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e We know there MUST be dark matter.

e What else?

e Suppose the most pessimistic scenario:

* We see only SM Higgs and nothing
more at LHC.

e Can we still say something?

% Yes! This is the topic today.

% figure from web
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1. SM can possibly be valid up to Planck

scale.

2. Bare Higgs mass is a computable
quantity.

3. Flat potential at Planck scale allows
“minimal Higgs inflation.”
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2. Bare Higgs mass is a computable
quantity.
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e Because of Higgs discovery, we can discuss SM
bare Lagrangian at Planck scale.

*x We evaluate bare Higgs mass/coupling.

* Note: This is NOT, say, MS-bar running mass
(in mass independent renormalization).

*x We compute quadratic divergence in

bare Higgs mass up to 2-100p orders.

e We find m% — Ap = (0 is possible.
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e Mgr?2 = Mg + (A%/16n% +---) A2 + dm

renorm’d bare radiative corrections
mass mass

e Mass independent renormalization scheme:

I. Choose m_B2 so that mgr% =0 for dm? =0.

* In dim. reqg. this happens to happen automatically.

* Does not mean absence of quadratic divergence.

* Otherwise, there would be no fine tuning problem at all!

II. Add dm? as perturbation — running mass.

e We do NOT treat running mass (oclogA, multiplicative)
but bare mass (o<cA?, subtractive).




IFIOOPNESUIL

e At 1-loop order, it has been known:

9
m2B 1-loop — (6)‘3 | 4932/B | 49 — 6th) [1

Cerebrated Veltman condition. A?

i =
LT 1672
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9 17 4
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@ I, ~= 0.005 I

(coefficient is scheme dependent)
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A check of regularization independence:
Smallness of two loop contribution.
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[Hamada, Kawai, KO, 2012]

small m;

Note:

. Bare mass is not
running.

- Bare couplings
are approximated
by running ones
at A.




NS0 M D22 GEV,

[Hamada, Kawai, KO, 2012]

Note:
Bare mass is hot
running.
Bare couplings
are approximated
by running ones

15 20 %5 wi0m 7
Next slide: %)%%m\up this region.
GeV




NS0 M D22 GEV,

[Hamada, Kawai, KO, 2012]

- Bare mass is nhot
running.

- Bare couplings
are approximated
by running ones

at A.
- Ny

15 0 8 wi0m P

Next slide: %)%%m\up this region.
GeV
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Bare Higgs mass becomes zero if m:=170GeV.
Quadratlc coupling vanlshes if m=171GeV.
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0.15 (A=Mp)

()()E-----\----- g
Bare Higgs mass becomes zero if m=170GeV.
Quadratic couplingivanishes if mi=171GeV.

: Froggatt, Nielsen(1995)
-0.3¢
: Standard Model Criticality Prediction:
_04” Top mass 173 = 5 GeV and
_05_ L Higgs mass 135 + 9 GeV. y
-06- \
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0.1~ (A=Mpy)
OO
Bare Higgs mass becomes zero if m=170GeV. |

Quadratic couplingivanishes if m=171GeV.

By Froggatt, Nielsen(1995)
-0.3¢
: Standard Model Criticality Prediction:
_0-47 Top mass 173 =+ 5 GeV and
_0.5:_ _ Higgs mass 135 = 9 GeV. y
~0.6- ~

168 PREdicted the Higgs mass”
H. B. Nielsen [1212.5716]
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3. Flat potential at Planck scale allows
“minimal Higgs inflation.”
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Next slide: Zoom up this reglon.
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90% CL from Tevatron (green) / Alekhin, Djouadi, Moch (orange)
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[Hamada, Kawai, KO, 1302 XXXX]

e Conventional Higgs inflation needs huge
coupling to gravity: AL=E& |H|? R with &~10-.

e A can be as small as one wants at Planck scale.

e Why not using it? — Chaotic inflation with Ap*!

* Fine tuning? You must anyway fine tune cosmological
constant for any inflation to work.

% If you do not like ¢ >> Mp, we have
following solution.
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e SM Higgs potential with radiative
corrections (without fine tuning A):

1+ Aco)g

‘———/_\/Z» log,, (cg)

e Higher dimensional operator lifts it up:

A

A
62 ¢6

Aco)g* + — /

log,, (C¢)
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SUmary;
SM can possibly be valid up to Planck scale.

Bare Higgs mass is a computable quantity.

Flat potential at Planck scale allows “minimal Higgs inflation.”

IDISCUSSIONS!

Supersymmetry restoration at Planck scale?

Non-SUSY SM with bare-massless Higgs from superstring is in principle no
problem in fermionic construction. Realistic model?

Bare-mass/Higgs-inflation for other BSM models:
2HDM, seesaw, split/high-scale SUSY, Higgs portal DM, etc.

A lot to do. Join!
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