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INTRODUCTION

Supersymmetry is attractive BSM candidate.

Big hierarchy + Unification

Light SM like Higgs (125 GeV): weak self-coupling
Little hierarchy problem

Missing superpartner (mg~ >1.5 TeV LHC7+8)

Higgs is too heavy > multi-TeV stop ?

. . | 5

Fine tuning <1% [ % |y | — g 4 O (taéﬁj
Solution: “TeV scale mirage mediation in NMSSM !”
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MIRAGE MEDIATION

Soft SUSY breaking terms= (Moduli + Anomaly) Mediation
K.Choi A.Falkowski H.P.Niles M.Olechowski and S.Pokorski (2005)

— 1
_ESoft — Ma)\a)\a + mg‘¢z‘2 + {+§YYU;€A@J’€¢%¢J¢’€ + hC}

/MG(MG) = My + (Anomaly Mediation) \\
Aijk(Mg) — (Cf,; + Cj -+ Ck)MO + (Anomaly Mediation)

m? (M¢g) = cz-\M0|2 + (Anomaly Mediation) ¢ =0,1/3,1/2,1

\_

RG corrections cancel with anomaly mediation at M,;,.

il L Mg 4 ms/2 ¢ +¢jtop =1
mir (Mpl/m?,/Q)a/2 M lH(MPl/mg/Q) for K/Jk = O(l)




TEV SCALE MIRAGE MEDIATION

[ Mt i leYi ey, =0 ] “Natural Little Hierarchy”
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Two problems: B =~ 872M,, mj; =125 GeV requires multi-TeV stop.



NVISSM

[ WH:—)\SHqu—F%SS (Zg) ]

New F-term potential - Tree-level Higgs

Landau pole A S 0.6
F-term ( sin?28 ) max =2 D-term ( cos?28 ) min
Mixing with S
/1] M?2
No gain in FT TZ ~ |miy, | _szf Lefr = A(S)
Dimensionless = sol. of B, problem in MM



NMSSM IN TEV SCALE MIRAGE MEDIATION

The soft SUSY breaking terms in Higgs sector are given by,

Veott = m%Iu‘Hu‘2+m%[d’Hd|2+m%’S‘2

NASSH, H, + gA,iS3 1 he.

/Ma:MO m%, = Mg Ay = M, |
1
2 __ 2
mq.j—iMO
M,
m2, ~0, m% a0 A.~0 ~ L
s e @5

Small parameters, Uncontrollable 1-loop corrections

1

We chose the modular weights as cg, =1, cg, =0,¢cs =0, cgr = =



IMPROVED FINE-TUNING IN TEV SCALE MM

K.Choi K.S.Jeong T.Kobayashi K.i.Okumura (2006)

[CHdZI, CHuZO]

Hd Hu BM:A)\
H M?Z + u? M
Mir = p. ( J?ﬂ)uu M02M> [CSZO]

Det(M3) = My My, = (Mg + p*)p® — Mgp* = p

My = MQ — My, ~ ui '
MO Cancel
i M7 2 | 2, ME \
Pot. minimum chooses: —= ~ |my |+ | —p° + —=3°
2 3 tan“ (3

uterm can be large  u ~ v/mz M,



DOUBLET-SINGLET MIXING

In NMSSM, mixing with the singlet may destroy the y cancellation
In addition, if the doublet-singlet mixing in the mass matrix is large,
w/ mixin
W/0 mixing / 5 h,
h>

Mass

hy

hi: doublet-like  {IEEED 125 Gell
hy: singlet-like <:> Md

We show an approximate scale symmetry suppresses the mixing



SCALE SYMMETRY IN NMSSM

In Kk = m% = 0 limit, the scalar potential has an approximate
scale symmetry,

H,(x) = €*°H! (ex) Wy =—-ASH,Hq4
— 29 ¢ _ 2 2 2 2
Hy(z) = e Hy(ez)  Veotr = my, |Hul” +my,|Hal

—

In kK = m% = 0 limit, there’s another scale symmetry, S <> H,,

————

S(z) = S'(e’x)

—NA\SH, H; + h.c.

explicitly broken by Kg = STS and D-term.

H, 4 VEVs break the symmetry and the light doublet (H,/Hy = tan ()
corresponds to the NG boson.

Singlet-like Higgs (S + Hy) — NG boson

———




HIGGS MASS
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FINE-TUNING MEASURES

We define the fine-tuning measure as:

AY — Oln(y) x: input parameter
v Oln(x) y: output parameter

Natural choice is, y = v; = {(H,), (Hg), (S)}
Instead we choose, y = { M7, tan 3, u}. tan 4 ~ ML
0

We examine their sensitivity to A, x and the small parameters:

L = {Aamamﬂuam5714ﬁ;}

ov; 1 o1 OV
{Master Formula: dlnz, \@ZI;(MS)“* 8¢kalnwa1




NUMERICAL RESULTS FOR FT MEAURES
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NUMERICAL RESULTS FOR FTS (CONT'D)
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NUMERICAL RESULTS FOR FTS (CONT'D)
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F'T is minimized around mj, ~ 100 GeV.
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NUMERICAL RESULTS FOR FTS (CONT'D)
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My = 5 TeV is acceptable in the standard of conventional 1 TeV models !
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HIGGS EFFECTIVE COUPLING CONSTANTS

The eftective coupling constants of CP-even Higgs bosons are defined as,

/ \

3 2
Z Cv\/_mwh WiEW - “+CV\77_ZhZ Z¢ - Zof ohiff

+C! hiGS, G + hi Ay, AP
\/_m) ”\fm :

\_ J

For the SM, CPM = OfM =1, C;M ~ 1.03, OSM —0.81

Their deviations from the SM value (or existence itself ) encode
information of new physics.



NUMERICAL RESULTS FOR CP EVEN HIGGS

(Calculated by NMSSMTools)
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Sum rule (£"1)% + (k"2)2 = 1 holds well except for b(T).
~ 20 % deviation from the SM Higgs is possible for tree-level couplings.



NUMERICAL RESULTS FOR CP EVEN HIGGS
(CONT’'D)
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Singlet-doublet mixing is required by mp, = 125 GeV.
~ 50 % deviation is possible for k; (mixing with tan S enhanced H coupling).



NUMERICAL RESULTS FOR CP EVEN HIGGS
(CONT’'D)
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K¢y comes from singlet-doublet mixing.
Kp is enhanced by tan .



CONCLUSION

TeV scale mirage mediation in NMSSM is an attractive
model.

125 GeV Higgs can be accommodated.

Fine-tuning is better than 10% with 1 TeV stop while p
can be as heavy as 500 GeV.

Singlet-doublet mixing is suppressed due to accidental

scale symmetries.

10-20% deviation is expected in SM-like Higgs coupling.
O(1) deviation is possible for b (T).

Light hidden singlet is characteristic and an interesting
target for future colliders
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SCALE SYMMETRY IN MSSM (CONT’D)

SMZST ~
diag(m?% cos? 23 + A\2v2sin? 28, A2 4+ (m%Z — A2v?)sin? 283, A2 sin® 25)
AH, cos 3 —sin A~ sin 3 9
ST = AH, sin 3 cos 3 + O (%) :
AS w — A4 cos2f 1 A

singlet-doublet mixing is suppressed by - and 1 /tan 3

In k =mg =my = (Hg) =0 limit —

two NG bosons, H,,, S (mass eigenstates)
S;[l and S;rg must break the two symmetries and decouple with M.

(S) (Ha) (Hu)(S) mZ(S) miy, (Hu) mgmi,
My My M2 T M3 ME 0 M)




EFFECTIVE COUPLINGS IN NMSSM

In the NMSSM, the effective couplings for V and f are given by,

i = Slsinf+ S cosp, (Z(O%/)Z =1)
( 1 ’
P _ d.s.b
} _ Slz COlSB (f e, U, 7,a,s, )
; B )
\ SQi Sl]_’lﬁ (f _ ’U,, C? t)

S: unitary matrix for mass diagonalization

In the k = m% = 0 limit, they are summarized as:

h H hs
m,%i m% cos? 23 + \?v? sin® 23 A3 + (m% — A\%?) sin“ 28 A2 sin® 243
C’i”/ 1 0 /\Ai/\ sin 23
Cde 1 —tan f3 A4c tanf
C? 1 cot 3 )\ALA cot 3

C’fie is sensitive to the mixing with H due to tan 8 enhancement.






