8 July 2013 @ YITP-PH (Kyoto)

fEREERIREE

126GeV EVI R (EZEDZEE) D

:

RIZTBITSIRT— )LD Y
B BE (KEK, #28FK)

based on collaborations with

Y.Orikasa (Osaka) PTEP 2013,023B08, arXiv:1304.0293

N.Okada (Alabama), Y.Orikasa (Osaka)

Phy.Lett.B276(2009)81, Phys.Rev. D80 (2009) 115007

Phys.Rev. D83 (2011) 093011



ik £ TR o= Ea D KIER

=EHDOEK REOER || HILEORL

o £ P+ AN
c o |s|lpl c [ p ]y | K T
- 20
a-12% 2
700 - J ' C -52% @ -11% g
5 f s
5 500 - d é
z 5
8 400 10
< 1
% 00 i
= 2
ﬁzoo— 5 |D K%ﬁiﬁ@?&li
L. 18 it FUEL DY
ey
0 0 FENEKT S

§54 6 5 4 3 2 1 0

. . . . . After Raup and Scpkoski (1982)
Mass Extinctions in the Marine Fossil Record

David M. Raup; J. John Sepkoski
Science, Vol. 215, No. 4539. (1982), pp. 1501-1503
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3 major hints towards the physics beyond SM

(1) Higg

(2) No «
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Higgs

Flavor physics: LHCb, B-factory, MEG
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(3) But we also know that SM is not sufficient to explain
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dark matter

(also a

big hint from Cosmology)
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Most investigations of physics beyond the SM
have been based on

“the central dogma” of particle physics
GUT -2 hierarchy problem = TeV SUSY etc.

i.e. Unification below the Planck scale requires
larce symmetrv enhancement at TeV/ scale
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Hierarchy problem
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Naturalness (Hierarchy problem)
o 1 d*k
SV (6) = 7/ 5yt S log(k2 + M2(¢))
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STrM?(6) # 0 Quadratic divergence in Higgs mass term

STrM?(¢) = 0 Cancellation of Quadratic divergence
(supersymmetry etc.)



Bardeen (1995 @ Ontake summer school)
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Are power divergences physically meaningful?

1DFIIFZD]
BERMNELNDT

I:_I:IHH E’]'»
EeA( AV

live

1EBITERILATLVAY,

ERTAE

4

1. Power divergences

2. Logarithmic divergences
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m?log A, m*log A

3. Logarithmic but looks like quadratic M?log A, M*log A
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Low energy physics

“physical scale” in
High energy physics
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(1) Quadratic divergence can be simply subtracted,
so it gives a boundary condition at UV cut off A.

- If massless at A, it continues to be so in the IR theory.

(2) Logarithmic divergence gives a multiplicative renormalization.
No Higgs mass term is generated if it is absent at UV scale.

(3) If SM is coupled with a massive particle with mass M,
logarithmic divergences give a correction to m as

>\’ITL Y

1672

” log(A? /M?)

ro i)
oM~ =

12



In order to solve the “hierarchy problem” without a special
cancellation like supersymmetry, we need to control

(a) “gquadratic divergence” > correct boundary condition at Planck
The most natural b.c. is NO MASS TERMS at Planck

( = classical conformal invariance)

(b) “large logarithmic divergence” by mixing with a large mass M
No intermediate scales between EW (or TeV) and Planck

”

“Classical conformal theory with no intermediate scale
can be an alternative solution to hierarchy problem.

Bardeen (95)
Shaposhnikov (07)
Meissner Nicolai (07)
SlI, Okada,Orikasa (09) 12
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Stability of Vacuum
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Another Hint of 126 GeV Higgs mass is
Stability bound of the Higgs quartic coupling

mpg = 126 GeV

v = 246GeV
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RGE improved effective potential for large field (h >>v) Vig(h) =

( ‘
RGE @1-loop A _ 1 (24)\2 6Y,' + 3;14 + i.(/?f + - )
[ 1 3 3

dt O
l Already known

It is related to Higgs mass as M = 2\v”

Higgs mass controls the behavior of Higgs potential at large values of h.

This gives two bounds for Higgs mass 800 T T T T T T T T T
(1) The quartic coupling does not blow up until UV cut-off. ]
M < 180 GeV (triviality bound) |

(2) The quartic coupling does not become negative 400
until UV cut-off. (Stability bound)
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Why stability bound is important for Planck scale physics?

015 T T T T T T T T T T T T T T T T T
\
\ M, = 126 GeV (dashed)
\ M, = 124 GeV (dotted)
I \ [ — 2 T
~ olo0f  \ M, =173.1 GeV i
; A a;(Mz)=0.1184
20 ‘.\ }\
= 2N
E" '\\ ‘\\\
z 0 WY A =4v/nt
o 0.05F W\ ]
= L VN ‘]
3 \‘\\\} S
=l Ain MS "W\ e
o A ‘7
20 N S
":_,_IJ L <L ‘\\\\\\ V4
T 0.00 — —
F g \T“’*-‘::;_‘_}_l‘?‘_:—_—_-
- CHNNNY /e
e / 1
By v T
L F / 4
¥
_005 1 1 | | 1 1 | | 1 1 1 | | AT T 7
102 10* 10® 10% 10'° 102 10 10! 10'® 10%°

RGE scale p or h vev in GeV

New physics at 101? GeV

is necessary to stabilize the vacuum

My > 1292+ 1.8 x (

pole
m;

— 173.2 GeV

0.9 GeV

)—OSX

very sensitive to top quark mass
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Elias-Miro et.al.(12)
Alkhin, Djouadi, Moch (12)
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Direct window to Planck scale

Froggatt Nielsen (96)
M.Shaposhnikov (07)

18



Emergence of
Higgs potential

at the Planck scale



Indication on the Higgs potential ‘

Hierarchy Stability
(classical conformality) vanish at Planck

LHC data implies that

Higgs has a flat potential V(H)=0 at Planck.
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How can we achieve EW symmetry breaking
from V(H)=0 potential at Planck?

Everything should be
radiatively generated.
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Two mechanisms of symmetry breaking

(1)SSB by negative mass term

A B 2 2
V = Zh, + ?h (1* <0) —— my =2|u°| =

(2) Coleman-Weinberg mechanism (radiative breaking)
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(2’) RG improved CW mechanisms

/ Coleman-Weinberg radiative breaking \

A

. Symmetry is broken near
| the scale where the running
coupling crosses zero.

)\ Uv

Mcw = My exp(—T — 1) Positive beta function

\ Dimensional transmutation /

cf. Dimensional transmutation in QCD

2T
1’\ D — A[ v eX o
QCD Uv exp ( bOQs(J[[W'))




But CW does not work in SM.

the large top Yukawa coupling invalidates the CW mechanism

l

Extension of SM is necessary | Meissner Nicolai (07)

(B-L) extension of SM with flat Higgs potential at Planck

B-L sector .
S M . U(l)B-L gauge I\é{(;lrada, Y Orikasa,
I *SM singlet scalar ¢ 0902.4050 (PLB)
+Right-handed v 0909.0128 (PRD)
1011.4769 (PRD)
“Occam’s razor” scenario 1210.2848(PTEP)

that can explain - 126 GeV Higgs
" hierarchy problem

* v oscillation, baryon asymmetry
24



How about EWSB ?

Interesting proposal by
E.J.Chun,S.Jung, H.M.Lee

- e e
\

classically 126 GeV

conformal key to relate EW and TeV

Can the small scalar mixing be realized naturally?

!

YES

Radiatively generated scalar mixing A in V(H)
V(H) = AgH*+ \,;,®*H* = EWSB

25



- Running of Scalar mixing
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Prediction of the model

In order to realize EWSB at 246 GeV,
B-L scale must be around TeV (for a typical value of o | ).
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Issues to be solved

 Origin of flat Higgs potential at Planck
Hierarchy problem & M, =126 GeV
- PNGB ? Moduli ? Gauge/Higgs ? Shift sym?
Non-susy vacua of superstring with flat V(H)

- Resonant |ept08eneSiS Garny, Kartavsev, Hohenegger (11)
Kadanoff-Baym equation (quantum Boltzman)

* Non-susy GUT at Planck scale

SO(10) or E6 type
Gravity or string threshold correction to RGE

29
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A — LS decouple L= B R —ILDIEWNVENEREIL ?

[Sea-saw A —)LIEARHEIZ 10° GeV [ZEFLTEWNEEDHLED I ?
LI EBBEEODREL cf. Asaka Shaposhnikov
- K.Shimada, M.Yamanaka, S| (to appear)
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EFEIGENDEFRTE2EFLOHITEZHRETIEELD,
— H.Aoki, Y.Sekino, Sl (to appear)
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Hierarchy problem in Wilsonian RG

H Aoki, SI PRD(2012)]

Critical line
<>
m2=mi() A *
\& J | FP
< > m?

No quadratic div.
A2 #£0 A =0

Fine - tuning of the distance from the critical line = Low energy mass scale

The difference is the choice of the coordinates of the parameter space.




Model: (B-L) extension of SM with Right Handed Neutrinos

[SUB). SUR)L Uy [T()s-s
q 3 2 +1/6 | +1/3
u' 3 1 +2/3 | +1/3
iy 3 1 —1/3 | +1/3
l; 1 2 —1/2 —1
Vi)l 1 1 0 ~1
e 1 1 —1 —1
H 1 2 —1/2 0
@) 1 1 0 +2

N Okada, Y Orikasa, SI
PLB676(09)81,
PRD80(09)115007
PRD83(11)093011

H Higgs doublet
® B-Lsector scalar field

*B-L is the only anomaly free global symmetry in SM.
[U(1); ] is anomaly free if we have right handed fermion.
B-L gauge symmetry is broken by vev of an additional scalar.

LD =Y IvoH ;- SYNPrVRVR + huc.,

See-saw mechanism

m2

0 m —
m My ’ My
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‘B-L can be broken by CW mechanism at TeV.

V(®, H)|oy = Ao (DTD)?

| [ C A
A [B—L ~ ] [Pla.n.ck e:\p(_ Td))

)\¢ CW mechanism |
in B-L sector

‘TeV Planck]
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Stability bound in TeV scale B-L model

= 240 —6Y, + < + <
dt 167 ( c TR0 T

g1 +

3

3

An extra positive term is added

l

2 2 2 2\ 2
9 91 T (g +g1)g7nxi;l‘ T )

Lower the
stability bound

L T I I
120.0 \ ]
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Ve
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0.000 0.002 0.004 0.006 0.008
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