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PT - A LINK BETWEEN DIFFERENT OBSERVABLES

generation 
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dark matter

phase 
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LISA IS COMING!
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LISA IS COMING!

[Image credit: ESA-C. Vijoux]

in the 2030’s

First-order phase transition = BSM Physics!
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CLASSICAL CONFORMAL SYMMETRY 

No dimensionful parameters at tree level

�

V(�)

[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(�)

�

V(0)(�) + V(1)(�)

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?

dynamical 

generation of all 

mass scales

predictivity - 
few free 

parameters

Generically strong 
GW signal testable 

with LISA
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CONFORMAL VS “NORMAL” POTENTIAL

�

V(�)

�

V(�)
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CONFORMAL VS “NORMAL” POTENTIAL

�

V(�)

�

V(�)

The thermal barrier can last until low temperatures

Potential for supercooling and strong transition
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SU(2)CSM

SU(2)L ⇥ U(1)Y

cSM:

�  

Hidden sector:
SU(2)X

V (0)(�, ) = �1

�
�†�

�2
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�
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�2
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[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

[See also: L. Chataignier, T. Prokopec, M.G. Schmidt, BS, JHEP 08 (2018) 083]
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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 GRAVITATIONAL WAVES
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TEMPERATURE EVOLUTION

T

V (')
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<latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit><latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit><latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit><latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit>

<latexit sha1_base64="KZrnlXUD5YVcLguRTxkFWkLdrEw=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw4yGJAcPAS8eI2aDZAg9nZ6kSXfP0N0jhCGf4MWDIl79Im/+jZ1FcH1Q8Hiviqp6YcKZNp737qysrq1vbOa28ts7u3v7hYPDlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grmt++o0iyWDTNJaCDwULKIEWysdNvot/qFoudelL1KtYR+E9/15ijCEvV+4a03iEkqqDSEY627vpeYIMPKMMLpNN9LNU0wGeMh7VoqsaA6yOanTtGpVQYoipUtadBc/TqRYaH1RIS2U2Az0j+9mfiX101NVA0yJpPUUEkWi6KUIxOj2d9owBQlhk8swUQxeysiI6wwMTadvA3h81P0P2mdu37Z9W9KxdrlMo4cHMMJnIEPFajBNdShCQSGcA+P8ORw58F5dl4WrSvOcuYIvsF5/QCGjY31</latexit>

TV

<latexit sha1_base64="7OEHFsJ70SOBiSJpg+SFMKNkczs=">AAAB7HicdVDLSsNAFL2pr1pfVZduBosgLkJiS9uFi4IblxWattCGMplO2qGTSZiZCCX0G9y4UMStH+TOv3H6EHweuHA4517uvSdIOFPacd6t3Nr6xuZWfruws7u3f1A8PGqrOJWEeiTmsewGWFHOBPU005x2E0lxFHDaCSbXc79zR6VisWjpaUL9CI8ECxnB2khea5BdzAbFkmOXq06tXkG/iWs7C5Rgheag+NYfxiSNqNCEY6 V6rpNoP8NSM8LprNBPFU0wmeAR7RkqcESVny2OnaEzowxRGEtTQqOF+nUiw5FS0ygwnRHWY/XTm4t/eb1Uh3U/YyJJNRVkuShMOdIxmn+OhkxSovnUEEwkM7ciMsYSE23yKZgQPj9F/5P2pe1Wbfe2UmpcreLIwwmcwjm4UIMG3EATPCDA4B4e4ckS1oP1bL0sW3PWauYYvsF6/QAIM47V</latexit>

T⇤

3 TeV

<latexit sha1_base64="W5qOw70Yuj4HO22fnqcw0Dyog8c=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKiRa2goKBTduhAqmLbShTKaTduhkEmYmQgn9BjcuFHHrB7nzb5w+BJ8HLhzOuZd77wkSzpR2nHcrt7S8srqWXy9sbG5t7xR395oqTiWhHol5LNsBVpQzQT3NNKftRFIcBZy2gtHl1G/dUalYLG71OKF+hAeChYxgbSTvute+OOsVS459WnGqtTL6TVzbmaEECzR6xbduPyZpRIUmHCvVcZ1E+xmWmhFOJ4VuqmiCyQgPaMdQgSOq/Gx27AQdGaWPwliaEhrN1K8TGY6UGkeB6YywHqqf3lT8y+ukOqz5GRNJqqkg80VhypGO0fRz1GeSEs3HhmAimbkVkSGWmGiTT8GE8Pkp+p80T2y3Yrs35VL9fBFHHg7gEI7BhSrU4Qoa4AEBBvfwCE+WsB6sZ+tl3pqzFjP78A3W6wd96Y56</latexit>

MX = 9
<latexit sha1_base64="shIyxp1iv7TY950onx5/KVR9Mq0=">AAAB7nicdVDJSgNBEK12jXGLevTSGARPw4yGJIJCwIvHCGaBZAg9nZ6kSU/P0N0jhCEf4cWDIl79Hm/+jZ1FcH1Q8Hiviqp6QSK4Nq77jpaWV1bX1nMb+c2t7Z3dwt5+U8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6Grqt+6Y0jyWt2acMD8iA8lDTomxUmvQa1+6znmvUHSds7JbqZbwb+I57gxFWKDeK7x1+zFNIyYNFUTrjucmxs+IMpwKNsl3U80SQkdkwDqWShIx7Wezcyf42Cp9HMbKljR4pn6dyEik9TgKbGdEzFD/9KbiX14nNWHVz7hMUsMknS8KU4FNjKe/4z5XjBoxtoRQxe2tmA6JItTYhPI2hM9P8f+keep4Zce7KRVrF4s4cnAIR3ACHlSgBtdQhwZQGME9PMITStADekYv89YltJg5gG9Arx+BXo8G</latexit>

gX = 0.9TeV,



Bogumiła Świeżewska Classical scale invariance: DM and RG

TEMPERATURE EVOLUTION

T

vacuum domination 
begins

Tc
<latexit sha1_base64="NlGwZ9lNhgIahlIk0WYBeMFoqiQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRp/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhxPjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCYSY38</latexit><latexit sha1_base64="NlGwZ9lNhgIahlIk0WYBeMFoqiQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRp/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhxPjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCYSY38</latexit><latexit sha1_base64="NlGwZ9lNhgIahlIk0WYBeMFoqiQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRp/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhxPjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCYSY38</latexit><latexit sha1_base64="NlGwZ9lNhgIahlIk0WYBeMFoqiQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRp/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhxPjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCYSY38</latexit>

Tn
<latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit><latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit><latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit><latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit>

<latexit sha1_base64="KZrnlXUD5YVcLguRTxkFWkLdrEw=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw4yGJAcPAS8eI2aDZAg9nZ6kSXfP0N0jhCGf4MWDIl79Im/+jZ1FcH1Q8Hiviqp6YcKZNp737qysrq1vbOa28ts7u3v7hYPDlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grmt++o0iyWDTNJaCDwULKIEWysdNvot/qFoudelL1KtYR+E9/15ijCEvV+4a03iEkqqDSEY627vpeYIMPKMMLpNN9LNU0wGeMh7VoqsaA6yOanTtGpVQYoipUtadBc/TqRYaH1RIS2U2Az0j+9mfiX101NVA0yJpPUUEkWi6KUIxOj2d9owBQlhk8swUQxeysiI6wwMTadvA3h81P0P2mdu37Z9W9KxdrlMo4cHMMJnIEPFajBNdShCQSGcA+P8ORw58F5dl4WrSvOcuYIvsF5/QCGjY31</latexit>

TV

<latexit sha1_base64="7OEHFsJ70SOBiSJpg+SFMKNkczs=">AAAB7HicdVDLSsNAFL2pr1pfVZduBosgLkJiS9uFi4IblxWattCGMplO2qGTSZiZCCX0G9y4UMStH+TOv3H6EHweuHA4517uvSdIOFPacd6t3Nr6xuZWfruws7u3f1A8PGqrOJWEeiTmsewGWFHOBPU005x2E0lxFHDaCSbXc79zR6VisWjpaUL9CI8ECxnB2khea5BdzAbFkmOXq06tXkG/iWs7C5Rgheag+NYfxiSNqNCEY6 V6rpNoP8NSM8LprNBPFU0wmeAR7RkqcESVny2OnaEzowxRGEtTQqOF+nUiw5FS0ygwnRHWY/XTm4t/eb1Uh3U/YyJJNRVkuShMOdIxmn+OhkxSovnUEEwkM7ciMsYSE23yKZgQPj9F/5P2pe1Wbfe2UmpcreLIwwmcwjm4UIMG3EATPCDA4B4e4ckS1oP1bL0sW3PWauYYvsF6/QAIM47V</latexit>

T⇤

3 TeV
1 TeV

V (')
<latexit sha1_base64="66npJSHHjgNlvhk5rYo0glxvNw8=">AAAB8XicdVDLSsNAFL2pr1pfUZduBotQNyHRYrtwUXDjsoJ9YBvKZDpph04mYWZSKKF/4caFIm79G3f+jdOH4PPAhcM593LvPUHCmdKu+27lVlbX1jfym4Wt7Z3dPXv/oKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQ181tjKhWLxa2eJNSP8ECwkBGsjXTXLHXHWCZDdtqzi65zfuFWqmX0m3iOO0cRlqj37LduPyZpRIUmHCvV8dxE+xmWmhFOp4VuqmiCyQgPaMdQgSOq/Gx+8RSdGKWPwliaEhrN1a8TGY6UmkSB6YywHqqf3kz8y+ukOqz6GRNJqqkgi0VhypGO0ex91GeSEs0nhmAimbkVkSGWmGgTUsGE8Pkp+p80zxzPdbybcrF2uYwjD0dwDCXwoAI1uIY6NICAgHt4hCdLWQ/Ws/WyaM1Zy5lD+Abr9QNmL5C5</latexit><latexit sha1_base64="66npJSHHjgNlvhk5rYo0glxvNw8=">AAAB8XicdVDLSsNAFL2pr1pfUZduBotQNyHRYrtwUXDjsoJ9YBvKZDpph04mYWZSKKF/4caFIm79G3f+jdOH4PPAhcM593LvPUHCmdKu+27lVlbX1jfym4Wt7Z3dPXv/oKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQ181tjKhWLxa2eJNSP8ECwkBGsjXTXLHXHWCZDdtqzi65zfuFWqmX0m3iOO0cRlqj37LduPyZpRIUmHCvV8dxE+xmWmhFOp4VuqmiCyQgPaMdQgSOq/Gx+8RSdGKWPwliaEhrN1a8TGY6UmkSB6YywHqqf3kz8y+ukOqz6GRNJqqkgi0VhypGO0ex91GeSEs0nhmAimbkVkSGWmGgTUsGE8Pkp+p80zxzPdbybcrF2uYwjD0dwDCXwoAI1uIY6NICAgHt4hCdLWQ/Ws/WyaM1Zy5lD+Abr9QNmL5C5</latexit><latexit sha1_base64="66npJSHHjgNlvhk5rYo0glxvNw8=">AAAB8XicdVDLSsNAFL2pr1pfUZduBotQNyHRYrtwUXDjsoJ9YBvKZDpph04mYWZSKKF/4caFIm79G3f+jdOH4PPAhcM593LvPUHCmdKu+27lVlbX1jfym4Wt7Z3dPXv/oKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQ181tjKhWLxa2eJNSP8ECwkBGsjXTXLHXHWCZDdtqzi65zfuFWqmX0m3iOO0cRlqj37LduPyZpRIUmHCvV8dxE+xmWmhFOp4VuqmiCyQgPaMdQgSOq/Gx+8RSdGKWPwliaEhrN1a8TGY6UmkSB6YywHqqf3kz8y+ukOqz6GRNJqqkgi0VhypGO0ex91GeSEs0nhmAimbkVkSGWmGgTUsGE8Pkp+p80zxzPdbybcrF2uYwjD0dwDCXwoAI1uIY6NICAgHt4hCdLWQ/Ws/WyaM1Zy5lD+Abr9QNmL5C5</latexit><latexit sha1_base64="66npJSHHjgNlvhk5rYo0glxvNw8=">AAAB8XicdVDLSsNAFL2pr1pfUZduBotQNyHRYrtwUXDjsoJ9YBvKZDpph04mYWZSKKF/4caFIm79G3f+jdOH4PPAhcM593LvPUHCmdKu+27lVlbX1jfym4Wt7Z3dPXv/oKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQ181tjKhWLxa2eJNSP8ECwkBGsjXTXLHXHWCZDdtqzi65zfuFWqmX0m3iOO0cRlqj37LduPyZpRIUmHCvV8dxE+xmWmhFOp4VuqmiCyQgPaMdQgSOq/Gx+8RSdGKWPwliaEhrN1a8TGY6UmkSB6YywHqqf3kz8y+ukOqz6GRNJqqkgi0VhypGO0ex91GeSEs0nhmAimbkVkSGWmGgTUsGE8Pkp+p80zxzPdbybcrF2uYwjD0dwDCXwoAI1uIY6NICAgHt4hCdLWQ/Ws/WyaM1Zy5lD+Abr9QNmL5C5</latexit>

'
<latexit sha1_base64="CBfUxI9WUlUI3I5tJ+O6UoODrMs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmY0JDl4CHjxGMEskAyhp9OTNOnpabp7AmHIR3jxoIhXv8ebf2NnEVwfFDzeq6KqXig508bz3p3c2vrG5lZ+u7Czu7d/UDw8aukkVYQ2ScIT1QmxppwJ2jTMcNqRiuI45LQdjq/nfntClWaJuDNTSYMYDwWLGMHGSu3eBCs5Yv1iyXMvK161Vka/ie96C5RghUa/+NYbJCSNqTCEY627vidNkGFlGOF0VuilmkpMxnhIu5YKHFMdZItzZ+jMKgMUJcqWMGihfp3IcKz1NA5tZ4zNSP/05uJfXjc1US3ImJCpoYIsF0UpRyZB89/RgClKDJ9agoli9lZERlhhYmxCBRvC56fof9K6cH3P9W/LpfrVKo48nMApnIMPVajDDTSgCQTGcA+P8ORI58F5dl6WrTlnNXMM3+C8fgDy84/0</latexit><latexit sha1_base64="CBfUxI9WUlUI3I5tJ+O6UoODrMs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmY0JDl4CHjxGMEskAyhp9OTNOnpabp7AmHIR3jxoIhXv8ebf2NnEVwfFDzeq6KqXig508bz3p3c2vrG5lZ+u7Czu7d/UDw8aukkVYQ2ScIT1QmxppwJ2jTMcNqRiuI45LQdjq/nfntClWaJuDNTSYMYDwWLGMHGSu3eBCs5Yv1iyXMvK161Vka/ie96C5RghUa/+NYbJCSNqTCEY627vidNkGFlGOF0VuilmkpMxnhIu5YKHFMdZItzZ+jMKgMUJcqWMGihfp3IcKz1NA5tZ4zNSP/05uJfXjc1US3ImJCpoYIsF0UpRyZB89/RgClKDJ9agoli9lZERlhhYmxCBRvC56fof9K6cH3P9W/LpfrVKo48nMApnIMPVajDDTSgCQTGcA+P8ORI58F5dl6WrTlnNXMM3+C8fgDy84/0</latexit><latexit sha1_base64="CBfUxI9WUlUI3I5tJ+O6UoODrMs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmY0JDl4CHjxGMEskAyhp9OTNOnpabp7AmHIR3jxoIhXv8ebf2NnEVwfFDzeq6KqXig508bz3p3c2vrG5lZ+u7Czu7d/UDw8aukkVYQ2ScIT1QmxppwJ2jTMcNqRiuI45LQdjq/nfntClWaJuDNTSYMYDwWLGMHGSu3eBCs5Yv1iyXMvK161Vka/ie96C5RghUa/+NYbJCSNqTCEY627vidNkGFlGOF0VuilmkpMxnhIu5YKHFMdZItzZ+jMKgMUJcqWMGihfp3IcKz1NA5tZ4zNSP/05uJfXjc1US3ImJCpoYIsF0UpRyZB89/RgClKDJ9agoli9lZERlhhYmxCBRvC56fof9K6cH3P9W/LpfrVKo48nMApnIMPVajDDTSgCQTGcA+P8ORI58F5dl6WrTlnNXMM3+C8fgDy84/0</latexit><latexit sha1_base64="CBfUxI9WUlUI3I5tJ+O6UoODrMs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmY0JDl4CHjxGMEskAyhp9OTNOnpabp7AmHIR3jxoIhXv8ebf2NnEVwfFDzeq6KqXig508bz3p3c2vrG5lZ+u7Czu7d/UDw8aukkVYQ2ScIT1QmxppwJ2jTMcNqRiuI45LQdjq/nfntClWaJuDNTSYMYDwWLGMHGSu3eBCs5Yv1iyXMvK161Vka/ie96C5RghUa/+NYbJCSNqTCEY627vidNkGFlGOF0VuilmkpMxnhIu5YKHFMdZItzZ+jMKgMUJcqWMGihfp3IcKz1NA5tZ4zNSP/05uJfXjc1US3ImJCpoYIsF0UpRyZB89/RgClKDJ9agoli9lZERlhhYmxCBRvC56fof9K6cH3P9W/LpfrVKo48nMApnIMPVajDDTSgCQTGcA+P8ORI58F5dl6WrTlnNXMM3+C8fgDy84/0</latexit>

<latexit sha1_base64="W5qOw70Yuj4HO22fnqcw0Dyog8c=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKiRa2goKBTduhAqmLbShTKaTduhkEmYmQgn9BjcuFHHrB7nzb5w+BJ8HLhzOuZd77wkSzpR2nHcrt7S8srqWXy9sbG5t7xR395oqTiWhHol5LNsBVpQzQT3NNKftRFIcBZy2gtHl1G/dUalYLG71OKF+hAeChYxgbSTvute+OOsVS459WnGqtTL6TVzbmaEECzR6xbduPyZpRIUmHCvVcZ1E+xmWmhFOJ4VuqmiCyQgPaMdQgSOq/Gx27AQdGaWPwliaEhrN1K8TGY6UGkeB6YywHqqf3lT8y+ukOqz5GRNJqqkg80VhypGO0fRz1GeSEs3HhmAimbkVkSGWmGiTT8GE8Pkp+p80T2y3Yrs35VL9fBFHHg7gEI7BhSrU4Qoa4AEBBvfwCE+WsB6sZ+tl3pqzFjP78A3W6wd96Y56</latexit>

MX = 9
<latexit sha1_base64="shIyxp1iv7TY950onx5/KVR9Mq0=">AAAB7nicdVDJSgNBEK12jXGLevTSGARPw4yGJIJCwIvHCGaBZAg9nZ6kSU/P0N0jhCEf4cWDIl79Hm/+jZ1FcH1Q8Hiviqp6QSK4Nq77jpaWV1bX1nMb+c2t7Z3dwt5+U8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6Grqt+6Y0jyWt2acMD8iA8lDTomxUmvQa1+6znmvUHSds7JbqZbwb+I57gxFWKDeK7x1+zFNIyYNFUTrjucmxs+IMpwKNsl3U80SQkdkwDqWShIx7Wezcyf42Cp9HMbKljR4pn6dyEik9TgKbGdEzFD/9KbiX14nNWHVz7hMUsMknS8KU4FNjKe/4z5XjBoxtoRQxe2tmA6JItTYhPI2hM9P8f+keep4Zce7KRVrF4s4cnAIR3ACHlSgBtdQhwZQGME9PMITStADekYv89YltJg5gG9Arx+BXo8G</latexit>

gX = 0.9TeV,



Bogumiła Świeżewska Classical scale invariance: DM and RG

TEMPERATURE EVOLUTION

T

V (')
<latexit sha1_base64="66npJSHHjgNlvhk5rYo0glxvNw8=">AAAB8XicdVDLSsNAFL2pr1pfUZduBotQNyHRYrtwUXDjsoJ9YBvKZDpph04mYWZSKKF/4caFIm79G3f+jdOH4PPAhcM593LvPUHCmdKu+27lVlbX1jfym4Wt7Z3dPXv/oKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQ181tjKhWLxa2eJNSP8ECwkBGsjXTXLHXHWCZDdtqzi65zfuFWqmX0m3iOO0cRlqj37LduPyZpRIUmHCvV8dxE+xmWmhFOp4VuqmiCyQgPaMdQgSOq/Gx+8RSdGKWPwliaEhrN1a8TGY6UmkSB6YywHqqf3kz8y+ukOqz6GRNJqqkgi0VhypGO0ex91GeSEs0nhmAimbkVkSGWmGgTUsGE8Pkp+p80zxzPdbybcrF2uYwjD0dwDCXwoAI1uIY6NICAgHt4hCdLWQ/Ws/WyaM1Zy5lD+Abr9QNmL5C5</latexit><latexit sha1_base64="66npJSHHjgNlvhk5rYo0glxvNw8=">AAAB8XicdVDLSsNAFL2pr1pfUZduBotQNyHRYrtwUXDjsoJ9YBvKZDpph04mYWZSKKF/4caFIm79G3f+jdOH4PPAhcM593LvPUHCmdKu+27lVlbX1jfym4Wt7Z3dPXv/oKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQ181tjKhWLxa2eJNSP8ECwkBGsjXTXLHXHWCZDdtqzi65zfuFWqmX0m3iOO0cRlqj37LduPyZpRIUmHCvV8dxE+xmWmhFOp4VuqmiCyQgPaMdQgSOq/Gx+8RSdGKWPwliaEhrN1a8TGY6UmkSB6YywHqqf3kz8y+ukOqz6GRNJqqkgi0VhypGO0ex91GeSEs0nhmAimbkVkSGWmGgTUsGE8Pkp+p80zxzPdbybcrF2uYwjD0dwDCXwoAI1uIY6NICAgHt4hCdLWQ/Ws/WyaM1Zy5lD+Abr9QNmL5C5</latexit><latexit sha1_base64="66npJSHHjgNlvhk5rYo0glxvNw8=">AAAB8XicdVDLSsNAFL2pr1pfUZduBotQNyHRYrtwUXDjsoJ9YBvKZDpph04mYWZSKKF/4caFIm79G3f+jdOH4PPAhcM593LvPUHCmdKu+27lVlbX1jfym4Wt7Z3dPXv/oKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQ181tjKhWLxa2eJNSP8ECwkBGsjXTXLHXHWCZDdtqzi65zfuFWqmX0m3iOO0cRlqj37LduPyZpRIUmHCvV8dxE+xmWmhFOp4VuqmiCyQgPaMdQgSOq/Gx+8RSdGKWPwliaEhrN1a8TGY6UmkSB6YywHqqf3kz8y+ukOqz6GRNJqqkgi0VhypGO0ex91GeSEs0nhmAimbkVkSGWmGgTUsGE8Pkp+p80zxzPdbybcrF2uYwjD0dwDCXwoAI1uIY6NICAgHt4hCdLWQ/Ws/WyaM1Zy5lD+Abr9QNmL5C5</latexit><latexit sha1_base64="66npJSHHjgNlvhk5rYo0glxvNw8=">AAAB8XicdVDLSsNAFL2pr1pfUZduBotQNyHRYrtwUXDjsoJ9YBvKZDpph04mYWZSKKF/4caFIm79G3f+jdOH4PPAhcM593LvPUHCmdKu+27lVlbX1jfym4Wt7Z3dPXv/oKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQ181tjKhWLxa2eJNSP8ECwkBGsjXTXLHXHWCZDdtqzi65zfuFWqmX0m3iOO0cRlqj37LduPyZpRIUmHCvV8dxE+xmWmhFOp4VuqmiCyQgPaMdQgSOq/Gx+8RSdGKWPwliaEhrN1a8TGY6UmkSB6YywHqqf3kz8y+ukOqz6GRNJqqkgi0VhypGO0ex91GeSEs0nhmAimbkVkSGWmGgTUsGE8Pkp+p80zxzPdbybcrF2uYwjD0dwDCXwoAI1uIY6NICAgHt4hCdLWQ/Ws/WyaM1Zy5lD+Abr9QNmL5C5</latexit>

'
<latexit sha1_base64="CBfUxI9WUlUI3I5tJ+O6UoODrMs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmY0JDl4CHjxGMEskAyhp9OTNOnpabp7AmHIR3jxoIhXv8ebf2NnEVwfFDzeq6KqXig508bz3p3c2vrG5lZ+u7Czu7d/UDw8aukkVYQ2ScIT1QmxppwJ2jTMcNqRiuI45LQdjq/nfntClWaJuDNTSYMYDwWLGMHGSu3eBCs5Yv1iyXMvK161Vka/ie96C5RghUa/+NYbJCSNqTCEY627vidNkGFlGOF0VuilmkpMxnhIu5YKHFMdZItzZ+jMKgMUJcqWMGihfp3IcKz1NA5tZ4zNSP/05uJfXjc1US3ImJCpoYIsF0UpRyZB89/RgClKDJ9agoli9lZERlhhYmxCBRvC56fof9K6cH3P9W/LpfrVKo48nMApnIMPVajDDTSgCQTGcA+P8ORI58F5dl6WrTlnNXMM3+C8fgDy84/0</latexit><latexit sha1_base64="CBfUxI9WUlUI3I5tJ+O6UoODrMs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmY0JDl4CHjxGMEskAyhp9OTNOnpabp7AmHIR3jxoIhXv8ebf2NnEVwfFDzeq6KqXig508bz3p3c2vrG5lZ+u7Czu7d/UDw8aukkVYQ2ScIT1QmxppwJ2jTMcNqRiuI45LQdjq/nfntClWaJuDNTSYMYDwWLGMHGSu3eBCs5Yv1iyXMvK161Vka/ie96C5RghUa/+NYbJCSNqTCEY627vidNkGFlGOF0VuilmkpMxnhIu5YKHFMdZItzZ+jMKgMUJcqWMGihfp3IcKz1NA5tZ4zNSP/05uJfXjc1US3ImJCpoYIsF0UpRyZB89/RgClKDJ9agoli9lZERlhhYmxCBRvC56fof9K6cH3P9W/LpfrVKo48nMApnIMPVajDDTSgCQTGcA+P8ORI58F5dl6WrTlnNXMM3+C8fgDy84/0</latexit><latexit sha1_base64="CBfUxI9WUlUI3I5tJ+O6UoODrMs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmY0JDl4CHjxGMEskAyhp9OTNOnpabp7AmHIR3jxoIhXv8ebf2NnEVwfFDzeq6KqXig508bz3p3c2vrG5lZ+u7Czu7d/UDw8aukkVYQ2ScIT1QmxppwJ2jTMcNqRiuI45LQdjq/nfntClWaJuDNTSYMYDwWLGMHGSu3eBCs5Yv1iyXMvK161Vka/ie96C5RghUa/+NYbJCSNqTCEY627vidNkGFlGOF0VuilmkpMxnhIu5YKHFMdZItzZ+jMKgMUJcqWMGihfp3IcKz1NA5tZ4zNSP/05uJfXjc1US3ImJCpoYIsF0UpRyZB89/RgClKDJ9agoli9lZERlhhYmxCBRvC56fof9K6cH3P9W/LpfrVKo48nMApnIMPVajDDTSgCQTGcA+P8ORI58F5dl6WrTlnNXMM3+C8fgDy84/0</latexit><latexit sha1_base64="CBfUxI9WUlUI3I5tJ+O6UoODrMs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmY0JDl4CHjxGMEskAyhp9OTNOnpabp7AmHIR3jxoIhXv8ebf2NnEVwfFDzeq6KqXig508bz3p3c2vrG5lZ+u7Czu7d/UDw8aukkVYQ2ScIT1QmxppwJ2jTMcNqRiuI45LQdjq/nfntClWaJuDNTSYMYDwWLGMHGSu3eBCs5Yv1iyXMvK161Vka/ie96C5RghUa/+NYbJCSNqTCEY627vidNkGFlGOF0VuilmkpMxnhIu5YKHFMdZItzZ+jMKgMUJcqWMGihfp3IcKz1NA5tZ4zNSP/05uJfXjc1US3ImJCpoYIsF0UpRyZB89/RgClKDJ9agoli9lZERlhhYmxCBRvC56fof9K6cH3P9W/LpfrVKo48nMApnIMPVajDDTSgCQTGcA+P8ORI58F5dl6WrTlnNXMM3+C8fgDy84/0</latexit>

Tc
<latexit sha1_base64="NlGwZ9lNhgIahlIk0WYBeMFoqiQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRp/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhxPjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCYSY38</latexit><latexit sha1_base64="NlGwZ9lNhgIahlIk0WYBeMFoqiQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRp/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhxPjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCYSY38</latexit><latexit sha1_base64="NlGwZ9lNhgIahlIk0WYBeMFoqiQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRp/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhxPjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCYSY38</latexit><latexit sha1_base64="NlGwZ9lNhgIahlIk0WYBeMFoqiQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRp/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhxPjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCYSY38</latexit>

VEV 6=
<latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit>

0 VEV 6=
<latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit>

0

VEV 6=
<latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit>

0

Tn
<latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit><latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit><latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit><latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit>

nucleation:  
one bubble nucleates 
per Hubble volume

<latexit sha1_base64="KZrnlXUD5YVcLguRTxkFWkLdrEw=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw4yGJAcPAS8eI2aDZAg9nZ6kSXfP0N0jhCGf4MWDIl79Im/+jZ1FcH1Q8Hiviqp6YcKZNp737qysrq1vbOa28ts7u3v7hYPDlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grmt++o0iyWDTNJaCDwULKIEWysdNvot/qFoudelL1KtYR+E9/15ijCEvV+4a03iEkqqDSEY627vpeYIMPKMMLpNN9LNU0wGeMh7VoqsaA6yOanTtGpVQYoipUtadBc/TqRYaH1RIS2U2Az0j+9mfiX101NVA0yJpPUUEkWi6KUIxOj2d9owBQlhk8swUQxeysiI6wwMTadvA3h81P0P2mdu37Z9W9KxdrlMo4cHMMJnIEPFajBNdShCQSGcA+P8ORw58F5dl4WrSvOcuYIvsF5/QCGjY31</latexit>

TV

<latexit sha1_base64="7OEHFsJ70SOBiSJpg+SFMKNkczs=">AAAB7HicdVDLSsNAFL2pr1pfVZduBosgLkJiS9uFi4IblxWattCGMplO2qGTSZiZCCX0G9y4UMStH+TOv3H6EHweuHA4517uvSdIOFPacd6t3Nr6xuZWfruws7u3f1A8PGqrOJWEeiTmsewGWFHOBPU005x2E0lxFHDaCSbXc79zR6VisWjpaUL9CI8ECxnB2khea5BdzAbFkmOXq06tXkG/iWs7C5Rgheag+NYfxiSNqNCEY6 V6rpNoP8NSM8LprNBPFU0wmeAR7RkqcESVny2OnaEzowxRGEtTQqOF+nUiw5FS0ygwnRHWY/XTm4t/eb1Uh3U/YyJJNRVkuShMOdIxmn+OhkxSovnUEEwkM7ciMsYSE23yKZgQPj9F/5P2pe1Wbfe2UmpcreLIwwmcwjm4UIMG3EATPCDA4B4e4ckS1oP1bL0sW3PWauYYvsF6/QAIM47V</latexit>

T⇤

3 TeV
1 TeV

29 GeV

<latexit sha1_base64="W5qOw70Yuj4HO22fnqcw0Dyog8c=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKiRa2goKBTduhAqmLbShTKaTduhkEmYmQgn9BjcuFHHrB7nzb5w+BJ8HLhzOuZd77wkSzpR2nHcrt7S8srqWXy9sbG5t7xR395oqTiWhHol5LNsBVpQzQT3NNKftRFIcBZy2gtHl1G/dUalYLG71OKF+hAeChYxgbSTvute+OOsVS459WnGqtTL6TVzbmaEECzR6xbduPyZpRIUmHCvVcZ1E+xmWmhFOJ4VuqmiCyQgPaMdQgSOq/Gx27AQdGaWPwliaEhrN1K8TGY6UGkeB6YywHqqf3lT8y+ukOqz5GRNJqqkg80VhypGO0fRz1GeSEs3HhmAimbkVkSGWmGiTT8GE8Pkp+p80T2y3Yrs35VL9fBFHHg7gEI7BhSrU4Qoa4AEBBvfwCE+WsB6sZ+tl3pqzFjP78A3W6wd96Y56</latexit>

MX = 9
<latexit sha1_base64="shIyxp1iv7TY950onx5/KVR9Mq0=">AAAB7nicdVDJSgNBEK12jXGLevTSGARPw4yGJIJCwIvHCGaBZAg9nZ6kSU/P0N0jhCEf4cWDIl79Hm/+jZ1FcH1Q8Hiviqp6QSK4Nq77jpaWV1bX1nMb+c2t7Z3dwt5+U8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6Grqt+6Y0jyWt2acMD8iA8lDTomxUmvQa1+6znmvUHSds7JbqZbwb+I57gxFWKDeK7x1+zFNIyYNFUTrjucmxs+IMpwKNsl3U80SQkdkwDqWShIx7Wezcyf42Cp9HMbKljR4pn6dyEik9TgKbGdEzFD/9KbiX14nNWHVz7hMUsMknS8KU4FNjKe/4z5XjBoxtoRQxe2tmA6JItTYhPI2hM9P8f+keep4Zce7KRVrF4s4cnAIR3ACHlSgBtdQhwZQGME9PMITStADekYv89YltJg5gG9Arx+BXo8G</latexit>

gX = 0.9TeV,



Bogumiła Świeżewska Classical scale invariance: DM and RG

TEMPERATURE EVOLUTION

T

V (')
<latexit sha1_base64="66npJSHHjgNlvhk5rYo0glxvNw8=">AAAB8XicdVDLSsNAFL2pr1pfUZduBotQNyHRYrtwUXDjsoJ9YBvKZDpph04mYWZSKKF/4caFIm79G3f+jdOH4PPAhcM593LvPUHCmdKu+27lVlbX1jfym4Wt7Z3dPXv/oKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQ181tjKhWLxa2eJNSP8ECwkBGsjXTXLHXHWCZDdtqzi65zfuFWqmX0m3iOO0cRlqj37LduPyZpRIUmHCvV8dxE+xmWmhFOp4VuqmiCyQgPaMdQgSOq/Gx+8RSdGKWPwliaEhrN1a8TGY6UmkSB6YywHqqf3kz8y+ukOqz6GRNJqqkgi0VhypGO0ex91GeSEs0nhmAimbkVkSGWmGgTUsGE8Pkp+p80zxzPdbybcrF2uYwjD0dwDCXwoAI1uIY6NICAgHt4hCdLWQ/Ws/WyaM1Zy5lD+Abr9QNmL5C5</latexit><latexit sha1_base64="66npJSHHjgNlvhk5rYo0glxvNw8=">AAAB8XicdVDLSsNAFL2pr1pfUZduBotQNyHRYrtwUXDjsoJ9YBvKZDpph04mYWZSKKF/4caFIm79G3f+jdOH4PPAhcM593LvPUHCmdKu+27lVlbX1jfym4Wt7Z3dPXv/oKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQ181tjKhWLxa2eJNSP8ECwkBGsjXTXLHXHWCZDdtqzi65zfuFWqmX0m3iOO0cRlqj37LduPyZpRIUmHCvV8dxE+xmWmhFOp4VuqmiCyQgPaMdQgSOq/Gx+8RSdGKWPwliaEhrN1a8TGY6UmkSB6YywHqqf3kz8y+ukOqz6GRNJqqkgi0VhypGO0ex91GeSEs0nhmAimbkVkSGWmGgTUsGE8Pkp+p80zxzPdbybcrF2uYwjD0dwDCXwoAI1uIY6NICAgHt4hCdLWQ/Ws/WyaM1Zy5lD+Abr9QNmL5C5</latexit><latexit sha1_base64="66npJSHHjgNlvhk5rYo0glxvNw8=">AAAB8XicdVDLSsNAFL2pr1pfUZduBotQNyHRYrtwUXDjsoJ9YBvKZDpph04mYWZSKKF/4caFIm79G3f+jdOH4PPAhcM593LvPUHCmdKu+27lVlbX1jfym4Wt7Z3dPXv/oKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQ181tjKhWLxa2eJNSP8ECwkBGsjXTXLHXHWCZDdtqzi65zfuFWqmX0m3iOO0cRlqj37LduPyZpRIUmHCvV8dxE+xmWmhFOp4VuqmiCyQgPaMdQgSOq/Gx+8RSdGKWPwliaEhrN1a8TGY6UmkSB6YywHqqf3kz8y+ukOqz6GRNJqqkgi0VhypGO0ex91GeSEs0nhmAimbkVkSGWmGgTUsGE8Pkp+p80zxzPdbybcrF2uYwjD0dwDCXwoAI1uIY6NICAgHt4hCdLWQ/Ws/WyaM1Zy5lD+Abr9QNmL5C5</latexit><latexit sha1_base64="66npJSHHjgNlvhk5rYo0glxvNw8=">AAAB8XicdVDLSsNAFL2pr1pfUZduBotQNyHRYrtwUXDjsoJ9YBvKZDpph04mYWZSKKF/4caFIm79G3f+jdOH4PPAhcM593LvPUHCmdKu+27lVlbX1jfym4Wt7Z3dPXv/oKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHQ181tjKhWLxa2eJNSP8ECwkBGsjXTXLHXHWCZDdtqzi65zfuFWqmX0m3iOO0cRlqj37LduPyZpRIUmHCvV8dxE+xmWmhFOp4VuqmiCyQgPaMdQgSOq/Gx+8RSdGKWPwliaEhrN1a8TGY6UmkSB6YywHqqf3kz8y+ukOqz6GRNJqqkgi0VhypGO0ex91GeSEs0nhmAimbkVkSGWmGgTUsGE8Pkp+p80zxzPdbybcrF2uYwjD0dwDCXwoAI1uIY6NICAgHt4hCdLWQ/Ws/WyaM1Zy5lD+Abr9QNmL5C5</latexit>

'
<latexit sha1_base64="CBfUxI9WUlUI3I5tJ+O6UoODrMs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmY0JDl4CHjxGMEskAyhp9OTNOnpabp7AmHIR3jxoIhXv8ebf2NnEVwfFDzeq6KqXig508bz3p3c2vrG5lZ+u7Czu7d/UDw8aukkVYQ2ScIT1QmxppwJ2jTMcNqRiuI45LQdjq/nfntClWaJuDNTSYMYDwWLGMHGSu3eBCs5Yv1iyXMvK161Vka/ie96C5RghUa/+NYbJCSNqTCEY627vidNkGFlGOF0VuilmkpMxnhIu5YKHFMdZItzZ+jMKgMUJcqWMGihfp3IcKz1NA5tZ4zNSP/05uJfXjc1US3ImJCpoYIsF0UpRyZB89/RgClKDJ9agoli9lZERlhhYmxCBRvC56fof9K6cH3P9W/LpfrVKo48nMApnIMPVajDDTSgCQTGcA+P8ORI58F5dl6WrTlnNXMM3+C8fgDy84/0</latexit><latexit sha1_base64="CBfUxI9WUlUI3I5tJ+O6UoODrMs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmY0JDl4CHjxGMEskAyhp9OTNOnpabp7AmHIR3jxoIhXv8ebf2NnEVwfFDzeq6KqXig508bz3p3c2vrG5lZ+u7Czu7d/UDw8aukkVYQ2ScIT1QmxppwJ2jTMcNqRiuI45LQdjq/nfntClWaJuDNTSYMYDwWLGMHGSu3eBCs5Yv1iyXMvK161Vka/ie96C5RghUa/+NYbJCSNqTCEY627vidNkGFlGOF0VuilmkpMxnhIu5YKHFMdZItzZ+jMKgMUJcqWMGihfp3IcKz1NA5tZ4zNSP/05uJfXjc1US3ImJCpoYIsF0UpRyZB89/RgClKDJ9agoli9lZERlhhYmxCBRvC56fof9K6cH3P9W/LpfrVKo48nMApnIMPVajDDTSgCQTGcA+P8ORI58F5dl6WrTlnNXMM3+C8fgDy84/0</latexit><latexit sha1_base64="CBfUxI9WUlUI3I5tJ+O6UoODrMs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmY0JDl4CHjxGMEskAyhp9OTNOnpabp7AmHIR3jxoIhXv8ebf2NnEVwfFDzeq6KqXig508bz3p3c2vrG5lZ+u7Czu7d/UDw8aukkVYQ2ScIT1QmxppwJ2jTMcNqRiuI45LQdjq/nfntClWaJuDNTSYMYDwWLGMHGSu3eBCs5Yv1iyXMvK161Vka/ie96C5RghUa/+NYbJCSNqTCEY627vidNkGFlGOF0VuilmkpMxnhIu5YKHFMdZItzZ+jMKgMUJcqWMGihfp3IcKz1NA5tZ4zNSP/05uJfXjc1US3ImJCpoYIsF0UpRyZB89/RgClKDJ9agoli9lZERlhhYmxCBRvC56fof9K6cH3P9W/LpfrVKo48nMApnIMPVajDDTSgCQTGcA+P8ORI58F5dl6WrTlnNXMM3+C8fgDy84/0</latexit><latexit sha1_base64="CBfUxI9WUlUI3I5tJ+O6UoODrMs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmY0JDl4CHjxGMEskAyhp9OTNOnpabp7AmHIR3jxoIhXv8ebf2NnEVwfFDzeq6KqXig508bz3p3c2vrG5lZ+u7Czu7d/UDw8aukkVYQ2ScIT1QmxppwJ2jTMcNqRiuI45LQdjq/nfntClWaJuDNTSYMYDwWLGMHGSu3eBCs5Yv1iyXMvK161Vka/ie96C5RghUa/+NYbJCSNqTCEY627vidNkGFlGOF0VuilmkpMxnhIu5YKHFMdZItzZ+jMKgMUJcqWMGihfp3IcKz1NA5tZ4zNSP/05uJfXjc1US3ImJCpoYIsF0UpRyZB89/RgClKDJ9agoli9lZERlhhYmxCBRvC56fof9K6cH3P9W/LpfrVKo48nMApnIMPVajDDTSgCQTGcA+P8ORI58F5dl6WrTlnNXMM3+C8fgDy84/0</latexit>

Tc
<latexit sha1_base64="NlGwZ9lNhgIahlIk0WYBeMFoqiQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRp/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhxPjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCYSY38</latexit><latexit sha1_base64="NlGwZ9lNhgIahlIk0WYBeMFoqiQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRp/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhxPjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCYSY38</latexit><latexit sha1_base64="NlGwZ9lNhgIahlIk0WYBeMFoqiQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRp/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhxPjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCYSY38</latexit><latexit sha1_base64="NlGwZ9lNhgIahlIk0WYBeMFoqiQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRp/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhxPjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCYSY38</latexit>

Tn
<latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit><latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit><latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit><latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit>

Percolation: phase 
transition completes

<latexit sha1_base64="KZrnlXUD5YVcLguRTxkFWkLdrEw=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw4yGJAcPAS8eI2aDZAg9nZ6kSXfP0N0jhCGf4MWDIl79Im/+jZ1FcH1Q8Hiviqp6YcKZNp737qysrq1vbOa28ts7u3v7hYPDlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grmt++o0iyWDTNJaCDwULKIEWysdNvot/qFoudelL1KtYR+E9/15ijCEvV+4a03iEkqqDSEY627vpeYIMPKMMLpNN9LNU0wGeMh7VoqsaA6yOanTtGpVQYoipUtadBc/TqRYaH1RIS2U2Az0j+9mfiX101NVA0yJpPUUEkWi6KUIxOj2d9owBQlhk8swUQxeysiI6wwMTadvA3h81P0P2mdu37Z9W9KxdrlMo4cHMMJnIEPFajBNdShCQSGcA+P8ORw58F5dl4WrSvOcuYIvsF5/QCGjY31</latexit>

TV

<latexit sha1_base64="7OEHFsJ70SOBiSJpg+SFMKNkczs=">AAAB7HicdVDLSsNAFL2pr1pfVZduBosgLkJiS9uFi4IblxWattCGMplO2qGTSZiZCCX0G9y4UMStH+TOv3H6EHweuHA4517uvSdIOFPacd6t3Nr6xuZWfruws7u3f1A8PGqrOJWEeiTmsewGWFHOBPU005x2E0lxFHDaCSbXc79zR6VisWjpaUL9CI8ECxnB2khea5BdzAbFkmOXq06tXkG/iWs7C5Rgheag+NYfxiSNqNCEY6 V6rpNoP8NSM8LprNBPFU0wmeAR7RkqcESVny2OnaEzowxRGEtTQqOF+nUiw5FS0ygwnRHWY/XTm4t/eb1Uh3U/YyJJNRVkuShMOdIxmn+OhkxSovnUEEwkM7ciMsYSE23yKZgQPj9F/5P2pe1Wbfe2UmpcreLIwwmcwjm4UIMG3EATPCDA4B4e4ckS1oP1bL0sW3PWauYYvsF6/QAIM47V</latexit>

T⇤

3 TeV
1 TeV

29 GeV
VEV 6=

<latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit>

0
VEV 6=

<latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit>

0

VEV 6=
<latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit>

0

23 GeV

<latexit sha1_base64="W5qOw70Yuj4HO22fnqcw0Dyog8c=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKiRa2goKBTduhAqmLbShTKaTduhkEmYmQgn9BjcuFHHrB7nzb5w+BJ8HLhzOuZd77wkSzpR2nHcrt7S8srqWXy9sbG5t7xR395oqTiWhHol5LNsBVpQzQT3NNKftRFIcBZy2gtHl1G/dUalYLG71OKF+hAeChYxgbSTvute+OOsVS459WnGqtTL6TVzbmaEECzR6xbduPyZpRIUmHCvVcZ1E+xmWmhFOJ4VuqmiCyQgPaMdQgSOq/Gx27AQdGaWPwliaEhrN1K8TGY6UGkeB6YywHqqf3lT8y+ukOqz5GRNJqqkg80VhypGO0fRz1GeSEs3HhmAimbkVkSGWmGiTT8GE8Pkp+p80T2y3Yrs35VL9fBFHHg7gEI7BhSrU4Qoa4AEBBvfwCE+WsB6sZ+tl3pqzFjP78A3W6wd96Y56</latexit>

MX = 9
<latexit sha1_base64="shIyxp1iv7TY950onx5/KVR9Mq0=">AAAB7nicdVDJSgNBEK12jXGLevTSGARPw4yGJIJCwIvHCGaBZAg9nZ6kSU/P0N0jhCEf4cWDIl79Hm/+jZ1FcH1Q8Hiviqp6QSK4Nq77jpaWV1bX1nMb+c2t7Z3dwt5+U8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6Grqt+6Y0jyWt2acMD8iA8lDTomxUmvQa1+6znmvUHSds7JbqZbwb+I57gxFWKDeK7x1+zFNIyYNFUTrjucmxs+IMpwKNsl3U80SQkdkwDqWShIx7Wezcyf42Cp9HMbKljR4pn6dyEik9TgKbGdEzFD/9KbiX14nNWHVz7hMUsMknS8KU4FNjKe/4z5XjBoxtoRQxe2tmA6JItTYhPI2hM9P8f+keep4Zce7KRVrF4s4cnAIR3ACHlSgBtdQhwZQGME9PMITStADekYv89YltJg5gG9Arx+BXo8G</latexit>

gX = 0.9TeV,



Bogumiła Świeżewska Classical scale invariance: DM and RG

TEMPERATURE EVOLUTION

T

Tc
<latexit sha1_base64="NlGwZ9lNhgIahlIk0WYBeMFoqiQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRp/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhxPjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCYSY38</latexit><latexit sha1_base64="NlGwZ9lNhgIahlIk0WYBeMFoqiQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRp/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhxPjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCYSY38</latexit><latexit sha1_base64="NlGwZ9lNhgIahlIk0WYBeMFoqiQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRp/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhxPjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCYSY38</latexit><latexit sha1_base64="NlGwZ9lNhgIahlIk0WYBeMFoqiQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRp/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhxPjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCYSY38</latexit>

Tn
<latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit><latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit><latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit><latexit sha1_base64="8mrz7dK/yZYl8+xP7V9kGezzlQo=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4Gno0mBw8BLx4jJgNkiH0dHqSJj09Q3ePEIZ8ghcPinj1i7z5N3YWwfVBweO9KqrqBYng2mD87uRWVtfWN/Kbha3tnd294v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Grmt++Y0jyWDTNJmB+RoeQhp8RY6bbRl/1iCbvnF7hSLaPfxHPxHCVYot4vvvUGMU0jJg0VROuuhx PjZ0QZTgWbFnqpZgmhYzJkXUsliZj2s/mpU3RilQEKY2VLGjRXv05kJNJ6EgW2MyJmpH96M/Evr5uasOpnXCapYZIuFoWpQCZGs7/RgCtGjZhYQqji9lZER0QRamw6BRvC56fof9I6cz3sejflUu1yGUcejuAYTsGDCtTgGurQBApDuIdHeHKE8+A8Oy+L1pyznDmEb3BePwCo9Y4H</latexit>

<latexit sha1_base64="KZrnlXUD5YVcLguRTxkFWkLdrEw=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw4yGJAcPAS8eI2aDZAg9nZ6kSXfP0N0jhCGf4MWDIl79Im/+jZ1FcH1Q8Hiviqp6YcKZNp737qysrq1vbOa28ts7u3v7hYPDlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grmt++o0iyWDTNJaCDwULKIEWysdNvot/qFoudelL1KtYR+E9/15ijCEvV+4a03iEkqqDSEY627vpeYIMPKMMLpNN9LNU0wGeMh7VoqsaA6yOanTtGpVQYoipUtadBc/TqRYaH1RIS2U2Az0j+9mfiX101NVA0yJpPUUEkWi6KUIxOj2d9owBQlhk8swUQxeysiI6wwMTadvA3h81P0P2mdu37Z9W9KxdrlMo4cHMMJnIEPFajBNdShCQSGcA+P8ORw58F5dl4WrSvOcuYIvsF5/QCGjY31</latexit>

TV

<latexit sha1_base64="7OEHFsJ70SOBiSJpg+SFMKNkczs=">AAAB7HicdVDLSsNAFL2pr1pfVZduBosgLkJiS9uFi4IblxWattCGMplO2qGTSZiZCCX0G9y4UMStH+TOv3H6EHweuHA4517uvSdIOFPacd6t3Nr6xuZWfruws7u3f1A8PGqrOJWEeiTmsewGWFHOBPU005x2E0lxFHDaCSbXc79zR6VisWjpaUL9CI8ECxnB2khea5BdzAbFkmOXq06tXkG/iWs7C5Rgheag+NYfxiSNqNCEY6 V6rpNoP8NSM8LprNBPFU0wmeAR7RkqcESVny2OnaEzowxRGEtTQqOF+nUiw5FS0ygwnRHWY/XTm4t/eb1Uh3U/YyJJNRVkuShMOdIxmn+OhkxSovnUEEwkM7ciMsYSE23yKZgQPj9F/5P2pe1Wbfe2UmpcreLIwwmcwjm4UIMG3EATPCDA4B4e4ckS1oP1bL0sW3PWauYYvsF6/QAIM47V</latexit>

T⇤

reheating

�V<latexit sha1_base64="faczT3nGqUSo6SFJjnVEfDxzAqY=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiB4GmY0mBw8BPTgMYJZIBlCT6cmadKz2F0jhCE/4cWDIl79HW/+jZ1FcH1Q8Hiviqp6fiKFRsd5t3JLyyura/n1wsbm1vZOcXevqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oYuq37kBpEUc3OE7AC9kgEoHgDI3U7l6CREabvWLJsU/PnEq1TH8T13ZmKJEF6r3iW7cf8zSECLlkWndcJ0EvYwoFlzApdFMNCeMjNoCOoRELQXvZ7N4JPTJKnwaxMhUhnalfJzIWaj0OfdMZMhzqn95U/MvrpBhUvUxESYoQ8fmiIJUUYzp9nvaFAo5ybAjjSphbKR8yxTiaiAomhM9P6f+keWK7ju1el0u180UceXJADskxcUmF1MgVqZMG4USSe/JInqxb68F6tl7mrTlrMbNPvsF6/QDZpo/U</latexit><latexit sha1_base64="faczT3nGqUSo6SFJjnVEfDxzAqY=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiB4GmY0mBw8BPTgMYJZIBlCT6cmadKz2F0jhCE/4cWDIl79HW/+jZ1FcH1Q8Hiviqp6fiKFRsd5t3JLyyura/n1wsbm1vZOcXevqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oYuq37kBpEUc3OE7AC9kgEoHgDI3U7l6CREabvWLJsU/PnEq1TH8T13ZmKJEF6r3iW7cf8zSECLlkWndcJ0EvYwoFlzApdFMNCeMjNoCOoRELQXvZ7N4JPTJKnwaxMhUhnalfJzIWaj0OfdMZMhzqn95U/MvrpBhUvUxESYoQ8fmiIJUUYzp9nvaFAo5ybAjjSphbKR8yxTiaiAomhM9P6f+keWK7ju1el0u180UceXJADskxcUmF1MgVqZMG4USSe/JInqxb68F6tl7mrTlrMbNPvsF6/QDZpo/U</latexit><latexit sha1_base64="faczT3nGqUSo6SFJjnVEfDxzAqY=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiB4GmY0mBw8BPTgMYJZIBlCT6cmadKz2F0jhCE/4cWDIl79HW/+jZ1FcH1Q8Hiviqp6fiKFRsd5t3JLyyura/n1wsbm1vZOcXevqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oYuq37kBpEUc3OE7AC9kgEoHgDI3U7l6CREabvWLJsU/PnEq1TH8T13ZmKJEF6r3iW7cf8zSECLlkWndcJ0EvYwoFlzApdFMNCeMjNoCOoRELQXvZ7N4JPTJKnwaxMhUhnalfJzIWaj0OfdMZMhzqn95U/MvrpBhUvUxESYoQ8fmiIJUUYzp9nvaFAo5ybAjjSphbKR8yxTiaiAomhM9P6f+keWK7ju1el0u180UceXJADskxcUmF1MgVqZMG4USSe/JInqxb68F6tl7mrTlrMbNPvsF6/QDZpo/U</latexit><latexit sha1_base64="faczT3nGqUSo6SFJjnVEfDxzAqY=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiB4GmY0mBw8BPTgMYJZIBlCT6cmadKz2F0jhCE/4cWDIl79HW/+jZ1FcH1Q8Hiviqp6fiKFRsd5t3JLyyura/n1wsbm1vZOcXevqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oYuq37kBpEUc3OE7AC9kgEoHgDI3U7l6CREabvWLJsU/PnEq1TH8T13ZmKJEF6r3iW7cf8zSECLlkWndcJ0EvYwoFlzApdFMNCeMjNoCOoRELQXvZ7N4JPTJKnwaxMhUhnalfJzIWaj0OfdMZMhzqn95U/MvrpBhUvUxESYoQ8fmiIJUUYzp9nvaFAo5ybAjjSphbKR8yxTiaiAomhM9P6f+keWK7ju1el0u180UceXJADskxcUmF1MgVqZMG4USSe/JInqxb68F6tl7mrTlrMbNPvsF6/QDZpo/U</latexit>

energy of radiation ⇡<latexit sha1_base64="U2ktGjmJdtvgFRGoMEG7JBjbtX4=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDTNabBcuCm5cVrAPaIeSSdM2NJOEJCOWoR/hxoUibv0ed/6N6UPweeDC4Zx7ufeeWHFmbBC8e0vLK6tr67mN/ObW9s5uYW+/YWSqCa0TyaVuxdhQzgStW2Y5bSlNcRJz2oxHl1O/eUu1YVLc2LGiUYIHgvUZwdZJzQ5WSsu7bqEY+GfnQblSQr9J6AczFGGBWrfw1ulJkiZUWMKxMe0wUDbKsLaMcDrJd1JDFSYjPKBtRwVOqImy2bkTdOyUHupL7UpYNFO/TmQ4MWacxK4zwXZofnpT8S+vndp+JcqYUKmlgswX9VOOrETT31GPaUosHzuCiWbuVkSGWGNiXUJ5F8Lnp+h/0jj1w8APr0vF6sUijhwcwhGcQAhlqMIV1KAOBEZwD4/w5CnvwXv2XuatS95i5gC+wXv9AAsakAQ=</latexit><latexit sha1_base64="U2ktGjmJdtvgFRGoMEG7JBjbtX4=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDTNabBcuCm5cVrAPaIeSSdM2NJOEJCOWoR/hxoUibv0ed/6N6UPweeDC4Zx7ufeeWHFmbBC8e0vLK6tr67mN/ObW9s5uYW+/YWSqCa0TyaVuxdhQzgStW2Y5bSlNcRJz2oxHl1O/eUu1YVLc2LGiUYIHgvUZwdZJzQ5WSsu7bqEY+GfnQblSQr9J6AczFGGBWrfw1ulJkiZUWMKxMe0wUDbKsLaMcDrJd1JDFSYjPKBtRwVOqImy2bkTdOyUHupL7UpYNFO/TmQ4MWacxK4zwXZofnpT8S+vndp+JcqYUKmlgswX9VOOrETT31GPaUosHzuCiWbuVkSGWGNiXUJ5F8Lnp+h/0jj1w8APr0vF6sUijhwcwhGcQAhlqMIV1KAOBEZwD4/w5CnvwXv2XuatS95i5gC+wXv9AAsakAQ=</latexit><latexit sha1_base64="U2ktGjmJdtvgFRGoMEG7JBjbtX4=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDTNabBcuCm5cVrAPaIeSSdM2NJOEJCOWoR/hxoUibv0ed/6N6UPweeDC4Zx7ufeeWHFmbBC8e0vLK6tr67mN/ObW9s5uYW+/YWSqCa0TyaVuxdhQzgStW2Y5bSlNcRJz2oxHl1O/eUu1YVLc2LGiUYIHgvUZwdZJzQ5WSsu7bqEY+GfnQblSQr9J6AczFGGBWrfw1ulJkiZUWMKxMe0wUDbKsLaMcDrJd1JDFSYjPKBtRwVOqImy2bkTdOyUHupL7UpYNFO/TmQ4MWacxK4zwXZofnpT8S+vndp+JcqYUKmlgswX9VOOrETT31GPaUosHzuCiWbuVkSGWGNiXUJ5F8Lnp+h/0jj1w8APr0vF6sUijhwcwhGcQAhlqMIV1KAOBEZwD4/w5CnvwXv2XuatS95i5gC+wXv9AAsakAQ=</latexit><latexit sha1_base64="U2ktGjmJdtvgFRGoMEG7JBjbtX4=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDTNabBcuCm5cVrAPaIeSSdM2NJOEJCOWoR/hxoUibv0ed/6N6UPweeDC4Zx7ufeeWHFmbBC8e0vLK6tr67mN/ObW9s5uYW+/YWSqCa0TyaVuxdhQzgStW2Y5bSlNcRJz2oxHl1O/eUu1YVLc2LGiUYIHgvUZwdZJzQ5WSsu7bqEY+GfnQblSQr9J6AczFGGBWrfw1ulJkiZUWMKxMe0wUDbKsLaMcDrJd1JDFSYjPKBtRwVOqImy2bkTdOyUHupL7UpYNFO/TmQ4MWacxK4zwXZofnpT8S+vndp+JcqYUKmlgswX9VOOrETT31GPaUosHzuCiWbuVkSGWGNiXUJ5F8Lnp+h/0jj1w8APr0vF6sUijhwcwhGcQAhlqMIV1KAOBEZwD4/w5CnvwXv2XuatS95i5gC+wXv9AAsakAQ=</latexit>

<latexit sha1_base64="Ss97kc2lyLxfsW0FBN98lTWsMcc=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmY0JDkoBLx4jGAWSIbQ0+lJmvT0NN09QhjyEV48KOLV7/Hm39hZBNcHBY/3qqiqF0rOtPG8dye3srq2vpHfLGxt7+zuFfcPWjpJFaFNkvBEdUKsKWeCNg0znHakojgOOW2H46uZ376jSrNE3JqJpEGMh4JFjGBjpXYPcznCl/1iyXPPK161Vka/ie96c5RgiUa/+NYbJCSNqTCEY627vidNkGFlGOF0WuilmkpMxnhIu5YKHFMdZPNzp+jEKgMUJcqWMGiufp3IcKz1JA5tZ4zNSP/0ZuJfXjc1US3ImJCpoYIsFkUpRyZBs9/RgClKDJ9Ygoli9lZERlhhYmxCBRvC56fof9I6c/2K69+US/WLZRx5OIJjOAUfqlCHa2hAEwiM4R4e4cmRzoPz7LwsWnPOcuYQvsF5/QCI9Y+z</latexit>↵ =
<latexit sha1_base64="ttUV/2jRFf9KpHarrzSt7wV4z/4=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgKiRa2i5cFNy4rGAf0MQymUzaoZNMmJkIJfQ33LhQxK0/486/cfoQfB64cDjnXu69J0g5U9px3q3Cyura+kZxs7S1vbO7V94/6CiRSULbRHAhewFWlLOEtjXTnPZSSXEccNoNxpczv3tHpWIiudGTlPoxHiYsYgRrI3lV5JFQaOQ6t7VBueLY5zWn3qii38S1nTkqsERrUH7zQkGymCaacKxU33VS7edYakY4nZa8TNEUkzEe0r6hCY6p8vP5zVN0YpQQRUKaSjSaq18nchwrNYkD0xljPVI/vZn4l9fPdNTwc5akmaYJWSyKMo60QLMAUMgkJZpPDMFEMnMrIiMsMdEmppIJ4fNT9D/pnNluzXavq5XmxTKOIhzBMZyCC3VowhW0oA0EUriHR3iyMuvBerZeFq0FazlzCN9gvX4AiBSQtQ==</latexit>

4 · 106

3 TeV
1 TeV

29 GeV
23 GeV

<latexit sha1_base64="fD10CyYPH0Lz4xDndKEljVF6/ec=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuhhktbRcuCm5cVugL2mHIpJk2NMkMSaZQhvkTNy4UceufuPNvzLQVfB4IHM65l3tywoRRpV333Vpb39jc2i7tlHf39g8O7aPjropTiUkHxyyW/RApwqggHU01I/1EEsRDRnrh9KbwezMiFY1FW88T4nM0FjSiGGkjBbbdDrIhR3oieSbJJM8Du+I6VzW33qjC38Rz3AUqYIVWYL8NRzFOOREaM6TUwHMT7WdIaooZycvDVJEE4Skak4GhAnGi/GyRPIfnRhnBKJbmCQ0X6teNDHGl5jw0k0VI9dMrxL+8Qaqjhp9RkaSaCLw8FKUM6hgWNcARlQRrNjcEYUlNVognSCKsTVllU8LnT+H/pHvpeDXHu6tWmterOkrgFJyBC+CBOmiCW9ACHYDBDNyDR/BkZdaD9Wy9LEfXrNXOCfgG6/UDwyyUZg==</latexit>

Treh

<latexit sha1_base64="W5qOw70Yuj4HO22fnqcw0Dyog8c=">AAAB7HicdVDLSsNAFL2pr1pfVZduBovgKiRa2goKBTduhAqmLbShTKaTduhkEmYmQgn9BjcuFHHrB7nzb5w+BJ8HLhzOuZd77wkSzpR2nHcrt7S8srqWXy9sbG5t7xR395oqTiWhHol5LNsBVpQzQT3NNKftRFIcBZy2gtHl1G/dUalYLG71OKF+hAeChYxgbSTvute+OOsVS459WnGqtTL6TVzbmaEECzR6xbduPyZpRIUmHCvVcZ1E+xmWmhFOJ4VuqmiCyQgPaMdQgSOq/Gx27AQdGaWPwliaEhrN1K8TGY6UGkeB6YywHqqf3lT8y+ukOqz5GRNJqqkg80VhypGO0fRz1GeSEs3HhmAimbkVkSGWmGiTT8GE8Pkp+p80T2y3Yrs35VL9fBFHHg7gEI7BhSrU4Qoa4AEBBvfwCE+WsB6sZ+tl3pqzFjP78A3W6wd96Y56</latexit>

MX = 9
<latexit sha1_base64="shIyxp1iv7TY950onx5/KVR9Mq0=">AAAB7nicdVDJSgNBEK12jXGLevTSGARPw4yGJIJCwIvHCGaBZAg9nZ6kSU/P0N0jhCEf4cWDIl79Hm/+jZ1FcH1Q8Hiviqp6QSK4Nq77jpaWV1bX1nMb+c2t7Z3dwt5+U8epoqxBYxGrdkA0E1yyhuFGsHaiGIkCwVrB6Grqt+6Y0jyWt2acMD8iA8lDTomxUmvQa1+6znmvUHSds7JbqZbwb+I57gxFWKDeK7x1+zFNIyYNFUTrjucmxs+IMpwKNsl3U80SQkdkwDqWShIx7Wezcyf42Cp9HMbKljR4pn6dyEik9TgKbGdEzFD/9KbiX14nNWHVz7hMUsMknS8KU4FNjKe/4z5XjBoxtoRQxe2tmA6JItTYhPI2hM9P8f+keep4Zce7KRVrF4s4cnAIR3ACHlSgBtdQhwZQGME9PMITStADekYv89YltJg5gG9Arx+BXo8G</latexit>

gX = 0.9TeV,
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N
o 

EW
 m

in
im

um
 re

pr
od

uc
ed

Perturbativity

N
o 

EW
 m

in
im

um
 @

 M
X

QCD sourced PT



Bogumiła Świeżewska Classical scale invariance: DM and RG

SCANNING THE PARAMETER SPACE

N
o 

EW
 m

in
im

um
 re

pr
od

uc
ed

Perturbativity

N
o 

EW
 m

in
im

um
 @

 M
X

QCD sourced PT
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Bogumiła Świeżewska GW and DM from (classical) scale symmetry breaking

SOURCES OF GRAVITATIONAL WAVES

VEV 6=
<latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit>

0

lots of energy 
in the bubble



Bogumiła Świeżewska GW and DM from (classical) scale symmetry breaking

SOURCES OF GRAVITATIONAL WAVES

VEV 6=
<latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit>

0
VEV 6=

<latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit>

0

VEV 6=
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0

VEV 6=
<latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit>

0

bubble-wall 
collisions sound waves 

in the plasma



Bogumiła Świeżewska GW and DM from (classical) scale symmetry breaking

SOURCES OF GRAVITATIONAL WAVES

VEV 6=
<latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit>

0
VEV 6=

<latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit>

0

VEV 6=
<latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit><latexit sha1_base64="jcBIkU+fWDuCWfOl+6isRfVfXyI=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgadnVYnvwUPDisYKthXYp2XS2DU2ya5IVytK/4MWDIl79Q978N2bbCn4+GHi8N8PMvDDhTBvPe3cKS8srq2vF9dLG5tb2Tnl3r63jVFFo0ZjHqhMSDZxJaBlmOHQSBUSEHG7C8UXu39yB0iyW12aSQCDIULKIUWJyqSfhtl+ueO7pmVerV/Fv4rveDBW0QLNffusNYpoKkIZyonXX9xITZEQZRjlMS71UQ0LomAyha6kkAnSQzW6d4iOrDHAUK1vS4Jn6dSIjQuuJCG2nIGakf3q5+JfXTU1UDzImk9SApPNFUcqxiXH+OB4wBdTwiSWEKmZvxXREFKHGxlOyIXx+iv8n7RPX91z/qlppnC/iKKIDdIiOkY9qqIEuURO1EEUjdI8e0ZMjnAfn2XmZtxacxcw++gbn9QOPto6Q</latexit>
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Bogumiła Świeżewska Classical scale invariance: DM and RG

SOURCES OF GRAVITATIONAL WAVES
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Bogumiła Świeżewska Classical scale invariance: DM and RG

GRAVITATIONAL WAVE SPECTRA

[sensitivity curves courtesy M. Lewicki]



Bogumiła Świeżewska Classical scale invariance: DM and RG

DARK MATTER PRODUCTION



Bogumiła Świeżewska Classical scale invariance: DM and RG

SU(2)CSM

[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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<latexit sha1_base64="Q4+QsHG2uLDk3M3S6ep56aiGfH4=">AAACGHicdVDLTgJBEJzFF+IL9ehlIjHBC+4iAQ4eSLx4xOgCkSVkdhhgwuwjM70mZMNnePFXvHjQGK/c/BtnARN8VdJJpao73V1uKLgC0/wwUiura+sb6c3M1vbO7l52/6ChgkhSZtNABLLlEsUE95kNHARrhZIRzxWs6Y4uE795z6TigX8L45B1PDLweZ9TAlrqZs8cj8BQevGNnS+eThwIZoLrxneTbtEB7jG1rHSzObNwXjYr1RL+TayCOUMOLVDvZqdOL6CRx3yggijVtswQOjGRwKlgk4wTKRYSOiID1tbUJ3phJ549NsEnWunhfiB1+YBn6vJETDylxp6rO5Mb1U8vEf/y2hH0q52Y+2EEzKfzRf1IYAhwkhLucckoiLEmhEqub8V0SCShoLPM6BC+PsX/k0axYJUL1nUpV7tYxJFGR+gY5ZGFKqiGrlAd2YiiB/SEXtCr8Wg8G2/G+7w1ZSxmDtE3GNNP5Tug9A==</latexit>

SU(2) ! Z2 ⇥ Z2

DM stability protected by a symmetry



Bogumiła Świeżewska Classical scale invariance: DM and RG

NON-STANDARD DM PRODUCTION

hot Universe, 
massless particles

cool Universe, 
diluted massless 

particles

reheated Universe, 
diluted massive 

particles

supercooling PT and reheating



Bogumiła Świeżewska Classical scale invariance: DM and RG

NEW PRODUCTION MECHANISM

[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]

Supercool DM 
DM diluted by 

thermal inflation
<latexit sha1_base64="1mwVuLHw9CTLIzEqwF4O6jnIZ7o=">AAACC3icdVDJSgNBEO1xjXEb9eilSRA8DTMakhxEAl48RsgGyRB6OjVJk56F7h4hDHP34q948aCIV3/Am39jZxHi9qDg8V4VVfW8mDOpbPvDWFldW9/YzG3lt3d29/bNg8OWjBJBoUkjHomORyRwFkJTMcWhEwsggceh7Y2vpn77FoRkUdhQkxjcgAxD5jNKlJb6ZqHRT3sBUSMRpAOgWXaJlxQBoyzrm0XbOi/blWoJ/yaOZc9QRAvU++Z7bxDRJIBQUU6k7Dp2rNyUCMUohyzfSyTEhI7JELqahiQA6aazXzJ8opUB9iOhK1R4pi5PpCSQchJ4unN6pPzpTcW/vG6i/KqbsjBOFIR0vshPOFYRngaDB0wAVXyiCaGC6VsxHRFBqNLx5XUIX5/i/0nrzHLKlnNTKtYuFnHk0DEqoFPkoAqqoWtUR01E0R16QE/o2bg3Ho0X43XeumIsZo7QNxhvn8gfnCw=</latexit>

Tdec > Treh

Standard freezeout 

With nonstandard 
initial condition

<latexit sha1_base64="eBnLZgjQ7wfflewmZQg3EB86hqM=">AAACC3icdVDJSgNBEO2JW4xb1KOXJkHwNMxoSHLIIeDFY4RskAxDT08ladKz0N0jhGHuXvwVLx4U8eoPePNv7CyC64OCx3tVVNXzYs6ksqx3I7e2vrG5ld8u7Ozu7R8UD4+6MkoEhQ6NeCT6HpHAWQgdxRSHfiyABB6Hnje9nPu9GxCSRWFbzWJwAjIO2YhRorTkFkttNx0GRE1EkPpAs6yBvygCJlnmFsuWeVG1avUK/k1s01qgjFZoucW3oR/RJIBQUU6kHNhWrJyUCMUoh6wwTCTEhE7JGAaahiQA6aSLXzJ8qhUfjyKhK1R4oX6dSEkg5SzwdOf8SPnTm4t/eYNEjepOysI4URDS5aJRwrGK8DwY7DMBVPGZJoQKpm/FdEIEoUrHV9AhfH6K/yfdc9OumvZ1pdxsrOLIoxNUQmfIRjXURFeohTqIolt0jx7Rk3FnPBjPxsuyNWesZo7RNxivH8T1nCo=</latexit>

Tdec < Treh
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REHEATING
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QCD sourced PT
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DM ABUNDANCE - FREEZEOUT
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DM ABUNDANCE - FREEZEOUT
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Parametr space for correct DM relic abundance significantly constrained
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SCALE DEPENDENCE OF PT PARAMETERS
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SCALE DEPENDENCE OF THE VEV
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SCALE DEPENDENCE
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SCALE DEPENDENCE
Remedy: RG improvement

10 100 1000 104
0

10

20

30

40

50

MZ MX wRG

Tn

� [GeV ]

T
n
[G
eV

]



Bogumiła Świeżewska Classical scale invariance: DM and RG

SCALE DEPENDENCE
Remedy: RG improvementStill to be improved
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SUMMARY

Phase transition is 
well testable in 

conformal modes

DM parameter space 
highly constrained 
from running of 

couplings 

Theoretical 
uncertainties are still 
huge: improvements 
needed before LISA
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THANK YOU FOR YOUR ATTENTION
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DM PRODUCTION MECHANISMS

Freeze-in 
DM not in thermal 

equilibrium, produced by 
decays or annihilations in the 

visible sector

Dark freeze-out 
DM not in equilibrium with 
the visible sector, freeze-out 

within the dark sector

Reannihillation 
DM frozen in the dark sector 

but produced by the visible 

sector, final freeze-out when 
the yield ends

[N. Bernal et al, Int.J.Mod.Phys.A 
32 (2017) 27, 1730023]
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SCALAR COUPLINGS

1 2 3 4 5 6 7
0.0

0.2

0.4

0.6

0.8

1.0

MX[GeV ]

g X

�2

-0.0100

-0.0001

-1.×10-6
-1.×10-8
-1.×10-10
-1.×10-12

1 2 3 4 5 6 7
0.0

0.2

0.4

0.6

0.8

1.0

MX[GeV ]

g X

�3

-0.01000

-0.00100

-0.00010

-0.00001

-1.×10-6
-1.×10-7



Bogumiła Świeżewska Classical scale invariance: DM and RG

GW PARAMETERS

[Inspired by a talk by Pedro Schwaller]

<latexit sha1_base64="7OEHFsJ70SOBiSJpg+SFMKNkczs=">AAAB7HicdVDLSsNAFL2pr1pfVZduBosgLkJiS9uFi4IblxWattCGMplO2qGTSZiZCCX0G9y4UMStH+TOv3H6EHweuHA4517uvSdIOFPacd6t3Nr6xuZWfruws7u3f1A8PGqrOJWEeiTmsewGWFHOBPU005x2E0lxFHDaCSbXc79zR6VisWjpaUL9CI8ECxnB2khea5BdzAbFkmOXq06tXkG/iWs7C5Rgheag+NYfxiSNqNCEY6V6rpNoP8NSM8LprNBPFU0wmeAR7RkqcESVny2OnaEzowxRGEtTQqOF+nUiw5FS0ygwnRHWY/XTm4t/eb1Uh3U/YyJJNRVkuShMOdIxmn+OhkxSovnUEEwkM7ciMsYSE23yKZgQPj9F/5P2pe1Wbfe2UmpcreLIwwmcwjm4UIMG3EATPCDA4B4e4ckS1oP1bL0sW3PWauYYvsF6/QAIM47V</latexit>

T⇤
<latexit sha1_base64="fD10CyYPH0Lz4xDndKEljVF6/ec=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuhhktbRcuCm5cVugL2mHIpJk2NMkMSaZQhvkTNy4UceufuPNvzLQVfB4IHM65l3tywoRRpV333Vpb39jc2i7tlHf39g8O7aPjropTiUkHxyyW/RApwqggHU01I/1EEsRDRnrh9KbwezMiFY1FW88T4nM0FjSiGGkjBbbdDrIhR3oieSbJJM8Du+I6VzW33qjC38Rz3AUqYIVWYL8NRzFOOREaM6TUwHMT7WdIaooZycvDVJEE4Skak4GhAnGi/GyRPIfnRhnBKJbmCQ0X6teNDHGl5jw0k0VI9dMrxL+8Qaqjhp9RkaSaCLw8FKUM6hgWNcARlQRrNjcEYUlNVognSCKsTVllU8LnT+H/pHvpeDXHu6tWmterOkrgFJyBC+CBOmiCW9ACHYDBDNyDR/BkZdaD9Wy9LEfXrNXOCfgG6/UDwyyUZg==</latexit>

Treh

<latexit sha1_base64="sbxyQc02kFwzmALRuVMNJiVOtyU=">AAAB8HicdVDJSgNBEK1xjXGLevTSGATxMMxoSHLwEPDiMYJZJBlCT6cnadLdM3T3CGHIV3jxoIhXP8ebf2NnEVwfFDzeq6KqXphwpo3nvTtLyyura+u5jfzm1vbObmFvv6njVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqc+q07qjSL5Y0ZJzQQeCBZxAg2VrrthtTgXnY66RWKnnte9irVEvpNfNeboQgL1HuFt24/Jqmg0hCOte74XmKCDCvDCKeTfDfVNMFkhAe0Y6nEguogmx08QcdW6aMoVrakQTP160SGhdZjEdpOgc1Q//Sm4l9eJzVRNciYTFJDJZkvilKOTIym36M+U5QYPrYEE8XsrYgMscLE2IzyNoTPT9H/pHnm+mXXvy4VaxeLOHJwCEdwAj5UoAZXUIcGEBBwD4/w5CjnwXl2XuatS85i5gC+wXn9ACMQkKE=</latexit>

�⇤

<latexit sha1_base64="eHPnEGkCX270pNcX7cuy2lW0LDg=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiB4GmY0JDl4CHjxGMEskAyhptOTtOnpHrp7hDDkH7x4UMSr/+PNv7GzCK4PCh7vVVFVL0w408bz3p3cyura+kZ+s7C1vbO7V9w/aGmZKkKbRHKpOiFoypmgTcMMp51EUYhDTtvh+HLmt++o0kyKGzNJaBDDULCIETBWavWAJyPoF0uee17xqrUy/k1815ujhJZo9ItvvYEkaUyFIRy07vpeYoIMlGGE02mhl2qaABnDkHYtFRBTHWTza6f4xCoDHEllSxg8V79OZBBrPYlD2xmDGemf3kz8y+umJqoFGRNJaqggi0VRyrGRePY6HjBFieETS4AoZm/FZAQKiLEBFWwIn5/i/0nrzPUrrn9dLtUvlnHk0RE6RqfIR1VUR1eogZqIoFt0jx7RkyOdB+fZeVm05pzlzCH6Buf1AwUxj2w=</latexit>↵
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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),  J.Kozaczuk, JHEP 10 (2015), S. Höche et al, 
2007.10343, Y. Gouttenoire, R. Jinno, F. Sala, 2112.07686]
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STANDARD FREEZE-OUT

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


