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- Introduction

® LHC is coming soon.

The MSSM 1s one of the most motivated |
candidates for the beyond the SM.

(To'list “well-motivated” models \

with simple parametrization is
still important.

\_

If the model predicts distinctive
features, so much the better.
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Introduction

Sweet Spot Supersymmetry

( )

Gauge Mediation Model for Gaugino + Matter
e

Direct couplings between Higgs and Hidden Sectors
- (p-term + Higgs- soft masses)

\_

® No p-problem, No SUSY CP-problem
2 MSSM is determined by three parameters
® Distinctive Spectrum

 Consistent gravitino DM scenario
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Tqble of contents'

€ Tntroduction

% SUSY Breaking & Mediation mechanisms

S Sweet Spot Supersymmetry

® LHC signatures

® Natural gravitino dark matter




SUSY Breaking & Mediation Mechanisms

% Let us assume that the SUSY 1S mainly
~ broken by an F-term of S =fte e, Fo)

scalar // \\\

Goldstino F- term

(non vanishing)




SUSY Breaking & Mediation Mechanisms

2 let us assume that the SUSY is mainly
broken by an F-term oF‘S::(s;¢55Pb).

S In terms of S, we can write down an

effective theory of SUSY breaklng sector

—
K= g1g (STS) i

' A2 0
W=m?s A f
\. /f \ Z/ Higher oder terms

Tadpole term for A is the mass scale of
SUSY breaking the massive fields.
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SUSY Breaking & Mediation Mechanisms
” (515)2
A2

~

—gtg =
W = m?2S
\ s

2 F-term (Fg) =m .
Fs)

- (Fs)
*“Grav1t1no (Goldstino) ﬂ%yz——wf-
IMP

G“Scalar mass mg = 2>~

\_

We can discuss physics of hidden sector below
the scale A, with this effective theory with
only two parameters (ms/2, /).

~
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SUSY Breaking & Mediation Mechanisms

® The origin of ungino masses are classified
by how S couples to gauge supermultiplets
W s f(SWIW,
® Gravity Mediation |

| g . = E -
f(S) 2 M—P ——>  Mgaugino — <—S> = O(m3/2)

~

This choice of f(S) suggests that S cannot carry
any charge. ——

Gravity mediation scenario also suffers from
and .
G ' - 7
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SUSY Breaking & Mediation Mechanisms

€ The origin of ungino masses are classified
by how S couples to gauge supermultiplets

W s f(S)WW,

$ Gauge Mediation
(after integrating out the messenger particles)

£
g 'Nmess
— 1

5 Meaugino = ('47T)2 <s> < a2 ()

g% . (Fg) g°

- _
S can be charged field —

Gauge mediation scenario also solves
\_ :
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SUSY Breaking & Mediation Mechanisms

S What’s wrong w1th Gauge Medlated Model?
/Eﬁﬁ Problem

g

Supersymmetric . SUSY breaking
Higgs mixing term Higgs mixing. term

WopHHy - - L>BuH,Hy

"From naturalness of EWSB, both two
parameters are required to be comparable
to or less than the weak scale.

\.
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SUSY Breaking & Mediation Mechanisms

S What’s wrong w1th Gauge Medlated Model?
,u/B,u Problem

S Why [t = O(Meausine)?

€ Many: attempts end up with too large B-term.

~

— ) (mgaugino)

= (47‘-) : O (mgaugino)

J




Sweet Spot Supersymmetry

_|_
Direct couplings between Higgs and Hidden Sectors
(p-term + Higgs soft masses)

\_

4 |
Gauge Mediated SUSY masses to Gaugino + Matter

\

: No-u—problem, No CP-problem _
> MSSM is determined by three parameters

® Distinctive Spectrum

® New production mechanism of gravitino DM
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Sweet Spot Supersymmetry

In terms of S, SSS 1is given by;
(z(:s*hs*—wm)2 :

A2 .
3 (C,LLSJH’U,HCZ oy C) = CHSTS(H,:EHU = H;Hd)

A AZ

| 494 _ 2 t
=z 1——MﬁﬂCbO%ﬂSD ol @

W= WYukawa 1= m2S+ Wo

W
iy sakee ] ol
-+2(92 MmyzogS))W W

V8 AL
6 Mp

= <F5>92
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Sweet Spot Supersymmetry

In terms of S, SSS 1is given by;

| 575 . .
Kz[STS— ( A2)j‘— SUSY breaking se

r




Sweet Spot Supersymmetry

In terms of S, SSS 1is given by;

r

. 8t5)? -
Kz[STS— ( Ag) j«— SUSY breaking sgictor

V(s) = mg|s|® —2m?|wo|s
supergravity

mA

A2

lwo| ~ m2Mp1/V/3,

(V) = [m?|* = 3Jwo|* =~ 0)

ms = 4

[’06 R.Kitano]




Sweet Spot Supersymmetry

In terms of S, SSS 1is given by;

r

. 8t5)? -
Kz[STS— ( Ag) j«— SUSY breaking sgictor

V(s) = mg|s|® —2m?|wo|s
supergravity

mA

A2

lwo| ~ m2Mp1/V/3,

(V) = [m?|* = 3Jwo|* =~ 0)

ms = 4




| Messenger particle (5,5*)

W =kSTW

Messenger Mass
M mess = k<3>

3 — - —
mass splitting of messenger bosons

Rls)? kF a2







Sweet Spot Supersymmetry

In terms of S, SSS 1is given by;




Sweet Spot Supersymmetry

In terms of S, SSS 1is given by;

r

e

T.
H, H -
Cusp\ d-%hﬂl) s

| Approximate PQ-symmetry
H,:+1 Hg:+1

S +2

QHSWS(HQELL+uH§B%)

(7(7n3/2)

> sSmall

Mp
A

a » -
(P-phase




Sweet Spot Supersymmetry

TR

Gauge Mediated masses F"f~(+mgw“wmm+Mm,

g° Mp\° =
Mgaugino = Mscalar = ( 47r)2 ms/2 (T)
Giudice-Masiero mechanism + PQ-symmetry
Mp
pmp, 4| ~ma (T)
B = 0(mg32) » No CP-problem
Sweet Spot (1) (c.=O0O(1))

g
Mgaugino ~ H == A~ (47T)2MP —’@ ~ MGUQ

Mgangino = O(100) GV ep (M2 = O(1) GeV)

These are supported by
gravitino- DM produced
by the decay of “s”.

Free Parameters

/& Cai 7712




Sweet Spot Supersymmetry

TR

Gauge Mediated masses F"f~(+mgw“wmm+Mm,

g° Mp\° =
Mgaugino = Mscalar = ( 47r)2 ms/2 (T)
Giudice-Masiero mechanism + PQ-symmetry
Mp
pmp, 4| ~ma (T)
B = 0(mg32) » No CP-problem
Sweet Spot (1) (c.=O0O(1))

g
Mgaugino ~ H == A~ (47T)2MP —’@ ~ MGUQ

Mgangino = O(100) GV ep (M2 = O(1) GeV)

These are supported by
gravitino- DM produced
by the decay of “s”.

Free Parameters
2
% mHu,d ms3s/2 M ess




Sweet Spot Supersymmetry

TR

Gauge Mediated masses #vm~(+mjwﬁﬂmEﬁﬂww

.7‘ [ 2 A2
Mgaugino = Mscalar = (471')2 ms/2 A

Giudice-Masiero mechanism + PQ-symmetry

Mp
lL::’Tnfﬂhdlﬁd7n3/2 A

B = O(ms)5) » No (P-problem
Sweet Spot (1) (c, =O(1))

g
Mgaugino ~ H == A~ (47T)2MP —’@ ~ MGUQ

Mgangino = O(100) GV ep (M2 = O(1) GeV)

These are supported by
gravitino- DM produced
by the decay of “s”.

Free Parameters (EWSB)
o R, , M3/2 Miness




Sweet Spot Supersymmetry

TR

Gauge Mediated masses F~f~(+m)wﬁWﬁm+Mm,

g° Mp\° =
Mgaugino = Mscalar = ( 47r)2 ms/2 (T)
Giudice-Masiero mechanism + PQ-symmetry
Mp
pmp, 4| ~ma (T)
B = 0(mg32) » No CP-problem
Sweet Spot (1) (c.=O0O(1)) - |
Mgaugino ~ 1 —» A~ 2 Mp s (8 ~ Maur) | RS S

) phenomenology
Mgaugino — 0(100) GeV @3/2 = )




Swéet Spot Supersymmetry

iudice-Masiero

; . G
Schematic Picture ( Mechanism )

L GUT scalé‘
N 9 e—| physics
RGE mHu,d
(PQ-sym})

(GMSB)

Scale)
Mgcalar j l kaf | ( S Huad )
Messenger

RG E Mgaugin

Mmess — k<5> A~ 1016G6V

Two mediation scale — Peculiar spectrum
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Sweet Spot Supersymmetry

(GMSB)(GM-mech) (GMSB)(GM-mech)
J 1200 : : : ‘ , , J

1000 |

(u, Mmess: M)
= (300, 10", 900) |
600 | [GeV] |

400 | tanﬁ =37 |
(output) |

800 |

200

0k

> >
O] O]
4] 4]
[2] 2]
— e
] ]
- -—
(0] (0]
S S
© ©
— =
© ©
Q Q
[] []
(2] (2]
© ©
S S

my = 170.9 GeV
10° 10® 10" 10" 10™ 10'® 10"
Ug [GeV]

2
1V 5 affect other scalar' masses

between A and Mi,ess
———> 58S predicts light stau: (me5, >0)
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Sweet Spot Supersymmetry

An example of UV- model

-
K =SS —

(S18)2

A2
i CM'STHqu e _CHSTS(HiHu—FHC];Hd) |
A 2 A2

J

'(One-loop calculation)

K
Ws =m*S + §SX2 + Mxy XY , 0’Raifeartaigh Model

WHiggs = hH,qX + BquX + quq_ ) (pQ_Sym)

These superpotentials can be embedded into a product group
GUT ‘model (SO(C9)XSU(C5) or SOC6)XSU(C5)) [’06 R. Kitano].

T MXY s M MGUT =1p) 6GeV
22/39




Sweet Spot Supersymmetry

An example of UV- model

>
K =SS —

(515)2

A2
s CM.SJ[[‘]‘”Hd _|_ b CHSTS(HZHU =3 HC];Hd)
A - A2

J

K
Ws =m*S + §SX2 + MxyXY , 0’Raifeartaigh Model




Sweet Spot Supersymmetry

An example of UV- model

>
K =SS —

(518)?

A2
s CM.SJ[[‘[qu _|_ e Ho CHSTS(HZHU o HC];Hd)
A o A2

WHiggs — hHqu + BquX + qug )




Sweet Spot Supersymmetry

An example of UV- model

Ve

\_

K =SS —

(S13)?
A2

5 (CM.SJHUHd

A

A2

+hc>_cmﬁmﬂyﬁ+4ﬁﬂw'

J

Perturbative example

} M Hua

2

5

=

Light Stau

§ M. ~ (1-loop), f~ (1-loop)

B 1/2
W— #/muH,, ~ (1-loop)




Swéet Spot Supersymmetry

Prediction of (perturbativé) SSS

Weakly coupleq

® stau mass bound

my = 170 9 GeV

0

100 200 300 400 500 600 700 800 900
u [GeV]

Light Stau
Light Higgsino
‘Large tanf

® stau mass bound my = 170 9 GeV

5
0

100 200 300 400 500 600 700 800 900
u[GeV]

50

Bino mass3

i)

stau mass bound
mt = 170 9 GeV

0

100 200 300 400 500 600 700 800 900
u[GeV]



(300/ 10, 900) |
[GeV]

M =900 GeV

Bino mass3

w

mass parameters [GeV]

\ weaKly coupled
[ ] Se/h/‘h_ §

Light Stau Light Higgsino Light Stau

Light Higgsino
Correlated

‘Large tanf




Swéet Spot Supersymmetry

Prediction of (perturbativé) SSS

Weakly coupleq

® stau mass bound

my = 170 9 GeV

0

100 200 300 400 500 600 700 800 900
u [GeV]

Light Stau
Light Higgsino
‘Large tanf

® stau mass bound my = 170 9 GeV

5
0

100 200 300 400 500 600 700 800 900
u[GeV]

50

Bino mass3

i)

stau mass bound
mt = 170 9 GeV

0

100 200 300 400 500 600 700 800 900
u[GeV]



LHC Signatures

Sweet Spot Supersymmetry

Three low energy parameters (1t; Mmess, M)

i

mgaugmo == M

l
We can reconstruct model parameters
by measuring three masses.




LHC Signatures

Benchmark Point

— - Stau NLSP(116GeV)
(lifetime 0(10000)sec.)

—— a3 ad g
Ponhe n

Bino Higgsine Wino

— gluinos, squarks ~ 1TeV

~

[ o(pp — 93,94,d4) = 1.4pb |
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Decay modes

0
X1,2.3 <

(Higgsinos)

£ (B)

LHC Signatures

X X4
(Winos) _
dr <
q

(~30%) (80~90%))| (

T

|(80~100%

Typical Event at LHC
Many b/T-jets + low-velocity 2 charged tracks

T ( stable, charged tracks)

Xl — T Vr Xl — T Vr
(~100%) (~100%)

~80/)

difficult to analyze...

(~90 %)
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LHC Signatures

Stau Mass Measurement

measured from]|
charged track

2 2N
S pTl :
T1

measurement

- K%7‘7~\\\\\\\\\\{time offlighf]

Ve

[’00 Ambrosanio,Mele,Petrarca,Polesello,Rimoldi ]

For ms =~ 100GeV stau mass can be
‘measured with an accuracy of 100MeV.

NG

~

J
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LHC Signatures

Reconstruction of neutralino masses

charged track

We use hadronic decay mode of 7
[’98 Hinchiliffe & Paige]

s

\_

Select events with 2 stau candidates.
(one of them should be slow By < 2.2 )

\

Select events with 1 tau-jet candidate.

J
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LHC Signatures

)
-~
&=
(@)
[ap)
=
<)
O
Ie)
~
wn
Ihes
S
1<
e
S|

HERWIG+TAUOLA+AcerDET

42,900 (30fbY) SUSY event

Entries 2000 _ §
l After triggering
Mredge — 194 4 2 [GeV] and selection

O =3 %2 [GeV] 2000 event candidates

riE—reTUia Main background
1" 0 = 13 £ 4 [GeV - :
o Wrong combination of tau-stau

s 1 [GeV] . We chose a stau for the smaller
invariant mass. .Cefficiency 70%)

Miss-tagging of non-tau-jet
tau-tag efficiency 50%
mis-tag probability 1%
(437 events are mis-tagged events)

. . 0
We can determine masses of X1, X2
with an accuracy of 0(5)%.
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LHC Signatures

HERWIG+TAUOLA+AcerDET

Entries 2000 Neu-tr‘-l-nos Carry away 500 |- endpoint (fit):
par't of eneragy. ' 7o = 1.049 £ 0.003

- o] smean ing factor (fit):
Medge = 194 + 2 [GGV] s00 [ X o =0.072 4 0.003
O = 3£2 [GeV]

o
(@)

r Entries 1551

@
o

Medge = 279 £ 3 [GeV]
O =13 £ 4 [GeV]

o~
o

Medge
=314+ 1 [GeV]
om=1%1[GeV]

)
=
(@)
o
~
=
<}
O
10
~
wn
IhiS
g
>
S|

Events/5 GeV/30 fh™*

. . 0
We can determine masses of X1, X2
with an accuracy of 0(5)%.




LHC Signatures
Parameter Reconstruction
meg,Q T ans /’L7 M]

(mﬁ —— Mmesg =

M =900 GeV

unstable vacuum

tachyonic messenger

Ap ~20GeV.. AM ~ 50 GeV

AL Moo o 022

Consistency Check o V=omGey
Prediction of M4

unstable vacuum

tachyonic messenger

(Mg =745+ 40GeV ) «

0

We can perform non-trivial check! = 109 Gy
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- Natural Gravitino Dark Matter

{23/9h" = 0.2 X T
10° GeV m3/2 1TeV
We need to choose renheating temperature

to obtain the observed DM density.

In our'model, the scalar component of the SUSY
breaking multiplet -provides the gravitino.

Gravitino Dark Matter density is
determined by low-energy parameters
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Natural Gravitino Dark Matter

Scenario

| V()

Mpino

~ 4 (
ms = 400GeV | 55 57 500 MoV

1. During Inflation |s| = O(A ~ Mcut)

2avibise nre . S starts'oscillating about 1its vev

3. s decays 1nto MSSM particles and gravitinos
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Natural Gravitino Dark Matter

Scenario

Initial Condition
at (A,N)

A

v
SUSY vac-—-_&

VE 0
Re[S]

2avibise nre . S starts'oscillating about 1its vev

3. s decays 1nto MSSM particles and gravitinos
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Natural Gravitino Dark Matter
Branching ratio

Higgs modes

- 15367 MI%I (m3/2

~ 6 x 1076

_ _ —11 ms3 /2
5% 1077 N’Q( ms ) (
7§ =0 X sec % 400 CeV 500 MoV

Gravitino modes

3 2
ro 1 mg mg
3/2 967'(' M132>1 <m3/2 )




Natural Gravitino Dark Matter

Gravitino abundance

yield of the gravitino

ng 31y

T = Zm_SB3/2 X 2 s Tg>~0.5x+/T'gMp;: ,B3/2 :FB/Q/FH

mass density parameter of gravitino

{gkmh2:ﬂlM)x(4m?gév)_&Q(5&?%@V)3:]

Qcpuh? = 0.10 £ 0.02




Natural Gravitino Dark Matter

Gravitino abundance

yield of the gravitino

ng 31y

T = Zm_SB3/2 X 2 s Tg>~0.5x+/T'gMp;: ,B3/2 :FB/Q/FH

mass density parameter of gravitino

3/2
9 m3/2 3/2 A
[ 32l = 0.1 % (500 MeV) (1 x 1016 GeV

Qcpuh? = 0.10 £ 0.02




Natural Gravitino Dark Matter
Sweet Spot (again)

gravitino Dark Matter

3/2
9 m3/2 3/2 A
I3/oh" = 0.1 (500 MeV) (1 x 1016 GeV

Gauge Mediated masses

9 Mp\’
Mgaugino = Mscalar = (47_‘_>2 ms/2 T

Giudice-Masiero mechanism + PQ-symmetry
Mp
pemp, |~ ms/a A




Natural Gravitino Dark Matter

Sweet Spot (again)

gravitino Dark Matter

Qapoh? = 0.1 x (2oL )&Q (-

500 MeV

Gauge Mediated masses
2

Mgaugino == Mgcalar == ms
gaug (47_‘_>2

Giudice-Masiero mechanis
Mp
o= |mHud| ~ mM3/2 A

\ 3/2

{ Sweet Spot)




- Summary

- Sweet Spot Supersymmetry

+

¢ No p-problem, No CPQproblem_

S Light Stau + Light Higgsino |
| Collider signal can be different
from minimal gauge mediation.

S MSSM is determined by three parameters

We can perform consistency
check of the model at LHC.

& Successful gravitino dark matter

39/39




- AcerDET

Isolated Leptons, Photon
Isolated from other clusters by AR = 0.4.

Transverse energy deposited in cells in a cone
AR = 0.2 around the cluster 1is less than 10GeV.

Jet

A cluSter 1s recognized as a jet by a .cone-based
algorithm if it has pT > 15 GeV in a cone AR = 0.4.

Labeled either as a light jet, b-jet, c-jet or T-
jet, using information of the event generators.

A flavor independent calibration of jet four-momenta

optimized to give a proper scale for the di-jet decay
of a light Higgs boson.

Al




Event Selection

Triggering [’99 Atlas Collabolation]

one isolated electron with pT > 20 GeV;

one isolated photon with pT > 40 GeV;

two 1solated electrons/photons with pT > 15 GeV;
one muon with pT > 20 GeV;

two muons with pT > 6 GeV;

one isolated electron with pT > 15 GeV

+ one isolated muon with pT > 6 GeV;

one jet with pT > 180 GeV; -

three jets with pT > 75 GeV;

four jets with pT > 55 GeV.

Isolated electrons/photons, muons and jets
1n the central regions of pseudorapidity
Inl < 2.5, 2.4, and 3.2, respectively.

Staus with By > 0.9 as muons i1n the simulation of
triggering.[’06 Ellis,Raklev,QOye]
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Event Selection

Two stau candidates for neutralino reconstruction
(consistent with measured stau mass)

AP P AN Y Both have pT>40GeV, B/y>0.4

One of the stau candidates
I 2 2 2
b pmeas/(pmeas + m’Tl) must have : BY<2 2 i

M.g >800GeV . SM background neg'ligible

[’00 Ambrosanio,Mele,Petrarca,Polesello,Rimoldi]

One tau-jet candidate

pT>40GeV

tau-tag efficiency 50%
mis-tag probability 1%

A3




Simple Gauge Médiation

Messenger particle (5,5%)
W =kX®d,
Spurion (SUSY-, StSY-mass)

(X) = M + 6°F,

Y ” b ” . P ’ \ ’
,,‘I“-‘ .\;\‘... ‘,(' T ”.‘““\f"(,.‘" 5\(“‘) <

<l<:2|M 2 kF

o g p ) M & kP

At the messenger scale (M,

a F
Mgaugino = 7 7,
e dm M

84

m? ~ 205 (—

scalar AT



 Simple Gauge Mediation
Effective operator Method [297 Giudice & Rattazzi]

After i1ntegrating out the messengers
L3 fXOWWa,  Z(X,XNHQ'Q

19 f(X) (F)
Meaugine = 5751 X (X)
{

. OlnzZ(X, XN |(F)|?
scalar ™ 9ln X9In XT | (X)

m

The solution of f and Z at the 1-loop level

b, X LR
+ 5 lnM —i—bLlny

C

a(vVXXT) "
a(pR)




- Simple Gauge Mediation
Effective operator Method [297 Giudice & Rattazzi]

After integrating out the messengers
Lo [(XOWWe,  Z(X,XHQ'Q

Around the Messenger scale,
relevant effective terms are;

1 ~ g4

n ~ 1 — o (1N )2
(47T)21 X Z(X,X)~1 (4@40 (In X X 1)

Again, the soft terms are;

a F 5 F |
Mgaugino = 47'(' M Mgcalar = 202 (47'(') M




Neutrino Madss

We can assign the_PQ—charge up to B-L symmetry

PO~ POID) = PQMD) = PO(L) = PQ(E) = - 1/2
or |
— 3= POl = PO(D) = -~ 2/3
PQ(L)=—1 PQ(E)=0

By using the later assignment, the Majorana
neutrino mass can be write down

__JLJYQZLEIU
= My see saw [>79 T.Yanagida]

4%




Electric Dipole Moment

Oop = Arg(u(BM)*ml/z,ml/zA*) e O(m3/2/m1/2) S 0(10_2)

T
£EDM — §d660'a6”y56Fa5
g%Mgme,utanﬁ

327T2m§

SUSY .
d; ~ sin Ocp

|de‘ < 0.7 X 10_26Cm ~ (.4 x 10_12G€V_1

| 96 Gabbiani et.al. ]

The constraint 1s satisfied for

Mansy > 300 GeV
13 /2 < 1GeV




- Upper bound on the Messenger Mass

The 1introduction of the messenger interactions results
in the radiative corrections to S direction.

W =kSff

!

4 k2N k21S|?
V(S) = m? (E’SF + log ( 5|

(471‘)2 A2 >) — (2m3/2m25 + hC) .

In order the radiative correction not to destabilize
the SUSY breaking vacuum, we need to require,

k<3x1W3-g o A
25 1 x 1016 GeV )

A 12 A 3
Mipess < 4 x 10" GeV [ —
< 4x 107 Ge (25) (1x]0H3Gev)




Entropy Production from S-decay

The pre-existent quantities such as gravitino abundance
or the baryon asymmetry 1is diluted by a factor

Ty ( |So

Ty Tr \ V3Mp,

—2
) ; (TR < Tosc)a
Al ~ ~ <

~ Tdom T, < 150

—2
 (Tr > Tosc)-
\ Tosc ) ( i OSC)

V'3 Mp
S| :Initial amplitude

ms 1/2
o = 03 5 /Ml = 8 x 107GV (75 )
0.3 x pimg >~ 8 X 107 GeV x 100 GeV

the temperature when S starts oscillating

Taom = min[TRa Tosc] X (&) 2
V3Mpy,

the temperature when 5 0sCl1. dominates the universe




Entropy Production from S-decay

The pre-existent quantities such as gravitino abundance
or the baryon asymmetry 1is diluted by a factor

( Td( 50|
Tr \ V3 Mp

Ty < S0
\ Tosc \/gMPl

—2
) ; (TR < Tosc)a

-2
) ; (TR > Tosc)-

[So| = O(Mgur)

Al ~104 (




Entropy Production from S-decay

The dilution factor of the NLSP 1s given by

A~ ~ Max[(Td/Tf)3, Td/(TdomTf)1/2]

Tf ~ ’ITLNLSP/QO

p
Tk < 101°GeV |So| = O(Mgur)

A—1203>«m—3(




SUSY Breaking & Mediation Mec

nanisms

€ The origin of Gaugino masses are C

lassified

by how S couples to gauge supermu’
W s f(S)WW,
S Anomaly Mediation |
=0

Gdugino mass 1is dom
by Anomaly Mediated
(47)? L

T _mgaugino o

_tiplets

thated
effects

. S can be charged field —

Anomaly mediation scenario suffers
problem.

from
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UV completion and Grand Unification

An example of UV-model
("
o= sig

(S515)2
A2

4 (c@STHqu —Fh.c.) & cuySTS(HH, +H2;Hd)

A A2

J

‘(One-loop calculation)
Ws =m*S + gSX2 + Mxy XY , 0’Raifeartaigh Model

WHiggs = hH,qX + BquX + quq_ ) (pQ_Sym)

Can we make a model which is consistent with GUT?
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UV cOmpietion and Grand Unification

An example of a GUT consistent UV-model

-’06 Kitano SU(S)XSO(6) Product group GUT model
(51m11ar to ’96 Hotta,Izawa Yanaglda)

W =m?*S + méyupTr[M] — mgurTr[MM)] +---




-UV.cdmpietion and Grand Unification

An example of a GUT consistent UV-model

GUT: SUCSIXSOC6)

ey

MSSM: SU(3)XSU(Z)XU(1)
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uv cdmpietion and Grand Unification

Doublet-Triplet Splitting

X’L<qz>ﬁ — (X1X2X3X4X5X6)

| O’Raifeartaigh Model

W =m?S + SX. X, + Mxy(X.Y + X.Y)
+(Xcqe + chc)]:I—F(ché + XcQE)H"I_Mq(qCQE + Cjcqé)




UV completion and Grand Unification

W =m?S +SX. X, + Mxy(X.Y +X.Y)
—|—(chjc T chc)ﬁ —I—(ch_é + XCQE)H—'_MQ(QCQ_E + QCQE)

One—IOODIeFFectS

~

hc>q¢ﬁsgqﬂu+b@H@
C. —
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The Sign of the Higgs massAZ

& S 1s a singlet.
$ There is no interaction like X H_ H, .

The term STSH!H comes from the wave function
renormalization of Higgses.
S If there is no GUT-scale breaklng of the PQ-
symmetry, the masses in the Hidden sector gets
larger for the larger |S]|.

—— The coefficient of the term S'SH'H corresponds
~to the one: of the anomalous dimension of the
Yukawa-type interactions whose sign 1is always

positive.




