
H→ττ in CMS:
SM and BSM 

L. Bianchini

ETH Zurich

1

On behalf of the
CMS CollaborationHiggs Hunting 2013, Orsay

Thursday, July 25, 13



Outline

• Introduction
‣ Key di-τ observables

‣ Di-τ mass reconstruction

• Searches
‣ Inclusive H ➝ ττ (SM)

‣ VH, H➝ ττ (SM)

‣ MSSM Φ ➝ ττ

• Conclusions
‣ Summary & prospects

2

Thursday, July 25, 13



Introduction

3

Thursday, July 25, 13



Di-tau key-observables
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HIG-13-004

• Visible di-τ mass
‣ Simplest MH estimator

‣ Robust, but ~poor resolution

• Di-τ boost (⬄ extra jets)
‣ Jets ⇒ production mechanism

‣ Boost ⇒ better mass resolution

• Collinear Approximation
‣ Motivates topological cuts on ETmiss

‣ Superseeded as  “mass estimator”

• Full di-tau mass (aka “SVfit”)...
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The SVfit mass
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HEP 06 (2013) 081

visible mass SVfit

• Dynamical Likelihood estimator
‣ Marginalization of unobserved neutrinos d.o.f.

‣ Constraints from theory (tau decay kinematics) and experiment (ETmiss)

‣ Works for all tau decay modes
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The SVfit mass

• Dynamical Likelihood estimator
‣ Marginalization of unobserved neutrinos d.o.f.

‣ Constraints from theory (tau decay kinematics) and experiment (ETmiss)

‣ Works for all tau decay modes
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HEP 06 (2013) 081

    Impact on limit/sign:
+ 30%➜

visible mass SVfit

✓ Z/H
    separation

✓mass resolution
⇒ σ/M ≲ 20%
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Searches:
gg,qq ➝ H ➝ ττ

(24.3 fb-1, 7+8 TeV)
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PAS HIG-13-004
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Decay modes
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42%

3%3% 6%

23%

23%ττ

μτ

eτ

eμμμ
ee

• Medium BR’s
• Good efficiency
• Good purity

• Small BR’s
• Large efficiency
• High purity

• Large BR’s
• Small efficiency
• Modest purity

• Search for Φ ➝ ττ is several decay modes
‣ Not merged

‣ Results statistically combined to maximise sensitivity 
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 μτ: overview
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μ+τ eτ
L1 Mu L1 electron

HLT_IsoMu_PFTau HLT_IsoEle_PFTau
discr. against Z➝μμ discr. against Z➝ee

μ: pT>17-20,   |η|<2.1
τ: pT>20,        |η|<2.3

e: pT>20-24,  |η|<2.1
τ: pT>20,       |η|<2.3

MT(μ, ETmiss) <20 MT(e, ETmiss) <20, 
ETmiss >30

Main backgrounds:  Z➝ττ  QCD  W+jets
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 eμ: overview
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e+μ eτ
L1 Mu Ele L1 electron

HLT_Mu_Ele HLT_IsoEle_PFTau
μ: pT>20(10),  |η|<2.1
e: pT>10(20),  |η|<2.3

e: pT>20-24,  |η|<2.1
τ: pT>20,       |η|<2.3

Dζ > -20
MT(e, ETmiss) <20, 

ETmiss >30

Main backgrounds:  Z➝ττ  QCD  Top  Di-boson
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μμ: overview
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μτ μ+μ
L1 muon L1 Double Mu

HLT_IsoMu_PFTau HLT_DoubleMu
μ: pT>17-20,   |η|<2.1
τ: pT>20,        |η|<2.3

μ: pT>20(10), |η|<2.1
μ: pT>10(20), |η|<2.1

MT(μ, ETmiss) <20
BDT discriminant 
against Z➝ μμ

Main backgrounds:  Z➝μμ Z➝ττ  Top  Di-boson 
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 ττ: overview
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τ+τ eτ
L1 tau L1 electron

HLT_DoubleTau_Jet HLT_IsoEle_PFTau
≥1 jet pT>50 discr. against Z➝ee

τ: pT>45,        |η|<2.3
τ: pT>45,        |η|<2.3

e: pT>20-24,  |η|<2.1
τ: pT>20,       |η|<2.3

Transverse Boost*
pTH>110-140

MT(e, ETmiss) <20, 
ETmiss >30

Main backgrounds:  Z➝ττ  QCD  W+jets
* only in analysis 
cat. See later
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Event Categories

21

0-jet 1-jet* 2-jets*
(VBF enhanced)

Low “τ” pT

High “τ” pT

Sideband

Sideband

✓resolution

✓resolution
✓purity

• Mjj>500 GeV
• |Δηjj|>3.5
• CJV

• pT
ττ >110 GeV

• Mjj>250 GeV
• |Δηjj|>2.5
• pT

ττ >140 GeV
• CJV

ττ-specific:

* pT>30 GeV,  anti-PU jet id
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Main backgrounds estimation
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Kinematics: Z➝μμ data
[muons replaced with MC taus]

Z➝ττ

Normalization: Z➝μμ yield in 
same data set

Kinematics: MC

W+jets

Normalization: high-MT sideband

Kinematics: MC

Top

Normalization: sideband (b-tags)

Kinematics and normalization:

• Same-sign sideband, or
• Fake-rate method

QCD
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Mass spectra

23

μτ, 2-jet eτ, 1-jet ττ, 1-jet

... and many more!
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Systematic uncertainties
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systematics relative 
unc.

affects... ...by...

τ ID+trigger 8% norm. ±8%

τ energy scale 3% norm., 
shape

±3%

jet energy 
scale

2-5% norm. ±(1-6)%

±(5-20)%

Z➝ττ in cat. - norm. ±(3-13)%

QCD - norm. ±(6-35)%

W+jets/ l➝τ 
fakes

- norm. ±(10-30)%

Th. unc. 
(scale)

- norm. ±4%

±(10-30)%

Stat. unc. 
templates

- bin norm. ≤10%

• Over-constrained 
system
‣ Mostly from 0-jet category

‣ Fit for nuisances. E.g.

τ-ID:     (0.0±8.0)%➝ (-5.5±1.9)%

μ ➝τ:  (0.0±30)%➝  (-10 ±16)%

τ-ES:     (0.0±3.0)%➝ (-0.8±0.2)%

N.B. can’t take them as 
real measurements
(large correlations!!!)
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Results: CL upper limits
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• Exclusion limits
‣ Broad excess makes the exclusion weaker than expected

‣ Consistency improves under signal+background hypothesis
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Results: ML fit to strength modifier
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• Anatomy of the excess
‣ Consistent among categories / channels

μ(SM) = 1.1 ± 0.4  at MH = 125 GeV
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Results: significance of the excess
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• Probability for a background fluctuation 
‣ Minimum p-value of 2.93σ at MH =120 GeV

‣ Measured p-value of 2.85σ at MH =125.8 GeV (expected from SM: 2.6σ)
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Searches:
VH,  H ➝ ττ

(24.5 fb-1, 7+8 TeV)

PAS HIG-12-053
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±

Event Selection
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• Search for H ➝ ττ plus ≥ 1 prompt leptons
‣ Orthogonal to inclusive di-τ search

l

l

τ

±

l  l τ 
• Same-sign leptons
• Backgrounds:
✓Irreducible:

WZ
✓Reducible: 

        j ➝ l

∓
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Event Selection
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• Search for H ➝ ττ plus ≥ 1 prompt leptons
‣ Orthogonal to inclusive di-τ search

l

τ l  ττ 
• Opposite-sign taus
• Backgrounds:
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Event Selection
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• Search for H ➝ ττ plus ≥ 1 prompt leptons
‣ Orthogonal to inclusive di-τ search

l

τ l  ττ 
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±

Event Selection
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• Search for H ➝ ττ plus ≥ 1 prompt leptons
‣ Orthogonal to inclusive di-τ search

l

l  l  LL 
• LL = μτ, eτ,ττ,eμ
• Backgrounds:
✓Irreducible:

ZZ
✓Reducible: 

        jj ➝ LL
±

∓

∓l
L

L
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±

Event Selection
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• Search for H ➝ ττ plus ≥ 1 prompt leptons
‣ Orthogonal to inclusive di-τ search

l

l  l  LL 
• LL = μτ, eτ,ττ,eμ
• Backgrounds:
✓Irreducible:

ZZ
✓Reducible: 

        jj ➝ LL
±

∓

∓l
L

L
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Results: CL upper limit
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• Binned fit to di-τ visible mass
• Not yet sensitive to SM Higgs. No excess observed
‣ Consistent with both S+B and B hypothesis
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Searches:
MSSM Φ ➝ ττ

(17 fb-1, 7+8 TeV)

CMS HIG-12-050
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The signature
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• MSSM: three neutral Higgs bosons (Φ=h,H,A)
‣ BR(Φ ➝ ττ) sizeable even for large MΦ :   scan Mττ tails for bumps

• Depending on model parameters (tanβ), associated 
production with b-quarks important
‣ b-tagging arXiv:1101.0593
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Results
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• Two event categories:  0 b-tag, 1 b-tag
• As customary, results interpreted in benchmark scenario

• Simulateneous fit for  
h,H, A ➝ ττ
‣ with masses, xsec, and BR 

functions of (MA, tanβ)

• Excluding as low as 
tanβ∼5

μτ, eτ,eμ,μμ
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MSSM confronted with present data
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• For M(Φ=h)=(125±2) GeV, not much room left in mhmax  

Carena et al. arXiv:1302.7033

• New benchmark scenarios have 
been proposed 
‣ can still accomodate much of the 

unexplored parameter space

• For the future:
‣ new decay channels (ττ)

‣ model dependent interpretation in new 
benchmark models

‣ model independent bbΦ/ggΦ xsec limits

‣ extension to MA ≲ 1 TeV
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Conclusions
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Summary
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• Excess in the gg/qq H ➝ ττ search observed
‣ 2.85σ at 125 GeV, consistent with SM expected of 2.6σ

• VH channel approaching SM sensitivity
‣ Results consistent with either hypothesis

• Not covered here: ttH, H ➝ ττ (CMS HIG-13-019)
‣ Preliminary results recently presented; still far from SM sensitivity

• MSSM search to be updated soon
‣ Many improvements in the pipeline
‣ N.B:  Φ➝ττ as a direct probe of the MSSM Higgs sector
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Summary
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• Excess in the gg/qq H ➝ ττ search observed
‣ 2.85σ at 125 GeV, consistent with SM expected of 2.6σ

• VH channel approaching SM sensitivity
‣ Results consistent with either hypothesis

• Not covered here: ttH, H ➝ ττ (CMS HIG-13-019)
‣ Preliminary results recently presented; still far from SM sensitivity

• MSSM search to be updated soon
‣ Many improvements in the pipeline
‣ N.B:  Φ➝ττ as a direct probe of the MSSM Higgs sector

1. Establish SM observation of h ➝ ττ
2 .  Finalize MSSM analysis...

... to make sure we are not missing the “H A” (➝ ττ)!
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Back up
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Taus in CMS
• Hadronic tau reconstruction
‣ Seeded by the GED (PFlow)

‣ KEY FEATURE:  Decay mode reconstruction

• NB: PFlow Taus also @ HLT
‣ Regional PFlow at HLT garantees

✓ higher efficiency and online/offline consistency

46

35%

12%26%

9%

10%
5%3%

Leptons
π ν
ππ0
ππ0π0
πππ
ππππ0
others
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Tau key-observables

• Decay mode multiplicity
‣ discrimination against electrons/muons

• Visible tau mass
‣ provides in-situ calibration of tau-ES

“Polarimeters” 
observables 
not yet deployed
in Φ ➝ ττ searches
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TAU-11-001
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Tau performances

• State-of-the-art performances
‣ Tau-ID efficiency: 60-65% -- measured with T&P

‣ Fake rate from jets: 2-3%

‣ Efficiency flat vs pt

48

TAU-11-001
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The candles
• Z➝ττ
‣ X-section with 36 pb-1
✓ final-states:   μτ  eτ  eμ  μμ
✦ eμ+μμ ⇒ insitu calibration of tauID

49

TOP-11-004

EWK-10-013

• W➝τν
‣ Evidence of W➝τν with early data

‣ Limited by trigger since then

• Top
‣ Final states with τ’s extensively studied

‣ Not yet assessed as τ candle

EWK-10-013
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Common “topological” cuts (μτ, eτ, eμ)

50

MT(l, ETmiss), Dζ*
reduction of W+jets and 

top

ETmiss

reduction of Z➝ee/μμ

* Ref. HIG-13-004
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 eτ: overview
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μτ e+τ
L1 muon L1 Ele

HLT_IsoMu_PFTau HLT_IsoEle_PFTau
discr. against Z➝μμ discr. against Z➝ee

μ: pT>17-20,   |η|<2.1
τ: pT>20,        |η|<2.3

e: pT>20-24,  |η|<2.1
τ: pT>20,       |η|<2.3

MT(μ, ETmiss) <20 MT(e, ETmiss) <20, 
(ETmiss >30)*

Main backgrounds:  Z➝ττ  QCD  W+jets  Z➝ee
* only in 1-jet cat.
  See later
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Statistical interpretation
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• Test statistic based on profile-likelihood ratio
‣ Likelihood built with SVfit mass histograms
‣ Systematics incorporated as nuisance parameters

• Example of after-fit plots:

μτ, 2-jet eτ, 1-jet ττ, 1-jet
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Results: S/B weighted plot
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• The global picture (for visual purposes only)
‣ All channels and categories weighted by S/B and combined
‣ Excess around ~120 GeV most striking
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Expected limits (SM search)
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Background estimation
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• Irreducible VV bkg from MC
‣ Normalized to meas. xsec or theory

• Reducible bkg: data-driven
‣ Fake-rate measured in sidebands

l  l τ l ττ l  l  LL 
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MSSM xsection
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Mass Spectra (MSSM search)
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