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Introduction What will appear at the LHC?

E 1=
What we know 1Te
Non-linear c model (low energy effective theory) W, Z, 1,
Global : SU(2), X SU(2)x — SU(2). u.ctds,b,
Gauge : SU(2), XU(1)y — U(1)gpm 3;?;:,,\’17
The limit of validity exists; g W, W, h
Unitarity violation (>1TeV) . WL!@WL )

Is it Higgs boson?

j‘> @ < TeV scale, an important discovery exists!



Introduction What will appear at the LHC?

m Higgs boson

is the last undiscovered particle in the SM.

m Higgs will restore the unitarity of W W, scatt.
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] Higgs will restore the unitaritv nf \AW/ \A/. cratt

O TEm sy
m EWPMs (Electroweak | my=114..1000 Gev
Precision measuremen 0.2{U=0 i
are consistent with ligt mH=114GeV _
Higgs boson. - 0- il
0.21 \ m, |
mH=1000GeV | ' T
o4t 68%CL
0.4  -0.2 0 02 04
S

http://lepewwg.web.cern.ch/LEPEWWG/plots/summer2005/s05_stu_contours.eps



Introduction What will appear at the LHC?

m Higgs boson
is the last undiscovered particle in the SM.

m Higgs will restore the unitarity of W W, scatt.

O T ase
m EWPMs (Electroweak | Mh=114.1000 GeV

Precision measurements) 021" -

are consistent with light mH=114GeV

Higgs boson. - 0 -
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Introduction What will appear at the LHC?

Supersymmetry

m One of the solution to the hierarchy problem.
(Quadratic div. terms of the Higgs mass are canceled.)
® Grand Unified Theory (GUT)

The theory will be valid up to GUT scale and achieve
the gauge coupling unification.



Introduction What will appear at the LHC?

Supersymmetry

m One of the solution to the hierarchy problem.
(Quadratic div. terms of the Higgs mass are canceled.)
® Grand Unified Theory (GUT)

m Light Higgs
Higgs Potential gauge coupling !
V= mi|H; [ +mi Hy[* + (miH)Hy 4 e )+ S22 qapr - jagpey

In MSSM (Minimal Supersymmetric Standard Model),
the lightest Higgs boson mass, m,~ mZ at tree level.



Introduction What will appear at the LHC?

Supersymmetry

m One of the solution to the hierarchy problem.
(Quadratic div. terms of the Higgs mass are canceled.)
® Grand Unified Theory (GUT

3 R —
m | Light Higgs | e 0 aev
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Introduction What will appear at the LHC?

Supersymmetry

m One of the solution to the hierarchy problem.
(Quadratic div. terms of the Higgs mass are canceled.)
m Grand Unified Theory (GUT)

m | Light Higgs
+ R-parity

- consistent with EWPM !

Sounds like a good idea!



Introduction Higgs signal in SUSY

MSSM my < 135 GeV (Mgysy ~ 2 TeV) m.s. carenaand H. E. Haber, 03
NMSSM . mh 5 140 Gev (MSUSY ~ 1T€V) U. Ellwanger and C. Hugonie, ‘07

Here, lightest neutral Higgs, h ~ H,
Other heavy Higgses, H~ H,, A, H*



Introduction Higgs signal in SUSY

MSSM : mh 5 135 GeV (MSUSY ~2 TEV) M. S. Carena and H. E. Haber, ‘03
NMSSM: m, <140 GeV (Mg, ~ 1TeV) U-Eliwangerand C. Hugonie, ‘07

Here, Iightest neutral Higgs h~H,

——————————————————————————————————~

I
; These production & decay channel is different
! from the SM Higgs @ LHC.

:> Signal of heavy SM like Higgs does not
appear at the LHC in SUSY?



Introduction Higgs signal in SUSY

NMSSM + vector like matter

m Singlet behave like a SM Higgs at LHC
for wide range of the singlet mass.
m The o,,./0sy could take on a wide range of values.

Even if heavy Higgs like signal will appear at LHC,

Low-energy SUSY is not immediately excluded.



Introduction

Higgs signal in SUSY

NMSSM + vector like matter

m Singlet behave like a SM Higgs at LHC
for wide range of the singlet mass.

m The Gsignal

“SM Higgs” is excluded

in this region:

/oy, could take on a wide range of values.

I IIIIIH*
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Introduction

Higgs signal in SUSY

NMSSM + vector like matter

m Singlet behave like a SM Higgs at LHC
for wide range of the singlet mass.

m The Gsignal

G/O'SM

If LHC will report an excess,s
it may possibly be a £
signal of the singlet!

/oy, could take on a wide range of values.

— Observed
---- Expected
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How SM Higgs is mimicked
at the LHC



How SM Higgs is mimicked  Basicidea
roduction deca
P y W Z

SM Higgs ) M>H Ijl___\vw
g ©o0000) LLLL W, Z

Now, the most efficient production process is the

gluon fusion which induced by the top-loop diagram.



How SM Higgs is mimicked  Basicidea

production decay W 7
g o000, :
SM Higgs ¢ H Ijl___\vw
g oo ", W, Z
s R e L — T L L A R T
bw Exp. Obs Exp. Obs .
< C v i Hoyy (1.08fb7") ==== H—ZZ— Il (1.96-2.28 fb™) _|
c e [ Y . e H— WW= Ivlv (1.70 fb™) rrevieen H— ZZ— llqq (1.04 fb™) |
WW Zz decay S ......... :'wz H,(:Io—gtf);1)(1.04fb'1) H— ZZ— llvy (1.04b™) _
’ = '
£
channel have = 10 =
O ]
good sensitivity 32 i
»

without
light Higss mass region.1

L |||||
A
RO S
- - = =
- b ‘O
‘f *
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How SM Higgs is mimicked  Basicidea

production decay
g o000,
SM Higgs ¢ H H JW

1ﬁﬂ&wz

W, Z

J 00000 )
% T T T T T T T T T T T T T T T 1 T T [ T T 7T 1]
— Exp. Obs. Exp. Obs.
Q B vv --------- Hovyy (1.08fb") | ==== H— ZZ— Il (1.96-2.28 fb™")
© Y . ===e Ho WWo vy (170 fb ) iereern H— ZZ— llqq (1.04 fb™)
WW Zz d 8 S e W/Z H, H/— bb (1.04 fb’! H— ZZ— livy (1.04 fb™)
eca — H-tt f1.06 b™) —
‘ LA i z
channel have = 10 =
O " EAN o AN oL ;v“"“ .
good sensitivity 2 [ R L LA :
(@) ~ Py

except

light Higss mass region

_ATL,{lS Prehmmary JLdt~1023fb \s=7TeV CLs I|m|ts
100 1 200 300 400 500 600

120 GeV ATLAS-CONF-2011-135 my [GeV]



How SM Higgs is mimicked  Basicidea

production decay W7
g o000, )
SM Higgs >H Ijl___\vw
g ©o0000) LLLL W, Z

. J w000, W, Z
Singlet + S S H
Ing }--- ——x—ﬁ

vector-like matter Lz%
W, Z

0 ©o0000)

m Procudtion:

vector-like matter loop. (VVVVW, Zy
m Decay: _ S_ __ {
mixing of S& H

"NANWY, 7y




How SM Higgs is mimicked  Basicidea
production decay

W, Z
SM Higgs ) M>H Ijl___\vﬁ
%LL W, Z

. g 0000, W, Z
Singlet + S S H
g DR

vector-like matter L%L
W, Z

0 ©o0000)
The ratio of the cross section, pp - Higgs »>VV:

g ©o0000)

olpp—=S = VV) _ I'(S—gg) Br(S—VV)
olpp — han — VV) — T'(H—gg) Br(H—-VV)

Ryy =

jl> The singlet can behave like a SM Higgs!



How SM Higgs is mimicked
at the LHC

more detail ...



How SM Higgs is mimicked  more detail

Simplest setup

We introduce the gauge singlet superfield: S

N;-pairs of vector-like chiral multiplets: D, (3,1,-1), L; (1,2,—1
Di (37 17 %)a I_Jz (]—a 2: %)a

Motivated by NMSSM,

1 _ _
W D ASH,H; + glﬂSS +ypSD;D; +y.SL;L;

1
E'soft 2 _m%{d|Hd’2 - m%iu|Hu’2 - m%]5|2 - (/\A,\SHqu + gfiA,{LSB + h.c.)



How SM Higgs is mimicked  more detail

Simplest setup

We introduce the gauge singlet superfield: S

N;-pairs of vector-like chiral multiplets: D; (3,1,-1), L; (1,2,-1),

Motivated by NMSSM, :
Vector-like matter

mass: "Mp = YpUs

—

W DO ASH,H; + %RSS + D + yLSI_zzLZ Us = <S>

1
Esoft 2 _m%{d|Hd|2 - m%{u|Hu’2 - m%]5|2 - (/\A,\SHqu + gfiA,{LSB + h.c.)

Assuming the perturbativity of the Yukawa coupling constant,
the colored fermions are expected to be lighter than ~ v,



How SM Higgs is mimicked  more detail

Simplest setup

We introduce the gauge singlet superfield: S

N;-pairs of vector-like chiral multiplets: D; (3,1,-1), L; (1,2,-1),

Motivate -
Vector-like matter

mass: "Mp = YpUs

mu parameter in
MSSM: [leff = AUs

—

W DI A§H,Hy + glﬁ?SS + D + yLSI_zzLZ Us = <S>

1
Esoft 2 _m%{d|Hd’2 - m%iu|Hu’2 - m%]5|2 - (/\A,\SHqu + gfiA,{LSB + h.c.)



How SM Higgs is mimicked  more detail

Simplest setup

We introduce the gauge singlet superfield: S

Motivate -
Vector-like matter

mass: "Mp = YpUs

mu parameter in
MSSM: [leff = AUs

1

— K

3
1

E'soft 2 _m%{d|Hd’2 - m%iu|Hu’2 - m%]5|2 - (/\A,\SHqu + gfiA,{LSB + h.c.)

—

W D[AJH, Hy+ =S° + iD; +y,SL;L; vs = (S5)

Parameters:

2 2 2
A)\:, Aﬁlj Aj fij de, mHu, ms



How SM Higgs is mimicked  more detail

Simplest setup

We introduce the gauge singlet superfield: S

N;-pairs of vector-like chiral multiplets: D; (3,1,-1), L; (1,2,-1),

Motivate -
Vector-like matter

mass: "Mp = YpUs

mu parameter in
MSSM: [leff = AUs

1
W D>I\N3H, H,; + §1183+

—

iDi +yrSLiL; Us = (5)

1
E'soft 2 _m%{d|Hd’2 - m%iu|Hu’2 - m%]5|2 - (/\A,\SHqu + gfiA,{LSB + h.c.)

Parameters:
> A/\’ Ahﬁ.)mZa tan /Bj US;!’LGHJ mhg




How SM Higgs is mimicked  more detail

Simplest setup

We introduce the gauge singlet superfield: S

Motivate -
Vector-like matter

mass: "Mp = YpUs

mu parameter in
MSSM: [leff = AUs

1

— K

3
1

Esoft 2 _m%{d|Hd’2 - m%iu|Hu’2 - m%]5|2 - (/\A,\SHqu + gfiA,{LSB + h.c.)

—

W D[AJH, Hy+ =S° + iD; +y,SL;L; vs = (S5)

A
Parameters: m,,, h3~Hd

_r; - m,,, h2~S
A/\’ Ah:.)mZa tan 57 US;MGH ,(@ -4 mh21: h1~Hu




How SM Higgs is mimicked
at the LHC

Numerical results



How SM Higgs is mimicked
at the LHC

Numerical results
Parameters:

A)\j Aﬁ;imz, tan ,8’ Ug y Heff , Tip,

Ay =500 GeV, A, =—100 GeV



b 0Py V) Vs =TTeV
Results VT oop — hsy — VV) Ny =4
Higgs mass

280

280

260 260

240 240

~
= 220
&

- 200
[a\|

<

S 180

160

140
130

400 450 500 550 600 650 700 400 450 500 550 600 650 700
vs(GeV) vs(GeV)
tan 3 =3 peg = 250 GeV Ay =2 TeV

Contours of constant k77, lightest Higgs boson mass

(The behavior of R,y is almost identical)



o(pp = hy = VV) Vs =TTeV

Ryy =
ReSUItS vV U(pp — hgvm — VV) N5 =4
Rzz Higgs mass
280 T T T T T 280 T T 1 T T
260 | - 260 /92/ i
240 ' 240 F -
gzzo gzzo - -
O B
~— 200 200 | -
S 180 S 180 |
160 160 F .
0
140 140 | =
130 L= 130 ! 1 1 1 1
400 450 500 550 600 650 700 400 450 500 550 600 650 700
vs(GeV) vs(GeV)
tan 3 =5 and peg = 110 GeV Ay =2 TeV

Contours of constant k77, lightest Higgs boson mass

(The behavior of R,y is almost identical)



o(pp = he = VV) \/g = 7leV

Ryy =
Results T ol — hsu = V) N5 =
R Rzz
280 : , ,Z Z | , 280
260 |- | 260
240 - 240
gzzo % 220
O
O
~— 200 \—gZOO
< <
S 180 S 180 | N
160 160 = Excluded by LEP Higgs search |
140 140 | 1
130 | 130 | ] | ] |
400 450 500 550 600 650 700 400 450 500 550 600 650 700
vs(GeV) vs(GeV)
tan 3 =5 and peg = 110 GeV tan S =3 e = 250 GeV

The SM-Higgs-like signal at the LHC can be mimicked by
the singlet scalar for wide range of the singlet mass.

(the R, take also on a wide range of values.)



summary

When Higgs signals are discovered at LHC,
can we identify that it is really Higgs discovery?
(If it is heavy, is low-energy SUSY immediately excluded?)

m Itis possible that the singlet may behave as SM Higgs
for wide range of the singlet mass.
(e.g. NMSSM + vector-like matter)

jl> SUSY is not excluded immediately.

m Lightest neutral Higgs will also discovered.
m vector-like matter exists.



Thank you!
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