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Introduction CMS

e July 2012: observation of a new
boson by the ATLAS and CMS H branching ratios (BR):
experiments, with m, ~ 125 GeV. — 3

 QObservation made in the bosonic

decay modes: WW, ZZ and yy. : f

. . o 102 =
Question remains: Does it decay to T ¢
fermions? o l :

e H->tt has high (¥7%) branching ratio

R + Total Uncert
o
a g/
N
N
|

i 1080900 120 140 160 180 200
at low Higgs masses, but also large M, [GeV]
backgrounds from Z—>tt, W+jets, - Study final state with H>tt

QCD and others.
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Introduction CMS

H cross sections (o): g
10° g —
= Vs=8 TeV T~ B
associated
production gluon fusion
pp2H
10‘2;—
80 100 200 300 400 1000 Pp=qqH
M, [GeV]
q q
Target Higgs production modes: includes gluon fusion
(pp=H), VBF (pp~>qgH) and associated production VBF

(pp>W/ZH)

e Results in this talk are the latest CMS H—> 1t analysis with the full dataset
from 2011 (7 TeV) and 2012 (8 TeV) for a recent paper: | arXiv:1401.5041
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Analysis Overview: Events

* Select events in ‘channels’ based on all possible final states of the two t’s:
et,, 1T, ey, T, T, MU and ee, where T, = a tau decaying hadronically.

* Further split into ‘categories’ to separate events of different S/B and
enhance selection of the different Higgs production modes:

— 1-jet sensitive to ggH, 2-jet for VBF and dedicated (separate) VH analysis.
— 0-jet background dominated: helps control backgrounds and their uncertainties.

Most signal sensitive categories:
“tight VBF” and “1 jet high

boost” categories . O-jet 1-jet 5 2-jet
i i | 07 > 100 GeV.

Most sensitive | |
channel | | o
: Ign P(T,

\ DT(Th) > 45 GeV hlgh pT(Th) boost
HTh baseline low p+(Th)
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Analysis Overview: Backgrounds

e Use data driven methods for background estimation.
* Plot of m_in background dominated category shows major contributions:

o1
Uses Z-2> uu data embedded
with simulated t’s.

dN/dm_. [1/GeV]

EWK (W+jets)
Normalization from high m;
sideband in data.

Shape from MC.
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* Suppress QCD with isolated leptons.

* m;< 30 GeV cut to suppress W+lets.
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* Extract signal from binned maximume-likelihood
fit to m_. Combine channels and categories.
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QCD
Measured in same-sign
control region.

m; = transverse mass
between lepton and E;™ss
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m_. Reconstruction

* Always have at least one neutrino from tau decays.
e Can construct “visible mass” using just the visible products, or use a likelihood

based approach to reconstruct the full mass of the tau pair.
* Mass resolution 15-20%, and gives better separation of Z/H:

CMS Simulation Vs = 8 TeV ut,

C —— H—1tm,=125 GeV

e

1/dm,_[1/GeV]

Visible Mass

I |

1 W — T ‘
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My;s [GEV]

* Signal extracted from fit to m_.
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* Analysis blinded in signal sensitive region: 100 < m_< 150 GeV.
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NOTE: Associated production VH

EX p e Cte d I_| m |tS also included in final combination.

95% CL limit on o/oSM

CMS (unpublished) H—tt, 4.9 fb™ at 7 TeV, 19.7 fb" at 8 TeV CMS (unpublished) H—tt, 4.9 fb™ at 7 TeV, 19.7 fb™ at 8 TeV
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Split by channel Split by category

For combination, expected limit at 125 GeV is 0.53 > within standard model sensitivity
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Results: Observed Limit

CMS H—tt, 4.9 fb" at 7 TeV, 19.7 fb™ at 8 TeV CMS H—trt, 4.9 fb at 7 TeV, 19.7 fb' at 8 TeV
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Excess of events over background Band generated from toys with
only expectation. 125 GeV Higgs injected.

Observed (expected) limit
at 125 GeV is 1.26 (0.53)
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Results: S/B plots

CMS, 4.9 fb" at 7 TeV, 19.7 fb” at 8 TeV 1o° CMS. 4.9 fb” at 7 TeV, 19.7 fb” at 8 TeV
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Combined mass plot, weighting by Arranging events in bins of S/(S+B), and
expected S/(S+B). Includes et,, uty, ey, 1,1, highlighting the contributions of the
channels different categories. Includes all channels.

08/04/2014 R.Lane (I.C.) 11



Results: Signal Strength

CMS, 4.9fb'at 7 TeV, 19.7 fb' at 8 TeV
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Results: Significance

CMSH%m: 49fb at7TeV 197f at8TeV
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Observed (expected)
significance at 125 GeV

is 3.20 (3.70).
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for H> 1t



Results: Mass Scan

CMS H—tr, 4.9 fb™' at 7 TeV, 19.7 fb™ at 8 TeV
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Likelihood distribution shows
observed best fit mass compared
with the expectation for a 125 GeV

Higgs.

We fit a parabola to extract the
best fit mass.

Best fit mass =122 + 7 GeV
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Summary

A search has been performed in the H=> 1t final state using
the complete 2011 and 2012 dataset from the CMS detector.

An excess of events above the expectation from backgrounds
has been seen.

This excess corresponds to an observed significance of 3.2c0
compared with 3.70 expected for 125 GeV Higgs, meaning we
have > 3o evidence for H2>tt.

This excess is compatible with the particle observed in the
bosonic decay modes:

— n=0.78 £ 0.27, with all channels and categories consistent.
— Best fit mass m, =122 £ 7 GeV.
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Hadronic taus

e “Particle Flow” used to
combine information from all
sub-detectors to classify all
candidate particles in an
event.

* This information is used to
reconstruct all the different
decay modes of the tau

* Mass distribution used to
control energy scale in each
decay mode.

08/04/2014
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Categories for all channels

HTh

€T,

ey

ee, Py

ThTy

08/04/2014

. O-jet 1-jet i 2-jet
i i I P> 100 GeV
| | Py > m; > 500 GeV | m; > 700 GeV
i i 100 GeV |An;| > 3.5 |An| > 4.0
i i high p+(Ty)
p(t,) > 45 GeV high pr(T) igh pr(T;) boost loose
VBF tag
baseline low pr{Ty) low pr(Ty)
e high-p-5-) high pr(ty)
py(ty) > 45 GeV high pr{t) boost loose
VBF tag
baseline low p+(t,) low pr(t,)
! Emiss > 30 GeV
br(l) > 35 GeV high p+(H) high p+(u) o0se
VBF ta
baseline low pr{l) low pr(u) 9
high p+() high p-()
p() > 35 GeV 2.jot
baseline low prl) low p{)
large
boost boost VBF tag
baseline
P> pr > P > 100 GeV
100 GeV 170 GeV m; > 500 GeV
|An;| > 3.5
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Systematics

08/04/2014

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 T, Z — ee 20-74%
u misidentified as T, Z— up 30%
Jet misidentified as T, 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 gcale signal & sim. backgrounds 1-12%
Eb-tag D jts signal & sim. backgrounds up to 8%
€p-tag light-flavoured jets signal & sim. backgrounds 1-3%
Norm. Z production 4 3%
Z — 1T category Z— 1T 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 27Z/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
R.Lane (I.C.)
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H—=>1tt CMS VBF Mass Plots
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H—>1tt CMS VH channels

dN/dm,,_ [1/GeV]
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CMS, 19.7 fb' at 8 TeV

T T T T T
SM H(125 GeV)— ¢

—@— Observed

B SM H(125 GeV)— WW

Cwz
[ — 4

[ Reducible bkg.

dN/dm,, [1/GeV]

WH,H->1, T,

1.0

0.8

0.6

0.4

0.2

0.0

I+ I'rh low Lr

T

P NN PR RS PR PRl TS SRR Fres F

150 200

m,, [GeV]

CMS, 19.7 fb" at 8 TeV

dN/dm,,_ [1/GeV]

CMS, 19.7 fb” at 8 TeV

—T T T T T T [ T T T T | T T T
------ SM H(125 GeV)— 1t

—@— Observed

[ SM H(125 GeV)— WW

3wz

3 zz

[ Reducible bkg.

22257 Bkg. uncertainty

0.8
0.7

0.6

I + I, high L,

[ T FEERI FTAN FERTE ARRTE ARNTE FRATY AN

LU B B B B R B R B BN N B B B B |

—&— Observed
CJwz

3 zz
[ Reducible bkg.

I+ T,

T 3

— I
SM H(125 GeV)— tt

Bkg. uncertainty

PRSI S T SN S SN T TN S T S AT

200 300

m,, [GeV]

R.Lane (I.C.)

WH,HDIt,

dN/dm__. [1/GeV]

0.8

0.6

0.4

0.2

0.0

CMS, 19.7 fb™ at 8 TeV
T

CMS

Compact Muon Solenoid

I+ LL

[ Reducible bkg.
Bkg. uncertainty

o
-
o
o

@ SM H(125 GeV)— WW

ZH

21




Results: Couplings

CMS H—>1r, 4.9 fb" at 7 TeV, 19.7 fb" at 8 TeV
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Couplings compatible
with SM predictions
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