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Higgs was discovered at No evidence
M, =126 GeV of “new” physics

@ ATLAS,CMS & LHCb

What is the implication of these two?

together with some phenomena beyond SM
(v oscillation, Baryon asymmetry, Dark matter)




3 major hints towards the physics beyond SM

(1) Higgs mass at 126 GeV 5w v
(2) No deviation from SM |
Higgs decay S
Flavor physics: LHCb, B-factory, MEG 2y L
e.g. Br(Bs 2 pp) =3.2 1> | x107 T :

which is consistent with SM (3.2+0.2)x10~°.

(3) But we also know that SM is not sufficient to explain
neutrino oscillation
Baryon asymmetry
dark matter

(also a big hint from Cosmology) 2



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
large symmetry enhancement at TeV scale.

It may be a good time to reconsider the basic
strategy (central dogma) toward the physics BSM.




Hierarchy problem




Naturalness (Hlerarchy problem)

o 1 d*k
oV (o) = 3/ o) Strlog(k* + M*(¢))  Quadratic divergence
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(In(M?/A%) — 1
3 oz (MUM/AD = 1/2)

STrM?(¢) # 0 Quadratic divergence in Higgs mass term

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



Bardeen (1995 @ Ontake summer school)

Standard model is classically scale invariant if Higgs mass term is absent.
T[[ =3
Quantum anomaly breaks the invariance (if not conformal )
T = B(N)O,
But then, we cannot forbid the quadratically divergent mass term
I = 5(A\i)O; + const. A?hh

Bardeen argued that it should be
T* = 3(\)O; + dm*hh

.2 2 A 2
om” = const. X m” # const. x A\



Hierarchy problem

Is quadratic divergence the issue of hierarchy problem?

N O Bardeen(1995)
H Aoki, S| PRD(2012)

There are 3 different types of divergences

1. Quadratic divergences %

2. Logarithmic divergences m?log A

3. Logarithmic but looks like quadratic M? log A




(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

om? = "”“3 ”2 log(A?/m?)



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)
SI, Okada,Orikasa (09) ¢



Stability of Vacuum




Another Hint of 126 GeV Higgs mass is
Stability bound of the Higgs quartic coupling

mpg = 126 GeV

v = 246GeV
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/\Cff(/l) 114

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)

600
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125
M =125 GeV Higgs is very close to the stability bound. £ [, | ][0I
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Why stability bound is important for Planck scale physics?
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very sensitive to top quark mass

Higgs quartic coupling A(u)
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Elias-Miro et.al.(12)
Alkhin, Djouadi, Moch (12)
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If this

Direct window to Planck scale
M.Shaposhnikov (07)

gs quartic coupling A(u)

Higg
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Emergence of
Higgs potential

at the Planck scale



Indication on the Higgs potential ‘

V = —MJF /\M

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.




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)

2\(h)?

Vers = E + Bh* (hl (£> — §> B=_1 <3/\2+ 3¢% +2¢%¢% + ¢

16

ﬁ/\

(h)?

4 (h)? 6 " 64r?
tree 1-loop
Higgs mass is given by
S V" iy = mp =8B(h)* =
\_?‘;W_../

Yﬁ)
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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
20



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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How about EWSB ?

-
\

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

23



Why is small negative A ., generated?

(1/\‘772.’i117 o 1 \ - A 2 2
dt - 167‘(2 LLZZ W +]‘2g7n:i:l’.gB—L |

dg max 2 5
~ S 59B-LYy + iz [ *#sssnxs
dt 372 ) ( )

Jmix

U(1)_(B-L) U(1)_Y

/\ 2 2 4 4
mir X _gm'i;lth—L X _gB—LgY



V(H) = AgH" + )\ ®*H?
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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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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 \ ]
1285F
Stability bound
Ve
2 180 InSM ]
)
~
IS
S 12750 -
1270F -
126.5 | ! | | | B
0.000 0.002 0.004 0.006 0.008
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Summary

-126 GeV Higgs = border of the stability bound of SM vacuum.
— Direct window to Planck scale = Flat Higgs potential @Planck
Hint for the origin of Higgs in string theory
*Occam’s razor scenario beyond SM

“Classically conformal B-L model” is proposed

(1) it can solve hierarchy problem
(2) it can explain why B-L breaking scale is around TeV.
(3) Stability bound can be lowered about 1 GeV

M, ~ 128 GeV
(4) phenomenologically viable

Neutrino oscillation, resonant leptogenesis
(5) Highly predictive (or excludable)

Prediction
/' around several TeV, My <Mz, Leptogenesisat TeV
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Future projects

 Origin of flat Higgs potential at Planck
Hierarchy problem & M, =126 GeV
- PNGB ? Moduli ? Gauge/Higgs ? .....

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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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.




Higgs potential

V =

2012/10/5

— 2 [H]? + N(HP)* s

% @ I asplait iR

|H| — )'u \/—

Potential minimum

Spontaneous Symmetry
Breaking

Higgs particle
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