Vacuum Stability
as a Guide for Model Building

Daniel Litim

US

University of Sussex

w/ Gudrun Hiller, Tim Hoehne, Tom Steudtner
based on 2207.07737 [PRD 106 (2022)115004)]

Moriond EW
23 Mar 23




Vacuum Stability
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- 3-loop SM running

Vacuum Stability
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Bottom-Up

Q: What does it take to
achieve vacuum stability?

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



Portals into Stability

Gauge Portals



Portals into Stability

Gauge Portals
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Portals into Stability

Gauge Portals Yukawa Portals
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Portals into Stability

Gauge Portals Yukawa Portals Higgs Portals
(and more)
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How do they work?

Study RG running of couplings

Matching: @]f),gl,\g,t,b,/\(/«b()) — 04%,1\24,3,@&),/\(#0)

- e

scale of new physics

Tools: ARGES
RGBeta
Pyr@te Here: complete 2-loop



Gauge Portals
1-loop running S—
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Three key effects

— ai(A)—aiSM(A) > ()
top Oét(A) —OégM(A) <0
Higgs A(A)—O&M(A)>O .



Hypercharge ____

ax(A) — aSM(A) & +2ad(1o) [ (o) + (o) J0By]
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All three gauge portals enhance the quartic!
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Higgs Criticality
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Criticality: )\ Mecrit
(SM Balu=troy 0 and A|u—prp, 0 within  O(107%) )

[Buttazzo et al ’13]
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— Yukawa Portals
all 13 possibilities

TABLEI. Complete list of vectorlike fermion extensions of the
SM with Yukawa portals to the Higgs and SM fermions, also
showing the respective gauge charges and interactions;
H¢ = io,H*. Note that model K offers two Yukawa portals.
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C

D

E

F .

G (-4.1.3) kijQiHyg; +h.c
H (+§,1,3) kijQiH ygj + h.c
I (—%,3, 3) k;;Qiwr;H +h.c
J (+3.3.3) <ijQiyr;HC + hic
K (+1.2.3)  KGPLHU; + LMD, +he
L (+%,2,3) Kljv-/LiHUj_I_hC
M (-3.2.3) KiLiH D; + hie




Yukawa Portals

Main new RG effect

good” " bad”
Br = B A Lon e vy = Iy i + O(2-1oop)

o \

Yukawa AT )2

Competition!

Who wins?



Yukawa Portals
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Yukawa Portals

couplings to the Higgs and third-generation SM fermions. Shown are the parameter ranges of Yukawa couptirsssiethesn
(49 = M) which ensure stability via either the gauge or the Yukawa portal. Values without (with) brackets refer to settmgs where a, >0
(@;|p,, = 0). For small @, (4 ), we observe that a few models offer stability via a gauge portal. For moderate or large a, (x), stability is

prov1ded by the Yukawa portal and a strongly coupled walking regime. For van1sh1ng Yukawas, the results of TableII are recovered
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Interactrons !
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: Gauge portal ‘;

, Yukawa portal
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|| rov S8 x 1074(1.4 x 1073)

|y moy = 0.20(6 x 1073)
| rev 2 0. 4(1 6 x 1072)
|| 1oy = 0.20(6 x 1073)

| oy = 0.20(8 x 1073)

|| 1oy = 0.20(5 x 1073)
|| rev = 0.4(1.6 x 1072)
|i ey = 0.20(1 x 1072)

|| Tev = 0.20(6 x 1073)
Ac|{ ey 2 0.6(0.3)
A|{ ey 2 0.6(0.3)

O x, |1 Tev 2 0.25(0.13)

|y 1oy = 0.20(1072)
|| rev = 0.2(8 x 1073)




Conclusions

Vectorlike quarks and vectorlike leptons are very well
motivated BSM particles

They enable various portals to vacuum stability
New: electroweak gauge portals

VLFs can be as light as a TeV
can be pair-produced at colliders

VLFs without Yukawa can be long-lived
Flavorful VLFs decay promptly in SM matter



