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INSTABILITY

 The experimental results agree with the Standard Model predictions

» No sign of New Physics... = SM valid up to Mp ?

NOT IN SCALE

Veff(¢)

instabilty M, = 173.34 GeV (+£0.76 GeV)
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\ 10116'eV¢
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® : Higgs Field

EWwW

Verr + Effective Potential

Veff ((I)) — % m2 (1)2 +i }\((I)) (1)4 SM interactions only

A(D)<0 The vacuum is unstable !!
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MESTABILITY SCENARIO

Veff (¢)

For the current values of M; and My
we get....
LTK-\ ¢ Vo)
N~ e Planck Scale
R ol \ \\ .

Verr (@)

T>Ty METASTABLE

T : tunneling time
new physics
Ty : age of the Universe
(10" yr)
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STABILITY DIAGRAM
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ASSUMPTION: NEW PHYSICS AT HIGH ENERGY SCALES CAN NOT HAVE AN IMPACT ON THE EW

VACUUM STABILITY. (?)
Buttazzo, Degrassi, Giardino, Giudice, Sala, Salvio, Strumia, JHEP 1312 (2013) 089. @



COMPUTATIONOF T )
NEGLECTING NEW PHYSICS... Vig)~7 ¢*

Euclidean equation of motion with O(4) symmetry (r = .[xuxy )

d*¢p 3dp dv

—— + = 0

dr? rdr d¢ BOUNCE SOLUTION FOR THE
CENTRAL VALUES...

Infinite number of solutions of arbitrary size R
(classical degeneracy)
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NEGLECTING NEW PHYSICS...
T2

Slénl= 3|7\| i3

Classical degeneracy
broken by quantum fluctuations

1000

r Mp
T = Rimax eSlopl | « [eAS] X Ty R FUNCTION OF SM
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T~100°° T, = METASTABLE




Hligh energy ATOY UV COMPLETION HEAVY FERMION: )

couplings
\jmz\x 2 HEAVY SCALAR:S
Vo(9) = —-¢* + 9"
M_% AS Js Mf ~ 1017 GelV
AV(),S,9) =82+ S+ 2+ My Yy +\,——¢1.b Y /'M ~ 1018 GeV

THRESHOLD SCALE

@) & (3)

Integrate out heavy d.o.f. Impose threshold cond. Get U(¢)




COMPUTATIONOFT

ADDING NEW PHYSICS (our approach) Voo () = —— ¢4 + U(p)
d’¢  3dp _dVnew _ g
dr2  rdr dp
NEW BOUNCE SOLUTION!!!! 12 14
Wt (\) ) 1= [R;Lliw esnew[¢geW]+A5] X Ty
Ty

DEPENDS ON THE

SCALE INVARIANCE IS ~ /
BROKEN ! E—) Rnew 1/M f THRESHOLD SCALE



Neglecting the effects of New
Physics ....

T~100°°T,
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M,

PRECISION MEASUREMENTS ON M t

180 F

178

176

174

1721

170

168

166

Metastabtlity

110

115 120 125 130 135 140
My

180

178 ¢

176

1741

172¢

170

168

166

-

-
Metastability _ -~
-

~
~
”~
”~

110

115 120 125 130 135 140
My

different values of Ms, M, g5 and g5

180FF

1781

176

1741

M,

166

172}

A
168

To be compared with t~10%°°7,

Metastability

110 115 120 125 130 135 140

Consider different Standard

Model extensions
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select the “good” theories
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SUMMARY AND PERSPECTIVES

We computed the tunneling time of the EW vacuum by including the
effects of New Physics at very high energies and showed that the
electroweak vacuum lifetime strongly depends on the new physics
interactions.

More generally, we showed that the Stability Phase Diagram strongly
depends on new physics at high energy scales.

My and M, , are not sufficients to determine the stability condition for
the EW vacuum.

Our approach provide a validity test for possible UV completion of
the SM at high energy scales.

Any UV completion of SM at a certain threshold scale is allowed

if it is stable or if 7 > T},.
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IN FAVOR OF UNIVERSALITY

COMMON (AND INCORRECT) ARGUMENTS ...




BUT...

n. neighbour interactions
e QFT has an infinite number of d.o.f.

The Potential Energy is

Tunneling in QFT like a

1,5 . N2 ) Nucleation process

U :fd3x [E(ng(x, ) +V(eQ& t))]
FALSE ®
* Vacuum - decay 1s a non-perturbative VACUUM
phenomenon —_—
Vur(d) Verr (4)
/ /\ / The transition

\ ! / ¢ amplitude is
\ / W dominated by a non

¢ local configuration

ES.HIGGS DECAY TUNNELING: NON - PERTURBATIVE
IS PERTURBATIVE




WARNING 1: NEW PHYSICS IS NECESSARY (RESCUES THE POTENTIAL)

Vers (@)

A
Vrew (@) = 7%+ U(¢)
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WARNING 2: CENTER TOO CLOSE TO Mp

Py (r = 0) = 035Mp (®r=0 )

A
Vnew(¢) — Z¢4 +

r M =] @




