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Top pole mass M; in GeV

SM vacuum stability 2012 ...... ......

Buttazzo et al. 1307.3536v4

I T T T T I T T T T ] T T T T ] T T T T ] 1 T 180 - -
- - T T T | T T T | I I I ] T T T I T L e B L
: : , 7 s Y !
- g . ” . — g — _—-'__,-
’ - o - - g e P

200 [~ vy p f D G - B o e o o — --:'____,----"": — > . O
Instability i .  Instability - .- 107

178 1 = - :
ik — . - g 1010_
101!

g X

, * ’101.-_
-~ 10"

@
1 1

o
-
N
Top pole mass M, in GeV g

150 o e 12 i

—

100 - AZ2£10%*GeV

-
-
- -
P - =
] 1 O g
- —
-
e - §

o - g '."' - - -
- ’
- - ’ 1 - - - ’ - __.-"—. »
~ . 1 . = = = - . - -
’ - F L = —
- Meta—stability DR (- -7
- ’ o - = , - -
- - - . - - -
- - - l y

>

AiAnegInyrad—uoN
g
Do
=)

- ” - v 2 -
- - - - - .
- - - e P o =
- . - o v - P e — -
50 - Stability a ' ' EIRR
L - - e = ¥ - -
- ’ - - - - > g e
” - - e -
- - ” __.-"'. -

’
-

_ - Rt~
L0 Be =7 10'8
_ ! Ay S Stability -

168 L 1 . . . 1 n s
0 50 100 150 200 120 122

130 132

124 126 128
Higgs pole mass M;, in GeV Higgs pole mass M, in GeV

Plots taken from Buttazzo et al. 1307.3536v4



Q: can we ascertain or refute vacuum
stability at the 5-sigma level?




SM vacuum stability revisited

Input from theory:

RG running 4L gauge (+ 5L QCD) Davies, Herren, Poole, Steinhauer,Thomsen ’ |9

Baikov et al '|6,, Herzog et al |7, Luthe et al ‘|7

3L Yukawa + 3L quartic (+4L QCD)  Cheorkin Zoller "I3-16

Bednyakov et al "12-°14

effective potential 3L (+ 4L QCD) + RG improvement Ford Jack Jones 92, Martin 'I3-17

stability: o> 0

matching observables at least 2L (+ 3L QCD)  Marcin, Pacel ‘18
to MSbar matching at reference scale et = 200 GeV

G Hiller, T Hoehne, DF Litim, T Steudtner, Vacuum stability in the SM and beyond 2401.08811



SM vacuum stability revisited

Planck M, = (172.4 T 0.7) GeV
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Stability is dominated by RG running



SM vacuum stability revisited
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Input from experiment: observables that determine vacuum stability

Z, Higgs, Toppolemass | Mz My M;
strong coupling osz’)(u = My)

fine structure constant | o, Al
data from PDG 2024

Fermi constant Gp

lepton masses | M, , ;

mp (= mp)
light quark masses | m.(u = m.)
mu’d’S(M — 2 GGV)



SM vacuum stability revisited
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Input from experiment: observables that determine vacuum stability

Z, Higgs, Toppolemass |Mz My | M;

|

fine structure constant | o, Al

uncertainty small
Fermi constant Gp

lepton masses | M,

) impact small
light quark masses | m.(u = m.)
2



SM vacuum stability revisited

Obs. Value ‘ a) > 0 | e > 0
PDG 2024 [69]:
My /GeV  [125.20(11) [127.97 +25.20(127.85 +24.00
M?/GeV  [172.4(7) |171.04 — 1.90(171.10 — 1.90
MMC/GeV  [172.57(29) — 5.30 — 5.10
m:/GeV  [162.5(F71) [161.3 — 0.80|161.4 — 0.7c
ot (Mz) 0.1180(9) [0.1215 + 3.905(0.1213 + 3.70
PDG 2023 [9]:
My, /GeV  |125.25(17) |128.17 +17.20[128.05 +16.50
M7 /GeV  |172.5(7) |171.06 — 2.10|171.13 — 2.00
MMC/GeV  [172.69(30) — 5.40 — 5.20
m:/GeV  [162.5(F722) |161.4 — 0.80|161.4 — 0.70
ol (Mz) 10.1180(9) [0.1217 + 4.10(0.1215 + 3.90
CMS [1904.05237]
M;/GeV  |170.5(8) [169.25 — 1.60(169.31 — 1.50
ol (Mz) [0.1135(F2L)(0.1167 + 1.50|0.1165 + 1.40

most relevant



SM vacuum stability revisited

Obs. Value ‘ a) > 0 | e > 0
PDG 2024 [69]:
M, /GeV  |125.20(11) [127.97 +25.20(127.85 +24.00
M7 /GeV  |172.4(7)  |171.04 — 1.90(171.10 — 1.90
MMC/GeV  |172.57(29) — 5.30 — 5.10
m:/GeV  |162.5(721) [161.3 — 0.80(161.4 — 0.70
ot (Mz) 0.1180(9) [0.1215 + 3.905(0.1213 + 3.70
PDG 2023 [9]:
My, /GeV  [125.25(17) |128.17 4+17.20|128.05 +16.50
M7 /GeV  |172.5(7)  [171.06 — 2.10(171.13 — 2.00
MMC/GeV  |172.69(30) — 5.40 — 5.20
m:/GeV  |162.5(721) |161.4 — 0.80|161.4 — 0.70
ol (Mz) 10.1180(9) [0.1217 + 4.10(0.1215 + 3.90
CMS [1904.05237]
M;/GeV  |170.5(8) |169.25 — 1.60|169.31 — 1.50
ol (Mz) [0.1135(F2L)(0.1167 + 1.50|0.1165 + 1.40

cross section / pole mass
direct / MC mass



mTop [GeV] which top mass?

#II

#'$ — o direct measurement/ MC  (MC modelling uncertainty +/- 500 MeV)
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SM vacuum stability revisited

Obs. Value ‘ a) > 0 | e > 0
PDG 2024 [69]:
M, /GeV  |125.20(11) |127.97 +25.20'[127.85 +24.00
M7 /GeV  [172.4(7) |171.04 — 1.90|171.10 — 1.90
MMC/GeV  [172.57(29) — 5.30 — 5.10
m:/GeV  [162.5(F21) |161.3 — 0.80|161.4 — 0.70
ot (Mz) 0.1180(9) [0.1215 + 3.905(0.1213 + 3.70
PDG 2023 [9]:
M, /GeV  |125.25(17) |128.17 +17.20'[128.05 +16.50
M7 /GeV  |172.5(7)  [171.06 — 2.16|171.13 — 2.00
MMC/GeV  [172.69(30) — 5.40 — 5.20
m:/GeV  |162.5(721) |161.4 — 0.80|161.4 — 0.70
ol (Mz) 10.1180(9) [0.1217 + 4.10(0.1215 + 3.90
CMS [1904.05237]
M;/GeV  |170.5(8) [169.25 — 1.60(169.31 — 1.50
ol (Mz)  10.1135(121)]0.1167 + 1.5¢|0.1165 + 1.40

PDG: no correlations

CMS: correlations
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accuracy

comparison of
222 vs 433 loop
running

uncertainties dominated by central values and
errors for top mass and strong coupling constant



BSM

achieve vacuum stability?

... and make It safely up to
the Planck scale?



theory space

Standard Model

\

UV-free UV-safe

asymptotic freedom

asymptotic safety

Bottom-Up

Planck-safe

\

stable and well-defined
up to the Planck scale

theory space



Portals into Stability

Gauge Portals



Portals into Stability

Gauge Portals

L! 9D

N
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Vectorlike Fermions Dy ' SUQ@L T SUR).
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charges (Yr,d2,ds)
mass M¢eg

multiplicity NFr

modified RG running
““minimally invasive’

G Hiller, T Hoehne, DF Litim, T Steudtner, Portals into Higgs Vacuum Stability 2207.07737

—>



Portals into Stability

Gauge Portals Yukawa Portals

L! 9D L!" 1 "9Hf gy

NN

Yukawa Higgs  SM fermion
VLFs

——3 hew interactions

new RG beta functions

modified RG running
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Portals into Stability

Gauge Portals Yukawa Portals Higgs Portals
L ! 9D L 1" VPHfsw LD 6 (HH)(STS))
Portals / N BSM scalars
Higgs

-—3 new scalars

—> new interactions

new RG beta functions

modified RG running

G Hiller, T Hoehne, DF Litim, T Steudtner, Vacuum stability in the SM and beyond 2401.08811



Higgs Portals

Main new RG effect Lo Z 5; (HTH)(S;TS;)
good” Z
B = B3M +§:2Nzoz(25z
0

ax(A) — oM (A) o< Y 2N;a3, >0

-

genuine uplift
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Higgs Portals

single real BSM scalar
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Higgs Portals

BSM scalar obtains VEV
modified hZZ, 3h vertices == FCC-ee
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Higgs Portals

Signatures BSM scalar obtains VEV
modified 4h vertices __ FCC-ee
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Higgs Portals

Signatures BSM scalar obtains VEV
modified 4h vertices
higher mass ===) FCC-hh O(1) effects
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conclusions

status of SM metastability

evidence for metastability persists

uncertainty dominated by top mass and strong coupling
5-sigma necessitates precision extractions
correlations matter

turn SM metastability into BSM task

various portals available, constraining power
new BSM matter as light as TeV

can be searched for at current and future colliders
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quantum gravity
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