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Understanding cross sections at the LHC

We' re all looking for Higgs/BSM
physics at the LHC

Before we publish Higgs/BSM
discoveries from the early running of
the LHC, we want to make sure that
we measure/understand the relevant
Ccross sections

+ and this largely means
understanding QCD at the LHC

+ infinal states involving vector
bosons, jets, photons, heavy
quarks...

2010 was largely spent ‘Re-
discovering the Standard Model’ at
the LHC

+ my phrase by the way, so
reference me if you use it

2011 was spent in extending the
discovery reach beyond the Tevatron

An important part of this
understanding is related to our
understanding of parton distribution
functions and their uncertainties for
LHC kinematics
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Parton distribution functions and global fits g

Calculation of production cross
sections at the LHC relies upon
knowledge of PDF’ s in the relevant
kinematic region

PDF’ s are determined by global
analyses of data from DIS, DY and jet
production

There are three major groups that
provide semi-regular updates to
global fits to parton distributions when
new data/theory becomes available

¢ MRS->MRST2004->MSTW2008

o CTEQ->->CTEQ6.6->CT09-
>CT10->CT12

o NNPDF->NNPDF2.0->NNPDF2.1

There are three other groups that also

provide updated PDF fits, that are not
quite as fully global

+ HERAPDF
o ABKM
s (GMJR

1.BCDMS F,Proton (339 data points)
2.BCDMS F,deuteron (251 data points)
3.NMC F, (201 data points)

4 .NMC F,9/F P (123 data points)

5.F,(CDHSW) (85 data points) CTEQG6.6 data
6.F;(CDHSW) (96 data points)
7.CCFR F, (69 data points) sets

8.CCFR F; (86 data points)

9.H1 NC ep (126 data points; 1998-98 reduced cross section)

10.H1 NC ep (13 data points; high y analysis)

11.H1 NC e*p (115 data points; reduced cross section 1996-97)

12.H1 NC e*p (147 data points; reduced cross section; 1999-00)

13.ZEUS NC ep (92 data points; 1998-99)

14.ZEUS NC e*p (227 data points; 1996-97)

15.ZEUS NC e*p (90 data points; 1999-00)

16.H1 F,® e*p (8 data points;1996-97) CT10 also

17.H1 Ro¢ for ccbar e*p (10 data points;1996-97)

18.H1 R_® for bbbar e*p (10 data points; 1999-00) jncludes

19.ZEUS F,¢ e*p (18 data points; 1996/97) .

20.ZEUS F,C e+p (27 data points; 1998/00) Run 2 jets,

21.H1 CC ep (28 data points; 1998-99

22.H1CC e+§ ((25 data Soints; 1994-97)) HERA 1

23.H1 CC e*p (28 data points; 1999-00) .

24.ZEUS CC ep (26 data points; 1998-99) combined data:
25.ZEUS CC e*p (29 data points; 1994-97) ‘

26.ZEUS CC e*p (30 data points; 1999-00) CT12 uses

27.NuTev neutrino dimuon cross section (38 data point:

s
28.NuTev anti-neutrino dimuon cross section (33 data p&HC data

29.CCFR neutrino dimuon cross section (40 data points) o
30.CCFR anti-neutrino cross section (38 data point§|) add |t|0n
31.E605 dimuon (199 data points)

32.E866 dimuon (13 data points)

33.Lepton asymmetry from CDF (11 data points)

34.CDF Run 1B jet cross section (33 data points)

35.D0 Run 1B jet cross section (90 data points)

Some of the PDF groups use a Hessian
approach towards the estimation of errors;
others use a Monte Carlo approach.

Some use a more limited parameterization for
their PDFs.



The value of a (m,) used in global fits
can either be determined by the
global fit (a la MSTW), or input as an
external parameter (a la CTEQ->
world average)

Global fits can not determine the
value of ai(m;) very precisely

The world average in 2009 was
0.1184+/-0.0007

In 2011, it is 0.1185+/-0.0008

This is a mixture of analyses and
calculations at different orders,
including lattice calculations

+ perhaps a¢(m,) at NNLO should
be smaller than at NLO

For the PDF4LHC report, we have
used a +/-0.002 variation as a 90%
CL error (0.0012 as a 1-sigma error)

The error in o4 can be added in
quadrature with the PDF error, without
approximation
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We carried out an exercise to which
all PDF groups were invited to
participate

A comparison of NLO predictions for
benchmark cross sections at the LHC
(7 TeV) using MCFM with prescribed
input files

Benchmarks included

o W/Z production/rapidity
distributions

+ ttbar production

+ Higgs production through gg
fusion

A masses of 120, 180 and 240
GeV

PDFs used include CTEQG6.6, 1

MSTWO08, NNPDF2.0, HERAPDF1.0 2
ABKMO09, GJR08

above PDFs may also be shown

PDFALI

3.

In some of comparisons, updates to 4
5.
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All of the benchmark processes were to be calculated with the following settings:

at NLO in the M S scheme

. all calculation done in a the 5-flavor quark ZM-VFNS scheme, though each group uses a different

treatment of heavy quarks
at a center-of-mass energy of 7 TeV
for the central value predictions, and for +68% and +90% c.l. PDF uncertainties

with and without the as uncertainties, with the prescription for combining the PDF and « errors

to be specified
repeating the calculation with a central value of ag(myz) of 0.119.




PDF luminosities

® As a first step, it's useful to define and to compare PDF
luminosities from the different PDF groups

dL; 1 1

filz1, p)fj(zo,p) + (1< 2)] . (27)

The prefactor with the Kronecker delta avoids double-counting in case the partons are identical. The
generic parton-model formula

1
o= | deides fi@r,m) fi(a2m) 0 (28)
1,7

=% /(5) (&) 6 @

can then be written as




PDF luminosities

® The gQ luminosities for the groups tend to have different behaviors
at low mass and at high mass

® The reasons can often be understood

+ NNPDFZ2.0 does not use a heavy quark flavor scheme; this suppresses the low
x quark and anti-quark distributions (NNPDF2.1 does use such a scheme)

+ HERAPDF uses the HERA combined Run 1 dataset that prefers a higher
normalization

® The agreement tends to be much better in the W/Z region

¥,(6q) luminosity at LHC s =7 ¥4(qq) luminosity at LHC (s = 7 TeV)
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PDFs are tending to get closer

£4(qd) luminosity at LHC (Vs = 7 TeV)
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2011

... although still some differences with ABKM, GJR, HERAPDF

NNPDF2.1 has a GM-VFNS treatment (FONLL) ->increase in low x quarks

CT10 includes Tevatron Run Il jet data

:lr 1.2 pra I T %

O 115057 = MSTW08 NLO f

52 P %7 CTEQ6.6 L

8 11550 SUS CT10

~ ;\: ~+H+ NNPDF2.1 (%
N KR i {

Q 1.05 N 1 s

Z H | TTANR ] )

g 11 g NN : : RS -

S | L e e

N 0.95 1 A o o RGNS adodr

E 4 i AN

0w 09 N

o 0851 R

o [ w Z I

-; 0.8 -3 1 1 1 1 | I 1 1 1 1 L1 ll 1 | -

&-l 10 102 107"




® Larger differences are observed for gg luminosities, especially at
high mass

+ critically depends on whether Tevatron inclusive jet data have

been used or not

gg luminosity at LHC (s = 7 TeV) gg luminosi
r 1.2'1/ T T T T T 7"[ . T ." T N ]\l T I LI
5 1165 —— msTwos 7

’ % 4444 CTEQB.6 ,/
1.1 : =% NNPDF2.0 Z 4
44+ HERAPDF1.0

' N I '\t\"-"\\'\ 4 :
1.05E 17 S I A A N

ty at LHC (s =7 TeV)
i RNV

T V7, 7
: / 1

lllllllllllllllllll llJlIlIlfIl‘llllllll

B A Y
NN

0.95 E
0.9
0.85

1 x:i
10"

0.8- 1 1 I B | ;1 A:J_f
10* 107 WM,Gew tl

- ! R I | i iy i \ '
T
10° 102 m,Gew tT 107

0.8

Ratio to MSTW 2008 NLO (68% C.L.)
Ratio to MSTW 2008 NLO (68% C.L.)
\7"
I, \
&
R
)
AN

\a/s

Plots by
G. Watt
arXiv:
1106.5788



Uncertainties

Z4(qq) luminosity at LHC (s =7 TeV)

af —— MSTW08 NLO
0-151) 4544 CTEQB.6
S22 CT10

® Uncertainties, at least among
the global PDF groups, agree
amazingly well for qgbar,

J
(&)
N
g +H NNPDF2.1
. . . 2 0.5} =
especially given different 5 :
approaches/assumptions g g
® A bit larger spread for gg g _ ’
® Unless otherwise stated, all B-015
PDF uncertainties are at 68% 02 ppe . ‘
s/s
CL gg luminosity at LHC (s =7 TeV)
+ some PDF groups produce J %% o T
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Some cross section results

Qg (772/2)

ow+ * BROW* = [T1)[nb]

ow- * BR(W™ — [7v)[nb]

oz0 % BR(Z° — IT17)[nb]

0.116
0.117
0.118
0.119
0.120

5.957
5.993
6.057
6.064
6.105

4.044
4.068
4.106
4.114
4.139

0.9331
0.9384
0.9469
0.9485
0.9539

Table 3: Benchmark cross section predictions for CTEQ6.6 for W=, Z and tf production at 7 TeV, as
a function of ag¢(mz). The results for the central value of as(mz) for CTEQ6.6 (0.118) are shown in

bold.
as(mz) || 0gg—Higgs(120 GeV)[pb] | 0gg— Higgs(180 GeV)[pb] | 0g9—Higgs(240 GeV)[pb] | o4z[pb]
0.116 11.25 4.69 2.52 149.2
0.117 11.42 4.76 2.57 153.0
0.118 11.59 4.84 2.61 156.2
0.119 11.75 491 2.66 160.5
0.120 11.92 4.99 2.70 164.3

Table 4: Benchmark cross section predictions for CTEQ6.6 for gg — Higgs production (masses of 120,
180 and 240 GeV), and for #¢ production, at 7 TeV, as a function of a4(1m). The results for the central
value of a4(my) for CTEQ6.6 (0.118) are shown in bold. Higgs production ross sections have been
corrected for the finite top mass effect (a factor of 1.06 for 120 GeV, 1.15 for 180 GeV and 1.31 for 240

GeV).




Cross section comparisons

® Notice that the CTEQ and MSTW predictions for W/Z production
are very close to each other

® Also, in general, there is very little dependence of the cross
sections on the value of a,(m;) (as expected)

® And of course, the higher qQ luminosities observed earlier lead to
higher predictions for W/Z cross sections for HERAPDF

NLO Z° — I'T at the LHC (s = 7 TeV)
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Cross section comparisons

® Larger gg differences and greater dependence on o, lead to larger
differences in Higgs/tT cross section

NLO gg—H at the LHC (Vs = 7 TeV) for M, = 120 GeV NLO gg—H at the LHC (\'s =7 TeV) for M, = 180 GeV
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Comparison of NNLO PDF luminosity functions

Z4(99) luminosity at LHC (\'s = 7 TeV)
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Comparison of NNLO predictions
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2. The PDF41L.HC recommendation

Before the recommendation is presented, it is useful to highlight the differences between two use cases:
(1) cross sections which have not yet been measured (such as, for example, Higgs production) and (2)
comparisons to existing cross sections. For the latter, the most useful comparisons should be to the
predictions using individual PDFs (and their uncertainty bands). Such cross sections have the potential,
for example, to provide information useful for modification of those PDFs. For the former, in particular
the cross section predictions in this report, we would like to provide a reliable estimate of the true
uncertainty, taking into account possible differences between the central values of predictions using
different PDFs '. From the results seen it is clear that this uncertainty will be larger than that from any
single PDF set, but we feel it should not lose all connection to the individual PDF uncertainties (which
would happen for many processes if the full spread of all PDFs were used), so some compromise is
proposed.



So the prescription for NLO is as follows:

e For the calculation of uncertainties at the LHC, use the envelope provided by the central values and
PDF+a s €ITOIS from the MSTWOS, CTEQ6.6 and NNPDF2.0 PDFs, using each grouE’s ErescriE-
tions for combining the two types of errors. We propose this definition of an envelope because the
deviations between the predict-ions are as large as their uncertainties. As a central value, use the
midpoint of this envelope. We recommend that a 68%c.1. uncertainty envelope be calculated and
the o variation suggested 1s consistent with this. Note that the CTEQ6.6 set has uncertainties and
g variations provided only at 90%c.1. and thus their uncertainties should be reduced by a factor
of 1.645 for 68%c.1.. Within the quadratic approximation, this procedure is completely correct.

So the prescription at NNLO is:

e As a central value, use the MSTWOS8 prediction. As an uncertainty, take the same percentage
uncertainty on this NNLO prediction as found using the NLO uncertainty prescription given above.

Of course, there is the freedom/encouragement to use any individual PDF desired
for comparison to measured cross sections. This has been the norm for the 2010 LHC
results.



Update: CT10 and CT12

® CT10 NNLO CT10W NNLO central PDFs, as ratios to NLO, Q=2 GeV
+ complements CT10 NLO PDF set 5 1.5 Lmios o CTIOW Mo ane AR s | I —
+ only pre-LHC CT10 data g 1P RELIMINARY. LRI R pny
+ same input parameters and 6‘2 ::%: g
parametrization forms as in CT10 2o e i
NLO PDFs 1§Z ot
o NLO and NNLO PDFs produce 0-9F"
about same 2 Z:? :
+ shapes of CT10 NNLO PDFs have o6f- -\
evolved compared to CT10 NLO T 7 Sy 1

as a result of order a2
contributions, updated EWK
contributions and revised
statistical procedures

® CT12NLO and NNLO

1. Atz < 1072, O(a?) evolution suppresses g(z, Q), increases q(z, Q)
2. ¢(z,Q) and b(x, Q) change as a result of the O(a?) GM VFN scheme

3. Atz > 0.1, g(x,Q) and d(z, Q) are reduced by revised EW couplings,
alternative treatment of correlated systematic errors, scale choices

« include LHC W and Z rapidity data < , g [ Fetios o STioW NNLo an cTiow Lo PoFe, a-es cev | | _E
+ include ATLAS and CMS jet data SoE ARy e
+ include HERA 2011 F, data S e |2z
® ay(m2)fixed at 0.118 for both NLO et
and NNLO fits in accordance with oo el NL N
world average 08 N ]
0.7 RN
0- R I e Y ..‘;41‘\'\..1




Ratiozs of CT10W and MSTW NNLO PDFs, Q=2 GeV
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CT10W NNLO vs CT10W NLO
(preliminary)
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Some NNLO comparisons
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LHC: W, Z cross sections
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Q0 - _ .

=3 | ATLAS Preliminary | Many of the experlmenta.lltheory
b; errors cancel with the ratio

] CT10 NNLO prediction
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LHC: W/Z ratios

Total W/Z e
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CMS: inclusive jets

CMS preliminary, 34 pb” __\s=7 Tey Here the comparison is to

3% petater 9'!5?7(7?1335; predictions using the midpoint
B10® o 0.55]y|<1 (< . .
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ATLAS inclusive jets

® Important to carry predictions out over wide rapidity range. New physics tends to be
central. Old physics (PDFs) has an impact on all rapidity regions. This data (or
higher statistics version can be fed back into global PDF fits and can/will have

impact, especially on high x gluon. ATLAS-CONF-2011-047
al ————— 1.5 21 <y <28 ATLAS Preliminary ILdt=37 ob
© 1.5: <03 ATLAS Preliminary ¢: ILdt=37pb4 | E E Yer Tev
O - T | Vs=7TeV 1 "1 antik, jets, R=0.4
8 1 N _:_.. ----- : ] anti-k, jet C ] -
|_ : : Oata with 05 —— —_ & sDt:ttlasmg; error
O 0‘5 — ) ; — & statistical error 1 .5 :_ _: I:l Systematic
t il ' ' ] ematic = . uncertainties
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: ] e 1 =2 e
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i ] but the use in global PDF fits is possible
15 - only once detailed correlated systematic
. ] error information is made available. For jets,
0.5¢ - systematic errors are much more important

o fGeV] than statistical errors. This has been done for the
T ATLAS (but not CMS) 2010 data.
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CT12 NLO predictions for ATLAS jet production
(preliminary)

® CT12 NLO PDFs predict smaller jet cross sections at large p;than CT10
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Relative agreement between the data and theory for the two jet sizes reasonable, but not perfect.

Do we understand the R-dependence of jet cross sections? Note that correction for
UE/hadronization implicitly assumes that NLO=parton shower as far as jet shape properties

are concerned. Is that correct to the level we need it? NLO parton shower MC’s should be able to tell
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Choosing jet size

calorimeter jet

® Experimentally

Calorimeter

+ in complex final states, such as i
W + n jets, it is useful to have jet
sizes smaller so as to be able to Il |
resolve the n jet structure i
. . \ [ 4~ Magnetic field
+ this can also reduce the impact of ;' i )
: : hadronization
pileup/underlying event T
® Theoretically Ly R
- . ll
+ hadronization effects become ‘ol—» 4—10)
larger as R decreases & q\ underdying 5

+ forsmall R, the In R perturbative
terms can become noticeable

+ this restriction in the gluon phase
space can affect the scale
dependence, i.e. the scale
uncertainty for an n-jet final state
can depend on the jet size,

Dasgupta, Magnea, Salam arXiv0712.3014

Tevatron |
quark jets
p,=50GeV

(3Pper + (BP0 + (BP)TE [GeV?]
o - N w ESN (4] [+>] ~l @ [{e]

Another motivation for the use of multiple jet
algorithms/parameters in LHC analyses.
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Inclusive jets: Powheg

® Powheg is a method for the inclusion of NLO matrix element corrections into parton
shower Monte Carlos

® Experimentalists were ecstatic when inclusive jet production was added

® Note that Powheg predictions have a different shape than fixed order perturbative
predictions (NLOJET++). This is something that must be understood, and
investigation is currently underway by Powheg authors.

® Also: dijets in aMC@NLO->S. Frixione
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SVETYWNere st . - Herwig showering.
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Now to scale dependence

Consider a large transverse momentum process such as the single jet inclusive cross section

® \Write cross section indicating explicit
scale-dependent terms

® First term (lowest order) in (3) leads to
monotonically decreasing behavior as

involving only massless partons. Furthermore, in order to simplify the notation, suppose
that the transverse momentum is sufficiently large that only the quark distributions need
be considered. In the following, a sum over quark flavors is implied. Schematically, one can

write the lowest order cross section as

scale increases (the LO piece) e 2
. . E—=0= 78 @ q(M) @ q(M 1
® Second term is negative for u<ps, gy =7 = Woe@dihedih W
positive for M> pT where a(p) = ag(p)/2n and the lowest order parton-parton scattering cross section is de-

noted by og. The renormalization and factorization scales are denoted by p and M, respec-

® Third term is negative for factorization
S Cal e M < pT tively. In addition, various overall factors have been absorbed into the definition of 5. The

symbol @ denotes a convolution defined as

® Fourth term has same dependence as

) Ydy x .
lowest order term f@g= / 1) 0(0). )
[ ] ThUS, |ineS one and fOU r give When one calculates the O(a3) contributions to the inclusive cross section, the result can
contributions which decrease be written as

monotonically with increasing scale
while lines two and three start out
negative, reach zero when the scales

(1) o =d(wipeeM)®qM)
(2) + 20() bIn(u/pr)op ® ¢(M) @ g(M)
)

are equal to py, and are positive for (3) 2000 nfor/M)Fog © 05 © o(M) @ (M)

larger scales 4) + a®(p) K ® (M) @ q(M). (3)
® At NLO, result is a roughly parabolic In writing Eq. (3), specific logarithms associated with the running coupling and the scale

behavior (if you're lucky) dependence of the parton distributions have been explicitly displayed; the remaining higher
® Note that each of these terms order corrections have been collected in the function K in the last line of Eq. (3). The p

depends on the kinematics of the from CHS

cross section under investigation



® .. .since
perturbative
QCD is
logarithmic
® Note that
there’s a saddle
region, and a
/ addle point,
" where locally
there is no
slope for the
— cross section

i with respect to
the two scales

® This is kind of
the ‘golden
point’ and
typically around
il the expected

L . . . scale (p{¢tin
. e this case)

I I[IIlll




Scale choices

o akKe Inclusive jet production a e [ Scale dependance. 0.0<lyl<0.3. 60<Pt{GeV]<80 |
LHC . F
® Canonical scale choice atthe LHCis R=04 I
w=u=1.0"pr antikT I
+ CDF used 0.5p+
+ CTEQ6.6/CT10 used this scale for ]

determination of PDFs
+ new CT PDFs use p;

Close to saddle point for low p;

® But saddle point moves down for S
higher p; (and the saddle region 1
rotates)

® Our typical scale choices don’t work
for all LHC kinematics; more extreme
movements for some of measured
cross sections

® Rather than look for some magic
formula, we should try to understand
what is going on the kinematic/scale
point-of-view

Mg

Mg




R=0.4
antikT

R=0.6
antikT

Hg Mg




Scale dependence depends on rapiditysiii.

® The saddle point tends to move upwards in
scale as the rapidity increases

® |s the physics changing; no, just the kinematics

Scale dependance. 2.1<lyl<2.8. 400<Pt[GeV]<500

g




Ratio wrt CTEQ 6.6

Ratio wrt CTEQ 6.6
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ATLAS: dijets

Plot the dijet cross section as a function of |y, .,/
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ATLAS-CONF-2011-047

Again, as for
inclusive jet
production,

we see that
there are some
shape
differences
between fixed
order and
Powheg

that need to be
understood,
especially in
the forward
region. If
Powheq is
right, our PDFs
are wrong.




a8 Now look at the dijet mass cross sectiornsiiis.

® [n most cases, get
a nice saddle
region around p-Jet

Scale dependance. 0.0<lyl<0.3. 2780<m"[GeV]<3040

Scale depen\dﬁlce. 0.0<lyl<0.3. 2780<m”[GeV]<3040

Mg




...but not for forward rapidities

Scale dependance. 2.1<lyl<2.8. 331 0<m”[GeV]<361 0

® |[s perturbation theory not valid
here?

® |It's ok as long as reasonable
scales are chosen

® |t's a continuation of the effect
that we've been looking at

® To be on the plateau requires
scales of the order of 3-4*p;

® Our ‘motivated’ scale, though, is Ma

Pt
+ in this case, | would argue
that kinematics forces us to o
change 0.8 ,/,// - S v:;;:;:& sk Q\\\\
| | . L7 sy
+ 0Kk, here’s the bizarre thing; 0.6 s
this plateau cross section/o-; """""" //////////%? '; ; 33:‘%“\{@%\\\\\\
agrees with the data (great!) 023 ////////éé}@;” “‘\\\\\\\\\ \\\\\\
and with the Powheg cross i ZI%%, \\
iy

section generated with a

scale of pJ¢t (huh?) me



electroweak effects may
be important at the LHC

o>,y but oy, runs more slowly
than does a

...in addition, and more importantly,
there are EWK Sudakov logs that

become important in the TeV range
(that Nigel didn’t take into account)

log? u’> | where uis scale typical
0g 2| of the process

W
due to a lack of cancellation between
virtual and real W emission

...and now for something completely differe o

Jet transverse energy distribution

Vs =14 TeV
2 - I ' I T T

- Nigel Glover CTEQ SS 2001 |— fos

— LOQCD (qq)
LO SM (qq) _

[a—
W
|

3o/dEt / do/dEL(LO)
[S—
I

': [ )
s |3,
<o

eeeee—

L I 1 I 1 I L
0 1000 2000 3000 4000
Et (GeV)

Will see same sort of rise over QCD as jet energy increases.
Due to new physics? or old physics?

In fact it is Standard Model O(a;a,,) contributions to qq
scattering processes - interference of t-channel Z exchange
with u-channel gluon exchange.



Moretti, Nolten and Ross: hep/ph/0606201

® These Sudakov logs are jet—production (|n| < 2.5)
important 6 = (NLO-LO)/LO
+ negative contribution 104 L s
to cross section 2 i V's = 14000 GeV (LO) -
+ real radiation (of W/ <100 | solid: CTEQSLI —
Z’s) gives a positive G i dashed: CIEQOL .
contribution 2] 1074 — dotted: CTEQ6M —
® Typically, real radiation E 10-8 - E
terms contribute (positively) - 4 F
much less than NLO weak R .
virtual terms (Sudakov N
FFs) contribute, so there’s Op~~_" "7 "~~~ ~717 777 T T
a very incomplete 8 :
cancellation _— 10— ]
® For2 TeV/c jets, total effect ‘ij C §
on inclusive jet cross —R0 E
section is more like 20% C ]
® This size of effect can’t be 20 T T T B
ignored for precision 0 1000 2000 3000 4000
comparisons and for Er (GeV)
!nCIUSIOn of hlg.h P jet data Figure 19: The effects of the O(a2ayy) corrections [bottom]| relative to the full LO results (i.e.,
in global PDF fits through O(ad + asapw + 02y)) [top] for the case of LHC for three choices of PDFs. They
® and in searches for new are plotted as function of the jet transverse energy Er. The cut || < 2.5 has been enforced,
physics alongside the standard jet cone requirement AR > 0.7. The factorisation/renormalisation

scale adopted was p = pr = pr = Er/2.



Electroweak corrections for hard processes at the LHC

® |'m working on a followup paper with Stefano Moretti, Doug Ross,
Mario Campanelli and Juan Terron

® Stefano, Doug and | are also organizing a workshop on electroweak
corrections at the LHC to be held in Durham September 24-26
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® Consider a cross section X(a), a
function of the Hessian eigenvectors

® " component of gradient of X is
s S e e
5. = 06X =5 (XY - X[7)
® Now take 2 cross sections X and Y
+ orone or both can be pdf’ s

® Consider the projection of gradients of
X and Y onto a circle of radius 1 in the
plane of the gradients in the parton
parameter space

® The circle maps onto an ellipse in the
XY plane

® The angle ¢ between the gradients of
X and Y is given by

Ccos p = VX-VY 1AY§; ( X4 X,,-(‘)) (Yz-(” _ Y,.(‘))

AXAY — 4AX
® The ellipse itself is given by

ﬁ2+£2 o (9K (Y s — sin?.
AX AY ) “\ax ) \ay )= e

PDF correlations

2-dim (i,j) rendition of d-dim (~16) PDF parameter space

contours of constant y? global

u,: eigenvector in the l-direction
p(i): point of largest a; with tolerance T

:[1 )
P

P

i) 8, global minimum

diagonalization and

rescaling by
the iterative method

a;
L
« Hessian eigenvector basis sets

(a) (b)
Original parameter basis Orthonormal eigenvector basis

Figure 28. A schematic representation of the transformation from the pdf parameter basis to the
orthonormal eigenvector basis.

*If two cross sections are very
correlated, then cos¢~1
«...uncorrelated, then cos¢~0
-...anti-correlated, then cos¢~-1

cos ~ 0 cosp ~ —1
oY

AN N
X kyox : 5X

cosp 1

6Y/E/
4

Figure 1: Dependence on the correlation ellipse formed in the AX — AY plane on the value of the

correlation cosine cosg.



...from PDF4LHC report (CTEQ6.6)

va

Process o PDF (asym) PDF (sym) | as(myz) error | combined
ow+ * BROW™ — [Tv)[nb] 6.057 | +0.123/-0.119 0.116 0.045 0.132
ow- * BR(W™ — 17v)[nb| 4.106 | +0.088/-0.091 0.088 0.029 0.092
0z0 % BR(Z® — 1117 [nb] 0.9469 | +0.018/-0.018 0.018 0.006 0.0187
o[pb] 156.2 +7.0/-6.7 6.63 4.59 8.06
Og9—Higgs(120 GeV')[pb] 11.59 +0.19/-0.23 0.21 0.20 0.29
Og9—Higgs(180 GeV')[pb] 4.840 | +0.077/-0.091 0.084 0.091 0.124
Ogg9—Higgs(240 GeV')[pb] 2.610 | +0.054/-0.058 0.056 0.055 0.078

Table 5: Benchmark cross section predictions and uncertainties for CTEQ6.6 for W=, Z, tf and Higgs
production (120, 180, 240 GeV) at 7 TeV. The central prediction is given in column 2. Errors are quoted
at the 68% c.1.. Both the symmetric and asymmetric forms for the PDF errors are given. In the next-to-
last column, the (symmetric) form of the PDF and as(mz) errors are added in quadrature. In the last
column, the correlation cosine with respect to Z production is given.

The values of AX, AY, and cos are also sufficient to estimate the PDF uncertainty of
any function f(X,Y) of X and Y by relating the gradient of f(X,Y) to dxf = df/0X and
Oy f = 0f/0Y via the chain rule:

Af = Wf' = \/(AX O f )+ 20X AY cos xf Oy f + (AY 3y f)> (9)



Used for LHC Higgs searches s

Procedure for the LHC Higgs boson search combination in
summer 2011
(LHC Higgs Combmation Group Report)

A Armbrusterl, K. A. A.seama.ganz, S. Banetjees, G. Gomez-Ceballoed, M. Chens, G. Cowans,
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...In YR2 report

Table 10: The up-to-date PDFALHC average for the correlations between all signal processes with other signal
and background processes for Higgs production considered here. The processes have been classified in correlation
classes, as discussed 1in the text.

My =120GeV ggH VBF WH ttH My = 160GeV ggH VBF WH ttH
goH 1 —06 —-02 -02 ggH 1 —06 —-04 02
VBF 06 1 0.6 —04 VBF 06 1 06 —0.2
WH 02 06 1 —0.2 WH —04 06 1 0
ttH -02 —-04 —-02 1 ttH 02 —-02 0 1

W -02 06 08 —06 W -04 04 06 —04
WW —-04 08 1 —0.2 WW -04 06 08 —02
WZ -02 04 08 —04 WZ -04 04 08 —02
Wy 0 06 08 —06 Wy —-04 06 06 —06
Whbb 02 06 1 —0.2 Whbb -02 06 08 —02

tT 02 —-04 —-04 1 tt 0.4 —-04 -0.2 038

tb —04 06 1 —0.2 tb —04 06 1 0

t(— b)q 0.4 0 0 0 t(— b)q 0.6 0 0 0
cosp A 1 cosp ~~ () cosp 2 —1
§Y'y, Y 4, Y ¢,
/ : 56X C : 56X \\6/\’

COsIne cos .

Figure 1: Dependence on the correlation ellipse formed in the AX — AY plane on the value of the

correlation



Correlation with ggF

Correlation with ggF
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-05

Correlations...

® For the 2" Higgs Yellow Report, we expanded the correlation
information to include all PDF groups

® Note that the CTEQ, MSTW, NNPDF correlations tend to be very
similar; correlations for other PDFs can vary
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LHC HiggsXSWG 2011
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Background correlations
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Table 11: The same as Table 10 for the correlations between background processes.

W__WW__WZ_ Wy Wbb__t&t___th__t(—=h)g
W T 08 08 1 06 —06 06 —02
wWW 08 1 08 08 08 —04 08 0
Wz 08 08 1 08 08 —04 08 0
Wy 1 08 08 1 06 -06 08 0
Wb 06 08 08 06 1 —02 06 0
tt —06 —04 —04 —06 —02 1 —04 02
th 06 08 08 08 06 —04 1 02
t(-F)g —02 0 0 0 0 02 02 1

Figure 5: Correlation between background processes for Higgs production: the correlation between W
production and the eight other backeround processes considered.
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Figure 6: Correlation between background processes for Higgs production: the correlation between WW
production and the eight other background processes considered.



® There's a strong correlation
for the ratio of the W to Z
cross section at the LHC to
the strange quark distribution

+ Nadolsky et al, PRD78
(2008) 013004

® ATLAS analysis of W and Z
production (taking correlated
errors into account) suggests
that

5(x,0) —1.00%2

g(x, Q) -0.28

at x=0.023 and Q?=1.9 GeV?
® Consistent within errors of
CT10

+ more exploration of strange
uncertainty in CT12
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Small x limits

® CT12 analysis explores possibility of dbar/ubar#1 as x->0

® Some CT12 candidates have sbar(x,Q)/ubar(x,Q)>1 at x<10-3; is
this acceptable?

® More investigation is underway
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More benchmarking

2 studies in 2011 Les Houches proceedings(1203.6803)

® Benchmarking for inclusive DIS cross sections
+ with S. Alekhin, A. Glazov, A. Guffanti, P. Nadolsky, and J.
Rojo
+ excellent agreement observed between CTEQ code with
alternative DIS calculation provided by A. Guffanti
® Benchmark comparison of NLO jet cross sections
+ J. Gao, Z. Liang, H.-L. Lai, P. Nadolsky, D. Soper, C.-P. Yuan
o compare EKS results with FastNLO (NLOJET++)

+ excellent agreement between the two if care is taken on
settings for jet algorithm, recombination scheme, QCD scale
choices




Followup for PDF4LHC

® Study of NNLO PDFs from all 6 PDF
groups

+ drawing from what Graeme has done, but
now including CT10/12 NNLO

+ detailed comparisons to LHC data which
have provided detailed correlated systematic
error information, keeping track of required
systematic error shifts, normalizations, etc

A ATLAS W/Z rapidity distributions
A ATLAS inclusive jet cross section data



From 7to 8 TeV

NNLO gg luminosity at LHC
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Figure 1: Left: NLO partonic luminosities versus v/3 at the LHC (/s = 7 or 8 TeV) for Figure 1: NNLO partonic luminosities versus v/3 at the LHC (/s = 7 or 8 TeV) for MSTWO08
MSTWO08, CT10 and NNPDF2.1 with the default ag values, together with the midpoint and and NNPDF2.1 with the default as values. The left plots are normalised to the MSTWOS8 pre-
uncertainty of the PDFALHC envelope, all normalised to the central MSTWO8 predictions with dictions with the same /s value, while the right plots show only the percentage PDF uncertain-
the same /s value. Right: The 8 TeV to 7 TeV ratios of the relative PDFALHC uncertainty ties. Both the fractional PDF uncertainties and the trend between groups (MSTW/NNPDF)
and midpoint (normalised to the MSTWOS central value). [G. Watt, 24th February 2012] is almost independent of the LHC energy of 7 TeV or 8 TeV. [G. Watt, 21st February 2012]
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...s0 if we’re willing to wait a few years, we’ll beat out supersymmetry

Higgs may be having a growth spurt
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P ...a continuation of

Kl the series that

started in Trento (2010)
~land St. Andrews (2011)

HOME PROGRAM REGISTRATION CONFERENCEFEE LOCATION TRAVEL LODGING

QCD @ LHC 2012

20th-24th August 2012 at Michigan State University

This workshop aims at instigating discussions and future work between experimenters and theorists, working on
strong interactions at the LHC.




Correlations between DO Run-2 inc. jet data and gluon PDF

Z. Lliang, P. Nadolsky, in progress
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Look for saddle point position

3D histogram Position of saddle point : h3_0
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...using a Python script written by Jessie Muir, (how) a Cambridge (Part 3) student



ug increases with y*ly__.

dijet mass (GeV)

Y =(Yj1-Yj2)/2
3D histogram h3_0
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ug increases with y*/y,...

dijet mass (GeV)

3D histogram h3 0
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Note: maybe no true saddle points at high y* and high
mass, so script has trouble finding them; there are still flat places



