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15 Mass and SM Co n'sisﬁ'ency

Higgs mass: M, = 125.09 + 0.24 GeV  Aad et al. (2015)
(Meta) stability region: 111 GeV < M, < 175 GeV
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Higgs mass: =125.09 + 0.24 GeV  Aad et al. (2015)
(Meta) stability region: 111 GeV < < 175 GeV

Tanabashi et al. (2018)

EW vacuum metastability
A=0at~ 10" GeV
Vs ~ 107 GeV
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Higgs Mass and SM Consistency

Higgs mass: M, = 125.09 + 0.24 GeV  Aad et al. (2015)
(Meta) stability region: 111 GeV < M, < 175 GeV
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Higgs mass: M, = 125.09 + 0.24 GeV  Aad et al. (2015)
(Meta) stability region: 111 GeV < M, < 175 GeV

Markkanen et al. (2018)
® EW vacuum metastability

® \=0at~ 10 GeV
e ey

180 [ Instability region

Meta-stability

¢ Lifetime > age of the Universe
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Higgs mass: =125.09 + 0.24 GeV  Aad et al. (2015)
(Meta) stability region: 111 GeV < < 175 GeV

Lebedev & Westphal (2013)

EW vacuum metastability
A=0at~ 10" GeV
Vs ~ 107 GeV

Lifetime >> age of the Universe

Why isn’t Higgs in an energetically favourable state?
How EW vacuum survived inflation? (If » > 107*)
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Answers the two questions
Minimal: SM + GR + inflaton
Stable up to the unitarity breaking scale ( Planck scale ? )

Has possible implication for LHC new physics searches
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¢ Generally expect all operators in a
Lagrangian that are
® Lorentz invariant
® gauge invariant
® up to dimension 4
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¢ Generally expect all operators in a * In the SM the Higgs bilinear H' H

Lagrangian that are is special
® Lorentz invariant ® Lorentz invariant
® gauge invariant ¢ gauge invariant
® up to dimension 4 ¢ dimension 2
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¢ Generally expect all operators in a
Lagrangian that are

® Lorentz invariant
® gauge invariant
® up to dimension 4

HfH$?
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* In the SM the Higgs bilinear H' H
is special
® Lorentz invariant
® gauge invariant
¢ dimension 2

and H'H¢
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¢ Generally expect all operators in a * In the SM the Higgs bilinear H' H
Lagrangian that are is special

® Lorentz invariant
® gauge invariant
® up to dimension 4

H'H$? and

® A coupling to gravity
H'HR, ¢R,
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¢ Generally expect all operators in a * In the SM the Higgs bilinear H' H
Lagrangian that are is special

® Lorentz invariant
® gauge invariant
® up to dimension 4

H'H$? and

® A coupling to gravity
H'HR, ¢R,
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® Lorentz invariant
® gauge invariant
® dimension 2
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Inflation

LI L B |

® &> |&hn],1
® Dimensional constants < mp

Unitarity above inflation scale

Ao (B)'S 2 x107°
CMB normalisation: A\g /&2 ~ 5 x 10~ s (A1) %

5¢, (A]) S 24 102

Unitarity cutoff: ~ 5;1
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® &> |&hn],1
® Dimensional constants < mp

Unitarity above inflation scale

Ao (B)'S 2 x107°
CMB normalisation: A\g /&2 ~ 5 x 10~ s (A1) %

5¢, (A]) S 24 102

Unitarity cutoff: ~ f;l

=0
No significant radiative corrections Ang < 10
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&b > ‘§}L| 3 1
Dimensional constants < mp;

Unitarity above inflation scale
CMB normalisation: A\g /&2 ~ 5 x 10~

Unitarity cutoff: ~ &

-2
No significant radiative corrections Ang < 10

ns agrees with Planck and
r R SO
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Initially A ~ 0.1 mp;
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Reheating temperature
Treh (= 1012 GeV

400 600 800 1000 1200 1400 1600
jut

Trilinear interaction is

¢ — hh
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® R can be neglected

® Rotate to mass eigenstates

h = cos?  sind h—wv
ho B —sind cosd¥ 10)
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® R can be neglected

® Rotate to mass eigenstates

2202 = m?cos® I + m3sin® Y
Angp? — ,ui = m?sin® ¥ + m3 cos? 9
1
orl = Zsm219 (m1 - mg)

® Fory >0 is larger than SM = no metastability
® But my cannot be very large = no Landau pole
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R can be neglected

Rotate to mass eigenstates

22,0 = m?cos® I+ m3 sin’
Angp? — ui = m?sin® ¥ + m3 cos? 9
1
- ; 2 2
orl = Zsm?ﬁ (mf — m3)

— Pure SM
i . my=400 GeV
5, my=500 GeV
015N 1,=550 GeV

0.10

1000 10"
1 [GeV]
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® R can be neglected

® Rotate to mass eigenstates

2202 = m?cos® I + m3sin® Y
Angp? — ,ui = m?sin® ¥ + m3 cos? 9
1
orl = Zsm219 (m1 - mg)

® Fory >0 is larger than SM = no metastability
® But my cannot be very large = no Landau pole
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Flectroweak Scale

® R can be neglected

® Rotate to mass eigenstates

2202 = m2cos?d + m2sin? ¥
Angp? — ,ui = m?sin® ¥ + m3 cos? 9
g 4

U= Zsm219 (m% - mg)

® Fory >0 is larger than SM = no metastability
® But my cannot be very large = no Landau pole
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(M4

RG running

Perturbativity
Stability
EW vacuum is global 400 600 800 1000

my [GeV]

For o < TeV and my S TeV stable
EW vacuum

For (¢) up to ~ 10 TeV
Mixing is governed by o

b's(M,) [GeV]

o B
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k=]
=l
=
=
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Z
=
s
L
=]
=N |

EW vacuum not global

~0.002 ~0.001 0.000 0.001 0.002
Aho(M;)
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Prospects for it

Universal reduction in the Higgs coupling to gauge bosons and

fermions
Hy + Hysin 6 5 =
i : [2my Wi Wi + m3 2,2 = > myff|
(3
alpy + i — asm (pp — M)
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Prospects for tis

Universal reduction in the Higgs coupling to gauge bosons and

fermions
Hy + Hysin 6 5 =
i : [2my Wi Wi + m3 2,2 = > myff|
(3
alpy + i — asm (pp — M)

e Current constraints: [sinf| < 0.3
ATLAS: Aad et al. (2015)

¢ Deviations of ~ O (%) will be possible to
detect at high luminosity LHC

® That corresponds to [sinf| < 0.1
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Universal reduction in the Higgs coupling to gauge bosons and

fermions
H Hosin 6 £
s 1 t 2 Sin {Qm%[/VVJ WH— +m%zﬂzﬂfszff}
(3
o (pp — h1) = asm (pp — h1)

Lewis & Sullivan (2017)

Current constraints: [sinf| < 0.3
ATLAS: Aad et al. (2015)
Deviations of ~ O (%) will be possible to
detect at high luminosity LHC
That corresponds to |sin 6| < 0.1

(pp—h,BR(h,—hh,) / 5y, (pp—h,h,)

Heavy Higgs-like resonance: he — mhy e
With [sind| ~ 0.1 and mo < TeV = wGev)

~

accessible to LHC searches

800 1000

Mindaugas Karciauskas “Inflation, EW vacuum & LHC”



* A minimal model with generically expected interactions

® The trilinear interaction is essential
® Assume only one scale: dimensional parameters ~ TeV

® Provides a consistent history of the Universe

Solves EW vacuum metastability problem

Suggests new signatures for the high luminosity LHC searches

Enqvist, MK, Lebedev, Rusak, Zatta (2016)
Ema, MK, Lebedev, Zatta (2017)
Ema, MK, Lebedev, Rusak, Zatta (2019)
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Espinosa et al. (2015) Langevin equation

= s PUB>hiay) = 0.42, p(lhl>e0) = 0.00016

A e DR

R R

Safe energy scale for inflation

VA < 103 GeV

inf

If GW are detected (r > 10~%)

e 0 Gev

1
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¢ Field shift ¢ — ¢’ = ¢ — u transform dimensional constants as

by = b3+3hsu
uf = pg—3xrsu’ — 2b3u
TRe %)\h(buz —20u
by = b1+ Apud + b3u® — uiu
o = o+ Appu
where
it =

® Dimensionless constants do not change
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