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Introduction

SUSY means a light Higgs(?)
P superpotential contributions:
mi, < m5cos- 23 NMSSM
@ no contribution from the W=ASH, Hyg+..

superpotential
berp _ @ m? < m3cos? 2B+ v sin® 24
@ only some of the couplings of o \2()
the general 2HDM are diogs ~ A (A= 9)

non-vanishing
playing with the evolution of g

large corrections @ )\ ~ 0.7 at the Fermi scale still
LO contribution to the rest of the allows perturbative unification
potential at one loop of the couplings.

4
5[77% ~ ":/tgp log ’Tn’jsztop @ mj'® ~ 150 GeV

top
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Introduction

mp > 114 GeV: a not so weak self coupling

A =2: letit go strong @ at some scale one or more Higgs

° m,27 ~ AgyV? bosons will reveal their composite

@ \gy grows in the UV nature

@ below the strong coupling scale
this looks like SUSY with a heavy
Higgs boson

Unifcation can be preserved
W = ASH,Hy + f(S)

0 L L : . . . Harnik, Kribs, Larson, Murayama - PRD 70, Chang, Kilic, Mahbubani -

Afvsm PRD 71, Birkedal, Chacko, Nomura - PRD 71
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Introduction

ASUSY: a Heavy supersymmetric Higgs boson

@ LEP prefers a light Higgs I heavy Higgs:

@ less FT
@ no need for a special 3rd gen

v

@ more space for heavy 1st,2nd
generation

Barbieri, Bertuzzo, Farina, Lodone, Pappadopulo - 1004.2256

W = ASH,Hq + &S® with large

@ dynamical generation of
@ naturalness
@ experimental constraints

Barbieri, Hall, Nomura, Rychkov - PRD 75

@ Higgsinons contribute to T

@ the heavy Higgs contributes to S
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Generation of 1

Generation of 1 = \s and the soft terms

© 4k?s® — 2Gks? + 25 (A2v2 + v2Aksin23 + p3) — Av2Asin23 =0
0 128% + k?s* — 2GKs® — %v“ sin?23 — "’Tgv2 cos?23 < 0
@ 2Gs(A — ks) — 3A\v2sin23 >0

s~ Asin24
~ 2(M+ksin2p)

1
s= o (G+v/G—8us)
EWSB triggered by Vs = —XGS® EWSB triggered by V4 = —\ASH,Hy

12 ~ —0(v?) (1 - O(v/s)) 12 ~ ks (G — 2ks)
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Generation of 1

Generation of 1 = \s and the soft terms

© 4k?s® — 2Gks? + 25 (A\2v2 + v2Aksin 28 + p&) — Av®Asin23 = 0
@ 125% + k2s* —2GES® — %Qv“ sin23 — ’”Tév2 cos?23 < 0
@ 2Gs(A — ks) — 3A\v2sin23 >0

A>1: s<v

s~ Asin 24
— 2(M+ ksin2p)

EWSB triggered by V4 = —\ASH,Hy

12 ~ ks (G — 2ks)

2

V(vev) ~ — )\Tv“ sin? 24+

1
—K3s* + ngs3 <0
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Generation of 1

Generation of 1 = \s and the soft terms

© 4k2s3 — 2Gks? + 25 (A\2v? + v2Aksin 23 + ;) — AvAsin28 =0
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s~ Asin24
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Generation of 1

Generation of 1 = \s and the soft terms

® 4k2s® — 2Gks? + 25 (\2v2 + v2Aksin23 + p3) — Av2Asin23 =0
@ 155% + k?s* — 2GEs® — *{v“ sin23 — '”T%v2 cos?23 < 0
@ 2Gs(A — ks) — 3A\VvZsin23 > 0

o~ Asin2p
 2(M+ksin2p)

EWSB triggered by V4 = —\ASH,Hy

13 =~ ks (G — 2ks)

G/A < O(\/k)
GA > O(/\2v2)
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Generation of 1

a heavy Higgs boson: m, ~ \v ~ u

Parameters: ., my+

=12, tang=1.5

2u(A— kp)
=\S, Mo = ———= 22— N2V2 L mW2 | = e
K H+ sin23 + y
G = A E 7 /'/
Ful
me. > 2X2v2 4 mé, ]
2 2
m 1
m2, < 4— i +m2, + 22 +0 ( > s g = o =
sin® 23 tan< 25 A #1GeV]

AV
—sin28 < u <
VB ek < n

g)\vsinZB

Roberto Franceschini 02/06/10@Planck 2010 - CERN 7/ 13



Generation of 1

a heavy Higgs boson: m, ~ \v ~ u

Parameters: ., my+

A=2 k=12 tang=1.5

1000 T AT

2u(A—Xp)
sin2s

G=A

B=AS, M = — X224+ mw?

mpy+[GeV]

me. > 2X2v2 4 mé,

2 m2 1
My < 4—L— 4, 4 —Z Jro()
sin® 23 tan< 25

AV

V2

Sin28 < u < gAvsin 253
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Generation of 1

a heavy Higgs boson: m, ~ \v ~ u

Parameters: ., my+

A=2 k=12 tanB =15

1000 " i T ==
2u(A— ) -
= \s, m2 :%A—)FVZ sz
K H sin23 * A
G = A E 700
§
e > 2002 4 1y
2 2
m 1
m[2-[+ < 4 . ‘L; + m2|/V + 22 + O (> 4001—00 ) 200 300 00 51‘1;1
sin® 23 tan< 25 A #1GeV]
° u/mz > 1
Av sin28 < u < §Avsin25 @ Higgs and Chargino not at
V2 2 LEP
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Naturalness

the heavier the Higgs the better

A2V2 _ 23)\(/4 — kS) m? — mg +m§ 807:-:. i
sin2p3 cos 243 !
S\
V ~ Mgort/ A J 7 1
FT ~1/ms, |
mg [GeV]
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Naturalness

the heavier the Higgs the better

2.2 2SNA—ks) mi—mi
ATV = - +mz
sin243 cos 2p3
. Saaa
my [GeV] v ?
vV~ msoft/ A J / /
FT ~1/m;, N

see also Barbieri, Bertuzzo, Farina, Lodone, Pappadopulo - 1004.2256
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a rather heavy SUSY spectrum
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Experiments
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Experiments

Experimental constraints for A = 1.5

tang =1.5 tan3 = 2.5
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Experiments

Experimental constraints for A\ =2
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Experiments

LHC: a strongish self-coupling in the Higgs sector

largish )\ and k
Si — SjSk my+ = 550 GeV, u = 250 GeV

Si — gjak S -

800 -
Cavicchia, Franceschini, Rychkov - PRD 77
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Conclusions

Conclusions

the NMSSM with largish A (A = k > 1)

@ strong coupling onset in the Higgs sector at 10-100 TeV

@ UV completions compatible with gauge coupling unification exist
@ \v ~ my is the only relevant scale of the model

@ 1 is dynamically generated: y ~ mp ~ A\v

FT is low because v ~ Mgy /A

a largish \ gives a spectrum generically beyond LEP reach
current experimental constraints and Naturalness prefer A ~ 2
testable at LHC in the decays of the Higgs bosons

Roberto Franceschini 02/06/10@Planck 2010 - CERN 12/ 13



Dark matter
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