A Higgs Discovery via
Exotic Higgs Decays

work with Baradhwaj Coleppa, Shufang Su
arXiv: 1404.1992

Felix Kling

University of Arizona

Phenomenology Symposium, 6th May 2014



Introduction
Standard Model

Fermions Gauge Bosons Higgs Bosons

matter particles force carriers

Quarks

Felix Kling . . . . . THE UNIVERSITY
Pheno 2014 A Higgs Discovery via Exotic Higgs Decays A OF ARIZONA.



Introduction
Standard Model

Fermions Gauge Bosons Higgs Bosons

matter particles force carriers

Quarks

Leptons

We found a Higgs boson!

Felix Kling . . . . . THE UNIVERSITY
Pheno 2014 A Higgs Discovery via Exotic Higgs Decays A S OF ARIZONA



Introduction

Beyond the Standard Model

Fermions Gauge Bosons Higgs Bosons

matter particles force carriers

Quarks

Leptons

Most theoretical models have

more Higgs Bosons!

Felix Kling . . . . . THE UNIVERSITY
Pheno 2014 A Higgs Discovery via Exotic Higgs Decays A S OF ARIZONA



Introduction

Beyond the Standard Model

Fermions Gauge Bosons Higgs Bosons

matter particles force carriers

Quarks

Leptons

Most theoretical models have

How can we find them?

more Higgs Bosons!

How can we describe them?

Felix Kling . . . . . THE UNIVERSITY
Pheno 2014 A Higgs Discovery via Exotic Higgs Decays A S OF ARIZONA



Introduction

Beyond the Standard Model

Fermions Gauge Bosons Higgs Bosons

matter particles force carriers

Quarks

Leptons

Most theoretical models have

How can we find them?

more Higgs Bosons!

Felix Kling : : : M THE UNIVERSITY
Pheno 2014 A Higgs Discovery via Exotic Higgs Decays A OF ARIZONA




Introduction

Beyond the Standard Model

Fermions Gauge Bosons Higgs Bosons EXOtiC Higgs Decays

matter particles force carriers

Quarks

Leptons

H
70
A

>
\
—
\

w*

Most theoretical models have
How can we find them?

more Higgs Bosons!

Felix Kling . . . . . THE UNIVERSITY
Pheno 2014 A Higgs Discovery via Exotic Higgs Decays A OF ARIZONA




Type Il 2HDM
Two Higgs-Doublet Model:

_I_
- two scalar doublets ®; and &, with &, = b .
(v + @) +iGi) V2
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Type Il 2HDM
Two Higgs-Doublet Model:

I

- two scalar doublets ®; and &, with &, = ((Uz n ¢?ii ZGZ)/\/§>

- model described by masses and mixing angles
CP even Higgses: LY, HY HO = ¢) cos a + ¢5 sin o
CP odd Higgs: A Y = —¢)sina + ¢ cosa
Charged Higgses: H™* A = —Gi1sinfB+ Gacosf
Ratio of vev: tan H*= —¢F sin B + ¢ cos 3

Mixing between CP-even Higgses: o
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Type Il 2HDM
Two Higgs-Doublet Model:

I

- two scalar doublets ®; and &, with &, = ((Uz n ¢?ii ZGZ)/\/§>

- model described by masses and mixing angles
CP even Higgses: LY, HY HO = ¢) cos a + ¢5 sin o
CP odd Higgs: A Y = —¢)sina + ¢ cosa
Charged Higgses: H™* A = —Gi1sinfB+ Gacosf
Ratio of vev: tan H*= —¢F sin B + ¢ cos 3

Mixing between CP-even Higgses: o

Couplings for Type Il 2HDM:

- Coupling to fermions

up-like quarks couple to ®4

down-like quarks and leptons couple to ®5
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Constraints on Parameter Space
see arXiv 1305.002

Y — 126 HY — 126

non
perturbative

pass exclusion
bounds

signal region

SM like region: sin(f — a) = +1 sin(f —a) =0
extended 0.5 < sin(f —a) < 1 0.8 < sin(8 —a) <0
region:

Felix Kling : : : M THE UNIVERSITY
Pheno 2014 A Higgs Discovery via Exotic Higgs Decays A OF ARIZONA



Exotic Higgs Decays - Neutral Higgs

Production: A Decay: H Decay:
gluon-gluon fusion A— HZ H — 0b, T

gitA ~ cot [ groAz ~ sin(f — ) JHObh, 7+ ~ COS/ cOs 3

gobA ™~ tanﬁ Jgro Az ™~ COS(ﬁ — a) ghobb,TT ~ COS Oé/ Sinﬁ
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Exotic Higgs Decays - Neutral Higgs

Production: A Decay: H Decay:
gluon-gluon fusion A— HZ H — bb, 77

gitA ~ cot 3 gHo Az ~ sSin(f — «) GEHOb 7+ ~ COS /) cos 3

grpaA ~ tan f3 gnoaz ~ cos(f — «) Grobp,++ ~ COsa/ sin f3

BothA — H°Z and A — h°Z can be dominating decay channel
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Exotic Higgs Decays - Neutral Higgs

This also applies to H —+ AZ

Production: A Decay: H Decay:
gluon-gluon fusion A— HZ H — bb, 77

gitA ~ cot 3 gHo Az ~ sSin(f — «) GEHOb 7+ ~ COS /) cos 3

grpaA ~ tan f3 gnoaz ~ cos(f — «) Grobp,++ ~ COsa/ sin f3

BothA — H°Z and A — h°Z can be dominating decay channel
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Exotic Higgs Decays - Neutral Higgs

Analysis:
- dominating backgrounds: tt, Z/~*bb, hgy Z
) . mpg = 50 GeV
- for details see: arXiv 1404.1922
Mg = 126 GeV
Discovery/Exclusion limits mp = 200 GeV
1000 37 . S
s00. R gg>A-HZ-bb LT 200 gg>A—>HZ-bb 7 ( -
o) > o Discovery | 2100 95% C.L Exclusion-
» 200 ,— M
« 1 S T T I
b 50 L & N S T 1 b
Q\~-- ~) 10 -
D) =
20 ST 's:_ a0
200 300 400 500 600 200 300 400 500 600
my (GeV) my (GeV)
these limits are model independent
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Exotic Higgs Decays - Neutral Higgs

Implication for Type || 2HDM: ma = 400 GeV
HY — 126 Scernario mgo = 126 GeV
sin(8 — a) =0 (SM like region) mpo = 50 GeV

50 A 50

A->nz
mho :50 GeV —

sin (f—a)=0 |

tan B

200 300 400 500 600
M A (G@V)

=== 95% C.L.Excl./ 5 0 Discovery for hY — bb
= === 95% C.L.Excl./ 5 o Discovery for hY — 71
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Exotic Higgs Decays - Neutral Higgs
Implication for Type Il 2HDM:

tan

hY — 126 Scernario hY? — 126 Scernario
sin(f — a) =1 (SM like region) sin(f — a) = —1 (SM like region)
10 e e -
- m=200 GeV A H 7 - I
8| sin(B-a)=1 : 40 L ;
I j [ ) I,
[ —_
1
\ S
e
200 300 400 500 600
—— === 95% C.L.Excl./ 5 o Discovery for 1° — bb
—— === 95% C.L.Excl./ 5 o Discovery for h° — 77
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Exotic Higgs Decays - Charged Higgs

b
A~ <
Production: A Decay:
t H Tassociate production A — bb, T

o ~ m;cot® B+ mj tan® 3 gAbb,rr = tan g

- to be pusblished soon
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Conclusion

Exotic Higgs Decays: ; §<
- possible decay channels: A
A/H - H/AZ, H* - A/HW g f?\\<

- develop search strategy
- obtain model independent exclusion/discovery limits

xxxxx

Implication for Type |l 2HDM:

- large part of parameter space can
be discovered/ excluded g

AWz ]
mho :50 GeV 4

ﬁnu}{D:Oz

200 300 400 500 600
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Search Strategy

|dentification cuts: n, =2, ny, = 2
Dilepton mass: 80 GeV < my, < 100 GeV.

™Mpp VEISUS MTNppll -

100 0.4

02 0

- K

200 300 400 N 400
my,,; [GeV] m_,, [GeV]
Transverse momentum cut:
2 2 2
ms +mzi —m
> pr> 0.6x 4 2mH Z, ) pr > 0.66xmy
bjets A 2, bjets
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tan 8

BR(A — h°2)
15 #.25 BP1
: (400,126,50) ]
A\~ J,

-1.0 -0.5 Sin?’;_ ., 0.5 1
HY — 126
ma = 400 GeV
T o — 126 GeV
mpo — 50 GGV
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Branching Ratio

m o = 400 GeV
mpo — 126 GGV

A Higgs Discovery via Exotic Higgs Decays

BR(A — h°2) BR(A — H°Z)
/ (300,400,126) \ (300,200,126) / 7
0 -10 —-0. Sin?;_ ., 0. 1.0 -10 0. Sin;()_ ) 0. 1.0
hY — 126 hY — 126
ma = 300 GeV m = 300 GeV

T o — 200 GeV
mpo — 126 GeV
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Production Cross Section
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Exotic Higgs Decays - Neutral Higgs
Implication for Type Il 2HDM:

H° — 126 Scernario hY — 126 Scernario
sin(8 — a) =0 (SM like region) sin(8 — a) = 0.6 (extended region)
50 10 [
- m, =126 GeV As K07
40 | 8 Fsin (8—a)=0.
: A-nz '
mh() :50 GGV —

307

sin (f—a)=0

200 300 400 500 600 250 300 350 400 450 500 550 600
my (GeV) my (GeV)

=== 95% C.L.Excl./ 5 0 Discovery for hY — bb
= === 95% C.L.Excl./ 5 o Discovery for hY — 71
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