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| Jets + Missing at 1.04 fb-1 | LHC reach a TeV scale

MSUGRA/CMSSM: tanp = 10, A = 0, u>0

ATLAS 0 lepton 2011 combined
j Ldt=1.04f5" ys=7 TeV e G, obse-rved 95% C.L.. Iimit R i
oo | 2 7 - cLmesmnopeceaimt | AN SUSY signal, yet
] D0G.G tan p=3,u<0, 21 fr! e Expected limit+1¢
B CDF g.g, tan =5, u<0, 2 fb™' %  Reference point
B Th ticall luded — 2010 data PCL 95% C.L. limit
e sl GMVISUGRA case,
3 g M_gluino = M_squark
400 = ~1TeV
has already excluded.
300 U
200 T "
No low-energy SUSY"

EEEs s Fine-tuning?

500 1000 1500 2000 2500 3000 3500
ATLAS Collaboration, arXiv:1109.6572 Mo [G€V]

Since this is the bound for ~ m_gluino, m_squark(1 generation),
we cannot answer to this question only from this figure.
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In this talk, we discuss the allowed region in which the
electroweak symmetry breaking to naturally happen.

A Introduction and Naturalness argument

A What is the spectrum suggested by naturalness?

A Light scalar top
A Multi-TeV scalar

( What kind of signal at LHC )



Introduction

& Naturalness argument



Introduction (What is the basis for expecting the discovery @ LHC)

What we know
Non-f A Yy S I NJ low endfgpefRo&ivk thedry) W, 2, 9
Global : SU(2) SU@2) Y SU(2) u,ctds,b,

. € I & ! L
Gauge: SU(2) U(1), Y U@Q)ym 3e., 3¢,

__— . : (" )
The limit of validity exists; W, W,
Unitarity violation >1TeV @

d ¢ ) L W, W, )

j‘> @ < TeV scale, an important discovery exists!

Is it Higgs boson?



Introduction

A Higgs boson is the last undiscovered particle In
the SM (Standard Model) of particle physics.

A Higgs will restore the
unitarity of W W, scatt.

N
W,

W, H ot
KWN\PXB%%

W,




Introduction

A Higgs boson is the last undiscovered particle

In the SM. 04

| EOm=1727+29Gev
A Higgs will restore the M= 1141000 GeV

unitarity of W W scatt. ¢ {U=0 i

A EWPMs (Electroweak
Precision measurements)— o4l mH=114GeV i
are consistent with light '

Higgs boson. :
-0.2- \ Tmt -
_ m, | MH=1000GeV
0.4 +—m—————————r ,6§3 o GL
0.4  -0.2 0 0.2 0.4

S

http://lepewug.web.cern.ch/LEPEWWG/plots/summer2005/s05_stu_contours.eps



Introduction

A Higgs boson is the last undiscovered particle

In the SM. 04

| EOm=1727+29Gev
A Higgs will restore the = 1141000 GeV

unitarity of W W scatt. ¢ {U=0 i

A EWPMs (Electroweak _
Precision measurements)— o4l mH=114GeV i
are consistent with light '

Higgs boson. | :
| | 0.2 P i
A Light Higgs & no new physics \ :
P (SM) IS favored. hep-ph/0007265, Barbieri, Strumia "' mHE;’(g/?ch;leV
= |HID,H?2 ~ory = i(H'D,7"H)(Ly,"L)
Cutoffscale [ > 5TeV [ > 8TeV (mH=115GeV)

\_ )




Introduction

A Higgs boson is the last undiscovered particle
In the SM.

O T T ess et
A Higgs will restore the = 1141000 GeV

unitarity of W W scatt. ¢ {U=0 i

A EWPMs (Electroweak _
Precision measurements)— o4l mH=114GeV i
are consistent with light '

Higgs boson. Z :
. _ 0.2+ Tmt _
A Light Higgs & no new physics \ :
(SM) is favored. ol n:nh] @Hzgg(ggfev
04 -02 0 02 04
What about it for theoretical side? S

http://lepewug.web.cern.ch/LEPEWWG/plots/summer2005/s05_stu_contours.eps



Introduction

In the SM, there is the hierarchy problem.

A The Higgs Potential V= m? |hP + (a/4) |h|*

( vV=-2m?/ &
@ my= vé )
A The Higgsmass m,2/2 =-m?+  J°m

%
Quantum correction U ¥ ~ (Y4 149 "?s

jl> cause fine tuning problem

m2/2 ¢ (W 1% 23




Introduction

From EWPT, s > 5 ~ 10TeV.

m2/2 ¢ (W 1% 23

s

(100 GeVR/2 / (¥ 1% (10Tevy <1%

> fine tuning

&

Forex. m- 2-m- g~/ 19 2



Introduction

A Supersymmetry (SUSY) Is one of the solution to
the fine tuning problem.

S 2 terms are canceled!
jl> There are only logarithmic terms.

m2/2 < (¥ 1%s?

N ’
- (yt2/ 1 6 |\/lstop2 |Og(|\/| mes!M stop)

IS It also consistent with EWPT ?



Introduction

A Supersymmetry (SUSY) Is one of the solution to
the fine tuning problem.

s 2 terms are canceled!
jl> There are only logarithmic terms.

light Higgs!
Higgs Potential gauge coupling !
V= m%]H?\z - m%\HS!Q + (m%H?Hg + h.(:.)+g2 t9° (|HO? — [HY|?)?

In MSSM (Minimal Supersymmetric Standard Model)
the lightest Higgs boson mass, m,,, can be as large as 130 GeV.

Y. Okada, M. Yamaguchi and T. Yanagida, Prog. Theor. Phys. 85, 1 (1991); J. R. Ellis, G. Ridolfi and F.
Zwirner, Phys. Lett. B 257, 83 (1991); H. E. Haber and R. Hempfling, Phys. Rev. Lett. 66, 1815 (1991).



Introduction

A Supersymmetry (SUSY) Is one of the solution to
the fine tuning problem.

S 2 terms are canceled!
jl> There are only logarithmic terms.

1 => 1 (21
light Higgs + R-parity (192=> 910
['bconsistent with EWPM |

Sounds like a good idea



Introduction

A Supersymmetry (SUSY) Is one of the solution to
the fine tuning problem.

S 2 terms are canceled!
jl> There are only logarithmic terms.

Fine-tuning disappear ?
No.
If we take the naturalness seriously,
we should give more consideration to fine-
tuning problem in SUSY.




Introduction

A Supersymmetry (SUSY) Is one of the solution to
the fine tuning problem.

S 2 terms are canceled!
jl> There are only logarithmic terms.

Fine-tuning disappear ?
No.
M/ 2 <= (¥ S

- (ytZ/ 1 6 |\'/Istopz Iog(Mmes!M stop)



Introduction

L

Ly GKS {a ¢gAGK Odzi2FF a
(H the scenario Is also good for data and theory.)

(100 GeV}/2 / (¥ 1% (10Tevy <1%

- _
@LT 6S Itft26 9 m 2 UdzyAy
low scale SUSY for Naturalness.
"In Susy. A

my?/ 2 < (y/ S

\_ — (ytzl 1 6 |\'/Istonz Iog(Mmes_!M ston) J
jl> In this talk, < 5~10 % tuning is called fine-tuning.




Introduction

In low energy SUSY,
scalar top Is important for naturalness argument.

We discuss in this talk,
A Natural light stop case
A Natural multi-TeV stop case

\_




Naturalness in SUSY model

Light scalar top scenario

Based on ANatur al Supersymmetry at
MA, Hyung Do Kim, Ryuichiro Kitano, Yasuhiro Shimizu



Light scalar top In MSSM,

[ mh2 [2=-¢2- (mHuz)tree B (mHuz)rad J

W

M |rag = — - (mp, + my, + 1A,]%) ln(

|/

If each contribution is much larger than
Higgs mass (m3 /2 < (130 GeV)?/2),

MIHGSS)

my

fine-tuning Is required.



Light scalar top my2E (130 GeV)"2

[ mh2 [2=-¢57- (mHuz)tree B (mHuz)rad J

A For > term,
4 Requiring A=Y =m3/2p2 > 10 %, )

> |u] £ 290 GeV




Light scalar top my2E (130 GeV)"2

[ mh2 [2=-g2- (mHuz)tree - (mHuz)rad J

A For m, term,

NI N\
mHulrad_ (mQ3 n | zl

877'2 Us

Because the small logarithm is favor,
we assume M, o ~ 10 TeV

\_ /




Light scalar top my2E (130 GeV)"2

[ mh2 [2=-€2- (mHuZ)tree - (mHuz)rad J
A For m, term,

—
3 2 M pess\ ~ 10 TeV
/mgiulrad = i (mé:,) + m2 T |At|2) lﬂ( )

R 77.2 Uz

nj
— 1/2
m; = (mg,mas)Y

Requiring A-1 = -m%/?*m%ﬂ}md > 10 %,

j‘> 500 GeV < my < 500 GeV o for |Ay| ~ m;

250 GeV < m; < 360 Gev  for [A¢] ~ 2m;
1 1

From experiments, From naturalness
\ mh > 114.4GeV /




A From > term, (A_l = m,%/Q}u.Q and require A~ > 10% )
ju] <290 GeV mp  Light Higgsino
A From m, term (A~" =mj/2m}, e ) & HIggs mass bound

=

500 GeV < my < 500 GeV for
250 GeV < my <360 Gev  for

m;, S 400 GeV
m; S 200 GeVo (

mp Light stop

Al ~ m;

By assuming a small logarithm (Myess ~ 10 TeV)
mp Massless gravitino

-

Stop/Higgsino/gravitino system!

~ 2?11,5

~ my)

~ 2m;)



Light scalar top

/The minimal model for natural supersymmetry is a A
system with
Light stop Light Higgsino  Gravitino
10 % tuni
\mf_l S 400 GeVo |l €290 GeV ~ massless (> O unlngj)

soft jeus
| o

Typical SUSY event topology BEAE

Elal\a | a
soft jets




Discovery of Natural SUSY signals
at the LHC



m,, [GeV]

SUSY Search

MSUGRA/CMSSM: tanp = 10, A0= 0, u>0

~
J

ATLAS 0 lepton 2011 combined O ; I ’
Ldt=1.04 5" ys=7 TeV = CL observed 95% C.L. limit ! ¢
\j:| LEP2 zt\s © ==== CL, median expected limit .E (I) : (II) ,'
B00| —— D0gg tanpes uc0, 21 1" e Expected it 1 - : S
I CDF 33, tan B=5,1<0, 2 fb! *  Reference point )] 300 St tH—tG
I Theoretically excluded —— 2010 data PCL 95% C.L. limit " —_— 1 1 R (111
e U R e e T (I . ;
500 -l - , ’ ’
[, 9))\\ \ . el ‘ : ; \: : ,I 'l
B \ i | LS 1900V T ~ V4 ’
NN | L '
400 \ = &) : RN /
B Lo 1 4 4
T i =1 | 1 ’ A ’,
! \ g(1000)| + SX\ 200 | 1 ,I QT " é?
- . | A4 ¢ ’
300 - RSN R
- = ' ¢ 1
’ T
4 ’
B — -'\‘—}————-v--s . ', 'l /‘
200 R R T ey = R RS (IV)
B ’ ’
| b4 4
S V4 ’
| ‘ L ol ‘ L ‘ Ll ‘ = [ ¢ 4
500 1000 1500 2000 2500 3000 3500 100 : st :
m, [GeV] 100 200 300 400

ATLAS Collaboration, arXiv:1109.6572 \_ mi [GeV]stop )
MSUGRA MA, H. D. Kim, R. Kitano, Y. Shimizu, 2010

Stop-Higgsino plane is better to shows
the limit of SUSY (with naturalness).



m,, [GeV]

MSUGRA/CMSSM: tanp = 10, A0= 0, u>0

SUSY Search

~

ATLAS 0 lepton 2011 combined o :
Ldt=1.04 5" ys=7 TeV = CL observed 95% C.L. limit ¢
\j:| LEP2 Zt\s ‘ ==== CL, median expected limit .E (I) : (II) ,'
600 1 D0g3§ lan B=3, <0, 2.1 ! weenns Expected limit +16 % : _ ,'
I cDF a‘q tan p=5, u<0, 2 fiy! % Reference point U) 300 ;‘H 1 t N tG "
B Theoretically excluded ——— 2010 data PCL 95% C.L. limit " — 1 1 'l (III)
[T \ \ ‘ L I Lo . 4
500 [ S - oo y )
o 9,‘\\ \\ i : : _ \: p ,I 'l
. g Z S BN .
| = O ' CR 2
400 ~ 1 ¢+ O ’
- 1 ¢ X k4
T am) | 1 ’ \ ¢
| §(1000); ] + = 200 | R N R
- & _ O S
300 - A AN RN
g (800) ] ol PN
diees, ’ ’
S/ 4
200 R S (Iv)
4 ’
’ ¢
e, ’ ’
’ Vi
s ‘ et ‘ e ‘ = [ ¢ 4
500 1000 1500 2000 2500 3000 3500 100 : e '
m, [GeV] 100 200 300 400

ATLAS Collaboration, arXiv:1109.6572 \_ mi [GeV]stop )

MSUGRA MA, H. D. Kim, R. Kitano, Y. Shimizu, 2010

> discovery potential of low scale SUSY

> fine tuning was a good guiding principle or not



SUSY Search

MA, H. D. Kim, R. Kitano, Y. Shimizu, 2

Sample point
1 b +I*l- (from Z) + MET

~ 10 events for 2 expected BG
(after cuts)

@Ks=7TeV,1fb-1

g

Now, ATLAS: >2.3fb-1!!

1 ,
g LD
D300 3 G S
T L p (ITD) ‘
S ; I' I,
> o ‘& ,
9, S
< 200 | AN S
L #\:\’ . 'I'Q QQ
S’ \\A\‘
R
S I
100 L ' ' -
100 200 300 400
\_ m;, [GeV]  stop

> LHC is already possible to check the point.




5% tuning

SUSY Search @ rmh=114.4Ge
MA, H. D. Kim, R. Kitano, Y. Shimizu, 2010 [8 R =N 1
= 1)) (ID) ¢ [
Sample point S0l i !
1 b +I*- (from 2) + MET S A
~ 10 events for 2 expected BG % | B . \iminary- :
< 200 f\le\'N,'p;{e L I
(after cuts) i L @ cure
)uét ‘mage p/'f@‘ I
@Ks=7TeV,1fb-1 O PN :
@ 100 ' - I
100 200 300 400
Now, ATLAS: >2.3fb-11!! \_ mi GV stop )
> LHC is already possible to check the point. dying
we are e stu



5% tuning

SUSY Search @ mh=114.4G
D mh=114.4Ge

MA, H. D. Kim, R. Kitano, Y. Shimizu, 2010 [o """ 1

k= !

Sample point Sawl . b e !

':I_: 1 ) (I11) I

1 b +I*l- (from Z) + MET - = |
© Y /! &

~ 10 events for 2 expected BG 2 s |

(after cuts) S T AR a8 |

@ Ks=7TeV, 1fb-1 | A w :

s |

Now, ATLAS: >2.3fb-11!! \_ mi GV stop )

> LHC is already possible to check the point.

LHC would be also possible to check large part of natural
region in the end of this year (& next year)!



5% tuning

SUSY Search @ mh=114.4G
D mh=114.4Ge

MA, H. D. Kim, R. Kitano, Y. Shimizu, 2010 [o """ 1

< |

Sample point Sawl . b e !

T | )/ (I1T) [

1 b +I*l- (from Z) + MET - = |
2 X S

~ 10 events for 2 expected BG = 1S :

(after cuts) = e A8 |

@ Ks=7TeV, 1fb-1 | A w :

[t o w |

Now, ATLAS: >2.3fb-1!! \_ mi GV stop )

> LHC is already possible to check the point.




Light scalar top

[ I’nhz [2 =-¢g2- (mHuz)tree - (mHuz)rad J

V]

If each contribution is much larger than
Higos mass (m3 /2 < (130 GeV)?/2 ),

.m fine-tuning Is required.

the conclusion may change A Yy toé0Soirté NI 3

j‘> There are also natural multi-TeV scalar case!



Naturalness in SUSY model

Multi-TeV scalar scenario

Based on AFocus poi kAhta nadsesdi snteeudt rbiyn
arXiv:1111.3506,

MA, Takeo Moroi, Ryosuke Sato, Tsutomu T. Yanagida



What Is the Focus point behavior?



Focus point Running of MSSM parameters in mSUGRA,;

[ (Mg, My, Ag, €, I?o) J

Universal scalar mass, gaugino mass, tri-linear coupling
, SUSY Higgs mass and Higgs mixing parameter at M g1 -

A

EWSB condition: t an bHO,= HO,

1 my;, —my, tan® 3 ) )
{ Mz =TT tan® 3 — 1 ~ TR T,




Focus point Running of MSSM parameters in mSUGRA,;

[ (Mg, My, Ag, €, I?o) J

Universal scalar mass, gaugino mass, tri-linear coupling
, SUSY Higgs mass and Higgs mixing parameter at M g1 -

A

EWSB condition: t an bHO,= HO,

[ _% mz? ~-g2- (mHuz)mess' u H[ﬁ ]

mediation scale -> electroweak scale.




Focus point Running of MSSM parameters in mSUGRA,;

[ (Mg, My, Ag, €, I?o) J

Universal scalar mass, gaugino mass, tri-linear coupling
, SUSY Higgs mass and Higgs mixing parameter at M g1 -

A

EWSB condition: t an bHO,= HO,
1 . [
{ 7 mz? ~ - 82 B (mHuz)mess' u H[ﬁ ]

jl> % h 2=-g2- (mHuz)tree (mHuz)rad




Focus point Running of MSSM parameters in mSUGRA,;

[ (Mg, My, Ag, €, By) J

>\

EWSB condition: t an bH%= HY

v )

2 2 2
Mg~ + Cyjp My~ + Co Ag” + Cpy My A,

Focus point behavior
caused by the smallnesss of ¢, (<< 1) @ weak scale.

Barbieri, Giudice, NPB306 (1988) 63; Chan, Chattopadhyay, Nath, PRD58
(1998) 096004, Feng, Moroi, PRD61, 095004 (2000); Feng, Matchev, Moroi,
PRL84 (2000) 2322 & PRD 61 (2000) 075005 & arXiv:hep-ph/0003138.



Focus point Running of MSSM parameters in mSUGRA,;

[ (Mg, My, Ag, €, By) J

>\

EWSB condition: t an bH%= HY

v )

2 2 2
Mg~ + Cyjp My~ + Co Ag” + Cpy My A,

Focus point behavior
caused by the smallnesss of ¢, (<< 1) @ weak scale.

m,,,%(weak) is insensitive to m,,
EW scale also becomes insensitive to the parameter m,

:> m, can be multi-TeV without conflicting with the fine tuning
constraint.




Feng, Mat chev

Focus point _
4;_ (a) tanB=10

L L L U D L D L L

2000 T
I (b) tanB=50

103 108 109 1012 1015 "103' 106 109 1012 1010
Q (GeV) Q (GeV)
1 2 __o2. 2 o
{ 2 mZz > [ (mHu )mess u H[ﬁ ]]
small *

2 2 2
CoMg” + Cyp My~ + Co Ap + Capy MyA,




. Feng, Mat chev
Focus point

) 9] [ 3

my. 3 3 3 0 07|My, 0 0 0 0 07My,

2 2 2

: : my; 2 2 2 0 of|lmMp 0 0 0 0 oflmg
Using solution  « | 2°| 57| ° N IR P E |
fRG equation; 7m0| §| 5 | KT e "0
O : 2 ™ 2 0 0 2 2 2 2
1 ng 0 O 0 0 0 ng ng

2 00 0 0 0 2 0 0 3 3 3 2

! ! -de- = - -de- - = -de.
2

1 w
{ ) mz* ~- g* +[(mHu2)mess+ UHUZJ%V

v

Comy* + €




Feng, Mat chev

Focus point
g 9] 3
My, 3 3 3 0 07|My, 0000 0 mIQJ

2 2

: : my; 2 2 2 0 offmy 00 0 0 offlmy
Using solution  « | 2°| »7 | ° LY o o 1 1 a2
. . IO mQS = > 1 1 1 0 O ng +8—2 mQS
of RG equation; ml 87 0 0 0 0 0 m’ ™o 0 2 2 2 m,
7’ 000 0 0,2 0 0 3 3 3] 2°

! ! -de- = - -de- - = -de.
2

Focus point scale, @+, is defined by

Somcoin|

: . te | t
Focus point condition:| Yi(tp)e“ ) / dt' e~ ¢ = 5]. (Gt = | dlugi))

tp

~

A Is written in terms of only gauge couplings, y(tF), Mgt
A m,~173GeV Mgt ~ 10:GeVactually yield focus point
which is very close to weak scale.

A U | yiépendence is small because |
y:(tp) o< 1/sin 3 ~ const + O(tan™= j3)



Focus point

[ —% mz? ~ - 82[' (rnHuz)mess_ v Hm J]
v
Comy?

2 2
+ Cpjp My~ + Co Ag™ + Cpoy My A,

Namely, the assumption of the universal scalar
mass and M ...= Mg, assures that a big

mess

cancellation occurs between (M) mess- U 11!

However, the m,,,, Ay and should be not much
bigger than weak scale for naturalness even in
the case.



Focus point >

Numerical
results

700

600

500

400

m,, [GeV]

300

200

100

mh =118 GeV observed DM abundance

i

116 GeV

'y
17
I D A

oo UL . —
chargino mass limit
& no EWSB

500 1000 1500 2000 2500 3000 3500 4000
m, [GeV]

Ag =0 m; = 173 GeV
MGUT — 2 X 1016 GeV

Higgs mass |
<114.4GeV



Focus poiniooo

Numerical

results 800 -

m,, [GeV]

400 -

200

P
. 2100 GeV tanp =10

1500 2000 2500 3000 3500 4000
m, [GeV]

£2<0(my,*>>0)region

[ L mz2~-e2-m, Aweak) J

2




Focus point

2
mHu

| L L

i Where is the stop
- (a) tang=10

decoupling in m,, 2 running

GE 50 | mweak Q
oo g g g3
103 10 109 101% 1015

Q (GeV) [ —% mz2 ~-¢g2- (mHuz)Weak]

A Ifm,2> 0, should be less
than 0 -> no EWSB.



Focus point

Fine tuning parameter: A = max (4A,)

A,

a = (mo, mi2, Ao, Bo, i)

J1Inm?
Jdlna

¢ K A paranmetrize the sensitivity of the weak scale to the
high scale model parameters.

MKn YSIya EEE 22 lddzyAy3o

(If a=mtop instead of mO, the tuning parameter is
similar to the tuning parameter which we used above. )



600

Feng, Matchev

Each p lcontour

600

0 1000 2000 C 0 1000 2000 ( 0 1000 2000 (

m, (GeV) m, (GeV) m, (GeV)

[ —% mz2 ~ - 82[‘ (mHuz)mess' u Hm ]]
small *

2 2 2
CoMy= + Cyjp My~ + Co Ag® + Cpy My A




Focus point

- (a) tanf=10

3t

| L L

R R F—
103 106 109 101R
Q (GeV)

(Q\]
>
I
& | | Where is the stop
decoupling in m,, 2 running
mweak
i o2 [L (M
> e 2 0

2 2 2
CoMg~ + Cpjp My~ + Cy Ap® + Cppy My A,




Focus point > [mn =118 GeV

700 | |

observed DM abundanée

N,

Numerical
results 600 L |

500

400

m,, [GeV]

300

200
cha gino mass limit
& no EWSB

100

500

1000 1500 2000 | 2500

m, [Ge V]
A Tuning parameter is mostly determined by

m,,& mlargem,, or myinlarge mj,.
Then, there exists an naturalness upper bound on m,,.

3000 3500 4000



Focus point o

700

600

400

m,, [GeV]

300

200

100

0

500

mh= 118 GeV

116 GeV

observed DM abundance

;;’

;Illln..
Higgs mass

0 500 1000

’(r
< 114.4GeV !‘

:3:. -

1 3% il

chargino mass limit
& no EWSB

1500 2000 2500 3000 3500 4000
m, [GeV]

A Although the (i | Widpendence is small, the Higgs mass depend
stronglyonthe @ | y |



Focus point

A The focus point is one of the possibility of natural multi-TeV
scalar mass scenario.

A Even in the focus point region, there exists an naturalness
upper bound on m,,

A The LHC have now reached the focus point region.

Can the naturalness bound is changed?



Focus point Can the naturalness bound is changed?

t 2aaArAo0Af AlbeYy | K lmyregien. O |

800

a ~  Top Yukawa )

700 - _ _
T contribution

mh=118 GeV

600 pun
500 |

should be large.

116 GeV
-_-“-__-___"“N-—
_—'—___‘—--

400

300

m,, [GeV]

200

chargino mass limit
& no EWSB

0 500 1000 1500 2000 2500 3000 3500 4000

m, [GeV]

100




Focus point Can the naturalness bound is changed?

t 2aaArAo0Af AlbeYy | K lmyregien. O |

800

Top Yukawa I

700 F N

m,, [GeV]

—_ 3 - -
mn =118 GeV T  contribution
600 E
should be large.

500
400 +
300
200
100 :

0

0 500 1000 1500 2000 2500 3000 3500 4000
m, [GeV]

Small (1 I yaise? yi(tp) o< 1/sin 3

> Higgs mass bound become more serious constraint



Focus point Can the naturalness bound is changed?

m,, [GeV]

t 2aaArAo0Af AlbeYy | K lmyregien. O |

800

a ~  Top Yukawa )

700 5 _ _
T contribution

mh=118 GeV

600 pun
500 |

should be large.

116 GeV
-_-‘“-__-___"“N-—
_—'—___‘—--

400

300

200

chargino mass limit &
& no EWSB \mweak M Q/

0 500 1000 1500 2000 2500 3000 3500 4000
m, [GeV]
Large neutrino Yukawa coupling!

Its contribution to the m,2 running plays the same role
as that of the top.

100

0




Focus point Can the naturalness bound is changed?

t 2aaArAo0Af AlbeYy | K lmyregien. O |
4 ~  Top Yukawa )
dmy, [ dmy, £ contribution
dlog ) dlog @ | \issn should be large.
2
Y
+ (m3, +m7, +my,) 0(Q — M,,)
4+ ... \mweak M Q/

A Large neutrino Yukawa coupling!

Its contribution to the m,2 running plays the same role
as that of the top.




Focus point with seesaw mechanism —
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Focus point with seesaw mechanism ———
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A Naturalness bound of the m, change!
A Higgs mass can be bigger than 114.4 GeV!



Focus point with seesaw mechanism

A One of the plausible extension of the MSSM.

It explain the small neutrino mass by large majorana mass
M ~ 10 GeV

A Naturalness bound of the m, change!
A Higgs mass can be bigger than 114.4 GeV!

A The naturalness bound also exists (but the region is
extended)

A We have also a chance to check the scenario by
lepton flavor violation process (e.g. € ->e D
A Higgs mass < 120 GeV (> 1% tuning)

Q|




5% tuning
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@ mh=114.4GeV, SUSY Search
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> LHC can check the natural supersymmetric region.




Thank you!



Tuning from m,
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