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Bevc:;md Skandard Model

- Standard Model  Confirmed!!
Grauqe bosons, Matters, Hiqqs(2012)
SU(Z)XSU(Z)XG(J.) f

© Many unsolved probmms on SM

The hierarchy bebween Planclke and eleckrowealk scale
The origin of SM gauge bosons and matters

The origin of darke matters
Strong CP Problem ...

Bavom&, Skandard Model !



MSSM bevomd Skandard Model

- Minimal su!z?@rsvmm&rj standard model{(MSSM)

The hierarchy bebween Planck and eleckroweale scale
The origin of darke matters

M S. Martin (1997)

- nau-Problem
At Planck scale ¢y Higqs

Wirssy 3guHuHa ™™ p < Planck scale
Planck scale? hierarchy problem

- Solving mu-Problem bj global symmetbry
éﬂﬂ Q‘”Svm ma&rj Casas and Munoz (1993)
Waissym 2 pH Hy ememfp M3 /9HgHg
R=+2 r&le gravitine mass




&UT bevcmd Skandard model

- Grand Unified Th@.@rv(GUT)
The origin of standard model gauge group

eq. SU(S) DSU(3IXSU(RIXU(1)

Charge quah&ma&mh
Qproton)=—Qlelectron)

: ‘baubt&ﬂ““m lek S LL%&MQ Problem(DTS Problem)

yH = Q "?ﬁ
”"395 21? o ugk&

Gy A e 2 ) Colored Higgs should be heav
M scald Early proton decay

- Solving DTS Problem
Missing Parbner, Missing VEV .....

H. Georgi (1982) et al. S. Dimopoulous and F. Wilczek (1981)



Out Line

1. Inkroduction
MSSM and mu-Proble

sotvg‘ bj gwbat svmmefzrv

GUT and DTS-Problem

solved bj some wechanisms

2. Cur Worlk on SUSY GUT

2-1. No-qo theorems in SUSY GUT
< Compromise tdea

2-2. SUGRA with gauged f?;wsvmmaﬁrfj
SUSY-ZERD

&



No-qo theorem on SUSY GUT

On SUSY GUT, can we solve mu-Problem b:j svmme%rj?
W o uH, Hq suppressed bj symmelry

o sjmmeﬁrj broken at GUT scale!!

Proof: anomaly makching!
Assumption: achieving DTS Problem, automatically unification

Below bthe GUT scale (DTS assump&on)

Hqu — 26]
Higgs Higgs
jéll?—L(Jg'(](S)(;—SU(S)C 3 O’AD—ggU(Z)L—SU(Q)L B 2q
At GUT scale (automatical unification)
AHiggS = AHiggs o AHiggs
D—SU(3).—SU(3). D—-SU2)L—-SU((2)L D—-SU(5)—=SU(5)

Jga="01

&

Ao mr,\bj mo;&:hyg



No-qo theorem on SUSY GUT

SUSY &<UT cannok sLmPtv solve mu-Problem bj svmmaérj

DTS solubkion N sotu&om bj svmme&rv

Remaining Hierarchy Problem !

K. Harigaya, M. Ibe and M. S., JHEP 1509, 155 (2015)

(For simple group GUTs bv Witten eb.al.)
M. Goodman, E. Witten (1986)
E. Witten (2001)



SUSY ZEROD for DTS (mu) Problem

No-go theorem....
Solution: missing VEV + SUSY ZERO
- Missing VEV —P massive briplet Higqs
WQTﬂji;m;p"@ 101.47.103 + m105.10,
30‘(10> &U SM Higgs < A; >= io ® Diagonal(a, a, a,0,0)
10; : SO(10) fundamental representation
A1 : SO(10) adjoint representation

101.A1.A1.101
(101.10, )(A;.41) Heavy SM Higqs!'

- SUSY ZERO wechanism (holwmorgkj)
¢ : U(1)g order parameter

10, =1,A4; =110, =-3:¢6=1
Wb Tmass = €100 A1.105 + mé®105.10,

Q{10,.4,/4 .1()&2“5M +2

orbi




SUSY ZEROD induced bj gaugedmf?; SUGRA
Gauged fz"‘s mme&r SUGQA —Pp SUSY ZERO

1.Supercomformal SUGRA afor gauged (1R
SUGRA z—PF Supercomformal SUGRA

Lampansa&or

2. Gauged U(1)R SUGRA

SUGRA z—F Supercomformal SUGRA
IR ComPeMsaEar m>x

3.0(1R l-wmje.% Iiimpoulas Ef&fzrm

sra D2~ (9|2 — &)
CSUGKA = ,
nizu chiral field  Compensator VEV K=+1

SUSY ZERO!!



Gauge Svmmeérv @ Plawnclke scale
No!!

J. Preskill and L. Krauss (1990)

Gauge symmetry is broken by warm fall?? ——p

Parent universe

daughter universe
(no boundary)

1. Consider Grauss Law abt daughter universe

J. Preskill and L. Krauss (1990)
| E-ds 501
- Nc«%c:vu,v\c&o\r‘j

2. Gauge svmmm&rj LS Jms% a re:dumci&m:jq

L. Krauss and F. Wilczek (1989)
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Conclusion

© SUSY GUT is the most attractive beyond Sm
- We found “No-qo theorem” for mu-Problem in SUSY GUT

* Compromise idea: gauged Q“svmmeﬁrv SUGRA
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SUSY ZERO induced by gauged-R SUGRA

P SUSY ZERO

SUGRA action
S = fd4x(d49E[(—3/m2)S$62(5/3)VRSoe"‘ZKO/?’]—I—[ / d?0eSSW (®Y) + h.c.))

KK SRR D el

So : compensator, & : Fayet — Illiopoulos term

Superieyl Eransformation + U(1)R » “U(1)R”

W X o eTiTA S Bkt BrET ) ST (PR R
5 Vi) el SiEgEste 2T Sy, A (TR S

VR —>VR+%(A—AT), DA =0.

0(1:”2 PRV QR i§(A — AT)?
So — e_ig/BAsoa W — et™Aw
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