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Introduction

 Recent Higgs studies confirm that Electroweak Symmetry Breaking is realized
via Brout-Englert-Higgs mechanism

What is the structure of the Higgs potential? Two ways to address this question
* high precision measurement of the discovered Higgs boson
+ search for additional Higgs bosons predicted by theories beyond SM (BSM)

 Main focus of BSM Higgs searches at LHC : general two Higgs doublet models
(2HDM) and minimal supersymmetric standard model (MSSM)

 no signal found yet - limits on model parameters are set
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* This talk » searches for exotic Higgs bosons beyond 2HDM and
MSSM




2 Higgs Doublets + 1 Singlet Models

- 7 physical Higgs states : 2 CP-odd a,,, 3 CP-even h, ,;, 2 charged h:

Type-1 | Type-2 | Type-3 (lepton-specific) | Type-4 (flipped)
Up-type quarks b, D, b, D,
+ example : next-to-MSSM Down-type quarks | @ @, P, D,
. Charged leptons b, Dy Dy D,
Higgs sector : 2HD+1S type-2 a1 couplings to fermions
solves p-problem of MSSM Up-type quarks cotf | cotp cot cot B
N A oA Down-type quarks | —cotB | tanpf —cotp tan 8
)\SHu Hd — Heff = )\ <S> Charged leptons | —cotp | tanp tan —cotf
tan 8 = vg, /Vs,
- Particular scenario tan f=5, TYPE 11

a, is very light ( 2m_, < m,,,; )
and has large singlet component

- reduced couplings to fermions

* hard to detect via conventional

production mechanisms 0.001 f
— dd
gg-a, & bba, \l\
. accessible via H(125) - a,a,» (F,f,)(F,f,) % 5 5 %




CMS H(125) -» aa - (tT1)(bb) Search at 13 TeV

* analyzed di-tau signatures : 7.7, TeTh, T;,Th HIG-17-024
- at least one b-tagged jet : p, > 15 GeV, |n|<2.4 3591 (13 TeV)
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Interpretations of H(125) -» aa - (tt)(bb) Search

35.9fb' (13 TeV)
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H(125) -» aa =» (Mp)(TT) Search with CMS at 13 TeV

analyzed final states : [/t + 7o, (14 + TeTh, i+ TuThy 14+ TaTh HIG=17-029

probed m, range : 15 - 62.5 GeV

m, > 15 GeV : sizable angular separation between leptons in a » pp (TT) decays
x10° 35.9fb" (13 TeV)
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ATLAS H(125) -» aa » 4 Search at 13 TeV

- selection of (1717 )(u"u”) events : arXiv:1802.03388

0.88 < mjg34 < 20 GeV, 120 < my, < 130 GeV
m34/m12 > (.85

mM12.34 - invariant masses of ,u+,u_ pairs, Mmi2 > May

- | s e B B L L B B

(% - X é“ﬁlifée"lae?fﬁielé%if‘fiow foens  13TeV.301 17 pro bed m ra nge : 1 -15 GeV
=5 __ £% Signal relgion H— XX > 4I_E a
r §—"W = — Observe ; ,41'1_,¢\$1 =
”ﬁgag‘ . (,F ---- Expect 13 TeV, 36.1 fb™ ]
’ + . _H 4y
- ol  Tyoellianp = |
|2 - =

s ‘:;Ef X ]

x —_

% >/‘/<'///////////’///////////’//////;

Zjovy 1

%l...x..x...\..\;{i
2

8 10 12 14 16 18 0

—_

<
N
|

||||||||||||||||||||||||||||||||||||||

95% CL upper limit on

AN

—
S
IS

20 30 40 50

m, [GeV]

7




Phenomenology of Models with H**

= gppear in Higgs triplet models attempting to explain neutrino
mass hierarchy

« type-ll see-saw models
* left-right symmetric (LRS) models
distinguish between ;7= and Hz= (couple to /;, and (r , respectively)

Hfi and H;Fi have different couplings to Z boson

¢t
experimental signatures 1 ,
,
— _— ’,
¢~ Z/y" = H'"H LT
,
H** — WEW™* or H* — (70 s
/P}/ ‘\;Hr__ 4{}'—
for many models mass-coupling o
relation doesn't hold for H:t q
- no preference for decays to 77+ /=

- high sensitivity is provided by decays into lighter leptons

e + + + + *  *
H>" —e e, ppu -, e p




ATLAS Search for H* at 13 TeV

Analysis searches for H** in multi-lepton final .
states from H++H- production arXiv:1710.09748

Events classified in various categories based on

* lepton multiplicity and lepton flavor composition

Signal is extracted from simultaneous fit to mass variables in all
categories

2-lepton and 3-lepton regions : mass of the same sign lepton pair
4-lepton region : average mass of two same-sign lepton pairs

WAl T

45F ; |

£ S E 2 10°
L% 40 ?%Z-gfev 36.1fb" sreaL (P; : 4|52) cev E L% 104 Asnrc?fev 36.1 b SRzF:;L r)l llgo e
355_ ¢ Data %% Total SM = ( 1) = 100% _E 10° * D:ata %% Total SM = B(utut) = 100%
30 Diboson [ Fakes m(H *) = 650 GeV = [ Diboson [ Fakes m(H*) = 650 GeV
- Il Top T B(e*ut) = 100% 3 10? Top = B(utwt) = 100%
255_ m(H %) = 850 GeV = 10 _m(H *) = 850 GeV
- / B(e*ut) = 100% — B(uut) = 100%
E 107"
,,,,,,,,,,,,,,,,,,,, . . 1073 / /// /// 777777
2_— " 2 . 2
§151_ ________________________________________________________________ B — éf////////////////////////é éé////f
g 08_ .................................... ““oa - Z g 0_8 / //////////////////// .
300 400 500 1000 2000 200 400 600 800 1000 1200
m(e*pt) [GeV] M [GeV]




Interpretations of H** Search

no signal is observed in H** search

o(pp— H™H) [fb]

limit on BR(H** - [%/*) and o(pp -» H**tH")
are set under various model assumptions

few representative examples

are given here
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Various searches are performed by ATLAS and CMS for
exotic Higgs bosons beyond 2HDM and MSSM

 generic 2HD+1S models
* models with H*=

Searches reveal no signal so far
Constrains are set on model parameters

Collaborations are extending scope and enhancing
sensitivity of these searches by

« considering more experimental sighatures
* improving experimental techniques

11






Summary of Runl H(125) -» aa Searches at CMS

« most of CMS H(125) —» aa searches at CMS are performed inclusively
H(125) — aa — (" p™ ) (" p”)

clean signature : two boosted p+p- pairs

low background : mainly QCD multijets with muons from quarkonia and

b/c-hadron decays (estimated from data) 19.7 ib (8 TeV)
— T T rrri II 1 T T | II 1 1 1 |
 signal : resonant peak in 2D mass % .k CMS
distribution of boosted muon pairs 0 e —
£ 10° 4
+_TF + __F ~ %
H(125) — aija; — (T,u 7-1—prong)(7-u 7-1—prong) CS 10
* signature : two same sigh muons == //
each accompanied by Single track \_64‘000 1 .................................................... %z ....................... s
. . . 10"
* major background : QCD multijet o .
(measured in data) - 10'2 No prediction for B(a—s XX)
o E
. - 3 . h—aa—pprt (HIG-15-011)
signal extracted from 2D mass 2 10 INMSSM-like e o (G- 10080)
distribution of muon-track pairs Yo B b saascce GHEP 01 (2016) 079)
@ 1 0 2HDM+S type-z h—aa—troz (HIG-14-022)
H(125) — al a:l — (TMTX>(TMTX) 10'5 tanB=2'0 h—aa—suuuy (PLB 752 (2016) 146)
e . . .. arXiv:1312.4992 X v
+ sensitivity is enhanced by exploiting 106 Dl e
VH production mode in addition to gg - H 1 10
- boosted T pairs : Ty identification after removal of selected T, m, (GeV)

event categorization based on m, of triggering muon and missing E;

counting experiment after mass cuts with m,,, > 4 GeV

13



Summary of Runl H(125) » aa Searches at CMS

H(125) — aa — (ut ) (bb)

« cut on invariant mass of selected objects : [m,,, - 125 GeV | < 25 GeV

 largest backgrounds : low mass Drell-Yan and top-pair events

- signal extracted from analytical fit of m , spectrum

19.7 fo' (8TeV)
201

18- —e— Data cms

Signal + background
best fit, m, = 35 GeV

Events /0.5 GeV

N
inaan RARN RN RRRN RN RN

|\

2
2

el b L Lo P b b e W LR [
5 30 35 40 45 50 55

H(125) — aa — (pp)(77)

+ exploited di-tau signatures
TeTey TeTps TeThy TuThy ThTh

+ largest backgrounds : irreducible ZZ and
WZ, WW and QCD with jet —» T fakes

+ signal is extracted from analytical fit of
m, , spectrum

19.7 fb' (8 TeV)
T IIIIIII ] T IIIIIII 1 1 | -
10° CMS
Preliminary
10° %
10

‘,_// h— aa searches

2
1 0 No prediction for B{a— XX)

10°INMSSM-like
10 E 9HDM+S type-2

h—aa—pprt (HIG-15-011)

h—aa—pubb (HIG-14-041)

h—aa—strez (JHEP 01 (2016) 079)

h—aa—trz (HIG-14-022)

10-5 tanB = 2-0 h—aa—ppup (PLB 752 (2016) 146)
arXiv:1312.4992 expected | observed
10-6 L 11l ] N 1 111
1 10
m, (GeV)

 Both analyses are insensitive yet to NMSSM scenarios
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Summary of Runl H(125) -» aa Searches at CMS

H(125) — aa — (ut ™ )(bb)
« cut on invariant mass of selected objects : [m,, - 125 GeV | < 25 GeV
 largest backgrounds : low mass Drell-Yan and top-pair events

- Signal extracted from analytical fit of m  spectrum

19.7 fo' (8TeV)
20

18 F —e— Data Ccms

19.7 ib' (8 TeV)
Signal + background Pt Er R

Events /0.5 GeV

2HDM+S type-3
m, = 40 GeV

®
innna RN RN RN RN RN

H(125) — aa — (pp)(77)

+ Exploited di-tau signatures
TeTey TeTps TeThs TpThs ThTh,

h—aa—pptt (HIG-15-011)
h—aa—ypubb (HIG-14-041)
* Largest backgrounds : irreducible ZZ and expected []observed

L I L L L 1 I L L L L I 1 L L L I L L

WZ, WW and QCD with jet —» T fakes ] > 3 4

+ Signal is extracted from analytical fit of tan B

m,, spectrum

 Both analyses are insensitive yet to NMSSM scenarios but
provide constrains on alternative 2HD+1S models
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Signal extraction in H(125) -» aa -» (Mp)(TT) Search

Signal extracted from fit to mass spectrum of reconstructed a -» pu candidate

background shape modeling : Bernstein polynomials
reducible (ZZ - 2/+2q, ttbar, QCD) : from

irreducile (ZZ) estimated

from simulation

35.9 b (13 TeV)

- I B B LA B LR LA B BLELELELE B B B . L1
S 4B cMS + Ut E =500
© 35F preliminary HEL+ 1T, - © f
30F- 3 400F
25F —— E 300F
20F T = -
15 3 200F
10F 3 -
E + E 100
5 = -

C 1 1 1 1 1 1 1 1 1 GI 1 1 1 1 1 1 1 1 1 ]

15 20 25 30 35 40 45 50 55 60 i5 20 25 30 35 40 45 50 55 60

my, (GeV)

sideband with SS, loosely isolated T candidates

My, (GeV)

signal shape modeling

H(125) -» aa -» (pp)(TT) component H(125) » aa - ('t T )(TT) component
Voigtian = Gaussian ® Lorentz profile Gaussian + polynom|a|

ts

~m, = 20 GeV — m, = 30 GeV

” R R AR R R R R R AR
£ .f CMS m, = 20 GeV — m, = 30 GeV | c 03,CMS
g [ Simulation Preliminary — m, =40 GeV m, = 50 GeV L%) L Simulation Preliminary —m, =40 GeV m, =50 GeV ]
T 1 c e ]
C g —m, = 60 GeV 0.25F MHL+ HT m, = 60 GeV B 2
Bth— aa— 2u21) = 0.1% - Blh— aa— 2u2t) = 0.1% gr—sy =15

e L TS
Myy (GeV)
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H(125) -» aa =» (pp)(TT) Search with ATLAS at 8 TeV

search extends in m, down toa - TT

Phys. Rev. D92 (2015) 052002

decay threshold ( m, ~ 3.75 GeV )

* M+t pairs with invariant mass in the range 2.8 - 70 GeV are selected
- one T is identified via leptonic decay 7 — iy, £ =e, u (1)
« for low m, a boson is Lorentz boosted & its decay products are collimated -

T¢ candidate is accompanied by 1, 2 or 3 nearby tracks with leading track
having opposite sign w.r.t. 7y candidate

two signal regions are defined by flavor of lepton from tau decay : SRy & SRe

signal is extracted from simultaneous fit of m ,, spectrum of a » pu candidate in
two signal regions

> —_— — > e e

g | SRu ATLAS —— Data T S |[| SRe ATLAS —s— Data

o ..l (s=8TeV,20.3f6"  —— Background Model _| o ol (s=8TeV,20.3f"  —— Background Model |

o 15H o 15H -

S - Fit Uncertainty e S H Fit Uncertainty e

% 11 Z/y* Component ] _.g dIr e Z/y* Component i

O ] R | tt Component - e Hs tt Component 4

w 104 iy — w 104 v ]
L .t i L |t i
B 7 other a r ’ Other .

5__ — BR(h—aa)=10% _| 51 [ l }l l —BR(h—aa)=10% _|

f : ; ull 3

=1 007 Emm s allhalee o =1 00_ o ol i‘

©100f <100

S S

2 o .i' % $ it ‘ S ol b

S1o0f Il ¢ ] B1o0f L

< 4 5 678910 20 30 40 5060 © 4 5 678910 20 30 40 5060

° m,, [GeV] ° m,, [GeV]
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ATLAS H(125) » aa =» (mp)(TT) Search Results

Results of the search are used to set limit on

h
(88 1) BR(h - aa) x BR2(a — 77)
OSM

. I'a — m
under assumption (0 = o) _ =

I'(a— 77) mZ\/l B (2m7/ma)2.

o 10°E E
5 - m,=m =125 GeV ]
& - ATLAS " " Observed 95% CL .
o \s=8TeV,2031H" ... Median Expected 95% CL |
x 10F e tto E
g - t20 .
T —
R -
X = =
S _
Bl 107E E
1 0'2 L L I Lo ' ' :
4 5 6 7 8910 20 30 40
m, [GeV]

18



	PowerPoint Presentation
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18

