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» metastability: A < 0 around 10" GeV
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» metastability: A < 0 around 10" GeV

» Landau pole around 10* GeV
What is the easiest way to cure metastability?
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Can the SM metastability be cured?

» common approach: BSM scalar fields §
— scalar portal coupling x 6 (HTH)(S'S)
—> uplift of the Higgs coupling oc A (HTH)? By = M + ¢ 62

— BSM scalar sector requires their own stability analysis

» often overlooked: only BSM fermions [e.g Gopalakrishna, Velusamy, ‘18 ]

— gauge portal: charged under SM gauge group

— Yukawa portal: interactions with H and SM fermions

» Our Models: Theories are stable, valid until Planck scale, no EFT cutoff

— N vector-like fermions
— mass Mp can be TeV-ish or higher
— representations (Yr, d2, d3) under U(1)y x SU(2);, x SU(3).
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Example: Isospin portal (0,2,1)
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Example: Isospin portal (0,2, 1)
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Example: Strong portal (0,1, 3)
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Example: Strong portal (0,1, 3) B3 = (~14+ #Np) a3

| (0,1,3)

- Np =2 ¥
. My = 1TeV "
10—6 | | | | | | I'.' | | | | | | | | | |
104 10% 10® 10'© 10'® 10'* 10'® 10!8 10%°
p/GeV



Example: Strong portal (0,1, 3)
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Example: Strong portal (0,1, 3)
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Example: Strong portal (0,1, 3) B3 = (14 +#Nr)a; fr= (9 —160a3—...) o
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» gauge portals collaborate
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» but: some reps.
allow for SM-BSM
interaction with
Higgs

Model Poles Stability
(Yr,da,ds) N};Ole aPoe ax|mp, >0 ax >0
A (—-1,1,1) 7 o Nr =6 X
B (-1,3,1) 3 o 1< Np<2|1<Np<2
C (-3,2,1) 12 as |3< Np<11|5< Np <11
D (-2,2,1) 2 Nr =1 X
E (0,1,1) n.a. X X
F (0,3,1) 3 az |1<Np<3|2<Np<2
G (-3,1,3) 11 a3 |2< Nr <10|2< Nr <10
H (+2,1,3) 6 a1 2<Nrp<5|2<Np<5
I (—3,3,3) 1 o X X
J (+%,8,3) 1 s X X
K (+%,2,3) 4 s 1< Nrp<3|1<Np<3
L (+%,2,3) 1 o X X
M (—%,2,3) 2 a1 NF:1 NF:1
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Yukawa

Kij LiHYR;
Kij Livrj H
Fij Y il
Rij Y i E;
Kij £¢HC¢Rj
Kij Lithpi H
kij Qi HYR;
tij QiH YRy
tij QiR H
Kij QiR HC

’f% ﬂLz‘HGUJ’ + “gj ELiHDj

Kij YriHU;
Kij Yr, H D
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Yukawa portal

» coupling o, moves gauge Landau poles to higher scales

Bi=[+ #+ #a — #a,af

» moderate o tend to destabilize the potential
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Yukawa portal

Model (Yr,ds2,ds) Interactions Gauge Portal Yukawa Portal
A (-1,1,1) k LsHyg X x| Tev = 0.20 (6 - 1073)
B (—1,3,1) kL H et Tov $2-1074 (1.6 - 1072) |k |1 Tev = 0.4 (1.6 - 107 2)
C  (—3,2,1) ki HE; X |1 Tev 2 0.20 (6 - 1072)
D (-35,2,1) kY HE3 (axli Tev S 3-107°) okl Tev = 0.20 (8 -1073)
E (0, 1,1) k LsH YR X Q|1 Tev = 0.20 (5-1073)
F (0, 3,1) k LaypH® (|1 Tev < 1079) k|1 Tev = 0.4 (1.6 - 107%)
G (_%’173) K’@BHM)R X akl1 Tev 2 0.20 (1 - 10_2)
H (+2,1,3) K Qs H YR X Q|1 Tev = 0.20 (6 - 1073)
I (—3,33) Kk QurH X a1 Tev 2 0.6 (0.3)
J  (+3,8,3) K QyrH® X s l1 Tev 2 0.6 (0.3)
K (+2.2,3) |k, HUs + ko ¥ HD3 | cey iy (ne) 11 Tev S 1077 (107%) | ey |1 Tev 2 0.25 (0.13)
L (+%,2,3) w1 HUs X Q|1 Tev = 0.20 (1072)
M (-2,2,3) w1 HDj3 rlt Tov $8-1074(1.4-107%)| |1 Tev = 0.2(8-1077)

NF=1,MF=1T6V




Yukawa portal
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Conclusion

» stable great desert: Theory is well defined, predictive until Planck scale with stabilized
Higgs potential

» no BSM scalars required

» opportunities to connect with flavor physics

» gauge portal: weakly coupled mechanism!

— charged/colored long-lived particles, diboson resonances, R-hadrons

» Yukawa portal

—s prompt decay to SM particles already for feeble values o,Mp > 107* TeV
— global SMEFT fits, FCNC bounds
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