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Introduction

 SM-compatible Higgs boson observed by CMS and ATLAS in
2012

— What else is there?

* |nthe MSSM, there are 2 Higgs doublets > 5 physical Higgs
bosons: h, H, A, H*

* Attree level the MSSM Higgs sector is defined by m, and tanf3
* High tanP: enhanced branching ratio into tt

* Production processes for neutral Higgs bosons: gg->,
gg>bby (p=h,H,A)

g b

ggep



H—>tt final states

T
* tTsdecayinto e,u or hadronically .
\/\/" ’

* Can search for final states t, T, UT;, €T, €W, UM, ee
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CMS-PAS-HIG-14-029

MSSM H=>tt results in run |
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CMS-HIG-14-034

Event selection

* Select events with di-t candidate and 2 jets in final state
* Events split into channels based on the final state of the ts: et,, ut,, 1,1,
* Three categories: :

2jetOtag 2jetltag 2je|t2tz1g2 btaced

At least 2 jets with At least 2 jets with tleast 2 b-tagge

p:>20 GeV, none of p:>20 GeV, exactly jets Wi’Fh p>20 G'e.V
them b-tagged one of them b-tagged Most signal-sensitive

19.7 fb (8 TeV) 19.7 b (8 TeV) 19.7 fb @8 TeV)
s VT R i 1S 50f S T
------ 10xH—hh >bbrr ] 2 -----= 10xH—~hh—bbt 1.8 F - 10xHhh ~bbrr -
8 18 —CMS —e— Observed -] 8 4.5 .—CM_S ——— Observed 8 CMS —¢— Observed 3
= [ Ut 2jet-Otag Cdz-w ] = E 2jet-1tag Cdz-w = 1.6 —MT 2jet-2tag —y 2 =
> 6F D Electroweak | ~ 40F (@ Electroweak ~ C (@ Electroweak
£ 1aE C3acp 48  ss5E CacDp £ 141 CacDp 3
£ n SE — c C = h
3 g COu 1 x ] - ST F — ]
= b [ Bkg. uncertamty 1= 30 2 [ Bkg. uncertainty = 12 [ Bkg. uncertainty J
E E MSSM low tanp scel : E E MSSM low tanf scenario E 1.0 :_ i i MSSM low tanf scenario
% 10 o m,= 300 GeV, tan| 43-2 E % 25 — m,;= 300 GeV, tanf=2 % ' F i m,;= 300 GeV, tanf=2 ]
sf 3 20F 08 1t E
6F 3 15F o6 [ i E
- ] E - il ]
4 - 10 F 04F |F + -
oF - 05F 02F i 3
s ] : oS I ]
... s 0.0k 0.0 A BT e — el
200 300 400 500 600 70 200 600 70C 200 300 400 500 600 700
kinfit kinfit kinfit
Mt (Gev) Mt (GeV) MLt (GeV)

Blue line: signal x10 8



CMS-HIG- %4 13.

H—hh—bbrtrt 19 7
® > L L

A I t t 8 50001 CMS —— Observed i
n a yS I S S ra egy < [ ut,, inclusive [ ] Bkg. uncertainty ]
S5 - [Z-w .
/ l‘g 4000'_ O Z—uu _-

* m.< 30 to suppress W+lets s I [ Electroweak
: - W 3000 region . aco ]
* Consider mass window of 90 < m_ < 150 GeV and - ot ]

70 <m,, < 150 GeV

e Construct m,, from kinematic fit which takes b-
jets, visible t decay products and missing E;,
assumes m_=m,, =125 GeV and varies object
energies to fit this constraint

2000f

1000k

OI I I2OI I4OI I I60I I I80I I 100 I 120 I 140 160
19.7fo' (8 Tev) My (GeV)

o Extract Signal from ﬁt to ; 50 LN B R L L N L B N B I L B B B B LB B B
0 4c CMS ------ 10(:)><H—>h|’(;—>bbm:
kinfit A; H : . —— serve
my, <"t distribution g ., 2jet-Ttag e
= 40 [ Electroweak
- . £ Cacp
m,"fit for 2jetltag £ 3° D
3.0 [ ] Bkg. uncertainty

/dM

category in pt,

MSSM low tanp scenario

channel \%\)2-5 m,,= 300 GeV, tanp= 2

2.0
Signal peaks more i 5
sharply than o
background = F [t

0.5

0.0 =ttt

200 700

Mhinfit (GeV)



CMS-HIG-14-034

Results — model independent
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Results — model interpretation

* (Can calculate exclusion
limits in different
scenarios

* For example low-tanf
MSSM scenario

— Scenario tuned so that m,
is compatible with 125
GeV for most of low tanf3

region
e Results combined with
search for A2Zh=2>lItt

for model interpretation

125 GeV mass constraint.
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MSSM low tanp scenario
95% CL Excluded:

Observed [l = ToExpected " mliSSM 5 125.3 GeV

\\\\\\

----- Expected . + 20 Expected

H—hh—bbtt + A>Zh—/ht
4.0F T T T T T T T ]

19.7 fb™ (8 TeV)

2.5}

2.0}

1.0t




Summary and outlook

* Search for H>hh->bbtrt in pt, et,,t,T, channels has been presented
— 95% CL on o(gg—>H)xBR(H=>hh->bbtrt) 0.2-0.4 pb in 260<m,,<350 GeV
— Combining with A>Zh->lItt excludes region below tanf~2.5 in low tanf
MSSM scenario
e With around 2.5 fb! of data collected at 13 TeV by CMS in 2015, focus
back on MSSM H> Tt

— G@Gain in sensitivity at higher masses \
100

WJS2013

* Watch this space for results out soon . :
ios of LHC parton luminosities: 13 TeV /8 TeV i ]
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M, Mod* scenario

* Modified version of m, ™ scenario to incorporate 125 GeV
higgs boson

* m, " scenario:

— Used in LEP higgs searches
— Mg =1TeV
— Stop mixing parameter X, =2-Mqy

* In m,m°%* scenario: X;=1.5Mg gy
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Background estimation

DY Z-> 1t
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Results — model interpretation

* For example type-ll
2HDM scenario

* Coulings in MSSM are
subset of type-Il 2HDM
couplings

* More than 2 parameters
are needed to describe
these models : m,, m,
fixed, then can interpret
in tanfB, cos(B-a) plane

* a mixing angle between 2
higgs doublets

* Couplings to fermions
~sina/cosP*y.y,: sina=0, h-
>TT,h->bb=0

 Cos(B-a) = 0: properties
exactly SM like, H->hh =0

2HDM type-ll, m =m, =300 GeV
95% CL Excluded:
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