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Overview

CMS Standard Model Higgs to Tau Tau and
Beyond

|25 GeV Higgs decays to tau pairs

SM H->TT at 8TeV Analysis Overview

TeTh Will denote a tau
decay to electron and
neutrinos and a tau
decaying to mesons and a
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'Road Map

CMS nggs to Tau Tau

I25 GeV nggs

SM H->TT at Run |

Please See Olivier’s
125 GeV Higgs ->TT used as a tool for searches LRI Fl R

reconstruction and
And beyond: other masses tau trigger within

CMS!

MSSM Higgs decays to taus

Light Higgs a

Prospects for 2016
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|SM Higges TauTau 8 TeV Analysis

Straightforward mass-based analysis
CMS, 4.9 fb" at 7 TeV, 19.7 fb" at 8 TeV

Used reconstructed invariant di-Tau mass for signal S B v | 425 oM W125 GeV)are
i Q : Mt ,et, 7T, eu ;Daln-uckgromd
extraction. (\9 2500 |- h W ohh o 4. [7] Bkg. uncertainty
= ! - 11 -
Multi-Variate Analysis(MVA) correction for MET based E:: i P
of the decay modes of each tau. 5 2000 |- tia
S : ol 'I' |
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= I Dz i
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WH/ZH addition
arXiv:1401.5041 [hep-ex]
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ISM Higgs TT

Fermionic decays of the 125 GeV Higgs Boson at 3.8 0 within CMS.

In Run Il will extend analysis with goal for H=TT to reach 5 O

sensitivity

CMS fermionic
MH— | 25

combination
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R e

aiscovery

Di-Higgs 2 main flavors
Measure: SM Trilinear Higgs coupling
Search: New heavy resonance X
Several di-Higgs bbTT analyses done at CMS
Non-resonant
Aims to measure trilinear Higgs coupling
Resonant analysis
Aims to reconstruct mass peak of “X”
VH Analysis

Search for resonant MSSM A->Zh(125)
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|25 GeV Higgs as a tool for
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MSSM search for Heavy pseudoscalar A decays to
Zh

Trigger on a Z boson, and then look for h->TT
Low-statistics final state

Necessitated high BR for Higgs- 50 total events

SVFit used to reconstruct SM h->TT

Invariant mass of Z -> Il with Z-boson mass
window cut

Reducible backgrounds and irreducible
backgrounds

Lt scalar sum of transverse momentum of Higgs
decay products cut at 70 GeV to reduce
backgrounds, such as QCD

L. Dodd, U. Wisconsin 21-09-2016  Tau2016 CMS-HIG-14-034

18 TeV MSSM A->Z(Il) h(TT)
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Low Tanf region
limits set

MSSM low tanf} scenario
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18 TeV MSSM A->Z(Il) h(TT)

Various limits depend
on tau final states selected
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ODDOTT

®» Performed at 8 TeV

= 8TeV Runl in two different results > ™
:Iww

= MSSM-driven analysis and @ 9
Model Independent Analysis

11

= Performed at 13TeV in 2015 and )
2016 “
YY
= 2016 Analysis has 12.9 /fb 2
up
= Resonant and non-resonant weozy 1 ozz cc o ogg ww bp 10
production modes BR(H— XX)
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CMS-HIG-14-034

8 Te\/ b bTT CMS-PAS-HIG-15-013

HHKinFit
MSSM Analy5|s search for Maximum likelihood fit for mass Heavy Higgs, H, using the
Heavy H decays to two |25  topology below.
GeV h Input: (1) SVfit rebuilds H->TT first (2) 2
Reconstructed Jets
Probe low tanB MSSM Di-jet invariant mass constrained to be 125 GeV
Model Independent analysis .
used same techniques and
extended the mass range of
the search

Resonant and non-
resonant

recoil

v
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MSSM Analysis search for Heavy H
decays to two 125 GeV h

Kinematic fits assume no other MET
in event

Tau decay Modes: T, T, T, Tn ThTh
TeTy

T,Th most sensitive at low My-

similar to Legacy SM Higgs
result.

ThTh drives limit at high mass.

Performed in tandem with A->Zh to
probe low tanf§ MSSM

L. Dodd, U. Wisconsin 21-09-2016 Tau2016
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A->Zh set stronger limits in Ma-tanf3 plane

MSSM low tanf scenario
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3 leV Model-Independent bbTT

Extend Mass range, Model Independent ~ CMS Preliminary Y s'zzf:_(fb::)
Q 10? 2jet2tag ¢ Observed
Two different mass variables used g 10 FOfesonan Etz{ o
— [l Electroweak
. o . °‘ 1 [ ]Multijets
Kinematic Likelihood Fit (same as MSSM bbTT é_ B SM Higgs
Strategy) g 107" * Uncertainty
T 107
new variable M+, used for non-resonant search. 102
Kin. fit 10
M )
10
. CMS Preliminary 18.31b" (8 TeV) § o
> 20200 JOnaved 5|5 5
S Aosonamt £ For ttbar 52 1 |
- 1 - M Electroweak =5 - e | B
FI . TN background HE O Fle
= | i ER— . S A Y 1 1 L
3 o | mr2 is bounded S 0 200 400 60(
10-‘ above b the to ........................................................................................ Gev
. / P  mIT2references My, [GeV]
g 10 quark mass. e
s ;wlul_; For hh signal it is arXiv:hep-ph/9906349
/| 2 I e SRRSO :
200 400 600 800 1000 1200 not bounded “arXiv:hep-ph/1309.6318.

my[GeVv]
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3 leV Model-Independent
DOTT e ooy
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@ 2
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X
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| 3 TeV bbTT resonant: resolved

= At |3 TeV bbTT analysis for resonant di higgs(bbTT) production was
performed

= A“resolved”, where ak4 jets are reconstructed for Hbb, and a Split into 2 categories
“boosted” region where the two jets are contained within an ak8 fat jet. (|) | -jet | b-tagged jet

= Single muon (electron) triggers used for T,,(T.) final states (2) 2 b-tagged JELS

= Double hadronic tau trigger was used for T, T, channel

|-jet, | b-tagged jet required

1297 (13 TeV) 12917 (13 TeV) 12917 (13 TeV)

?c}‘xBR-lpb)

300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000

mi™ [GeV] mi™ [GeV] m™ [GeV]
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| 3 TeV bbTT resonant: boosted

Higgs pt >1000 GeV will not be “resolved,” dR between higgs decay products

<0.4

Boosted tau reconstruction, where taus are seeded by fat jets

Tau decay modes examined: T.Th T, Th
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©
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Similar selection to resonant analysis: Tau decay modes: eTh, uTh,

and ThTh.

Since the reconstructed mass of the heavy H is not needed, a
Boosted Decision Tree (BDT) is used to identify 125 GeV H->TT

and 125 GeV H->bb

129" (13 TeV)

£ [cCwms bb e,
£2500 __preliminary channel

LA B I )

¢ Data

tt

QCD
1 Drell-Yan
B Other bkg.
Wit bkg. uncertainty
— Kk, = 1 (SM) (6x5000)
---- k, = 20 (6x100)

Data/MC
OO -
DO NNE O
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| 3 TeV bbTT non-resonant

45

A
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25
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SR bkg. uncertainty
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| 3 TeV bbTT non-resonant

For non-resonant Higgs boson pair production at kA=kA= | the observed (expected)
95% CL upper limit on o(pp—hh—=bbTT)G(pp—hh—bbTT) amounts to 508 (420) fb.

This value corresponds to approximately 200 (170) times the SM prediction

10°e 12.9 fb™ (13TeV)
2 " fCMS bbpt+bbet+bb1:t ‘
g P rehmmary - Combined channels
) ) P NS SN SO SO SR
More luminosity needed “F |
: 0 EY ;
Couplings could be x 5. 1"' :
enhanced in Several BSM S 1025_ ......................................................................................................... .................................
| = :
models C\g e gbserved E 5 5
S 10 :'.‘..‘Q.‘.’. ....... xpected CLs \ . R /ST ———— S— -
8 I Expected t 1o - : : :
| Expected + 20 : : : :
| §88 Theory prediction
N PN PR P
1—20 -10 0 10 20 30
kl

L. Dodd, U. Wisconsin 21-09-2016  Tau2016 CMS-PAS-HIG-16-028 125 GeV H->TT used as a tool for searches|9



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-028/index.html

' Talk Road Map

CMS Higgs to Tau Tau

125 GeV Higgs
SM H->TT at 8TeV

125 GeV Higgs ->TT used as a tool for searches

:And beyond: other masses '

HIGGS TO TAUTAU

MSSM Higgs decays to taus MASS NO LONGER
4= CONSTRAINED TO
Light Higgs, a decays to taus 125 GEV
Prospects for 2016
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IMSSM Higgs TauTau

mr.rr =/ (E™ + E™)2 — ((pi* + pi2)? + (py* + pi?)?)

) b
g <
: : : h,H, A
MSSM Higgs TT search with 2.3 /fb in 2015 at 13 S
TeV p 5
>
Gluon-gluon fusion and associated-b production 4%, no b-tag 2.31fb" (13 TeV
< 1500 '
. . ) [ CMS :]Z—nt
2 categories: one b-tagged jet, no b-tagged (:D - Preliminary =Z—>uu
jets using medium working point. = : -E‘“‘”‘"""“
{1000- [ Jaco
Very similar analysis strategy and event selection g ' . ey
to SM Higgs->TT T

500}
However, single lepton triggers used. No '
trigger requirement for the tau was applied.

SVFit is used. The My, variable rebuilt from

Q.

x
svFit output performed better than M., variable I e
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95% CL limit on o(ggé)-B(¢—11)(pb)

[MSSM Higgs TauTau

Event selection optimized for high mass
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8 TeV NMSSM a->TT

125 GeV Higgs, produced via gluon-gluon fuysion, decays to two light 8
scalars, (p, where p decays to taus.

Scalar masses between 4 < m;,<8 GeV predominately decays to q
taus in the mass range

Trigger off of 2 T ->J decays: muons P+ > |7 and P+ > 8

05

The other tau decays to either electron, muon, or “single prong”
tau. The sign of this charged track is opposite sign of the triggered

U. Track is used instead of a HPS reconstructed tau.

well separated (2)
same-sig% muons ./47
2 Boosted tau pairs d

The invariant mass between the muon and the nearby
charged track (from the ¢ decay)

__________ 12> GeV Higgs st decaystor
_________________________ hp  hih1

h alal e Lorentz-boosted ¢ states
______________________________________________________________________________________________________________ ‘|

hi alal arXiv:1510.06534 [hep-ex]
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18 TeV NMSSM a->TT

Each mu+track pair event contributes two
entries to the invariant mass distribution

Limits are set for mass @ one of the light
NMSSM scalars

reminder:

tau pair

topology

charged
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track
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Light Higgs aa ->HMMUTT

CMS measured B(h = BSM) < 32% at 95% CL. Set tighter limits on light higgs a BR.

H(125)->aa->pUUTT. Use UM to search for TT at moderately low mass 20<m,<m,/2

Require two taus in the event and look at the di-muon mass in the presence of the two other

taus to search for low mass, a.

Mass window cut for 4 lepton(UMTT) invariant mass 100-150 GeV

19.7 b (8 TeV)
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Tau decay modes examined: yuT Tg, MUT T, MUT T, MUT, T, and puT, T,

ILight Higgs aa ->HUTT

Upper limits between 4 and 5% are set on the branching fraction of the Higgs boson to two light
pseudoscalar bosons, under the hypothesis that the pseudoscalar aa does not decay to quarks.

Set limits for a masses between 20 <m,<m,/2
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Collecting data now!
SM Higgs Analysis

Measure fermionic
couplings, K

Expect more public results
soon!
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Summary

SM Higgs TT to be done at |13TeV
Various methods to look at Higgs decays to taus
Likelihood fits to reconstruct mass
8 TeV SM Higgs
di-Higgs h(bb) h(TT)
MSSM heavy Higgs searches
BDTs in non resonant di-Higgs models

Di-Muon Mass

M-track invariant mass
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BACKUP
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83 TeV MSSM bbTT+HIITT

Observed limits can be set in the generic 2 Higgs Doublet Model (2HDM)
interpretation

Combination of the MSSM hh, Zh limits

2HDM type-ll,m_=m,, = 300 GeV 2HDM type-ll, m _=m,, =300 GeV 2HDM type-Il, m_=m,, = 300 GeV
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Transverse Mass Distribution
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18 TeV MSSM bbTT+HITT

Tau2016
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Light Higgs h -> TT with b-jets

Performed at 8 TeV with 19.7 /fb
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Light Higgs h -> TT with b-jets

Performed at 8 TeV with 19.7 /fb
10° 'CIV_IS_ - 39.7_fb"_ (8 TeV)
Light pseudoscalar Higgs boson, E .. ex, ut , ep -'—gbser:e:
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Higgs Decays to TT
combination with Higgs to bb
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95% CL limit on o(ggd)-B(d—1t)(pb)

95% CL limit on o(bbo)B(0—t7)(pb)
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