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What we know about the Higgs from measurements
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Possible early universe phase transitions
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Higgs+Singlet Potential

General Considerations
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Vo = S50k + 7 Al + 1505 + ans s + 5 mE0% + S AnsOhl + 33503 + 4 s g

At finite T, the one-loop thermal potential leading terms in the high temperature

expansion

T+#0
where?
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Reparametrizing
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Reparametrizing
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Reparametrizing

Solve for m? by mg, aps, and as in terms of my, A\p, Aps, As, u, mp, v;

= vyields two sets of solutions:
Anthony Hooper

mg = 7V2/\h + HA + U2>\hs
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Reparametrizing

Solve for m? by mg, aps, and as in terms of my, A\p, Aps, As, u, mp, v;
yields two sets of solutions:

m? = —v2\, + HA + P Ape
v
mi = —mf, — mi + 2V, KA + v A ps + 1P
u

1
dps = :FZA — UNps

1
ac = ﬁ(Qmiu +2miu — 4V udp F VA — 2V udps — 4P N)

where A = \/ — 2v2\y)(2v2N), — m?)

V = V(¢n, ds, T, My, An, Aps, As, U)
Ranges of the new parameters
Stability conditions : Ards € [0, \/E], Aps € [— \/m, \/ﬂ]
singlet mass : mg ~ 500 — 5000 GeV

singlet vev : u can be anything? 8/23



Higgs Trilinear Coupling

Gauge to mass eigenstate basis: (&n, Ps) — (h1, h2)
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Higgs Trilinear Coupling

Gauge to mass eigenstate basis: (&n, Ps) — (h1, h2)
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Higgs Trilinear Coupling

Gauge to mass eigenstate basis: (&n, Ps) — (h1, h2)

Anthony Hooper ¢nh = hicos — hysinf + v
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v —— where 6 is the mixing angle and is found from M? with tan 26 = %
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Conditions Imposed at Critical Temperature

o degenerate requirement:
Anthony Hooper
V(¢n)

V(Oa U, Tc) = V(ch Uc, Tc)

(0. to) (e, Uc) n
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Conditions Imposed at Critical Temperature

degenerate requirement:

V
(@) V(Oa Uo, Tc) = V(ch Uc, Tc)
T=T, o )
minimization requirement:
dV(0, u,, T¢)
=0: ———==0
oy o
dV(ve, ue, Te)
= . —_— 0
on Ve d¢h
dV(ve,ue, Te) 0
dos
(0, up) (ve, Ue) b 2
and % > 0 at critical points
h
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Equations to Solve

degenerate requirement:
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Monte-Carlo Scan Code Structure

Generates
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Parameters Impose FOEPT
Constraints

v eGenerates N lists of random free
parameters: {{m¢, Ahy Ahsy Asy Uy .. }

eRequires parameters to satisfy?
sin § < 0.14
eRange for free parameters

S mg € [0.5,5] TeV
Monte-Carlo Scan Code Ah? )\S E |:07 \Y 47r:|

Structure

o € [k oA

u € [~10,10] TeV

3arXiv:1909.02845
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Monte-Carlo Scan Code
Structure

Results

Monte-Carlo Scan Code Structure

Generates
Random

Parameters Impose FOEPT
Constraints

eGenerates N lists of random free

parameters: {{m¢, Ay Ahss Ass t}, } eTakes .generated parameters,. imposes
constraints, solves four equations

simultaneously.
eChecks if 0 < v, < v.
eChecks if solutions are global minimums

eRequires parameters to satisfy?
sin?6 < 0.14
eRange for free parameters

my € [0.5,5] TeV at V(v,u,0, V(0,u,, T¢), and
Mni Xs € [0, /47| V(ve, te, Te).

eChecks if phase transition is strong by

Ahs € [—\/)\h)\s, \/H] requiring®

u € [-10,10] TeV
3arXiv:1909.02845
4arXiv:1711.11541
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Potential Evolution in Temperature
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Fixed Parameter Space
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Singlet vev Regimes
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Singlet vev Density Plots
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Critical vev Constraints
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