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LHC results show...

126 GeV Higgs
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An ongoing exciting matches (experiments) are facing a tough defense,
and cant get a goal (see physics beyond the Standard Model) yet.
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Higgs (but still no BSM) discovery at LHC

m,=125.9:04 GeV, m,,,=172.58~174.10 GeV in the SM
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Higgs (but still no BSM) discovery at LHC

m,=125.9:04 GeV, m,,,=172.58~174.10 GeV in the SM
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Higgs (but still no BSM) discovery at LHC

m,=125.9:04 GeV, m,,,=172.58~174.10 GeV in the SM
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Higgs (but still no BSM) discovery at LHC

m,=125.9:04 GeV, m,,,=172.58~174.10 GeV in the SM
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Higgs (but still no BSM) discovery at LHC

m,=125.9:04 GeV, m,,,=172.58~174.10 GeV in the SM

RGE of Higgs self coupling
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Higgs (but still no BSM) discovery at LHC

m,=125.9:04 GeV, m,,,=172.58~174.10 GeV in the SM

RGE of Higgs self coupling
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Higgs (but still no BSM) discovery at LHC
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Higgs (but still no BSM) discovery at LHC

m,=125.9:04 GeV, m,,,=172.58~174.10 GeV in the SM

RGE of Higgs self coupling
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World average 87
(V. Ameids et ol PR DS 1348)
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Fig. 1. (a) First order evolution of the three coupling constants
in the minimal standard model (world average values in 1987
from ref. [1]). The small figure is a blow-up of the crossing area).
(b) As above but using M, and a,(Mz) from DELPHI data. The
three coupling constants disagree with a single unification point
by more than 7 standard deviations. ’
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Fig. 2. (2) Second order evolution of the three coupling con-
stants in the minimal SUSY model. Msysy has been fitted by re-
quiring crossing of the couplings in a single point. The two lower
plots show the x? distribution for the SUSY scale Mgysy (b) and
for the unification scale Mgyr (c) taking into account their
correlation.

(Amaldi, PLB260(1991)447)

Before this paper, SUSY is not so familiar than TC etc.



Higgs (but still no BSM) discovery at LHC

m,=125.9:04 GeV, m,,,=172.58~174.10 GeV in the SM

RGE of Higgs self coupling
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Higgs (but still no BSM) discovery at LHC

m,=125.9:04 GeV, m,,,=172.58~174.10 GeV in the SM
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Higgs (but still no BSM) discovery at LHC

m,=125.9:04 GeV, m,,,=172.58~174.10 GeV in the SM

RGE of Higgs self coupling
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Higgs (but still no BSM) discovery at LHC

m,=125.9:04 GeV, m,,,=172.58~174.10 GeV in the SM

RGE of Higgs self coupling
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Higgs (but still no BSM) discovery at LHC

my=125.9:04 GeV, m,,,=172:58~174:10 GeV in the SM
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Higgs (but still no BSM) discovery at LHC

my=125.9:04 GeV, m,, =172:58~174:10 GeV in the SM
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m,=125.9:0.4 GeV, m,,;=172.58~174.10 GeV in the SM
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m,=125.9:0.4 GeV, m,,;=172.58~174.10 GeV in the SM
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m,=125.9:0.4 GeV, m,,;=172.58~174.10 GeV in the SM
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m,=125.9:0.4 GeV, m,,,=172.58~174.10 GeV in the SM
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gauge couplings

(ex2) GUT @ Mp model| " ishioa Tekehashi vemaguen

RS —LEBATELLDT, GUT(<Mp) £E5T 37
o HERT— LEBATELLDT, GUTHMpTEELES #2235,

— vector-like mattes ZSMIZ{fTITIIA T, GUT@MpEEIRT 5,

— gauge->XK

100 105 108 10 10% 107 10
H [GeV]



(ex2) GUT @ Mp model| " ishioa Tekehashi vemaguen

RS —LEBATELLDT, GUT(<Mp) £E5T 37
o HERT— LEBATELLDT, GUTHMpTEELES #2235,

— vector-like mattes ZSMIZ{fTITIIA T, GUT@MpEEIRT 5,

— gauge->K — Yukawa->/]> — ANFH END)

&
= <

gauge couplings
tw
S

100 10° 108 10" 10 107 10% 100 10° 10% 10" 10" 107 10%
p [GeV] u [GeV]

— vacuum becomes stable



LHC results show...

126 GeV Higgs

SMIEMpIZ HBEMEOS ALYMMEEO ? (no ln’rermedla’re scale?)

[FFZ5511E 1) FlatLand> 1) A D #4EH T,

— -TeV scale seesaw
| (inverse seesaw? generation structure?
same sign di-lepton event? Ovpp? other observations?)

— -leptogenesis/bariyogenesis?
(resonant leptogenesis? quantum effects? New
mechanism=-+)
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% Higgs=& X Jtgaugeis D R E|RITAL 7 (Gauge-Higgs Unification)

Ay = A“ + A (scalar @ 4D)

- =G D TEARBIZmassless, JEE# =2 IRILT—THY—JHELTER)
mass=REIRXRTDERETRLIMDAT—)L (REHE=EIRILT—TIH5—15)
X loop factor (1/1612) (tree TR T v ILIZELD L) —FRIZHA finite
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quartic coupling A(u)

Higgs
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For this meta-stability, GHU says
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N. Okada, Q. Shafi, et al

G.Degrassi, S.Di Vita, J.Elias-Miro,
J.R.Espinosa, G.F.Giudice, G.Isidori
and A.Strumia, JHEP1208 (2012) 098
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origin of tiny Dirac v mass

[mass hierarchy = Yukawa hierarchy (y;~1, y, ~10?)
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origin of tiny Dirac v mass

another possivility: HHow about tiny {H) only for v?
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origin of tiny Dirac v mass

neutrinophilic Higgs

another possivility: HHow about tiny {H) only for v?
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origin of tiny Dirac ¥ mass

neutrinophilic Higgs

E. Ma (2001, 2006), E. Ma and M. Raidal
(2001), N. H. and O. Seto (2010)

F. Wang, W. Wang and J. M. Yang (2006),
S. Gabriel and S. Nandi (2007), G. Marshall,
M. McCaskey, M. Sher (2010) ,

L,..=yOHU+yQHD+yILHE+y LHV,

"N (H,)~1eV
L=(,,e,)
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origin of tiny Dirac ¥ mass

neutrinophilic Higgs

E. Ma (2001, 2006), E. Ma and M. Raidal
(2001), N. H. and O. Seto (2010)

F. Wang, W. Wang and J. M. Yang (2006),
S. Gabriel and S. Nandi (2007), G. Marshall,
M. McCaskey, M. Sher (2010) ,

=y OHU +y,OHD+y LHE+y LH v,

"N (H,)~1eV

L=(v,,e,)

fields Z;-charge
SM fields (SM Higgs: H) LN
YR B \
v Higgs doublet: H | ) <

distinguishes

— H, from H




E. Ma (2001, 2006), E. Ma and M. Raidal
(2001), N. H. and O. Seto (2010)

Origin OF finy Dirac 7/ mass F. Wang, W. Wang and J. M. Yang (2006),

S. Gabriel and S. Nandi (2007), G. Marshall,
M. McCaskey, M. Sher (2010) ,

neutrinophilic Higgs

=y OHU +y,OHD+y LHE+y LH v,

L

Yukawa
. "N (H, ) ~1 eV
fields Z,-charge

SM fields (SM Higgs: H + L=(v,e.)

ggs: H) R

N

VR distinguishes
v Higgs doublet: H | i <+— H, from H

Mixings o< rations of VEVs
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neutrinophilic Higgs
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L

Yukawa
. "N (H, ) ~1 eV
fields Z,-charge

SM fields (SM Higgs: H + L=(v,e.)
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v Higgs doublet: H | B <+— H, from H

Mixings o< rations of VEVs

H=* is composed by H,,

= non—small & only (e, ¢, T)_ X ¥ . Yukawa int.




E. Ma (2001, 2006), E. Ma and M. Raidal
(2001), N. H. and O. Seto (2010)

origin of tiny Dirac ¥ mass  Ware W War ord 3. Yo 2000

S. Gabriel and S. Nandi (2007), G. Marshall,
M. McCaskey, M. Sher (2010) ,

neutrinophilic Higgs

L,..=yOHU+yQHD+yILHE+y LHV,
"N (H,)~1eV

fields Z,-charge 7 ( )
=(V,.,e
SM fields (SM Higgs: H) + N, L>~L
N
. _
2 distinguishes
v Higgs doublet: H | e <+— H, from H

Mixings o< rations of VEVs

H=* is composed by H,,

= non—small & only (e, ¢, T)_ X ¥ . Yukawa int.

— charged Higgs mainly decays into lepton, etc

(phenomenology @ LHC, ILC) s M. Davidson and H. E. Logan (2009, 2010),

4 ,’,
/,":,” < N. H. and K. Tsumura (2010),
/v,
> 1’




LHC, ILC phenomenology

NH, K. Tsumura, JHEP 1106, 068 (2011).
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LHC, ILC phenomenologﬂ NH, K.Tsumura, JHEP 1106, 068 (2011).

wILC: e"e™ collider:

P —— H~
YR
X
e v R H -
Inverted ordering, Mny=200GeV Inverted ordering, My=500GeV
31/ 0] /77T
'Iz'—" W S II' p - -\\\: % -
! —_ :‘:.' ! / Q\\
— I / ~ p— ]
= i T = . | -
F : : I \\‘\ F : : \\
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T ! | T i '
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Total cross sections of e'e™ = H™H™ in ¥ THDM with v g, whose mass is M, =200 GeV and 500 GeV.




Low energy thermal leptogenesis

NH, O.Seto, Prog.Theor.Phys. 125, 1155
(2011); Phys. Rev. D84, 103524 (2011).

leptogenesis: [ (v =1+ @) # [ (v ,— [+ @*) < CP violation

Conventional See—Saw «ypen

o

(Ve = @+1)~T(vy =@ +1))
TV = @+1)+T (v — @ +1))
3001

81 (yvyz)ll i=2.3 i
M,

oM
~ D Im(yvyv)lziﬁl, (M, > M,)

mv3

— L v36ind = 106(

€ ~1077 for suitable n,/s

po e fing
107 GeV J\ 0.05eV

thermal: T.°M,, v, is produced in thermal

M, > 10° GeV : Davidson-Ibarra bound

S. Davidson and A. Ibarra, PLB 535, 25 (2002)

o

/

TeV—-scale thermal leptogenesis is difficult !




" NH, O.Seto, Prog.Theor.Phys. 125, 1155
LOW energy thermal IeptogeneSIS (2011); Phys. Rev. D84, 103524 (2011).

VY HDM: non—small y,, with TeV-scale Majorana mass

3 1 ., M 3 M
4 xS m(y o = D M 5 N
872’- (yvyv)ll i=2,3 Mi 87[ <(I)v>

2
:—110_6 0.1GeV ( M, j( m, )sin5
lor (D,) 100GeV )\ 0.05eV

E
e CKg_ M, = 5 TeV is possible for thermal leptogenesis
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(2011); Phys. Rev. D84, 103524 (2011).

VY HDM: non—small y,, with TeV-scale Majorana mass
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VY HDM: non—small y,, with TeV-scale Majorana mass
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" NH, O.Seto, Prog.Theor.Phys. 125, 1155
LOW energy thermal IeptogeneSIS (2011); Phys. Rev. D84, 103524 (2011).

L eptogenesis in SUSY ¥ HDM: non—small y,, with TeV—-scale Majorana mass

~

4 e=ev, > IH)+e(v, > IH)+e(V,—IH)+e(V, —IH)

2
:-iIO‘5 0.1GeV ( 5\41 )( e jsinﬁ
167 (@) ) 10°Gev )\ 0.05¢V

n, C E (NH, m;~0, (v;; < yp, Vi)
—=(CK— . . .
k s g. M, = 5 TeV is possible for thermal leptogenesis /
10’
1of _ 1 gravitino problem
| AL=2
_ 10" | wash-out
=
& 10° ’?
= L _
10° L= 10'_’
e=10"
*
10’
0.1 1 10 100
(P ,) (GeV)

SUSY v HDM is free from gravitino problem
= 0(100) GeV gravitino with no—disturbing BBN needs T,<10° GeV.
» even this T, N, is thermally produced in our setup.
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flavor symmetry:

tri-bi-maximal mixing [sin? 8 ,,=1/3, sin? 6 ,;=1/2] + deviation,
seems good

-> find flavor symmetry (S;, S,, A,, ***)

-> phenomenology
ex) ¥ mass sum rule

Sum Rule
my + My = Mgy
M + e = M3

Group
A4[167]((175,178-181|); S4((182]); As 69]"
A(54)183[; S4(]163])

m1 + 2mg = 3

4120]

2Mig + Ty = 11
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2y + g = my A1(200|)
my + e = 2Th3 S ‘let
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A4135164,165, 167, 204) (37,137, 145,205/ 211]); T'[196]
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Figure T:
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Left panel: Restrictions imposed on the allowed regions of |me.| by two example sum rules

(Rule 1: 7oy " + 7y " = ﬁzgl, Rule 2: m; + g = 3). The GERDA regions are displayed as examples
for realistic experimentally accessible ranges. (Plot similar to Fig. 1 in Ref. [169].) Right panel: Derived
ranges for the |m,,| from 12 different sum rules, covering more than 50 models in the literature. (Plot
similar to Fig. 20 in Ref. [169].)

S. F. King, A. Merle, S. Morisi, Y. Shimizu and M. Tanimoto, New J. Phys.16 (2014) 045018




summary of research plan

[FFZ5511E 1) FlatLand> 1) A D #4EH T,

— -TeV scale seesaw
(inverse seesaw? generation structure?
same sign di-lepton event? Ovpp? other observations?)

— +|eptogenesis/bariyogenesis?
(resonant leptogenesis? quantum effects? New mechanism---)

[/ 22 ET1E 2] neutrinophiric Higgs in FlatLand 7 1) A

[ ZE5TEI3] neutrinoMNiflavor symmetryZiE 5



For a goal
(discover BSM), /@ strong cooperation between
% experiment & theory is needed.
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my=125.9:0.4 GeV, m,,,=172.58~174.10 GeV in the SM
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Higgs mass & top mass dependence for A, p

0.06 | f=#:L, 3= AIF5X10"7 GeV < Mp
- (130,165) - (126,171.2)
0.04} '
: (124,165) (128.6,172.6)
0.02+ ]
A I
0.00
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o 04 (124.175) SM center
10'° 10'® 10"7 10" mp 107°

u [GeV] satisfying B,[u]=0

Mm%s mass & tfop mass are uniquely determined by MPCP @ Mp
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