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Search for MSSM Higgs bosons decaying to taus with CMS (O. Davignon) 2015-11-24

The Higgs sector in the Minimal

Supersymmetric Standard Model

O MSSMis a Type 2 Two-Higgs Double Model (2HDM) with a SUSY sector

- Two v.e.v,, 5 physical Higgs bosons

/7

% 3 neutral > ® = h (light scalar), H (heavy scalar), A (pseudoscalar)
% 2 charged - H*, H-

-~ Protects the h,,; mass, predicts small h,,. coupling deviations, etc.
O Attree level, the MSSM is controlled by two parameters: m, and tang

- Other assumptions (such as the higgsino mass parameters, the stop mass,
stop mixing etc.) can be used to define MSSM benchmark scenarios

—> Generally, results are interpreted in the m,™** and more recent m m°d
scenarios [M. Carena et al., Eur.Phys.J. C73 (2013) 2552]
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Constraints from the LHC experiments

% Low mass region (m,<150 GeV) excluded by H*>tv and ®->tt searches

/7

% Intermediate mass range allowed in tanf ‘wedge’

% High mass range (m,>300 GeV) progressively covered at
medium-high tang (mainly ®->tt,bb) and low tang values
(mainly di-boson final states)

[A. Djouadi et al., JHEPO6 (2015) 168]
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O MET = crucial components of di-t mass reconstruction

MET = |y

=_EﬁT

PF particles

Jet subconstituent constribution
taken into account using PF

CMS Preliminary 2012
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phase-space ME; resolution

Build multivariate Missing Transverse Energy
(MVA MET) to reduce degradation of
resolution with pile-up

O Di-t mass reconstruction (SVfit)

% Maximum likelihood method

*
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% Tau kinematics x phase space constraints x MET resol.

Improved separation with Z->tt background
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O Decay mode reconstruction = Hadron Plus Strip (HPS) algorithm
O Study of the different topologies + infermediate resonances

[Tracker + ECAL + HCAL] integrated

Th'induced jet Single Hadron Hadron + Strip Three Hadrons
* 1-prong
« T-prong + x°(>vy)
« 3-prong
. o5g x10° 19.7 b (8 TeV) . 5 )
> - CMS —— Observed 116 pE 2> M a, I
8 []Z - w: h*h'he a, > n* nono a, > mt Wt
= 200 ; [JZ — vu: h*nls
. C EZ - tu:h*
é-;: - I:ItEiI k
I t o . o
§ e T + Emfﬁi;:tvs_vea O Control of jet->r, fake rate through isolation (=t,-ID)
C ook o Uncertainty - Fake rate is ~3% at ~70% signal efficiency
50 O Control of u/e>x, fake rates through MVA-based
n h
discriminators
% 05 1 15 - wu/e fake rate are at the per-mil (per-cent) level

TAU-14-001 m, [GeV]
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Boosted t,-ID

Use of MVA boosted 1,-ID: combines isolation energy and < lifetime information

CMS Simulation 2012 CMS Simulation 2012
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_ e e
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| Efficiency: Z/y — 1t MC . ¥~ Efficiency: Z' (25 TeV) 5> ttMC
Fake-rate: QCD multi-jet MC (15 < PY < 3000 GeV flat) Fake-rate: QCD multi-jet MC (15 < Pr < 3000 GeV flat)
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Efficiency Efficiency

Reduction of jet->1, fake rate by 40 to 50% at constant efficiency, for low p;
as well as for high p; t,,(s)
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Updated CMS &>t search

O Previous published CMS &>t search is HIG-13-021 [JHEP 10 (2014) 140]

O New analysis [CMS PAS HIG-14-029] that brings two main improvements along

@ Use of MVA "boosted” identification of the hadronic taus (t,)
[documented in Run | Legacy (t,) paper TAU-14-001, submitted to J. Inst.]

@ Refined event categorization which allows for a better sensitivity to the MSSM-
specific kinematics

O Analysis of 7+8 TeV data (4.9+19.7 fb-1)
% Channels: pp/ep/pr, /et /T, (only the last three 8 TeV channels updated)

< Discriminant variable: SVfit mass (CMS’ reconstruced M_))
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Refined event categories

Pre-selected events

RN

No B-Tag B-Tag O Previous categorization
based on presence or not
of b-tagged jet
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Refined event categories

Pre-selected events

RN

No B-Tag B-Tag O Previous categorization
based on presence or not
of b-tagged jet
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Refined event categories

Pre-selected events

RN

No B-Tag B-Tag

ANV

No B-Tag No B-Tag No B-Tag B-Tag B-Tag eane °
Low p.(t,) Medium p.(t;) High p{7,) Low p.(17;) High pA{7,) n Furfher Spllﬂlng USIng pT(Th)

UT,/€T, = 30 <p,(1,) <45GeV  45<p.{t,)<60GeV p1,)>60GeV  30<p,(1,)<45GeV  p,(1,)>45GeV and applied to 8 TeV most sensitive
channels: e, pt,, 7,1}
Ty T, = 45<pT,) <60 GeV  60<p,{1,)<80GeV piT,)>80GeV  45<p1,)<60GeV pT,)>60GeV

—> 5 exclusive categories for each decay channel

O Improved sensitivity as different kinematic regimes have different S/B
ratios

O High-mass Higgs signals expected to contribute mostly to no-b-tag
high and b-tag high categories
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L—tT Z—)ee/uu

+ Shape = embedding technique « Shape & Norm. = MC
Data Z—uy, u replaced by MC t
 Normalization = MC

CMS Preliminary, 19.7 fb" at 8 TeV
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ElectroWeak (W+jets, di-boson, ...)
 Shape = MC

* Normalization = data extrapolation
(from high m; sideband)

Hbar

QCD « Shape & Norm. = MC simulation
« Shape & Norm. = Data driven.

(from same sign anti-isolated events)
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I-1T I—ee/un

» +t-ID and frigger efficiencies * Lepton to t fake rate
* Tt-energy scale
* Normalization

W+jets

* Normalization from exirapolation
Di-boson

« Normalization

L+jets

« Jetto t fake rate

CM! Preliminary h,H,A—tt 19.7 fb™ (8 TeV,

I L] L] L] L] LI I
------ h,A,H->tt

CTh —@— Observed

dN/dm... [1/GeV]

Htbar
« Normalization

Signals / common systematics
« e/u selection efficiency

» jet energy scale & resol.

* MET resolution

« PDFs

» Scale variations

?Czormqlizqﬁon |+ shape syst. from limited 1| | fanp dependence (new)

. e . « Underlying event
I |
« Shape = extrap. _Statistics when applicable
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O Comparison with previous published CMS analysis (HIG-13-021)
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CMS Preliminary ¢—1t
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For most of the mass points, the improvement in expected sensitivity
is > 20% and up to 50%
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gg?

O No significant excess found
O Limits range

bbd

2015-11-24

% O(10) pb for m;~100 GeV
< 0O(10-2) pb for my;~1000 GeV
15



O Model dependent 95% CL limits in (m,,tang) plane
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>ttt results from CMS

CMS Preliminary, h,H,A—tr, 19.7 fb™' (8 TeV) + 4.9 fb™ (7 TeV)
I I I I I I I I I I I I I I I I I

CL(MSSM,SM)<0.05: m hmod+

— Observed

Expected

- + 1o Expected

it i iR

d+ .
scenario

1
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——
//////
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800 1000
m, [GeV]

600

Search excludes low m, region
except tanpg <10-20

Larger masses and tanp ~ 20-50 still
allowed

Run Il will extend search to masses
beyond 1 TeV
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Conclusions & prospects

Using LHC Run | data, CMS has searched for neutral Higgs bosons in the &>t
channel, implementing two significant changes

O Efficient MVA 1, -identification using lifetime information
O Improvement of the categorization to better target MSSM phase space
-~ Limits are set: for example, m,< 400 GeV with tang > 12 is excluded

No evidence of an extra Higgs boson found just yet
Stringent limits on extra resonances and MSSM parameter space were set
This analysis is now the reference and benchmark for future ®->tt searches

LHC Run Il data will allow to explore further the Higgs sector

O Highest production cross section and reach due to increased c.o.m.

O Other channels (H>hh, A>Zh, etc.), sensitive at low tang, will have a
complementary role with ®->r

- In 2015, CMS has collected ~2.5 fb-! of 13 TeV data = currently under analysis ©

The scalar sector offers unique discovery potential in Run Il
The ®->7t channel is by far the flagship of this effort
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18



1072

Relative yield / bin

1073

107

’ 7CMS Simulation

107"

Search for MSSM Higgs bosons decaying to taus with CMS (O. Davignon)

MVA T, -Isolation

8 variables as input: isolation p;
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Jets

0 5 10 15 20 25 30 35 40

= p** (A < 0.2 cm) [GeV]

2015-11-24

19



Search for MSSM Higgs bosons decaying to taus with CMS (O. Davignon) 2015-11-24

O 8 variables as input: isolation p;, decay mode

’ CMS Simulation CMS Simulation
c : £ i
2 N, 2 06" NEA
© 7 ko] [ %
B 107 7 |Jets 3 05 [ ] Jets
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R 2 04
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p piharged (A z<0.2.cm) [GeV] 1, decay mode
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MVA T, -isolation

2015-11-24

O 8 variables as input: isolation p;, decay mode, and variables related to t lifetime
CMS Simulation
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MVA T, -Isolation

O 8 variables as input: isolation p;, decay mode, and variables related to t lifetime

c ’ CMS Simulation c CMS Simulation c CMS Simulation CMS Simulation
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ATL AS d->t+tr results from ATLAS | e @oia)ose

EXPERIMENT

O Analysis of 8 TeV data (19.5 -20.3 fb-) % Categories based on:

\/ . °
< Channels: ep/ut,/et, /Tt @D number of b-tagged jets for
% Two variables are used as final discriminators: eu, et ut, channels
o @ low m, / high m, specific
@ Missing Mass Calculator @ Total transverse mass cuts for et, and ut, channels
(MMC) in ey, ey, uv, in t,t, channel @ Trigger used in v, channel
> T e RARR S R R A R SRS RN IR R
$ F ATLAS 5= 8Tevﬁ_dt 20.3 " 1 8 104;ATLAS fs= 8TerLdt 195" E
o 300%h/H/A_>TIeprhad —e— Data 2012 ] o Eh/H/A_)Thad‘Ehad —e— Data 2012 E asOl\\\\‘\\\\‘\\\\‘YYYY‘YYVY[YTTT[YTYY‘YYYY‘TTTT
2 | high mass category DAS0.EV-0 T | g rigger category —— miisD-tanp=i0 | S _ [ ATLAS (s=8 Tev fLdt=19.5-2031" ]
2 250} mm 7 cel — 2] i I Multijet i =700 s=c eV, e ned I
z | et 8 0 -, - MSSM ™ scenario, M, = 1 TeV, WHIA— Tr}
W p00F I Muttiet 4 W F [ Others ] B 7
E \\\\\' Bkg. uncertainty . = \\\\\' Bkg. uncertainty | - 95% CL limit ]
150 ] I | - =
B ] 10°F E ;
1001 - ,
S0 1 | E
00 100 200 300 400 500 600 700 800 9001000 0 50 100 150 200 250 300 350 400 E
mit'C [GeV] mital [GeV] E
1llll1111llllll111llllllllllllllllllllllllllz
% each channel is used in the mass range 100 200 300 400 500 600 700 800 9[2;3 1V0]00
m, [Ge

for which it is most sensitive
(e.g. Tt only used at high masses)
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ATL AS d->t+tr results from ATLAS | e @oia)ose

EXPERIMENT

O 95% CL limits on gg® and bb® production cross section x BR
ggd bb®

31 03 TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTT IE 3‘1 03 TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTT IE
S [ ATLAS (s=8TeV, f Ldt=195-2031" ] S £ ATLAS (s=8 TeV, f Ldt=19.5-203f"
= 10? gluon fusion o — T E E 10? £ b-associated production o — 1T E
1 : 1 :
© —e— Obs 95% CL limit 7 < —e— Obs 95% CL limit 7
108 ¢« 0 Exp 95% CL limit F10e L Exp 95% CL limit =
m RE ] o o ]
8 i 20 | X I 20 i
o 1¢ E o 1¢ E
107 E 107F E
10-2|§_ 5 10-2§_
10-3_|||||||||||||||||||||||||||||||||||||||||||||_ 10-3_|||||||||||||||||||||||||||||||||||||||||||||_
100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000
m, [GeV] m, [GeV]

O No excess found
O Limits range
% 0O(10) pb for my;~100 GeV
< 0(102) pb for m;~1000 GeV
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Ottt results from ATLAS

O Model dependent 95% CL limits in (m,,tang) plane
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JHEP 11 (2014) 056
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O Search excludes low m, region except for low tanf (<10-20)
O Larger masses and moderate tang (<20-50) still allowed
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ATLAS/CMS comparison
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