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Higgs Bosons — HO and H*

HO Mass|m = 125.9 + 0.4 GeV

BEHNRFE - !

HO signal strengths in different channels

Combined Final States = 1.07 4+ 0.26 (S = 1.4)

W W* Final State = 0.88 + 0.33 | (S = 1.1)

Z Z* Final State = 0.89 1930 L NI N
—0.25 \ \ - N \EI

- Finsl State — 165 + 025 | WS PDDEERE-RTITFILERR

bb Final State = 0.5 7

ATLASD#ERF B!l ———— > 777~ Final State = 0.1 + 0.7

EPS-HEPTHIMED R - T2

(expected (& 3 o #B) HO DECAY MODES Fraction (I;/T) p (MeV/c)
Ww w* seen -
7% seen -
Yy seen -
bb possibly seen -
tr possibly seen -

Mass Limits for the Standard Model Higgs
Mass m > 122 and none 127-600 GeV, CL = 95%
max

The limits for Hcl’ and A® in supersymmetric models refer to the my
benchmark scenario for the supersymmetric parameters.

HO in Supersymmetric Models (m o <m
1 in Supersy (myo <m0)
Mass m > 92.8 GeV, CL = 95%

AP Pseudoscalar Higgs Boson in Supersymmetric Models ["]
Mass m > 93.4 GeV, CL = 95% tang >0.4
HE Mass m > 79.3 GeV, CL = 95%
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Tokyo conf & D Hi
“A Phenomenological Profile of the Higgs Boson ”
J. Ellis, M. K. Gaillard, D. V. Nanopoulos, Nucl. Phys. B106, 292 (1976)

2.2, = Ambiguities

The model described above 1s the simplest version of the Weinberg-

Salam model., As soon as we consider more complicated versions of this model,
I

or other models of weak and electromagnetic interactions, then considerable

ambiguities arise in the Higgs boson couplings. For example

11)

have several Higgs fields Ei belonging to several multiplets 1

i) - Even in the context of the Weinberg-Salam model we can choose to
with weak isospins Ii. Then if the uncharged member Hz of each
multiplet has as its third component of isospin I.. and acquires

31

a vacuum expectation value < O[Hzlo >::vi we find

me = -gg"f (I:*I;’]:a)

w (2.12)
and
(A 21
Mo = 9 é"?I‘u
2 = v
cos'0,, (2.13)

EifftiEs 2013/8/5-9 ERE T (RHEX)

a—



BREODHFDERITRRE Y I X

&, 529 p % HESA(FEDE?)

Mw?
M7 cos’fw )
TEHTE, p OEIFLF-HETOHENETRHE, PEHI LY FEEABHILVY IO/ OHTES,

p:

p = Guc. Ge

T LT Gp it Fermi B, THHEHEA Vv MAEFAOKSERTHY, Guc BN LY+ ORBEGEMN
T# 3, (Higgs #¢ doublet @& &I Guc = Gr ERSEIRREIET S '

Higgs #f doublet @ - %2 p= 1 T 54, —#¥IC weak isospin I @ Higgs @ [, oM ETHFA v £
HoledddL, = IRTFOERRI

Mw? -% g2 viI(I+1)—-1:%)

M2 = (g? +g?)v?Is?

1 I(I+1)
= — [ ———— -1
#-T 0 =5 I,? )

EB, p=1&13585% (1, [1) OHGER

1 1 25 15
+ — -+ — =—),
7 5 ) (3. 2J,(21 2)

 EEHICH 54, doubet DI ICMIBL LS TS charge 5 (1) OlFEETr, —7 triplet D& o =12
&5,

(Is 13J= (

M5 —SBRICHESEI0Ge VRN ERRIFRS, KEK 82-2

EifftiEs 2013/8/5-9 ERE T (RHEX)

/A—



BREODHFDERITRRE Y I X

There are basically two major constraints. First, it is an experimental fact

'[3;3} that p = m';’y/(mgf COS.2 Ow) is very ciose to 1. In the Standard MOdﬁ}, “The HiggS Hunter’s Guide” (-l 990)
e p parameter is determined by the Higgs structure of the theory. It is .

well known [4] that in a model with only Higgs doublets (and singlets), the F. Gunion, H. Haber, G. Kane, S. Dawson
tree-level value of p = 1 is automatic, without adjustment of any parameters
in the model. Although the minimal Higgs satisfies this property, so does
any version of the Standard Model with any number of Higgs doublets (and
singlets). In fact, there are other ways to satisfy the p &~ 1 constraint. First,
there are an infinite number of more complicated Higgs representations which
also satisfy p = 1 at tree level [5]. The general formula is

mé, _ LryAT(T+ 1) ~Y? | Vpy Pepy (4.1)
m% cos? Bw Yry2Y? | Vpy 2 ’ .

n

P

where (§(T,Y)) = Vp y defines the vacuum expectation values of each neutral
Higgs field, and T and Y specify the total SU(2) isospin and the hypercharge T I_I e
of the Higgs representation to which it belongs. In addition, we have intro- HE [IGGS
duced the notation:

_ {1, (T,Y) € complex representation, (4.2) I I UNTER ’ S
‘ry = 1, (T,Y = 0) € real representation. )
Here, we employ a rather narrow definition of a real representation as con- G UIDE
sisting of a real multiplet of fields with integer weak isospin and ¥ = 0. The
requirement that p = 1 for arbitrary Vp y values is h A R
(T +1)? - 3Y? = 1. (4.3) R

The possibilities beyond T = 1/2, Y = =1 are usually discarded since the rep-
resentations are rather complicated (the simplest example is a representation
with weak isospin 3 and Y = 4). SecBIt; ONE Call take & MIOUeT Wit maripe
“COpICE Of "Dad MIZgs representations, and arrange a “custodial” SU(2) sym-
metry among the copies, which then naturally imposes p = 1 at tree level.
Examples of this type will be considered in §6.4. Finally, one can always
choose arbitrary Higgs representations and fine tune the parameters of the
Higgs potential to arrange p ~ 1. We will discard this latter “unnatural”
possibility from further consideration.

John F. Gunion
Howard E. Haber
Gordon Kane

Sally Dawson
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