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1. Motivation:

One of original motivations for SUSY:
Solution of fine-tuning problem!

We do not want to give it up.



Problem arising from LHC

~ 125 GeV Higgs

VS

SUSY little hierarchy problem:
Fine-tuning problem for EWSB.



The lightest Higgs mass in SUSY models:
1-loop correction from stop is important.

m% ~ M% cos? 203

My . Z —boson mass ~ 91.2GeV,

my¢ . tOp quark mass =~ 172.9GeV, mtg . stop mass.
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v? = (Hu)? + (Hg)® ~ (174)°GeVv?, tanf =




The lightest Higgs mass SUSY breaking

1-loop correction from s (> 10TeV)
for 125 GeV Higgs?
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My . Z —boson mass ~ 91.2GeV,

my¢ - top quark mass = 172.9GeV, 'm,tg . stop mass.

(Hu)

v = (H,)2 + (H)? ~ (174)2GeV2, t =
(Hu)® + (Hg)” = (174)°Ge an 3 )




SUSY little hierarchy problem:
Small mHu, mHq¢ are required.

5 2 2,0 D
_&: |u|2 I m{, tan<f3 my
D tan?p — 1

D
de |

2 2
= m
=+ Hy, tan26 |

My Z —Dboson mass ~ 91.2GeV,

o higgsino mass,
MH, SUSY breaking soft term of H,, 4.



SUSY i SUSY breaking

(< 1TeV)
Small for no fine-tuning of u?
2
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My Z —Dboson mass ~ 91.2GeV,

o higgsinoO mass,
MH, , SUSY breaking soft term of H, 4.



LHC constraint on SUSY

SUSY breaking soft mass > 1.5 TeV!?,
in addition to ~ 125 GeV Higgs.

Squark-gluino-neutralino model, m(f?) =0 GeV
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A solution

o Next to MSSM (NMSSM):  Wimssm D ASHuH,,,

Amh = \2v?sin?(2p).
—> ~125 GeV Higgs.

Y TeV Scale mwage med|at|0n Choi, Jeong, Kobayashi, Okumura;

Kitano, Nomura

Effective low messenger scale in soft mass sector.

— small mHv and mH4 > small p.

(Compact SUSY spectra was also discussed in our paper.)



2. NMSSM and mirage mediation
Generalized NMSSM:

W = WmssM yukawa T WHiggs:

K
Whiggs = ASHuHy + £pS ”23 S2 + 553.
= A(S).

e ~125 GeV Higgs mass
e Compact SUSY mass spectra
e Stringy realization of S &  mirage mediation



2. NMSSM and mirage mediation
Generalized NMSSM:

W = WmssM yukawa T WHiggs:

Whiggs = ASHuHy + £pS ”2352 + *
= A(5).

e ~125 GeV Higgs mass
e Compact SUSY mass spectra
e Stringy realization of S &  mirage mediation



Soft masses in the NMSSM
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Independent quantities via 9s,m,,1,Y =0

, . 9 9 9 :
Ak, A\, Ai, myx, my, mg &r, Cs, b, mz, tanp.



Soft masses in the NMSSM
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Soft masses in mirage mediation

Choi, Jeong, Okumura;
Endo, Yamaguchi, Yoshioka

mz3/o .
msoft(Q) ~ cMo /2 - (Mixings)
lom
~ Mg |c 1 10g(Am/Q) | .
1672
Mg : Gravity mediation, m63/§: Anomaly mediation.
7T

Nm © Mirage messenger scale

This scale is determined by the ratio of the above.




Running of soft masses
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A solution for SUSY little hierarchy

Take CH, — ©CHy; — 0, ¢g =1,

and Cmatter — O(l)-
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Mass spectrum

Mass spectra of ghiino, stop, ueff and y;°
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particles
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3. Stringy motivation: KKLT

Kachru, Kallosh, Linde, Trivedi;
Choi, Falkowski, Nilles, Pokorski

Moduli: SUSY-breaking source
coupled to the NMSSM.

mgz/2
372

Modulus
(Volume)

MO ~ FmOdU“ ~

D
Mmoduli ~ 87" M3 /5.

Sequestered
SUSY-breaking



NMSSM on a fluxed-brane
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NMSSM on a fluxed-brane

/ /\\\/ -
*+ T & Tda

(Fmn) 7 0.
Dy = Om + ’5<an>yn-

O/_\/o Open string has a charge!




Is Yukawa flavor structure telling
3 = 2+1 Generation?

2 > .2 2
MQ12 <~ MQ3

‘ Cmatter — O(l)-

2 2
mi ~ c;| Mo

(Perturbative)
brane model ???



Is Yukawa flavor structure telling
3 = 2+1 Generation?

A/.M Q37 U3a m%IQ zmég ?

S, Hu, Hd
‘ Cmatter — O(l)-

Matterl Matter?2...
S< ><<
2 2
>< m; ~ c;| M|

Hetero, M/F-theory???

Gauge-top Yukawa-A unification
is required for mirage mediation.



The Higgs sector
= Open string moduli?
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The Higgs sector
= Open string moduli?

4 ™
Hy
Ay, =
Hg
\- /  Gauge-Higgs
unification.
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Even if this is not the case,
the SM singlet S should be charged
under an U(1)pa which are to be broken.

.
!

1L K
Wsinglet = §pS 2382 + 553

EF < MZytos Mg < Meytoff, & < 1.



4. Conclusion

TeV scale mirage mediation in the NMSSM can

solve SUSY little hierarchy problem

and

realize ~ 125 GeV Higgs.

Gauge-Higgs-Yukawa unification
for mirage mediation?
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