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Motivation and overview

Scalars and phase transitions probably common in the early universe.

Minimal Beyond the Standard Model extension for Dark Matter
(Higgs-portal scalar field with renormalizable potential).

Curvature-induced (non-thermal) phase transition of dark sector after
inflation → observable GWs → constrain parameter space.

Curvature-induced electroweak symmetry breaking for low reheating
temperatures → additional (optional) implication.

Andreas Mantziris (FCTUC & FCUP) GWs from PT of Higgs-portal DM 4 September 2025 2 / 19



Spectator Higgs-portal ϕ non-minimally coupled to gravity
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∫
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Non-minimal coupling ξ to spacetime curvature is unavoidable and
necessary for the renormalizability of the theory.

Minimal BSM scalar singlet with Higgs-portal g for DM and EWSB
(Cosme et al, PRD.102.063507) for low reheating temperature Treh ≤ 80 GeV.

First-Order Phase Transition from evolving potential barrier and vacua
due to dynamic curvature R(t) (Mantziris et al, JHEP11(2023)077).
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Transition from inflation (winf = −1) to kination (wkin = 1)

EoS parameter w = p/ρ and Ricci scalar R(t) = 3 [1− 3w(t)]H2(t) switch
sign after inflation. Generic parametrisation: w(t) = tanh [βw(t− t0)].
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Reasons for quintessential-like inflation: (1) no oscillations of R so only one
PT and (2) long kination amplifies the GW signal.
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ξϕ > 0 (dash-dotted= barrier, dotted= false vacuum)
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ξϕ < 0 (dash-dotted= barrier, dotted= false vacuum)
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Gravitational Waves from bubble collisions in vacuum

Nucleation condition Γnuc(V ) = H4
nuc: 1 bubble/horizon for constant Hnuc.

PT parameters: Strength α ≡ ρPT
ρkin

= |∆V |
3M2

PH2
inf

, 10−4 ≲ α ≲ 10−1 .

“Velocity” β
ξϕ<0
col =

√
d2SE

4
dt2
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, β
ξϕ>0
col = − dt

dSE
4
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t=tcol

, βcol > βw = 10Hinf

C. Caprini, Cosmological stochastic gravitational wave backgrounds in LISA, 2022.
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GWs: ξϕ > 0 , Hinf = 1012 GeV, Hreh ≈ 10−14 GeV

Out[ ] =

LISA

AEDGE

ET

LIGO

0.001 1 1000 106 109 1012

10-18

10-15

10-12

10-9

10-6

Andreas Mantziris (FCTUC & FCUP) GWs from PT of Higgs-portal DM 4 September 2025 8 / 19



GWs: ξϕ > 0 , Hinf = 10−8 GeV, Hreh ≈ 10−14 GeV
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GWs: ξϕ < 0 , σ = Hinf = 1012 GeV, Hreh ≈ 10−14 GeV
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GWs: ξϕ < 0 , Hinf = 10−8 GeV, Hreh ≈ 10−14 GeV
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Summary and conclusions

GWs from curvature-induced PTs of a Higgs-portal scalar in kination:
Vϕ(ϕ, h,R) = 1

2

(
ξϕR+ g2

2 h
2
)
ϕ2 − σ

3ϕ
3 +

λϕ

4 ϕ4.

Parameter space of BSM couplings for FOPT, DM and EWSB:

−103 ≲ ξϕ ≲ 102 , σ ≳ Hinf , λϕ ≲ 10−4 ,

10−32 ≲ g ≲ 10−21 , 10−30 GeV ≲ mϕ ≲ 10−19 GeV .

DM abundance Ωϕ,0 ≃ 0.26 and curvature-induced EWSB:

g =

√
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σ ,

g <
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2|λh|λϕ

σ v < 125

√
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σ for Treh ≤ 80 GeV.

GWs at f ≫ fLISA unless Hinf ∼ µEW, but clearly from early universe.

“Smoking-gun” tilt for kination, spectra different from thermal PTs.
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Additional slides

Andreas Mantziris (FCTUC & FCUP) GWs from PT of Higgs-portal DM 4 September 2025 13 / 19



Slowly rolling in (quintessential) inflationary potentials

The field ϕ drives the accelerated expansion in the early (and late)
universe: primordial inflation (+ quintessence).

D. Bettoni & J. Rubio , “Quintessential Inflation: A Tale of Emergent and Broken Symmetries”, 2021.
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Quintessential inflation: evolution of energy densities

ϕ-SM interactions → decay and destabilize the V (ϕ) tail.

Hence, (p)reheating via indirect particle production/efficient couplings to
aux. matter sector, quickly shutting down the interaction and preventing
the complete decay of the inflaton condensate.
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⇢ ⇠ ⇤
<latexit sha1_base64="XoGbZat/zMVdfyLAm2cG0MOhx/o=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy5cVLAP6Awlk8m0oUlmSDKFMvRP3LhQxK1/4s6/MW1nodUDgcM593BvTpRxpo3nfTmVtfWNza3qdm1nd2//wD086ug0V4S2ScpT1YuwppxJ2jbMcNrLFMUi4rQbjW/nfndClWapfDTTjIYCDyVLGMHGSgPXDdQoDTQTKLi3qRgP3LrX8BZAf4lfkjqUaA3czyBOSS6oNIRjrfu+l5mwwMowwumsFuSaZpiM8ZD2LZVYUB0Wi8tn6MwqMUpSZZ80aKH+TBRYaD0VkZ0U2Iz0qjcX//P6uUmuw4LJLDdUkuWiJOfIpGheA4qZosTwqSWYKGZvRWSEFSbGllWzJfirX/5LOhcN32v4D5f15k1ZRxVO4BTOwYcraMIdtKANBCbwBC/w6hTOs/PmvC9HK06ZOYZfcD6+ASPJk1I=</latexit><latexit sha1_base64="2cy3US3NjI0/4ppNV06uWZvdc4U=">AAACHnicjVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy5cKNgHdIaSyWTa0EwyJJlCKf0TF278FTcigiv9G9N2Ftq68EDgcO453JwbZZxp43lfTmlldW19o7xZ2dre2d1z9w+aWuaK0AaRXKp2hDXlTNCGYYbTdqYoTiNOW9HgejpvDanSTIoHM8pomOKeYAkj2Fip67qB6stAsxQFtzYV465b9WreDGiZ+AWpQoH/2bvuRxBLkqdUGMKx1h3fy0w4xsowwumkEuSaZpgMcI92LBU4pTocz+pN0IlVYpRIZZ8waKb+TIxxqvUojawzxaavF2dT8a9ZJzfJZThmIssNFWS+KMk5MhJNb4VipigxfGQJJorZvyLSxwoTYy9asdX9xaLLpHlW872af39erV8VNyvDERzDKfhwAXW4gTtoAIEhPMIzvDpPzovz5rzPrSWnyBzCLzif317mmss=</latexit><latexit sha1_base64="2cy3US3NjI0/4ppNV06uWZvdc4U=">AAACHnicjVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy5cKNgHdIaSyWTa0EwyJJlCKf0TF278FTcigiv9G9N2Ftq68EDgcO453JwbZZxp43lfTmlldW19o7xZ2dre2d1z9w+aWuaK0AaRXKp2hDXlTNCGYYbTdqYoTiNOW9HgejpvDanSTIoHM8pomOKeYAkj2Fip67qB6stAsxQFtzYV465b9WreDGiZ+AWpQoH/2bvuRxBLkqdUGMKx1h3fy0w4xsowwumkEuSaZpgMcI92LBU4pTocz+pN0IlVYpRIZZ8waKb+TIxxqvUojawzxaavF2dT8a9ZJzfJZThmIssNFWS+KMk5MhJNb4VipigxfGQJJorZvyLSxwoTYy9asdX9xaLLpHlW872af39erV8VNyvDERzDKfhwAXW4gTtoAIEhPMIzvDpPzovz5rzPrSWnyBzCLzif317mmss=</latexit><latexit sha1_base64="2cy3US3NjI0/4ppNV06uWZvdc4U=">AAACHnicjVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy5cKNgHdIaSyWTa0EwyJJlCKf0TF278FTcigiv9G9N2Ftq68EDgcO453JwbZZxp43lfTmlldW19o7xZ2dre2d1z9w+aWuaK0AaRXKp2hDXlTNCGYYbTdqYoTiNOW9HgejpvDanSTIoHM8pomOKeYAkj2Fip67qB6stAsxQFtzYV465b9WreDGiZ+AWpQoH/2bvuRxBLkqdUGMKx1h3fy0w4xsowwumkEuSaZpgMcI92LBU4pTocz+pN0IlVYpRIZZ8waKb+TIxxqvUojawzxaavF2dT8a9ZJzfJZThmIssNFWS+KMk5MhJNb4VipigxfGQJJorZvyLSxwoTYy9asdX9xaLLpHlW872af39erV8VNyvDERzDKfhwAXW4gTtoAIEhPMIzvDpPzovz5rzPrSWnyBzCLzif317mmss=</latexit>

⇢
<latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="ohntgtzSUMoZpTHy8keJob2wASo=">AAACEHicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxlLBSwLJEfY2e7kle7vH7p4QjvwFCxv/io2IraWd/8a95ApNLBxYGGbm8fZNmHKmjet+OZWV1bX1jepmbWt7Z3evvn/Q1jJThPpEcqm6IdaUM0F9wwyn3VRRnIScdsLxdeF3HqjSTIp7M0lpkOCRYBEj2BRSX8VyUG+4TXcGtEy8kjSgxP/ig/pnfyhJllBhCMda9zw3NUGOlWGE02mtn2maYjLGI9qzVOCE6iCfHTRFJ1YZokgq+4RBM/XnRI4TrSdJaJMJNrFe9ArxL6+XmegyyJlIM0MFmS+KMo6MREU7aMgUJYZPLMFEMftXRGKsMDG2w5o93Vs8dJm0z5qe2/Tuzhutq7KzKhzBMZyCBxfQghu4BR8IxPAIz/DqPDkvzpvzPo9WnHLmEH7B+fgGslmVwA==</latexit><latexit sha1_base64="ohntgtzSUMoZpTHy8keJob2wASo=">AAACEHicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxlLBSwLJEfY2e7kle7vH7p4QjvwFCxv/io2IraWd/8a95ApNLBxYGGbm8fZNmHKmjet+OZWV1bX1jepmbWt7Z3evvn/Q1jJThPpEcqm6IdaUM0F9wwyn3VRRnIScdsLxdeF3HqjSTIp7M0lpkOCRYBEj2BRSX8VyUG+4TXcGtEy8kjSgxP/ig/pnfyhJllBhCMda9zw3NUGOlWGE02mtn2maYjLGI9qzVOCE6iCfHTRFJ1YZokgq+4RBM/XnRI4TrSdJaJMJNrFe9ArxL6+XmegyyJlIM0MFmS+KMo6MREU7aMgUJYZPLMFEMftXRGKsMDG2w5o93Vs8dJm0z5qe2/Tuzhutq7KzKhzBMZyCBxfQghu4BR8IxPAIz/DqPDkvzpvzPo9WnHLmEH7B+fgGslmVwA==</latexit><latexit sha1_base64="ohntgtzSUMoZpTHy8keJob2wASo=">AAACEHicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxlLBSwLJEfY2e7kle7vH7p4QjvwFCxv/io2IraWd/8a95ApNLBxYGGbm8fZNmHKmjet+OZWV1bX1jepmbWt7Z3evvn/Q1jJThPpEcqm6IdaUM0F9wwyn3VRRnIScdsLxdeF3HqjSTIp7M0lpkOCRYBEj2BRSX8VyUG+4TXcGtEy8kjSgxP/ig/pnfyhJllBhCMda9zw3NUGOlWGE02mtn2maYjLGI9qzVOCE6iCfHTRFJ1YZokgq+4RBM/XnRI4TrSdJaJMJNrFe9ArxL6+XmegyyJlIM0MFmS+KMo6MREU7aMgUJYZPLMFEMftXRGKsMDG2w5o93Vs8dJm0z5qe2/Tuzhutq7KzKhzBMZyCBxfQghu4BR8IxPAIz/DqPDkvzpvzPo9WnHLmEH7B+fgGslmVwA==</latexit>

N<latexit sha1_base64="FsFohXQjc3OA/BBAi7JXP9TMCN0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiydpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fppGM0g==</latexit><latexit sha1_base64="X0Y5JdaPi3B5gwrcxp0YlE0urII=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sRID5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEHS5RL</latexit><latexit sha1_base64="X0Y5JdaPi3B5gwrcxp0YlE0urII=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sRID5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEHS5RL</latexit><latexit sha1_base64="X0Y5JdaPi3B5gwrcxp0YlE0urII=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sRID5gHJEmYnd5Mhs7PLzKwQlnyBhY2/YiNia2/n3zhJttDEwgMDh3PO5c49QSK4Nq775RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekCleSzvzThBP6IDyUPOqLFS/bZXrrhVdwayTLycVCDH/+K98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9k1E3JilT4JY2WfNGSm/pzIaKT1OApsMqJmqBe9qfiX10lNeOlnXCapQcnmi8JUEBOTaTWkzxUyI8aWUKa4/SthQ6ooM7bAkj3dWzx0mTTPqp5b9ernldpV3lkRjuAYTsGDC6jBDdxBAxggPMIzvDpPzovz5rzPowUnnzmEX3A+vgEHS5RL</latexit>
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<latexit sha1_base64="dcJYU93S8AqfCUNjCJfTTXo3Wzo=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCVbgTQcugTcoI5gOSEPY2c8mSvb1jd04MRxob/4qNhSK2/gc7/42b5ApNfDDweG9md+b5sRQGXffbya2srq1v5DcLW9s7u3vF/YOGiRLNoc4jGemWzwxIoaCOAiW0Yg0s9CU0/dHN1G/egzYiUnc4jqEbsoESgeAMrdQrHncQHlCHadrxA1oFK6sBNcgGMJn0iiW37M5Al4mXkRLJUOsVvzr9iCchKOSSGdP23Bi7KdMouIRJoZMYiBkf2dfblioWgummsysm9NQqfRpE2pZCOlN/T6QsNGYc+rYzZDg0i95U/M9rJxhcdVOh4gRB8flHQSIpRnQaCe0LDRzl2BLGtbC7Uj5kmnG0wRVsCN7iycukcV723LJ3e1GqXGdx5MkROSFnxCOXpEKqpEbqhJNH8kxeyZvz5Lw4787HvDXnZDOH5A+czx8RrZjr</latexit><latexit sha1_base64="BzF64QSltldZK3AX3UD4836K/mA=">AAACKnicjVC7SgNBFJ2Nrxhfq5ZaDAbBKuyKoGXQJqWCeUASwuzkbjJkdnaZuSuGJY1fY2Hjr6SRYOuHOHkUmlh4YeBwzrnMPSdIpDDoeRMnt7a+sbmV3y7s7O7tH7iHRzUTp5pDlccy1o2AGZBCQRUFSmgkGlgUSKgHg7upXn8CbUSsHnGYQDtiPSVCwRlaquOethCeUUdZ1gpCWgFLqx41yHowGnXcolfyZkNXgb8ARbKY/9k77rjVjXkagUIumTFN30uwnTGNgksYFVqpgYTxgT2haaFiEZh2Nos6oueW6dIw1vYppDP250bGImOGUWCdEcO+Wdam5F9aM8Xwpp0JlaQIis8/ClNJMabT3mhXaOAohxYwroW9lfI+04yjbbdgo/vLQVdB7bLkeyX/4apYvl10licn5IxcEJ9ckzKpkHtSJZy8kFfyTj6cN2fsTJzPuTXnLHaOya9xvr4BDFqgZA==</latexit><latexit sha1_base64="BzF64QSltldZK3AX3UD4836K/mA=">AAACKnicjVC7SgNBFJ2Nrxhfq5ZaDAbBKuyKoGXQJqWCeUASwuzkbjJkdnaZuSuGJY1fY2Hjr6SRYOuHOHkUmlh4YeBwzrnMPSdIpDDoeRMnt7a+sbmV3y7s7O7tH7iHRzUTp5pDlccy1o2AGZBCQRUFSmgkGlgUSKgHg7upXn8CbUSsHnGYQDtiPSVCwRlaquOethCeUUdZ1gpCWgFLqx41yHowGnXcolfyZkNXgb8ARbKY/9k77rjVjXkagUIumTFN30uwnTGNgksYFVqpgYTxgT2haaFiEZh2Nos6oueW6dIw1vYppDP250bGImOGUWCdEcO+Wdam5F9aM8Xwpp0JlaQIis8/ClNJMabT3mhXaOAohxYwroW9lfI+04yjbbdgo/vLQVdB7bLkeyX/4apYvl10licn5IxcEJ9ckzKpkHtSJZy8kFfyTj6cN2fsTJzPuTXnLHaOya9xvr4BDFqgZA==</latexit><latexit sha1_base64="BzF64QSltldZK3AX3UD4836K/mA=">AAACKnicjVC7SgNBFJ2Nrxhfq5ZaDAbBKuyKoGXQJqWCeUASwuzkbjJkdnaZuSuGJY1fY2Hjr6SRYOuHOHkUmlh4YeBwzrnMPSdIpDDoeRMnt7a+sbmV3y7s7O7tH7iHRzUTp5pDlccy1o2AGZBCQRUFSmgkGlgUSKgHg7upXn8CbUSsHnGYQDtiPSVCwRlaquOethCeUUdZ1gpCWgFLqx41yHowGnXcolfyZkNXgb8ARbKY/9k77rjVjXkagUIumTFN30uwnTGNgksYFVqpgYTxgT2haaFiEZh2Nos6oueW6dIw1vYppDP250bGImOGUWCdEcO+Wdam5F9aM8Xwpp0JlaQIis8/ClNJMabT3mhXaOAohxYwroW9lfI+04yjbbdgo/vLQVdB7bLkeyX/4apYvl10licn5IxcEJ9ckzKpkHtSJZy8kFfyTj6cN2fsTJzPuTXnLHaOya9xvr4BDFqgZA==</latexit> Tracking
<latexit sha1_base64="HAlT7iYq1F4XnCrfdZC/aTodo1Q=">AAACAHicbVDLSgMxFM34rPU16sKFm2ARXJUZEXRZdOOyQl/QKSWTZtrQJDMkd8QyzMZfceNCEbd+hjv/xrSdhbYeuHA4597k3hMmghvwvG9nZXVtfWOztFXe3tnd23cPDlsmTjVlTRqLWHdCYpjgijWBg2CdRDMiQ8Ha4fh26rcfmDY8Vg2YJKwnyVDxiFMCVuq7xwGwR9Ayy4Iwwg1N6JirYZ733YpX9WbAy8QvSAUVqPfdr2AQ01QyBVQQY7q+l0AvIxo4FSwvB6lhiX2dDFnXUkUkM71sdkCOz6wywFGsbSnAM/X3REakMRMZ2k5JYGQWvan4n9dNIbruZVwlKTBF5x9FqcAQ42kaeMA1oyAmlhCqud0V0xGxKYDNrGxD8BdPXiati6rvVf37y0rtpoijhE7QKTpHPrpCNXSH6qiJKMrRM3pFb86T8+K8Ox/z1hWnmDlCf+B8/gB++pb4</latexit><latexit sha1_base64="6t8WG1QQe3o5+24Ch4cFZ3jlRQY=">AAACJXicjVDLSgMxFM3UV62vURcu3ASL4KrMiKDLohuXCn0InVIyaaYNTTJDckcsw3yNCzf+ipsigit/xbSdhbYuPBA4nHMvueeEieAGPO/TKa2srq1vlDcrW9s7u3vu/kHLxKmmrEljEeuHkBgmuGJN4CDYQ6IZkaFg7XB0M/Xbj0wbHqsGjBPWlWSgeMQpASv13KMA2BNomWVBGOGGJnTE1SDPe27Vq3kz4GXiF6SKCvxvvOdOgn5MU8kUUEGM6fheAt2MaOBUsLwSpIYl9gQyYB1LFZHMdLNZyhyfWqWPo1jbpwDP1J8bGZHGjGVoJyWBoVn0puJfXieF6KqbcZWkwBSdfxSlAkOMp5XhPteMghhbQqjm9lZMh8RWBbbYio3uLwZdJq3zmu/V/PuLav266KyMjtEJOkM+ukR1dIvuUBNRlKNn9Iomzovz5rw7H/PRklPsHKJfcL6+ATgJnnE=</latexit><latexit sha1_base64="6t8WG1QQe3o5+24Ch4cFZ3jlRQY=">AAACJXicjVDLSgMxFM3UV62vURcu3ASL4KrMiKDLohuXCn0InVIyaaYNTTJDckcsw3yNCzf+ipsigit/xbSdhbYuPBA4nHMvueeEieAGPO/TKa2srq1vlDcrW9s7u3vu/kHLxKmmrEljEeuHkBgmuGJN4CDYQ6IZkaFg7XB0M/Xbj0wbHqsGjBPWlWSgeMQpASv13KMA2BNomWVBGOGGJnTE1SDPe27Vq3kz4GXiF6SKCvxvvOdOgn5MU8kUUEGM6fheAt2MaOBUsLwSpIYl9gQyYB1LFZHMdLNZyhyfWqWPo1jbpwDP1J8bGZHGjGVoJyWBoVn0puJfXieF6KqbcZWkwBSdfxSlAkOMp5XhPteMghhbQqjm9lZMh8RWBbbYio3uLwZdJq3zmu/V/PuLav266KyMjtEJOkM+ukR1dIvuUBNRlKNn9Iomzovz5rw7H/PRklPsHKJfcL6+ATgJnnE=</latexit><latexit sha1_base64="6t8WG1QQe3o5+24Ch4cFZ3jlRQY=">AAACJXicjVDLSgMxFM3UV62vURcu3ASL4KrMiKDLohuXCn0InVIyaaYNTTJDckcsw3yNCzf+ipsigit/xbSdhbYuPBA4nHMvueeEieAGPO/TKa2srq1vlDcrW9s7u3vu/kHLxKmmrEljEeuHkBgmuGJN4CDYQ6IZkaFg7XB0M/Xbj0wbHqsGjBPWlWSgeMQpASv13KMA2BNomWVBGOGGJnTE1SDPe27Vq3kz4GXiF6SKCvxvvOdOgn5MU8kUUEGM6fheAt2MaOBUsLwSpIYl9gQyYB1LFZHMdLNZyhyfWqWPo1jbpwDP1J8bGZHGjGVoJyWBoVn0puJfXieF6KqbcZWkwBSdfxSlAkOMp5XhPteMghhbQqjm9lZMh8RWBbbYio3uLwZdJq3zmu/V/PuLav266KyMjtEJOkM+ukR1dIvuUBNRlKNn9Iomzovz5rw7H/PRklPsHKJfcL6+ATgJnnE=</latexit>

Freezing
<latexit sha1_base64="G+s4zbk4ZmYldzABVD7gkjzhuTQ=">AAACAHicbVDLSgNBEJyNrxhfUQ8evAwGwVPYFUGPQUE8RjAPSEKYnfQmQ2Znl5leMS578Ve8eFDEq5/hzb9x8jhoYkFDUdVNd5cfS2HQdb+d3NLyyupafr2wsbm1vVPc3aubKNEcajySkW76zIAUCmooUEIz1sBCX0LDH16N/cY9aCMidYejGDoh6ysRCM7QSt3iQRvhAXWYpm0/oNca4FGofpZ1iyW37E5AF4k3IyUyQ7Vb/Gr3Ip6EoJBLZkzLc2PspEyj4BKyQjsxEDM+ZH1oWapYCKaTTh7I6LFVejSItC2FdKL+nkhZaMwo9G1nyHBg5r2x+J/XSjC46KRCxQmC4tNFQSIpRnScBu0JDRzlyBLGtbC3Uj5gmnG0mRVsCN78y4ukflr23LJ3e1aqXM7iyJNDckROiEfOSYXckCqpEU4y8kxeyZvz5Lw4787HtDXnzGb2yR84nz+Ji5b/</latexit><latexit sha1_base64="oCuuGJ6T0Gk59zs2hX3Mh8PuoTQ=">AAACJXicjVC7SgNBFJ2NrxhfUQsLm8EgWIVdEbQMCmKpYB6QhDA7uZsMmZ1dZu6KcdmvsbDxV2yCCFb+ipNHoYmFBwYO55zLnXv8WAqDrvvp5JaWV1bX8uuFjc2t7Z3i7l7NRInmUOWRjHTDZwakUFBFgRIasQYW+hLq/uBq7NcfQBsRqXscxtAOWU+JQHCGVuoUD1oIj6jDNG35Ab3WAE9C9bKsUyy5ZXcCuki8GSmRGf4X7xRHrW7EkxAUcsmMaXpujO2UaRRcQlZoJQZixgesB01LFQvBtNPJlRk9tkqXBpG2TyGdqD8nUhYaMwx9mwwZ9s28Nxb/8poJBhftVKg4QVB8uihIJMWIjiujXaGBoxxawrgW9q+U95lmHG2xBXu6N3/oIqmdlj237N2dlSqXs87y5JAckRPikXNSITfkllQJJxl5Jq9k5Lw4b8678zGN5pzZzD75BefrG0Odnng=</latexit><latexit sha1_base64="oCuuGJ6T0Gk59zs2hX3Mh8PuoTQ=">AAACJXicjVC7SgNBFJ2NrxhfUQsLm8EgWIVdEbQMCmKpYB6QhDA7uZsMmZ1dZu6KcdmvsbDxV2yCCFb+ipNHoYmFBwYO55zLnXv8WAqDrvvp5JaWV1bX8uuFjc2t7Z3i7l7NRInmUOWRjHTDZwakUFBFgRIasQYW+hLq/uBq7NcfQBsRqXscxtAOWU+JQHCGVuoUD1oIj6jDNG35Ab3WAE9C9bKsUyy5ZXcCuki8GSmRGf4X7xRHrW7EkxAUcsmMaXpujO2UaRRcQlZoJQZixgesB01LFQvBtNPJlRk9tkqXBpG2TyGdqD8nUhYaMwx9mwwZ9s28Nxb/8poJBhftVKg4QVB8uihIJMWIjiujXaGBoxxawrgW9q+U95lmHG2xBXu6N3/oIqmdlj237N2dlSqXs87y5JAckRPikXNSITfkllQJJxl5Jq9k5Lw4b8678zGN5pzZzD75BefrG0Odnng=</latexit><latexit sha1_base64="oCuuGJ6T0Gk59zs2hX3Mh8PuoTQ=">AAACJXicjVC7SgNBFJ2NrxhfUQsLm8EgWIVdEbQMCmKpYB6QhDA7uZsMmZ1dZu6KcdmvsbDxV2yCCFb+ipNHoYmFBwYO55zLnXv8WAqDrvvp5JaWV1bX8uuFjc2t7Z3i7l7NRInmUOWRjHTDZwakUFBFgRIasQYW+hLq/uBq7NcfQBsRqXscxtAOWU+JQHCGVuoUD1oIj6jDNG35Ab3WAE9C9bKsUyy5ZXcCuki8GSmRGf4X7xRHrW7EkxAUcsmMaXpujO2UaRRcQlZoJQZixgesB01LFQvBtNPJlRk9tkqXBpG2TyGdqD8nUhYaMwx9mwwZ9s28Nxb/8poJBhftVKg4QVB8uihIJMWIjiujXaGBoxxawrgW9q+U95lmHG2xBXu6N3/oIqmdlj237N2dlSqXs87y5JAckRPikXNSITfkllQJJxl5Jq9k5Lw4b8678zGN5pzZzD75BefrG0Odnng=</latexit>

Inflation
<latexit sha1_base64="v7FgzG9MCf1ZghYdkS2DV4tq0Tc=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSEfRY9KK3CvYD2lA22027dLMJuxOxhHjxr3jxoIhX/4U3/43bNAdtfTDweG+GmXl+LLgGx/m2SkvLK6tr5fXKxubW9o69u9fSUaIoa9JIRKrjE80El6wJHATrxIqR0Bes7Y+vpn77ninNI3kHk5h5IRlKHnBKwEh9+6AH7AFUmKY9P8A3MhC5kWV9u+rUnBx4kbgFqaICjb791RtENAmZBCqI1l3XicFLiQJOBcsqvUSzmNAxGbKuoZKETHtp/kGGj40ywEGkTEnAufp7IiWh1pPQN50hgZGe96bif143geDCS7mME2CSzhYFicAQ4WkceMAVoyAmhhCquLkV0xFRhIIJrWJCcOdfXiSt05rr1Nzbs2r9soijjA7RETpBLjpHdXSNGqiJKHpEz+gVvVlP1ov1bn3MWktWMbOP/sD6/AFYmZdz</latexit><latexit sha1_base64="Jw0HzOeirP7U5ZJaaq+PnNZqIso=">AAACJnicjVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3ehOwT6gDWUynbRDJ5MwcyOWEL/GhRt/xYUi4s5PcZpmoa0LDwwczjmXO/f4seAaHOfTKi0sLi2vlFcra+sbm1v29k5TR4mirEEjEam2TzQTXLIGcBCsHStGQl+wlj+6mPitO6Y0j+QtjGPmhWQgecApASP17L0usHtQYZp2/QBfyUDkRpb17KpTc3LgeeIWpIoK/C/es1+7/YgmIZNABdG64zoxeClRwKlgWaWbaBYTOiID1jFUkpBpL83PzPChUfo4iJR5EnCu/pxISaj1OPRNMiQw1LPeRPzL6yQQnHkpl3ECTNLpoiARGCI86Qz3uWIUxNgQQhU3f8V0SBShYJqtmNPd2UPnSfO45jo19+akWj8vOiujfXSAjpCLTlEdXaJr1EAUPaBH9IzerCfrxXq3PqbRklXM7KJfsL6+ASIinuw=</latexit><latexit sha1_base64="Jw0HzOeirP7U5ZJaaq+PnNZqIso=">AAACJnicjVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3ehOwT6gDWUynbRDJ5MwcyOWEL/GhRt/xYUi4s5PcZpmoa0LDwwczjmXO/f4seAaHOfTKi0sLi2vlFcra+sbm1v29k5TR4mirEEjEam2TzQTXLIGcBCsHStGQl+wlj+6mPitO6Y0j+QtjGPmhWQgecApASP17L0usHtQYZp2/QBfyUDkRpb17KpTc3LgeeIWpIoK/C/es1+7/YgmIZNABdG64zoxeClRwKlgWaWbaBYTOiID1jFUkpBpL83PzPChUfo4iJR5EnCu/pxISaj1OPRNMiQw1LPeRPzL6yQQnHkpl3ECTNLpoiARGCI86Qz3uWIUxNgQQhU3f8V0SBShYJqtmNPd2UPnSfO45jo19+akWj8vOiujfXSAjpCLTlEdXaJr1EAUPaBH9IzerCfrxXq3PqbRklXM7KJfsL6+ASIinuw=</latexit><latexit sha1_base64="Jw0HzOeirP7U5ZJaaq+PnNZqIso=">AAACJnicjVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3ehOwT6gDWUynbRDJ5MwcyOWEL/GhRt/xYUi4s5PcZpmoa0LDwwczjmXO/f4seAaHOfTKi0sLi2vlFcra+sbm1v29k5TR4mirEEjEam2TzQTXLIGcBCsHStGQl+wlj+6mPitO6Y0j+QtjGPmhWQgecApASP17L0usHtQYZp2/QBfyUDkRpb17KpTc3LgeeIWpIoK/C/es1+7/YgmIZNABdG64zoxeClRwKlgWaWbaBYTOiID1jFUkpBpL83PzPChUfo4iJR5EnCu/pxISaj1OPRNMiQw1LPeRPzL6yQQnHkpl3ECTNLpoiARGCI86Qz3uWIUxNgQQhU3f8V0SBShYJqtmNPd2UPnSfO45jo19+akWj8vOiujfXSAjpCLTlEdXaJr1EAUPaBH9IzerCfrxXq3PqbRklXM7KJfsL6+ASIinuw=</latexit> Kination<latexit sha1_base64="4JoQUyArcXCvNsgssQC5Zgxw/hU=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSiKDHohfBSwVbC00om+2mXbrZhN2JWEIu/hUvHhTx6s/w5r9xm+agrQ8GHu/NMDMvSATX4DjfVmVpeWV1rbpe29jc2t6xd/c6Ok4VZW0ai1h1A6KZ4JK1gYNg3UQxEgWC3Qfjq6l//8CU5rG8g0nC/IgMJQ85JWCkvn3gAXsEFWWZF4T4hstCz/O+XXcaTgG8SNyS1FGJVt/+8gYxTSMmgQqidc91EvAzooBTwfKal2qWEDomQ9YzVJKIaT8rHsjxsVEGOIyVKQm4UH9PZCTSehIFpjMiMNLz3lT8z+ulEF74GZdJCkzS2aIwFRhiPE0DD7hiFMTEEEIVN7diOiKKUDCZ1UwI7vzLi6Rz2nCdhnt7Vm9elnFU0SE6QifIReeoia5RC7URRTl6Rq/ozXqyXqx362PWWrHKmX30B9bnD44WlwI=</latexit><latexit sha1_base64="9dghlVvzuqzpl6kRUWA8QwABFCw=">AAACJXicjVBNS8NAFNzUr1q/oh48eFksgqeSiKDHohfBi4KthSaUzXbTLt1swu6LWEJ+jQcv/hUvRQRP/hW3aQ7aenBgYZiZx9s3QSK4Bsf5tCpLyyura9X12sbm1vaOvbvX1nGqKGvRWMSqExDNBJesBRwE6ySKkSgQ7CEYXU39h0emNI/lPYwT5kdkIHnIKQEj9ewDD9gTqCjLvCDEN1wWep737LrTcArgReKWpI5K/C/esydeP6ZpxCRQQbTuuk4CfkYUcCpYXvNSzRJCR2TAuoZKEjHtZ8WVOT42Sh+HsTJPAi7UnxMZibQeR4FJRgSGet6bin953RTCCz/jMkmBSTpbFKYCQ4ynleE+V4yCGBtCqOLmr5gOiSIUTLE1c7o7f+giaZ82XKfh3p3Vm5dlZ1V0iI7QCXLROWqia3SLWoiiHD2jVzSxXqw36936mEUrVjmzj37B+voGSJeeew==</latexit><latexit sha1_base64="9dghlVvzuqzpl6kRUWA8QwABFCw=">AAACJXicjVBNS8NAFNzUr1q/oh48eFksgqeSiKDHohfBi4KthSaUzXbTLt1swu6LWEJ+jQcv/hUvRQRP/hW3aQ7aenBgYZiZx9s3QSK4Bsf5tCpLyyura9X12sbm1vaOvbvX1nGqKGvRWMSqExDNBJesBRwE6ySKkSgQ7CEYXU39h0emNI/lPYwT5kdkIHnIKQEj9ewDD9gTqCjLvCDEN1wWep737LrTcArgReKWpI5K/C/esydeP6ZpxCRQQbTuuk4CfkYUcCpYXvNSzRJCR2TAuoZKEjHtZ8WVOT42Sh+HsTJPAi7UnxMZibQeR4FJRgSGet6bin953RTCCz/jMkmBSTpbFKYCQ4ynleE+V4yCGBtCqOLmr5gOiSIUTLE1c7o7f+giaZ82XKfh3p3Vm5dlZ1V0iI7QCXLROWqia3SLWoiiHD2jVzSxXqw36936mEUrVjmzj37B+voGSJeeew==</latexit><latexit sha1_base64="9dghlVvzuqzpl6kRUWA8QwABFCw=">AAACJXicjVBNS8NAFNzUr1q/oh48eFksgqeSiKDHohfBi4KthSaUzXbTLt1swu6LWEJ+jQcv/hUvRQRP/hW3aQ7aenBgYZiZx9s3QSK4Bsf5tCpLyyura9X12sbm1vaOvbvX1nGqKGvRWMSqExDNBJesBRwE6ySKkSgQ7CEYXU39h0emNI/lPYwT5kdkIHnIKQEj9ewDD9gTqCjLvCDEN1wWep737LrTcArgReKWpI5K/C/esydeP6ZpxCRQQbTuuk4CfkYUcCpYXvNSzRJCR2TAuoZKEjHtZ8WVOT42Sh+HsTJPAi7UnxMZibQeR4FJRgSGet6bin953RTCCz/jMkmBSTpbFKYCQ4ynleE+V4yCGBtCqOLmr5gOiSIUTLE1c7o7f+giaZ82XKfh3p3Vm5dlZ1V0iI7QCXLROWqia3SLWoiiHD2jVzSxXqw36936mEUrVjmzj37B+voGSJeeew==</latexit>

Radiation
<latexit sha1_base64="U3Gzj9OrWgcIdmxe8QlbNpKX1v4=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYh/QhDKZTNqhkwczN2IJceOvuHGhiFv/wp1/4zTNQlsPXDiccy/33uMlgiuwrG+jsrS8srpWXa9tbG5t75i7ex0Vp5KyNo1FLHseUUzwiLWBg2C9RDISeoJ1vfHV1O/eM6l4HN3BJGFuSIYRDzgloKWBeeAAewAZZpnjBfiW+Lww8nxg1q2GVQAvErskdVSiNTC/HD+macgioIIo1betBNyMSOBUsLzmpIolhI7JkPU1jUjIlJsVH+T4WCs+DmKpKwJcqL8nMhIqNQk93RkSGKl5byr+5/VTCC7cjEdJCiyis0VBKjDEeBoH9rlkFMREE0Il17diOiKSUNCh1XQI9vzLi6Rz2rCthn1zVm9elnFU0SE6QifIRueoia5RC7URRY/oGb2iN+PJeDHejY9Za8UoZ/bRHxifP0q1l2o=</latexit><latexit sha1_base64="/Q95ii+z44QTu/CY2uPBPcxVnuo=">AAACJnicjVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bhUsQ9oQplMJu3QyYOZG7GE+DUu3PgrLhQRd36K0zQLbV14YOBwzrncucdLBFdgWZ9GZWFxaXmlulpbW9/Y3DK3d9oqTiVlLRqLWHY9opjgEWsBB8G6iWQk9ATreKOLid+5Y1LxOLqFccLckAwiHnBKQEt9c88Bdg8yzDLHC/AN8Xlh5HnfrFsNqwCeJ3ZJ6qjE/+J989XxY5qGLAIqiFI920rAzYgETgXLa06qWELoiAxYT9OIhEy5WXFmjg+14uMglvpFgAv150RGQqXGoaeTIYGhmvUm4l9eL4XgzM14lKTAIjpdFKQCQ4wnnWGfS0ZBjDUhVHL9V0yHRBIKutmaPt2ePXSetI8bttWwr0/qzfOysyraRwfoCNnoFDXRJbpCLUTRA3pEz+jNeDJejHfjYxqtGOXMLvoF4+sbEvGe4w==</latexit><latexit sha1_base64="/Q95ii+z44QTu/CY2uPBPcxVnuo=">AAACJnicjVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bhUsQ9oQplMJu3QyYOZG7GE+DUu3PgrLhQRd36K0zQLbV14YOBwzrncucdLBFdgWZ9GZWFxaXmlulpbW9/Y3DK3d9oqTiVlLRqLWHY9opjgEWsBB8G6iWQk9ATreKOLid+5Y1LxOLqFccLckAwiHnBKQEt9c88Bdg8yzDLHC/AN8Xlh5HnfrFsNqwCeJ3ZJ6qjE/+J989XxY5qGLAIqiFI920rAzYgETgXLa06qWELoiAxYT9OIhEy5WXFmjg+14uMglvpFgAv150RGQqXGoaeTIYGhmvUm4l9eL4XgzM14lKTAIjpdFKQCQ4wnnWGfS0ZBjDUhVHL9V0yHRBIKutmaPt2ePXSetI8bttWwr0/qzfOysyraRwfoCNnoFDXRJbpCLUTRA3pEz+jNeDJejHfjYxqtGOXMLvoF4+sbEvGe4w==</latexit><latexit sha1_base64="/Q95ii+z44QTu/CY2uPBPcxVnuo=">AAACJnicjVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bhUsQ9oQplMJu3QyYOZG7GE+DUu3PgrLhQRd36K0zQLbV14YOBwzrncucdLBFdgWZ9GZWFxaXmlulpbW9/Y3DK3d9oqTiVlLRqLWHY9opjgEWsBB8G6iWQk9ATreKOLid+5Y1LxOLqFccLckAwiHnBKQEt9c88Bdg8yzDLHC/AN8Xlh5HnfrFsNqwCeJ3ZJ6qjE/+J989XxY5qGLAIqiFI920rAzYgETgXLa06qWELoiAxYT9OIhEy5WXFmjg+14uMglvpFgAv150RGQqXGoaeTIYGhmvUm4l9eL4XgzM14lKTAIjpdFKQCQ4wnnWGfS0ZBjDUhVHL9V0yHRBIKutmaPt2ePXSetI8bttWwr0/qzfOysyraRwfoCNnoFDXRJbpCLUTRA3pEz+jNeDJejHfjYxqtGOXMLvoF4+sbEvGe4w==</latexit>

Matter<latexit sha1_base64="M1RhMC7OaLqN7OJV9u+XMtmo/R4=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXgRKthaaErZbCft0s0HuxOxhIB/xYsHRbz6O7z5b9y2OWjrg4HHezPMzPMTKTQ6zrdVWlpeWV0rr1c2Nre2d+zdvZaOU8WhyWMZq7bPNEgRQRMFSmgnCljoS7j3R1cT//4BlBZxdIfjBLohG0QiEJyhkXr2gYfwiCrMMs8P6A1DBJXnPbvq1Jwp6CJxC1IlBRo9+8vrxzwNIUIumdYd10mwmzGFgkvIK16qIWF8xAbQMTRiIehuNj0/p8dG6dMgVqYipFP190TGQq3HoW86Q4ZDPe9NxP+8TorBRTcTUZIiRHy2KEglxZhOsqB9oYCjHBvCuBLmVsqHTDFuQtAVE4I7//IiaZ3WXKfm3p5V65dFHGVySI7ICXHJOamTa9IgTcJJRp7JK3mznqwX6936mLWWrGJmn/yB9fkD9zCWHg==</latexit><latexit sha1_base64="k9cN/7L/UuXjs71ihdx2KYg9spk=">AAACI3icjVC7SgNBFJ2Nrxhfq2JlMxgEq7ArgpZBGxtBwcRANoTZyd1kyOyDmbtiWPZjLGz8FRsJNhb+i5NkC00sPDBwOOdc7tzjJ1JodJxPq7S0vLK6Vl6vbGxube/Yu3tNHaeKQ4PHMlYtn2mQIoIGCpTQShSw0Jfw4A+vJv7DIygt4ugeRwl0QtaPRCA4QyN17QMP4QlVmGWeH9Abhggqz7t21ak5U9BF4hakSgr8L961x14v5mkIEXLJtG67ToKdjCkUXEJe8VINCeND1oe2oRELQXey6Y05PTZKjwaxMi9COlV/TmQs1HoU+iYZMhzoeW8i/uW1UwwuOpmIkhQh4rNFQSopxnRSGO0JBRzlyBDGlTB/pXzAFOOmKV0xp7vzhy6S5mnNdWru3Vm1fll0ViaH5IicEJeckzq5JrekQTjJyDN5Je/Wi/Vmja2PWbRkFTP75Besr2+TV52X</latexit><latexit sha1_base64="k9cN/7L/UuXjs71ihdx2KYg9spk=">AAACI3icjVC7SgNBFJ2Nrxhfq2JlMxgEq7ArgpZBGxtBwcRANoTZyd1kyOyDmbtiWPZjLGz8FRsJNhb+i5NkC00sPDBwOOdc7tzjJ1JodJxPq7S0vLK6Vl6vbGxube/Yu3tNHaeKQ4PHMlYtn2mQIoIGCpTQShSw0Jfw4A+vJv7DIygt4ugeRwl0QtaPRCA4QyN17QMP4QlVmGWeH9Abhggqz7t21ak5U9BF4hakSgr8L961x14v5mkIEXLJtG67ToKdjCkUXEJe8VINCeND1oe2oRELQXey6Y05PTZKjwaxMi9COlV/TmQs1HoU+iYZMhzoeW8i/uW1UwwuOpmIkhQh4rNFQSopxnRSGO0JBRzlyBDGlTB/pXzAFOOmKV0xp7vzhy6S5mnNdWru3Vm1fll0ViaH5IicEJeckzq5JrekQTjJyDN5Je/Wi/Vmja2PWbRkFTP75Besr2+TV52X</latexit><latexit sha1_base64="k9cN/7L/UuXjs71ihdx2KYg9spk=">AAACI3icjVC7SgNBFJ2Nrxhfq2JlMxgEq7ArgpZBGxtBwcRANoTZyd1kyOyDmbtiWPZjLGz8FRsJNhb+i5NkC00sPDBwOOdc7tzjJ1JodJxPq7S0vLK6Vl6vbGxube/Yu3tNHaeKQ4PHMlYtn2mQIoIGCpTQShSw0Jfw4A+vJv7DIygt4ugeRwl0QtaPRCA4QyN17QMP4QlVmGWeH9Abhggqz7t21ak5U9BF4hakSgr8L961x14v5mkIEXLJtG67ToKdjCkUXEJe8VINCeND1oe2oRELQXey6Y05PTZKjwaxMi9COlV/TmQs1HoU+iYZMhzoeW8i/uW1UwwuOpmIkhQh4rNFQSopxnRSGO0JBRzlyBDGlTB/pXzAFOOmKV0xp7vzhy6S5mnNdWru3Vm1fll0ViaH5IicEJeckzq5JrekQTjJyDN5Je/Wi/Vmja2PWbRkFTP75Besr2+TV52X</latexit>

DE<latexit sha1_base64="vjRdfzFAz/vUnlyN7C51AaMy8Gw=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUQEXRYf4LKCfUATymQ6aYdOJmHmRi0xn+LGhSJu/RJ3/o3TNgttPXDhcM693HtPkAiuwXG+raXlldW19dJGeXNre2fXruy1dJwqypo0FrHqBEQzwSVrAgfBOoliJAoEawejy4nfvmdK81jewThhfkQGkoecEjBSz654wB5BRVnmBSG+us7znl11as4UeJG4BamiAo2e/eX1Y5pGTAIVROuu6yTgZ0QBp4LlZS/VLCF0RAasa6gkEdN+Nj09x0dG6eMwVqYk4Kn6eyIjkdbjKDCdEYGhnvcm4n9eN4Xw3M+4TFJgks4WhanAEONJDrjPFaMgxoYQqri5FdMhUYSCSatsQnDnX14krZOa69Tc29Nq/aKIo4QO0CE6Ri46Q3V0gxqoiSh6QM/oFb1ZT9aL9W59zFqXrGJmH/2B9fkDZsGUEg==</latexit><latexit sha1_base64="EYhv8CpHps3soUs17xRsn4MPY6Q=">AAACH3icjVDLSsNAFJ34rPWV6tLNYBFclUQEXRYf4FLBPqAJZTKdtEMnkzBzo5aQT3Hhxl9xIyLu+jdO2yy0deGBgcM553LnniARXIPjjK2l5ZXVtfXSRnlza3tn167sNXWcKsoaNBaxagdEM8ElawAHwdqJYiQKBGsFw8uJ33pgSvNY3sMoYX5E+pKHnBIwUteueMCeQEVZ5gUhvrrO865ddWrOFHiRuAWpogL/i3ftL68X0zRiEqggWndcJwE/Iwo4FSwve6lmCaFD0mcdQyWJmPaz6X05PjJKD4exMk8Cnqo/JzISaT2KApOMCAz0vDcR//I6KYTnfsZlkgKTdLYoTAWGGE/Kwj2uGAUxMoRQxc1fMR0QRSiYSsvmdHf+0EXSPKm5Ts29O63WL4rOSugAHaJj5KIzVEc36BY1EEWP6Bm9onfrxXqzPqzPWXTJKmb20S9Y42+8UZuL</latexit><latexit sha1_base64="EYhv8CpHps3soUs17xRsn4MPY6Q=">AAACH3icjVDLSsNAFJ34rPWV6tLNYBFclUQEXRYf4FLBPqAJZTKdtEMnkzBzo5aQT3Hhxl9xIyLu+jdO2yy0deGBgcM553LnniARXIPjjK2l5ZXVtfXSRnlza3tn167sNXWcKsoaNBaxagdEM8ElawAHwdqJYiQKBGsFw8uJ33pgSvNY3sMoYX5E+pKHnBIwUteueMCeQEVZ5gUhvrrO865ddWrOFHiRuAWpogL/i3ftL68X0zRiEqggWndcJwE/Iwo4FSwve6lmCaFD0mcdQyWJmPaz6X05PjJKD4exMk8Cnqo/JzISaT2KApOMCAz0vDcR//I6KYTnfsZlkgKTdLYoTAWGGE/Kwj2uGAUxMoRQxc1fMR0QRSiYSsvmdHf+0EXSPKm5Ts29O63WL4rOSugAHaJj5KIzVEc36BY1EEWP6Bm9onfrxXqzPqzPWXTJKmb20S9Y42+8UZuL</latexit><latexit sha1_base64="EYhv8CpHps3soUs17xRsn4MPY6Q=">AAACH3icjVDLSsNAFJ34rPWV6tLNYBFclUQEXRYf4FLBPqAJZTKdtEMnkzBzo5aQT3Hhxl9xIyLu+jdO2yy0deGBgcM553LnniARXIPjjK2l5ZXVtfXSRnlza3tn167sNXWcKsoaNBaxagdEM8ElawAHwdqJYiQKBGsFw8uJ33pgSvNY3sMoYX5E+pKHnBIwUteueMCeQEVZ5gUhvrrO865ddWrOFHiRuAWpogL/i3ftL68X0zRiEqggWndcJwE/Iwo4FSwve6lmCaFD0mcdQyWJmPaz6X05PjJKD4exMk8Cnqo/JzISaT2KApOMCAz0vDcR//I6KYTnfsZlkgKTdLYoTAWGGE/Kwj2uGAUxMoRQxc1fMR0QRSiYSsvmdHf+0EXSPKm5Ts29O63WL4rOSugAHaJj5KIzVEc36BY1EEWP6Bm9onfrxXqzPqzPWXTJKmb20S9Y42+8UZuL</latexit>

Nkin
<latexit sha1_base64="Vc0adVb7ZeJExFlmfvURPncseN4=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF08SwTxgs4TZyWwyZB7LTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXnApuwfe/vdLa+sbmVnm7srO7t39QPTxqW50ZylpUC226MbFMcMVawEGwbmoYkbFgnXh8O/M7T8xYrtUjTFIWSTJUPOGUgJPC+37eMxKPuZr2qzW/7s+BV0lQkBoq0OxXv3oDTTPJFFBBrA0DP4UoJwY4FWxa6WWWpYSOyZCFjioimY3y+clTfOaUAU60caUAz9XfEzmR1k5k7DolgZFd9mbif16YQXId5VylGTBFF4uSTGDQePY/HnDDKIiJI4Qa7m7FdEQMoeBSqrgQguWXV0n7oh749eDhsta4KeIooxN0is5RgK5QA92hJmohijR6Rq/ozQPvxXv3PhatJa+YOUZ/4H3+ACqokSo=</latexit><latexit sha1_base64="3yTjU2/4wCknwWvYuhYWUd0vRb8=">AAACF3icjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sRIFkwibJcxOZpMh81hmZoWw5DMsbPwVGxFb7fwbJ8kWmlh4YOBwzrncuSdOOTPW97+80tLyyupaeb2ysbm1vVPd3WsZlWlCm0Rxpe9jbChnkjYts5zep5piEXPajoeXE7/9QLVhSt7ZUUojgfuSJYxg66Twupt3tEBDJsfdas2v+1OgRRIUpAYF/hfvVj87PUUyQaUlHBsTBn5qoxxrywin40onMzTFZIj7NHRUYkFNlE/vGqMjp/RQorR70qKp+nMix8KYkYhdUmA7MPPeRPzLCzObnEc5k2lmqSSzRUnGkVVoUhLqMU2J5SNHMNHM/RWRAdaYWFdlxZ0ezB+6SFon9cCvB7entcZF0VkZDuAQjiGAM2jAFdxAEwgoeIRnePWevBfvzXufRUteMbMPv+B9fAMfGJij</latexit><latexit sha1_base64="3yTjU2/4wCknwWvYuhYWUd0vRb8=">AAACF3icjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sRIFkwibJcxOZpMh81hmZoWw5DMsbPwVGxFb7fwbJ8kWmlh4YOBwzrncuSdOOTPW97+80tLyyupaeb2ysbm1vVPd3WsZlWlCm0Rxpe9jbChnkjYts5zep5piEXPajoeXE7/9QLVhSt7ZUUojgfuSJYxg66Twupt3tEBDJsfdas2v+1OgRRIUpAYF/hfvVj87PUUyQaUlHBsTBn5qoxxrywin40onMzTFZIj7NHRUYkFNlE/vGqMjp/RQorR70qKp+nMix8KYkYhdUmA7MPPeRPzLCzObnEc5k2lmqSSzRUnGkVVoUhLqMU2J5SNHMNHM/RWRAdaYWFdlxZ0ezB+6SFon9cCvB7entcZF0VkZDuAQjiGAM2jAFdxAEwgoeIRnePWevBfvzXufRUteMbMPv+B9fAMfGJij</latexit><latexit sha1_base64="3yTjU2/4wCknwWvYuhYWUd0vRb8=">AAACF3icjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sRIFkwibJcxOZpMh81hmZoWw5DMsbPwVGxFb7fwbJ8kWmlh4YOBwzrncuSdOOTPW97+80tLyyupaeb2ysbm1vVPd3WsZlWlCm0Rxpe9jbChnkjYts5zep5piEXPajoeXE7/9QLVhSt7ZUUojgfuSJYxg66Twupt3tEBDJsfdas2v+1OgRRIUpAYF/hfvVj87PUUyQaUlHBsTBn5qoxxrywin40onMzTFZIj7NHRUYkFNlE/vGqMjp/RQorR70qKp+nMix8KYkYhdUmA7MPPeRPzLCzObnEc5k2lmqSSzRUnGkVVoUhLqMU2J5SNHMNHM/RWRAdaYWFdlxZ0ezB+6SFon9cCvB7entcZF0VkZDuAQjiGAM2jAFdxAEwgoeIRnePWevBfvzXufRUteMbMPv+B9fAMfGJij</latexit>

Nrad
<latexit sha1_base64="PKUFT+ULlgW2giDFW26t/AsmBbk=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF08SwTwgWcLs7GwyZB7LzKwQlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXlHJmrO9/e6W19Y3NrfJ2ZWd3b/+genjUNirThLaI4kp3I2woZ5K2LLOcdlNNsYg47UTj25nfeaLaMCUf7SSlocBDyRJGsHVS736Q97VAGsfTQbXm1/050CoJClKDAs1B9asfK5IJKi3h2Jhe4Kc2zLG2jHA6rfQzQ1NMxnhIe45KLKgJ8/nJU3TmlBglSruSFs3V3xM5FsZMROQ6BbYjs+zNxP+8XmaT6zBnMs0slWSxKMk4sgrN/kcx05RYPnEEE83crYiMsMbEupQqLoRg+eVV0r6oB349eLisNW6KOMpwAqdwDgFcQQPuoAktIKDgGV7hzbPei/fufSxaS14xcwx/4H3+ABn3kR8=</latexit><latexit sha1_base64="MzIYSfP0HdG5g2aXKsX0CeZv7XI=">AAACF3icjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sRIFkwjJEmZnZ5Mh81hmZoWw5DMsbPwVGxFb7fwbJ8kWmlh4YOBwzrncuSdKOTPW97+80tLyyupaeb2ysbm1vVPd3WsZlWlCm0Rxpe8jbChnkjYts5zep5piEXHajoaXE7/9QLVhSt7ZUUpDgfuSJYxg66TOdS/vaoE0jse9as2v+1OgRRIUpAYF/hfvVT+7sSKZoNISjo3pBH5qwxxrywin40o3MzTFZIj7tOOoxIKaMJ/eNUZHTolRorR70qKp+nMix8KYkYhcUmA7MPPeRPzL62Q2OQ9zJtPMUklmi5KMI6vQpCQUM02J5SNHMNHM/RWRAdaYWFdlxZ0ezB+6SFon9cCvB7entcZF0VkZDuAQjiGAM2jAFdxAEwgoeIRnePWevBfvzXufRUteMbMPv+B9fAMM0JiY</latexit><latexit sha1_base64="MzIYSfP0HdG5g2aXKsX0CeZv7XI=">AAACF3icjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sRIFkwjJEmZnZ5Mh81hmZoWw5DMsbPwVGxFb7fwbJ8kWmlh4YOBwzrncuSdKOTPW97+80tLyyupaeb2ysbm1vVPd3WsZlWlCm0Rxpe8jbChnkjYts5zep5piEXHajoaXE7/9QLVhSt7ZUUpDgfuSJYxg66TOdS/vaoE0jse9as2v+1OgRRIUpAYF/hfvVT+7sSKZoNISjo3pBH5qwxxrywin40o3MzTFZIj7tOOoxIKaMJ/eNUZHTolRorR70qKp+nMix8KYkYhcUmA7MPPeRPzL62Q2OQ9zJtPMUklmi5KMI6vQpCQUM02J5SNHMNHM/RWRAdaYWFdlxZ0ezB+6SFon9cCvB7entcZF0VkZDuAQjiGAM2jAFdxAEwgoeIRnePWevBfvzXufRUteMbMPv+B9fAMM0JiY</latexit><latexit sha1_base64="MzIYSfP0HdG5g2aXKsX0CeZv7XI=">AAACF3icjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sRIFkwjJEmZnZ5Mh81hmZoWw5DMsbPwVGxFb7fwbJ8kWmlh4YOBwzrncuSdKOTPW97+80tLyyupaeb2ysbm1vVPd3WsZlWlCm0Rxpe8jbChnkjYts5zep5piEXHajoaXE7/9QLVhSt7ZUUpDgfuSJYxg66TOdS/vaoE0jse9as2v+1OgRRIUpAYF/hfvVT+7sSKZoNISjo3pBH5qwxxrywin40o3MzTFZIj7tOOoxIKaMJ/eNUZHTolRorR70qKp+nMix8KYkYhcUmA7MPPeRPzL62Q2OQ9zJtPMUklmi5KMI6vQpCQUM02J5SNHMNHM/RWRAdaYWFdlxZ0ezB+6SFon9cCvB7entcZF0VkZDuAQjiGAM2jAFdxAEwgoeIRnePWevBfvzXufRUteMbMPv+B9fAMM0JiY</latexit>

Neq
<latexit sha1_base64="pdzkrGwCnWcLNgO33oVXrVCaavY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYD+wDWWznbRLN5u4uxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YRK81jem3GCfkQHkoecUWOlh9te1lURwcdJr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbxhJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvoZl0lqULL5ojAVxMRk+j7pc4XMiLEllClubyVsSBVlxoZUsiF4iy8vk+ZZ1XOr3t15pXaVx1GEIziGU/DgAmpwA3VoAAMJz/AKb452Xpx352PeWnDymUP4A+fzB14qkLQ=</latexit><latexit sha1_base64="rvtSCQAu37xuYRzAhU6rLvzHbzk=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2VqJgHpgsYXZyNxkyO7vOzAphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIrg2rvvlLCwuLa+sFtaK6xubW9ulnd26jlPFsMZiEatmQDUKLrFmuBHYTBTSKBDYCAYXY7/xgErzWN6aYYJ+RHuSh5xRY6W7q07WVhHB+1GnVHYr7gRknng5KUOO/8U7pc92N2ZphNIwQbVueW5i/Iwqw5nAUbGdakwoG9AetiyVNELtZ5OzRuTQKl0Sxso+achE/TmR0UjrYRTYZERNX896Y/Evr5Wa8MzPuExSg5JNF4WpICYm445IlytkRgwtoUxx+1fC+lRRZmyTRXu6N3voPKkfVzy34t2clKvneWcF2IcDOAIPTqEKl3ANNWAg4RGe4dV5cl6cN+d9Gl1w8pk9+AXn4xtC2Zgt</latexit><latexit sha1_base64="rvtSCQAu37xuYRzAhU6rLvzHbzk=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2VqJgHpgsYXZyNxkyO7vOzAphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIrg2rvvlLCwuLa+sFtaK6xubW9ulnd26jlPFsMZiEatmQDUKLrFmuBHYTBTSKBDYCAYXY7/xgErzWN6aYYJ+RHuSh5xRY6W7q07WVhHB+1GnVHYr7gRknng5KUOO/8U7pc92N2ZphNIwQbVueW5i/Iwqw5nAUbGdakwoG9AetiyVNELtZ5OzRuTQKl0Sxso+achE/TmR0UjrYRTYZERNX896Y/Evr5Wa8MzPuExSg5JNF4WpICYm445IlytkRgwtoUxx+1fC+lRRZmyTRXu6N3voPKkfVzy34t2clKvneWcF2IcDOAIPTqEKl3ANNWAg4RGe4dV5cl6cN+d9Gl1w8pk9+AXn4xtC2Zgt</latexit><latexit sha1_base64="rvtSCQAu37xuYRzAhU6rLvzHbzk=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2VqJgHpgsYXZyNxkyO7vOzAphyV9Y2PgrNiK2YuffOEm20MTCAwOHc87lzj1BIrg2rvvlLCwuLa+sFtaK6xubW9ulnd26jlPFsMZiEatmQDUKLrFmuBHYTBTSKBDYCAYXY7/xgErzWN6aYYJ+RHuSh5xRY6W7q07WVhHB+1GnVHYr7gRknng5KUOO/8U7pc92N2ZphNIwQbVueW5i/Iwqw5nAUbGdakwoG9AetiyVNELtZ5OzRuTQKl0Sxso+achE/TmR0UjrYRTYZERNX896Y/Evr5Wa8MzPuExSg5JNF4WpICYm445IlytkRgwtoUxx+1fC+lRRZmyTRXu6N3voPKkfVzy34t2clKvneWcF2IcDOAIPTqEKl3ANNWAg4RGe4dV5cl6cN+d9Gl1w8pk9+AXn4xtC2Zgt</latexit>

Nde
<latexit sha1_base64="ptCVre3a0O2V+xnWTvIwRsIPQZc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYGuxDWWzmbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzglRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yxbDFEpGoTkA1Ci6xZbgR2EkV0jgQ+BCMrqf+wxMqzRN5b8Yp+jEdSB5xRo2VHm/7eU/FJMRJv1pz6+4MZJl4BalBgWa/+tULE5bFKA0TVOuu56bGz6kynAmcVHqZxpSyER1g11JJY9R+Prt4Qk6sEpIoUbakITP190ROY63HcWA7Y2qGetGbiv953cxEl37OZZoZlGy+KMoEMQmZvk9CrpAZMbaEMsXtrYQNqaLM2JAqNgRv8eVl0j6re27duzuvNa6KOMpwBMdwCh5cQANuoAktYCDhGV7hzdHOi/PufMxbS04xcwh/4Hz+AEpokKc=</latexit><latexit sha1_base64="aE+cD1Chp1vJDWxlT9OcHGHJLMs=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sRIF88BkCbOzN8mQ2dllZlYIS/7CwsZfsRGxFTv/xkmyhSYWHhg4nHMud+4JEsG1cd0vp7C0vLK6VlwvbWxube+Ud/caOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheTvzmAyrNY3lnRgn6Ee1L3uOMGivdX3ezjopIiONuueJW3SnIIvFyUoEc/4t3y5+dMGZphNIwQbVue25i/Iwqw5nAcamTakwoG9I+ti2VNELtZ9OzxuTIKiHpxco+achU/TmR0UjrURTYZETNQM97E/Evr52a3rmfcZmkBiWbLeqlgpiYTDoiIVfIjBhZQpni9q+EDaiizNgmS/Z0b/7QRdI4qXpu1bs9rdQu8s6KcACHcAwenEENruAG6sBAwiM8w6vz5Lw4b877LFpw8pl9+AXn4xstNpgg</latexit><latexit sha1_base64="aE+cD1Chp1vJDWxlT9OcHGHJLMs=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sRIF88BkCbOzN8mQ2dllZlYIS/7CwsZfsRGxFTv/xkmyhSYWHhg4nHMud+4JEsG1cd0vp7C0vLK6VlwvbWxube+Ud/caOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheTvzmAyrNY3lnRgn6Ee1L3uOMGivdX3ezjopIiONuueJW3SnIIvFyUoEc/4t3y5+dMGZphNIwQbVue25i/Iwqw5nAcamTakwoG9I+ti2VNELtZ9OzxuTIKiHpxco+achU/TmR0UjrURTYZETNQM97E/Evr52a3rmfcZmkBiWbLeqlgpiYTDoiIVfIjBhZQpni9q+EDaiizNgmS/Z0b/7QRdI4qXpu1bs9rdQu8s6KcACHcAwenEENruAG6sBAwiM8w6vz5Lw4b877LFpw8pl9+AXn4xstNpgg</latexit><latexit sha1_base64="aE+cD1Chp1vJDWxlT9OcHGHJLMs=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sRIF88BkCbOzN8mQ2dllZlYIS/7CwsZfsRGxFTv/xkmyhSYWHhg4nHMud+4JEsG1cd0vp7C0vLK6VlwvbWxube+Ud/caOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheTvzmAyrNY3lnRgn6Ee1L3uOMGivdX3ezjopIiONuueJW3SnIIvFyUoEc/4t3y5+dMGZphNIwQbVue25i/Iwqw5nAcamTakwoG9I+ti2VNELtZ9OzxuTIKiHpxco+achU/TmR0UjrURTYZETNQM97E/Evr52a3rmfcZmkBiWbLeqlgpiYTDoiIVfIjBhZQpni9q+EDaiizNgmS/Z0b/7QRdI4qXpu1bs9rdQu8s6KcACHcAwenEENruAG6sBAwiM8w6vz5Lw4b877LFpw8pl9+AXn4xstNpgg</latexit>

D. Bettoni & J. Rubio, “Quintessential Inflation: A Tale of Emergent and Broken Symmetries”, 2021.
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Potential redefinition for a PT from a positive tv (ξϕ < 0)

W (ϕ, h = 0, R) = V (ϕ+ ϕtv, h,R)− V (ϕtv, h,R) =

=

[
σ2

4λϕ

(
1 +

√
1 +

4λϕ|ξϕ|R
σ2

)
+ |ξϕ|R

]
ϕ2

− |σ|
2

(
1

3
+

√
1 +

4λϕ|ξϕ|R
σ2

)
ϕ3 +

λϕ

4
ϕ4 .

δ̃(h = 0, R) =
(
8λϕ

σ2

) σ2

4λϕ

(
1+

√
1+

4λϕ|ξϕ|R
σ2

)
+|ξϕ|R(

1
3
+

√
1+

4λϕ|ξϕ|R
σ2

)2 =
2

(
1− 4δ

9
+
√

1− 4δ
9

)
(

1
3
+
√

1− 4δ
9

)2
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Cosmological phase transitions in vacuum

Here δ(t) =
9λ

[
ξR(t)+ g2

2
h2

]
σ2 follows R(t), when writing the potential in

the reduced dimensionless form as

Ṽ (φ̃, t) =
1

4
φ̃4 − φ̃3 +

δ(t)

2
φ̃2 where φ̃ =

3λ

σ
ϕ .

0 ≤ δ ≤ 2: from vanishing barrier to degenerate vacua for ϕ̃fv = 0.

Nucleation rate:

Γ = m4

(
SE
4

2π

)2

e−SE
4 − 1

2
Σ4 ,

where m2
ξϕ>0 = ξϕR+ g2

2 h
2 and the regularised sum over multipoles

Σ4(δ) is the 1-loop contribution to the O(4) Euclidean action
SE
4 (δ) =

4π2

3λ (2− δ)−3
[
α1δ + α2δ

2 + α3δ
3
]
.

M. Matteini et al (2024), F. C. Adams (1993)
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Consistency analysis and phenomenological considerations

Scalar ϕ is spectator during inflation: if ξϕ < 0 then

σ2

λ3
ϕ

(
1− 4C

3 +
√
1− 8C

9

)(
1 +

√
1− 8C

9

)2

< 288M2
P

(
Hinf
σ

)2
.

Higgs branching ratio into invisible particles: g < 0.13.

Radiative corrections to avoid fine-tuning: ∆λϕ ∼ g4

16π2 < λϕ.

Dark matter abundance Ωϕ,0 ≃ 0.26 :

g =

√
12Ωϕ,0H0MP

v

(
g∗reh
g∗0

) 1
2
(
Treh
T0

) 3
2
ϕ−1
reh ≃ 3× 10−17

(
Treh

80GeV

) 3
2 λϕ

σ .

Curvature-induced breaking of EW symmetry if Treh ≤ 80 GeV:

g <

√
2|λh|λϕ

σ v < 125

√
λϕ

σ .
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GWs: amplitude and peak frequency redshifted to today

tnuc ≈ tcol

ΩGW,0(f) =
1.67× 10−5

h2

(
Hcol

Hreh

) 2(3wint−1)
3wint+3

(
Hcol

βcol

)2( α

α+ 1

)2

S(f) ,

with wint ≈ 1, S(f) = 25.09

[
2.41

(
f

fpeak,0

)−0.56
+ 2.34

(
f

fpeak,0

)0.57]−4.2

,

and fpeak,0 = 1.65× 10−5
(

Hcol
Hreh

) 3wint−1

3wint+3
(
0.13βcol
Hcol

)(
Treh

100 GeV

)
.

Assuming instantaneous thermalisation Hreh = π
3

√
g∗reh
10

T 2
reh

MP
, Treh ≤ 80

GeV, g∗reh = 106.75, and ϕ has decayed to SM before rad. domination.
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