
KIT – University of the State of Baden-Wuerttemberg and  
National Research Center of the Helmholtz Association

INSTITUTE OF EXPERIMENTAL PARTICLE PHYSICS (IEKP) – PHYSICS DEPARTMENT

www.kit.edu

CMS ττ Physics News

Andrew Gilbert

13th Workshop of the ττ Analysis Working Group | 3 December 2014



A. Gilbert3/12/14

CMS Results in 2014
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Result Date Dataset Ref.

SM H→ττ Jan 2014 4.9 fb-1 (7 TeV) + 
19.7 fb-1 (8TeV)

JHEP 05 (2014) 104

H→τµ LFV decays 
(D. Tröndle)

July 2014 19.7 fb-1 (8TeV) HIG-14-005

MSSM h/H/A→ττ Aug 2014 4.9 fb-1 (7 TeV) + 
19.7 fb-1 (8TeV)

JHEP 10 (2014) 160

ttH(ττ) [ttH 
Combination]

Aug 2014 19.3 fb-1 (8TeV) JHEP 09 (2014) 087

MSSM H+→τν Sept 2014 19.7 fb-1 (8TeV) HIG-14-020

• Developments for Run II & Beyond 
• Tau Embedding - this talk 
• Hadronic Tau Reconstruction (C. Veelken) 

• CP Studies in H→ττ (A. Nayak)
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SM Categorisation

• Main categorisation on 
number of jets 

• 0-jet: Small s/b - calibrate 
backgrounds 

• 1-jet: boosted-Higgs 
categories improve s/b of 
gluon-fusion events 

• 2-jet:  Loose and Tight VBF-
tags
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SM Results
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H→ττ in the CMS Combination

• Combination of H→ττ and H→bb 
searches 

• Evidence of coupling to fermions
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MSSM H→ττ
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Event Categorisation
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Gluon Fusion Production (ggΦ) b-Associated Production (bbΦ)
B-Tag: ≥1 b-tagged jet, ≤ 1 jetNo B-Tag: = 0 b-tagged jets

J
H
E
P
1
0
(
2
0
1
4
)
1
6
0

h,H,At, t̃

g

g

b, b̃

h,H,A

b

g

g

b

h,H,A

b

b

Figure 1. Leading-order diagrams of the gluon fusion (left) and b-quark associated Higgs boson
production, in the four-flavor (center) and the five-flavor (right) scheme.

The dominant neutral MSSM Higgs boson production mechanism is the gluon fusion

process for small and moderate values of tanβ. At large values of tanβ b-quark associated

production is the dominant contribution, due to the enhanced Higgs boson Yukawa coupling

to b quarks. Figure 1 shows the leading-order diagrams for the gluon fusion and b-quark

associated Higgs boson production, in the four-flavor and in the five-flavor scheme. In the

region of large tanβ the branching fraction to tau leptons is also enhanced, making the

search for neutral MSSM Higgs bosons in the ττ final state particularly interesting.

This paper reports a search for neutral MSSM Higgs bosons in pp collisions at
√
s =

7TeV and 8TeV in the ττ decay channel. The data were recorded with the CMS de-

tector [14] at the CERN LHC and correspond to an integrated luminosity of 24.6 fb−1,

with 4.9 fb−1 at 7TeV and 19.7 fb−1 at 8TeV. Five different ττ signatures are studied,

eτh, µτh, eµ, µµ, and τhτh, where τh denotes a hadronically decaying τ . These results are

an extension of previous searches by the CMS and ATLAS experiments [15–17] at 7TeV,

and are complementary to the searches in pp and e+e− collisions at the Tevatron [18–21]

and LEP [22], respectively.

The results are interpreted in the context of the MSSM with different benchmark

scenarios described in section 1.1 and also in a model independent way, in terms of upper

limits on the cross section times branching fraction σ · B(φ → ττ) for gluon fusion (ggφ)

and b-quark associated (bbφ) neutral Higgs boson production, where φ denotes a single

resonance with a narrow width compared to the experimental resolution.

1.1 MSSM Higgs boson benchmark scenarios

Traditionally, searches for MSSM Higgs bosons are expressed in terms of benchmark sce-

narios where the parameters tanβ and mA are varied, while the other parameters that

enter through radiative corrections are fixed to certain benchmark values. At tree level the

masses of the neutral MSSM scalar Higgs bosons h and H can be expressed in terms of

tanβ and mA as follows

m2
H,h =

1

2

[
m2

A +m2
Z ±

√
(m2

A +m2
Z)

2 − 4m2
Zm

2
A(cos

2 2β)

]
, (1.1)

which gives an upper bound on the light scalar Higgs boson mass, mh, in terms of the

Z-boson mass of mh ≤ mZ cos 2β, which is below the excluded value of the LEP experi-

ments [22]. After radiative corrections, values of the mass larger than the LEP limits are

obtained with a maximum value of mh ∼ 135GeV [23].
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1D Limits

• Set limits on each process in turn - other 
process is profiled 

• Expected limit for presence of h(125) in 
dataset 

• Less sensitive to ggh(125) than SM analysis
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2D Model Independent Limits

• Search for a single narrow resonance Φ, produced in ggΦ and bbΦ modes 
• Assume independent cross section for each process 

• Determine best-fit σ∙BR, 68% and 95% CL regions 
• Provide 3D database of likelihood values for interpretation in other models
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Model Testing
• Signal modelled as sum of three resonances: h + H + A 

• Two free parameters in MSSM benchmark models: mA, tanβ 

• These determine: m[h,H], σgg[h,H,A], σbb[h,H,A], BR[h,H,A]
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• New test statistic needed: MSSM vs SM 
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Why MSSM vs SM?

• In Run II:  sensitivity reaches ~ 1x SM Higgs @ 125 GeV 
• ⇒ Not just a problem at low mA 

• At high mA:  σ x B for A+H production drops rapidly as tanβ 
• SM-like h stays ~ 1.2 pb 

• In the presence of h(125) only a significant MSSM signal would appear 
• qMSSMvsSM protects against this  

12
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MSSM H+→τν

13
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Charged Higgs: H+→τh ν
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Overview of the
H+Æ ʏ+ʆʏ (fully hadr.) analysis

• For H+Æ ʏ+ʆʏ decay mode, the final state is the same for light and heavy H+
– Same methods can be used and only the thresholds need to be optimized

• Main backgrounds: QCD multijet, tt ำ, and single top
– Multijet background (reducible): shape and normalization measured from data
– EWK+ttbar with ʏh : shape and normalization measured from data
– EWK+ttbar no ʏh: small background, mainly jetÆʏ misid., estimated from simulation

• Speciality of the fully hadronic final state:
– All neutrinos in the event come from H+ decay

o I.e. can separate EWK+Ʃำ from signal with transverse mass, mT;ʏh, Et
miss)

o This feature makes the fully hadr. final state for H+Æ ʏ+ʆʏ the most sensitive final state!
– In this analysis, we are able to separate the H+Æ ʏ+ʆʏ signal from other possible H+ signals since in the

other H+ signals the tau always comes from W decay and they are measured as part of EWK+ttbar with ʏh

• In this talk, results are shown for 2012 data for both light and heavy H+
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Model-independent Limits

• 95 % CL upper limit on B(t→bH+)*B(H+→τ+ντ): 
• 1.2–0.16 % for mH+ = 80-160 GeV 

• 95 % CL upper limit on σ(pp→tbH+)*B(H+→τ+ντ): 
• 0.38–0.026 pb for mH+ = 180-600 GeV
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Benchmark Model Limits

• Re-interpret limits in mH+,tanβ plane 
• Red hatched region: mh ≠ 125 ± 3 GeV in model 
• mH+ excluded for mH+ < 155 GeV
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ttH(ττ)
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ttH(ττ)
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Category Signature Trigger Signature

Lepton + Jets Single Lepton 1 e/µ, pT > 30GeV
H ! Hadrons (ttH ! `⌫jjbbbb) �4 jets + �2 b-tags, pT > 30GeV

H ! bb Dilepton Dilepton 1 e/µ, pT > 20GeV
H ! ⌧h⌧h (ttH ! `⌫`⌫bbbb) 1 e/µ, pT > 10GeV
H ! WW �3 jets + �2 b-tags, pT > 30GeV

Hadronic ⌧ Single Lepton 1 e/µ, pT > 30GeV
(ttH ! `⌫⌧h[⌫]⌧h[⌫]jjbb) 2 ⌧h, pT > 20GeV

�2 jets + 1-2 b-tags, pT > 30GeV
Leptonic Diphoton 2 �, pT > m��/2 (25)GeV for 1st (2nd)

H ! Photons (ttH ! `⌫jjbb��, �1 e/µ, pT > 20GeV
H ! �� ttH ! `⌫`⌫bb��) �2 jets + �1 b-tags, pT > 25GeV

Hadronic Diphoton 2 �, pT > m��/2 (25)GeV for 1st (2nd)
(ttH ! jjjjbb��) 0 e/µ, pT > 20GeV

�4 jets + �1 b-tags, pT > 25GeV
Same-Sign Dilepton Dilepton 2 e/µ, pT > 20GeV

H ! Leptons (ttH ! `±⌫`±[⌫]jjj[j]bb) �4 jets + �1 b-tags, pT > 25GeV
H ! WW 3 Lepton Dilepton, 1 e/µ, pT > 20GeV
H ! ⌧⌧ (ttH ! `⌫`[⌫]`[⌫]j[j]bb) Trielectron 1 e/µ, pT > 10GeV
H ! ZZ 1 e(µ), pT > 7(5)GeV

�2 jets + �1 b-tags, pT > 25GeV
4 Lepton Dilepton, 1 e/µ, pT > 20GeV
(ttH ! `⌫`⌫`[⌫]`[⌫]bb) Trielectron 1 e/µ, pT > 10GeV

2 e(µ), pT > 7(5)GeV
�2 jets + �1 b-tags, pT > 25GeV

• Combination of many ttH channels separated by production & decay modes 
• Exploit multi-jet, multi-b-jet and multi-lepton final states 

• Look for fully-hadronic H→ττ decays in semi-leptonic production 

• Additional contribution of H→ττ→leptons in other channels
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ttH(ττ)
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• BDT trained to separate signal from tt+jets backgrounds 
• Input variables include object kinematics and b-tagging information
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+ 9 vars

+ 5 more

μ = −1.3+6.3 -5.5 

• 6 categories based on N(jets) x N(b-jets): 
• (2, 3, 4) * (1, 2)
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Embedding

20
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Embedding

• Can perform embedding 
at different levels: 

• Particle-flow: 
• Merge at the level of 

final reconstructed 
particles 

• RecHit: 
• Merge earlier - at the 

level of calorimeter and 
muon chamber hits 

• In both cases merge tracks 
after reconstruction
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A. Burgmeier 
PhD Thesis
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Embedding

• Indication that PF embedding 
leads to biases at high pileup 

• RecHit embedding more robust
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Merging

Noise
Suppression
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• Still areas for improvement, e.g. handling 
of detector noise

A. Burgmeier 
PhD Thesis
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Summary

• Great success with Run I data 

• Evidence for h(125)→ττ decays > 3σ 

• Searches for BSM signatures: MSSM h/H/A→ττ,  H+→τν,  h(125)→τμ, more 
still underway… 

• In Run II: Η→ττ has a big part to play in h(125) measurements and BSM 
searches
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Backup
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Background Evaluation
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Z→!! 
• Normalisation from Z→µµ 

data 
• Embedding: Z→µµ events in 

data replacing µ with 
simulated " 

• Provides mass shape and 
category efficiency 

Top 
• Shape from MC 
• Normalised from sideband 

(requiring b-jets)

QCD 
• Shape & normalisation from same-

sign data (Subtracting small 
contribution from other backgrounds 
in this region)

Z→ee/µµ 
• Shape from MC, corrected for l→! 

fake rate 
• Large background in ee/μμ channels. 

Controlled with inter-lepton DCA

W+jets 
• Shape from MC 
• Normalisation from high mT sideband 

in data
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Di-tau Mass Reconstruction
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Visible mass SVFit mass

• Always have at least one neutrino when tau decays 
• SVFit: event-by-event likelihood-based estimate of full di-tau mass, mττ 
• Input is lepton four-momenta, ETmiss and expected ETmiss resolution 
• Achieves mass resolution of 10-20%
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Analysis Strategy

• Require isolated and well-identified leptons 
to suppress background from fakes (e.g. QCD) 

• Exploit PF reconstruction of τh 

• Topological cuts to suppress backgrounds 

• Reconstruct full di-tau mass 

• Split events into categories to enhance 
sensitivity to specific signal processes 

• Simultaneous binned likelihood-fit of mττ 
distributions in all channels & categories

27

Ev
en

ts

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

 at 8 TeV-1CMS, 19.7 fb

h
τµ

selection
Baseline

control region
T

High-m

Observed
Bkg. uncertainty

ττ→Z
µµ→Z

Electroweak
tt

QCD

 [GeV]Tm
0 20 40 60 80 100 120 140 160

O
bs

/B
kg

0.8

1.0

1.2

 [GeV]hτ
vism

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Ev
en

ts

0

2000

4000

6000

8000

10000

12000

14000

16000
 at 8 TeV-1CMS, 19.7 fb

h
τµ Observed

Bkg. uncertainty
±π   3 ττ→Z
 + photons±π   1 ττ→Z
 no photons±π   1 ττ→Z

µµ→Z

Electroweak

tt
QCD

Use τh Mass to Calibrate 
Energy Scale

mT suppresses 
W+jets



A. Gilbert3/12/14

Other Scenarios
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