The non-Standard-Model Higgs boson(s)
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6.3 How heavy can the lightest Higgs boson be

f= LlHle = f = 7\«3‘|1HQ
1V = [fg]* = "?|HH,
Naively:
m; 1 Mzcos?28 = m; | M3 cos®203 +12)%sin?2"

= The “NMSSM” motivated

The “u” problem:  Uesr=A <S>




The relevant RGEs
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4n if xk=0 tan! > 15
and some extra matter in
full  SU(5) multiplets




B B, Hall, Nomura, Rychkov
MGY?) ~ 2
f=u(S)H H,+ f(S)

Can neglect gauge couplings in the scalar potential

V:H( )|H1|3+H;( )|H3|3 ( (S)H{H; + h.c.) ‘|‘AE|H1H3|E‘|‘I( )

Take heavy gauginos and the S-scalar, consistently with naturalness

= effective relevant parameters:

A=Au(s)ds  pis),

d’f(s) . .
((s) and M(s) = s (Higgsino + S-fermion masses)

as opposed to, in the MSSM:

2 2 2 .
i, Ko, M3 + 3rd-generation parameters from rad corr

it and M,




ElectroWeak Precisiodests InNSUSY x
)
S and T from Higgs’s

one loop effects but
AT o< \*

D_

Al =my !
compensated by AT |

-0.05F

tanf3 = 1 an exact custodial symmetry point (to be avoided)

smaller effects from higgsino loops




The Higgs boson spectrum
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Particle spectrum (naturalness bounds)
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with up to 20% tuning (m™“! /"/5)
Apess = 100 TeV

always a light neutralino in the spectrum mpsp < pt

no significant bound on s-fermions (other than stop)
and on SU(2)xU(1) gauginos




LHC phenomenology - Higgs spectrum

1. h, H, A copiously produced in gluon-gluon fusion (6~0.1-10 pb)

2. Both h and H likely visible into h, H »Z7Z— 4e, 4"
3. A likely visible into A = Zh — 4e, 4" + |

The measurements of the 3 h,H,A-masses should allow a
determination of all ASUSY parameters in the Higgs sector

#+ pi(s), p3(s), pz(s) - (v-constraint)




MG " 0.8, k=0
f =AS H1H2

= 2 global symmetries:

R-symmetry Peccei-Quinn symmetry

(QS — 17QH1 — _1)

allows k#0 forces k=0

LSOft

strongly broken in may be approximately

: soft
conserved even 1n L

92 12
V=+ % (HiH, +HIH.)? — 4(HH) (H,Hy) | + %(HTHU —HiHa)?

*WISPH+ [HaP) + 0| H
+m|H,|* + m3|Hyl* + mg|S|>+ (LA HHy+ h.c.)
(up to small breakings of the PQ symmetry)

parameter counting: Mg, mg, Mg, A (+! ~ 0.8+ my)
= v, tanP, m3, A




The Higgs boson spectrum
10=4+4+2=7+3real scalars: Ss, Sy, S1; A, a; H*

mg1, ma, mg+ ! 3000500GeV  (limited by naturalness)

m,>10GeV  (toavoid $ % v +a)
ml GeV S,

150 |

tanbeta=1 .5
A=3000Ceh
» with a small
top-loop correction
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1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - S
005 0.10 0.15 "‘“m_u:zﬂ X = 1212

!

83, 52 both with a non negligible S-component, so that
S, S — aa— b¥bE dominant and

e e~ — Z 83 suppressed




From Lecture 1
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Naturalness

t=1,2,3; A4 solid, A, dashed; mS=50 GeV
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1/A = % of cancellation allowed




/. Summary

A synoptic table

Supersymmetric Minimally extended
MSSM, NMSSM 2HDM
Susy broken in 5D SM + a vector fermion

[The SM Higgs bOSOFl]

Higgsless “Composite”

TC-like H as PGB
5-dimensional H = As




Questions about the Higgs boson

= Can it be significantly heavier than expected?
= Can one make without it?

= Can it be a “composite” object?

= Can it have escaped detection?

= Where is the supersymmetric Higgs?

[ But the Higgs system is NOT the entire story]




. Can it be significant heavier than expected?

0.5

03 A heavier Higgs boson requires
ozt T ) a small positive AT (0.1-0.2)

0.1

0

Several minimal examples:

2HDM (IDM)
SM+1 lepton doublet

10 : : : : : :
0.3 0.2 !01 0 01 02 03 04
S

Motivation: may significantly
raise ! na — 1.5 TeV (above which...?)




2. Can one make without it?
SU(2)LxSU(2)r x U(1)p_t
A 5D case
Csaki, Grojean et al
SUQ2).! U(l)y
Interesting feature

Unitarity restored by

vector (KK) exchanges

As — 3—nA4 (at least by NDA)

84
Problems (not a surprise)
2 TeV)z
iy
Eo(W,W;) ~ 1.2 TeV

S~ 0.25(




3. Can it be a “composite” object?

The Higgs boson from
extended symmetry

H:AS

SO(5)xU(1)g_L
SAN U(L)p ¢ A/@

SU2).,! U(} Agashe, Contino, Pomarol

Problems

Interesting features

& Top and gauge loops cutoff by
states (KK towers) with same spin
and gauge quantum numbers

& Unitarity saturation delayed

fit. = 10% f0
E()(WLWL) ~2.4TeV f5()() |

500




4. Can it have escaped detection?

= Not fully excluded for m,! 1000114 GeV

and e e " Zh somewhat suppressed
by reduced Z Z h coupling
(by how much depends on h-decay mode)
e.g.. h%2¢ %4b
h%2¢ %4t

Chang, Fox, Weiner
Dermisek, Gunion

= Conceivable if h mixes with a singlet

= Motivated in the supersymmetric case




5. Where is the supersymmetric Higgs boson?

(h just above 114 GeV)

MSSM: with My at or above a TeV
and fine tuning reintroduced at ~% level

(" h(=100-115Gev) )

Conceivable and motivated in the NMSSM,
with h = aa — 4b (47)
and manifestly consistent with perturbative unification
( h(200-300 Gev) )
NMSSM with A perturbative only up 10 TeV




10 be decided by the LHC

Physics in its normal way of operation!




