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coupled, perturbative QFT.  

(at least no sign of strong 
interaction etc, so far...) 

Higgs



126 GeV Higgs

It seems… Higgs sector is 
also described by weakly 
coupled, perturbative QFT.  

(at least no sign of strong 
interaction etc, so far...) 

Higgs

Imlications for BSM    (in my opinion..…) 
!

 consistent with the scenario with 
   heavy right-handed neutrinos 
   (Seesaw + Leptogenesis) 
!

 consistent with Supersymmetry 
!

 can discuss GUT and coupling 
unification in perturbative QFT.



126 GeV Higgs

It seems… Higgs sector is 
also described by weakly 
coupled, perturbative QFT.  

(at least no sign of strong 
interaction etc, so far...) 

Higgs

Imlications for BSM    (in my opinion..…) 
!

 consistent with the scenario with 
   heavy right-handed neutrinos 
   (Seesaw + Leptogenesis) 
!

 consistent with Supersymmetry 
!

 can discuss GUT and coupling 
unification in perturbative QFT.



Supersymmetry
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Standard Model



fine-tuning problem

(fine tuning like   1.0000000000000001 - 1)

!

 naturalness

!

!

!

 coupling unification 
!

 Dark Matter = Lightest SUSY particle

Supersymmetry
boson ⇔ fermion

Grand Unified Theory

→ solved by the supersymmetry !

fermion boson

without SUSY

with SUSY

Standard Model



OK, then,…. 

What’s the implications of  
126 GeV Higgs   for 

Supersymmetry (SUSY) ??
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Fig. from 
N.Arkani-Hamed, 
A.Gupta, D.E.Kaplan, 
N.Weiner, T.Zorawski’12

Fig. from L.Hall, Y.Nomura, S.Shirai ’12
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(It’s anyway fine-tuned, then….)  

   Very heavy SUSY



126 GeV Higgs and SUSY
(It’s anyway fine-tuned, then….)  

   Very heavy SUSY

Many many works recently..... (too many to list all...) 
Ibe,Yanagida’11,    Ibe,Matsumoto,Yanagida’12, 
Bhattacherjee,Feldstein,Ibe,Matsumoto,Yanagida’12,  
Hall,Nomura’11,    Hall,Nomura,Shirai’12,    
Giudice,Strumia’11,    Arvanitaki,Craig,Dimopoulos,Villadoro’12 
Arkani-Hamed,Gupta,Kaplan,Weiner,Zorawski’12,    Ibanez,Valenzuela’13, 
Jeong,Shimosuka,Yamaguchi’11,    Hisano,Ishiwata,Nagata’12,    Sato,Shirai,Tobioka’12, 
Moroi,Nagai’13,    McKeen,Pospelov,Ritz’13, 
Hisano,Kuwahara,Nagata’13,    Hisano,Kobayashi,Kuwahara,Nagata’13,   etc etc.....

> 10 TeV

～ TeV

126 GeV

squaks and  
sleptons

gauginos

one tuned Higgs

● consistent with 126 GeV Higgs 
● No FCNC/CP problems 
● No cosmological gravitino problem 
● Coupling Unification is OK 
● Dark Matter is also OK
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> 3σ deviation !

[Hagiwara, Liao, Martin, Nomura, Teubner,  
arXiv: 1105.3149. See also references therein!]

muon g-2

one more motivation for TeV scale SUSY…



> 3σ deviation !muon g-2

...can be explained by SUSY.

... if smuon and 
chargino/neutralino 
are O(100 GeV).

one more motivation for TeV scale SUSY…
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Higgs + SUSY + g-2

difficult to reconcile in typical models 
(mSUGRA/GMSB/AMSB/NMSSM (small tanβ) ...)

heavy stop light smuon/ inos

Example in CMSSM/mSUGRA: 
Higgs mass is maximized by A-term, 
while b -> sγ constraint is satisfied.  

(Figure thanks to Motoi Endo.) 
[ See M.Endo, KH, S.Iwamoto, 
K.Nakayama, N.Yokozaki ’11 ]



Higgs + SUSY + g-2

difficult to reconcile in typical models 
(mSUGRA/GMSB/AMSB/NMSSM (small tanβ) ...)

heavy stop light smuon/ inos

(1) model building 
!

(2) general MSSM

2 approaches



Higgs + SUSY + g-2

difficult to reconcile in typical models 
(mSUGRA/GMSB/AMSB/NMSSM (small tanβ) ...)

heavy stop light smuon/ inos

(1) model building 
!

(2) general MSSM

2 approaches

M.Endo, KH, S.Iwamoto, T.Yoshinaga, arXiv:1303.4256 
M.Endo, KH, T.Kitahara, T.Yoshinaga, arXiv:1309.3065 
M.Endo, KH, S.Iwamoto, T.Kitahara, T.Moroi, arXiv:1310.4496

                           [our works] 
M.Endo, KH, S.Iwamoto, N.Yokozaki, arXiv:1108.3071, 1112.5653, 1202.2751                
M.Endo, KH, K.Ishikawa, S.Iwamoto, N.Yokozaki, arXiv:1212.3935 

M.Endo, KH, S.Iwamoto, K.Nakayama, N.Yokozaki, arXiv:1112.6412               

extra matter 

extra gauge 

LHC
LHC/ILC+flavor+vacuum

ILC



Higgs + SUSY + g-2

difficult to reconcile in typical models 
(mSUGRA/GMSB/AMSB/NMSSM (small tanβ) ...)

heavy stop light smuon/ inos

(1) model building 
!

(2) general MSSM

2 approaches

M.Endo, KH, S.Iwamoto, T.Yoshinaga, arXiv:1303.4256 
M.Endo, KH, T.Kitahara, T.Yoshinaga, arXiv:1309.3065 
M.Endo, KH, S.Iwamoto, T.Kitahara, T.Moroi, arXiv:1310.4496

                           [our works] 
M.Endo, KH, S.Iwamoto, N.Yokozaki, arXiv:1108.3071, 1112.5653, 1202.2751                
M.Endo, KH, K.Ishikawa, S.Iwamoto, N.Yokozaki, arXiv:1212.3935 

M.Endo, KH, S.Iwamoto, K.Nakayama, N.Yokozaki, arXiv:1112.6412               

extra matter 

extra gauge 

LHC
LHC/ILC+flavor+vacuum

ILC



“g-2 motivated” MSSM

>> 1 TeV 
to explain 
Higgs mass

= O(100 GeV) 
to explain muon g-2

Can we test it ??

Higgs + SUSY + g-2



M.Endo, KH, S.Iwamoto, T.Yoshinaga  
[arXiv:1303.4256]

g-2 
1σ 2σ

µ = M2 = 2M1

tan� = 40

mR � mL

muon g-2 vs LHC in SUSY



µ = M2 = 2M1

tan� = 40

mR � mL

already excluded 
by 3-lepton search. 
＊ ATLAS 13fb-1@8TeV

８TeV LHC

m�2
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muon g-2 vs LHC in SUSY

M.Endo, KH, S.Iwamoto, T.Yoshinaga  
[arXiv:1303.4256]



13～14TeV 
(2015~)

m
˜̀
>
m

�2

>
m

�1

!
New signals like 
!
may cover 
this region at 13~14 
TeV !

�2 ! �1 +W/Z/h

muon g-2 vs LHC in SUSY

M.Endo, KH, S.Iwamoto, T.Yoshinaga  
[arXiv:1303.4256]



M.Endo, KH, S.Iwamoto, T.Yoshinaga  
[arXiv:1303.4256]

LHC started exclude 

g-2 motivated regions ! 

!
• 13-14 TeV LHC will test 

more regions. 

!
• If discovered at LHC, 

--> further test at
 ILC  

   whether they are rea
lly   

   responsible for th
e g-2. 

!cf. M.Endo, KH, S.Iwamoto, T.Kitahara, 

T.Moroi,  arXiv:1310.4496

muon g-2 vs LHC in SUSY



> 3σ deviation !
 muon g-2                       may be a BSM signal. 

!

 In SUSY, it can be explained if smuon and chargino/ 
neutralino are O(100 GeV).  
   —>  tested at 13-14 TeV LHC !

Summary
 Higgs mass 126 GeV has a significant 

impact on SUSY.  
 at least a “little fine-tuning” seems unavoidable. 
 It may imply SUSY particles are (much) heavier than 

TeV scale……



backup



( right-handed neutrino )



It seems...

Higgs sector is also described by 
weakly coupled, perturbative QFT. 

(at least no sign of strong interaction, so far...) 

Higgs

126 GeV Higgs



By the way...  
perturbative, weakly coupled Higgs sector

is consistent with the existence of 

heavy right-handed neutrinos 

which are (weakly) coupled to Higgs.

Higgs

R.H.neutrino

L = LSM +
1

2
NR(i/@ +MR)NR + y⌫NR`LH + h.c.

(3) Leptogenesis

(1) small neutrino masses

(2) matter unification   
in 16 of SO(10)

126 GeV Higgs

... implying weakly coupled, perturbative Higgs sector

up to right-handed neutrino scale. (say, > 1010 GeV.)
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( muon g-2 vs LHC)



model-independent approach
SUSY contributions  
to g-2

6 parameters

difficult to do full-scan 
take typical parameter sets

muon g-2 vs LHC



signals from LHC

We did a fast simulation at our model points 
and compared it with experimental results.

cuts used at ATLAS events at ATLAS

from ATLAS-CONF-2012-154

3 lepton + missing

muon g-2 vs LHC



M.Endo, KH, S.Iwamoto, T.Yoshinaga  
[arXiv:1303.4256]

muon g-2 vs LHC in SUSY



( muon g-2: a model )



Higgs + SUSY + g-2

difficult to reconcile in typical models 
(mSUGRA/GMSB/AMSB/NMSSM (small tanβ) ...)

heavy stop light smuon/ inos

(1) model building 
!

(2) general MSSM

2 approaches

M.Endo, KH, S.Iwamoto, T.Yoshinaga, arXiv:1303.4256 
M.Endo, KH, T.Kitahara, T.Yoshinaga, arXiv:1309.3065 
M.Endo, KH, S.Iwamoto, T.Kitahara, T.Moroi, arXiv:1310.4496

                           [our works] 
M.Endo, KH, S.Iwamoto, N.Yokozaki, arXiv:1108.3071, 1112.5653, 1202.2751                
M.Endo, KH, K.Ishikawa, S.Iwamoto, N.Yokozaki, arXiv:1212.3935 

M.Endo, KH, S.Iwamoto, K.Nakayama, N.Yokozaki, arXiv:1112.6412               

extra matter 

extra gauge 

LHC
LHC/ILC+flavor+vacuum

ILC



Higgs + SUSY + g-2

difficult to reconcile in typical models 
(mSUGRA/GMSB/AMSB/NMSSM (small tanβ) ...)

heavy stop light smuon/ inos

(1) model building 
!

(2) general MSSM

2 approaches

M.Endo, KH, S.Iwamoto, T.Yoshinaga, arXiv:1303.4256 
M.Endo, KH, T.Kitahara, T.Yoshinaga, arXiv:1309.3065 
M.Endo, KH, S.Iwamoto, T.Kitahara, T.Moroi, arXiv:1310.4496

                           [our works] 
M.Endo, KH, S.Iwamoto, N.Yokozaki, arXiv:1108.3071, 1112.5653, 1202.2751                
M.Endo, KH, K.Ishikawa, S.Iwamoto, N.Yokozaki, arXiv:1212.3935 

M.Endo, KH, S.Iwamoto, K.Nakayama, N.Yokozaki, arXiv:1112.6412               

extra matter 

extra gauge 

LHC
LHC/ILC+flavor+vacuum

ILC



MSSM + vector-like matter

Idea: 
In MSSM, Ytop (and Atop) raises the Higgs mass. 
--> Add new vector-like matters  
    with a Yukawa coupling to Higgs. 
    W = Ytop Q3U3Hu + Y’Q’U’Hu

�m2
Higgs / �H (' 0.13)

= �(tree)
H + ��(loop)

H

��(loop)
H / Y 4

top · (top, stop-loop)

 126 GeV Higgs + muon g-2



Idea: 
In MSSM, Ytop (and Atop) raises the Higgs mass. 
--> Add new vector-like matters (10+10bar) 
    with a Yukawa coupling to Higgs. 
    W = Ytop Q3U3Hu + Y’Q’U’Hu

 [Okada,Moroi,’92;.....Babu,Gogoladze,Rehman,Shafi,’08; Martin,’09]

�m2
Higgs / �H (' 0.13)

= �(tree)
H + ��(loop)

H

��(loop)
H / Y 4

top · (top, stop-loop)

+Y04 · (new vector-loop)

 126 GeV Higgs + muon g-2

MSSM + vector-like matter



Results
for “V-GMSB”

= gauge mediation (GMSB) + vector-like matter

 126 GeV Higgs + muon g-2
M.Endo, KH, K.Ishikawa, S.Iwamoto, N.Yokozaki, arXiv:1212.3935 



muon g-2 explained (1σ)
(2σ)

 126 GeV Higgs + muon g-2

for “V-GMSB”
Results M.Endo, KH, K.Ishikawa, S.Iwamoto, N.Yokozaki, arXiv:1212.3935 
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Higgs mass 
125-126 GeV

 126 GeV Higgs + muon g-2
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Results M.Endo, KH, K.Ishikawa, S.Iwamoto, N.Yokozaki, arXiv:1212.3935 



muon g-2 explained (1σ)
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Higgs mass 
125-126 GeV

g-2
 and

 Higgs
 mass 
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 126 GeV Higgs + muon g-2

for “V-GMSB”
Results M.Endo, KH, K.Ishikawa, S.Iwamoto, N.Yokozaki, arXiv:1212.3935 



muon g-2 explained (1σ)
(2σ)
Higgs mass 
125-126 GeV

LHC constraint
s ?

 126 GeV Higgs + muon g-2

for “V-GMSB”
Results M.Endo, KH, K.Ishikawa, S.Iwamoto, N.Yokozaki, arXiv:1212.3935 



NLSP = stau 
LHC signal 
= long-lived charged particle

NLSP = neutralino 
LHC signal 
= jets + missing energy

 126 GeV Higgs + muon g-2

for “V-GMSB”
Results M.Endo, KH, K.Ishikawa, S.Iwamoto, N.Yokozaki, arXiv:1212.3935 



already  
excluded

 126 GeV Higgs + muon g-2

for “V-GMSB”
Results M.Endo, KH, K.Ishikawa, S.Iwamoto, N.Yokozaki, arXiv:1212.3935 

[* using 
  ATLAS result (5.8fb-1@8TeV) 
  for jets + missing 
 and CMS result (5.0fb-1@7TeV) 
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( muon g-2: ILC test )



Can we reconstruct the SUSY  
contributions to the muon g-2 
by using ILC data ?

Assume one specific (optimistic) model point

<< this one 
dominates

muon g-2 vs ILC
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If heavy SUSY particles decouple,  
gaugino coupling ≠ gauge coupling 
-----> but directly measurable.

muon g-2 vs ILC
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mixing can  
also be 
reconstructed
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contribution of this loop-
diagram by using ILC 

measurements?
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at this model point, 

muon g-2 vs ILC
Can we reconstruct the 
contribution of this loop-
diagram by using ILC 

measurements?


