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Introduction

y .i. Standard Model
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Three Generations of Matter

EW symmetry breaking?

still missing!

At LHC, we have a good chance to discover Higgs boson!




SM Higgs boson search at LHC




SM Higgs production at LHC....
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gluon fusion is induced by top loop
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it is sensitive to new physics

Weak boson fusion
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SM Higgs decay

140 GeV
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SM Higgs decay

I:(H) [Cl}e\/] |

100

10 |
1F
0.1F

0.01

0.001 | | | | | | |
100 130 160 200 300 500 700 1000

A%}{[(}e\/]

For mpy < 160 GeV, Higgs decay width is very small.

> new physics can easily change the decay branching ratios
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LHC experiments have a great potential to
discover a SM Higgs boson in various channels.
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% SM Higgs boson has a problem (Naturalness problem)

SM Higgs boson mass term receives large radiative corrections.
2
Y
h ) _h_ 5M}% -~ { , A2
167
Why is electroweak scale so small?
There is no symmetry (mechanism)
which guarantees the small Higgs mass in the SM.

= New Physics contribution to Higgs mass term
may cancel the large corrections.

icl
new particles *Supersymmetry (SUSY)

}E - Q - fl *Little Higgs etc....

Higgs boson has new interactions with new particles.




new particles
When we introduce h @ h h Q o
such a new physics....
e Higgs sector may be modified. Higgs can mix with other state.
e.g. MSSM is a two Higgs doublet model

Interactions with SM particles can be modified

* Higgs has new interactions with new particles
Higgs may decay into new particles

I'(h— bb) < I'(h — XX)
The decay branching ratios can be changed

gluon fusion (decay to photons) is modified

g top 9 New physics
N
g 5527 g

= Higgs phenomenology can be largely affected
by the new physics
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Y current SM Higgs mass limits

March 2008 My = 160 GeV . .

6T iR LEP limit
s 3 Aagd= -

S L 1 —0.02758+0.00035 7 mpy > 114 GeV

T L % - 0.02749+0.00012 I
4 - % 4 oo incl. low Q° data - EWV precision measurements
3 - — mMmyg — 871_3(73 GeV
2 - 4 mg < 160 GeV (95 Y% C.L.)
1- 41 The EW measurements
0 | Excluded Preliminary prefer d Iight Higgs

30 700 300 (even lighter than the
my, [GeV] LEP limit).
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% Higgs-like events at around 98 GeV at LEP

SM Higgs can not explain
this excess.This may be
explained if

o(Zh) x BR(h — bb)

is about 10 % of the SM
,, prediction.
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10 -3 \\\\i\\\\i\\\\‘\\\\‘\\\\i\\\\i\\\\;i | | L1
80 8 90 95 100 105 110 115 120 For example, see
G. Kane et al, hep-ph/0407001
2
mH(GeV/C ) M. Drees hep-ph/0502075

S.-G. Kim et al, hep-ph/0609076

This result may be indicating the nonstandard model
Higgs boson ?!.....
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Higgs YR Z 73 < 78 2 A B &

* Higgs hMED X 715

HBDDN7?

—&EIWI RIS

dimension 2 operator [JTJ] is a gauge singlet

L= —-OH'H
O =NTN

: singlet in NMSSM

O = R(gind) :Ricci scalar of 4d metric in RS model

Higgs interactions

e Higgs HSM particle.

“Higgs-radion mixing”

with SM particles can be suppressed

AN DR F[Cdecay T 5

I'(h — bb) <

I'h— XX)

Higgs decay branching ratios to SM particles can be reduced
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e sluon fusionPtwo photon decayh'suppress = 115

p t t, W y

t)T (&, W)/(T, Wg
new physics (SUSY/Little Higgs)

Remember.....

new particles

B et @)k

cancellation!
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e Higgs MDA NT—EI VI RT S
o Higgs DYSM particle AN DN F|Cdecayd %
e gluon fusion*two photon decayh suppress & 115

SMTHEIRFF SNV T FILA XY ML (0 x BR)
MARIBIC/INE < 725 & Higesh B 275 <
(DI EBHRZAD5K) LD AREMH
BIZIE. T FID o x BRO™IBICHsTcETnIE. BRERIC
BRIV /T« —3EBHICIE 3° =9 BREICRD
(30 fb™" — 30 x 9 =270 fb™ ')

S Osignal S: number of signal event

Significance = —= = VL B: number of background
VB vV 9bkgd L: integrated luminosity
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HiggsM\ R 2 (C < < 718 S D] BEE
|. Suppression of gluon fusion in Little Higgs models
(and SUSY models) by Chen, Tobe and Yuan

Little Higgs mechanism (collective symmetry breaking)

* Higgs boson is a pseudo Nambu-Goldstone boson which is light
because of approximate global symmetries. Georgi and Kaplan

* Global symmetries are broken explicitly by two sets of interactions.

Arkani-Hamed, Cohen, Georgi \2 )2
i~ (35) (3502 ) ¥
L= ﬁ() + )\1£1 + )\2,62 167 167
~ 0(100)GeV for A ~ 10 TeV
Top sector
h O QO
g h

- gluon fusion process
g t,T, Uodd is modified
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Correction to Higgs production cross section
via gluon fusion process

0o
gg—h _ 1LH M
—SM (Where 00ggh = 04y ) — 05, 1)
99—h Chen, Tobe, Yuan: hep-ph/06022 1 |
O C I I I | |
f 3 1Tev. E
N B e :
o} '
~ - 1 TeV — S
= A -
4 —0.2 00GeV e E
o SR L -
600 GeV
© 03¢
= 700 GeV
u T—even top sector+ T—odd fermions
_O 4 F T—even top sector —
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_0.5 : I | | | .
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my [G@V]

The production cross section can be significantly suppressed
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For example: SUSY (benchmarks) vs. little Higgs

model
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Higgs discovery may need more luminosity, but....

9 t, T, Uodd

When the new physics contribution is large,
the new particle (T in Little Higgs case) should
be within the reach at LHC.

Heavy T search at LHC
Matsumoto-san’s talk(?)
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2. Nonstandard Higgs boson decays in NMSSM

: : by Dermisek, Gunion
Little hierarchy problem !

in minimal supersymmetric model (MSSM)

LEP limit on SM Higgs mass mpyg > 114 GeV
MSSM Higgs mass prediction

4 2 2 2
m3; ~ M2 cos® 3 + S\ng:;t {logm—g + A—g (1 _ A )}
To satisfy mpg > 114 GeV
typically m; > 1 TeV for A;/m; < 1
On the other hand, EWV breaking condition requires
M
2

2

~ 2 _ 2 4 ... assuming some universality
~ =gy, ~ Mg+

at GUT scale

need some tuning for the EVV scale
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One of the solutions may be ....

If the LEP Higgs limit is mg ~ 100 GeV
mz > 300 GeV (110 GeV) for tan3 =5, Ay/m; =0 (v/3)
no serious fine-tuning

e my ~ 100 GeV is totally consistent with EW precision
measurements

* itis possible to explain “LEP Higgs excess” at 98 GeV
— Z

~ h— b
all Higgs interactions to the SM particles are SM-like,
but BR(h — bb) ~ 0.1

This is possible if the Higgs has other decay mode.

24



h — aa in Next to Minimal Supersymmetric Model
(NMSSM, that is, MSSM + singlet)

Y
W = XSH,Hy + 553
(h: SM like Higgs, a : CP — odd Higgs coming mostly from the singlet)

Since hbb coupling is so small,
h — aa can be easily a dominant decay mode.

If dominant decay mode of aisa — bb,
LEP limit mg > 110 GeV

When the mass of a is below pp threshold,
the dominant decay mode will be 777~ or 2 jets

LEP limit mg > 86 GeV
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Mhy /May Branching Ratios Nobs/Mexp | $95 | NLHC
(GeV) |hi — bblh1 — aia1|a1 — 77 |units of 1o

98.0/2.6 | 0.062 0.926 0.000 | 2.25/1.72 |2.79
100.0/9.3 | 0.075 0.910 0.852 | 1.98/1.88 |2.40
100.2/3.1| 0.141 0.832 0.000 | 2.26/2.78 |1.31
102.0/7.3 | 0.095 0.887 0.923 | 1.44/2.08 |1.58
102.2/3.6 | 0.177 0.789 0.814 | 1.80/3.12 |1.03
102.4/9.0 | 0.173 0.793 0.875 | 1.79/3.03 |1.07
102.5/5.4 | 0.128 0.848 0.938 | 1.64/2.46 |1.24
105.0/5.3 | 0.062 0.926 0.938 | 1.11/1.52 |2.74

Dermisek, Gunion

PRD73, 111701 (2006)
TABLE I. Some properties of the h; and a; for the eight
allowed points with F' < 10 and mg, < 2m; from our
tan 8 = 10, M 23(mz) = 100, 200,300 GeV NMSSM scan.
The nobs, Nexp and s95 values are obtained after full process-
ing of all Zh final states using the preliminary LHWG analysis
code (thanks to P. Bechtle). See text for details. NIHC is
the statistical significance of the best “standard” LHC Higgs
detection channel for integrated luminosity of L = 300 fb™*.

SM particles\NDBRMMIH = 115 DT, Standard” LHC Higgs
detection channel D Statistical significance " K E < JH>TUL X D,
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Search for h — aa at LHC

Cheung, Song,Yan (2007)

h — aa — bbbb case Carena, Han, Huang,Wagner (2007)

Wh — 4jlv  requiring three or four b-tagged jets

For a 120 GeV Higgs,
50 discovery at the LHC requires about 30 fb™*

(b-tagging efficiencies of 50 % at pr ~ 15 GeV )
If this efficiency only hold for pr > 30 GeV

need 80 fb ™! for discovery

h—aa — 777 777 case

WW — h — 47
“Studies of this mode have begun”
Chang, Dermisek, Gunion, Weiner (2008)
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3. Radion-Higgs mixing in Randall-Sundrum model

In the RS model, the background metric is defined by

ds® = 6_2krc|y|nwdx“dx” — r2dy?
This metric suggests two types of massless excitations
describedby 1, — g, () graviton

r. — T(x) radion

ds? = e 2T @) g (2)datda” — T?(z)dy?

It is convenient to express the radion field in terms of
a canonically normalized field ¢

(T UM®
o = Ape I, A¢E<s&>:\/ e

28



Goldberger and Wise

mechanism to stabilize T such that knr. ~ 35
which explains the hierarchy between weak and Planck scales

One consequence of the GW mechanism is that the radion should
be somewhat lighter than the Kaluza-Klein modes of any bulk field.

The radion can mix with Higgs via

S = _g/d4x\/_gindR(gind)HTH

R: Ricci scalar of the induced 4-d metric on the SM brane

This radion-

liggs mixing can change

the Higgs phenomenology at the LHC.
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pp — h — 7 via gluon fusion

Y , >y
Bhix / OsMm Bau

Umix

gluon fusion can be small due to the top-loop and trace anomaly contributions.

10~1

10~3

Hewett and Rizzo
hep-ph/0202155

(my, v/A,) = (300 GeV, 0.2)

= 1295 GeV

B

(300 GeV, 0.1)

(500 GeV, 0.2]

-1.0

-0.5

0.0

1.0

Higgs discovery in this channel will be difficult.




Higgs discovery vs. Radion discovery
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CMS NOTE-2005/007
A, =2 TeV

50

| . ] . | . | . |
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. | . . |
100 400

30 fb~ 1

Figure 15: The light grey (cyan) regions show the part of the (Mg, §) parameter space where the signifi-
cance of the Higgs boson discovery with h — ~-y, tth (h — bb), h — ZZ* —»44,h - WW* —2/, qqh
(h — 77) and Wh (h — ~7) channels drops below 5¢. The regions inside thick (blue) curves are the
ones where the significance of the ¢ — ZZ*) —4¢ signal exceeds 50. The outermost contours define
the theoretically allowed region. Results are presentd for my,=125 GeV/c?, Ay =1TeV (a) and 2 TeV
(b) and for 30 fb~ 1.
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o — hh — vy + bb
CMS NOTE-2005/007

¢—>hh—2y+2b, m =300 GeV/c?, m, =125 GeV/c®

SN
T T I

¢—>hh—2y+2b, m =300 GeV/c®, m =125 GeV/c*

N
T T I

A¢, TeV

w
A¢, TeV

w

5L CMS, 30 fb™". 50 discovery contour 5 CMS, 30 fb™'. 50 discovery contour

Figure 14: The 5o discovery contours for ¢ — hh — ~y+bb channel (m4=300 GeV/c?, mp=125
GeV/c?) with 30 fb~!. In (a) the solid contour shows the discovery region for the renormalization and
factorization scales pu, = us = Myz. The dashed contours refer to yu, = pusf = 0.5 Mz and 2 Mz. In
(b) the solid (dashed) contours show the discovery region without (with) the effects of the systematic
uncertainties for y, = puf = Mz.

Higgs can be discoverd in ¢ — hh channel
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Possibility of light MSSM Higgs bosons

Belyaev, Cao, Nomura, Tobe, Yuan

150 o ) : PRL 100,061801 (2008)
= 140 1 Mainly due to the reduced
S | ZZh coupling, light Higgs
£y 130 | boson (~70-110 GeV) is still
= 120! allowed in MSSM.

N0 70 80 90 100 110

N b This process will be important
h/A < discovery channel for the light Higgs
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Summary

*SM Higgs boson will be discovered at LHC if it exists.

* Non-SM Higgs can be realized in many well-motivated models

% Gluon-fusion (and/or diphoton decay) of Higgs can be affected
by the mechanism to solve the hierarchy problem

Little Higgs models and some SUSY models
% non-SM Higgs decay can change the Higgs branching ratios

to SM particles h — aa in NMSSM

% Higgs mixing to other scalar can reduce the interactions
to SM particles  Higgs-radion mixing

Light MSSM Higgs scenario
reduction of Higgs signal rate

Non-standard Higgs discovery channels may need
to be studied to discover Higgs boson!
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Collective symmetry breaking
Gauge symmetries [SU(2) x U(1)]y x [SU(2) x U(1)]2
are embedded in global SU(5)

512 0 0 1 -
S N Ly S B
0 2

0 0] o ) i
Qsuz), = |10 0 Y=o 2l = preserve SU(3)
-3

0 0 —o/2

= preserve SU(3)

Either SU(3) is enough to keep Higgs massless.

Sum of all gauge interactions break both SU(3)s
and generate the Higgs mass.

A? corrections are canceled.
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% Top sector

The largest quadratically divergent one-loop contribution to the Higgs
mass parameter in the SM comes from the top quark loop. Thus the
top sector has to be modified to cancel the large divergence.

Introducing a pair of weak-singlet Weyl fermions Uy, and UR

and making the SU(3) triplet from the doublet ¢r = (ur, dr)"

and the singlet U7 : _( —oaqr
T o (g

the Top Yukawa sector is given by

. _ _
L = —71 FETRe QLY Sk ur — Ao fULUR + h.c.
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collective symmetry breaking in the top sector
) VT _
L = —71 FETR QLY Shur — Ao fULUR + h.c.

If A1 is zero,

the Higgs does not couple to the top sector, so that
there is no corrections to the Higgs mass parameter
from the top sector.

If Ao is zero,

the global SU(3) is unbroken in the top Yukawa sector,
so the Higgs is an NGB.

Any contributions to the Higgs mass have to involve
both A\; and Ay . The one loop contributions are at
most logarithmically divergent.
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my = 174.3 GeV, Mgysy = 350 GeV, =300 GeV, My =300 GeV,

X% = —750 GeV (FD calculation), Xiw_s = —770 GeV (RG calculation)
Ab = At, mg = 500 GeV . (5)

afgg ->h) x BR{h ->vy) a(tt > tth) x BR(h -> bb)

fanp
tanp

Figure 3: [0 X BR]mssm/ [0 X BR]sy is shown for the channels gg — h — 77 (left plot) and
tt — tth — ttbb (right plot) in the M4 — tan G-plane for the gluophobic Higgs scenario. The
white-dotted area is excluded by LEP Higgs searches.
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Higgs total decay widt
I

=

5
T
-

09|

0.8

-—-—- Case A

h normalized by the SM value

Case B .
_ — bbb, 7T
: f =700 GeV 4 4
0.7 e ecay modes
10 200 300 400 50 y m
m, [GeV] are dominant.

Higgs decay branching ratios, normalized by the SM values

BR*/BR*

1.4
1.3 |
1.2 |
1.1}

1

0.9
0.8

0.7 t

i gg R
C bb ss Tt upn - -7 ]
100 20 300 400 500
m; [GeV]

In Case B, because of the largely reduced total decay width in small Higgs
mass region, some of the Higgs boson decay branching ratios are increased.
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LH
P o"H(X) BR"(Y)
X)) — BR(Y) —
o(X) FSM (X) (Y) BRSM (Y)
Ry(x) X Rpr(y) for f = (600, 700, 1000) GeV
mp, = 120 GeV RBR(+) Rgr(-r) Rered) Rer(vv)
Ro(4q) (Case A) || 0.57, 0.68, 0.84 | 0.56, 0.67, 0.83 — 0.55, 0.66, 0.83
(Case B) || 0.81, 0.86, 0.93 | 0.51, 0.63, 0.81 — 0.78, 0.84, 0.92
Rovvy (Case A) || 0.97,0.98, 0.99 | 0.95, 0.96, 0.98 — 0.94, 0.96, 0.98
(Case B) || 1.34, 1.22, 1.09 | 0.84, 0.89, 0.95 — 1.30, 1.19, 1.08
Roin) (Case A) — 0.87, 0.90, 0.95 | 0.87, 0.90, 0.95 —
(Case B) — 0.77, 0.83, 0.92 | 0.77, 0.83, 0.92 —
Rowvny (Case A) || 0.97, 0.98, 0.99 — 0.95, 0.96, 0.98 —
(Case B) || 1.34, 1.22, 1.09 — 0.84, 0.89, 0.95 —
my, = 200 GeV RBRr(yv) RpRr(rr) RyRr ) Rervv)
Ro(4q) (Case A) — — — 0.55, 0.67, 0.83
(Case B) — — — 0.56, 0.67, 0.83
Rowvy (Case A) — — — 0.90, 0.94, 0.97
(Case B) — — — 0.90, 0.94, 0.97

® Higgs production via gluon fusion is suppressed.
e 7Y, VV decay modes via weak boson fusion can be enhanced
in small Higgs mass region in Case B.
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tanf=10, u=150 GeV, M

=100,200,300 GeV
-3 1,2,3 <0V,
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i 1 [ + i

1074 - E 45 # 3

n 1 E 3 g .

iy i 1 [ i
1P: 10_5 — — — +§ “f —
o) = 3 E °f’ 3
o n 1 E i % .
m n 1 L A ]
_ 1 L + 3 il

107° - 4 F P E

- J - + J

: 1E % 5

i : 1 [ ¥ ]

10_7 III|IIII.| | I T | | 11 III|IIII|IIII|III

-05 0.0 0.5 -05 00 0.5

a, non—singlet fraction (cos6,)

FIG. 1: Br(Y — ~a1) for NMSSM scenarios with various
ranges for mg,: dark grey (blue) = mg, < 2m,; medium
grey (red) = 2m, < mgq, < 7.5 GeV; light grey (green) =
7.5 GeV < mg, < 8.8 GeV; and black = 8.8 GeV < mq, <
9.2 GeV. The plots are for tan3 = 10 and M2 3(mz) =
100, 200, 300 GeV. The left plot comes from the Ay, A, scan
described in the text, holding pes(mz) = 150 GeV fixed.
The right plot shows results for F' < 15 scenarios with m,, <
9.2 GeV found in a general scan over all NMSSM parameters
holding tan 8 and M; 2 3 fixed as stated.
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= = o(99—9) (a) .% r (b)
5 I _ 2 0.7k
by o 2] solig- e 1 Tev m,=300 GeVic, T [Br(p—hh), m ;=300 GeVic?, m,=125 GeVic?
2107 ¢ m, =125 GeV/c :
5 - dashed - A;= 5 TeV 0.6
" ;_ SM o(gg—H) 0_5;_ solid - Aq): 1 TeV
i ' 0.4F dashed - A=5 TeV
1 3 0.3F
-1[ 0.2
10 =
E 0.1 :
1 -2_| i | | | | :" ": | :: ] E| ':' | | ‘I" ]
0 -3 -2 -1 0 1 2 3 o-3 -2 2 3
E g

Figure 2: o(gg — ¢) (a) and Br(¢ — hh) (b) as a function of the parameter £ for two values of A,
I and 5 TeV. On the left plot the cross section of gg — Hgn process for the SM Higgs boson of 300
GeV/c? mass is also shown as the horizontal line.
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mp=350 GeV |

14000 | e o

12000 |

EXCLUDED BY S-T

10000
>
D)
O 8000
R=
=
< 6000
4000 ¢

)
-
- oy
-
--—--_-_'_"_

2000 | THEORETICALLY EXCLUDED
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Figure 3: Precision electroweak allowed [solid (red) regions] and disallowed regions (at 90% CL)
of the radion mass as a function of A,;, while holding fixed m;, = 350GeV and £ = —1. The
masses of the Higgs and radion physical eigenstates can be greater than the SM Higgs boson
precision electroweak 95% CL upper limit of 219 GeV. The thick (pink) dashed line to the right
of the theoretically disallowed tower is the LHC contour for r* = N, /NSM = (0.9 — to the right
of this contour 0.9 < r" < 1. The thick (blue) solid line to the left of the tower is the contour for
r" = 1.1 — above this contour 1 < 7" < 1.1. Between the tower and the thinner dotted (cyan)
line, N g p > 9. See text for more details.
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Light Higgs scenario (LHS) and “LEP excess” scenario
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By — utu” N +

BR(Bs—u"u)

S b, H, A M

3 u>0, A<0 (LHS)

tan(3 preliminary

Large tan 3 region is strongly constrained.
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Higgs Production at hadron colliders

q
gluon fusion (gg) weak boson fusion (VV)
q
W. Z This coupling
w 7 ~ is suppressed
7 - in the LHS

Vh associated production (Vh)
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hHT /JAH" production at LHC

sin(f — «) cos(f — a) .
|44
_ W A
bl T T "
v g CHT
suppressed in LHS enhanced in LHS angle-independent

7'+(—> T+ V)

q <
+
|1/—|_ H// 1%

s

AN

R b
/ A
b

Since all MSSM Higgs bosons are not heavy in LHS,
this production can be sizable at LHC.
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PLB530,188 (hep-ph/0112165): Kanemura,Yuan

AH™ production rate
PRD69,075008(hep-ph/0311083): Cao, Kanemura,Yuan

o(fb)

10 - Tevatron

100 200 300 400
M, (GeV) (NLO QCD correction is about 20 %)

e CP-odd Higgs is light (~100 GeV), the production cross section is big at LHC.

¢ [n addition to AH+ mode, we have hH+ mode in our LHS.
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Signature rate at Tevatron and LHC
pp(pp) > H' h(A) - t*v bb — * v vbb rates in fb

200
S 790 | Tevatron .Eg_r
@ 180 oz
= 170 ¢ 04
F 150 82
= 140;— Eg:g
120 - o L
200 - 0
190 *© LHC b
180 — o
170 - ok
160 - 10
150 12
90 it
) N ... |7

60 70 80 90 100 110

M (GeV)
At LHC, the points with more than | fb can be covered.

3
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Signal process
(=t + D)

HT .
wt Z

Ve

N

q’ h/A N

S

SM background
Wbb : g — bW W+ =ty 17+ = 7tp,
th : qf = W* —thit - bWt W+ 1ty rt s ntp,
WZ:qfd = W2 Z° - bb, Wt — tHy, 7t — 7w
Wg : qqg— qtht - W bW+ =1yt = ntp,

tt : qq(gg) — tt,t = Wb, W™ = 7ru, 7t - 7t t — bW~
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Effect of cuts

TABLE II: Numbers of AH™T signal and background events for the sample point in the bbr+ Frp

channel at the LHC with an integrated luminosity of 100fb™!. The b-tagged efficiency defined in

Basic cuts

Eq. 55 is included and the kinematics cuts listed in each column are applied sequentially.

Basic cut|Er > 50 GeV |pT. > 40 GeV ||my; — ma| < 10 GeV |mp > 80 GeV
AH* 214 169 107 103 40
hH* 259 199 122 1 0
Wbb 3765 1229 394 30 2
Wz 361 128 40 10 1
th 778 387 106 8 0
Wy 298 153 43 2 0
tt 50 37 8 1 0
Signal () 214 169 107 103 40
Background (B)| 5511 2133 713 52 3
S/B 0.04 0.08 0.15 1.98 13.33
S/vVB 2.88 3.66 4.01 14.28 23.09

pr(b,b,m") > 15 GeV, |n(b,b,7m1)| < 3.5,

AR > 0.4 between any two observable final state partons

AR (= /TB3) + (A

Adr and An are the separation in azimuthal angle and rapidity, respectively.
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TABLE III: Numbers of hH tsignal and background events for the sample point in the bbrt Er

channel at the LHC with an integrated luminosity of 100fb~!. The b-tagged efficiency defined in

Eq. 55 is included and the kinematics cuts listed in each column are applied sequentially.

Basic cut|Fr > 50 GeV |pT. > 40 GeV | |my; — mp| < 10 GeV [mp > 80 GeV
hH™* 259 199 122 119 49
AH™T 214 169 107 1 0
Wbb 3765 1229 394 39 3
tb 778 387 106 8 0
Wy 298 153 43 4 0
tt 50 37 8 1 1
WZ 361 128 40 9 1
Signal (S) 259 199 122 119 49
Background (B)| 5466 2103 698 62 5
S/B 0.05 0.09 0.17 1.92 9.8
S/\/E 3.50 4.34 4.62 15.11 21.9
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FIG. 30: Distributions of invariant mass m;; (after imposing the basic, Er and p7. cuts) and

transverse mass mp (after imposing the basic, Fr, p7. and the Higgs mass window cuts): (b) AHT

and (¢c) hHT. Here mp = \/ngErTniS(l — cos @')




FIG. 32: Contours of the significance and event numbers of the AH+ /hH* processes at LHC after

imposing the mass window cut (first row) and the transverse mass cut (second row) in the case of

positive p.
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To reach 5-sigma significance, only 5-10 fb”-1 integrated luminosity is required!
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