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Understanding High-Pt Physics:
many pieces to the puzzle
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Underlying event
and minimum bias Sudakov form factors

Jet algorithms and jet reconstruction



(How) will the puzzle pieces
fit together?
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How well do we understand the
Standard Model (@ high pT)?

It seems to work very well ... how
well?

Global Analysis
Null search for New Physics

What does that mean for the LHC?




#1: Global Analysis @ High Pt

Define high-p_ objects reconstructed 1in
experiment (CDF in this case)

Generate-Simulate Monte Carlo events and
reconstruct same objects

Introduce a correction model (fakes,
K-factors, uncertainties) and refine

Compare counts and shapes 1in different
final states
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Modeling the SM 1in practice

We know the importance of PDFs, NLO ..

In practice, we try to use the data to
calculate all orders, pert and non

Data(Y) = MC(Y)/MC(X) * Data(X)

= Other theoretical developments are
used mainly for cross checks or to
model signals

Like mixing cocktails or making
sausage
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final state normalizations C .
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Vista kinematic shapes
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Quantitative Results

Event counts are distributed as you expect when
you look at 399 final states

Largest discrepancy is a 2.7sigma deficit
Several % of all distributions disagree:

% 1s typical of the systematic expected 1in
event generators

about 6% of distributions have KS<1%, but
there are many commonalities
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Related discrepant distribution
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Dissecting the SM cocktail

Much of the Monte Carlo is default Pythia/Herwig
(simple processes + parton showers)

Some processes like W/Z/y+jets combine
Matrix Elements with parton showers
Such calculations are necessary for the LHC

We can remix our cocktail with different
Implementations of the Standard Model theory
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Relevant K-Factors

K=NLO/LO
6M/6L1
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“ .. ALl distributions show good
agreement with the data .. “

= Uncovered several other modeling
1ssues, 1including:

= Back-to-back jets from unshowered
multi-parton interactions

= Need for consistent tune of W/Z pT
with underlying event




#2: Sleuth, a model independent
search strategy for new physics c,

Exclusive final states

An excess

Rigorously compute the
trials factor associated
with looking everywhere

today -
f 0001001 d(hep— ph)( prediction)




Goal of Sleuth

Identify statistically significant
excess of data in the high-2p, tails

SM prediction for SM prediction for
some final state some final state

‘ =
most

interesting
23 region




Pmin calculation

Prob(>=0|b)

p-value

Pmin

Pmin

24




25

Pmin -» scriptP

= How unusual 1s this Pmin?

= Generate pseudo-data to see how often
this (or something more interesting)
would happen.

= Fraction == scriptP
= Smaller scriptP -» more interesting
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Trials Factor

Each final state - scriptP
N final states:

1 — (1-min{scriptP})

Prob. fluctuation in any region in any
final state 1s as or more 1interesting

scriptP - all regions
-» all final states
< 0.001 - >3 sigma effect



d(events) / d(p,)

Recap: Sleuth Algorithm

ScriptP = % of where this final state has any
tail more interesting than the actual most interesting one.

& &
© ©
~N ~N
EE SM 1 f ;5
- expectation_torc SM expectation for
SM expectation forg Xp
fgnal state 1 % N % final state 3
> =]
2p, Zp, Zp,
Pmin Pmin Pmin
trials factor
tildeScriptP
TildeScriptP = % of that would produce any tail

in any final state, that would be more interesting than the most

27 interesting tail actually observed.
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CDF Run II (2 fb-!)

Sleuth @QCDFII result

-

P = 0.08

(top 5) % of pseudo-

CDF Run Il Preliminary (2.0 Ib Sxperiments esshtoi“nlgd
SLEUTH ['inal State P
0.00055
0.002]
0.0042 No significant excess
0.0047
0.0065 This does not prove
no new physics!
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CDF Run II (1 fb-!)

Sleuth @QCDFIIa result

F

P = 0.46

CDF Run II Preliminary (2.0 [b
0.0055 SvLeEUTH Final State P
0.0092 -+t 0.00055
DOLL oty 0.002]
0.016 ¢ g 0.0042
0.016 ¢y 0.0047
frrtp 0.0065
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http://www-cdf.fnal.gov/physics/exotic/r2a/
20080228.vista sleuth/publicPage.html
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http://www-cdf.fnal.gov/physics/exotic/r2a/
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The greatest limitation to this &
blind new physics search
1s mis-modeling of backgrounds

Note: this analysis does NOT
incorporate PDF, showering
uncertainties:

these are “fit” using

correlations between

different final states
(e.g. K-factors from data)
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What can we
expect at the LHC?

Can we understand 1t?
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Greatest Concerns 1n
TeV - LHC Extrapolation

= Exploring new kinematic regimes

= Not so much an 1ssue, except UE,
small X

= Complicated topologies
= Studying gluons instead of quarks




Heavy Quark Production @ LHC

Huge phase space in an interesting kinematic region

[ (TeV) for =,=1

2.0 Ab

Niev)/yr at L=10",
e=001

LHC 14 TeV

=}
L

R (I U ErY |
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Possible LHC QOutcomes

Something so striking ~100 GeV particles
you can't miss it with cascade decays

Z -y

BH — 100 Z/W/t/h

. Nothing
New exotica

(CIUII’kS, h|dden Va”ey,) (except margina]
WW scattering)




Consequences

Easy
Use sideband data as your
“Monte Carlo”

Challenging

(Control regions are

all mixed u
(probably something else P)

to complete the picture)

More Challenging
Most Challenging
Requires detailed
understanding of SM When do you give up?
(and detector) tails




Conclusions

At the Tevatron, we have qualitative AND quantitative
measures of how well we understand the SM.

Raises confidence for the challenging case @LHC.
We have a methodology for understanding the data.
We can improve our current tools with manpower and
mindpower.

For early tests, data-driven Monte Carlo tools should be
sufficient. But now is a good time to start worrying
about higher orders and more logs

» At the Tevatron, the story continues ...
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DO Vista/Sleuth with 1.07 fb”-1

http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/NP/N65/N65.pdf E

= Focus on final states with leptons

= Use 7 non-overlapping final states to
set cocktail normalization and apply
standard corrections

= Merge these “normalized” samples as
input to Vista

= Discrepancies in 1mu2jpmiss(9.30),
Imulphljpmiss(6.60), Imu+lmu-pmiss
(4.40), 1mu+lmu-1ph(4.10)
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DO Vista/Sleuth (cont)

= 2 related to oversimplification of
photon fake modeling

= Others related to muon triggering
for |eta|>1




Most significant(*) discrepancy
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http://www-cdf.fnal.gov/physics/exotic/r2a/
20080228 .vista sleuth/publicPage.html
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http://www-cdf.fnal.gov/physics/exotic/r2a/
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W+jets
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Direct charm + gluon splittin
W+charm % : ; 2

¢ Different game once heavy quarks are included: isolating clean event

samples is not so easy.

® Serious studies only recently undertaken.

Abazov et al.,

HLBOOG, 23 (2005)
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MNB: large logs and charm PDF

e |ury still out, kinematic study essential.
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VWW+bottom { Gluon splitting :I

® W+ or 2 jets, either or both of which may be b-tagged.

¢ Most important for single top study.

¢ (CDF measurement:

Ol—juis W — b—jets) x DR(W — fr) — 2,74 = 0.27(stat) £ 0.42(syst)pb
(W + b-jets) x BR(W — €v) . pepy = 0.78 ph CDE Note
9321

Tp-jels'

® Ongoing work to compare with ACOT formalism combining (at NLO)
two sources of W+b events.
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