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Can new scalars be the lightest particles around?

Motivation for that: a natural solution to hierarchy problem, like SUSY )

MSSM

m? < mycos?2B+ A?| = A;>85GeV = stops above a TeV

. . dv? 4 ) 3y? A
Fine tuning worse than 1%! Wi/u ~ 2 Smy,, ~ _H’w Iog n
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Model and plan

NMSSM with A ~ 1 and heavy stops & gluinos)

[A Z 0.7 needs completion before GUT scale] B

Goal = strategy to look for extra scalars ‘

~ 1 TeV —

A~ 2Ny
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Model and plan

NMSSM with A ~ 1 and heavy stops & gluinos)

[A Z 0.7 needs completion before GUT scale]

Goal = strategy to look for extra scalars ‘

Scalars are:
CP-even hy, hy, hs (from h, S, H)
CP-odd A, A
Hi

~ 1 TeV —

A~ 62772//\21)

=

Msoft
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Model and plan

NMSSM with A ~ 1 and heavy stops & gluinos)

[A = 0.7 needs completion before GUT scale] E
A
Goal = strategy to look for extra scalars ‘ A ~ 2™ /3%y,
g
Scalars are: : s
~1TeV ——
CP-even hy, ha, h3 (from h, S, H) i
h

Assumptions

Only loop contribution = top-stop A;

No invisible decays hy, ho — XX, ...
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A useful para metrisation (no specific NMSSM, no scatter plots..)

h3 H
Hpon h|=RT|(h|, R= R§2R53Ri3 mp, = 125 GeV J
ho )
M2(m2., M\ tg, A
e = [ Mz Xt ) ~ RTdiag(m3,, 2. )R
2 3 1 2
VM1 VM2 M3
/LQ
S T
h e _hiue
hruc
h i
S ho
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A useful para metrisation (no specific NMSSM, no scatter plots..)

hs H
Hon = Zl =RT g , R= RPRZRI mp, =125 GeV |
2

M= ( M2 (m2 i X tg, Ay)

| = R7diag(m?, . i it )R
VM1 VM2 M3

/LQ . .

S e Analytical relations!

h e hrme 67 Vs U(th, Mp,, mpy=, )\7 t,Ba At)
hpuc

h

S ha
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A useful para metrisation (no specific NMSSM, no scatter plots..)

hs H
Hon = Zl =RT g , R= RPRZRI mp, =125 GeV. |
2

M= ( M2 (m2 i X tg, Ay)

| = R7diag(m?, . i it )R
VM1 VM2 M3

/LQ . .
S T Analytical relations!
h '~.,_~' hrue 67 e G'(th, Mp,, my=+, )\7 t,37 At)
hpuc . —
h A motivated limiting case
< A Mmp, > mp, , and 0,6 — 0 [free pars: my,, tg, A, A]
) :
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Higgs couplings and fit

tan 8
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s5=0,01503
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Higgs couplings and fit

[hic = h = cy(csh — ssH) +5,S ]
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Doublet H decoupled [6,0 — 0]
hy fF hVV ho fF h, VV
gl :gl = C g2 :g2 = —S§ [At:75GeV}
SM SM vy SM SM Y
Ehtr &hvv 8htr Ehvv
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Doublet H decoupled [6,0 — 0]

by fF by VV o fF ha VWV
gslM = gfl:M =& gSZM = gém =75y [Ar =75 GeV]
Ehfr Ehvv 8htr &hvv
A=0.8 A=14
5001 SR ‘ 500
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Direct detection of hy: mp, > 250 GeV: hh dominant decay [depends on vs]

my, < 250 GeV: signal strengths = s2x SM
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Looking f ' :

CMS Preliminary L=197f'  is=8TeV
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Looking for the singlet: h, — VV

CMS preliminary, | L=5.0fb" at (s=7 TeV, | L=19.6fb" at is=8 TeV
T T

Current best limit: ZZ — 202q,44, ... CMS i

LHC14 reach for ZZ — 4¢
Brownson et al. 1308.6334

—— M prodicton
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Looking for the singlet: hhh coupling

Trilinear Higgs coupling could be first place where we observe deviations

Isolines of ghhh/ghshlz[:

A=0.38, vs =2v

A=14 vs=v
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HL-LHC sensitivity: ~ 50%  [see Snowmass report Dawson et al 1310.8361]
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Summary and outlook

Looking for extra scalars

NMSSM with A ~ 1 as a most natural scenario)

Focus on CP-even sector 4

7 ot

~1TeV ——
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Summary and outlook

Looking for extra scalars

E
NMSSM with A ~ 1 as a most natural scenarioJ N e
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~1TeV — d oot
Results: HS
in terms of only physical h
quantities, no need to specify potential
700
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’ Current status and future reaches oy
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Summary and outlook

Looking for extra scalars

E
NMSSM with A ~ 1 as a most natural scenario) N e
~ eIy
Focus on CP-even sector 9 )
~1TeV — d oot
Results: HS
in terms of only physical h
quantities, no need to specify potential
700
CMS excluded
’ Current status and future reaches oy
A N soor_ —— LHC14
at the LHC for singlet-like scalar - HLLHC
500
direct vs indirect prospects 3
§

Future: lot of space to be covered!

— Prospects for more channels/other colliders
— Tuning,...
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Back up
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Fully mixed case and a v signal

Singlet-like state lighter than 125 GeV [see also R. Ziegler talk]

’still allowed, hard to see‘

A=0.1,A, = 85 GeV A=08,A, = 75GeV
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[mp, =500 GeV, s§ =103, v, = v] see e.g. Badziak et al. 1304.5437,...
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my, (GeV)

Singlet S decoupled [y,o0 =0, mpy, > mp,, mp]
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Indirect bounds on H* from B — Xs!

[Miy(ts,...) =0 —= 6 =0

h3 pheno: more similar to MSSM, CMS and ATLAS are looking for it
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my, (GeV)

Singlet S decoupled [y,0 =0,  mpy, > mp,, mp,]
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h3 pheno: more similar to MSSM, CMS and ATLAS are looking for it
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The MSSM

LHCS fit status:
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Red regions excluded by LEP and CMS direct searches

LHC14 fit projections: above regions completely filled
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