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Dominance du MS

• Avec son scalaire, le Modèle Standard est désormais complet
• Pour mH=125GeV, valide au moins jusque E ≈1010 GeV!!!

⇒métrologie du secteur scalaire (couplages…) est un élément 
incontournable du futur

• Constructions au-delà de + en + contraintes: 
l’écriture de nouvelles lois est-elle finie, 
ne laissant « que » l’affinage des paramètres et la phénoménologie 
d’un modèle figé???
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Motivations au-delà : Th

• 1 Gravité quantique
• 2 Brisure EW
• 3 Structure saveurs
• 4 CP fort
• 5 Quantif. charges U(1)Y

• 6 Unification jauge
• 7 Hiérarchie EEW - ENP/Planck

• 8 Méta-stabilité vide EW
• (9 Constante cosmologique)
• ( SU(3)c x SU(2)L: pourquoi 3, 2, L?... )
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Motivations au-delà: phéno/cosmo

• 1 Masse des neutrinos: demandent au moins νR  (et MR?), ou 
triplets, ou ...; Dirac ou Majorana? Nature des masses inconnue!!!

• 2 Asymétrie Baryonique: condition initiale, 
avec ajustement à 10-9(!) dans MS

• 3 Matière Noire: demande une validation non-gravitationnelle 
(DD, DI)

• 4 Inflation: inflaton=incontournable scalaire(s); doit coupler au MS 
échelle Einfl =1010-18GeV (BICEP) 

• «3-sigmites» (g-2, asymétrie t-tbar, B→K*ll, RK, ...)
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Vertus de diverses extensions
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Th. motivationsTh. motivationsTh. motivationsTh. motivationsTh. motivationsTh. motivationsTh. motivationsTh. motivationsTh. motivations Cosmo/pheno motivationsCosmo/pheno motivationsCosmo/pheno motivationsCosmo/pheno motivations
Extensions \ Vertus 1:QG 2:EW 3:Flav 4:SCP 5:CQ 6:GU 7:Hie 8:Met 9:Cos 1:ν 2:BA 3:DM 4:Infl

Heavy νR ? +++ +++
Triplet fermions ? ++

Vector-like quarks - + + ?
2 HDM - - + ++

Inert doublet + ++ +?
H singlet(s) ++ ++ +++

H triplet + ++
Composite H ++ ++(?) ?

Axions +++ +++
Z’(s) +? ++

SU(5), SO(10) +++ - --- - ++ ++ +
L-R Symmetry - + ++ +?

Flavor Symmetry +++
Extra-dimensions ? + + +++ + +? ? + +?

Little Higgs +++ ? - ? - ? ++
1-10 TeV Susy-GUT + += - +? +++ +++ ++(+) ++ + ++ +++ ++

Superstrings +++ ? ? ? ? ? ++ ? ? ? ? ? ?

+f
er

m
io

ns
+ 

sc
al

ar
s

+ 
sy

m
m

et
rie

s
+ 

gl
ob

al

Colloque St Gervais, Futur des particules, J.Orloff



Remarques
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• Rares sont les extensions qui résolvent plus d’un problème à la fois
• Ceci explique l’intérêt de SUSY(-GUT), malgré la tension sur la 

naturalité avec msquark>1.3 TeV (et plus...)
• Aucune extension ne pointe solidement vers 10-100 TeV

(sauf après exclusions inférieures, comme msquark)
• La seule divergence quadratique de Mh (p.ex. Arkani-Hamed 

récemment) n’est pas un bon argument pour la NP dans cette zone: 
à mon sens, ce serait plutôt contre!

• Difficile de miser sur une direction particulière: une déviation peut 
venir de n’importe quel secteur (précision, énergie, neutrino, DM)
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Mh implications on MSUSY
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Figure 8: NNLO prediction for the Higgs mass Mh in High-Scale Supersymmetry (blue, lower) and
Split Supersymmetry (red, upper) for tan⇥ = {1, 2, 4, 50}. The thickness of the lower boundary at
tan⇥ = 1 and of the upper boundary at tan⇥ = 50 shows the uncertainty due to the present 1⇤
error on �s (black band) and on the top mass (larger colored band).

by tuning ⇥� or, in other words, by accurate variations of Mh and Mt. The existence of

the false vacuum depends critically on the exact values of the SM parameters and requires

dialing Mh and Mt by one part in 106. However, the exact value of the needed top mass has a

theoretical uncertainty, reduced down to ±0.5GeV thanks to our higher-order computation.

Note from fig. 7 that the field value where the false vacuum is positioned is larger than what

was reported in [6,18]. The corrections in eq. (52) [3,5] are mostly responsible for the larger

field values found in our analysis.

4.4 Supersymmetry

Our higher order computation of the relation between the Higgs mass and the Higgs quartic

coupling ⇥ has implications for any model that can predict ⇥. If supersymmetry is present

at some scale m̃, then in the minimal model one finds the tree-level relation

⇥(m̃) =
1

8

�
g2(m̃) + g⇥2(m̃)

⇥
cos2 2� . (70)
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Running of couplings in SM

10

102 104 106 108 1010 1012 1014 1016 1018 1020

0.0

0.2

0.4

0.6

0.8

1.0

RGE scale ⇥ in GeV

SM
co
up
lin
gs

g1

g

gsyt

�
yb

102 104 106 108 1010 1012 1014 1016 1018 1020
�0.04

�0.02

0.00

0.02

0.04

0.06

0.08

0.10

RGE scale ⇧ in GeV

H
ig

gs
qu

ar
tic

co
up

lin
g
⌅�⇧⇥

Mh ⇥ 125 GeV
3⌃ bands in

Mt ⇥ 173.1 ⌥ 0.7 GeV
⇤s�MZ⇥ ⇥ 0.1184 ⌥ 0.0007

Mt ⇥ 171.0 GeV

⇤s�MZ⇥ ⇥ 0.1163

⇤s�MZ⇥ ⇥ 0.1205

Mt ⇥ 175.3 GeV

Figure 1: Left: SM RG evolution of the gauge couplings g1 =
⇤
5/3g�, g2 = g, g3 = gs, of the

top and bottom Yukawa couplings (yt, yb), and of the Higgs quartic coupling ⇥. All couplings are
defined in the MS scheme. The thickness indicates the ±1⇤ uncertainty. Right: RG evolution of
⇥ varying Mt and �s by ±3⇤.

We stress that both these two-loop terms are needed to match the sizable two-loop scale

dependence of ⇥ around the weak scale, caused by the �32y4t g
2
s + 30y6t terms in its beta

function. As a result of this improved determination of �⇥(µ), we are able to obtain a

significant reduction of the theoretical error on Mh compared to previous works.

Putting all the NNLO ingredients together, we estimate an overall theory error on Mh of

±1.0GeV (see section 3). Our final results for the condition of absolute stability up to the

Planck scale is

Mh [GeV] > 129.4 + 1.4

�
Mt [GeV]� 173.1

0.7

⇥
� 0.5

�
�s(MZ)� 0.1184

0.0007

⇥
± 1.0th . (2)

Combining in quadrature the theoretical uncertainty with the experimental errors on Mt and

�s we get

Mh > 129.4± 1.8 GeV. (3)

From this result we conclude that vacuum stability of the SM up to the Planck scale is

excluded at 2⌅ (98% C.L. one sided) for Mh < 126GeV.

Although the central values of Higgs and top masses do not favor a scenario with a

vanishing Higgs self coupling at the Planck scale (MPl) — a possibility originally proposed
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Figure 5: Regions of absolute stability, meta-stability and instability of the SM vacuum in the Mt–
Mh plane. Right: Zoom in the region of the preferred experimental range of Mh and Mt (the
gray areas denote the allowed region at 1, 2, and 3⇥). The three boundaries lines correspond to
�s(MZ) = 0.1184± 0.0007, and the grading of the colors indicates the size of the theoretical error.
The dotted contour-lines show the instability scale � in GeV assuming �s(MZ) = 0.1184.

3.3 Phase diagram of the SM

The final result for the condition of absolute stability is presented in eq. (2). The central

value of the stability bound at NNLO on Mh is shifted with respect to NLO computations

(where the matching scale is fixed at µ = Mt) by about +0.5GeV, whose main contributions

can be decomposed as follows:

+ 0.6GeV due to the QCD threshold corrections to � (in agreement with [14]);

+ 0.2GeV due to the Yukawa threshold corrections to �;

� 0.2GeV from RG equation at 3 loops (from [12,13]);

� 0.1GeV from the e�ective potential at 2 loops.

As a result of these corrections, the instability scale is lowered by a factor ⇤ 2, for Mh ⇤ 125

GeV, after including NNLO e�ects. The value of the instability scale is shown in fig. 4.

The phase diagram of the SM Higgs potential is shown in fig. 5 in the Mt–Mh plane,

taking into account the values for Mh favored by ATLAS and CMS data [1, 2]. The left

plot illustrates the remarkable coincidence for which the SM appears to live right at the

border between the stability and instability regions. As can be inferred from the right plot,

which zooms into the relevant region, there is significant preference for meta-stability of the

SM potential. By taking into account all uncertainties, we find that the stability region is

disfavored by present data by 2⇤. For Mh < 126 GeV, stability up to the Planck mass is

excluded at 98% C.L. (one sided).
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The dotted contour-lines show the instability scale � in GeV assuming �s(MZ) = 0.1184.
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can be decomposed as follows:

+ 0.6GeV due to the QCD threshold corrections to � (in agreement with [14]);

+ 0.2GeV due to the Yukawa threshold corrections to �;

� 0.2GeV from RG equation at 3 loops (from [12,13]);
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GeV, after including NNLO e�ects. The value of the instability scale is shown in fig. 4.

The phase diagram of the SM Higgs potential is shown in fig. 5 in the Mt–Mh plane,

taking into account the values for Mh favored by ATLAS and CMS data [1, 2]. The left

plot illustrates the remarkable coincidence for which the SM appears to live right at the

border between the stability and instability regions. As can be inferred from the right plot,

which zooms into the relevant region, there is significant preference for meta-stability of the

SM potential. By taking into account all uncertainties, we find that the stability region is

disfavored by present data by 2⇤. For Mh < 126 GeV, stability up to the Planck mass is

excluded at 98% C.L. (one sided).
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Figure 1: Left: SM RG evolution of the gauge couplings g1 =
⇤
5/3g�, g2 = g, g3 = gs, of the

top and bottom Yukawa couplings (yt, yb), and of the Higgs quartic coupling ⇥. All couplings are
defined in the MS scheme. The thickness indicates the ±1⇤ uncertainty. Right: RG evolution of
⇥ varying Mt and �s by ±3⇤.

We stress that both these two-loop terms are needed to match the sizable two-loop scale

dependence of ⇥ around the weak scale, caused by the �32y4t g
2
s + 30y6t terms in its beta

function. As a result of this improved determination of �⇥(µ), we are able to obtain a

significant reduction of the theoretical error on Mh compared to previous works.

Putting all the NNLO ingredients together, we estimate an overall theory error on Mh of

±1.0GeV (see section 3). Our final results for the condition of absolute stability up to the

Planck scale is

Mh [GeV] > 129.4 + 1.4
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Combining in quadrature the theoretical uncertainty with the experimental errors on Mt and

�s we get

Mh > 129.4± 1.8 GeV. (3)

From this result we conclude that vacuum stability of the SM up to the Planck scale is

excluded at 2⌅ (98% C.L. one sided) for Mh < 126GeV.

Although the central values of Higgs and top masses do not favor a scenario with a

vanishing Higgs self coupling at the Planck scale (MPl) — a possibility originally proposed
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