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The 125GeV hint may be the Higgs
e Is weak scale natural? (Experimental question)

e If nothing else is found, till which energies the “Standard Model”
can be valid?
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Stability of the Electroweak Vacuum
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e Question has been addressed long time ago in the
Standard Model
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Stability of the EW vacuum

e Higgs quartic coupling (a.k.a. mn)

runs at loop level 41)? dA = 12)\% — 12y + 12)y7
( 7T) leg Q H Yt T Y T
¢ (Can run non-perturbative or C— —
negative
= — 00 A —
. Vir(g) 42 2 =120,
e In the Standard Model depending 2

on the values of the Higgs and top
masses there might be another
minimum at large field values

¢ QOur vacuum could be absolutely
stable, unstable or metastable (but
sufficiently long lived)
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e We know there is physics beyond the standard model that
requires new dynamics
¢ neutrino masses
e dark matter

e baryonic asymmetry

e Some of the models presented to address these questions
require new interactions with the Higgs

e minimally including these new ingredients may change the
Higgs stability picture — different cutoft
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SM+WIMP DM

e WIMP Dark matter is “unique”:

e weak scale mass — many decades in energy to atfect

Higgs \

: . = pb
e couplings can be sizable

¢ indipendent constraints — correlations with Direct
Detection measurements

Explore Higgs stability of SM+WIMP DM 1n the rest
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SM+WIMP DM

e Explore lower SU(2)xU(1) representations w/ spin o
and 1/2 DM
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SM+WIMP DM

e Explore lower SU(2)xU(1) representations w/ spin o

and 1/2 DM
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Scalar Singlet: _ A, _ SmsS? + %54 N %Szwz
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SM+WIMP DM

e Explore lower SU(2)xU(1) representations w/ spin o

and 1/2 DM
Scalar Singlet: 1 As KBS qap g2 ,
T — e
. 1 A
Scalar Triplet: —AL = smeT”+ 57T+ %TTHH\?
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SM+WIMP DM

e Explore lower SU(2)xU(1) representations w/ spin o
and 1/2 DM

. : .
Scalar Singlet: _ A, _ SmsS? + %S4+ %Szymze
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SM+WIMP DM

e Explore lower SU(2)xU(1) representations w/ spin o

and 1/2 DM
Scalar Singlet: 1 As KBS qap g2 ,
& —AL = omeS*+ 2SN+ SMHP 7, sym
S — —*
: 1 A )
Scalar Triplet: —AL = —mpT?+ 2274 4 B0 g2 PQ sym

2 2 2
T — EE—
=

A
Scalar Doublet: — Az = mD\D\2+7D\014+%D\Dy2m|2+%1?,pm\2
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SM+WIMP DM

e Fermionic Dark matter can couple to the Higgs only if it comes
in two representations (otherwise Minimal Dark Matter with
fixed mass)
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SM+WIMP DM

e Fermionic Dark matter can couple to the Higgs only if it comes
in two representations (otherwise Minimal Dark Matter with
fixed mass)

1

Singlet/Doublet: - Az = 5mSS2 +mpDD® + ysHSD + y4HS D"
T EE— — — — — — ———.
. 1
Triplet/Doublet: — AL = 5mTT2 +mpDD® + yp HTD + y5HT D*
55— e — |

(vector-like doublets for anomalies)
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SM+WIMP DM

e Fermionic Dark matter can couple to the Higgs only if it comes
in two representations (otherwise Minimal Dark Matter with
fixed mass)
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Methodology

e Run 2-loop RGE (coded Machacek and Vaughn) + 1-loop
threshold corrections (Sirlin & Zucchini, Bagger et al.)

e Compute relic abundance and ost

e Check for (meta)-stability and perturbativity

For Scalars:

Stability along all Perturbativity in all the couplings

the field directions: (:= scale at which RGEs blow up)
A >0 e < 167 /4, Ag < 167°/36
As >0 K7 < 1672 /4, A < 1677 /44
ks > —2v/ AHAs K, Kp® < 1677 /2, A\ < 1672 /12.
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Results




Fermionic DM tend to lower the cutoff scale (acts like the top)

SM + Singlet/Doublet Fermion
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Scalar DM tend to stabilize the Higgs potential

SM + Iriplet Scalar
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Fermionic DM

Full picture:

mg = 500 GeV, mp = 750 GeV
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Fermionic DM

Full picture:

mg = 500 GeV, mp = 750 GeV
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Fermionic DM

Full picture:
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Fermionic DM

Full picture:

mg = 500 GeV, mp = 750 GeV
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Fermionic DM

Full picture:

mg = 500 GeV, mp = 750 GeV

0NN (Cm2 )

<107  <107® <107% <107®

Direct Det’ xsec
T Stability limits

Metastability limits

Ys

B Relic abundance

Wednesday, May 30, 12



Fermionic DM

Full picture:

mg = 500 GeV, mp = 750 GeV

0NN (Cm2 )
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e Requirements of relic abundance limit the desert
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Fermionic DM

Changing the mass

mg = 250 GeV, mp = 500 GeV mg = 500 GeV, mp = 1000 GeV

Vs
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Abundance fixes the couplings — cutoft gets
lower for heavier masses
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Fermionic DM

Changing the DM composition
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Fermionic DM

Direct detection & the desert

e Dark Matter detection provides an indication of how
low additional new physics can be
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Scalar DM

e Constraints more complicated:

SM + Iriplet Scalar
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Scalar DM

e Constraints more complicated:

SM + Iriplet Scalar
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e Constraints more complicated:

Scalar DM

SM + Iriplet Scalar
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Scalar DM

e Constraints more complicated:

SM + Iriplet Scalar
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Summary

e If a Standard Model-like Higgs and no other sign of new physics is
found, the interesting question is how heavy new physics can be

e WIMP DM is a well motivated and appealing extension of the SM

e The presence of WIMP DM coupling to the Higgs modifies the well-
known SM answer and in many cases tend to lower the SM cutoft

e Cutoff can be as low as 10-100 TeV
e Low cutoffs easier to be probed

e If SM-like Higgs and WIMP DM only things found, we will have
indications of how light other NP must be — presence of “oases” in

the energy desert
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