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Why we want new PDFs 
for event generators

 Many kinematic effects at NLO come 
from just the NLO PDFs

 PDF errors only work for NLO
 We make assumptions when calculating 
PDF uncertainties the standard way

 UE models described well by LO PDF, 
which is very different from NLO

f LO x ,Q×
f NLO ,error x ,Q

f NLO , central x ,Q 
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Some high pT processes behave
poorly with ordinary NLO PDFs

  

6M/6L1

K=NLO/LO

6M/6M
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Requirements for LO* PDFs

 LO as x->0; → NLO as x->1
 universal and reasonable
 Allows for sensible error PDFs:

 similar Sudakov form factors
 PDF re-weighting makes sense

 describes UE @TeV with a tune similar 
to CTEQ6L (for convenience) and 
extrapolates to a reasonable UE at the 
LHC
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Differences between LO and NLO partons? 

NLO 6.1

LO 6L1

LO 6.1

LO 6L1  == (LO ME) (LO PDF)
LO 6.1  == (LO ME) (NLO PDF)
NLO 6.1 == (NLO ME) (NLO PDF)
 

K-factor=1.15

Missing
ln(1-x)
at LO

W+ Rapidity

U Quarks

6.1M

6L1
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Where are the differences:gluons? 

CTEQ5L and 6L
steeper than 6.1 
(or any NLO 
gluon pdf) at low x

Gluon Missing
ln(1/x)
at LO

5L

6L1

6.1M
6L1

6.1M
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MRSTLO*
 incorporate many of 
previous points 

 relax the momentum 
sum rule (114%) and 
achieve a better 
agreement (than MRST 
LO pdf’s) with some 
important LHC 
benchmark cross 
sections

 Available in LHAPDF 

NLO PDF
LO ME

LO* PDF
LO ME

NLO PDF
NLO ME

Boson Rapidity
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CTEQ variations

 INCLUDE IN LO* FIT (WEIGHTED) PSEUDO-DATA FOR 
CHARACTERISTIC LHC PROCESSES PRODUCED USING CTEQ6.6 
NLO PDF’S WITH NLO MATRIX ELEMENTS (USING MCFM)

 Try 2-loop or 1-loop α
 Fixed momentum sum rule, or not

 re-arrange momentum within proton and/or add 
extra momentum

 extra momentum appreciated by some of pseudo-data 
sets but not others and may lose some useful 
correlations

 Fix pseudo-data normalizations to K-factors expected 
from higher order corrections, or let float

 Scale variation within reasonable range for fine-
tuning of agreement with pseudo-data

 vector boson scale varies from 0.5 mB to 2.0 mB
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Results: gluon distribution
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Focus on small-x
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Desired Perturbative Variations 
for Shower Uncertainty

 Radiation functions

 Evolution variables

 Phase space mapping

 Internal scales

 ...

Skands/Giele/Kosower VINCIA is the 
closest match to this
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Gustafson, PLB175(1986)453; Lönnblad (ARIADNE), CPC71(1992)15.
Azimov, Dokshitzer, Khoze, Troyan, PLB165B(1985)147 
Kosower PRD57(1998)5410; Campbell,Cullen,Glover EPJC9(1999)245

VINCIA

► Based on Dipole-Antennae
 Shower off color-connected pairs of partons

 3 different shower evolution variables:
 pT-ordering (= ARIADNE ~ PYTHIA8)
 Dipole-mass-ordering (~ but not = PYTHIA6)
 Thrust-ordering (3-parton Thrust)

 family of antenna functions  
 Shower cutoff contour: independent of 

evolution variable 
 Several different choices for αs

 (evolution scale, pT, mother antenna mass, 2-loop, …)

 Different phase space mappings: 
 Antenna-like (ARIADNE angle) or Parton-shower-like

Dipoles (=Antennae, 
not CS) – a dual 
description of QCD

a

b

r

VIRTUAL NUMERICAL COLLIDER WITH INTERLEAVED ANTENNAE

Giele, Kosower, PS : hep-ph/0707.3652 + Les Houches 2007
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 Can vary 
 evolution variable, kinematics 

maps, radiation functions, 
renormalization choice, matching 
strategy 

 After 2nd order matching
 Non-pert part can be precisely 

constrained.
(will need 2nd order logs as well for full 

variation)

VINCIA in Action

Giele, Kosower, PS : PRD78(2008)014026  + Les Houches ‘NLM’ 2007

Different
Finite pieces
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NLO and Parton Showers

Inside a NLO calculation

Piece of a parton shower
prediction

Methods for including
PS corrections to NLO
predictions must remove
the overlap

Highly non-trivial: can
  depend on subtraction
  method, shower, etc.

In some cases, already
  covered by ME
  corrections in 
  showers

MC@NLO, POWHEG, NL^3(e+e-)
(Vincia)

Cancellation in Sudakov

mailto:MC@NLO
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Modeling the SM in practice

 Discussed 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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Tools: ME calculators

 s
4
O s

5
, s~.12
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+ parton showers

 s ln 
pT
Q

ln 
pT
Q

1Os
N ln2N , 2N−1



 s~
1

ln 
pT
Q


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Tools: NLO

 s∞O1−∞O1
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W+0p
W+1p

W+2p

W+3p
W+4p

q q g
g g g
g qq

Pythia/Herwig

W4pW4jsofter stuff

Particle
Level
Events

p=q ,q , gAlpgen/MadEvent

Remove
overlap
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Example of a Cross Check
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How well do we understand the
Standard Model (@ high pT)?

Particle content is 'known' (*)

Parameters of Lint measured with some 
precision (**)

No sufficiently significant 
discrepancies between predictions and 
data

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

(*) Higgs boson? (**) Neutrino masses?
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Is there a Quantitative Measure?

I will spend remaining part of the lecture:

Explaining a framework to answer this question

Showing the result

Tells us how to view discrepancies

Directs theory/expt'l research

A benchmark for comparing to other fields
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The Framework

Define high-p
T
 objects reconstructed in

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 in different
final states
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Event Selection

Objects identified:

e, μ, τ, jet, b-jet, γ, Missing ET

Consider objects of pT > 17 GeV

Select events with any of the 
following:

e, pT > 25 GeV

μ, pT > 25 GeV

γ, pT > 60 GeV

jet, pT > 40 GeV  or 200 GeV

additional diobject triggers
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Final State: 1a 1b 1pmiss

1 high-P
T
 

object “a”+
any number

low-P
T

1 high-P
T
 

object “b”+
any number

low-P
T

(Stacked)
MC

samples

 DATA

Significant
missing -P

T

a
b
pmiss
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399 final states: 
a lot of information

>10
events

Final 
states 
defined 
by data

2 fb−1
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Vista final state normalizations

SM=data

SM<dataSM>data

2.7

Trials
factor

CDF RunII 2 fb­1

ArXiv:0712.1311  CDF+...SM, GC, RC, CH, BK, SX

G. Choudalakis, R. Culbertson, C. Henderson, B, Knuteson, Si Xie



28

Vista kinematic shapes

100%

KS probability

50%

0%

95% 5%
1%

99%

agreement disagreement

~6% have 
KS>1%
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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 at the
1% level or higher

1% is typical of the systematic expected in
event generators

about 6% of distributions have KS>1%, but
there are many commonalities
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r

z

r

z

1

2
31

2
3

Sample discrepant distribution

Fixed!
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Related discrepant distribution

r

z
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Many things described well!

Largest 
deficit 
of data:

Z
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Vista output
(stat. uncertainty only)

CDF Run II preliminary (927 pb-1)
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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/ɣ+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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SM matchingMLM matching                             Alpgen    SM
k-factor     W0j     1.379      1.452
k-factor     W1j     1.329      1.20
k-factor     W2j     2.007      1.23
k-factor     W3j     2.109      1.18

Change W+4j model:Goodness of fit 
unchanged
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ArXiv:0711.4044  CDF...(SM)

Traditional Analysis

Data corrected (unfolded)
back to the particles
(this it the output of Pythia)

Comparison 
of relative 

event 
counts

Comparison 
of relative 

shapes
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“... All distributions show good 
agreement with the data ...”
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What Next?

  
Vista can be used as a “tuning” tool

 This is not why we entered this game
 Can we use this approach to probe beyond the 
Standard Model?

We have a model of the Standard Model 
“cocktail” that is “okay”

 Discrepancies are in a “boring” kinematic 
region

 We are actively trying to understand these
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 Sleuth

 

∫0001001

today
d hep−ph  prediction 

Exclusive final states

Large ∑|p
T
|

An excess

: a quasi-model independent search
strategy for new physics

Rigorously compute the
trials factor associated
with looking everywhere

|p
T
|

|p
T
|

|p
T
|

|p
T
|

|p
T
||p

T
|



40

Goal of Sleuth
Identify statistically significant 
excess of data in the high-ΣpT tails.

SM prediction for 
some final state SM prediction for

some final state

data

ΣpT

d
(
e
v
e
n
t
s
)
 
/
 
d
(
Σ
p
T
)

most
interesting
region

ΣpT

d
(
e
v
e
n
t
s
)
 
/
 
d
(
Σ
p
T
)
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p-value and Pmin

SM prediction for 
         some final state

data ΣpT

d
(
e
v
e
n
t
s
)
 
/
 
d
(
Σ
p
T
)

Pmin

p-val.

expected b=5.4
observed o=6

expected b=7.2
observed o=7    p-value

    p-val.

∑
=d

∞
b

!
exp−b

p-val.

p-val.=

p-val.

P-value == 

   Prob(>=o|b)
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Pmin calculation

ΣpT

d
(
e
v
e
n
t
s
)
 
/
 
d
(
Σ
p
T
)

: p-value 

p-value

0.

1.

data

Pmin

The most interesting 
region, characterized 
by Pmin.

∑
=d

∞
b

!
exp−b
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Pmin → scriptP

 How unusual is 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:

    tildeScriptP = 1 – (1-min{scriptP})N

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

scriptP → all regions

tildeScriptP → all final states

tildeScriptP < 0.001 → >3 sigma effect
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SM expectation for 
    final state 1

ΣpT

d
(
e
v
e
n
t
s
)
 
/
 
d
(
p
T
)

SM expectation for 
  final state 2

ΣpT

d
(
e
v
e
n
t
s
)
 
/
 
d
(
p
T
)

SM expectation for 
   final state 3

ΣpT

d
(
e
v
e
n
t
s
)
 
/
 
d
(
p
T
)

Pmin Pmin Pmin

scriptP
1

scriptP
2

scriptP
3

tildeScriptP

Recap: Sleuth Algorithm
ScriptP = % of pseudo-experiments where this final state has any 
tail more interesting than the actual most interesting one.

TildeScriptP = % of pseudo-experiments that would produce any tail 
in any final state, that would be more interesting than the most 
interesting tail actually observed.

trials factor
data
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Would Sleuth find 
the

top quark?

     
Yes in 80 pb-1
vs Run1: 67 pb-1
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Vista
“discovery”

of W+Z

W+Z
removed

ScriptTildeP
=.01
=2.6sigma
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Sleuth @CDFII result

(top 5)

CDF Run II (2 fb-1)

No significant excess

This does not prove  
no new physics!

8% of pseudo-
Experiments should
Be as interesting
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Sleuth @CDFIIa result
CDF Run II (1 fb-1)
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Summary

A global analysis of 2 fb-1 of CDF Run II data was performed

Vista
model-independent

searches the bulk of distributions

Sleuth
quasi-model-independent
searches the high-ΣpT tails

No significant excesses in 2 fb-1

Run II can provide 5x more data yet to be searched
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The greatest limitation to this
blind new physics search

is 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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Here is something that is not yet
statistically significant, but is 
nonetheless suggestive. 

If it is real, D0 should be able to 
confirm it, and push it over the 
discovery threshold.

Until that happens (or doesn't), this is 
an interesting case to consider as 
something possibly real. 
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http://www-cdf.fnal.gov/physics/exotic/r2a/
20080228.vista_sleuth/publicPage.html

http://www-cdf.fnal.gov/physics/exotic/r2a/
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How would you understand 
this?

Different Views about New 
Physics
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Shakespeare's writing style

 Develop a large vocabulary

 Play with words

 Invent new words and phrases

 Develop the common touch

 Read great literature

 Study the great orators, actors and the 
popular

 Live with passion

 Write, write, write!!!
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The Actors
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The Grammar
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         AnomalyW + b b
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Quaero: D∅, hep-ex/0106039
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7

5

3

Story Fit log10 {
p  sb

pb
}
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Marmoset is a simplified way
  to do much the same thing
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Obsolete?
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R-hadron decay in the middle of CMS
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New Maximally Weird

 Hidden Valleys?

 Quirks?

 Fireballs?

 ...?
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What can we
expect at the LHC?

Can we understand it?
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Possible LHC Outcomes

Something so striking
you can't miss it

Z '


+


­

BH 100 Z/W/t/h

 ~100 GeV particles
with cascade decays

 New exotica
(quirks, hidden valley,...)

 Nothing

(except marginal 
WW scattering)
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Consequences

Easy 
Use sideband data as your

“ Monte Carlo”

(probably something else
to complete the picture)

Challenging

(Control regions are
all mixed up)

More Challenging 

Requires detailed
understanding of SM
(and detector) tails

Most Challenging

When do you give up?
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Conclusions

We are prepared for the challenging case.    We can
improve our current tools with manpower and
some mindpower and understand cross sections @LHC

In CDF RunII data, a global test of our tools works
very well in estimating counts, less so in kinematic
distributions (about 6% have KS>1%)

Distribution problems are likely a deficiency of
parton shower programs (all?) and appear at
low scales (low m

j 
and low end of P

T
)

There is no indication (as yet) of new physics


