pr > 35 GeV

» magnitude of changes is comparable with full NNLO terms
(Catani, Ferrera, and Grazzini, JHEP 05, 006 (2010))

» changes are small compared to the experimental errors
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Charge asymmetry in p%. bins (cDF run-2, 207 pb™)
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L Anastasiou et a., 2003

Without the pS. cut (FEWZ):

Agly)

With pr. cutsimposed, A.x(y.) is sensitive to small-Q+ resummation
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CT10 & CT10W predictions for the LHC

Total cross section o(WH)Jo(W™), o(W*)/a(2°)
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2. A, fits to combined HERA data

NNPDF2.0 dataset
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Fitting procedure:
B Include only DIS data above an A, line

B Compare the resulting PDFs with DIS data below the A.,;
line, in a region that is “connected” by DGLAP evolution

Pavel Nadolsky (SMU) PDFALHC meeting, DESY Nov. 29, 2010 13



A fits to combined HERA data

Motivation: understand relatively high x?/Npt ~ 1.18 in the CT10
fit to the combined HERA-1 data

Increase in x? is distributed uniformly in z and Q?;
also, x2/Npt ~ 1.14 in NNPDF2.0

An alternative procedure: examine dependence on a variable
Ags = Q%293 suggested by geometric scaling (gs) models
Stasto, Golec-Biernat, Kwiecinski, PRL, 86, 596 (2001); Caola, Forte, PRL, 101, 022001 (2008)

NNPDF PDFs fitted only to the data at A,; > A.,; = 1.5 show 20
disagreement with the "DGLAP-connected” data at
Ag s = 0.5 — 1.5 (caola, Forte, Rojo, PL B686, 127 (2010); arXiv: 1007.5405)

HERAPDF also observe differences between fits with and without
data at lowest @, but their significance can’t be easily
compared against NNPDF

Pavel Nadolsky (SMU) PDFALHC meeting, DESY Nov. 29,2010 14



-
CT10: A, fits to DIS data at Q > Q, = 2 GeV

—— Fitwith A, = 1.5

Xoata’/NPLS

3 -
Fit without cuts 30 w w
A <10 — — - Fit th A.=1.5
25— 25 —-—== Fit 2with A,;=1.5
S Q>1.41GeVv L § CT10 fit
N E 20 N Q>2GeV
A C cut "
% F wsp S0 N ”//K
r ~
15— 30<A,,<6.0 o ~ ")'// \‘\\’3
- 15<A,, <30 \ 05
L N pts= 1 27
[ A, >60] ps= 36 2 30 a8
05 <1.0 1.0-15 15-3.0 3.0-6.0 >6.0 ranges

Caola, Forte, Rojo, arXiv:1007.5405v2

NNPDF2.0
(Data — Theory)?

2 2
“data T “theory
Systematic increase in (d?) as A, decreases, even without an
Ays cut on the data

i =

7

Only statistical uncertainties?
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CT10: A, fits to DIS data at Q > Q, = 2 GeV

—— Fitwith A, = 1.5

Xoata’/NPLS

3
Fit with 30
A, <10 t without cuts
25— 25 —-—== Fit 2with A,;=1.5
“F Q>141GeV cT10fit
R E 20 Q>2GeV
A IR cut -
5 L 1sf & = N
v [ ~ .
15— 3.0<A,, <6.0 o =/’)./ ‘-\\"9
- 15<A,, <30 \ 05
r N pts= 1 27
F IEW pts= 36 8 30 88 4,
05 <1.0 1.0-15 15-3.0 3.0-6.0 >6.0 ranges
Caola, Forte, Rojo, arXiv:1007.5405v2

Two CT10-like fits to data at A4, > 1.5, with different
parametrizations of g(z, Q)

_ , Large syst. shifts at A;, < 1.0,ina
- (Shifted Data — Theory)”  pgttern that could mimic a
’ O ncor slower Q2 evolution
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CTI10: A,,, fits to DIS data at Q > Q, = 2 GeV

—— Fitwith A, = 1.5 | 2npts
3
Fit with 30
’i@ t without cuts
25— 25 —-—== Fit 2with A,;=1.5
s Q>141Gev CT10 fit
N E 20 Q>2GeV
A CF
T f AN /‘h\.
Vb ~ .
15— 3.0<A,, <6.0 o =/’)./ 16-\,_!%
- 15<A,, <30 \ 05
L N pts= 1 27
[ A, >60] ps= 36 2 30 a8
05 <1.0 1.0-15 15-3.0 3.0-6.0 >6.0 ranges

Caola, Forte, Rojo, arXiv:1007.5405v2

CT10, cont.

§x> ~0at A, > 1.0 §x>=0-15at A, < 1.0,
(no difference) with large uncertainty

= Disagreement with the "DGLAP-connected” data at
Ags < Ay is not supported in the CT10 fit, given the instability of
the PDFs from the A, fits at Ay, < Acue

Pavel Nadolsky (SMU) PDFALHC meeting, DESY Nov. 29,2010 15



3. Charm quark mass in CTEQ

PDFs

A comment on studies of the HERA Inclusive Working Group
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- comparison of W~ cross sections

as a function of ag(M;?)
G.Watt, PDF4LHC 26.03.201

B CTEQO6.6/CT10 PDFs use the S-ACOTy scheme and m,. = 1.3 GeV

B This choice is close to the optfimal m. = 1.27 GeV for SACOT-y found
by the HERA WG. It produces "midmost” predictions for W/Z cross

sections at the LHC

B Are these features an accident? In retrospect, they are not.

Pavel Nadolsky (SMU) PDFALHC meeting, DESY
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CTEQ fits: free parameters in neutral-current heavy-quark DIS

1. Charm and bottom masses, m,. = 1.3 GeV and m;, = 4.5 GeV
2. Factorization scale

1= Q in Fy(x,Q);

= \/m7 in F5°(z,Q), CC HQ xsecs

k=1—4are preferred; k =1in CT10

e
2z
=

3. Generalized rescaling variable ¢(A) in
flavor-excitation chonnels (N, Tung, PRD79, 113014 (2009))

2 w5 a Csz>
Fi(z, Q%) Z/ ¢ ol “(5 wop

x:C/(1+C/\-(4mc)/Q2)  witho < A <1
CT10 uses ¢(0) = = (14 4m2,/Q*) = x

Rescaling factor £/x
Physical threshold: W=My, (=1

Pavel Nadolsky (SMU) PDFALHC meeting, DESY Nov. 29, 2010 17



Rescaling variable ¢

and W, Z production at the LHC

BChoice of ((\) infroduces a

NLO W* & Z cross sections at the LHC

family of equally valid GM-VFN ~ **

or ZM-VFN schemes 215

B At NLO (=one-loop), F§(z, Q) 5.0
and collider predictions depend = ‘

on a combination of .., 4, 3 208
and \ T

W In CTEQ fifs, this combination =

is tuned so as fo obtain the best 1o

X2 for 7, and F5* oo

CTEQ6.6-

= M(©0)

o ',;|M(0.05)

R Y
GM(0.05),, mM(©.15)

GMO.15))
CMO:3): gim(0.3)

GM and "kinematically Improved ZM" (IM)
predictions for A=0-0.3

B With this choice, NLO HQ cross i
sections are close o NNLO ones

26.5 2i.0

2i.5 Zé.O 2é.5

TP = (W*-7)X) (nb)

2?;.0

Pavel Nadolsky (SMU) PDFALHC meeting, DESY
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F§(x,Q): S-ACOT-y, FONLL, and MSTW predictions

Q=2 GeV Q=2 GeV
i o) © ]
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B Black solid: CTEQ/S-ACOT-y, 1 = /Q? + 4m2, ¢ =
B )\ = 0.1 or 0.2: for generalized rescaling variable ¢(\)
M FONLL and MSTW predictions are for u? = Q?
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Charm contributions to DIS structure function F(z, Q)
Benchmark comparisons, extended to NNLO

LH toy PDFs at Q=2 GeV NNLO Fy predictions by
‘ ‘ A ‘ ‘ ‘ the CTEQ fitting package,
>07 PRELIMINARY #=Q | based on a FFN
25 sold-cTEQ. Ne=3,WNko- 1 callculation by Smith, van
Dashed: cTeq Lo s-acor-x 1 Neerven, et al. (lines);
G20 erontL-coyano) 1 NNPDF FONLL-A and C
“E m FONLL-A-y (NLO) (Symbo|s)
g 1.5¢ 1
ENl | At Q ~ m,, the CTEQ6.6
choice of m., u, ¢(\)
05 1 brings the NLO DIS cross
sections (in the S-ACOT-y

001 00z 005 o1 o0z  scheme) closely to NNLO
X predictions in FFN
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Main conclusions
B A CTI10W fit to Run-2 data on W lepton asymmetry

» leads to a smaller uncertainty on d(x, My )/u(xz, My ), has
potential implications for EW precision measurements

B Alternative A, fits in the CT10 analysis framework

» deviations from DGLAP evolution at low = and @ are not
corroborated, in view of the instability of PDFs resulting from
the A, fits at small

B Heavy-quark contributions to DIS
» af NLO, large dependence of F§y on m. and other free
parameters
» This dependence is tuned in CTEQ6.6/CT10 fits to bring them
closer to HERA F{”) data and FFN NNLO results at Q = m.

» The need for such tuning will be reduced in anticipated CTEQ
NNLO fits

Pavel Nadolsky (SMU) PDFALHC meeting, DESY Nov. 29,2010 21
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CT10 and CT10W predictions for A.(y.) (DO Run-2)

02f
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R
CT10 and CT10W predictions for A ,(y,) (DO Run-2)
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Theoretical uncertainties in large-» deuteron DIS

Accardi, Christy, Keppel, Monaghan, Melnitchouk, Morfin, Owens, PRD 81, 034016 (2010)

2_|||||||||||||||||||_ 2_||||||||||||||||||||||||_
o 3 o (b)1
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2:IIIIIIIIIIIIIIIIIII: 2:IIIIIIIIIIIIIIIIIIIIIIII:
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Covo o by by Iy g Coovovn b bona bevna b el
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X X

d(x)/u(z) from FP%(z,Q) at z > 0.1 and low Q is sensitive to
nuclear, target-mass, and dynamic higher-twist corrections
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Fisher’s pseudo-Gaussian distribution

A variable

S(Npt) = 2X2(Np ) — V2Np +1

is closely described by a normal Gaussian distribution ((S) = 0,
os = 1) for Ny, 2 10 (R. A. Fisher, 1924)

S(NL) from fully compatible experiments with N{;) points each

would follow a normal Gaussian distribution regardless of NI(,?. In
reality, the S-distribution is described by a Gaussian with
og=2-3
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Distribution of S from 29 experiments
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CT10 & CT10W predictions for the LHC

W= and Z° total cross sections

Wf &Z cross sgctions‘ at the‘LHC (7 TeV)‘
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CT10 & CT10W predictions for the LHC & Tevairon

W+ and W~ total cross sections
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More flexible parametrizations
CT10(green) vs. CT6.6(blue)
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CT10 vs. CTEQ6.6
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Differences are due to better constraints by the data and more
flexible PDF parametrizations
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Gluon uncertainty and combined HERA-1 data

g(X,Q) Q =2 GeV, New HERA data (red), separate HERA data (hlue)
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Combined HERA-1 data reduces the uncertainty on g(z, Q) at
r <1073
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