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Stability analysis of the EW vacuum

Key tool: Higgs Effective Potential

Top loop-corrections destabilize the EW Vacuum...
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EW = v ~ 246 GeV ; For My ~ 125 GeV , M; ~ 173 GeV : Instability ~ 10" GeV
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One-Loop Higgs Effective Potential Vj;(¢)
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Running the RG eqgs. for the SM couplings = RGI Potential:

NOT IN SCALE

VRGI(¢)

Instability

Depending on My and M,;, the second minimum can be :

1. lower than the EW minimum (as in the figure) : This is the case for
My ~ 125 GeV , M; ~ 173 GeV (central values);

2. at the same height ... ;
3. higher ...

o

Case 1 (figure) : EW vacuum Metastable
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Tunneling : EW vacuum (false) — True Vacuum

EW (false)

vacuuIin

true vacuum

. If the EW vacuum lifetime larger than the age of the Universe ...

. we may well live in such a Metastable Vacuum ....
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Tunneling Rate

F — l — De_(5[¢b]_s[¢fv]) = DG_B
T

¢p(r) Bounce: Solution to the Euclidean EOM with appropriate b.c.

Euclidean equations of motion (O(4) Symmetry)

dV(p)  d°¢ 3dp dV(¢)
OOt T T T T T rdr e

Boundary conditions : ¢'(0) =0, p(o0) =v—0 .

A well known example: V(¢) = 2¢* with constant and negative A

Bounce (Fubini instanton) : ¢,(r) = |—?\|732L—Rm (R = size)

Degeneracy :  S|¢py] = Bounce Action does not depend on R

3\>\|

Classical Scale Invariance

Degeneracy removed at the Quantum Level

o
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r— L _ pe-(sio-sién)) = p oSle

-
A good estimate for I' is obtained by approximating the prefactor D in

terms of the bounce size R, defined as the value of r such that:

¢b(R) — %Cbb(o)

and the age of the universe Tj.

For the EW vacuum lifetime 7 = I'"! we get:

RY
Y <T—§’}> Sl

o /
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For SM the instability occurs at large values of ¢

= V ; f(¢) well approximated by keeping only the quartic term
4
Vsu(¢) ~ A(¢)9

A(¢) depends on ¢ essentially as \(;) depends on p

2
0.10

0.08-

For large values of ¢, the coupling A\ becomes negative and almost constant in the
region of interest ... close to the Fubini instanton case ... In fact people used
analytical approximations, but we can do better ... we can calculate the bounce

numerically ...

o /
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1. Stability Analysis - Flat Spacetime

Euclidean action S[¢] = [ d*z [l (0,0)* (¢)]

2

Bounce Solution

L 1 1
0.1 1. 10. 100. 1000.

4

EW vacuum lifetime Tflat™ (%) €B 210640TU
U

Obtained for My ~ 125 GeV and M, ~ 173 GeV

N
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More generally: Stability Diagram in the My — M, plane

~

180F :
178!
1760
174"
M 172?—
170" M etastability
168"
166"
1o us 20 15 10 135 140
My
Stability region t Verp(v) < Vepg( mm)
Meta-stability region : V.;;(¢ ﬁin) < Vegs(v) and 7 > Ty.
Instability region s Vegs( o2 ) < Verp(v) and 7 < Ty
Stability line : Vegp(v) = Vg (02 ).
Instability line : My and M; such that 7 ="1T}.

N
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2. Stability Analysis - Curved Spacetime

R 1
S[gb, glﬂ/] — /d4x\/§ [_m + §gwjau¢ 8V¢ + VSJ\/I (¢)]

Requiring again O(4) symmetry, the (Euclidean) metric:
ds* = dr® + p*(r)dS3

Bounce (¢y(r), pp(r)), solutions of the coupled equations: (k = 87 G):

n /0 ] dVSM <¢) -2 /{:02 1 12
3—¢p=—"—= =14+—1|=0¢0"—V
First equation: replaces the equivalent equation in flat spacetime;

Second equation: the only Einstein equation left by the symmetry.

For the decay of a Minkowski false vacuum to a true AdS vacuum (the case of
interest to us) the boundary conditions are:

¢,(00) =0  ¢,(00=0  p,(0)=0.

o
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Bounce in Curved Spacetime Background

3F
0.06f
< ¥
S 2
s 0~
> 0.041 |
B ol
0.02f 2
0.r 1 1 1 1 0 ] ] ] ]
1. 10. 100. 1000. 10 000. 100 000. 1. 10. 100. 1000. 10 000. 100 000.
’I"Mp ’I"Mp

Profile of ¢,(r) and of the difference between p(r) and its asymptotic value, p(r) — r
(asymptotically py(r) reaches the Minkowskian pys(r) ~ r + Const).

EW vacuum lifetime Torav = 10660TU

Obtained for My ~ 125 GeV and M; ~ 173 GeV

o /
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1. No New Physics between Fermi scale and Planck scale

Crucial point - Calculation of 7 under the assumptions

2. New Physics at Planck scale has no impact on the EW vacuum
lifetime, so it can be neglected when computing 7.

Argument: Instability scale, A;,s; ~ 101! GeV, much lower than Mp =

n
3 Ains
=  suppression (M—Pt) expected

NOT IN SCALE
Verr(4)

|
Instability = 10! GeV |

\X\ lMP

E W = 246 GeV

—\J |

New Physics Interactions
at the Planck scale

J.R. Espinosa, G.F. Giudice, A. Riotto, JCAP 0805 (2008) 002
\Isidori, Ridolfi, Strumia, Nucl.Phys. B609 (2001) 387
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... However, things are more subtle ...

The Stability Diagram is not universal

180

1781 ili

176

174} / =2 Vel Vel 2 2 B

M1172— W ]

170} M etastability P~ Ve Vet Vet V2 V2. S P el

168 SOOI |

166 .:I' .............. 1

New Physics at Planck scale can strongly modify this Stability Diagram

VB, E. Messina, Phys.Rev.Lett.111, 241801 (2013)
VB, E. Messina, M. Sher, Phys.Rev.D91 (2015) 1, 013003
E. Bentivegna, VB, F. Contino, D. Zappala, JHEP 1712 (2017) 100

N
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... Let’s add New Physics around Mp ...
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New Physics around Mp

4 6 M2 " 8 M

S
P
L _o.0001}
>
~0.0002F
~0.0003} \
1 1 1 1 1

1
0. 0.1 0.2 0.3 0.4 0.5

®/Mp

6 8
V(¢> _ A(¢>¢4_|_)‘6 ¢ >\8 ¢

Yellow line: Potential with A\¢ = —0.4 and A\g = 2.

Blue line: SM alone.

o
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Bounce profiles - Flat Spacetime

S
)]
T

1 1
0.1 1. 10. 100. 1000.
T'Mp

Blue curve: bounce obtained for the potential with A\ = 0 and A\g = 0 (SM alone).
Yellow curve: bounce for \¢ = —0.3 and \g = 0.3.

Green curve: bounce for A\¢ = —0.01 and Ag = 0.01.

N
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Remember :

New bounce ¢

o

(new)

b

A6 Ag Tﬁat/TU

0 0 10539
—0.05 0.1 10446
—0.1 0.2 10317
—0.3 0.3 1022
—0.45 0.5 10793
—0.7 0.6 10162
—1.2 1.0 10719
—2.0 2.1 10206

T~ Pl
(new)

(r) , New action S[¢

b

Tunneling times for different values of \; and Ag

| , New 7

~

/
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These results were however challenged

It was claimed that moving from Flat Spacetime Background — Curved
Spacetime Background, i.e. taking into account the presence of gravity, the decay
rate induced by the new bounce solutions presented above are suppressed ...

More precisely ... “the decay rate through the new instanton solution discussed in
..] is strongly suppressed when the all-important CDL gravitational effects are
included ...”

J.R. Espinosa, J-F. Fortin, M. Trépanier, (arXiv:1508.05343) Phys.Rev.D 93,
124067 (2016).

21



Bounce profiles - Curved Spacetime

0.12F
4_
0.1+ ﬁ
§ 0.081 =4
~ 0.06 \ |
= oL
< 0.04f é
1_
0.02- \
0.f | oF .

I 1 1 _ 1 1 1
1. 10. 100. 1000. 10000.  100000. 1. 10. 100. 1000. 10 000. 100 000.
’I"MP ’I’Mp

Left Panel - Blue curve: profile of the bounce solution with \¢ = 0 and A\s =0, i.e. in
the absence of new physics. Yellow curve: profile of the bounce solution for

A = —0.03 and Ag = 0.03. Green curve: profile of the bounce solution for

A¢ = —0.04 and A\g = 0.04.

Right Panel - Profile of the difference between p(r) and its asymptotic value: p(r) —r.

o /
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Tunneling times for different values of A\ and \g

A6 Ag THat / Ty Tgrav / Ty

0 0 10639 10661
—0.05 0.1 10440 10953
—0.1 0.2 103%7 10°%
—0.3 0.3 1022 10287
—0.45 0.5 10793 10173
—0.7 0.6 10162 1047
—1.2 1.0 107190 10778
—2.0 2.1 10206 1012

Gravity tends to stabilize the EW vacuum (74, always higher than 7g,.). However,
New Physics has always a strong (that can be even devastating) impact.

o
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Stability Diagram in the (Mpy, M;) - plane
for )\6 = —0.2 and )\8 = 0.9

174}

M 172

180
178}

176

170+
168"

166

The strips move downwards ... Central values no longer at 30 from the

stability line ...

\ ... The Stability Diagram depends on new physics ...

24
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Stability Diagram in the (Mpy, M;) - plane
for )\6 = —0.4 and )\8 = 0.7

® —k ]
178 |
176
174

M 172F

170t

168F

M etastability

166+

. The Stability Diagram depends on new physics ...
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... These results came as a Surprise ...

It was thought that New Physics at the Planck scale should have no
impact on the EW vacuum lifetime ... on the Stability Diagram

How comes that New Physics at Mp has such an impact on 7 7

How comes that decoupling arguments do not apply ?

26
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o As At ~ 1011 GeV, a decoupling effect was expected: the contribution of higher

. . ¢n Ainst n
dimension operators g Was expected to be suppressed as (M—P) :

e However: Tunnelling is a non-perturbative phenomenon. We first select the
saddle point, i.e. compute the bounce (tree level). Then, on the top of that, we
compute the quantum fluctuations (loop corrections).

e Suppression in terms of inverse powers of Mp (power counting theorem) concerns
the loop corrections, not the selection of the saddle point (tree level).

Once again : T~ Sl o
New bounce ¢\’ (r) = New bounce action S[¢,"")] =
New 7

27



. It seems that the problem is there ...

Can we find

Physical Stabilization Mechanisms 7

... Let’s see ...

28
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... Following the same line of reasoning as before ...

~

- Consider a set of “ ¢?"-models ” that could describe unknown Planckian NP effects,

by extending the SM effective potential as follows:

Vanl(0) = Veu(9) + Vir”(¢)
with n >3 and

o) ¢2n Cs ¢2(n+1)

v(2n> _
xe (9) on Mz T 2(n +1) M?2n—2

- All these potentials V5, (¢) reduce to Vau(¢) for ¢ < M

- Take ¢; negative and ¢ is positive (New Minimum around M and Potential
Bounded Below)

- Repeating the same analysis as before for different values of n we get ...

o

29



0.02 o
0. — S_\S_S\ﬁ\,%"‘ 2.
-0.02f o~ Q\\\: ;:////I/ 1.5
V(g b (r)
Ve, -0.04f My 1.
-0.06}
0.5
-0.08
015, 02 04 06 08 1 12 O'.
¢/Mp
¢2n ¢2n
| T /Ty 7/Ty = /Ty /Ty
n (flat)  (curved) n (flat)  (curved)
3 10208 10122 107 8.8 x 1(0%!
4 107166 3.4 x 10961 107 8.8 x 10961
5 10714 8.8x 10961 10133 8.8 x 10661
6 107 8.8 x 1(0%! 10 1013 8.8 x 10961

Can we construct “bona fide” Models where we can implement the suppression of

lower ¢*" powers ... postpone the appearance of higher order operators ?

o

_/
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SUGRA Models
VB, F.Contino, A. Pilaftsis, Phys.Rev. D98 (2018) 075001

.... A Minimal Supersymmetric extension of the SM ... W Effective Superpotential
containing Planck-scale suppressed operators involving Higgs chiral superfields H; o

Pon (ﬁlﬁQ)n
2n Mf)"_?’

W == W0+Mﬁlﬁ2+z
n=2

— AN AN AN F

Wo = WH\LE + hg HHQD + h, H,QU

SUGRA embedding based on a minimal Kaehler potential

AN

K = K@, %) = HH, + H{H, + ...

Scalar SUGRA potential : V=Ve+Vp+ WV,

F-terms + D-terms 4 SUSY-breaking terms (V4,) induced by spontaneous
breakdown of SUGRA, that may occur in the hidden sector of the theory (Nilles,

\1984) y

31
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. _ B} 2
VFIGIC/MI% [(WZ + K W) G b (W,j + &W*) — 3 144 ]

2
Mg
2

VD:% —lean

SUSY-breaking Higgs potential V! generated from w

= H, H,)"
Vblj = m% ’Hl‘Q + m% ’H2‘2 + (B,LL H Hy + Z Asp, M + H.C.)

- We assume that:
1. p-term, soft mass parameters miz, Bu are ~ Mg
2. The SUSY-breaking A,,-terms could be as large as Mp

(The mechanism that causes this large hierarchy depends on the details of the hidden
sector, where SUSY is spontaneously broken).

W =W(pi), K=K(p;,pi), W,s = 0W/0ps, K i = 0K/0p:, K ; =K7; etc, for a generic scalar field ¢;, and
G~ is the inverse of the Kaehler-manifold metric: G; =K ;= 82K/(8g0i8g0§). In addition, g is a

generic gauge coupling, e.g. of SU(2)r, fap is the gauge kinetic function taken to be minimal, i.e. fop = dap,

Kand D® =K, ,T"p are the so-called D-terms, where T“ are the generators of the gauge group /

32
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- If we now consider the SUSY limit of the MSSM (ignore SUSY-breaking terms V;)

& assume that p-term ~ Mg (negligible w.r. to Mp) = The renormalizable part
of the MSSM potential , Vj , has an F- and D-flat direction associated with ﬁlﬁg.

; 0
- In the absence of p-term, the configuration H; = % ( Cs ) , Hy = f/; ( 5 )

with £ € [0,27) (all other scalar fields taken at the origin) gives rise to an exact flat
direction for Vg, i.e. dVy/0¢ = 0 (¢ is a positive scalar field background with

canonical kinetic term that parameterizes the D-flat direction).

- The CP-odd angle £ indicates that the flat directions for A, and Hy may differ by
an arbitrary relative phase £ : (¢, &) describe fully the D-flat direction of interest.

- In the flat-space limit Mp — oo, Vi is positive, implying that Vi = Vor + Vop > 0,
where the equality sign holds along a flat direction, such as the ¢-direction.

o /
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- The observable sector (Vr + Vp) of the potential V(¢) generically remains positive

~

upon the inclusion of gauge-invariant non- renormalizable operators ... but ...
This changes drastically when the SUSY-breaking A-terms (1},.) are added

- Consider for instance the minimally extended MSSM superpotential

- o H, + 22U
w Wo + wHiHy + 1 i
which induces the SUSY-breaking potential (for the Higgs sector)

H 2177 2 211 12 (HH,)?
Vibe = mi [Hy|" 4+ mj [H|" + BMH1H2+A4—M + H.c.

- Take m%,Q < Bu. Moving along the D-flat direction, and upon ignoring radiative
corrections for ¢ > Ms = the leading part of the potential takes on the form:

om? w%m4\wg% 5 ¢ 1&”

V. _ 97 /ME, 2 14+ —=—%+ — —+
o) =e Y VA S VoA G 5l VAR V)

where higher-order terms proportional to |u|/M < Ms/M < 1 were neglected and
m? = | Bu — |u|?| is arranged to be of the required EW order.

- /
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Let’s have a closer look at the Potential that we obtained

’ Re(e** A4) [pal® ¢° 5 ¢ 1 ¢
V = ¢2/M1:2’1 — m_ 2 4 R 1 L - -
i(9) =e > o s e s M2 32 M

- Even if A4 > 0, the flat field direction with £ = 7/2 makes the coefficient Re(e?“A,)
entering the potential V(¢) negative.

- If A4 is comparable to M, the quartic term ¢* can become both sizeable and
negative, giving rise to a potential Vj(¢) that develops a new minimum of order
M/|p4l|, far away from its SM value.

- The higher powers ¢°, ¢® and ¢'° are all proportional to the positive coefficient
|p4]?, thereby ensuring that V4(¢) is bounded below.

e Typically SUSY is effective in protecting the stability of the EW
vacuum from unknown Planck-scale gravitational effects ...

e ... unless the induced SUSY-breaking coupling A, happens to be ~ Mp,

... So potentially in these Models we have the same problem discussed before ...

o /
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- Actually SUSY may still protect the stability of the EW vacuum, even for
As, ~ Mp; (along the lines of split-SUSY)

- Consider the Discrete Symmetry transformations on the chiral superfields:

... Protection Mechanism ...

(ﬁ17ﬁ27@72’\) - w(ﬁlaﬁ2aéjaz)

(the remaining iso-singlet chiral superfields, U, D and E do not transform)

—~

W — W
- If w? = 1, these discrete transformations give rise to a global Z, symmetry,

automatically satisfied by WW and by the Kaehler potential /.

- If w? # 1, they represent a non-trivial Discrete 2 Symmetry, maintained by a
rotation of the Grassmann-valued coordinates of the SUSY space.

- Idea : exploit this discrete R symmetry to suppress lower powers of the

- Hope : postponing the appearence of higher order terms ... their

destabilizing impact becomes less severe ... washed out ... but we already
Kknow that ...

non- renormalizable operators in )7\/\, and then the corresponding A,,, terms in V, ...

/
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Require that under the R-symmetry transformation i—\llﬁz WH 1ﬁ2
w2n — w2
for n > 2 (for n = 1,2 no non-trivial restrictions on the form of W arises)

Case n = 3: ZF R symmetry , with w* =1 and w? = -1 # 1

AT A) 5 15 Pé (ﬁhﬁz)g P10 (ﬁ1ﬁ2)5
— HH L .
W =Wy + nHiHy + R VE + 0 M7 +
The induced SUSY-breaking potential for the Higgs sector is
H,\H,)3 H,H5)?
Vi = (BquHngAG%JF Am%+...) + He.

Assume for simplicity that the soft SUSY-breaking mass parameters mi2 are small,

m%,Q < By (ignore) and that only the ps and Ag terms are sizeable.
... Along the D-flat direction the Scalar Potential for ¢ > Mg takes the form
m’ Re(e™Ag) ¢° | |psl® 6" ( 9 ¢ 1 ¢ )]

2
14+ - 7 4+ - 7
>t o et o TR TR M

Vilo) = e | -

o

37



/

This can be generalized:

Discrete Z& , R symmetry, with ™) = 1 and n >3

The leading form of the scalar potential V5, for ¢ > Mg becomes

2 Re (en 1€ AQn) ¢2n

MR | T 2
Vale) = e[ =Ty RO O

ponl? ¢ 7D (1 A4n=3 ¢ 1 4
22n—1 )[2(2n=3) 2(2n)* M3~ 2(2n)> Mg,

+

(all small terms proportional to |u|/M neglected)

Note that if Ay, > 0, the harmful D-flat direction is obtained for £ = 7/n

... We got what we were looking for ...

... Postponing the appearance of higher order operators ...

o

38



Aoy, Vinin Denin flat Heurved flat _curved
1 —4.1791 1.4310 1.4281 1.4253 107238 107238
1 | —51768  1.4308  1.4308 1.4308 10728 10727
1 —95.6986 1.4264 1.4264 1.4264 107238 107236
1/10 | —0.0014 05123 149x10°7 147x10°7 10713 10154
1/10 —0.0057 0.8268 0.8262 0.8261 1076 10100
1/10 —0.0108 0.9809 0.9809 0.9809 10218 10260
1/50 | —9.8 x 10-%  0.2307 1.10x10~" 1.10x10~7 107 1076
1/50 | —0.00008 0.5554 0.5543 0.5543 104196 14354
1/50 | —0.00018 0.7519 0.7519 0.7519 108006 7()9056

39




... An alternative Protection Mechanism ...

40
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SM Potential ... Non-minimal coupling ...

VB, E. Bentivegna, F. Contino, D. Zappala, Phys.Rev. D99 (2019)

R 1

S[6] = [ d'ov/s | =5t + 300,60 0,6 + Veuu(9) + J68R

Again O(4) symmetry:

, —30° +V(0) — 66260
1 — k€2 ’

; p . AV - K
30 =" R —1—=
o+ pcb d¢+£¢ p 5P

with R given by:

¢*(1 — 6§) +4V(¢) — 6£¢ dV/d¢
1 — k(1 —6£)¢? |

For £ = 0 these Equations become the minimal coupling ones.

R=k

Asymptotics: For r — oo, p? = 1, so p(r) approaches the flat spacetime metric. In
the same limit, R — 0.

o

/
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SM Potential. Non-minimal coupling. S = B(§)

26001 1 2100t

~1000 2500 0 500 1000 -1.0 Z05 0.0 0.5 1.0

£

B very sensitive to £. Outside the range [ = 0,£ = 1/3], B(§) is greater than
B(¢ = 0), and non-minimal coupled gravity stabilizes the EW vacuum more than
minimally coupled gravity.

Minimum at &,,;, >~ 0.17, close to the conformal value £ = 1/6. Actually for the scale

invariant potential V(¢) = 2¢* (constant ) the minimum is reached at £ = 1/6.

o /
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What happens if we Add New Physics at Mp ?

43




Add New Physics :

3 (7/Tv)sm (7/Tu)np
15 10730 10796
10 10720 1076
_r 10710 10710
1 10684 10680
0.5 10677 10600
0.3 10672 10958
0.1 10560 105

0 10661 10-58

and >\8 = 1.

o

)\6 ¢6 and )\8 ¢8

§ (t/Tv)sm (7/Tu)np
0.3 100660 10167
0.5 100968 1023
0.7 10674 10346
0.8 10076 10°12

1 10679 10666

5 10709 10709
10 107 107
15 107 1075

Values of 7 with and without New Physics for different values of &, where A\ = —1.2

44
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Tunneling exponent B({) as a function of ¢

2000/
1500/
1000/

500/

07 1 L L L L | L L L L
-1.0 -0.5 0.0 0.5 1.0 1.5

Yellow: B(£) when the SM potential alone is considered. Blue: B(£) when the New
Physics potential with A\¢ = —1.2 and A\g = 1 is considered

o /
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Stability Diagrams for ¢ =0, —0.2, 0.9

300

400
550
350
450
0.4 I ‘ | | | ‘ ‘ ‘ ‘ ‘ 1
-14 -1.2 -1.0 -0.8 -0.6 -0.4 -1.4 -1.2 -1.0 -0.8 -0.6 -04
A6 A6
46
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... An important Remark ...

The dimension four operator £¢?R naturally arises when quantization is carried out
in a curved space-time background ... in the SM the term ¢ R H H* is required in

order to make the theory multiplicatively renormalizable in curved spacetime.
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... Take home messages ...

- New Physics at Planckian scales, generically parametrized with the help of higher
order operators in the Higgs potential (¢® and ¢®), can destabilize the EW vacuum.

- This result was first established in a flat spacetime background, and later confirmed

by performing the analysis in a curved spacetime background (minimal coupling).

- Gravity shows a tendency toward stabilization, but still in a large portion of the
parameter space destabilization wins against stabilization.

- Within the framework of a SUGRA embedding, and invoking a Discrete R
symmetry, we can “postpone” the appearance of higher order terms, and this
provides an effective protection mechanism for the stability of the EW vacuum.

- An alternative protection mechanism arises from the non-minimal coupling of the
Higgs to gravity. Very minimalistic and efficient mechanism.

o /
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BACK UP SLIDES
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Non-Renormalizable New Phyisics — Renormalizable New Physics

... It was also argued that the fact that New Physics was parametrized in terms of
Non-Renormalizable operators actually could invalidate these results ...
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New Physics around Mp in terms of renormalizable operators

Add to the SM potential a “New Boson S” and a “New Fermion ¢” :

As 91 b

4 9s 2
256t 4 ¢S+M¢¢+\/§

V(.50 = Mgy X

with Mf ~ 1017 GeV and MS ~ 1018 GeV.
Integrating out this new scalar and fermion fields we get the

Modified Higgs Potential

1 1 Mg+ %o\ 3
Vo) = 3 6472 <M3+ ¢) lln( u22 >_§]

! _% 50) s
1672 2 2
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Modifided potential (yellow) against SM potential (blue)
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The values of the parameter are: Mg = 2.0 x 107*Mp, My = 10°Mp, g5 = 0.95,
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Bounce profiles for the Flat Spacetime Case

0.4+

0.3+

0.1r

0.0F — =

0 100 200 300 400

Profile of the bounce solutions (x) relative to the four cases: Mg = 2.5 x 1071,

My =3x107%, g5 =0.96, g7 = 0.5 (yellow) ; Mg = 2.0 x 107", My =107%, g5 = 0.9,
g]% = 0.5 (blue); Mg =2.0 x 107!, M; =103, g5 = 0.95, gfc = 0.4 (green);

Mg =15x10"" My =5x107%, gg = 0.92, g7 = 0.4 (red).

o /
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Bounce profiles for the Curved Spacetime Case
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Left panel: Profile of the bounce solutions ¢(z) relative to the four cases:

Mg =2.5x10"", My =3 x107%, gg = 0.96, g7 = 0.5 (yellow) ; Mg = 2.0 x 10",
My =107%, g5 = 0.9, gj% = 0.5 (blue); Mg =2.0 x 107, M; =107, g5 = 0.95,

gj% = 0.4 (green); Mg =1.5x 107" M; =5 x 107?, g5 = 0.92, gjzc = 0.4 (red).

Right panel: difference between the curvature radius and its asymptotic value,

a(x) — z, for the same parameters as in the left panel.
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Tunneling times for different values of the parameters

Mg My gs 97 That /11 Tarav/ LU
0 0 0 0 10639 10661
1.5x107'Mp  5x103Mp  0.92 0.4 10293 10307
2.0 x 107 Mp 1073 Mp 0.95 0.4 1030 1094
2.5 x 107 Mp 3 x 10~*Mp 0.96 0.5 1080 1065
2.0 x 107" Mp 10~*Mp 0.9 0.5 10-103 10798

As for the case of the parametrization of New Phyiscs with

Xe ¢°  Ng ¢°
V =4+ ——
we again observe that Gravity tends to stabilize the EW vacuum (7g.y always higher
than 74,4 ). However, New Physics has always a strong (that can be even devastating)

impact.

o /
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From: J.R. Espinosa, G.F. Giudice, A. Riotto, JCAP 0805 (2008) 002

“Old Ideas” ...

“For most of the relevant values of the top and Higgs masses, the instability scale
A;nse 1s sufficiently smaller than the Planck mass, justifying the hypothesis of
neglecting effects from unknown Planckian physics.”

From: Isidori, Ridolfi, Strumia, Nucl.Phys. B609 (2001) 387

“The SM potential is eventually stabilized by unknown new physics around Mp :
because of this uncertainty, we cannot really predict what will happen after
tunnelling has taken place. Nevertheless, a computation of the tunnelling
rate can still be performed, this result does not depend on the unknown
new physics at the Planck scale.”
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Turning points...

NOT IN SCALE

Vetr($)
Instability = 10** GeV
o — J M,
| ¢
| K«/
E W = 246 GeV |
*

This is QFT with “very many” dof, not 1 dof QM =- the potential is not V(¢) in
figure with 1 dof, but...

L =30,00"0 = V(¢) = 56* — §(V)* = V(9) = $0(&,1)* — U(6(,1))

where U(6(Z,1)) is : U(6(7,1)) = V(#(7,1)) + 3 (Vo(7,1)?
Very many dof, not 1 dof... The Potential is : > _U(¢(Z,1))

The bounce is not a constant configuration ... Gradients do matter a lot.

o
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