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Top at LHC	

• top: closest to new physics → probe for new physics

• fine tuning problem: top partner

• Tevatron anomaly (         , single top, W+jets, etc. )

• Main BG for new physics search

• LHC：precision physics by statistics

• focus on hadronic top：3 jets

• advantage:      full momentum reconstruction
• disadvantage: combinatorics problem, how to reduce QCD

At
FB

σ14TeV
tt = 918 pb,

σ7TeV
tt = 165 pb → 800, 000 tt̄ for 5fb−1.

Tevatron ∼ 40, 000 tt̄ (7.5pb × 5.3 fb−1)
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• W+jets CDF anomaly
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fraction of  dRmin<0.5 for tops

• new physics search with ETmiss : need recoiled SM particle as a probe

• low pT tops:  not useful as a probe

• high pT tops: better S/B in boosted region (ex. MT2 endpoint) 
                      overlapping decay jets → large jet (fat jet) & look substructure

• fat jet: reduce QCD combinatorics BG

                                    

Boosted objects at the LHC
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• fat jet & jet substructure

• highly boosted tops (pT>500GeV): low statistics

• target：moderately boosted tops (pT>200GeV) 
                testable with SM tops

• starting with C/A, R=1.5 fat jet

Moderately boosted tops
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basic idea of jet substructure analysis

• mass drop criterion

• filtering
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basic idea of jet substructure analysis

• QCD jets: well described by parton shower approx.

• Clustering jet algorithm

• expect: shower history = clustering history 

soft-collinear property
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Mass drop

• boosted decay products also clustered into fat jet. 

• de-clustering the jet (going backward the history) to find mass drops

• For massive jet, no mass drop if QCD jet
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Filtering

• large R

• large pile-up, underlying events ~ R

• jet mass vs. number of primary vertices

Rfilter = 0.2, nfilter = 3

PVN
1 2 3 4 5 6 7 8 9

M
ea

n 
Je

t M
as

s 
[G

eV
]

80
100
120
140
160
180
200
220
240
260 Before Splitting/Filtering

After Splitting/Filtering

Jets which will pass Splitting

Cambridge-Aachen R=1.2 jets
 > 0.3qqSplit/Filtered with R

 > 300 GeV, |y| < 2Tp

 0.3 GeV± = 2.9 
PVdN

dm

 0.1 GeV± = 4.2 
PVdN

dm

 0.2 GeV± = 0.1 
PVdN

dm

 PreliminaryATLAS

jet mass [GeV]
0 50 100 150 200 250

fra
ct

io
n 

of
 je

ts

0
0.02
0.04
0.06
0.08

0.1
0.12
0.14
0.16
0.18

0.2
 jets, R=1Tanti-K

T
 p× = 0.03 cut = 0.35, f

sub
trimming R

 = 3sub = 0.35, N
filt

filtering, R

T
 = m/pcut = 0.1, D

cut
pruning, z

2

2012年2月17日金曜日



HEPTopTagger

[JHEP1010:078,2010. arXiv:1006.2833[hep-ph] T.Plehn,M.Spannowsky,D.Zerwas,MT] 
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HEPTopTagger [JHEP1010:078,2010. arXiv:1006.2833[hep-ph] T.Plehn,M.Spannowsky,D.Zerwas,MT] 
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HEPTopTagger

• efficiency: ~ 30%, mistag: 2~4% (1~2% with pruning)
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HEPTopTagger

• efficiency: ~ 30%, mistag: 2~4% (1~2% with pruning)

• momentum reconstruct well
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Application
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Scalar top reconstruction
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Rapidity
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Top forward backward asymmetry

• QCD          : small NLO effect ~ 6%

• Tevatron anomaly

• LHC：harder q PDF → charge asymmetry in η distributions

• semi-leptonic mode 

• 1 isolated lepton

• 1 hadronic top tag with HEPTopTagger

• b-tag in tagged top → W+jets neglegible

At
FB

At
FB

D0: At
FB = 8± 4± 1%

CDF: At
FB = 15± 5± 2.4%

central anti-top

– SM: 5σ after 60 fb−1(14TeV)

– BSM: 5σ after 2 fb−1(14TeV)

2.8σ after 10 fb−1 (7TeV)

[arXiv:1103.4618 [hep-ph], J. L. Hewett, J. Shelton, M. Spannowsky, T.M.P. Tait, MT]
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Improving Top Tagging

• Pruning

• cluster only when

• S/B: improved by factor 2

• b-tag

• correct b-subjet identification without b-tag ~70%

• b-tag for subjet selection → unnecessary factor 3 only for mis-tag rate

• b-tag should be checked at the last step 

• R=1.8 helps to tag low pT tops.

[arXiv:1111.5034[hep-ph] T.Plehn,M.Spannowsky,MT] 
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Summary

- top：as a tool for new physics search

- Jet substructure : information usually thrown away

- HEPTopTagger -  target for tops with pT>200GeV  (testable with SM tops)

- Efficiency: ~30%, mis-tag rate: 2~4% (1~2% with pruning)
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