
Scalars 2011, 28. Aug. 2011!

based on collaborations with O. Seto,  
K. Tsumura, M. Hirotsu and  T. Horita. 

!!Naoyuki Haba   (Osaka U, Japan) 



!  !"#$%!&'!()*(+(,-$$(#$(./)0!1(02(+3)$'#44-%#)&(!".$5(
!  ,+!657(!8(9:#%;(')$,)4)<#!$=(
(((((((((((("(>!2()*($!-/';#&<(&!:(.;2$#'$(0!2)&1(?@(

NH [ IH ] 
!"!

!  A(4)%()*(#%$(!".4-&-%#)&$(;-B!(0!!&($C<<!$%!1(
(((((((((((((((((((((D().%#)&$()*(%#&2(+(,-$$E(
(((((((((((((((((((97=E(F#/-'(()/((9D=E(@-G)/-&-(((



  m! ! y! "#$ effective !-Yukawa is tiny 

  fat brane 

   gµ!
!,!R

   
y! !

1
( M*R)" /2

 Q

 !R

  y! " e#( y# y0 )2

volume suppression 

distant suppression 

 L
!

(ex): large extra dimensional theory!



M (scale of L# violation) is very large  
   
m! ! y!

2 "#$"#$
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 (Zee,  Ma, !!!!!!!
  NH, Matsuda, Tanimoto, 
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 Gell-Mann- 
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M = ! mass " (4#2)!

#!!!!!!! (ex1): type-I seesaw mechanism#!!!!#!

     !!!! (ex2): radiative inducing models!!!!!

M = $R mass!



there have been a lot of attempts !!!, but,  always use the same SM-Higgs doublet, "!#$100 
GeV !!!, and thus, must try to make 

                                  “tiny y!” and/or “large M ” 

This is the essence of difficulty for reproducing 0.1 eV "-mass, and let us look at the difficulty 
from a different angle. 

%    “How about introducing another Higgs doublet "!"#&100 GeV ?” 

                   neutrinophilic Higgs doublet model ("HDM) 

E. Ma (2001), E. Ma and M. Raidal (2001), F. Wang, W. Wang and J. M. Yang (2006), 
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G. Marshall, M. McCaskey and M. Sher (2010), N. H. and M. Hirotsu (2010),  
N. H. and K. Tsumura (2010), N. H. and O. Seto (2010) 
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                                (ex): SM,    V= -m2 !2 + "!4  # m!"!#     
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conventional model:    mD = y!!!"#0.1 eV 

! y! can be non-small!  

! "# mass$100 GeV % detectable in LHC experiment. 

y!must be very tiny (~10-12 ) for m#$0.1 eV, and it is impossible to find in  
experiments such as LHC, ILC.!
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conventional model:    mD = y!!!"#100 GeV 
For m!$0.1 eV, we need M"1014 GeV , and it is impossible to find in  
experiments such as LHC, ILC, etc. !

! y! can be non-small with M$100 GeV for m!~0.1 eV. (type-I seesaw) 

! "# mass$100 GeV % detectable in LHC experiment. 

! low energy thermal leptogenesis with M$5 TeV  
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wanted vacuum is  

""#!$%100 GeV & #!"$%0.1 eV/y" (Dirac) or 0.1 MeV/y" (Majorana) 
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soft Z2 breaking mass parameter!
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Interesting option!! §6  

!"#$%!&'()*+,-#$.!/,00!#0!,$!1*#.#$!12!0/,33!4!/,00!!
            (m3

2 ("5)!0 limit has a global U(1), but, $#$%=0,so no NG boson) !

! §3 (§4)!
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!: m3
2 "#$$!0!

% exact Z2 sym.! !R is DM & &"#'=0 

% # mass induced radiatively  

!"

!"#

LL N N
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E. Ma, PRD 73, 077301 (2006).!
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(: tiny m3
2,   ): large m!"

2  !!  !!!!

!  !!!!

 % m3
2 =0 induces &"#'=0, so Z2 is not broken.  

 % no global U(1) due to $5%0, so no NG boson.!
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! ! mass induced radiatively 
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! ! mass from seesaw 

m!
tree : m!

loop ~ ""!#2 : #5""#2/(4$)2 

y!y!y!y!

$: tiny m3
2 with (2): Majorana case in §3,4, we see parameter space of m!

tree > m!
loop  !

for example, 

there are two sources of ! mass as,  
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(A is not pseudo-NG boson ("m3), since no global U(1) due to #5!0 and mass  
spectrum drastically changes whether #!"$=0 (m3=0) or #!"$#0 (m3!0)) 



T. Morozumi, H. Takata, K. Tamai (2011),  
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All 6-, 8-, 10-, !!!external lines diagrams are summed, and the above condition is obtained. 

T. Morozumi, H. Takata, K. Tamai (2011),  
N. H. and T. Horita (2011)!

!Z2 is softly broken by m3
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!
"is preserved against from quantum correction. 
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non-small y! 

§3: LHC, ILC phenomenology 

!H±  is originated from "!, which  
 has only y! coupling! 

            m3
2 ~100.5 GeV2 

                  M"102 GeV~1TeV 

#: tiny m3
2  ! (2): Majorana case 

(m!"
2~100GeV)!

(y!"0.01, $"!%~10-1.5 GeV)!
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non-small y! 

§3: LHC, ILC phenomenology 

!H±  is originated from "!, which  
 has only y! coupling! 

            m3
2 ~100.5 GeV2 

                  M"102 GeV~1TeV 

§4: low energy thermal leptogenesis 

! no fine-tuning, no gravitino problem (SUSY) 

                  m3
2 ~102 GeV2 

                            M1"5 TeV 

#: tiny m3
2  ! (2): Majorana case 

(m!"
2~100GeV)!

(y!"10-3.5, $"!%~1 GeV)!

(y!"0.01, $"!%~10-1.5 GeV)!


