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Shakespeare’s Writing Method

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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Warm-Up

How much does the tt̄ cross section change from
TeV to LHC?

10×
100×
500×

[Kidonakis]
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Warm-Up

How much does the tt̄ cross section change from
TeV to LHC?

10×
100×
500×

[Kidonakis]
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Warm-Up

How much does the χ̃+χ̃−(mχ = 200 GeV) cross
section change from TeV to LHC?

10×
100×
500×

[Pythia]
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Warm-Up

How much does the χ̃+χ̃−(mχ = 200 GeV) cross
section change from TeV to LHC?

10×
100×
500×

[Pythia]
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Warm-Up

How much does the W 4j cross section change from
TeV to LHC?

10×
100×
500×

[MadEvent, kT > 20 GeV]
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Warm-Up

How much does the W 4j cross section change from
TeV to LHC?

10×
100×
500×

[MadEvent, kT > 20 GeV]

Stephen Mrenna LHC Phenomenology



Z ′ → ``

DITTMAR,NICOLLERAT,DJOUADI 03 See also, Carena et al. for model-lines
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Heavy Colored Objects
Large Kinematic Reach

MLM HAN,LOGAN,WANG
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First Steps

LHC phenomenology begins with rediscovering
the Standard Model

The path starts at the Tevatron
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Not-Top Cocktail
CDF PRD, 162 pb−1

Top Background Summary

Expected Events (162 pb−1)
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Complicated

tt̄ contamination in
Njets=3,4 (1.0,1,3)

work on
Mistags,Wbb,QCD

QCD,Mistags
reducible
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Mixing the Cocktail

Method 2

Monte Carlo ratio
R = (W + b − jets)/(W + jets)

Common factors cancel

Measure W + jets (no b-tag)

data(W + b − jets) = R×data(W + jets)

Wcj/Wbb from Monte Carlo

Several R’s
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Toolkit

High Multiplicity Tree Graph

Stephen Mrenna LHC Phenomenology



Toolkit

Tree Graph + Parton Shower

Stephen Mrenna LHC Phenomenology



Toolkit

Lower Multiplicity Tree Graph
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Toolkit

Lower Multiplicity NLO Graph
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Clever Matching of Tree Graphs and Parton Showers

Make Better Predictions
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Clever Matching of Tree Graphs and Parton Showers

Address Uncertainty
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Cross check on Run2 data

Includes up to Zjjj , j = q, g
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Single Top

New Physics Warm-Up

current state of single-Top is where
we will be at the LHC with a few
quality fb−1

the size of other NP signals

it is a playground for new analysis
techniques

it challenges our tools

Not specific to NN analyses: may
be more sensitive
Many (11) Kinematic Variables
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Network Outputs
http://www-d0.fnal.gov/Run2Physics/top/public/winter05/singletop/

tt̄ Training

How do we convince ourselves of a signal?

How can we improve upon the search?
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http://www-d0.fnal.gov/Run2Physics/top/public/winter05/singletop/


Tevatron hard. Exploit charge asymmetry at LHC.
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To understand the data, look at the Vista of
final states
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Final State Chi2 data bkg

1b3j1pmiss_sumPt400+ [73] 9.0 451 374.5 +- 18 ( pyth_jj_200 = 166.8 , pyth_jj_150 = 99 , pyth_jj_300 = 28.7 , pyth_bj_200 = 28.2 , pyth_jj_090 = 15.4 , pyth_bj_150 = 11.2 , ttop0z = 7.8 , pyth_jj_120 = 6.5 , pyth_bj_120 = 4.3 , pyth_jj_400 = 2.8 , pyth_pj_080 = 2.2 , mad_ajjj = 0.5 , mad_e-ve-jj = 0.4 , mad_mu+vmjj = 0.2 , mad_e-ve-b-b = 0.2 , mad_aajj = 0.1 , mad_mu-vm-jj = 0.1 , wtop1z = 0.1 )

2b1e+2j [-] 8.0 15 6.5 +- 1.9 ( ttop0z = 2.3 , pyth_jj_040 = 1.9 , pyth_jj_060 = 1 , pyth_jj_090 = 0.4 , pyth_jj_018 = 0.3 , pyth_jj_120 = 0.2 , pyth_bj_120 = 0.1 , pyth_pj_080 = 0.1 )

2j_sumPt0-400 [161] 6.0 69704 67013.6 +- 1171.2 ( pyth_jj_018 = 33563 , pyth_jj_040 = 25977.5 , pyth_jj_060 = 4808.2 , pyth_jj_010 = 1058.1 , pyth_jj_000 = 880.7 , pyth_jj_090 = 534.2 , pyth_jj_120 = 116.9 , pyth_pj_022 = 33.4 , pyth_jj_150 = 25 , mrenna_mu-vm-jj = 8.3 , mrenna_e-ve-jj = 8.3 )

7b7j1ph1pmiss [-] 6.0 7 7.1 +- 1.6 ( pyth_pj_080 = 0.9 , pyth_bj_150 = 0.4 , pyth_jj_700 = 0.3 , pyth_jj_150 = 0.1 , pyth_bj_170 = 0.1 , pyth_jj_090 = 0.1 , pyth_jj_060 = 0.1 , mad_ajjj = 0.1 )

2j2mu+1pmiss [-] -5.0 2 12.2 +- 3 ( mad_mu+mu-jj = 4.1 , mrenna_mu+mu-j = 3.1 , mrenna_mu+mu-jj = 2.1 , mrenna_mu+mu-jjj = 1.9 , ttop0z = 0.8 , hewk04 = 0.3 , mad_mu+mu-b-b = 0.2 )

1b2e+2j [-] 5.0 9 3.9 +- 1.5 ( mrenna_e+e-jjj = 1.9 , mad_e+e-jj = 0.5 , mrenna_e+e-jj = 0.4 , mad_e+e-b-b = 0.4 , ztopcz = 0.3 , pyth_jj_040 = 0.2 , mad_aajj = 0.1 , mrenna_e+vejjjj = 0.1 , hewk03 = 0.1 , wtop1z = 0.1 )

1j1ph1pmiss [5] 4.0 2591 2470.1 +- 37.7 ( pyth_pj_045 = 702.7 , pyth_jj_060 = 427.3 , pyth_pj_080 = 410.8 , pyth_jj_040 = 252 , cosmic_ph = 230 , pyth_jj_090 = 148.2 , pyth_jj_018 = 83.7 , sewkad = 52.9 , pyth_pj_022 = 52.4 , pyth_jj_120 = 47.7 , pyth_jj_150 = 20.5 , pyth_jj_200 = 7.6 , mad_aajj = 5.1 , mad_ajjj = 5 , mad_aaj = 2.6 , tewk1m = 2.1 , cosmic_j_hi = 2 , wewk9t = 1.8 , wtop1w = 1.7 , hewk0a = 1.6 , hewk09 = 1.6 , pyth_pp = 1.4 , pyth_bj_120 = 1.4 , hewk04 = 1.4 , cosmic_j_lo = 1.2 , pyth_bj_150 = 0.7 , mad_veve-a = 0.7 , ztop5i = 0.5 , tewk1e = 0.5 , mrenna_e-ve-j = 0.5 , mad_e+e- = 0.3 , wtop1z = 0.2 , ttop0z = 0.2 , pyth_bj_200 = 0.2 , mrenna_mu-vm-jj = 0.2 , mrenna_mu+vmjjj = 0.2 , mrenna_mu+vmj = 0.2 , mrenna_mu+mu-j = 0.2 , mrenna_e-ve-jj = 0.2 , mrenna_e+vejj = 0.2 , mrenna_e+vej = 0.2 , hewk03 = 0.2 )

2j1mu+1ph [-] 4.0 11 11.2 +- 2.2 ( mrenna_mu+mu-jj = 1.3 , mrenna_mu+mu-j = 1 , mrenna_mu+mu-jjj = 0.4 , hewk04 = 0.4 , mrenna_mu+vmjj = 0.4 , mrenna_mu-vm-jj = 0.3 , pyth_jj_040 = 0.2 , mrenna_mu-vm-jjj = 0.2 , mad_mu+mu-jj = 0.2 , pyth_jj_018 = 0.2 , hewk0a = 0.2 , wewk9t = 0.1 , wtop1z = 0.1 , mrenna_mu-vm-jjjj = 0.1 , mrenna_mu+vmjjj = 0.1 )

1e+1j1mu+ [-] 4.0 13 6.6 +- 2.1 ( ztop5i = 3.4 , wtop1w = 1.3 , hewk04 = 0.6 , mrenna_mu+mu-jj = 0.3 , tewk1m = 0.3 , mrenna_mu-vm-jj = 0.2 , pyth_jj_018 = 0.1 , hewk0a = 0.1 , wewk9t = 0.1 , ttop0z = 0.1 , ztopcz = 0.1 )

1e+2j1ph [-] 4.0 31 20.9 +- 2.7 ( mad_aajj = 6.3 , hewk03 = 3.7 , mrenna_e+e-j = 2.1 , mrenna_e+e-jj = 2 , pyth_jj_040 = 1.3 , pyth_pj_045 = 0.8 , tewk1e = 0.7 , pyth_jj_060 = 0.7 , pyth_pj_022 = 0.5 , mrenna_e+e-jjj = 0.5 , pyth_jj_018 = 0.3 , wewk9t = 0.3 , pyth_jj_120 = 0.2 , mrenna_e+vejjj = 0.2 , mad_aaj = 0.2 , mad_e+e-jj = 0.2 , pyth_pj_080 = 0.2 , pyth_jj_150 = 0.1 , mad_e-ve-b-b = 0.1 , mad_e+e-j = 0.1 , wtop1z = 0.1 , mrenna_e-ve-jjj = 0.1 , hewk09 = 0.1 )

3j2mu+ [-] 4.0 34 23.2 +- 2.7 ( mrenna_mu+mu-jjj = 13.2 , mrenna_mu+mu-jj = 5.2 , mad_mu+mu-jj = 2.8 , mrenna_mu+mu-j = 1 , wtop1z = 0.5 , hewk04 = 0.2 , ztopcz = 0.2 , mad_mu+mu-b-b = 0.1 )

2b2j1pmiss_sumPt400+ [-] -3.0 17 30.4 +- 4.2 ( pyth_jj_200 = 10.6 , pyth_jj_150 = 8.6 , pyth_bj_200 = 5.2 , ttop0z = 2.4 , pyth_jj_300 = 1.4 , pyth_bj_150 = 1.1 , pyth_pj_080 = 0.4 , pyth_jj_090 = 0.4 , pyth_jj_400 = 0.1 , pyth_jj_120 = 0.1 , pyth_bj_120 = 0.1 , mad_mu+vmjj = 0.1 )

1b2j_sumPt400+ [229] 3.0 4669 4518.6 +- 72.7 ( pyth_jj_200 = 2164.7 , pyth_jj_150 = 1466.5 , pyth_jj_090 = 260 , pyth_bj_200 = 229.9 , pyth_bj_150 = 140.3 , pyth_jj_300 = 132.7 , pyth_jj_120 = 87 , pyth_bj_120 = 9.8 , pyth_jj_400 = 9.3 , ttop0z = 6.4 , pyth_pj_080 = 5.2 , pyth_jj_060 = 2.9 , mad_ajjj = 2.1 , mrenna_e+e-jjj = 0.6 , mad_e-ve-jj = 0.6 , mad_aajj = 0.6 )

4j_sumPt0-400 [253] -3.0 2611 2736.9 +- 42.3 ( pyth_jj_040 = 1074.3 , pyth_jj_018 = 956.6 , pyth_jj_060 = 568.1 , pyth_jj_090 = 107 , pyth_jj_120 = 24.7 , pyth_jj_150 = 4.9 , pyth_bj_120 = 0.8 , pyth_pj_012 = 0.4 )

2b1j1ph1pmiss [-] 3.0 6 2.7 +- 1.5 ( pyth_jj_200 = 0.8 , pyth_pj_080 = 0.6 , pyth_jj_090 = 0.4 , pyth_jj_120 = 0.2 , ttop0z = 0.1 , pyth_jj_150 = 0.1 , pyth_jj_060 = 0.1 , pyth_bj_120 = 0.1 , pyth_bj_200 = 0.1 )

1b1j1mu+ [-] 3.0 67 53.8 +- 4.3 ( pyth_jj_018 = 13.5 , pyth_jj_040 = 11.1 , wexo0m = 8.6 , pyth_jj_060 = 5.1 , tewk1m = 4.4 , mad_mu+vmb-b = 1.6 , mad_mu-vm-b-b = 1.6 , mrenna_mu+vmjj = 1.3 , mad_mu+mu-b-b = 0.8 , mrenna_mu-vm-jj = 0.8 , pyth_jj_090 = 0.7 , mrenna_mu+mu-jj = 0.6 , ttop0z = 0.6 , mrenna_mu+vmjjj = 0.5 , mad_mu+mu-jj = 0.5 , wewk9t = 0.4 , mrenna_mu+mu-j = 0.3 , ztop5i = 0.2 , pyth_jj_120 = 0.2 , mrenna_mu-vm-jjj = 0.2 , mrenna_mu+vmj = 0.2 , wtop1z = 0.2 , hewk04 = 0.1 , mrenna_mu+mu-jjj = 0.1 , wtop1w = 0.1 , hewk0a = 0.1 )

1j1ph [277] 3.0 31738 31149.8 +- 352.1 ( pyth_pj_045 = 14520.4 , pyth_jj_060 = 6296.9 , pyth_jj_040 = 4315.1 , pyth_pj_080 = 2960.9 , pyth_jj_018 = 1052.1 , pyth_jj_090 = 880.4 , pyth_pj_022 = 663.2 , pyth_jj_120 = 237.2 , pyth_jj_150 = 67.1 , pyth_jj_200 = 31.6 , sewkad = 27.6 , pyth_pp = 19.7 , mad_aajj = 15.8 , cosmic_ph = 15.8 , mad_aaj = 11.8 , pyth_pj_012 = 10.3 , tewk1e = 7.9 , ztop5i = 3.9 , pyth_bj_120 = 3.9 , mad_ajjj = 3.9 , hewk0a = 3.9 )

1e+1mu+ [-] 3.0 66 53.5 +- 3.2 ( ztop5i = 38.8 , tewk1m = 5.8 , hewk04 = 2.7 , wexo0m = 1.9 , pyth_jj_018 = 1.6 , wtop1w = 1.2 , wewk9t = 0.8 , wtop1z = 0.3 , hewk0a = 0.2 , pyth_jj_010 = 0.2 )

4j1mu+ [-] 3.0 73 61.3 +- 2.6 ( pyth_jj_040 = 11 , pyth_jj_060 = 8.1 , pyth_jj_018 = 7.6 , mrenna_mu+mu-jjj = 7.4 , mrenna_mu+vmjjjj = 5 , mrenna_mu-vm-jjjj = 5 , mrenna_mu-vm-jjj = 3.4 , ttop0z = 3.3 , mrenna_mu+vmjjj = 3.3 , pyth_jj_090 = 2 , mrenna_mu+vmjj = 1.1 , mad_mu+mu-jj = 0.7 , mrenna_mu+mu-jj = 0.7 , pyth_jj_120 = 0.6 , mrenna_mu-vm-jj = 0.6 , mad_mu-vm-jj = 0.5 , wewk9t = 0.4 , mad_mu+vmjj = 0.1 , pyth_jj_150 = 0.1 , hewk04 = 0.1 , ztopcz = 0.1 , hewk0a = 0.1 )

5j [269] 3.0 448 406 +- 14.5 ( pyth_jj_040 = 155.1 , pyth_jj_060 = 111.9 , pyth_jj_018 = 96.5 , pyth_jj_090 = 32.3 , pyth_jj_120 = 7.2 , pyth_jj_150 = 2.4 , pyth_jj_200 = 0.3 , pyth_bj_120 = 0.2 , pyth_bj_150 = 0.1 )

1b5j [-] 3.0 8 8.9 +- 1.7 ( pyth_jj_060 = 1.6 , pyth_jj_040 = 1.2 , pyth_jj_090 = 0.5 , pyth_jj_120 = 0.2 , pyth_jj_018 = 0.1 , ttop0z = 0.1 , pyth_jj_150 = 0.1 )

1b1j1pmiss_sumPt0-400 [-] 2.0 120 104 +- 7.2 ( pyth_jj_040 = 36.5 , pyth_jj_018 = 30.6 , pyth_jj_060 = 23.6 , pyth_jj_090 = 6.8 , pyth_jj_120 = 2.6 , wexo0m = 1.3 , mad_mu-vm-b-b = 0.9 , pyth_jj_150 = 0.4 , pyth_jj_010 = 0.3 , ttop0z = 0.2 , mad_mu+mu-jj = 0.2 , mrenna_mu-vm-jj = 0.1 , pyth_pj_008 = 0.1 , wtop1w = 0.1 , pyth_pj_080 = 0.1 , pyth_pj_012 = 0.1 , mrenna_mu-vm-jjj = 0.1 )

2j1pmiss_sumPt0-400 [37] 2.0 2381 2281.2 +- 73.9 ( pyth_jj_018 = 1026.3 , pyth_jj_040 = 703.1 , pyth_jj_060 = 312.8 , pyth_jj_010 = 88 , pyth_jj_090 = 66.7 , pyth_jj_120 = 25.4 , mrenna_mu+vmjj = 9.8 , mrenna_mu-vm-jj = 8 , pyth_jj_150 = 4.8 , mrenna_mu+mu-jj = 4 , mrenna_mu-vm-j = 3.1 , mrenna_mu-vm-jjj = 2.9 , mrenna_mu+vmj = 2.8 , mrenna_mu+vmjjj = 2.6 , pyth_pj_022 = 2.4 , wewk9t = 2.1 , wtop1w = 2.1 , mad_mu+mu-jj = 1.9 , cosmic_j_lo = 1.6 , mrenna_mu+mu-jjj = 1.3 , mrenna_e-ve-j = 1.1 , mrenna_e+vej = 1.1 , ttop0z = 0.8 , mrenna_e+vejj = 0.8 , wtop1z = 0.5 , pyth_pj_045 = 0.5 , pyth_pj_012 = 0.5 , mrenna_mu-vm-jjjj = 0.5 , mrenna_e-ve-jj = 0.5 , mrenna_e+e-j = 0.5 , ztopcz = 0.3 , pyth_pj_080 = 0.3 , pyth_bj_120 = 0.3 , mrenna_e-ve-jjj = 0.3 , mrenna_e+vejjj = 0.3 , mrenna_e+e-jj = 0.3 , mad_mu+vmj = 0.3 , mad_e+ve = 0.3 , mad_aaj = 0.3 , hewk09 = 0.3 )

...
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Final State Chi2 data bkg

1b2e+2j [-] 5.0 9 3.9 +- 1.5

( mrenna_e+e-jjj = 1.9 , mad_e+e-jj = 0.5 , mrenna_e+e-jj = 0.4 , mad_e+e-b-b = 0.4 ,

ztopcz = 0.3 , pyth_jj_040 = 0.2 , mad_aajj = 0.1 , mrenna_e+vejjjj = 0.1 ,

hewk03 = 0.1 , wtop1z = 0.1 )
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Distributions
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Give a complete description of the Standard
Model with the best tools
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Patriot
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Vista
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Use the data to test our modelling of fakes
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Midterm Summary

The first New Physics to find is the Standard Model

Need complete description of most important processes

Understanding comes from looking at consistency of full
dataset

Then, how do we find New Physics?
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Generic Particles and Vertices
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Simpler Problem
Wbb̄ Anomaly
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Bard
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Debunking Anomalies
Unexpected Consequences
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The Bard at the LHC

LHC phenomenology begins with understanding the Standard
Model

A look at the full Vista of final states at once is necessary to
disentangle the components

Discrepancies can and will arise in specific final states

Bard can write a series of ranked stories to describe each

bottom-up

Can test this on Run2 data

It works

No, we haven’t found anything · · · yet
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Extra Slides
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Matrix Elements + Parton Showers

MLM Method

Parton shower and hadronization are
essential for studying b-jets

Parton shower W+Npartons but
reject emissions that are too hard
(i.e. each post-shower jet should
have a pre-shower parton
associated with it)

Build up inclusive or exclusive
samples (i.e. allow or disallow
pure PS jets)

δR/R ∼ 25− 30%

Why it works

For each N, PS does not add
any jet harder than p2

T cut

Can safely add different N
samples with no
double-counting

Apply looser rejection on
highest N

Pseudo-showers assure correct
PS limit, while retaining hard
emissions

Interpolates between limits
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Not-Top
More Interesting Than Top

Understanding W+Jets is Critically Important

Signature Wbb̄ + X is common to unconfirmed Standard
Model processes and many new physics processes

we “know” that Standard Model top is there

Top ≡ Data − Not-Top

As JES uncertainty is reduced (CDF mt), understanding
of Not-Top sets/limits understanding of Top

Advanced (i.e. NN, DT) search techniques for single t
exploit differences in many (11) kinematic variables

Not-Top challenges our tools

Better tools ⇒ more challenging questions
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MCFM vs MEPS
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MCFM vs MEPS
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MCFM NLO

Matched Datasets have consistently
steeper slopes (note: MCFM steeper
than LO)

Truncated Datasets contain only
Wbb̄ + Wbb̄j

Slopes more consistent with MCFM
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Kinematic comparisons with Run2 data

η∗3 = η3 −
η1 + η2

2
, A+H ≡ Alpgen+Herwig
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Understanding Fakes
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Understanding Fakes (cont)

Knuteson, Culbertson, et al.
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