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¤  Higgs boson à central manifestation of EWSB 

¤  a Higgs boson discovered @ the LHC by ATLAS & CMS 

v  Discovery driven by di-boson channels: ZZ(*), γγ and WW(*) 

v  Current weak constraints on the Higgs properties à resonance compatible with 
the minimal scalar sector of the SM 

v  What about couplings of new particle to leptons? 

à  Search for SM Hàττ and probe the Yukawa coupling 

¤  SM: Higgs field’s self-coupling and boson’s mass put by hand in the theory 
 
v  Can we avoid the arbitrariness of the Higgs sector? 
v  MSSM à theory in which the Higgs sector is predicted 
v  Are there additional Higgs bosons? As predicted by MSSM? 

à  Search for MSSM h/H/Aàττ	

 

Phys. Lett. B 716 (2012) 1-29 
Phys. Lett. B 716 (2012) 30 

arXiv:1401.5041 [hep-ex] 

CMS-PAS-HIG-13-021 
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Gluon-gluon fusion 
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Associate production 
w/ a W/Z vector boson 

(VH) 

Associate production 
with a top-quark pair 
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Vector Boson Fusion (VBF) 
¤  4 dominant Higgs production mechanisms (fractions at √s = 8 TeV and mH = 125 GeV): 
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BR(SM H125à𝝉𝝉) ~ 6 % 

•  Favorable BR at low 
mass 

•  Hàττ = only 
channel available 
to probe the Higgs 
couplings to leptons 
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Hàττ in MSSM 
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Gluon gluon fusion 
(quark/squarks loops) 

¤  3 neutral Higgs bosons (h, H, A) à simultaneous search (i.e. fit of 3 components) 
¤  Enhanced coupling to b-quark increases cross section wrt SM 
¤  2 dominant Higgs production mechanisms 

Associated bb/tt production 

•  BR stable with Higgs mass 
•  Slight dependence on tanβ	

•  BR ~ 10-1 

•  mA and tanβ relevant 
parameters in the search 
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τ-lepton decay modes 
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¤  The τ-lepton is a complex object 
¤  Decays rather quickly (cτ=87 µm) to leptons/hadrons + neutrino(s) 

~35% 

~62% 

Study of leptonic and hadronic Hàττ decays 
à µµ, eµ, ee, µτh, eτh and τhτh channels 

à Reconstruction based on 
Particle Flow algorithm 
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Hadronic τ-lepton reconstruction 
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¤  Decay mode reconstruction = Hadron Plus Strip (HPS) algorithm 
¤  Study of the different topologies + intermediate resonances 

τh-induced jet 
•  1-prong 
•  1-prong + π0(àγγ) 
•  3-prong 
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¤  Control of jetàτh fake rate through cut-based isolation 
à  Fake rate is ~3% at ~70% signal efficiency 

¤  Control of µ/eàτh fake rates through MVA-based 
discriminators 

à  µ/e fake rate are at the per-mil (per-cent) level 
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¤  MET = crucial components of di-τ mass reconstruction 

MET = !pT
miss = −

!pT
PF particles
∑ Jet subconstituent constribution 

taken into account using PF 
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of resolution with pile-up 
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MET resolution 

¤  Di-τ mass reconstruction 
v  Maximum likelihood method 
v  Tau kinematics x phase space constraints x MET resol. 
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¤  Common to SM and MSSM searches 
 

Object level 
v  Isolated PF [GSF e] or [µ] à pT > 24(20) GeV 
v  Isolated PF hadronic τh à pT > 30 GeV 

Event level 
v  Di-object trigger 
v  Opposite sign lepton and τh 

v  Low mT to reject W+jets background 
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¤    Search for peak(s) in the Mττ distribution à 4.9 fb-1 @ 7 TeV + 19.7 fb-1 @ 8 TeV 
¤  Test compatibility with a predicted Higgs boson: binned maximum likelihood fit 
¤  Analysis combining exclusive event categories in order to increase sensitivity 
à Sensitive to different production mode + S/B changes along categories 

t 

t 

SM search (Mττ<350 GeV) 

v  Categorization used depends on 
the decay channel 

v  Large number of categories 

v  Simple categorization for each 
channel 

MSSM search (Mττ<1 TeV) 

Study of leptonic and hadronic Hàττ decays 
à µµ, eµ, (ee), µτh, eτh and τhτh channels 

No b-tagged jet ≥1 b-tagged jet •  0, 1 jet 
•  Boosted Higgs? 

•  ≥2 tagging jets 
•  Boosted Higgs 
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Z→𝝉𝝉 
•  Shape = embedding technique  
Data Z→µµ, µ replaced by MC 𝝉 
•  Normalization = MC 

Z→ee/µµ	

•  Shape & Norm. = MC 

ElectroWeak (W+jets, di-boson, …) 
•  Shape = MC  
•  Normalization = data extrapolation 

 (from high mT sideband) 

QCD 
•  Shape & Norm. = Data driven. 
(from same sign anti-isolated events) 

ttbar 
•  Shape & Norm. = MC simulation 
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Z→𝝉𝝉 
•  τ-ID and trigger efficiencies = 8-19% 
•  τ-energy scale = 3% (+shape) 
•  Normalization = 3% 
•  Migrations along categories = 2-14% 

Z→ee/µµ	

•  Lepton to τ fake rate = 20-75% 

W+jets 
•  Normalization = 10-100% 
Di-boson 
•  Normalization = 15-45% 
Z+jets 
•  Jet to τ fake rate = 20-80% 
•  Shape = bin-by-bin 

QCD 
•  Normalization = 6-70% 
•  Shape = bin-by-bin 

ttbar 
•  Normalization = 8-35% 

H125 

Signals / common systematics 
•   e/µ selection efficiency = 2-6% 
•   jet energy scale & resol. = 0-20%  
•   MET resolution = 1-12% 
•   PDFs = 4-10% 
•   Scale variations = 3-41% 
•  Underlying event = 2-10% 
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SM Hàττ results (1/2) 

Search for the Higgs boson decaying to tau pairs with CMS 

12 

 [GeV]ττm
0 100 200 300

 [1
/G

eV
]

ττ
S 

/ (
S+

B
) W

ei
gh

te
d 

dN
/d

m

0

500

1000

1500

2000

2500

ττ→SM H(125 GeV)
Observed

ττ→Z
tt

Electroweak
QCD

     [GeV]ττm
0 100 200 300-40

-20

0

20

40 ττ→SM H(125 GeV)
Data - background
Bkg. uncertainty

 at 8 TeV-1 at 7 TeV, 19.7 fb-1CMS, 4.9 fb

µ, ehτhτ, hτ, e
h
τµ

 [GeV]Hm
100 120 140

Lo
ca

l p
-v

al
ue

-810

-710

-610

-510

-410

-310

-210

-110

1

σ5

σ4

σ3

σ2

σ1

Observed p-value

)
H

Expected for SM H(m

 at 8 TeV-1 at 7 TeV, 19.7 fb-1, 4.9 fbττ→CMS H

Excess is present 
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resolution 
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Excess quantified @ mH = 125 GeV 
v  Observed (expected) p0 = 3.2σ (3.7σ) 

Evidence for Hàττ!	
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Excess is consistent along 
decay channels studied 
v  µ (= Nobs/NSM) = 0.78 ± 0.27 
v  Compatibile with SM 
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Coupling modifier for fermions 
κf is consistent with expectation 
from the minimal SM scalar 
sector 

v  Hàµµ not observed 
à Higgs boson coupling to fermions is not universal 
à The scalar sector may be related to the generation of fermion families 
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MSSM Hàττ results 

Search for the Higgs boson decaying to tau pairs with CMS 

14 

Large region of MSSM parameter space 
excluded @ 95% C.L. 
v  Complementary to LEP limit 
v  Low mass / high tanβ almost ruled out 
v  Starting to explore low tanβ regions! 

No sign of SUSY (just yet)	
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v  Sensitivity to production modes 
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Potential analysis improvements 
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A constant signal efficiency = 
fake rate is reduced by ~50% 
using MVA isolation 

https://twiki.cern.ch/twiki/pub/CMSPublic/
PhysicsResultsPFT/tau_dps.pdf 

 
 
¤  Categorization using τh pT for MSSM Hàττ	


v  Higgs resonances à boosted τ(s) 
v  Build categories with different S/B 
v  Zàττ background quickly falls with pT 

à Increased sensitivity 

¤  Improved τh (decay mode) reconstruction 
Relaxed cuts 
Better treatment of pT-dependence 
à  Flatter τ efficiency and energy scale w/ τ pT 
à  Efficiency increased at high τ pT 

¤  MVA τh isolation 
Exploits τ lifetime information 
Correlations between the isolation variables fully 
exploited 
à  reduced jet fake rate at high τ pT 

à SM-like analysis suboptimal for MSSM 
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Conclusions  

¤  Studies of Hàττ are central in the understanding of the Higgs sector 
  
 à (Current) only handle to measure coupling between Higgs and leptons 
 à In SUSY: most sensitive channel for h/H/A searches 

¤  Evidence for H(125 GeV)àττ: achieved! 

 à Rate compatible with minimal scalar sector of the SM 
 à Combination with Hàbb à strong evidence (~4σ) for Higgs coupling to fermions 
 à >5σ observation likely to be achieved in LHC Run II 

 
 à This H(125 GeV) boson imposes constraints on MSSM à decoupling limit? 

¤  No sign yet for extra Higgs bosons (from MSSM’s perspective) 

 à Larger regions of parameter space excluded 
 à Still some room for SUSY at always lower tanβ and higher mA values 
 à Ways to improve the analysis & keys to handle harsh Run II pile-up conditions 

Search for the Higgs boson decaying to tau pairs with CMS 
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Hàττ teaches us a lot 
Please expect new results soon J 
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Backup material 
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Intermidate resonances for τh 
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SM 
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µτh event display: VBF candidate 
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Categories in SM 8 TeV 
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SM: expected limit 
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SM: CLs limit 
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SM: CLs limit with injection 
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SM: breakdown per category 
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SM: different view of the excess 
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6 3 Baseline event selection

Table 1: Lepton selection for the LL0 and ` + Lth channels. The HLT requirement is defined by
a combination of trigger objects with pT over a given threshold. The pT and Ith thresholds are
given in GeV. The indices 1 and 2 denote, respectively, the leptons with the highest and next-to-
highest pT. The definitions of the lepton isolation, R and I, are given in the text. For a number of
channels, the isolation requirements depend on the lepton flavour, pT, and h. Similarly, a range
of pT thresholds is given when the HLT requirements change with the data-taking period.

Channel HLT requirement Lepton selection
µth µ(12–18)& th(10–20) pµ

T > 17–20 |hµ| < 2.1 Rµ < 0.1
pth

T > 30 |hth | < 2.4 Ith < 1.5
eth e(15–22)& th(15–20) pe

T > 20–24 |he| < 2.1 Re < 0.1
pth

T > 30 |hth | < 2.4 Ith < 1.5
thth th(35)& th(35) pth

T > 45 |hth | < 2.1 Ith < 1
(2012 only) th(30)& th(30)& jet(30)
eµ e(17)& µ(8) p`1

T > 20 |hµ| < 2.1 R` < 0.1–0.15
e(8)& µ(17) p`2

T > 10 |he| < 2.3
µµ µ(17)& µ(8) pµ1

T > 20 |hµ1 | < 2.1 Rµ < 0.1
pµ2

T > 10 |hµ2 | < 2.4
ee e(17)& e(8) pe1

T > 20 |he| < 2.3 Re < 0.1–0.15
pe2

T > 10
µ + µth µ(17)& µ(8) pµ1

T > 20 |hµ| < 2.4 Rµ < 0.1–0.2
pµ2

T > 10
pth

T > 20 |hth | < 2.3 Ith < 2
e + µth/ e(17)& µ(8) p`1

T > 20 |he| < 2.5 R` < 0.1–0.2
µ + eth e(8)& µ(17) p`2

T > 10 |hµ| < 2.4
pth

T > 20 |hth | < 2.3 Ith < 2
µ + thth µ(24) pµ

T > 24 |hµ| < 2.1 Rµ < 0.1
pth,1

T > 25 |hth | < 2.3 Ith < 2–3
pth,2

T > 20
e + thth e(20)& th(20) pe

T > 24 |he| < 2.1 Re < 0.1–0.15
e(22)& th(20) pth,1

T > 25 |hth | < 2.3 Ith < 2
pth,2

T > 20
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19

correlated across bins in the individual templates. A summary of the considered systematic
uncertainties is given in table 3.

Table 3: Systematic uncertainties, affected samples, and change in acceptance resulting from a
variation of the nuisance parameter equivalent to one standard deviation. Several systematic
uncertainties are treated as (partially) correlated for different decay channels and/or categories.

Uncertainty Affected processes Change in acceptance
Tau energy scale signal & sim. backgrounds 1–29%
Tau ID (& trigger) signal & sim. backgrounds 6–19%
e misidentified as th Z ! ee 20–74%
µ misidentified as th Z ! µµ 30%
Jet misidentified as th Z + jets 20–80%
Electron ID & trigger signal & sim. backgrounds 2–6%
Muon ID & trigger signal & sim. backgrounds 2–4%
Electron energy scale signal & sim. backgrounds up to 13%
Jet energy scale signal & sim. backgrounds up to 20%
Emiss

T scale signal & sim. backgrounds 1–12%
#b-tag b jets signal & sim. backgrounds up to 8%
#b-tag light-flavoured jets signal & sim. backgrounds 1–3%
Norm. Z production Z 3%
Z ! tt category Z ! tt 2–14%
Norm. W + jets W + jets 10–100%
Norm. tt tt 8–35%
Norm. diboson diboson 6–45%
Norm. QCD multijet QCD multijet 6–70%
Shape QCD multijet QCD multijet shape only
Norm. reducible background Reducible bkg. 15–30%
Shape reducible background Reducible bkg. shape only
Luminosity 7 TeV (8 TeV) signal & sim. backgrounds 2.2% (2.6%)
PDF (qq) signal & sim. backgrounds 4–5%
PDF (gg) signal & sim. backgrounds 10%
Norm. ZZ/WZ ZZ/WZ 4–8%
Norm. tt + Z tt + Z 50%
Scale variation signal 3–41%
Underlying event & parton shower signal 2–10%
Limited number of events all shape only

8 Results

The search for an excess of SM Higgs boson events over the expected background involves a
global maximum likelihood fit based on final discriminating variables which are either mtt or
mvis in all channels except for ee and µµ [88, 89]. In these two channels the final discriminating
variable D is built for a given event from the output of two boosted decision trees B1 and B2.
The two BDTs are based on kinematic variables related to the `` system and the ~Emiss

T , on the
distance of closest approach between the leptons, and, in the 2-jet category, the mjj and |Dhjj|
variables. The first BDT is trained to discriminate Z ! tt from Z ! `` events, whereas the
second BDT is trained to discriminate H ! tt from Z ! tt events. Both BDTs are separately
trained in the 2-jet category and in the combined 0-jet and 1-jet categories. The final discrimi-
nant is defined as
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7   Secteur scalaire en Supersymétrie

Propriétés à l’ordre de Born (1)

Dans la limite MA >>
Les bosons de Higgs du MSSM se
découplent et les h0 et H0

(neutres, CP=+1) deviennent
‘‘SM-like’’

  e.g. le h0 a alors les même couplages
        aux quarks, leptons et bosons Z, W±

        que le H du Modèle Standard
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