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= How well do we understand the Standard
Model (@high pT)?

= What do we need to understand?

= How will we systematically gain
knowledge @ LHC?
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Understanding Cross Sections @ LHC: —(E)—
many pleces to the puzzle

Benchmark cross
sections and pdf
correlations

PDFs with
uncertainties
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Underlying event
and minimum bias Sudakov form factors

Jet algorithms and jet reconstruction
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ISA Perspectives

The Collider Calamity
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OC pElI'tIE e may nave peen seen -
.. finally &

By Paul Rincon
BEBC Mews Online science staft

A scientist says one of the
most sought after particles
in physics - the Higgs
boson - may have been
found, but the evidence is
still relatively weak.

Peter Renton, of the University a5
of Oxford. says the DEI.r"tiE|E= Cnce produced, the Higgs boson
would decay verny guickly

may have been detected by
researchers at an atom-smashing facility in Switzerland.

The Higgs boson explains why all other particles have mass
Sl = nd is fundamental to a complete understanding of matter.



EXPERIMENTAL EVIDENCE
FOR MORE DIMENSIONS
REPORTED

Gordon 1. Kane
May 2011

he worldwview of phvsicists work-

ez on uanification  theories has
boen changing rapidly recently. That
change culminated in March, at the
46th  annual Recontres de Morond
conference in Les Aves, France, with
lhe announcement of some startling
data from CERN's Large Hadron Col-
lider (LHC).

More than two hundred years
ago, - LCharles Augustin . Coulomb
showed that the electrical force had
the same form as the sravitalional

ary. Because the work was well ahead
alils time, and becaunse of World War
I, Kleins insicht woent largely unno-
ticed.: " Bea L. -CYRaifeartaigh, - The
Liarpning of Goauge Theory, Princeton
University Press, 1977

The ficlds of the higher-dimen-
zional thenry were the gravitational
tensor field, the electromagnetic vec-
tor potential field and a scalar Leld.
(M course, lhe theories of electricity
and magnetism were unified without
exbra dimensions by Maxwell, and the
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How much does the ff cross
section change from the
Tevatron to the LHC?
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[Kidonakis]
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How much does the ¥*Xx-
(m=200 GeV)cross section change
from the Tevatron to the LHC?
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[Pythia]
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[Pythia]
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1§0)%
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[MadEvent]

kT.>2O GeV
J
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1§0)%
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500x

[MadEvent]

kT.>2O GeV
J




W+4 partons

TEVATRON

Graph

Cross Sectifh)

Graph

Cross Sect(pb)

Sum

1035.004
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Huge phase space 1in an

S (TeV) for x,=1

2.0 Ah

Niev)/yr at L=10",

L]
¢l

s %
g4 poRSspusany

85 8.0
M, (TeV)

Logan, Han, Wang

Something new can appear very quickly
20
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But first we need to answer:

Do we understand
the Standard Model
(our data)?
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LHC parton kinematics

2
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Partonic X
X, , = (M14 TeV) exp(zy)

Q=M M=10TeV -~

—X1 X x,=1 7
M=1TeV *. : . |
s r X ]:...'= X 2-....

Mass of a
Resonance

Directly
measured

Rapidity of [ / ixed
Resonance i , e
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@LHC !'= K @TeV2
Small x i1in key searches

HERA/fixed target cover
limited range

Sensitive to x>1E-® (crucial
for the underlying event)
and Q2up to 100 TeV?

Assume DGLAP evolution

LIIC parton kinematics

.= (MAL TeV) expizy]
O-M

M- 100 GV
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Simple Estimates @LHC

To serve as a handy
“look-up” table, it’s dL

useful to define a i _ 1

=—S.|f.(x A x +1e2
parton-parton luminosity d§dy S‘SU[fJ::Lu)f}< o H) ]
Estimate the production
rate for hard scattering R
at the LHC as the ds dLij o
product of a ()':Z. | (Td)/)< _ )(50-1,j)
differential parton L] S dsdy

luminosity and a scaled
hard scatter matrix
element
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Threshold
effect
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gq— X
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gg~ initial states (e.qg.
chargino pair production) have
small enchancements

Most backgrounds have gg or gq
initial states and thus large
enhancement factors (500 for W
+ 4 jets)

W+4 jets 1s a background to tt~
production both @TeV2 & @LHC

tt~ production @TeV2 is largely
through ggq~ initial states and
gg~->tt~ has an enhancement
factor at the LHC of ~10

tt~ has a gg initial state too,
so total enhancement @LHC is a
factor of 100

dL/d5 Tevatror|

|
w
=
=
—]
—
i
=
3
|

=
]
]

,_
1t
=]

I N sl 1.0

Fgrl{aE) [Tev
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How well are the PDFs known?




Many systematics to overcome

Drata eorrecien 10 the paton level
MLO pQCD EKE CTED &.1M [n =F'T”.-‘;3}

F. ra v
mesge =075, A =1.3]

Hadron 1o Parton Level Carrections

Hadronizatian Midpcint (H__ =4

M

[ ]

=n
I

----- - Underlying svent 0 A<|¥]=0.7 J L=1.04 b

Uneertainty FUF ureertairty on pOGL
PASST 2004 0 13 EL] 61K
Cats / HLO pQCD

[ 1 Systermatconcardairty

P

Corrections
—th
| ]
&n

CDF Aun B Preliminary

Cross Section Ratio (Data / Theory)

200 300 400 E00 500 18
P; (GeVic) 300
/ " (GeVic)

systematics
Initial Lumi
known to 10-20%
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= Central fit to PDF
data does not reflect
expt'l uncertainty

= Want ensembles

= Constrains parameters
of chosen form:

A

F(x,0,)=Ax"(1-x)"P(x;A,)

= Many parameters - many
sets -» eigenvalues

32

Error pdf’s imply a level of
precision that is inherent to
NLO
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LHC inclusive jet
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Integrated over v

g9

£
T
=
L=
=,
£
c
|~
P |
=
L
'1:.
S
=
B
E
I
1
[
[
1 5
=

.

QgL GRS .l 2.3 LoD 3,50 19.00

Scrt(ay [lev)

Top uncertainty 1s
of the same order as
W/Z production
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Under 1 TeV, PDF lumi
known to 10%

Need similar precision
in theory calculations

Limits when LHC data will
impact PDF fits

Integrated over v

gq

2w
=
b
=
=,
-+
[ =
[
al
=
v
f:.
=
H
B
=
[~
i
£
T
B
=

QgL GRS .l 2.3 LoD

Scrt(ay [lev)

af dl

=y
=
[ =
[3
L
%
[
=

Fractinmoal

"
£.001 00

Errors are determined

using the Hessian method for
Chi”2 of 100 using only
experimental uncertainties

Pdf uncertainties for
W/Z cross sections are
not the smallest
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= Many different
extrapolations

= Good LHC-Runl
measurement in 2009
@10 TeV

= Needed for comparing
LHC data to theory
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= O nsics ~ #events/luminosity
= We’'re not going to know the

= So it’'s useful to also have

= Fair amount of uncertainty
on extrapolation to LHC
= 1n(s) or Ln%(s)

= extrapolating measured
cross section to full
inelastic cross section
will still have
uncertainties (and may
take time/analysis)

= we'll need benchmark
cross sections for
normalization

Lluminosity very well until
we know the total inelastic
Ccross section

some benchmark cross
sections for normalization

Correlated with UE model!

GG PS moal Pres S D72 OTA00 [P05)
GG MG model, using SRV DT,

-omndifled G GRS midel ki GV PN F

Luna Keomon modzl, nep-phiod 65076

el /oAl PRl sepphin?

Block Halzen modcl, rays.Mev D 72 828008 (2005)
Donnackie-Landsywoff modsl prLs2a0 goe) 22

% m proion-pioton

pritlom-anBpn don
LAS

s AT

o A4
U
B U
FR11
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Spans a very wide
kinematical range,
including the highest
transverse momenta
(smallest distance
scales) of any process

Note in the cartoon to
the right that in
addition to the 2->2
hard scatter that we are
interested in, we also
have to deal with the
collision of the
remaining constituents
of the proton and anti-
proton (the “underlying
event”)

This has to be accounted
for/subtracted for any
comparisons of data to
pPQCD predictions

o
widErlving evanl —-— —=

_ ]

]

CODF data (1131 "
| | Systamatiz urcertainty
— NI G 0N
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e
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Hadron to parton level

corrections
= subtract energy from the
j et cone due to the Hadron to Parton Level Comrections
underlying event -~ Hacronization
. == Uncerying event
= add energy back due to AT Unzertainty
hadronization e

Corrections

CDF Run Il Preliminary

= the hadronization & N
corrections will be P, (GeVic)
similar at the LHC,
while the UE corrections
should be much larger

= Result is 1n good agreement
with NLO pQCD predictions
using CTEQ6 pdf’s
= pdf uncertainty 1is
similar to experimental
systematic errors

Cross Baction Ratia (Data f Theory)

COF Bum Il Prelimirary

39 | 00 200 300 400 500
P GeviE)
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100

Theory errors

Hadro
UE (Das




Data corrected fo the parton level

NLO pQCD EKS CTEQ6.1M (u =P*/2)
Midpoint {:HEDM—D.?, f =0.756, Hs:--._1 .3)

range

0.1<|Y]<0.7 L=1.04 ft"

POF uncertainty on pQCD
MRST 2004 / CTEQ 6.1M

Data / MLO pQCD

Systematic uncertainty
Systematic uncertainty including
hadronization and UE

1po 200
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CTEQ6.1 and MRST NLO predictions in good agreement with each other

NNLO corrections are small and negative

NNLO mostly a K-factor; NLO predictions adequate for most
predictions at the LHC

- . . s e,
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Figure 80. Predicted cross sections for W and £ production at the LHC using MRST200<4 and
CTEQ6. | pdfs. The overall pdf uncertainty of the NLOCTEQ6. | prediction is approximately 5%,
consistent with figure 77.
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We will use W and Z cross sections as

Lluminosity normalizations 1n early running and

perhaps always

= because integrated luminosity 1s not going
to be known much better than 15-20% at
first and maybe never better than 5-10%

The pdf uncertainty for the ratio of a cross
section that proceeds with a qg~ initial state
to the W/Z cross section is significantly
reduced

The pdf uncertainty for the ratio of a cross
section that proceeds with a gg initial state
to the W/Z cross section is significantly
increased (more on this)

Can we use Top production as an additional
normalization tool?



N (t t)=(lumi)x(efficiency)x ((pdf ) xo (ij =t t))

N (W )=(lumi) x (efficiency ) x (( pdf ), x o (ij —> W))

=

t . :
R= ) has no (lumi) uncertainty
N(W) .
Correlation
Matrix

VtW
2 2 + 2
R t %% tW

44 Metdod 2 N(wbb+j'ezg) - Mc(wbh+jezg)/Mc(W+jezg)x N(W+jug)



gg->H(500 GeV)
has 4% d-PDF

Corrzlation with_spg — 8 (solid), on — #F [g3sh=s], «F — A8 (dots)
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gg->H(500 GeV)
has 1.5% d-PDF
if using tt~
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gg->H(500 GeV)
has 7% d-PDF
if using Z
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Central value for p=m, is
~850 pb; ~880 pb if using
threshold resummation

The scale dependence is around
+/-11% and mass dependence 1is
around +/-6%

Tevatron plans to measure top
mass to 1 GeV
= mass dependence +/-3%

NNLO tt~ cross section 1in the
works
= scale dependence will drop

» threshold resummation
reduces scale dependence to
~3% (Moch and Uwer)

6%?? -» worse than Z
= d-pdf is smaller
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= 10-15% 1n first year

= unfortunately, which
is where we would
most like to have a
precise value

= Ultimately, ~5%7?

= dominated by b-
tagging uncertainty

= systematic errors in
common with other
complex final states,
which may cancel in a
ratio?

Tevatron now does 8%
(non-lumi)

_ Cacciari et al., arXiv:0804.2800 (2008)

=z Kidenakis & Vogt, arXiv:0805.3844 (2008)

_[Moch & Uwer, arXiv:0B07.2794 (2008)
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