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e Cosmic Hiaas Connection
Higgs inflation

e inflation is a cosmological necessity

e instead of introducing a new field:
(SM) Higgs = inflaton

e non-minimal couplings of the scalar field to gravity
@ SM becomes “unnatural” [cf. Einhorn, Jones]

@ a viable candidate might be the scale-free (Next-to) Minimal
Supersymmetric Standard Model [FKLMvP]

Canonical Superconformal Supergravity (CSS)

o scale invariance of global supersymmetry — local SUSY

e modified SUGRA Lagrangian [Einhorn, Jones]
1,- :
L= —6J d? QE[R— y (D*>—8R)o'® +P(<15)] +h.c +...

v
wor B



e Cosmic Hiaas Connection
Higgs inflation

e inflation is a cosmological necessity

e instead of introducing a new field:
(SM) Higgs = inflaton

e non-minimal couplings of the scalar field to gravity
@ SM becomes “unnatural” [cf. Einhorn, Jones]

@ a viable candidate might be the scale-free (Next-to) Minimal
Supersymmetric Standard Model [FKLMvP]

Canonical Superconformal Supergravity (CSS)

o scale invariance of global supersymmetry — local SUSY

e modified SUGRA Lagrangian [Einhorn, Jones]
1,
L= —6J d?0¢ [R +X(®)R— 2 (D*—8R)%'® +P(<15)]+h. c. +}.

v
wor B



Superconformal symmetry breaking

e X(d)

e dimensionless coupling (!)

@ only function of chiral superfields (¢, not ")

Jordan frame — Einstein frame, Mp =1

o frame function 2= ¢ ¢; —3
e Kahler potential K = —31log(—£2/3)

e non-minimal coupling

3
2,=02-(X(¢)+h.c)

V.

NMSSM superconformal symmetry breaking

3
.(2=—3+|S|2+|Hu|2+|Hd|2+§x(Hu~Hd+h.c.)
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(WA Brief introduction of the NMSSM
Enlarged Higgs sector

Superpotential, Z5-invariant:
K 3
WHiggs =ASH,-H;+ § S°,
where H, - Hy = HH; —HOH)

| A\

The NMSSM solves the “u-problem”

WMSSM =u Hu . Hd + Yukawa
only dimensionful parameter y has to be ~ electroweak scale
K
WNMSSM D A. SHu 'Hd + 583

dynamical u-term: A(S) = Uug
Z3 symmetry forbids dimensionful couplings (bilinear, tadpole terms)
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local U(1) R symmetry

@ part of the superconformal SU(2,2|1)

@ y term breaks continous R and discrete Z3 symmetry
A%h®
My

@ breaking at dimension 6: ~ y

<

Corrected Superpotential

2 (Whia)
Wets — WCX((P)/MP =W+ ﬁX(@)

P
The iINMSSM

K 3
Weff: ASHH 'Hd aF g SB = Exmg/zHu 'Hd

Cosmo pheno requires |y /A| ~ 10°
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| Phenomenoioay of the inflationary term
like the NMSSM with an extended effective u term

3
‘u’;ff = A(S) + EXmB/Z = Uefs + U

Additional soft SUSY breaking term

1
Vot =AA; SH, - Hy + 34 s3

3
ar EBMXmg/Z (Hu ‘Hd +h.c. )

Higgs potential of the INMSSM

V={m2 +(u+ASY | [Hy? +[m2, +(u+AS) ] |H,J? +m2s?

+2kA,S*+[xS?+AH, -Hy]" +2(B,u+AA, S)H, - Hy

g2+g2 2 gZ o
+ 858 (|H 1> — |5, ?)" + S1H, H,|?

y
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Stabilization of the inflationary trajectory

e only neutral components (“truncation”)
S =sel/+/2, HS = hyel® /V/2, Hg = hye'®2 /2,

with h; =hcos 3 and hy, = hsinf3; tan 3 = hy/h;
e D-flat direction:
B=mn/4 h:P=h3="h

e “simplest” direction: s =0, a; , =0 [FLKMVP]
4 tachyonic singlet directions [Einhorn, Jones]
o add —{(SS)? to the frame function




stabilization for { > il?hgl +0.0327 [FLKMvP]
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Flat potential V(¢,...)
slow roll parameters €, > 1:
ezl (lﬂ)z
2\Vd¢
_109%
= VT&

n

| A\

inflationary NMSSM

 3x2h¥ = 3yh2

slow roll ends when €, ~ 1, thus

Rong ™ 2.2/ /7 ~ 0.007

in Planck units!
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A SUSY electroweak model

V=[m2 +(u+ASY | IHy? +[m2, +(u+A8)]||H,J? +m2s?

+2xA S®+[xS?+AH, -Hy" +2(B, u+ A4, S)H, - H
+ 828 (1,1~ 1B, 2) + S,
myy = —(p+ pe)’ — V2 A2 55 — 3 My cop +ay tp,
mH = — (U + pegr)* =2 12 2+ 3 M; 7 Cop +a1/tp,
mg=a4—a5—a7—v212—(v+2,ueffi),

with (hg)ew = Vu/‘/i’ (hg)eq = vd/ﬁ: (So)ew = ,U«eff/l.

Minimisation conditions are in general misleading]!

av 2 . )
Fh; lvey = 2My Vu - linear equations for soft SUSY brea-
| g2y king masses mIZ_Iu, mfld, m2, can be
Ohg lvev Hy solved uniquely; determine numeri-
V| _o 2

Fh, |vey = 2MgVs + ... cal values for those
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different phenomenology than pure Zs-invariant NMSSM
tachyonic directions in both

additonal u-term allows for more allowed (i. e physical)
parameter space

@ selection for sign ug (U > 0 by construction)

@ scenarios with alternative vevs possible

° <hu) 7é vu/\/ﬁ, (hd> 7é Vd/\/i’ <S> 7& Au‘eff/l
e in general: h, >~ hy; > v or 0 and/or s > Ueg/A

e vacuum tunneling: mostly long lifetimes
SM-like Higgs mass @ 125 GeV!
no (too) light singlets (can be shifted with A,)
not much viable space left
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M%clz3 +agtg (2v2 A2 —Mg)cﬂ Sp—da; apcp—assp

M§= . M%s%+a1/tﬁ aysp—ascp
. a4+a5
a, t/j a; —aésﬂ
MI% = . al/tﬁ —dg Cl3

as—3as—2ay
with .
a; =Bu.“'+l/"eff(z “eff+AA) Ay =2V A (U + Uegr)

K
as =V7L(2 K,ueff +A/1)

1 K
a,=— [vz Acgsp (—ueff +A;L)—v2 A? ,u]

Ueft A
K\2 K
as = 4(1) uZe+ a1 [ A —V2 A% g 55 ]

K K\2
ag=vA (2 Py Aueff_AA) a; =—6| = Mgff
W. G. H.
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Avoid tachyonic charged Higgs by definition
a

mHi —M2 —v2 A%+
Cpsp

a, =B, u+ .U'eff(% Uegt + A7)

u.u' K
_:Uieffx

cpS
) (mHi—M2 +v Az)
Uetf Uetf

Ay =

o small tan f3: large NMSSM-effect on light Higgs mass
(Am,zlo ~ A%y sin? 23)

o large my+ = 800 GeV (although not needed for small tan 3)

@ signA, selects sign ¢

@ U + U as effective u-term

@ single g contributions
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IS u=0 GeV
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IR mu = 1000 GeV
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IRt et = 200 GeV

U+ e = —200 GeV
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@ as in NMSSM: 5 Neutralino states
o different scaling behaviour with w, e
@ lightest state probably dark matter candidate

@ generically heavy Singlino!

My 0 —Mzsycg  Mzsysp 0

M, Mgzcycg  —Mzcysg 0
M, = - 0 —(Uefr + 1) —Avsg
. . . 0 —Aveg
2 Uegt

Possible distinct scenarios

@ physical Higgsino mass ~ (Ueg + W)
o small peg+ U

@ large cancellation possible: Singlino mass !
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W+ Uegg = —200GeV, tanf =3.5, 1 =0.3, /A =0.3
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“Liebler” rescaling

@ only 5-5 elements depends on x
@ keep U+ u fixed
e rescale 4 such that (M 1)55 stays the same
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U+ Uegr = —200GeV, tan § = 3.5, A = 0.3, /A = rescaled
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Boiling down the parameter space...
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K/A
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K/

u=1000GeV, tan f = 5/2, A = 3/5, A, = 100 GeV
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K/
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K/
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Additional soft Z4 breaking leads to
severe instabilities.

we v D



@w=1000,tan3 =3/2,k =1/10,A, =0

500

-500

-1000

-1500

(u + ueff)/ GeV

we v D



w = 1000, tan f = 3/2, k = 1/10, A, = 100

1000 | : ‘

500

500 |
5 -1000
11500 |

-2000

eo0000

-2500

b

53
112001000.800 -600 -400-200 0 200 400 600
(U + uegr)/ GeV

-3000

’—‘ D..‘.

we v D



Higgs Inflation in the NMSSM
o the MSSM is not enough

e Singlet direction to stabilize inflationary trajectory
o inflaton formed out of doublet Higgses

A u term from gravity

Winmssm = Wiamssm + U H,, - Hg

Caveats and features

tachyonic Higgs directions

alternative vevs

Neutralino sector different from NMSSM
Higgs-to-Higgs decays! (not talked about)

parameter region of light Higgsinos favoured!
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3
Ap = _5(8% +g§)CﬁV
A1z = —2A(Uegr + )
Atos =ARA + 2K Uegr

3
Aggg = —E(g% +g§)s/5v

A233 = _ZAZSﬂV + ZKACﬁV

1
Aag = —E(gf +g§)c,5v
Asqq = =22 (Uest + 1)

1
Aiss = E(gf +85)cgv — 2Acgv

Azss = —2A(Uegr + )

W. G. H.

1
Allz = E(gf +g§)8ﬁv_ 2},28131)
1
Algg = i(gf +g§)cﬁv— ZAZva
A1z = —2A%pV + 2K Aspv
Aoz = —2A(Uegr + )
K
Agzg = —2AKk — 12%;“'eff
1. 5,2 2
Agas = E(g1 +85)s5V —2A%spv
Agss = —AA, — 2K Uegy

1
Agss = —E(gf +85)spV



