Natural non-standard Higgs
boson decays
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Preview

gluon or charm

v gluon or charm
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Gfitter '08
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Theory uncertainty
— Fit including theory errors
---- Fit excluding theory errors

o Indirect tests suggest light scalar < |58 GeV (95%cl)



Gfitter '08

! LEP exclusion at 95% CL
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Gfitter '08

A (LEP)

! LEP exclusion at 95% CL

A(SLD)

Standard fit

6 10 20 102 2x10? 10°
M, [GeV]

o Indirect tests suggest light scalar < |58 GeV (95%cl)
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o without A% By, Mg = 55j_L21 GeV Chanowitz, 0806.0890



Standard Higgs decays

Higgs decay branching ratios

o Coupling ~ mass, decays into heaviest avallable

o For light Higgs, dominant decay h — bb



Standard Higgs decays

|40 GeV J branching ratios

o Coupling ~ mass, decays into heaviest avallable

o For light Higgs, dominant decay h — bb
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1 he Higgs Width

T there are new decay
modes, this becomes
a partial width
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LEP

Vs =91-210 GeV
H—bb
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Vs =91-210 GeV ‘ Suppressing
SM BR to

=06
IS enough

n

Ty
-
S
N
£
g
O
X
Ye
S\

40 60 80 100 120
mH(GeV/cz)




-xample: MSSM + singlet n

Dermisek & Gunion '06
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Non-standard Higgs decays

Decay Channel

h — bbor 77 115 GeV
h— jj 113 GeV
h— WW?* or ZZ* 110 GeV
h — ~~ 117 GeV

h — E 114 GeV
h— AA — 4b 110 GeV
h— AA — 4r,4c,4g | 86 GeV
h — anything 82 GeV

Constraints on 4 body decays (but 4c and 4g)
almost as strong as SM limit.




Non-standard Higgs decays

Decay Channel

h — bbor 77 115 GeV
h— jj 113 GeV
h— WW?* or ZZ* 110 GeV
h — ~~ 117 GeV

h— k& 114 GeV arXiv:1003.0705 [hep-ex]
h— AA — 4b 110 GeV

h— AA — 47,4C,4g | =S0=GEreiy
h — anything 82 GeV

— 47 | |0 GeV

Constraints on 4 body decays (but 4c and 4g)
almost as strong as SM limit.




Why Is the N so light!




Why Is the N so light!
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Higes as a pseudo Goldstone Boson
o Higgs as pGB of SU(3)/SU(2) at f ~ (2 —3) x v

8 - 3 = 5 broken generators
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Higes as a pseudo Goldstone Boson
o Higgs as pGB of SU(3)/SU(2) at f ~ (2 —3) x v
8 - 3 = 5 broken generators
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Higes as a pseudo Goldstone Boson
o Higgs as pGB of SU(3)/SU(2) at f ~ (2 —3) x v
8 - 3 = 5 broken generators
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The Higgs mass iIn MSSM

Vo= (|l +miy, ) Hy” + (el + mg,) | Hg* — (b HyHg + c.c.)

At tree-level firm upper bound on the lightest
of the two CP even Higgs bosons

m(ho) < M
Experimentally: — m(h") > 114 GeV

Erther MSSM 1s wrong or loop correction large (75%).



Tuning In the MSSM
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Tuning In the MS5M

4 2

2 2 2 | 3mt 1 mstop
Mpo & My Cos™ 20 + —— In—
Ay m;

Negative search at LEP: my > | [4 GeV

ore need Msiop ~ O(1 TeV).,
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Tuning In the MS5M

4 2

2 2 2 | 3mt 1 mstop
Mpo & My Cos™ 20 + —— In—
Ay m;

Negative search at LEP: my > | [4 GeV
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Tuning In the MSSM

4 2

2 2 9 - Imy 1 Mgtop
Mpo & My Cos™ 20 + —— In—
Ay m;

Negative search at LEP: my > | 14 GeV

Therefore need msiop ~ O(| TeV).
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Tuning In the MSSM

4 2

2 2 9 - Imy 1 Mgtop
Mpo & My Cos™ 20 + —— In—
Ay m;

Negative search at LEP: my > | 14 GeV
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Tuning In the MSSM

4 2

2 2 9 - Imy 1 Mgtop
Mpo & My Cos™ 20 + —— In—
Ay m;

Negative search at LEP: my > | 14 GeV
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Composite Higgs

Georgi, Kaplan

_ight Higgs-like scalar arises as a

bound state from a strongly-interacting
-WSB sector

* A composite Higgs solves the
hierarchy problem
* A light Higgs Is preferred by the
- electroweak fit
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Minimal Composite Higgs

Agashe, Contino, Pomarol, = Margarete Muhllertner’s talk

o my/my cosby ~1="T ~ 0
o Need custodial symmetry
o Replace U(l)yby SU(2)r
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."

g L) 1 it B SR At g =~ ) . o
i ds ey S S ot W0 gy sl e 2 .
.. “‘ Pagt LTI P AL Y o o ,' felal B8 ) Bl N 4 P
- b= B ‘- T SR A . Ty Lt SR




NonMCH, eg. SO(6)/SO(5)

— Alex Pomarol’s talk

n non-minimal composite Higgs models where

—iggs 1s In SO(6)/50O(5):
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pGB's: Higgs + singlet

Parameterization of Higgses:
CaBiot SLICL= 5L )




h — nn vs. h — bb

Goldstone interaction fixed by symmetry




o tan(v/ f)
2

Lhnz ~ —h(au’ﬁ)




o tan(v/ f)
V2f

higgs




Vs =91-210 GeV
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=450 GeV
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So far..

o Found Susy pGB Higgs model, no Iittle

nierarchy problem
o Higgs + singlet n, Higgs decays mostly into n.
Higgs and N mass! LEP? = Matter content!
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Very surprising result:




tta fermion coupling

N in 3rd component of Higgs triplet

SM fermions mostly in |,2 component of Quark triplet

— Coupling i(fysf)n~ to mixing with heavy partner

non-flipped flipped

Buried Charming

Charm | y. ~
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tta fermion coupling

N in 3rd component of Higgs triplet

SM fermions mostly in |,2 component of Quark tri

dlet

— Coupling i(fys.f)n~ to mixing with heavy part

non-flipped flipped

Charming

RElG

meta<2mb



tta fermion coupling

N in 3rd component of Higgs triplet

SM fermions mostly in |,2 component of Quark tri

dlet

— Coupling i(fys.f)n~ to mixing with heavy par

LNEI

Extra suppression

non-flipped

Charm | y. ~




tta decays - | loop

For Meta < 2 mp will decay mostly to two gluons
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Higgs mass




Higgs decays dominantly
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LHC Signals




Higgs Impostor




et substructure In ttH

Falkowski, Krohn, Shelton, Thallapillil, VWang in preparation

o[fb]/10GeV

Less radiation

|_‘_"
|
|

Jet substructure Q. R

Higgs Jet

Can unbury the Higgs!



et Substructure |l: KW= ey

Chen, Nojiri, Sreethawong  arXiv:1006.1 15 1vI [hep-ph]

JToday on the arxiv
shown here: mn= 4GeV (mn = 8GeV slightly harder)

80 100 120 140 160 180 200
mii (GeV)



http://arxiv.org/abs/1006.1151v1
http://arxiv.org/abs/1006.1151v1

et Substructure |l: KW= ey

Chen, Nojiri, Sreethawong  arXiv:1006.1 15 1vI [hep-ph]

JToday on the arxiv
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http://arxiv.org/abs/1006.1151v1
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Jet Substructure ll: h\W = ey,

Chen, Nojiri, Sreethawong  arXiv:1006.1 15 1vI [hep-ph]

JToday on the arxiv
shown here: mn= 4GeV (mn = 8GeV slightly harder)

unburied Higgs
CA 1.13 7.09
KT 0.97 7.03

Table 4: Signal cross section and statis-
tical significance after all cuts in the dijet
invariant mass window 110 GeV < m;; <

130 GeV for £ =30 fb~! at the LHC.

80 100 120 140 160 180 200
mii (GeV)
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Very rich phenomenology

F  SUG)w xUQ)x — SU©2)w x U(l)y
heavy gauge B

Msofe, T SUSY SUB3) — SU(2)

Radial Higgs
\ SU2)w x U(l)y — U(1)o

pGB Higgs

pGB singlet




Summary

o Ihe Higgs search is ‘at risk” because the Higgs
width Is very sensitive to new light unseen
physics.

o Higgs can be below SM LEP bound (90 GeV)
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SImplest super-Little Higgs

Fasiest SUSY embedding of LH is “simplest little Higgs”
Kaplan, Schmaltz '03; Schmaltz '04

Extend SUQ)wxU(1)y to SUB)wxU(1)x

Higgs doublets become SU(3) triplets
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Symmetry breaking: Step |

At~ 10TeV: (D, 4) = (0,0, F ~ 10 TeV)

Global symmetries

’ et S




Step 2: pGBs

At ~ 500 GeV:  (Hu,d) = (0,0, fu,a ~ 500 GeV)

Global symmetries




Step 3: SM

Higgs doublet misaligns SU(2)2 and SU(2)w

Gl
Ha

HT V 2 = |H|?)sin 3

¢f2 \H\ ) cos 3




SB summary

(Py.q) = (0,0, F ~ 10TeV)
= SU(B)W X U(l)X ST SU(Q)W X U(l)y

Yo Bl Dt X
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SB summary

(®u,a) = (0,0, F ~ 10 TeV) -

— SU(B)W X U(l)X e SU(Q)W X U(l)y
Y om T8 a3t X

(Hu.q) = (0,0, fu.qa ~ 500 GeV)
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SB summary

(®u,a) = (0,0, F ~ 10 TeV) -

— SU(S)W X U(l)X e SU(Q)W X U(l)y
Y om T8 a3t X

(Hu.q) = (0,0, fu.qa ~ 500 GeV)
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SB summary

(®u,a) = (0,0, F ~ 10 TeV) -
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Higgs potential

Both 1/F and v/T radiatively generated through bottom-
top loops In Coleman-VWWeinbersg.
Triplet potential

313 sin® 3
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3y4 sin* 3
———log((Mg + M7)/M})

Ms20ft log(A/MT)
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Higgs potential

Both 1/F and v/f radiatively generated through bottom
top loops In Coleman-Weinberg, Higgs potential finite

my, and m,, for =350 GeV




~ta decays - buried Higgs




OPAL limits on h—=4

Model independent bound my > /8 GeV

v
>
b
J
<
g

m, [GeV/cz] m, [GeV/cZ]

s = relative Higgs production cross-section,

in our case s = (|-(Vew/f)?) ~ 0.7-0.8 and Br ~ 0.8
We need meta > 6 GeV otherwise Bmin ~ 4 Met/mn
too small and 2-jet bound would apply.



