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Why jet substructure?

• In TeV scale processes tops, vector bosons, Higgs & new massive 
particles produced boosted => massive narrow jets.

• In the moderately boosted region jet substructure tools allows us 
to better select signal kinematics, reject combinatorics & limit 
pileup contamination.

Main reasons why jet substructure is interesting & relevant:
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Higgs searches

Current status of Higgs searches

C.Paus:  Latest SM Higgs Results from CMS 53

Compare Channel by Channel

Comments

– previously reported 119.5 GeV 4l excess canceled by γγ

– 125 GeV excess: cross sections consistent, driver is γγ
Eilam Gross, LHC2TSP March 2012 CERN

Combined Limit 

Low mass is completely dominated by γγ, then bb, ττ and a bit of WW

High mass completely dominated by llvv
7

]2Higgs mass [GeV/c
0 20 40 60 80 100 120 140 160 180 200

−1
Ev

en
ts

 / 
8G

eV
 / 

30
fb

0
2
4
6
8

10
12
14
16
18
20

]2Higgs mass [GeV/c
0 20 40 60 80 100 120 140 160 180 200

−1
Ev

en
ts

 / 
8G

eV
 / 

30
fb

0
2
4
6
8

10
12
14
16
18
20

Higgs
V+jets
top
VV

Total S = 13.5 B = 20.3
Range 112−136GeV

ATLAS preliminary
(simulation)

(a)

]2Higgs mass [GeV/c
0 20 40 60 80 100 120 140 160 180 200

-1
Ev

en
ts

 / 
8G

eV
 / 

30
fb

0

2

4

6

8

10

12

14

16

]2Higgs mass [GeV/c
0 20 40 60 80 100 120 140 160 180 200

-1
Ev

en
ts

 / 
8G

eV
 / 

30
fb

0

2

4

6

8

10

12

14

16
Zj
ZZ
Higgs

Total S = 5.3 B = 12.2
Range 104-136GeV

ATLAS preliminary
(simulation)

(b)

]2Higgs mass [GeV/c
0 20 40 60 80 100 120 140 160 180 200

-1
Ev

en
ts

 / 
8G

eV
 / 

30
fb

0

10

20

30

40

50

]2Higgs mass [GeV/c
0 20 40 60 80 100 120 140 160 180 200

-1
Ev

en
ts

 / 
8G

eV
 / 

30
fb

0

10

20

30

40

50 tt
V+jets
VV
Higgs

Total S = 16.3 B = 104.2
Range 104-136GeV

ATLAS preliminary
(simulation)

(c)

Figure 5: Distribution of the invariant mass of the Higgs candidate after all selection cuts. (a)
lνbb̄ channel (b) llbb̄ channel and (c) Emiss

T bb̄ channel. The signals (for mH = 120 GeV) are
shown on top of the backgrounds. All distributions are normalized to an integrated luminosity
of 30 fb−1.

compared to the particle-level result for this channel in Ref. [3] of 3.1. Note that in the particle-
level study, high Emiss

T events were in fact counted in the Emiss
T bb̄ channel regardless of whether

a lepton was identified, thus reducing the relative contribution to the significance from the lνbb̄
channel compared to our result.

The trigger efficiency has not been applied.

4.3 llbb̄ channel

The requirement of leptonic Z decay leads to small branching ratios. However this is coun-
teracted by the fact that it is hard for backgrounds such as tt̄ to emulate this signature. The
selection consists of two parts, firstly a candidate for the hadronic H → bb system is identified
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Example:  ATLAS sensitivity study of boosted Higgs at 14 TeV
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compared to the particle-level result for this channel in Ref. [3] of 3.1. Note that in the particle-
level study, high Emiss

T events were in fact counted in the Emiss
T bb̄ channel regardless of whether

a lepton was identified, thus reducing the relative contribution to the significance from the lνbb̄
channel compared to our result.

The trigger efficiency has not been applied.

4.3 llbb̄ channel

The requirement of leptonic Z decay leads to small branching ratios. However this is coun-
teracted by the fact that it is hard for backgrounds such as tt̄ to emulate this signature. The
selection consists of two parts, firstly a candidate for the hadronic H → bb system is identified
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120 GeV 
Higgs signal

pp ! WH ! `⌫bb̄
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Recent results - proof of concept

PoS(EPS-HEP2011)283

Jet substructure with ATLAS David W. Miller
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Figure 2: (left) Candidate boosted top quark candidate. Details of this event are described in Ref. [26].
(right) Jet invariant mass distribution in W + 1 jet events [27].

hadronically decaying W bosons in a W+1 jet sample. Fully reconstructed top quark pair events
are selected in the lepton+jets channel to have mtt̄ > 700 GeV. Figure 2 shows one of the selected
events wherein the anti-kt , R = 1.0 jet corresponding to the hadronic top quark decay has pT =

327 GeV and mjet = 206 GeV as well as
p

d12 = 110 GeV and
p

d23 = 40 GeV.
Candidate hadronic W events are selected to contain a W ! `n candidate with pW

T > 200 GeV [27].
The jet mass distribution of filtered C/A, R= 1.2 jets with pT > 180 GeV and DfW,jet > 1.2 in these
events is shown in Figure 2. The three main contributions to these events are tt̄ (generated with
MC@NLO +HERWIG/JIMMY [28,29]), W+jets (generated with ALPGEN +HERWIG/JIMMY), and
WW (generated with HERWIG/JIMMY), all normalized to the highest order cross-section available
(see Ref. [27] for more details). The good agreement between data and the various MC simulations
suggests both that the tools described above are well described in a complex physics environment
and that the systematics are generally well under control.

5. Conclusions

The substructure of hadronic jets is studied in terms of the jet mass and kt splitting scales
for anti-kt , R = 1.0 and C/A, R = 1.2 jets, as well as C/A jets with filtering applied. In all ob-
servables the PYTHIA and HERWIG samples are in agreement with data to within the systematic
uncertainties. The HERWIG++ prediction appears to be slightly disfavoured in the unfiltered C/A
mass spectra, producing jets with a higher mass than found in data.

Overall it is clear that ATLAS is capable of delivering measurements of the variables consid-
ered in this study and that these observables are well modeled by leading order Monte Carlo. Early
applications of these techniques are already demonstrated through the tagging of candidate boosted
top quarks and the observation of fully hadronic W decays. It is expected that searches for boosted
Higgs bosons, supersymmetric particles, and top-quark resonances will benefit from such advanced
techniques.

4

ATLAS: `⌫j no b-tagging

Petar Maksimovic

22

Mar 19, 2012, “Search 2012”                                   Search for BSM Decaying to Top Quarks

Validating jet substructure in data (2)

● Use W peak from W-tagged jets for                                                    
                                   “substructure energy scale” = 1.01 ± 0.01 

● Also measure efficiency correction for MC             = 0.97 ± 0.03

CMS Preliminary

EXO-11-006

CMS: `⌫j b-tagged events

pT > 200GeV, RCA = 0.8pT > 180GeV, RCA = 1.2
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Recent results, ongoing searches 

Petar Maksimovic

29

Mar 19, 2012, “Search 2012”                                   Search for BSM Decaying to Top Quarks

All-hadronic: limit for KK Gluon

  

CMS Preliminary
EXO-11-006
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Active work to develop and improve methodsJet Substructure at the Tevatron and LHC 36

(a) all pT , optimised (b) pT 500–600 GeV, optimised

(c) all pT (d) pT 500–600 GeV

Figure 16. Mis-tag vs. e�ciency for several top tagging methods, as tested on
sherpa matched tt̄+ jets and multijet samples. For Figures (a) and (b), the
input parameters are optimised for each e�ciency point. The input parameters
for the unoptimised scans are taken from the 35% e�ciency point in Figure (b).

would be needed to definitively say that some are better than others. In these studies,

the N-subjettiness tagger does particularly well when compared to other taggers with

fixed input parameters, but when optimisation is included performances are extremely

similar. N-subjettiness also appears to be particularly susceptible to degradation due

to detector resolution.

Beyond the limited comparisons given in this section, we hope that the software

tools we have developed to make them will facilitate further study. Such study is clearly

warranted to seriously answer the questions posed at the beginning of this section.

Further phenomenological exploration of the broad space of substructure techniques

will help lead to a more holistic understanding of substructure physics. Monte Carlo

Boost 2012 writeup, arXiv:1201.0008
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Plan for the writeup (1-2 pages)

• Brief motivation.

• Summary of achievements.

• Expectation/results for near future (before shutdown), 
Higgs & boosted tops.

• Outlook for the run after the shutdown. 
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