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. Stabilization of the electroweak
symmetry breaking (EWSB) scale
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Without SUSY, EWSB scale is not stabilized

1, Destabilization at loop level

A2 Well known
Uuv
1672

Am7; = —(6Xgerr — 6y7 +...)

e guadratic
divergence

2, Destabilization at tree level

V = Ax|Xa|*[H|*
\

e.q., PQ breaking scalar, B-L breaking scalar ...

X, ~10° — 102 GeV mm Ax ~ 10714 — 107
better than tuning of 6<10-107?
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In SUSY

. No gquadratic divergence

. Coupling between intermediate scale,
like PQ-scale, and EWSB scale can be
controlled by holomorphy

oV KsVZ me
(SUSY KSVZ model) aellomieifoly
W =S(X,X,— f2) +tuH,Hg +. ..

J. E. Kim, Phys. Rev. Lett. 43, 103 (1979); M. A. Shif-
man, A. I. Vainshtein and V. 1. Zakharov, Nucl. Phys. B
166, 493 (1980).

The PQ sector does’t mixed with EWSB (or other)
sector, If their charges are appropriately chosen
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SUSY was a key ingredient to understand the
electroweak symmetry breaking (EWSB)

SUSY is broken dynamically in hidden sector

( Gauge mediation h
Gravity mediation
(Anomaly mediation)
Gaugino mediation

Soft SUSY breaking masses 01; O(100) éeV

4

The Fermi scale i1s obtained by radiative
electroweak symmetry breaking




GeV?

This picture works very well for

low-energy SUSY
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V = (miy, + |ul*)[H,|* + (my, + ul®) | Hg|?
—~BuHYHY + h.c.
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However, a generation of the EWSB scale
seems more complicated



However, a generation of the EWSB scale
seems more complicated

1

SUSY particles are heavier than we
expected
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Moreover observed Higgs boson mass requires
rather large radiative correction
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Larger mas muz At increase both Higgs boson

mass and Higgs soft mass
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We need an elaborate choice of u-parameter
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Original Focus Point

universal scalar mass gaugino mass
mo >> M /2

N Input parameters at
minimal Kahler the GUT scale

MmHu?(mMz) becomes much smaller than expected

and does not sensitive to the change of mo
[Feng, Matchev, Moroi, 1999]
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[Feng, Matchev, Moroi, 1999]



Why mHu4(msoft) IS small ?



Why mHu4(msoft) IS small ?

looks like coincidence
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2 [6Y752 (mé:s T m%{u

+md 4+ A?) — 6g3| Ma|? +

We want to
make M1/2 small

CQ‘Ml/Q
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Let us shift boundary value mo=0 to d mo

My — My + omi

2
ng — ng —|_ 5mU3

m%? _>mQ —|—5ng

RGEs for At, M1, I\/Iz M3 do not change

(because of the mass
dimension)

At, M1, M2, M3 do not change



RGEs for 0 muu?, 0 mu3s2, 0 mqz?

J -(5m%{u- V2 '3 3 3 —5m%{u-
mq, . J Lomg, _
* solving RGEs
dm? (3 - 1
5mglu omy 2 | ex 6Ytzd "—1 O
Ji 9 P 0 82 '
_c5m2Q3 1 L . —1

t =1In(Q/Mguyr)



RGEs for 0 muu?, 0 mu3s2, 0 mqz?

J[omi ] y2[3 3 3] [omy,°
— | omg, | =512 2 2 omg, |
dt | sm2 811 1 1| | sm2
mq, _ J L oMmg, _
* solving RGEs
5m? "3 17
smz- | = 90 ) | 9 | / 6% wil_ | o
sl 9 P 0 872 '
_5sz3 _1_\ 1 =1

/ t = ln(é/MGUT)

This factor is accidentally ~1/3!
for Q~Mz, Mcut~1010GeV, Yt~

[Then dmi; ~ 0 ]




RGEs for 0 muu?, 0 mu3s2, 0 mqz?
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RGEs for 0 muu?, 0 mu3s2, 0 mqz?

J -(5m%{u- V2 '3 3 3 —(5quu-
— | omg, | =512 2 2| | dmg, |,
dt | 5m?2 8% 11 1 1| | om2
mqg, . . J Lomqg,
solving RGEs
dm? 3 . 1]
smz | = 98 ) 5 | exol [F¥egr| — | o
J3 9 P 0 82 '
_c5m2Q3 1 : ! —1

t =1In(Q/Mgur)

Deep reason may be hidden

flavor symmetry | _—~ Yt Mout « N\

breaking scale (more fundamental scale)
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Defining a fine-tuning measure

A, = a;gi [ A =max(A,) |

mZ:mZ

a 1s a fundamental parameter

J. R. Ellis, K. Enqvist, D. V. Nanopoulos and F. Zwirner, Mod. Phys. Lett. A 1, 57
(1986); R. Barbieri and G. F. Giudice, Nucl. Phys. B 306, 63 (1988).

e.g., mMSUGRA
{ai} — {m07 M1/27 1o, A07 BO}

ABo ™~ (1/tanﬁ)Auo



Defining a fine-tuning measure

A, = 8;52 [ A =max(A,) |

mZ:mZ

a 1s a fundamental parameter

J. R. Ellis, K. Enqvist, D. V. Nanopoulos and F. Zwirner, Mod. Phys. Lett. A 1, 57
(1986); R. Barbieri and G. F. Giudice, Nucl. Phys. B 306, 63 (1988).

e.g., mMSUGRA
{ai} — {m07 M1/27 1o, A07 Bk()}

(A )—1:m_22 dm%\ "~ Nm_QZ
Ho pe \ dpd 202 |uo




......... Higgs MaSS
—— Fine-Tuning

——
— — —
——_————

__———

M, (TeV)
o

1.0
0.5 gy
i ."{/
0

0 i1 2 3 4 5 6 7 8 9 10
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observed value

A~500

(Higgs mass is calculated

using SoftSUSY, tanB8=10,

Ao=0)

[Feng, Sanford, 2012]
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Fine-tuning 1s reduced to A~50-100




We would like to propose simpler model

Gaugino (dominated) mediation with fixed ratio
of the gluino mass to wino mass M2/M3~0.4,

e.g., 3/8
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ratio of gluino mass to wino mass

(bino mass is not so iImportant)
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. Fine-tuning can be reduced with a certain

ratio of gluino mass to wino mass [ ElhF ezl
(bino mass is not so important) parameters

my. (2.5 TeV) ~ —1.197Mj3 + 0.235M; — 0.013M1 M3 — 0.134M>M;




Focus point In
Gaugino Mediation

. Fine-tuning can be reduced with a certain

ratio of gluino mass to wino mass [ €U ezl
(bino mass is not so important) parameters
my. (2.5TeV) =~ —1.197M3 + 0.235M5 — 0.013M; M3 — 0.134 M, M
+  0.010M7 — 0.027M; My + 0.067mg,
( .
—0.006 M7, + 0.067mg for ry = r3 = (3/8) universal

where (M1, My, M3) = (r1,1,73) M /5.

\_ J




Focus point In
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Doublet-triplet splitting problem in SU(5)cuT
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The running of mnu? (TeV?)
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Higgs boson mass @ three loop level

3 = 0.4, tan 3 = 20, mo = 500 GeV r3 = 0.4, tan 3 = 20, mg = 500 GeV
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Figure 2: Contours of the Higgs boson mass (left panel) and Am;, (right panel) in the
unit of GeV. The red (green) lines drawn with the top mass of m; = 173.2 GeV (174.2
GeV). Here, ag(mz) = 0.1184.

red: me=173.2 GeV green: mi=1/74.2 GeV




Fine-tuning and HIQQSINO mMass

0.4

0.2

0.15 |

0.1

Ms/M, = 0.37

0.35

/50

no EWSB

3000

1
3200

3400 3600
M2 (GeV)

i

1
3800

4000

0.4 T T T T T 11 BECE
M3 /My = 0.38 ) > | ?
0.35 | TNtE
| 2P 70 [ 100
0.3 | 7
400 / i 300 {200
0.25 | BN
0.2 ; é%;
0.15 |- y
{ =
0.1 | | | C . |
3000 3400 3800 4200 4600 5000
M2 (GeV)

- A (fine-tuning measure)
HIggsino mass u



Prediction

. At least Higgsino is light, which can
be target at the ILC

. Bino-Higgsino dark matter it the
gravitino Is heavier than the
neutralino



Prediction

. At least Higgsino is light, which can
be target at the ILC

. Bino-Higgsino dark matter it the
gravitino Is hegyier than the
neutralino

Strong constraint

from XENONT1OO




M1/M2

Spin-independent cross section

A (fine-tuning measure)  (tan8=20)

0.4 = '~ T T T Tt T

M3 /M2 0. 38, mo = 500 GeV

3
~
s‘ .
N -~
- .~
. .~

> >
-~
N \
N .
-
S
| ~
- N N .
-~ <
-~ ~
-~ -~
-~ -~

-~
-~
-~
-~
-~
-~
o -~
. - .
~
- -~
-~
~

~
- .
~ -~ .
- .~ '
- Y
.
'
. .
~. . soo . N
- N .
N -~ . . ' .
- N . ' .
- . .
N . . . '
hEY A I '
N . . )
. " . '
-~ . . s
M [}
0 15 ~ - s y \ . ' |
. -~ -~ .
Sel IR N '
S -~ .
'
-~
-

0.4

0.35 |
0.3 M\

0.25 -

M1/M2

.~
-~ ~
~ .~
. .~
-~
~
~
-~
ONS
. ~
-~
-~
-~

02

. ~.
-~
~
~

01
0.15

0.1 ' '

NE M3 /M2 — 0. 39 mo = 500 GeV

. .
. .
. .
.
.
.

0 Lol

500
400
00

00 |

3000 3500 4000

in the unit of 104°cm?

0.1 L— . '
3000 3400 3800 0 4600 5000
M2 (GeV

neutralino mass

[MmicrOMEGAS]

4500 5000 5500 6000
M3 (GeV)

—

good relic



M1/M2

Spin-independent cross section
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Spin-independent cross section

A (fine-tuning measure)  (tan8=20)
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M1/M2

Spin-independent cross section

A (fine- tunlng measure)  (tan8=20)
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Spin-independent cross section

A (fine-tuning measure)  (tan8=20)

0.4 = '~ T T T Tt T

M3 /M2 0. 38, mo = 500 GeV

3
~
s‘ .
N -~
- .~
. .~

> >
-~
N \
N .
-
S
| ~
- N N .
-~ <
-~ ~
-~ -~
-~ -~

-~
-~
-~
-~
-~
-~
o -~
. - .
~
- -~
-~
~

~
- .
~ -~ .
- .~ '
- Y
.
'
. .
~. . soo . N
- N .
N -~ . . ' .
- N . ' .
- . .
N . . . '
hEY A I '
N . . )
. " . '
-~ . . s
M [}
0 15 ~ - s y \ . ' |
. -~ -~ .
Sel IR N '
S -~ .
'
-~
-

0.4

0.35 |
0.3 M\

0.25 -

M1/M2

.~
-~ ~
~ .~
. .~
-~
~
~
-~
ONS
. ~
-~
-~
-~

02

. ~.
-~
~
~

01
0.15

0.1 ' '

NE M3 /M2 — 0. 39 mo = 500 GeV

. .
. .
. .
.
.
.

0 Lol

500
400
00

00 |

3000 3500 4000

in the unit of 104°cm?

0.1 L— . '
3000 3400 3800 0 4600 5000
M2 (GeV

neutralino mass

[MmicrOMEGAS]

4500 5000 5500 6000
M3 (GeV)

—

good relic
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The origin of 3:3(~0.4)

« Product GUT SU(B)cut x U(2)H

bi-fundamental .t

field




The origin of 3:3(~0.4)

« Product GUT SU(B)cut x U(2)H

bi-funfc:l::;nental =z SU(3)cx SUR2)Lx U(1)y

Doublet-triplet splitting problem is solved

Approximate gauge coupling unification Is
satistied small enough

-1 -1 1 (strong coupling)
Q" = Qqgur T O‘1H7
—1 —1 —1 —1 —1

Oy~ = Qaquyr T 0o Qg = Qo



The origin of 3:3(~0.4)

« Product GUT SU(B)cut x U(2)H

-} SU(3)e x SU2)L x U(1)y

M, ~ Mguyr+ geur M/ 931

bi-fundamental
field

My =~ MGUT+9?;UTMH2/9?{2a
Ms ~ Mgur,

if (9&ur/9h,)Mu2 ~ Mout
Then M3/M2~3/8 may arise



The origin of 8:3

. May be determined by
dim(SU(2)adj): dim(SU(3)adq;))

My = M /dim(SU(2)aq;)
My = M /dim(SU(3)aq;)



The origin of 8:3

. May be determined by
dim(SU(2)adj): dim(SU(3)adq;))

My = M /dim(SU(2)aq;)
My = M /dim(SU(3)aq;)

« Anomaly free condition of ZnRr



Suppose that there exist non-anomalous
discrete R-symmetry

R parity can not forbid dim 5 proton decay operators

-

&
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W3 Mo
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~N

very
dangerous!

For N=even, constant term breaks Znr to R-parity

(For N=odd, R-Parity is broken by constant term)

| et us focus on even humber of N

/4R, Z6R, Z8R ...
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/4R, Z6R, Z8R ...
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Suppose that there exist non-anomalous
. v

decay operators

. ! ’ | very
m!‘w,( . dangerous!

For N=even, == NR tO R-parity

(For N=odd, R-Parity is broken by constant term)

et us focus on even number of N

/4R, Z6R, Z8R ...



u-term is generated by Giudice Masiero

e

re + 74 =0 mod N (and 7, + 4 # 2).

A =2mod N, A3 =6 mod N.

Vo

/NR-SU(2)1-SU(2)L /NR-SU(3)c-SU(3)c



ZNR transftformation

Im(Z/M.) — Im(Z/M,) + (2l'/N)
i — b exp [i(r; — 1) (27" /N)

> J

ri. charge of matter fermion and Higgsino

ko 0 4 . - _
3972 d HM* (W2)o(W )2,

k3 2 Z a aco .
3om | @0z, (Wa)sW" s,

conjecture

Shift of Im(Z/M*) cancels the anomaly



coriscuurs [

ZNR transftformation

Im(Z/M,) — Im(Z/M,) + (2xl'/N)
?ﬁi — Zp@ EXP [Z(TZ — 1)(27‘('1//]\7)

\_ J

e

May be consistent with SU(b) x U(2)H

ks cos® @ + ko g sin” 6 5 / q q
3972 d HM* (Wa)Q(Wa)Q

k5 2 Z a a
327_‘_2 d HM* (WQ)S(WQ)S

\

)
)

Shift of Im(Z/M*) cancels the anomaly
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A =2mod N, Az =6 mod N.

<~

AQ :2—|—]{72 mod N, Ag :6—|—]€3 IIlOdN
Anomaly cancellation: A2=A3=0 mod N

No solution with k2/k3=8/3 for Z4r

ke=16, k3a=0b for Zer



Z a a '
S AURNEON

gluino mass

Muwino : Mgluino =3:3



Summary

. Focus point in Gaugino Mediation is
attractive

. If M3/M2~0.4 (say 3/8), the fine-
tuning is significantly reduced

« The model Is testable at ILC/
XENONITT



Another interesting thing of gaugino

mediation
Adding vector-like matters enhance the Higgs boson

mass even when the gluino mass is small

tan 3 = 25 tan 3 = 25
126 | -1
N5=3 ——
N5=4
125 N5=5 «eeenens 7 A1
124 | 4
1.2
123
E 122 § -1.3
S =
-
g 12 X 14
120
15 .
119 Nse3
16 F N5=4 4
118 NS=5 --------
117 | ‘ 1.7 - - - o
102 10* 10° 10% 10° 10® 10° 10" 10°  10* 10° 10 10" 10 10° 10
Mys (GeV) Mys(GeV)

Figure 2: The Higgs boson mass and the normalized trilinear coupling of the stop as
a function of the decoupling scale of the extra matter. The gluino mass is fixed to be

- = 1.2 . = 20.
m = 12 TV} Here, tan 2 =25 Moroi. T. Yanagida and N.Y. , 1211.4676 (PLB)
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Thank you



