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Abstract
‘We study the possibility of intrinsic (non-perturbative) charm in parton distribution functions
(PDF) of the proton, within the context of the CT10 next-to-next-to-leading order (NNLO) global
analysis. Three models for the intrinsic charm (IC) quark content are compared: (i) &(z) = 0
(zero-1C model); (ii) &(x) is parametrized by a valence-like parton distribution (BHPS model); (iii)
#(x) is parametrized by a sea-like parton distribution (SEA model). In these models, the intrinsic
charm content, &), is included in the charm PDF at the matching scale Q. = m, = 1.3 GeV.
The best fits to data are constructed and compared. Correlations between the value of m,. and the
amount of IC are also considered.

PACS numbers: 12.15.Ji, 12.38 Cy, 13.85.Qk
Keywords: parton distribution functions; electroweak physics at the Large Hadron Collider

1310.7601v1 [hep-ph] 28 Oct 2013

.
.

arXiv

Higgs Boson Cross Section from CTEQ-TEA Global Analysis
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Abstract

‘We study the uncertainties of the Higgs boson production cross section through the gluon fusion
subprocess at the LHC (with /3 = 7,8 and 14 TeV) arising from the uncertainties of the parton
distribution functions (PDFs) and of the value of the strong coupling constant a,(Myz). These
uncertainties are computed by two complementary approaches, based on the Hessian and the La-
grange Multiplier methods within the CTEQ-TEA global analysis framework. We find that their
predictions for the Higgs boson cross section are in good agreement. Furthermore, the result of
the Lagrange Multiplier method supports the prescriptions we have previously provided for using
the Hessian method to calculate the combined PDF and o, uncertainties, and to estimate the
uncertainties at the 68% confidence level by scaling them from the 90% confidence level.
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Compare Lagrange Multiplier and Hessian uncertainties for gg->Higgs
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Lagrange Multiplier Method

® The Lagrange Multiplier technique is more robust than
the Hessian method in that it does not depend on any
assumptions about quadratic behavior of y?

3.45%/2.15%=1.60,

close to
expected
1.645

LHC 7TeV  8§TeVY 14/TeV
or(gg — H) (pb) with 90% CL errors 13.4‘_@:??: 17.Ut§:$¥; 4/(51“3?%

with 68% CL errors [13.47507 17.020% 44.573°%

TABLE III: Higgs boson production cross sections (in pb unit) via gluon fusion channel at the
LHC, with 7, 8 and 14 TeV center-of-mass energy. The PDF uncertainties at the 90% CL and
68% CL were calculated by the Lagrange Multiplier method in the CT10H analysis with fixed
as(Mz) = 0.118. The uncertainties are expressed as the percentage of the central value.
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PDF+a. uncertainties

® | M estimates of PDF(+a.) uncertainties slightly larger than
Hessian determinations, but close, especially for the combined

PDF+q errors

Note that validates the

90% CL 68% CL
Method 7 TeV 8 TeV 14 TeV T TeV 8 TeV 14 TeV
LM (PDF-only) +3.2/-3.7 +3.2/-3.7 +3.5/-4.1| +2.0/-2.2

Hessian (PDF-only)
LM (PDF + a,)
Hessian (PDF + a)

+3.0/-3.0
+4.8/-5.0
+4.7/-4.6

+3.2/-3.1 +4.3/-3.6
+4.6/-4.6 +5.2/-5.2
+4.8/-47 +5.4/-5.0

+1.8/-1.8
+2.9/-3.2
+2.9/-2.8

20/23 +22/24 pPrescription of adding

+1.9/-1.9 +2.6/-2.2 the PDF and o
+2.8/-2.9 +3.4/-3.2 S

+29/-28 +33/-30 €ITOrS in quadrature

TABLE V: Uncertainties of o(gg — H) computed by the LM method and by the Hessian method

with Tier-2 penalty included. The 90% and 68% CL errors are given as percentage of the centra

value, and the PDF-only uncertainties are for ay = 0.118.

® Scaling the 90%CL error from the CT10 eigenvector set by a factor
of 1.645 agrees well with the LM more exact determination

LHC

7 TeV

8 TeV 14 TeV

or(g9 — H) (pb) with 90% CL errors

13.4148% 17 o14.6% 44 5+5-2%

—2ls —4.6% +eam— €.0. ./
: : R e € 0
with 68% CL errors 13.41%%2 17.03:3(;2 ‘4452"21; =5 8504

TABLE IV: Higgs boson production cross sections via gluon fusion channel at the LHC, with 7, 8
and 14 TeV. The combined PDF and «a, uncertainties at the 90% CL have been calculated by the
Lagrange Multiplier method in the CT10H analysis. The errors are expressed as the percentage of

the central value.



CT10H (extreme sets)

® Choose extreme PDF sets in slide 6 (red squares)

1 upper uncertainty corresponds to o.,=0.1194 while lower
uncertainty to 0.1167

7 other two red sauares aive PDF uncertainty at a.=0.118

1.2

0,=0.118, Q=125 GeV, gluon, LHC (14 TeV) ;

Note that the two / ] sets are available
extreme PDF sets at CTEQ-TEA
saturate the gluon 1 C website
distribution in the
X-range relevant for ]

see also Jun’s talk on
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FIG. 9: CT10H gluon PDFs at the momentum scale 125 GeV, compared to the CT10 error band,
at the 90% CL. These CT10H fits give the central prediction (op), and the minimum (o) and
maximum (Omegz) predictions obtained using the Lagrange Multiplier method, for o at the LHC

with 14 TeV, as listed in Table III. Also, ag(Mz) = 0.118.



CT10 eigenvectors: brief review
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Fig. 5.10 The PDF errors for the CDF inclusive jet cross section in Run 1 for the 20 different
eigenvector directions contained in the CTEQG6.1 pdf error set. The vertical axes show the
fractional deviation from the central prediction and the horizontal axes the jet transverse
momentum in GeV.



A new study (useful to experimentalists)

Largest eigenvalue: nothing much happening

Eigenvector 1:

13

12F

11F

1

peogup =
u, Q= ch

09F

08|

07F

O'(?.O(N

13

0.01

0.1

12F

11F

—
e

s, Q=85 GeV

09F

08

07F

01?001

0.01

01

12
ipch. oiﬁﬁ b=
Jpeb 02/jpeh —
d, Q=85 GeV
11f
1
09F
0.
8.001 0.01 01
12 T -
ipob 01/40eh —
}gcb:DZ}pcb —_
ubr, Q=85 GeV
11p
; —\/_
N\
09
08,001 0.01 01

IDCb oZﬂBg
dbr Q=85 GeV
11F
1
T\
09F
0. . .
3.001 0.01 0.1
X
12
|pcb OJEG
gl Q=85 GeV
11}
]
1 —]
09F
0'8_001 0.01 01

blue band is total PDF uncertainty; curves are contribution from eigenvector




Eigenvector 12

has a fair amount of the gluon uncertainty in the T E
. . 1pch.24/]pch —
X range for gg->Higgs (as well as at higher x)
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Eigenvector 18

® Has much of the high _ . o
x gluon uncertainty R
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In general...

Eigenvectors 6, 12, and 13 at = = 0.1, eigenvectors 15 and 20 at z = 0.2, and
eigenvectors 18 and 23 x = 0.4 contribute the most to the gluon PDF uncertainty,
while the others contribute very little.

Eigenvector 10 at x = 0.1, eigenvectors 15 and 19 at x = 0.2, and eigenvectors
18 and 23 z = 0.4 give the dominant contribution to the @ PDF uncertainty, while
the others contribute very little.

Eigenvector 10 at x = 0.1, eigenvectors 15 and 19 at x = 0.2, and eigenvectors
18 and 23 x = 0.4 give the dominant contribution to the u PDF uncertainty, while
the others contribute very little.

Eigenvectors 10 and 11 at z = 0.1, eigenvectors 15 and 20 at x = 0.2, and eigen-
vectors 18 and 23 2 = 0.4 give the dominant contribution to the d PDF uncertainty,
while the others contribute very little.

Eigenvectors 9, 12, and 13 at = = 0.1, eigenvectors 15,18, 19, 20 and 23 x = 0.4
give the dominant contribution to the s — quark PDF uncertainty, while the others
contribute very little.



NLO and NNLO

® Eigenvectors have
similar behavior at
NLO and NNLO
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Summary

® _agrange multiplier study indicates that

- Hessian errors scale from 90%CL to 68%CL
for gg->Higgs (not necessarily for other
processes)

1 addition of PDF and ay errors in quadrature
borne out
® | HC data for jets, photons, DY, tT being
iIncorporated into new CT global fits at
NLO and NNLO

- looking forward to full NNLO calculations for
Inclusive jet and tT differential cross sections



Data/Theory

Data/Theory
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CMS: 8 TeV jet results
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