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MOTIVATION
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PT - ALINK BETWEEN DIFFERENT OBSERVABLES
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LISA IS COMING!
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in the 2030’s

[Image credit: ESA-C. Vijoux]
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CLASSICAL CONFORMAL SYMMETRY
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CLASSICAL CONFORMAL SYMMETRY

No dimensionful parameters at tree level

V(p)

[S. R. Coleman, E. J. Weinberg, Phys.Rev. D7 (1973) 1888]
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CLASSICAL CONFORMAL SYMMETRY

No dimensionful parameters at tree level

V(p) VO(p) + V()

Symmetry broken by loop corrections (dimensional transmutation)

[S. R. Coleman, E. J. Weinberg, Phys.Rev. D7 (1973) 1888]
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WHY CLASSICAL CONFORMAL SYMMETRY?
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CONFORMAL VS “NORMAL POTENTIAL

Bogumita Swiezewska Conformal symmetry breaking: DM and RG



CONFORMAL VS “NORMAL" POTENTIAL
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cSM Hidden sector:
() Y

VO @, W) = X (212)° + 3, (212) (U10) + s (V1)

[See also: T.Hambye, A.Strumia, PRD88 (2013) 055022, C.Carone, R.Ramos, PRD88 (2013) 055020, V.V.Khoze,
C.McCabe, G.Ro, JHEP 08 (2014) 026, T. Hambye, A.Strumia, D.Teresi, JHEP 1808 (2018) 188, I.Baldes, C. Garcia-Cely,
JHEP 05 (2019) 190, T.Prokopec, J.Rezacek, BS, JCAP02(2019)009, D. Marfaria, P. Tseng, JHEP 02 (2021) 022]
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RADIATIVE SYMMETRY BREAKING IN SU(2)CSM
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[See also: L. Chataignier, T. Prokopec, M.G. Schmidt, BS, JHEP 08 (2018) 083]
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RADIATIVE SYMMETRY BREAKING IN SU(2)CSM
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[See also: L. Chataignier, T. Prokopec, M.G. Schmidt, BS, JHEP 08 (2018) 083]
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RADIATIVE SYMMETRY BREAKING IN SU(2)CSM
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[See also: L. Chataignier, T. Prokopec, M.G. Schmidt, BS, JHEP 08 (2018) 083]
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PHASE TRANSITION AND DM PRODUCTION

For details of the PT computations and
GW signal see the talk by Maciej Kierkla
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DM stability protected by a symmetry

[See also: T.Hambye, A.Strumia, PRD88 (2013) 055022, C.Carone, R.Ramos, PRD88 (2013) 055020, V.V.Khoze,
C.McCabe, G.Ro, JHEP 08 (2014) 026, T. Hambye, A.Strumia, D.Teresi, JHEP 1808 (2018) 188, 1.Baldes, C. Garcia-Cely,
JHEP 05 (2019) 190, T.Prokopec, J.Rezacek, BS, JCAP02(2019)009, D. Marfaria, P. Tseng, JHEP 02 (2021) 022]
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TEMPERATURE EVOLUTION My =9 TeV, gx — 0.9

critical temperature:
. two degenerate
| minima
V() S
Tc + 3 TeV
T+
T, +
T, +
T v
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TEMPERATURE EVOLUTION My =9 TeV, gx — 0.9

vacuum domination
begins
- A(SO) ..................................

Tc T 3 TeV

Tyt 1 TeV
T, +
T, |+

T v
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TEMPERATURE EVOLUTION My =9 TeV, gx — 0.9

. nucleation: .
. one bubble nucleates
per Hubble volume

Tc T 3 TeV

Tv“ 1 TeV

Tn + 29 GGV

T, +

T v
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TEMPERATURE EVOLUTION My =9 TeV, gx — 0.9

- Percolation: phase
. transition completes
Tc+ 3 TeV V(o) J—
Tv“ 1 TeV
| VEV#O0
T, + 29 GeV E
T, + 23 GeV VEV #0 ,
VEV #0
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TEMPERATURE EVOLUTION My =9 TeV. gx = 0.9

Tc + 3 TeV
Tyt 1TeV 1ren

Tn +— 29 GeV
T>|< T 23 GeV
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NON-STANDARD DM PRODUCTION

supercooling PT and reheating
A A
: cool Universe, . reheated Universe,
hot Universe, , : i : : i
: . diluted massless - diluted massive
. massless particles . : | ,
' particles | | particles
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NON-STANDARD DM PRODUCTION

supercooling PT and reheating
A A
. cool Universe, - reheated Universe, :
hot Universe, . i : . : '
. diluted massless - diluted massive
massless particles . : | ,
particles : : particles

® Abundance of DM after PT?
® Relation between reheating and decoupling temperatures?

® Self-coupling and coupling to the visible sector
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NEW PRODUCTION MECHANISMS

4. reannihilation

AL o e 5
r?‘.’-o"o' .
Qo‘ﬁ—"\ ¢

-

Slef-coupling of DM

A A 1 A

Portal coupling

[See also: T.Hambye, A.Strumia, PRD88 (2013) 055022, C.Carone, R.Ramos, PRD88 (2013) 055020, V.V.Khoze,
C.McCabe, G.Ro, JHEP 08 (2014) 026, T. Hambye, A.Strumia, D.Teresi, JHEP 1808 (2018) 188, I.Baldes, C. Garcia-Cely,
JHEP 05 (2019) 190, D. Marfaria, P. Tseng, JHEP 02 (2021) 022]
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SCALE DEPENDENCE OF PT PARAMETERS

See also the talk of Andreas Ekstedt
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PHASE TRANSITION
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DIFFERENT SCALES INVOLVED

0] 5000 10000 15000 20000
¢ [GeV ]
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DIFFERENT SCALES INVOLVED
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SCALE DEPENDENCE OF THE VEV
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SCALE DEPENDENCE
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SCALE DEPENDENCE
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SUMMARY
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SUMMARY
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SUMMARY
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THANK YOU FOR YOUR ATTENTION
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DM PRODUCTION MECHANISMS

[N. Bernal et al, Int.J.Mod.Phys.A
32 (2017) 27, 1730023]
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SOUND WAVES OR BUBBLE COLLISIONS?
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[G.D. Moore, T. Prokopec, PRL 75 (1995), PRD 52 (1995), P.B. Arnold, PRD 48 (1993) 1539, D. Bodeker, G.D. Moore,
JCAP 0905 (2009) 009; JCAP 1705 (2017) 025, G.C. Dorsch, S. J. Huber and T. Konstandin, JCAP 12 (2018);
2106.06547, T. Konstandin, G. Nardini and I. Rues, JCAP 09 (2014), ].Kozaczuk, JHEP 10 (2015), S. Hoche et al,
2007.10343, Y. Gouttenoire, R. Jinno, E Sala, 2112.07686]
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STANDARD FREEZE-OUT

1 10 100 1000
x=m/T (time -)

[from Cold and Turner, adapted by particle bites.com]
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