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Phase transitions in neutron star mergers
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Tootle, Ecker, Topolski, Demircik, Järvinen, Rezolla ’22

<latexit sha1_base64="kGD9wit8iCIgLl8r1pByWQajMag=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEVyGp2rosunFZwT6gCWUynbZDZ5IwcyOWUPBX3LhQxK3f4c6/cfoQfB64cDjnXu69J0wE1+C671ZuYXFpeSW/Wlhb39jcsrd3GjpOFWV1GotYtUKimeARqwMHwVqJYkSGgjXD4cXEb94wpXkcXcMoYYEk/Yj3OCVgpI695wNJsa+5xB72gd1CJvW4Yxddp3R8Wql4+DfxHHeKIpqj1rHf/G5MU8kioIJo3fbcBIKMKOBUsHHBTzVLCB2SPmsbGhHJdJBNzx/jQ6N0cS9WpiLAU/XrREak1iMZmk5JYKB/ehPxL6+dQu8syHiUpMAiOlvUSwWGGE+ywF2uGAUxMoRQxc2tmA6IIhRMYgUTwuen+H/SKDle2SlfnRSr5/M48mgfHaAj5KEKqqJLVEN1RFGG7tEjerLurAfr2XqZteas+cwu+gbr9QMmJJWo</latexit>

⌧ ⇠ 1ms

<latexit sha1_base64="6Q77ETsIpe+b+MZ2u3hoRmaMXz8=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoPgaZiJmngMevHgIYJZIBlCT6eTNOmeGbpr1DDmU7x4UMSrX+LNv7GzCK4PCh7vVVFVL4gF1+C671ZmYXFpeSW7mltb39jcsvPbdR0lirIajUSkmgHRTPCQ1YCDYM1YMSIDwRrB8GziN66Z0jwKr2AUM1+Sfsh7nBIwUsfOX+C25hJ7bWC3kA7luGMXXKd4eFwue/g38Rx3igKao9qx39rdiCaShUAF0brluTH4KVHAqWDjXDvRLCZ0SPqsZWhIJNN+Oj19jPeN0sW9SJkKAU/VrxMpkVqPZGA6JYGB/ulNxL+8VgK9Ez/lYZwAC+lsUS8RGCI8yQF3uWIUxMgQQhU3t2I6IIpQMGnlTAifn+L/Sb3oeCWndHlUqJzO48iiXbSHDpCHyqiCzlEV1RBFN+gePaIn6856sJ6tl1lrxprP7KBvsF4/ACt0k/4=</latexit>

L ⇠ 1km

~ Cosmological PT


Direct signal?
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Cutting, Hindmarsh, Weir ‘19

• Effective theory of hydrodynamics + scalar field


• Microscopic input: wall velocity


• GW emission: wall collision, sound waves and vorticity


• In general sound wave contribution is the dominant one
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• The spectrum can be estimated from few parameters: temperature, transition 
rate, speed of sound, wall speed and efficiency factor Hindmarsh, Huber, Rummukainen, Weir ’15


Hindmarsh, Huber, Rummukainen, Weir ’17

<latexit sha1_base64="Y1UOGyPSR1CFXn2bg0uZkquujOc=">AAAB/nicdVDLSgMxFM34rPVVFVdugkVw45Do0Jll0Y3LKvYBbR0yadqGZh4kmUoZCv6KGxeKuPU73Pk3pg9BRQ9cOJxzL/feEySCK43Qh7WwuLS8sppby69vbG5tF3Z2aypOJWVVGotYNgKimOARq2quBWskkpEwEKweDC4mfn3IpOJxdKNHCWuHpBfxLqdEG8kv7F/DluIhHPp3sBUwTW6zEzz2C0VkI8fBnguRfeZ6CHuGlFwHuxhiG01RBHNU/MJ7qxPTNGSRpoIo1cQo0e2MSM2pYON8K1UsIXRAeqxpaERCptrZ9PwxPDJKB3ZjaSrScKp+n8hIqNQoDExnSHRf/fYm4l9eM9Vdr53xKEk1i+hsUTcVUMdwkgXscMmoFiNDCJXc3Appn0hCtUksb0L4+hT+T2qnNi7ZpSunWD6fx5EDB+AQHAMMXFAGl6ACqoCCDDyAJ/Bs3VuP1ov1OmtdsOYze+AHrLdPWx+VJA==</latexit>

R ⇠ vw�
�1

LISA Cosmology Working Group ‘22

<latexit sha1_base64="H4nWSwy8j4kB+vUUk2+37WfUCEE="></latexit>

h(Tn,↵,�, cs, vw, vf )



Annala, Gorda, Kurkela, Nättila, Vuorinen ‘20

• Assume no specific model


• An existing FOPT is crossed

Estimating the frequency and amplitude

<latexit sha1_base64="il8AnljL95e5gjsQrPSRlUU4c9c=">AAACDnicdVC7SgNBFJ31GeMramkzGASruOsrlkELLSwUTBSyMcxO7uqQmd1l5q4YlnyBjb9iY6GIrbWdf+PkIfg8MHA451zu3BMkUhh03XdnZHRsfGIyN5Wfnpmdmy8sLNZMnGoOVR7LWJ8HzIAUEVRRoITzRANTgYSzoL3f88+uQRsRR6fYSaCh2GUkQsEZWqlZWPWPbLjFqG+Eoh71EW4wO4Bad31AQ9W92GwWim5pY3O7XPbob+KV3D6KZIjjZuHNb8U8VRAhl8yYuucm2MiYRsEldPN+aiBhvM0uoW5pxBSYRtY/p0tXrdKiYazti5D21a8TGVPGdFRgk4rhlfnp9cS/vHqK4W4jE1GSIkR8sChMJcWY9rqhLaGBo+xYwrgW9q+UXzHNONoG87aEz0vp/6S2UfJ2SjsnW8XK3rCOHFkmK2SNeKRMKuSQHJMq4eSW3JNH8uTcOQ/Os/MyiI44w5kl8g3O6wfbVJwN</latexit>

⇤ ⇠ 1GeV/fm3
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𝜷-1

<latexit sha1_base64="XLtd+tOyLn5NRzLWhNAK7ut1FOI=">AAAB/XicdVDLSsNAFJ34rPUVHzs3g0VwY0iqti6LblxWsQ9oYphMJ+3QmSTMTCo1FH/FjQtF3Pof7vwbpw/B54ELh3Pu5d57goRRqWz73ZiZnZtfWMwt5ZdXVtfWzY3NuoxTgUkNxywWzQBJwmhEaooqRpqJIIgHjDSC3tnIb/SJkDSOrtQgIR5HnYiGFCOlJd/cvoSupBz2/Rs3IApdZwfO0DcLtlU8PC6XHfibOJY9RgFMUfXNN7cd45STSGGGpGw5dqK8DAlFMSPDvJtKkiDcQx3S0jRCnEgvG18/hHtaacMwFroiBcfq14kMcSkHPNCdHKmu/OmNxL+8VqrCEy+jUZIqEuHJojBlUMVwFAVsU0GwYgNNEBZU3wpxFwmElQ4sr0P4/BT+T+pFyylZpYujQuV0GkcO7IBdsA8cUAYVcA6qoAYwuAX34BE8GXfGg/FsvExaZ4zpzBb4BuP1A/3LlPg=</latexit>

R ⇠ vw�
�1
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<latexit sha1_base64="A01WRm48WAweXkrjP0Qz9NH8ye4="></latexit>

fpeak ⇠ log(v3w⌧
4⇤4)

vw⌧

Bubbles expand and collide in ~ ￼ s


Long wavelength perturbations that live ~ ms

μ



𝜷-1
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<latexit sha1_base64="0C8SthHya4uyc+16X/fIMeMOO8k="></latexit>

fpeak ' 1 MHz

vw

✓
1ms

⌧

◆
0.06502 +

1

2000⇡1/3
log

✓
v3w

⌧4

1ms4

⇤
4

1GeV/fm3

◆�

<latexit sha1_base64="Q9dpdJEr++hRnCG9okG5N0j++eI=">AAAB83icdVDLSgMxFL1TX7W+qi7dBIvgapjR0nZZdOOygq2FdiiZNNOGJpkhyVTK0N9w40IRt/6MO//G9CH4PHAvh3PuJTcnTDjTxvPendzK6tr6Rn6zsLW9s7tX3D9o6ThVhDZJzGPVDrGmnEnaNMxw2k4UxSLk9DYcXc782zFVmsXyxkwSGgg8kCxiBBsrdce9O9TVTCDP9XvFku3larl2jn4T3/XmKMESjV7xrduPSSqoNIRjrTu+l5ggw8owwum00E01TTAZ4QHtWCqxoDrI5jdP0YlV+iiKlS1p0Fz9upFhofVEhHZSYDPUP72Z+JfXSU1UCzImk9RQSRYPRSlHJkazAFCfKUoMn1iCiWL2VkSGWGFibEwFG8LnT9H/pHXm+hW3cl0u1S+WceThCI7hFHyoQh2uoAFNIJDAPTzCk5M6D86z87IYzTnLnUP4Buf1AwaXkQ4=</latexit>

vw ⇠ 0.1
<latexit sha1_base64="ANEud7ffy4Idak9zIbX2eeIx+w8=">AAACBXicdVDJSgNBEO1xjXGLetRDYxA8DTMaEo+il1yECEaFTBh6OjXapGehu0aMQy5e/BUvHhTx6j9482/sLILrg4LHe1VU1QtSKTQ6zrs1MTk1PTNbmCvOLywuLZdWVk91kikOTZ7IRJ0HTIMUMTRRoITzVAGLAglnQfdw4J9dgdIiiU+wl0I7YhexCAVnaCS/tBH6eQqs26eeFhF17Cr1EK4xP6rf9P1S2bHdSq2yt0t/E9d2hiiTMRp+6c3rJDyLIEYumdYt10mxnTOFgkvoF71MQ8p4l11Ay9CYRaDb+fCLPt0ySoeGiTIVIx2qXydyFmndiwLTGTG81D+9gfiX18ow3GvnIk4zhJiPFoWZpJjQQSS0IxRwlD1DGFfC3Er5JVOMowmuaEL4/JT+T053bLdqV48r5f2DcRwFsk42yTZxSY3skzppkCbh5Jbck0fyZN1ZD9az9TJqnbDGM2vkG6zXD+oKmD4=</latexit>

fpeak ⇠ 0.6MHz



Hindmarsh, Huber, Rummukainen, Weir ‘16
<latexit sha1_base64="dPFDMUqp347f+TqNDn8GFCPaA1g="></latexit>

⇢GW ⇠
�
(e+ p)v2f

�2
R�t⌦GW

<latexit sha1_base64="jJK0l7Kh8M0rea+ItvKZ3frympg=">AAACAHicdVDLSsNAFJ34rPUVdeHCzWAR3BiSqq3LogvdWcE+oIlhMp20Q2eSMDMRSsjGX3HjQhG3foY7/8bpQ/B54MLhnHu5954gYVQq2343Zmbn5hcWC0vF5ZXVtXVzY7Mp41Rg0sAxi0U7QJIwGpGGooqRdiII4gEjrWBwNvJbt0RIGkfXapgQj6NeREOKkdKSb267l5z0kJ+dt3JXUg4d+yY7KOe+WbKt8uFxterA38Sx7DFKYIq6b7653RinnEQKMyRlx7ET5WVIKIoZyYtuKkmC8AD1SEfTCHEivWz8QA73tNKFYSx0RQqO1a8TGeJSDnmgOzlSffnTG4l/eZ1UhSdeRqMkVSTCk0VhyqCK4SgN2KWCYMWGmiAsqL4V4j4SCCudWVGH8Pkp/J80y5ZTsSpXR6Xa6TSOAtgBu2AfOKAKauAC1EEDYJCDe/AInow748F4Nl4mrTPGdGYLfIPx+gHkmZX8</latexit>

⌦GW ⇠ 10�2
<latexit sha1_base64="EpZhQnT/2Zkzi5c5j2DmEKoEKlA=">AAAB+nicdVDJSgNBEO1xjXGb6NFLYxA8jTNRE49BPXjwEMEskBlCT6cnadKz0F2jhDGf4sWDIl79Em/+jZ1FcH1Q8Hiviqp6fiK4Att+N+bmFxaXlnMr+dW19Y1Ns7DVUHEqKavTWMSy5RPFBI9YHTgI1kokI6EvWNMfnI395g2TisfRNQwT5oWkF/GAUwJa6pgF95wJIBiwq3iILw9oxyzaVunwuFJx8G/iWPYERTRDrWO+ud2YpiGLgAqiVNuxE/AyIoFTwUZ5N1UsIXRAeqytaURCprxscvoI72mli4NY6ooAT9SvExkJlRqGvu4MCfTVT28s/uW1UwhOvIxHSQosotNFQSowxHicA+5yySiIoSaESq5vxbRPJKGg08rrED4/xf+TRslyylb56qhYPZ3FkUM7aBftIwdVUBVdoBqqI4pu0T16RE/GnfFgPBsv09Y5Yzazjb7BeP0AGP+TSA==</latexit>

�t ⇠ L/c
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<latexit sha1_base64="met575SaEcF7mlGF9w5jYVB6Mq4="></latexit>

hobs
c ⇠

L3/2⇤4v2f
f3/2d

Sound contribution
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<latexit sha1_base64="6IBLSC55VSzKxHkWF1ffdSDEZuk="></latexit>

hc ' 2.6⇥ 10
�25v2f

✓
⇤
4

1 GeV/fm3

◆✓
L

1 km

◆3/2 ✓
1 MHz

fpeak

◆3/2 ✓
100 Mpc

d

◆

Sound contribution
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Sound contribution

<latexit sha1_base64="OGJOs28uF32YUAji8kRDR7XdodY="></latexit>

hobs
c ⇠ 10�24v2f

✓
100Mpc

d

◆
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• Interferometers (holometer): 


• Resonant cavities: 


• Bulk acoustic wave resonators: 

<latexit sha1_base64="tGzMg5ILsfygzRkQdsBXRKg2MhI=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgxpAEqXZXdOOygq2FNobJdNIOnZmEmYlSYj/FjQtF3Pol7vwbpw/B54ELh3Pu5d57opRRpV333SosLC4trxRXS2vrG5tbdnm7pZJMYtLECUtkO0KKMCpIU1PNSDuVBPGIkatoeDbxr26IVDQRl3qUkoCjvqAxxUgbKbTLgxDDrqIceu51fuj749CuuI5fq9VcD/4mnuNOUQFzNEL7rdtLcMaJ0JghpTqem+ogR1JTzMi41M0USREeoj7pGCoQJyrIp6eP4b5RejBOpCmh4VT9OpEjrtSIR6aTIz1QP72J+JfXyXR8EuRUpJkmAs8WxRmDOoGTHGCPSoI1GxmCsKTmVogHSCKsTVolE8Lnp/B/0vIdr+pUL44q9dN5HEWwC/bAAfDAMaiDc9AATYDBLbgHj+DJurMerGfrZdZasOYzO+AbrNcPwqGTEQ==</latexit>

hc ⇠ 10�22

<latexit sha1_base64="hH4q7W55uYobJVBA4K9QitzP8/c=">AAACBXicdVDLSsNAFJ3UV62vqEtdDBbBTcOkSLW7ohuXFewD2hgm00k7dPJgZiKUkI0bf8WNC0Xc+g/u/BunbQSfBy4czrmXe+/xYs6kQujdKCwsLi2vFFdLa+sbm1vm9k5bRokgtEUiHomuhyXlLKQtxRSn3VhQHHicdrzx+dTv3FAhWRReqUlMnQAPQ+YzgpWWXHN/5BLYlyyANrpOK1U7g5Wcosw1y8iq1ut1ZMPfxLbQDGWQo+mab/1BRJKAhopwLGXPRrFyUiwUI5xmpX4iaYzJGA9pT9MQB1Q66eyLDB5qZQD9SOgKFZypXydSHEg5CTzdGWA1kj+9qfiX10uUf+qkLIwTRUMyX+QnHKoITiOBAyYoUXyiCSaC6VshGWGBidLBlXQIn5/C/0m7atk1q3Z5XG6c5XEUwR44AEfABiegAS5AE7QAAbfgHjyCJ+POeDCejZd5a8HIZ3bBNxivH7eMljE=</latexit>

hc ⇠ 10�21 � 10�20

<latexit sha1_base64="iCKPZfpdP0RmmdIPWFqKL8NEO04=">AAACBXicdVDLSsNAFJ34rPUVdamLwSK4aUiK1GZXdOOygn1AG8NkOmmHziRhZiKU0I0bf8WNC0Xc+g/u/BunbQSfBy4czrmXe+8JEkalsu13Y2FxaXlltbBWXN/Y3No2d3ZbMk4FJk0cs1h0AiQJoxFpKqoY6SSCIB4w0g5G51O/fUOEpHF0pcYJ8TgaRDSkGCkt+ebB0MewJymHjn2dlR13Ass5rU18s2RbFdd1bQf+Jo5lz1ACORq++dbrxzjlJFKYISm7jp0oL0NCUczIpNhLJUkQHqEB6WoaIU6kl82+mMAjrfRhGAtdkYIz9etEhriUYx7oTo7UUP70puJfXjdVYc3LaJSkikR4vihMGVQxnEYC+1QQrNhYE4QF1bdCPEQCYaWDK+oQPj+F/5NWxXKqVvXypFQ/y+MogH1wCI6BA05BHVyABmgCDG7BPXgET8ad8WA8Gy/z1gUjn9kD32C8fgDNHZY/</latexit>

hc ⇠ 10�19 � 10�18

Gorbachev, Tobar ‘14

Experiments for UHFGW

Berlin, Blas, D’Agnolo, Ellis, Harnik, Kahn, Schütte-Engel, Wentzel ‘23

Gorbachev, Ivanov, van Kann, Galliou, Tobar ‘14

Chou et al  ‘17

2011.12414



Other characteristics of the signal

￼19

• Signal from a single spot lasts for ~ ms


• Several spots transition back a forth during the merger


• Stochastic in nature but well localised in the sky


• Only astrophysical source (within SM) at MHz



Improvements

￼20

• Better estimate of the energy in fluid motion: 


• Study the collision of superheated bubbles


• Fist approximation: sound-shell model (assumes linearity)


• Expansion of isolated superheated bubbles


• Weak processes? Memory effects?

<latexit sha1_base64="QPMwoeZYL9wkvzUOw6FYfnG0I84=">AAAB6nicdVDJSgNBEK2OW4xb1KOXxiB4GmaCRHMLevEY0SyQDKGn05M06ekZunsCYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpekAiujeu+o9zK6tr6Rn6zsLW9s7tX3D9o6jhVlDVoLGLVDohmgkvWMNwI1k4UI1EgWCsYXc381pgpzWN5ZyYJ8yMykDzklBgr3Y57Ya9Ycp1ytVp1PfybeI47RwmWqPeKb91+TNOISUMF0brjuYnxM6IMp4JNC91Us4TQERmwjqWSREz72fzUKT6xSh+HsbIlDZ6rXycyEmk9iQLbGREz1D+9mfiX10lNeOFnXCapYZIuFoWpwCbGs79xnytGjZhYQqji9lZMh0QRamw6BRvC56f4f9IsO17FqdyclWqXyzjycATHcAoenEMNrqEODaAwgHt4hCck0AN6Ri+L1hxazhzCN6DXD977jjg=</latexit>vf



Superheated bubbles
Bea, Casalderrey-Solana, Mateos, MSG ‘24
Barni, Blasi, Vanvlasselaer ’24 

￼21
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<latexit sha1_base64="Tu+d8GHGBb4htteve/e2YQEx7Qo="></latexit>

v+v� =
p+ � p�
e+ � e�

,
v+
v�

=
e� + p+
e+ � p�

<latexit sha1_base64="aGQ2JxMRwuTM7uXtQyZAfQEOM24=">AAACFHicdVDLSgMxFM34rPU16tJNsAiCOMwUqXYhFN24rNAXtGPJpGkbmskMeShl6Ee48VfcuFDErQt3/o2ZtorPAyEn557LzT1BzKhUrvtmzczOzS8sZpayyyura+v2xmZNRlpgUsURi0QjQJIwyklVUcVIIxYEhQEj9WBwltbrV0RIGvGKGsbED1GP0y7FSBmpbe9XLpNWqFtcj+AJvIZ6/BylVyodwLj3aWjbOdfJF4tF14O/iee4Y+TAFOW2/drqRFiHhCvMkJRNz42VnyChKGZklG1pSWKEB6hHmoZyFBLpJ+OlRnDXKB3YjYQ5XMGx+rUjQaGUwzAwzhCpvvxZS8W/ak2tusd+QnmsFeF4MqirGVQRTBOCHSoIVmxoCMKCmr9C3EcCYWVyzJoQPjaF/5Na3vEKTuHiMFc6ncaRAdtgB+wBDxyBEjgHZVAFGNyAO/AAHq1b6956sp4n1hlr2rMFvsF6eQdzfZ8j</latexit>

Tµ⌫ = wuµu⌫ � pgµ⌫

<latexit sha1_base64="1zgidwLI1RJbxscsHmb5kLRrzpU=">AAACA3icdVDLSgMxFM3UV62vUXe6CRbB1TBTpNqFUHTjskJf0BmHTJppQzOZIckIZSi48VfcuFDErT/hzr8x01bweSDkcM69N7knSBiVyrbfjcLC4tLySnG1tLa+sbllbu+0ZZwKTFo4ZrHoBkgSRjlpKaoY6SaCoChgpBOMLnK/c0OEpDFvqnFCvAgNOA0pRkpLvrnnJkgoipifuVE6aV7nl8vTyZntm2XbqtRqNduBv4lj2VOUwRwN33xz+zFOI8IVZkjKnmMnysvy+ZiRSclNJUkQHqEB6WnKUUSkl013mMBDrfRhGAt9uIJT9WtHhiIpx1GgKyOkhvKnl4t/eb1UhadeRnmSKsLx7KEwZVDFMA8E9qkgWLGxJggLqv8K8RAJhJWOraRD+NwU/k/aFcupWtWr43L9fB5HEeyDA3AEHHAC6uASNEALYHAL7sEjeDLujAfj2XiZlRaMec8u+Abj9QMn+5iG</latexit>

@µT
µ⌫ = 0

Bubble expansion

Matching conditions at the wall:

?

<latexit sha1_base64="54k2PNOFustIdtWtNNnhtYSdFKA=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIvgapip2roRim5cVrAPaMeSSTNtbJIZkoxYhvkVNy4UceuPuPNvTB+CzwMXDufcy733BDGjSrvuu5VbWFxaXsmvFtbWNza37O1iU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61gdD7xW7dEKhqJKz2Oic/RQNCQYqSN1LOLN9dplycZPIUimdGeXXKd8uFxterB38Rz3ClKYI56z37r9iOccCI0ZkipjufG2k+R1BQzkhW6iSIxwiM0IB1DBeJE+en09gzuG6UPw0iaEhpO1a8TKeJKjXlgOjnSQ/XTm4h/eZ1Ehyd+SkWcaCLwbFGYMKgjOAkC9qkkWLOxIQhLam6FeIgkwtrEVTAhfH4K/yfNsuNVnMrlUal2No8jD3bBHjgAHqiCGrgAddAAGNyBe/AInqzMerCerZdZa86az+yAb7BePwBOHpSn</latexit>

jµ = nuµ

<latexit sha1_base64="E2/vhcA0mMVwWt0+GyCXD8bNApE=">AAACAnicdVDLSgMxFM34rPU16krcBIvgapip2roRim5cVrAPaMchk2ba2ExmSDJCGYobf8WNC0Xc+hXu/Bsz0wo+D4Qczrn3Jvf4MaNS2fa7MTM7N7+wWFgqLq+srq2bG5tNGSUCkwaOWCTaPpKEUU4aiipG2rEgKPQZafnDs8xv3RAhacQv1Sgmboj6nAYUI6Ulz9zuxkgoipiXdsNkfH2VX/AE2p5Zsq3ywVG16sDfxLHsHCUwRd0z37q9CCch4QozJGXHsWPlptl4zMi42E0kiREeoj7paMpRSKSb5iuM4Z5WejCIhD5cwVz92pGiUMpR6OvKEKmB/Oll4l9eJ1HBsZtSHieKcDx5KEgYVBHM8oA9KghWbKQJwoLqv0I8QAJhpVMr6hA+N4X/k2bZcipW5eKwVDudxlEAO2AX7AMHVEENnIM6aAAMbsE9eARPxp3xYDwbL5PSGWPaswW+wXj9AID6l4Q=</latexit>

@µj
µ = 0

<latexit sha1_base64="6yy2MqWaImGs1kw+ceoKq0G8hw4=">AAACCHicdVDLSgMxFM3UV62vUZcuDBZBKC0zVVs3QtGNywr2Ae0wZNK0DU0yQ5IplNKlG3/FjQtF3PoJ7vwb03YEnwcuHM65l3vvCSJGlXacdyu1sLi0vJJezaytb2xu2ds7dRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSCweXUbwyJVDQUN3oUEY+jnqBdipE2km/vCz/X7iHOkZ8b+jl4DoWfT4T80M/7dtYpFI9Py2UX/iZuwZkhCxJUffut3QlxzInQmCGlWq4TaW+MpKaYkUmmHSsSITxAPdIyVCBOlDeePTKBh0bpwG4oTQkNZ+rXiTHiSo14YDo50n3105uKf3mtWHfPvDEVUayJwPNF3ZhBHcJpKrBDJcGajQxBWFJzK8R9JBHWJruMCeHzU/g/qRcLbqlQuj7JVi6SONJgDxyAI+CCMqiAK1AFNYDBLbgHj+DJurMerGfrZd6aspKZXfAN1usHnguYfA==</latexit>n+�+v+ = n���v�

<latexit sha1_base64="c6bueAT5XiREd5aiIosTFg7VvSY=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiAIwjAjEs0t6MVjAmaBZAg9nZqkTc9Cd48QhnyBFw+KePWTvPk3dhbB9UHB470qqur5ieBKO867lVtaXlldy68XNja3tneKu3tNFaeSYYPFIpZtnyoUPMKG5lpgO5FIQ19gyx9dTf3WHUrF4+hGjxP0QjqIeMAZ1Uaqn/SKJcc+rVQqjkt+E9d2ZijBArVe8a3bj1kaYqSZoEp1XCfRXkal5kzgpNBNFSaUjegAO4ZGNETlZbNDJ+TIKH0SxNJUpMlM/TqR0VCpceibzpDqofrpTcW/vE6qgwsv41GSaozYfFGQCqJjMv2a9LlEpsXYEMokN7cSNqSSMm2yKZgQPj8l/5Pmqe2W7XL9rFS9XMSRhwM4hGNw4RyqcA01aAADhHt4hCfr1nqwnq2XeWvOWszswzdYrx/3iI0U</latexit>

+
<latexit sha1_base64="lC+goqD1iOSAp5v1Xo9+hnvWwRA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4cZgRieYW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4vg+qDg8V4VVfX8RHClHefdyi0tr6yu5dcLG5tb2zvF3b2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rDqXicXSjxwl6IR1EPOCMaiPVT3rFkmOfVioVxyW/iWs7M5RggVqv+NbtxywNMdJMUKU6rpNoL6NScyZwUuimChPKRnSAHUMjGqLystmhE3JklD4JYmkq0mSmfp3IaKjUOPRNZ0j1UP30puJfXifVwYWX8ShJNUZsvihIBdExmX5N+lwi02JsCGWSm1sJG1JJmTbZFEwIn5+S/0nz1HbLdrl+VqpeLuLIwwEcwjG4cA5VuIYaNIABwj08wpN1az1Yz9bLvDVnLWb24Rus1w/6kI0W</latexit>�

<latexit sha1_base64="makQQOXCAPXiJsj6Vn+F9ktEuhU=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgQkJStXVZdOOyQl/YhjCZTtqhk0mYmQgl9C/cuFDErX/jzr9x+hB8HrhwOOde7r0nSDhT2nHerdzS8srqWn69sLG5tb1T3N1rqTiVhDZJzGPZCbCinAna1Exz2kkkxVHAaTsYXU399h2VisWioccJ9SI8ECxkBGsj3TZ8cYJ6UeoLv1hy7PLpebXqot/EtZ0ZSrBA3S++9foxSSMqNOFYqa7rJNrLsNSMcDop9FJFE0xGeEC7hgocUeVls4sn6MgofRTG0pTQaKZ+nchwpNQ4CkxnhPVQ/fSm4l9eN9XhhZcxkaSaCjJfFKYc6RhN30d9JinRfGwIJpKZWxEZYomJNiEVTAifn6L/SatsuxW7cnNWql0u4sjDARzCMbhQhRpcQx2aQEDAPTzCk6WsB+vZepm35qzFzD58g/X6AT2UkKw=</latexit>

Tn, µn

<latexit sha1_base64="o/H90UgUhyraZR7kCyWx3K//CcM=">AAAB9XicdVDLSgMxFM34rPVVdekmWIQKMsxUbV0W3bis0Be045BJM21okhmSTEsZ+h9uXCji1n9x59+YPgSfBy4czrmXe+8JYkaVdpx3a2l5ZXVtPbOR3dza3tnN7e03VJRITOo4YpFsBUgRRgWpa6oZacWSIB4w0gwG11O/OSRS0UjU9DgmHkc9QUOKkTbS3dAfFWq+OO3wxBcnfi7v2MWzi3LZhb+Jazsz5MECVT/31ulGOOFEaMyQUm3XibWXIqkpZmSS7SSKxAgPUI+0DRWIE+Wls6sn8NgoXRhG0pTQcKZ+nUgRV2rMA9PJke6rn95U/MtrJzq89FIq4kQTgeeLwoRBHcFpBLBLJcGajQ1BWFJzK8R9JBHWJqisCeHzU/g/aRRtt2SXbs/zlatFHBlwCI5AAbigDCrgBlRBHWAgwT14BE/WyHqwnq2XeeuStZg5AN9gvX4AJaOSUQ==</latexit>

vw(Tn, µn)

<latexit sha1_base64="//kX0Q8Sm1NMkpqX8/GxCQj37sU=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRVW5dFNy4r2ge0oUymk3boZBJmJpUS+gluXCji1i9y5984aSv4PHDhcM693HuPH3OmtOO8W7ml5ZXVtfx6YWNza3unuLvXVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/usz81phKxSJxqycx9UI8ECxgBGsj3Yx7d71iybHLJ2fVqot+E9d2ZijBAvVe8a3bj0gSUqEJx0p1XCfWXoqlZoTTaaGbKBpjMsID2jFU4JAqL52dOkVHRumjIJKmhEYz9etEikOlJqFvOkOsh+qnl4l/eZ1EB+deykScaCrIfFGQcKQjlP2N+kxSovnEEEwkM7ciMsQSE23SKZgQPj9F/5Nm2XYrduX6tFS7WMSRhwM4hGNwoQo1uII6NIDAAO7hEZ4sbj1Yz9bLvDVnLWb24Rus1w/izI46</latexit>vw

<latexit sha1_base64="bv8frUYXCHQ76XtwStlw5PEhRBY=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiBEkGEmauJFCHrxGMEsmAyhp9OTNOnpGbp7hDDkL7x4UMSrf+PNv7GzCK4PCh7vVVFVz485U9px3q3MwuLS8kp2Nbe2vrG5ld/eaagokYTWScQj2fKxopwJWtdMc9qKJcWhz2nTH15O/OYdlYpF4kaPYuqFuC9YwAjWRrqN0TmKi/RIHHbzBccuHZ9WKi76TVzbmaIAc9S6+bdOLyJJSIUmHCvVdp1YeymWmhFOx7lOomiMyRD3adtQgUOqvHR68RgdGKWHgkiaEhpN1a8TKQ6VGoW+6QyxHqif3kT8y2snOjjzUibiRFNBZouChCMdocn7qMckJZqPDMFEMnMrIgMsMdEmpJwJ4fNT9D9plGy3bJevTwrVi3kcWdiDfSiCCxWowhXUoA4EBNzDIzxZynqwnq2XWWvGms/swjdYrx8HY4/h</latexit>

p = p(e, n)

<latexit sha1_base64="M5TCroP3UhzNW2VCPsgIGyBPe/0=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgKiRV2roQim5cVrAPaGOYTCft0MkkzEyEEOKvuHGhiFs/xJ1/4/Qh+Dxw4XDOvdx7jx8zKpVtvxuFpeWV1bXiemljc2t7x9zd68goEZi0ccQi0fORJIxy0lZUMdKLBUGhz0jXn1xM/e4tEZJG/FqlMXFDNOI0oBgpLXlmGXvypgrP4CAQCGdOnh3nnlmxLafeOK3b8DdxLHuGClig5Zlvg2GEk5BwhRmSsu/YsXIzJBTFjOSlQSJJjPAEjUhfU45CIt1sdnwOD7UyhEEkdHEFZ+rXiQyFUqahrztDpMbypzcV//L6iQoabkZ5nCjC8XxRkDCoIjhNAg6pIFixVBOEBdW3QjxGOgWl8yrpED4/hf+TTtVyalbt6qTSPF/EUQT74AAcAQfUQRNcghZoAwxScA8ewZNxZzwYz8bLvLVgLGbK4BuM1w/4WJRi</latexit>

c2s =
1

3

<latexit sha1_base64="mHM6ytx1qxlH+6KYOR7LZTANSdY=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiB4GmdEkngQgl48RjCLJEPo6XSSJt09Q3eNGIZ8hRcPinj1c7z5N3YWwfVBweO9KqrqhbHgBjzv3cksLC4tr2RXc2vrG5tb+e2duokSTVmNRiLSzZAYJrhiNeAgWDPWjMhQsEY4vJj4jVumDY/UNYxiFkjSV7zHKQEr3bTvOD7D+gg6+YLn+qXyacnDv4nvelMU0BzVTv6t3Y1oIpkCKogxLd+LIUiJBk4FG+faiWExoUPSZy1LFZHMBOn04DE+sEoX9yJtSwGeql8nUiKNGcnQdkoCA/PTm4h/ea0EeuUg5SpOgCk6W9RLBIYIT77HXa4ZBTGyhFDN7a2YDogmFGxGORvC56f4f1I/dv2iW7w6KVTO53Fk0R7aR4fIRyVUQZeoimqIIonu0SN6crTz4Dw7L7PWjDOf2UXf4Lx+ADP0kA4=</latexit>

⇠ = r/t
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Types of expansions

<latexit sha1_base64="FZUjWI1JYYs6ArUsuXhIZKh3LVk=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuQlK1dVl047KCfUAbwmR60w6dTMLMpFJC/8SNC0Xc+ifu/BunD8HngQuHc+7l3nvClDOlXffdWlpeWV1bL2wUN7e2d3btvf2mSjJJoUETnsh2SBRwJqChmebQTiWQOOTQCodXU781AqlYIm71OAU/Jn3BIkaJNlJg26PgDnc5KKVYjGmgArvkOuXT82rVw7+J57gzlNAC9cB+6/YSmsUgNOVEqY7nptrPidSMcpgUu5mClNAh6UPHUEFiUH4+u3yCj43Sw1EiTQmNZ+rXiZzESo3j0HTGRA/UT28q/uV1Mh1d+DkTaaZB0PmiKONYJ3gaA+4xCVTzsSGESmZuxXRAJKHahFU0IXx+iv8nzbLjVZzKzVmpdrmIo4AO0RE6QR6qohq6RnXUQBSN0D16RE9Wbj1Yz9bLvHXJWswcoG+wXj8AtSiTvg==</latexit>

vw . cs

Hybrid Detonation

<latexit sha1_base64="WRqFkrl0H31rYqR1k1ErvEmlDMM=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgKiRVW5dFNy4r2Ac0IUymk3boZBJnJpVS+htuXCji1p9x5984fQg+D1w4nHMv994Tppwp7TjvVm5peWV1Lb9e2Njc2t4p7u41VZJJQhsk4Ylsh1hRzgRtaKY5baeS4jjktBUOLqd+a0ilYom40aOU+jHuCRYxgrWRvGFwh7wevUUkUEGx5Njlk7Nq1UW/iWs7M5RggXpQfPO6CcliKjThWKmO66TaH2OpGeF0UvAyRVNMBrhHO4YKHFPlj2c3T9CRUbooSqQpodFM/ToxxrFSozg0nTHWffXTm4p/eZ1MR+f+mIk001SQ+aIo40gnaBoA6jJJieYjQzCRzNyKSB9LTLSJqWBC+PwU/U+aZdut2JXr01LtYhFHHg7gEI7BhSrU4Arq0AACKdzDIzxZmfVgPVsv89actZjZh2+wXj8A56qRog==</latexit>

vw � cs
<latexit sha1_base64="tuQU9V0vUzHI2Rnjo2oo7rqou3I=">AAAB8HicdVDLSsNAFL2pr1pfVZduBovgKiRVWxcuim5cVrC20oYwmU7aoTNJmJlUSuhXuHGhiFs/x51/4/Qh+Dxw4XDOvdx7T5BwprTjvFu5hcWl5ZX8amFtfWNzq7i9c6PiVBLaIDGPZSvAinIW0YZmmtNWIikWAafNYHAx8ZtDKhWLo2s9SqgncC9iISNYG+l26N+hM0R85RdLjl0+OqlWXfSbuLYzRQnmqPvFt043JqmgkSYcK9V2nUR7GZaaEU7HhU6qaILJAPdo29AIC6q8bHrwGB0YpYvCWJqKNJqqXycyLJQaicB0Cqz76qc3Ef/y2qkOT72MRUmqaURmi8KUIx2jyfeoyyQlmo8MwUQycysifSwx0Sajggnh81P0P7kp227Frlwdl2rn8zjysAf7cAguVKEGl1CHBhAQcA+P8GRJ68F6tl5mrTlrPrML32C9fgBbt5An</latexit>

vw < cs

Deflagration
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Deflagration

<latexit sha1_base64="tuQU9V0vUzHI2Rnjo2oo7rqou3I=">AAAB8HicdVDLSsNAFL2pr1pfVZduBovgKiRVWxcuim5cVrC20oYwmU7aoTNJmJlUSuhXuHGhiFs/x51/4/Qh+Dxw4XDOvdx7T5BwprTjvFu5hcWl5ZX8amFtfWNzq7i9c6PiVBLaIDGPZSvAinIW0YZmmtNWIikWAafNYHAx8ZtDKhWLo2s9SqgncC9iISNYG+l26N+hM0R85RdLjl0+OqlWXfSbuLYzRQnmqPvFt043JqmgkSYcK9V2nUR7GZaaEU7HhU6qaILJAPdo29AIC6q8bHrwGB0YpYvCWJqKNJqqXycyLJQaicB0Cqz76qc3Ef/y2qkOT72MRUmqaURmi8KUIx2jyfeoyyQlmo8MwUQycysifSwx0Sajggnh81P0P7kp227Frlwdl2rn8zjysAf7cAguVKEGl1CHBhAQcA+P8GRJ68F6tl5mrTlrPrML32C9fgBbt5An</latexit>

vw < cs

<latexit sha1_base64="//kX0Q8Sm1NMkpqX8/GxCQj37sU=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRVW5dFNy4r2ge0oUymk3boZBJmJpUS+gluXCji1i9y5984aSv4PHDhcM693HuPH3OmtOO8W7ml5ZXVtfx6YWNza3unuLvXVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/usz81phKxSJxqycx9UI8ECxgBGsj3Yx7d71iybHLJ2fVqot+E9d2ZijBAvVe8a3bj0gSUqEJx0p1XCfWXoqlZoTTaaGbKBpjMsID2jFU4JAqL52dOkVHRumjIJKmhEYz9etEikOlJqFvOkOsh+qnl4l/eZ1EB+deykScaCrIfFGQcKQjlP2N+kxSovnEEEwkM7ciMsQSE23SKZgQPj9F/5Nm2XYrduX6tFS7WMSRhwM4hGNwoQo1uII6NIDAAO7hEZ4sbj1Yz9bLvDVnLWb24Rus1w/izI46</latexit>vw
<latexit sha1_base64="//kX0Q8Sm1NMkpqX8/GxCQj37sU=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRVW5dFNy4r2ge0oUymk3boZBJmJpUS+gluXCji1i9y5984aSv4PHDhcM693HuPH3OmtOO8W7ml5ZXVtfx6YWNza3unuLvXVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/usz81phKxSJxqycx9UI8ECxgBGsj3Yx7d71iybHLJ2fVqot+E9d2ZijBAvVe8a3bj0gSUqEJx0p1XCfWXoqlZoTTaaGbKBpjMsID2jFU4JAqL52dOkVHRumjIJKmhEYz9etEikOlJqFvOkOsh+qnl4l/eZ1EB+deykScaCrIfFGQcKQjlP2N+kxSovnEEEwkM7ciMsQSE23SKZgQPj9F/5Nm2XYrduX6tFS7WMSRhwM4hGNwoQo1uII6NIDAAO7hEZ4sbj1Yz9bLvDVnLWb24Rus1w/izI46</latexit>vw

<latexit sha1_base64="c6bueAT5XiREd5aiIosTFg7VvSY=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiAIwjAjEs0t6MVjAmaBZAg9nZqkTc9Cd48QhnyBFw+KePWTvPk3dhbB9UHB470qqur5ieBKO867lVtaXlldy68XNja3tneKu3tNFaeSYYPFIpZtnyoUPMKG5lpgO5FIQ19gyx9dTf3WHUrF4+hGjxP0QjqIeMAZ1Uaqn/SKJcc+rVQqjkt+E9d2ZijBArVe8a3bj1kaYqSZoEp1XCfRXkal5kzgpNBNFSaUjegAO4ZGNETlZbNDJ+TIKH0SxNJUpMlM/TqR0VCpceibzpDqofrpTcW/vE6qgwsv41GSaozYfFGQCqJjMv2a9LlEpsXYEMokN7cSNqSSMm2yKZgQPj8l/5Pmqe2W7XL9rFS9XMSRhwM4hGNw4RyqcA01aAADhHt4hCfr1nqwnq2XeWvOWszswzdYrx/3iI0U</latexit>

+<latexit sha1_base64="lC+goqD1iOSAp5v1Xo9+hnvWwRA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4cZgRieYW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4vg+qDg8V4VVfX8RHClHefdyi0tr6yu5dcLG5tb2zvF3b2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rDqXicXSjxwl6IR1EPOCMaiPVT3rFkmOfVioVxyW/iWs7M5RggVqv+NbtxywNMdJMUKU6rpNoL6NScyZwUuimChPKRnSAHUMjGqLystmhE3JklD4JYmkq0mSmfp3IaKjUOPRNZ0j1UP30puJfXifVwYWX8ShJNUZsvihIBdExmX5N+lwi02JsCGWSm1sJG1JJmTbZFEwIn5+S/0nz1HbLdrl+VqpeLuLIwwEcwjG4cA5VuIYaNIABwj08wpN1az1Yz9bLvDVnLWb24Rus1w/6kI0W</latexit>� <latexit sha1_base64="c6bueAT5XiREd5aiIosTFg7VvSY=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiAIwjAjEs0t6MVjAmaBZAg9nZqkTc9Cd48QhnyBFw+KePWTvPk3dhbB9UHB470qqur5ieBKO867lVtaXlldy68XNja3tneKu3tNFaeSYYPFIpZtnyoUPMKG5lpgO5FIQ19gyx9dTf3WHUrF4+hGjxP0QjqIeMAZ1Uaqn/SKJcc+rVQqjkt+E9d2ZijBArVe8a3bj1kaYqSZoEp1XCfRXkal5kzgpNBNFSaUjegAO4ZGNETlZbNDJ+TIKH0SxNJUpMlM/TqR0VCpceibzpDqofrpTcW/vE6qgwsv41GSaozYfFGQCqJjMv2a9LlEpsXYEMokN7cSNqSSMm2yKZgQPj8l/5Pmqe2W7XL9rFS9XMSRhwM4hGNw4RyqcA01aAADhHt4hCfr1nqwnq2XeWvOWszswzdYrx/3iI0U</latexit>

+<latexit sha1_base64="lC+goqD1iOSAp5v1Xo9+hnvWwRA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4cZgRieYW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4vg+qDg8V4VVfX8RHClHefdyi0tr6yu5dcLG5tb2zvF3b2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rDqXicXSjxwl6IR1EPOCMaiPVT3rFkmOfVioVxyW/iWs7M5RggVqv+NbtxywNMdJMUKU6rpNoL6NScyZwUuimChPKRnSAHUMjGqLystmhE3JklD4JYmkq0mSmfp3IaKjUOPRNZ0j1UP30puJfXifVwYWX8ShJNUZsvihIBdExmX5N+lwi02JsCGWSm1sJG1JJmTbZFEwIn5+S/0nz1HbLdrl+VqpeLuLIwwEcwjG4cA5VuIYaNIABwj08wpN1az1Yz9bLvDVnLWb24Rus1w/6kI0W</latexit>�
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Detonation

<latexit sha1_base64="WRqFkrl0H31rYqR1k1ErvEmlDMM=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgKiRVW5dFNy4r2Ac0IUymk3boZBJnJpVS+htuXCji1p9x5984fQg+D1w4nHMv994Tppwp7TjvVm5peWV1Lb9e2Njc2t4p7u41VZJJQhsk4Ylsh1hRzgRtaKY5baeS4jjktBUOLqd+a0ilYom40aOU+jHuCRYxgrWRvGFwh7wevUUkUEGx5Njlk7Nq1UW/iWs7M5RggXpQfPO6CcliKjThWKmO66TaH2OpGeF0UvAyRVNMBrhHO4YKHFPlj2c3T9CRUbooSqQpodFM/ToxxrFSozg0nTHWffXTm4p/eZ1MR+f+mIk001SQ+aIo40gnaBoA6jJJieYjQzCRzNyKSB9LTLSJqWBC+PwU/U+aZdut2JXr01LtYhFHHg7gEI7BhSrU4Arq0AACKdzDIzxZmfVgPVsv89actZjZh2+wXj8A56qRog==</latexit>

vw � cs

<latexit sha1_base64="c6bueAT5XiREd5aiIosTFg7VvSY=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiAIwjAjEs0t6MVjAmaBZAg9nZqkTc9Cd48QhnyBFw+KePWTvPk3dhbB9UHB470qqur5ieBKO867lVtaXlldy68XNja3tneKu3tNFaeSYYPFIpZtnyoUPMKG5lpgO5FIQ19gyx9dTf3WHUrF4+hGjxP0QjqIeMAZ1Uaqn/SKJcc+rVQqjkt+E9d2ZijBArVe8a3bj1kaYqSZoEp1XCfRXkal5kzgpNBNFSaUjegAO4ZGNETlZbNDJ+TIKH0SxNJUpMlM/TqR0VCpceibzpDqofrpTcW/vE6qgwsv41GSaozYfFGQCqJjMv2a9LlEpsXYEMokN7cSNqSSMm2yKZgQPj8l/5Pmqe2W7XL9rFS9XMSRhwM4hGNw4RyqcA01aAADhHt4hCfr1nqwnq2XeWvOWszswzdYrx/3iI0U</latexit>

+<latexit sha1_base64="lC+goqD1iOSAp5v1Xo9+hnvWwRA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4cZgRieYW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4vg+qDg8V4VVfX8RHClHefdyi0tr6yu5dcLG5tb2zvF3b2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rDqXicXSjxwl6IR1EPOCMaiPVT3rFkmOfVioVxyW/iWs7M5RggVqv+NbtxywNMdJMUKU6rpNoL6NScyZwUuimChPKRnSAHUMjGqLystmhE3JklD4JYmkq0mSmfp3IaKjUOPRNZ0j1UP30puJfXifVwYWX8ShJNUZsvihIBdExmX5N+lwi02JsCGWSm1sJG1JJmTbZFEwIn5+S/0nz1HbLdrl+VqpeLuLIwwEcwjG4cA5VuIYaNIABwj08wpN1az1Yz9bLvDVnLWb24Rus1w/6kI0W</latexit>�<latexit sha1_base64="c6bueAT5XiREd5aiIosTFg7VvSY=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiAIwjAjEs0t6MVjAmaBZAg9nZqkTc9Cd48QhnyBFw+KePWTvPk3dhbB9UHB470qqur5ieBKO867lVtaXlldy68XNja3tneKu3tNFaeSYYPFIpZtnyoUPMKG5lpgO5FIQ19gyx9dTf3WHUrF4+hGjxP0QjqIeMAZ1Uaqn/SKJcc+rVQqjkt+E9d2ZijBArVe8a3bj1kaYqSZoEp1XCfRXkal5kzgpNBNFSaUjegAO4ZGNETlZbNDJ+TIKH0SxNJUpMlM/TqR0VCpceibzpDqofrpTcW/vE6qgwsv41GSaozYfFGQCqJjMv2a9LlEpsXYEMokN7cSNqSSMm2yKZgQPj8l/5Pmqe2W7XL9rFS9XMSRhwM4hGNw4RyqcA01aAADhHt4hCfr1nqwnq2XeWvOWszswzdYrx/3iI0U</latexit>

+<latexit sha1_base64="lC+goqD1iOSAp5v1Xo9+hnvWwRA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4cZgRieYW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4vg+qDg8V4VVfX8RHClHefdyi0tr6yu5dcLG5tb2zvF3b2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rDqXicXSjxwl6IR1EPOCMaiPVT3rFkmOfVioVxyW/iWs7M5RggVqv+NbtxywNMdJMUKU6rpNoL6NScyZwUuimChPKRnSAHUMjGqLystmhE3JklD4JYmkq0mSmfp3IaKjUOPRNZ0j1UP30puJfXifVwYWX8ShJNUZsvihIBdExmX5N+lwi02JsCGWSm1sJG1JJmTbZFEwIn5+S/0nz1HbLdrl+VqpeLuLIwwEcwjG4cA5VuIYaNIABwj08wpN1az1Yz9bLvDVnLWb24Rus1w/6kI0W</latexit>�

<latexit sha1_base64="//kX0Q8Sm1NMkpqX8/GxCQj37sU=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRVW5dFNy4r2ge0oUymk3boZBJmJpUS+gluXCji1i9y5984aSv4PHDhcM693HuPH3OmtOO8W7ml5ZXVtfx6YWNza3unuLvXVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/usz81phKxSJxqycx9UI8ECxgBGsj3Yx7d71iybHLJ2fVqot+E9d2ZijBAvVe8a3bj0gSUqEJx0p1XCfWXoqlZoTTaaGbKBpjMsID2jFU4JAqL52dOkVHRumjIJKmhEYz9etEikOlJqFvOkOsh+qnl4l/eZ1EB+deykScaCrIfFGQcKQjlP2N+kxSovnEEEwkM7ciMsQSE23SKZgQPj9F/5Nm2XYrduX6tFS7WMSRhwM4hGNwoQo1uII6NIDAAO7hEZ4sbj1Yz9bLvDVnLWb24Rus1w/izI46</latexit>vw
<latexit sha1_base64="//kX0Q8Sm1NMkpqX8/GxCQj37sU=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRVW5dFNy4r2ge0oUymk3boZBJmJpUS+gluXCji1i9y5984aSv4PHDhcM693HuPH3OmtOO8W7ml5ZXVtfx6YWNza3unuLvXVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/usz81phKxSJxqycx9UI8ECxgBGsj3Yx7d71iybHLJ2fVqot+E9d2ZijBAvVe8a3bj0gSUqEJx0p1XCfWXoqlZoTTaaGbKBpjMsID2jFU4JAqL52dOkVHRumjIJKmhEYz9etEikOlJqFvOkOsh+qnl4l/eZ1EB+deykScaCrIfFGQcKQjlP2N+kxSovnEEEwkM7ciMsQSE23SKZgQPj9F/5Nm2XYrduX6tFS7WMSRhwM4hGNwoQo1uII6NIDAAO7hEZ4sbj1Yz9bLvDVnLWb24Rus1w/izI46</latexit>vw



￼26

Hybrid

<latexit sha1_base64="c6bueAT5XiREd5aiIosTFg7VvSY=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiAIwjAjEs0t6MVjAmaBZAg9nZqkTc9Cd48QhnyBFw+KePWTvPk3dhbB9UHB470qqur5ieBKO867lVtaXlldy68XNja3tneKu3tNFaeSYYPFIpZtnyoUPMKG5lpgO5FIQ19gyx9dTf3WHUrF4+hGjxP0QjqIeMAZ1Uaqn/SKJcc+rVQqjkt+E9d2ZijBArVe8a3bj1kaYqSZoEp1XCfRXkal5kzgpNBNFSaUjegAO4ZGNETlZbNDJ+TIKH0SxNJUpMlM/TqR0VCpceibzpDqofrpTcW/vE6qgwsv41GSaozYfFGQCqJjMv2a9LlEpsXYEMokN7cSNqSSMm2yKZgQPj8l/5Pmqe2W7XL9rFS9XMSRhwM4hGNw4RyqcA01aAADhHt4hCfr1nqwnq2XeWvOWszswzdYrx/3iI0U</latexit>

+<latexit sha1_base64="lC+goqD1iOSAp5v1Xo9+hnvWwRA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4cZgRieYW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4vg+qDg8V4VVfX8RHClHefdyi0tr6yu5dcLG5tb2zvF3b2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rDqXicXSjxwl6IR1EPOCMaiPVT3rFkmOfVioVxyW/iWs7M5RggVqv+NbtxywNMdJMUKU6rpNoL6NScyZwUuimChPKRnSAHUMjGqLystmhE3JklD4JYmkq0mSmfp3IaKjUOPRNZ0j1UP30puJfXifVwYWX8ShJNUZsvihIBdExmX5N+lwi02JsCGWSm1sJG1JJmTbZFEwIn5+S/0nz1HbLdrl+VqpeLuLIwwEcwjG4cA5VuIYaNIABwj08wpN1az1Yz9bLvDVnLWb24Rus1w/6kI0W</latexit>�
<latexit sha1_base64="c6bueAT5XiREd5aiIosTFg7VvSY=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiAIwjAjEs0t6MVjAmaBZAg9nZqkTc9Cd48QhnyBFw+KePWTvPk3dhbB9UHB470qqur5ieBKO867lVtaXlldy68XNja3tneKu3tNFaeSYYPFIpZtnyoUPMKG5lpgO5FIQ19gyx9dTf3WHUrF4+hGjxP0QjqIeMAZ1Uaqn/SKJcc+rVQqjkt+E9d2ZijBArVe8a3bj1kaYqSZoEp1XCfRXkal5kzgpNBNFSaUjegAO4ZGNETlZbNDJ+TIKH0SxNJUpMlM/TqR0VCpceibzpDqofrpTcW/vE6qgwsv41GSaozYfFGQCqJjMv2a9LlEpsXYEMokN7cSNqSSMm2yKZgQPj8l/5Pmqe2W7XL9rFS9XMSRhwM4hGNw4RyqcA01aAADhHt4hCfr1nqwnq2XeWvOWszswzdYrx/3iI0U</latexit>

+<latexit sha1_base64="lC+goqD1iOSAp5v1Xo9+hnvWwRA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4cZgRieYW9OIxAbNAMoSeTk3Spmehu0cIQ77AiwdFvPpJ3vwbO4vg+qDg8V4VVfX8RHClHefdyi0tr6yu5dcLG5tb2zvF3b2milPJsMFiEcu2TxUKHmFDcy2wnUikoS+w5Y+upn7rDqXicXSjxwl6IR1EPOCMaiPVT3rFkmOfVioVxyW/iWs7M5RggVqv+NbtxywNMdJMUKU6rpNoL6NScyZwUuimChPKRnSAHUMjGqLystmhE3JklD4JYmkq0mSmfp3IaKjUOPRNZ0j1UP30puJfXifVwYWX8ShJNUZsvihIBdExmX5N+lwi02JsCGWSm1sJG1JJmTbZFEwIn5+S/0nz1HbLdrl+VqpeLuLIwwEcwjG4cA5VuIYaNIABwj08wpN1az1Yz9bLvDVnLWb24Rus1w/6kI0W</latexit>�

<latexit sha1_base64="//kX0Q8Sm1NMkpqX8/GxCQj37sU=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRVW5dFNy4r2ge0oUymk3boZBJmJpUS+gluXCji1i9y5984aSv4PHDhcM693HuPH3OmtOO8W7ml5ZXVtfx6YWNza3unuLvXVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/usz81phKxSJxqycx9UI8ECxgBGsj3Yx7d71iybHLJ2fVqot+E9d2ZijBAvVe8a3bj0gSUqEJx0p1XCfWXoqlZoTTaaGbKBpjMsID2jFU4JAqL52dOkVHRumjIJKmhEYz9etEikOlJqFvOkOsh+qnl4l/eZ1EB+deykScaCrIfFGQcKQjlP2N+kxSovnEEEwkM7ciMsQSE23SKZgQPj9F/5Nm2XYrduX6tFS7WMSRhwM4hGNwoQo1uII6NIDAAO7hEZ4sbj1Yz9bLvDVnLWb24Rus1w/izI46</latexit>vw
<latexit sha1_base64="//kX0Q8Sm1NMkpqX8/GxCQj37sU=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRVW5dFNy4r2ge0oUymk3boZBJmJpUS+gluXCji1i9y5984aSv4PHDhcM693HuPH3OmtOO8W7ml5ZXVtfx6YWNza3unuLvXVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/usz81phKxSJxqycx9UI8ECxgBGsj3Yx7d71iybHLJ2fVqot+E9d2ZijBAvVe8a3bj0gSUqEJx0p1XCfWXoqlZoTTaaGbKBpjMsID2jFU4JAqL52dOkVHRumjIJKmhEYz9etEikOlJqFvOkOsh+qnl4l/eZ1EB+deykScaCrIfFGQcKQjlP2N+kxSovnEEEwkM7ciMsQSE23SKZgQPj9F/5Nm2XYrduX6tFS7WMSRhwM4hGNwoQo1uII6NIDAAO7hEZ4sbj1Yz9bLvDVnLWb24Rus1w/izI46</latexit>vw

<latexit sha1_base64="FZUjWI1JYYs6ArUsuXhIZKh3LVk=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiuQlK1dVl047KCfUAbwmR60w6dTMLMpFJC/8SNC0Xc+ifu/BunD8HngQuHc+7l3nvClDOlXffdWlpeWV1bL2wUN7e2d3btvf2mSjJJoUETnsh2SBRwJqChmebQTiWQOOTQCodXU781AqlYIm71OAU/Jn3BIkaJNlJg26PgDnc5KKVYjGmgArvkOuXT82rVw7+J57gzlNAC9cB+6/YSmsUgNOVEqY7nptrPidSMcpgUu5mClNAh6UPHUEFiUH4+u3yCj43Sw1EiTQmNZ+rXiZzESo3j0HTGRA/UT28q/uV1Mh1d+DkTaaZB0PmiKONYJ3gaA+4xCVTzsSGESmZuxXRAJKHahFU0IXx+iv8nzbLjVZzKzVmpdrmIo4AO0RE6QR6qohq6RnXUQBSN0D16RE9Wbj1Yz9bLvHXJWswcoG+wXj8AtSiTvg==</latexit>

vw . cs



￼27

Efficiency factor
<latexit sha1_base64="iSlIyX8BpZCVlXyg3piM+ObdS5I=">AAACEHicdVC5TgMxEPVyhnAtUNJYRAiqaHeBhDKChjJI5JCySTTrOIkVe3dlewNRlE+g4VdoKECIlpKOv8E5kDifZOvpvRnNzAtizpR2nHdrbn5hcWk5tZJeXVvf2LS3tssqSiShJRLxSFYDUJSzkJY005xWY0lBBJxWgt752K/0qVQsCq/0IKZ1AZ2QtRkBbaSmfeD3II4B+4oJ7LNQ42vsd0AIaHj9huffsIbXMn/TzjhZ7+gkn3fxb+JmnQkyaIZi037zWxFJBA014aBUzXViXR+C1IxwOkr7iaIxkB50aM3QEARV9eHkoBHeN0oLtyNpnllpon7tGIJQaiACUylAd9VPbyz+5dUS3T6tD1kYJ5qGZDqonXCsIzxOB7eYpETzgSFAJDO7YtIFCUSbDNMmhM9L8f+k7GXdXDZ3eZwpnM3iSKFdtIcOkYvyqIAuUBGVEEG36B49oifrznqwnq2XaemcNevZQd9gvX4A9ZGclg==</latexit>

 ⇠
Z

w�2v2⇠2d⇠

• Solutions cease to exist as strength 
increases


• Intermediate velocities and strengths are 
the most energetic


• Towards more detailed estimate of GW 
emission

<latexit sha1_base64="5ZgzRQb2A54E9XVYaQugqcTquvo=">AAACBHicdVDLSsNAFJ34rPUVddnNYBFchaRItbuiG5cV7AOaECbTSTt0ZhJmJkIJWbjxV9y4UMStH+HOv3H6EHweuHA4517uvSdKGVXadd+tpeWV1bX10kZ5c2t7Z9fe2++oJJOYtHHCEtmLkCKMCtLWVDPSSyVBPGKkG40vpn73hkhFE3GtJykJOBoKGlOMtJFCu+Ijlo5QKKCvKId+LBHOvSInoShCu+o6tUaj4XrwN/Ecd4YqWKAV2m/+IMEZJ0JjhpTqe26qgxxJTTEjRdnPFEkRHqMh6RsqECcqyGdPFPDIKAMYJ9KU0HCmfp3IEVdqwiPTyZEeqZ/eVPzL62c6PgtyKtJME4Hni+KMQZ3AaSJwQCXBmk0MQVhScyvEI2Ry0Ca3sgnh81P4P+nUHK/u1K9Oqs3zRRwlUAGH4Bh44BQ0wSVogTbA4Bbcg0fwZN1ZD9az9TJvXbIWMwfgG6zXDy4VmH0=</latexit>

↵n ⇠ 1

en



• Non-conformal EoS: relevant effect of the charge


•Understand the dynamics of bubbles in strongly coupled theories


•  EoS that exhibits a QCD-like phase diagram

Towards QCD

￼28



• Non-conformal EoS: relevant effect of the charge


•Understand the dynamics of bubbles in strongly coupled theories


•  EoS that exhibits a QCD-like phase diagram

Towards QCD

￼29

<latexit sha1_base64="drGvets+KJpHALdFxONk5W6j9nY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TyAuSJcxOOsmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsriAXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHqBFSj4BKbhhuBnVghDQOB7WByP/fbT6g0j2TDTGP0QzqSfMgZNVaqN/rFklt2FyDrxMtICTLU+sWv3iBiSYjSMEG17npubPyUKsOZwFmhl2iMKZvQEXYtlTRE7aeLQ2fkwioDMoyULWnIQv09kdJQ62kY2M6QmrFe9ebif143McNbP+UyTgxKtlw0TAQxEZl/TQZcITNiagllittbCRtTRZmx2RRsCN7qy+ukdVX2KuVK/bpUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPszuM4w==</latexit>

T

<latexit sha1_base64="oZBV4eOBJ+uIX/fyi9Xt61PsQh4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LRThIaCjyULGYEWyc99ETaL1f8qj8HWiVBTiqQo9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ05ZYBipV1Ji+bq74kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eVV0rqoBrVq7f6yUr/J4yjCCZzCOQRwBXW4gwY0gcAQnuEV3jzuvXjv3seiteDlM8fwB97nD2DwjeE=</latexit>µ



• Nucleation and collision intuition from EFT: hydrodynamics (plasma) + 
classical scalar field (wall)

Issues at strong coupling

￼30



• Nucleation and collision intuition from EFT: hydrodynamics (plasma) + 
classical scalar field (wall)

Issues at strong coupling

￼31

<latexit sha1_base64="CgiBbtnGp+83oP6+BLWe1UdbugY=">AAACDXicdVDLSsNAFJ34rPVVdelmsAp1YUiKVLsrunHRRYW+oIlhMp2kQycPZiZKCf0BN/6KGxeKuHXvzr9xmlbweeDC4Zx7ufceN2ZUSMN41+bmFxaXlnMr+dW19Y3NwtZ2W0QJx6SFIxbxrosEYTQkLUklI92YExS4jHTc4fnE71wTLmgUNuUoJnaA/JB6FCOpJKewX3duLEEDWPKbh1fpkTmGlu/DZkYzo+40nULR0MvVatUw4W9i6kaGIpih4RTerH6Ek4CEEjMkRM80YmmniEuKGRnnrUSQGOEh8klP0RAFRNhp9s0YHiilD72IqwolzNSvEykKhBgFruoMkByIn95E/MvrJdI7tVMaxokkIZ4u8hIGZQQn0cA+5QRLNlIEYU7VrRAPEEdYqgDzKoTPT+H/pF3WzYpeuTwu1s5mceTALtgDJWCCE1ADF6ABWgCDW3APHsGTdqc9aM/ay7R1TpvN7IBv0F4/AA2LmlU=</latexit>

Lw ⇠ (gT )�1 � T�1 ⇠ LT
Moore, Prokopec ‘95
Gould, Güyer, Rummukainen ‘23

<latexit sha1_base64="SlkAquqFz4ufJ5xNX1vnm5r2uno=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkVSeIt6MWDh4gmEZIlzE5mkyEzs8vMrBKWfIIXD4p49Yu8+TdOHoLPgoaiqpvurjDhTBvPe3dyC4tLyyv51cLa+sbmVnF7p6njVBHaIDGP1U2INeVM0oZhhtObRFEsQk5b4fBs4rduqdIsltdmlNBA4L5kESPYWOnqonvXLZY8169UTyoe+k1815uiBHPUu8W3Ti8mqaDSEI61bvteYoIMK8MIp+NCJ9U0wWSI+7RtqcSC6iCbnjpGB1bpoShWtqRBU/XrRIaF1iMR2k6BzUD/9CbiX147NVE1yJhMUkMlmS2KUo5MjCZ/ox5TlBg+sgQTxeytiAywwsTYdAo2hM9P0f+keeT6Zbd8eVyqnc7jyMMe7MMh+FCBGpxDHRpAoA/38AhPDncenGfnZdaac+Yzu/ANzusHwUiOJQ==</latexit>

Lw

<latexit sha1_base64="lDgsBmuEXkN+HBZo9Nqdv/z5row=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZEkngLevHgIWIWIRlCT6cnadLdM3T3CGHIJ3jxoIhXv8ibf2NnEVwfFDzeq6KqXphwpo3nvTu5peWV1bX8emFjc2t7p7i719JxqghtkpjH6jbEmnImadMww+ltoigWIaftcHQx9dt3VGkWy4YZJzQQeCBZxAg2Vrq56jV6xZLn+pXqWcVDv4nvejOUYIF6r/jW7cckFVQawrHWHd9LTJBhZRjhdFLoppommIzwgHYslVhQHWSzUyfoyCp9FMXKljRopn6dyLDQeixC2ymwGeqf3lT8y+ukJqoGGZNJaqgk80VRypGJ0fRv1GeKEsPHlmCimL0VkSFWmBibTsGG8Pkp+p+0Tly/7JavT0u180UceTiAQzgGHypQg0uoQxMIDOAeHuHJ4c6D8+y8zFtzzmJmH77Bef0AjDyOAg==</latexit>

LT



• 

Issues at strong coupling

￼32

Bea, Casalderrey-Solana, Giannakopoulos, 

Mateos, MSG, Zilhão ‘21
Bea, Casalderrey-Solana, Giannakopoulos, 

Jansen, Mateos, MSG, Zilhão ‘22

<latexit sha1_base64="lDgsBmuEXkN+HBZo9Nqdv/z5row=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZEkngLevHgIWIWIRlCT6cnadLdM3T3CGHIJ3jxoIhXv8ibf2NnEVwfFDzeq6KqXphwpo3nvTu5peWV1bX8emFjc2t7p7i719JxqghtkpjH6jbEmnImadMww+ltoigWIaftcHQx9dt3VGkWy4YZJzQQeCBZxAg2Vrq56jV6xZLn+pXqWcVDv4nvejOUYIF6r/jW7cckFVQawrHWHd9LTJBhZRjhdFLoppommIzwgHYslVhQHWSzUyfoyCp9FMXKljRopn6dyLDQeixC2ymwGeqf3lT8y+ukJqoGGZNJaqgk80VRypGJ0fRv1GeKEsPHlmCimL0VkSFWmBibTsGG8Pkp+p+0Tly/7JavT0u180UceTiAQzgGHypQg0uoQxMIDOAeHuHJ4c6D8+y8zFtzzmJmH77Bef0AjDyOAg==</latexit>

LT

<latexit sha1_base64="SlkAquqFz4ufJ5xNX1vnm5r2uno=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadkVSeIt6MWDh4gmEZIlzE5mkyEzs8vMrBKWfIIXD4p49Yu8+TdOHoLPgoaiqpvurjDhTBvPe3dyC4tLyyv51cLa+sbmVnF7p6njVBHaIDGP1U2INeVM0oZhhtObRFEsQk5b4fBs4rduqdIsltdmlNBA4L5kESPYWOnqonvXLZY8169UTyoe+k1815uiBHPUu8W3Ti8mqaDSEI61bvteYoIMK8MIp+NCJ9U0wWSI+7RtqcSC6iCbnjpGB1bpoShWtqRBU/XrRIaF1iMR2k6BzUD/9CbiX147NVE1yJhMUkMlmS2KUo5MjCZ/ox5TlBg+sgQTxeytiAywwsTYdAo2hM9P0f+keeT6Zbd8eVyqnc7jyMMe7MMh+FCBGpxDHRpAoA/38AhPDncenGfnZdaac+Yzu/ANzusHwUiOJQ==</latexit>

Lw

• Nucleation and collision intuition from EFT: hydrodynamics (plasma) + 
classical scalar field (wall)

<latexit sha1_base64="YBurC5n/Bd7LEKaLXp8NFu9b4sY=">AAACE3icdVDLSsNAFJ3UV62vqEs3g0UQwZAUqXZXdOOiiwp9QRPDZDJph04ezEyUEvoPbvwVNy4UcevGnX/j9CHU14GBwzn3cOceL2FUSNP80HILi0vLK/nVwtr6xuaWvr3TEnHKMWnimMW84yFBGI1IU1LJSCfhBIUeI21vcDH22zeECxpHDTlMiBOiXkQDipFUkqsf1dxbaAsaQrumUj66zo6t0VRpzPGa23D1ommUKpWKacHfxDLMCYpghrqrv9t+jNOQRBIzJETXMhPpZIhLihkZFexUkAThAeqRrqIRColwsslNI3igFB8GMVcvknCizicyFAoxDD01GSLZFz+9sfiX101lcOZkNEpSSSI8XRSkDMoYjguCPuUESzZUBGFO1V8h7iOOsFQ1FlQJX5fC/0mrZFhlo3x1Uqyez+rIgz2wDw6BBU5BFVyCOmgCDO7AA3gCz9q99qi9aK/T0Zw2y+yCb9DePgG+7Zzd</latexit>

Lw ⇠ ⇤�1 ⇠ T�1 ⇠ LT



• Hydrodynamics + scalar field is useful?


• Is there any other effective way of capturing the wall dynamics?


• Equilibrium domain walls described by 2nd order hydrodynamics


• Holography is the perfect playground to understand these questions

Issues at strong coupling

￼33

Attems, Bea, Casalderrey-Solana, Mateos, Triana ‘17
Attems, Bea, Casalderrey-Solana, Mateos, Zilhāo ‘19



What holography can offer

￼34



￼35

<latexit sha1_base64="RVhQbkpTk/qIYtWQmN2vbn7jWGo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkoiUj0WBfEkLTZtoQ1hs9m0SzebuLsplNB/4sWDIl79J978N27bHLT1wcDjvRlm5vkJo1JZ1rdRWFvf2Nwqbpd2dvf2D8zDo7aMU4GJg2MWi66PJGGUE0dRxUg3EQRFPiMdf3Q78ztjIiSNeUtNEuJGaMBpSDFSWvJM89GpPJz3n1IUwOZdyws8s2xVrTngKrFzUgY5Gp751Q9inEaEK8yQlD3bSpSbIaEoZmRa6qeSJAiP0ID0NOUoItLN5pdP4ZlWAhjGQhdXcK7+nshQJOUk8nVnhNRQLnsz8T+vl6rw2s0oT1JFOF4sClMGVQxnMcCACoIVm2iCsKD6VoiHSCCsdFglHYK9/PIqaV9U7Vq11rws12/yOIrgBJyCCrDBFaiDe9AADsBgDJ7BK3gzMuPFeDc+Fq0FI585Bn9gfP4Aud6Scg==</latexit>

SU(N) QFTd

<latexit sha1_base64="2NWwFlrDbFNfAlL77nLhRivn2tc=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyiIJREpLqsunFZqb1AE8JkMmmHTiZxZiKUkEdw46u4caGIW5fufBsnbRfa+sPAx3/OYc75/YRRqSzr21hYXFpeWS2tldc3Nre2zZ3dtoxTgUkLxywWXR9JwignLUUVI91EEBT5jHT84XVR7zwQIWnM79QoIW6E+pyGFCOlLc88ciKkBiLKmkpQ3pfOfYoCSHk+gcug6WXBiZ17ZsWqWmPBebCnUAFTNTzzywlinEaEK8yQlD3bSpSbIaEoZiQvO6kkCcJD1Cc9jRxFRLrZ+KAcHmongGEs9OMKjt3fExmKpBxFvu4s1peztcL8r9ZLVXjhZpQnqSIcTz4KUwZVDIt0YEAFwYqNNCAsqN4V4gESCCudYVmHYM+ePA/t06pdq9Zuzyr1q2kcJbAPDsAxsME5qIMb0AAtgMEjeAav4M14Ml6Md+Nj0rpgTGf2wB8Znz8OC503</latexit>

Strings in AdSd+1



￼36

<latexit sha1_base64="RVhQbkpTk/qIYtWQmN2vbn7jWGo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkoiUj0WBfEkLTZtoQ1hs9m0SzebuLsplNB/4sWDIl79J978N27bHLT1wcDjvRlm5vkJo1JZ1rdRWFvf2Nwqbpd2dvf2D8zDo7aMU4GJg2MWi66PJGGUE0dRxUg3EQRFPiMdf3Q78ztjIiSNeUtNEuJGaMBpSDFSWvJM89GpPJz3n1IUwOZdyws8s2xVrTngKrFzUgY5Gp751Q9inEaEK8yQlD3bSpSbIaEoZmRa6qeSJAiP0ID0NOUoItLN5pdP4ZlWAhjGQhdXcK7+nshQJOUk8nVnhNRQLnsz8T+vl6rw2s0oT1JFOF4sClMGVQxnMcCACoIVm2iCsKD6VoiHSCCsdFglHYK9/PIqaV9U7Vq11rws12/yOIrgBJyCCrDBFaiDe9AADsBgDJ7BK3gzMuPFeDc+Fq0FI585Bn9gfP4Aud6Scg==</latexit>

SU(N) QFTd
<latexit sha1_base64="Gt9lnua55uWeUcjwmS/bFxlUgM4=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoiUl0W3biSCvYBTSiTySQdOnk4MxFKKW78FTcuFHHrV7jzb5ymWWjrgYHDOfdw5x4v5Uwqy/o2SkvLK6tr5fXKxubW9o65u9eWSSYIbZGEJ6LrYUk5i2lLMcVpNxUURx6nHW94NfU7D1RIlsR3apRSN8JhzAJGsNJS3zy4ccIQ2ci5z7CPHK6TPs6lvlm1alYOtEjsglShQLNvfjl+QrKIxopwLGXPtlLljrFQjHA6qTiZpCkmQxzSnqYxjqh0x/kJE3SsFR8FidAvVihXfyfGOJJyFHl6MsJqIOe9qfif18tUcOGOWZxmisZktijIOFIJmvaBfCYoUXykCSaC6b8iMsACE6Vbq+gS7PmTF0n7tGbXa/Xbs2rjsqijDIdwBCdgwzk04Bqa0AICj/AMr/BmPBkvxrvxMRstGUVmH/7A+PwBFSWV+A==</latexit>

N � 1 � � 1

<latexit sha1_base64="9RRIltLcuNk8GJgu5K/92Fqiypk=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0UQhJKIVJfVLnRZ0T6gDWEymbZDJ5M4MymUkD9x46+4caGIuOvfOGm60NYDA+eecy937vEiRqWyrKlRWFldW98obpa2tnd298z9g5YMY4FJE4csFB0PScIoJ01FFSOdSBAUeIy0vVE989tjIiQN+aOaRMQJ0IDTPsVIack1q70AqaEIkjpDUmqZ9Z5i5MNbgcZUTfKC8jQn1/6Dm/hnduqaZatizQCXiT0nZTBHwzW/e36I44BwhbNNXduKlJMgoShmJC31YkkihEdoQLqachQQ6SSz+1J4ohUf9kOhH1dwpv6eSFAg5STwdGd2jVz0MvE/rxur/pWTUB7FinCcL+rHDKoQZmFBnwqCFZtogrCg+q8QD5FAWOlISzoEe/HkZdI6r9jVSvX+oly7mcdRBEfgGJwCG1yCGrgDDdAEGDyDV/AOPowX4834NL7y1oIxnzkEf2BMfwDs96N/</latexit>

Classical Gravity in AdSd+1



￼37

Deconfined

<latexit sha1_base64="roQqGAyoXZUhdXKkiF6mTPMOi9E=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIdVNmilQ3QtGNK61oH9COJZOmbWjmQZIR6lD8FTcuFHHrf7jzb8y0s9DWA4HDOfdyT44bciaVZX0bmYXFpeWV7GpubX1jc8vc3qnLIBKE1kjAA9F0saSc+bSmmOK0GQqKPZfThju8SPzGAxWSBf6dGoXU8XDfZz1GsNJSx9y7RWeo7WE1IJjH1+PC1X3pqGPmraI1AZondkrykKLaMb/a3YBEHvUV4VjKlm2FyomxUIxwOs61I0lDTIa4T1ua+tij0okn6cfoUCtd1AuEfr5CE/X3Row9KUeeqyeTnHLWS8T/vFakeqdOzPwwUtQn00O9iCMVoKQK1GWCEsVHmmAimM6KyAALTJQuLKdLsGe/PE/qpaJdLpZvjvOV87SOLOzDARTAhhOowCVUoQYEHuEZXuHNeDJejHfjYzqaMdKdXfgD4/MHfJyT+g==</latexit>

S = O(N2)

<latexit sha1_base64="XGR3VRJvJ9B4jItV03V9egV7aGE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90tUj0WvXiSivYDumvJpmkbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMC2POtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItUOsKWeSNgwznLZjRbEIOW2Fo+up33qiSrNIPphxTAOBB5L1GcHGSv792e1jBfmaCeR1iyW37M6AlomXkRJkqHeLX34vIomg0hCOte54bmyCFCvDCKeTgp9oGmMywgPasVRiQXWQzm6eoBOr9FA/UrakQTP190SKhdZjEdpOgc1QL3pT8T+vk5j+ZZAyGSeGSjJf1E84MhGaBoB6TFFi+NgSTBSztyIyxAoTY2Mq2BC8xZeXSbNS9qrl6t15qXaVxZGHIziGU/DgAmpwA3VoAIEYnuEV3pzEeXHenY95a87JZg7hD5zPHxxmkHM=</latexit>

S/N2 ⇠ 1

Confined

<latexit sha1_base64="DNu4JwHQ7zkroLT5VrYOvZnEUPg=">AAAB/XicbVDLSgMxFL3js9bX+Ni5CRahbsqMSHUjFN240or2Ae1YMmmmDc08SDJCHYq/4saFIm79D3f+jZl2Ftp6IHA4517uyXEjzqSyrG9jbn5hcWk5t5JfXVvf2DS3tusyjAWhNRLyUDRdLClnAa0ppjhtRoJi3+W04Q4uUr/xQIVkYXCnhhF1fNwLmMcIVlrqmLu36Ay1faz6BPPkelS8urcOO2bBKlljoFliZ6QAGaod86vdDUns00ARjqVs2VaknAQLxQino3w7ljTCZIB7tKVpgH0qnWScfoQOtNJFXij0CxQaq783EuxLOfRdPZnmlNNeKv7ntWLlnToJC6JY0YBMDnkxRypEaRWoywQlig81wUQwnRWRPhaYKF1YXpdgT395ltSPSna5VL45LlTOszpysAf7UAQbTqACl1CFGhB4hGd4hTfjyXgx3o2Pyeicke3swB8Ynz95kpP4</latexit>

S = O(N0)

<latexit sha1_base64="wFSy4WnwnbR2zi0vjIkZUZk7u8I=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90tUj0WvXiSivYDumvJpmkbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMC2POtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItUOsKWeSNgwznLZjRbEIOW2Fo+up33qiSrNIPphxTAOBB5L1GcHGSv792e1jBfmaCeR2iyW37M6AlomXkRJkqHeLX34vIomg0hCOte54bmyCFCvDCKeTgp9oGmMywgPasVRiQXWQzm6eoBOr9FA/UrakQTP190SKhdZjEdpOgc1QL3pT8T+vk5j+ZZAyGSeGSjJf1E84MhGaBoB6TFFi+NgSTBSztyIyxAoTY2Mq2BC8xZeXSbNS9qrl6t15qXaVxZGHIziGU/DgAmpwA3VoAIEYnuEV3pzEeXHenY95a87JZg7hD5zPHxrikHI=</latexit>

S/N2 ⇠ 0



￼38

<latexit sha1_base64="xbrjC72dDqgCh4rd+oVQG62xYNM="></latexit>

I =
1

2
5

Z
d5x

✓
R� 1

2
r�2 � V (�)

◆

Breaks conformal invariance

Bea, Mateos ‘18



￼39



￼40



￼41

Bea, Casalderrey-Solana, Giannakopoulos, Jansen, Mateos, MSG, Zilhão ‘22



￼42

Wall velocity at strong coupling

• Possible linear or simple relation?


• Why so small speeds? Strong 
coupling?


• Why only deflagrations (subsonic)?

Bea, Casalderrey-Solana, Giannakopoulos, Mateos, MSG, Zilhão ’21


<latexit sha1_base64="Om936o3axKzmZiCgrdpRpbuj9oE=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw4xIEm9BLx4jmgWSIfR0epIm3T1Dd08kDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3Z2l5ZXVtPbeR39za3tkt7O03dJwqQusk5rFqhVhTziStG2Y4bSWKYhFy2gyHl1O/OaJKs1jemnFCA4H7kkWMYGOlm1H3rlsoeq5frpyXPfSb+K43QxEWqHULb51eTFJBpSEca932vcQEGVaGEU4n+U6qaYLJEPdp21KJBdVBNjt1go6t0kNRrGxJg2bq14kMC63HIrSdApuB/ulNxb+8dmqiSpAxmaSGSjJfFKUcmRhN/0Y9pigxfGwJJorZWxEZYIWJsenkbQifn6L/SePU9Utu6fqsWL1YxJGDQziCE/ChDFW4ghrUgUAf7uERnhzuPDjPzsu8dclZzBzANzivHwFTjk8=</latexit>vw



Large jump in d.o.f.

￼43

<latexit sha1_base64="3K7bFzssimVDvchsIr3Yik/3+rQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiAIwjATJJpb0IvHiFmEZAg9nZ6kSU/30N0jhCGf4MWDIl79Im/+jZ1FcH1Q8Hiviqp6YcKZNp737uSWlldW1/LrhY3Nre2d4u5eS8tUEdokkkt1G2JNORO0aZjh9DZRFMchp+1wdDn123dUaSZFw4wTGsR4IFjECDZWumn0TnrFkueWq9Wq56PfxHe9GUqwQL1XfOv2JUljKgzhWOuO7yUmyLAyjHA6KXRTTRNMRnhAO5YKHFMdZLNTJ+jIKn0USWVLGDRTv05kONZ6HIe2M8ZmqH96U/Evr5Oa6DzImEhSQwWZL4pSjoxE079RnylKDB9bgoli9lZEhlhhYmw6BRvC56fof9Iqu37FrVyflmoXizjycACHcAw+nEENrqAOTSAwgHt4hCeHOw/Os/Myb805i5l9+Abn9QNRw43b</latexit>

T+
<latexit sha1_base64="JFiCcmckFlJFBUDEtqUwMWlgzJs=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4cZgJEs0t6MVjxCxCMoSeTk/SpKd76O4RwpBP8OJBEa9+kTf/xs4iuD4oeLxXRVW9MOFMG897d3JLyyura/n1wsbm1vZOcXevpWWqCG0SyaW6DbGmnAnaNMxwepsoiuOQ03Y4upz67TuqNJOiYcYJDWI8ECxiBBsr3TR6J71iyXPL1WrV89Fv4rveDCVYoN4rvnX7kqQxFYZwrHXH9xITZFgZRjidFLqppgkmIzygHUsFjqkOstmpE3RklT6KpLIlDJqpXycyHGs9jkPbGWMz1D+9qfiX10lNdB5kTCSpoYLMF0UpR0ai6d+ozxQlho8twUQxeysiQ6wwMTadgg3h81P0P2mVXb/iVq5PS7WLRRx5OIBDOAYfzqAGV1CHJhAYwD08wpPDnQfn2XmZt+acxcw+fIPz+gFUy43d</latexit>

T� <latexit sha1_base64="t3FGsVVmd1YF42iMAEA3EIKdtYg=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoMgCMtukGhuQS8eI5pESJYwO5lNhszOLDOzgbDkE7x4UMSrX+TNv3HyEHwWNBRV3XR3hQln2njeu5NbWl5ZXcuvFzY2t7Z3irt7TS1TRWiDSC7VXYg15UzQhmGG07tEURyHnLbC4eXUb42o0kyKWzNOaBDjvmARI9hY6WbUPekWS55brlarno9+E9/1ZijBAvVu8a3TkySNqTCEY63bvpeYIMPKMMLppNBJNU0wGeI+bVsqcEx1kM1OnaAjq/RQJJUtYdBM/TqR4VjrcRzazhibgf7pTcW/vHZqovMgYyJJDRVkvihKOTISTf9GPaYoMXxsCSaK2VsRGWCFibHpFGwIn5+i/0mz7PoVt3J9WqpdLOLIwwEcwjH4cAY1uII6NIBAH+7hEZ4c7jw4z87LvDXnLGb24Ruc1w+Fj439</latexit>v+

<latexit sha1_base64="mSOTIzC+RTigiyBJZ/cQ1l7a+aw=">AAAB6nicdVDJSgNBEK2OW4xb1KOXxiAIwjATJJpb0IvHiGaBZAg9nZ6kSU/P0N0jhCGf4MWDIl79Im/+jZ1FcH1Q8Hiviqp6QSK4Nq77jnJLyyura/n1wsbm1vZOcXevqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDn1W3dMaR7LWzNOmB+RgeQhp8RY6SbpnfSKJdcpV6tV18O/iee4M5RggXqv+NbtxzSNmDRUEK07npsYPyPKcCrYpNBNNUsIHZEB61gqScS0n81OneAjq/RxGCtb0uCZ+nUiI5HW4yiwnRExQ/3Tm4p/eZ3UhOd+xmWSGibpfFGYCmxiPP0b97li1IixJYQqbm/FdEgUocamU7AhfH6K/yfNsuNVnMr1aal2sYgjDwdwCMfgwRnU4Arq0AAKA7iHR3hCAj2gZ/Qyb82hxcw+fAN6/QB8a433</latexit>p+

<latexit sha1_base64="/BkORub3677AQa8x98c3bY4ZLE8=">AAAB6nicdVDJSgNBEK2OW4xb1KOXxiB4cZgJEs0t6MVjRLNAMoSeTk/SpKdn6O4RwpBP8OJBEa9+kTf/xs4iuD4oeLxXRVW9IBFcG9d9R7ml5ZXVtfx6YWNza3unuLvX1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwupz6rTumNI/lrRknzI/IQPKQU2KsdJP0TnrFkuuUq9Wq6+HfxHPcGUqwQL1XfOv2Y5pGTBoqiNYdz02MnxFlOBVsUuimmiWEjsiAdSyVJGLaz2anTvCRVfo4jJUtafBM/TqRkUjrcRTYzoiYof7pTcW/vE5qwnM/4zJJDZN0vihMBTYxnv6N+1wxasTYEkIVt7diOiSKUGPTKdgQPj/F/5Nm2fEqTuX6tFS7WMSRhwM4hGPw4AxqcAV1aACFAdzDIzwhgR7QM3qZt+bQYmYfvgG9fgB/c435</latexit>p�

<latexit sha1_base64="Tu+d8GHGBb4htteve/e2YQEx7Qo="></latexit>

v+v� =
p+ � p�
e+ � e�

,
v+
v�

=
e� + p+
e+ � p�

Cannot be fulfilled unless

<latexit sha1_base64="YQdhsZwTB6nCOdXCuP8CtBGLNUk=">AAAB/HicdVDLSsNAFJ3UV62vaJduBosgKCEpUu1CKLpxWaEvaEOYTCbt0MkkzkwKJdRfceNCEbd+iDv/xulD8Hngwplz7mXuPX7CqFS2/W7klpZXVtfy64WNza3tHXN3ryXjVGDSxDGLRcdHkjDKSVNRxUgnEQRFPiNtf3g19dsjIiSNeUONE+JGqM9pSDFSWvLMYsM7vmh4+KR3m6IAjvTL9sySbZWr1artwN/EsewZSmCBume+9YIYpxHhCjMkZdexE+VmSCiKGZkUeqkkCcJD1CddTTmKiHSz2fITeKiVAIax0MUVnKlfJzIUSTmOfN0ZITWQP72p+JfXTVV47maUJ6kiHM8/ClMGVQynScCACoIVG2uCsKB6V4gHSCCsdF4FHcLnpfB/0ipbTsWq3JyWapeLOPJgHxyAI+CAM1AD16AOmgCDMbgHj+DJuDMejGfjZd6aMxYzRfANxusHAJuTvw==</latexit>

T+ = Tc, v+ = 0

Matching conditions at the wall

<latexit sha1_base64="//kX0Q8Sm1NMkpqX8/GxCQj37sU=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRVW5dFNy4r2ge0oUymk3boZBJmJpUS+gluXCji1i9y5984aSv4PHDhcM693HuPH3OmtOO8W7ml5ZXVtfx6YWNza3unuLvXVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/usz81phKxSJxqycx9UI8ECxgBGsj3Yx7d71iybHLJ2fVqot+E9d2ZijBAvVe8a3bj0gSUqEJx0p1XCfWXoqlZoTTaaGbKBpjMsID2jFU4JAqL52dOkVHRumjIJKmhEYz9etEikOlJqFvOkOsh+qnl4l/eZ1EB+deykScaCrIfFGQcKQjlP2N+kxSovnEEEwkM7ciMsQSE23SKZgQPj9F/5Nm2XYrduX6tFS7WMSRhwM4hGNwoQo1uII6NIDAAO7hEZ4sbj1Yz9bLvDVnLWb24Rus1w/izI46</latexit>vw

Solve hydro equations
<latexit sha1_base64="Z14ymJ35ZUP2t6M3Oc78OoFODXk=">AAAB73icdVDJSgNBEK1xjXGLevTSGIR4GWaiJh6DXjxGyAbJMPR0OkmTnp6xuycShvyEFw+KePV3vPk3dhbB9UHB470qquoFMWdKO867tbS8srq2ntnIbm5t7+zm9vYbKkokoXUS8Ui2AqwoZ4LWNdOctmJJcRhw2gyGV1O/OaJSsUjU9DimXoj7gvUYwdpIrZF/V6j54sTP5R27eHpeLrvoN3FtZ4Y8LFD1c2+dbkSSkApNOFaq7Tqx9lIsNSOcTrKdRNEYkyHu07ahAodUeens3gk6NkoX9SJpSmg0U79OpDhUahwGpjPEeqB+elPxL6+d6N6FlzIRJ5oKMl/USzjSEZo+j7pMUqL52BBMJDO3IjLAEhNtIsqaED4/Rf+TRtF2S3bp5ixfuVzEkYFDOIICuFCGClxDFepAgMM9PMKTdWs9WM/Wy7x1yVrMHMA3WK8f1aGP3g==</latexit>

vw(Tn)

Janik, Jarvinen, Soltanpanahi, Sonnenschein ’22

MSG, van de Vis ‘23



Wall speed in the large jump of d.o.f

￼44
Very good results even if 

<latexit sha1_base64="2/lzE7G7G080V5CmI4zWaLnCX0o=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GmaiRHMLevEkEcwCyRB6Oj1Jk+6eobtHCEM+wosHRbz6Pd78GzuL4Pqg4PFeFVX1woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6HLqt+6o0iyWt2ac0EDggWQRI9hYqXXd1Uygk16x5LnlarXq+eg38V1vhhIsUO8V37r9mKSCSkM41rrje4kJMqwMI5xOCt1U0wSTER7QjqUSC6qDbHbuBB1ZpY+iWNmSBs3UrxMZFlqPRWg7BTZD/dObin95ndRE50HGZJIaKsl8UZRyZGI0/R31maLE8LElmChmb0VkiBUmxiZUsCF8for+J82y61fcys1pqXaxiCMPB3AIx+DDGdTgCurQAAIjuIdHeHIS58F5dl7mrTlnMbMP3+C8fgAN1o9r</latexit>

N ⇠ 3

MSG, van de Vis ‘23

<latexit sha1_base64="Om936o3axKzmZiCgrdpRpbuj9oE=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPw4xIEm9BLx4jmgWSIfR0epIm3T1Dd08kDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3Z2l5ZXVtPbeR39za3tkt7O03dJwqQusk5rFqhVhTziStG2Y4bSWKYhFy2gyHl1O/OaJKs1jemnFCA4H7kkWMYGOlm1H3rlsoeq5frpyXPfSb+K43QxEWqHULb51eTFJBpSEca932vcQEGVaGEU4n+U6qaYLJEPdp21KJBdVBNjt1go6t0kNRrGxJg2bq14kMC63HIrSdApuB/ulNxb+8dmqiSpAxmaSGSjJfFKUcmRhN/0Y9pigxfGwJJorZWxEZYIWJsenkbQifn6L/SePU9Utu6fqsWL1YxJGDQziCE/ChDFW4ghrUgUAf7uERnhzuPDjPzsu8dclZzBzANzivHwFTjk8=</latexit>vw
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Breaks conformal invariance

Towards Neutron Stars
<latexit sha1_base64="qHHRbR0L4ysj5qzihb18Z8Bk/nM="></latexit>

I =
1

2
5

Z
d5x

p
�g

✓
R� 1

2
r�2 � V (�)� f(�)F 2

◆

Finite density
<latexit sha1_base64="drGvets+KJpHALdFxONk5W6j9nY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TyAuSJcxOOsmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsriAXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHqBFSj4BKbhhuBnVghDQOB7WByP/fbT6g0j2TDTGP0QzqSfMgZNVaqN/rFklt2FyDrxMtICTLU+sWv3iBiSYjSMEG17npubPyUKsOZwFmhl2iMKZvQEXYtlTRE7aeLQ2fkwioDMoyULWnIQv09kdJQ62kY2M6QmrFe9ebif143McNbP+UyTgxKtlw0TAQxEZl/TQZcITNiagllittbCRtTRZmx2RRsCN7qy+ukdVX2KuVK/bpUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPszuM4w==</latexit>

T

<latexit sha1_base64="oZBV4eOBJ+uIX/fyi9Xt61PsQh4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LRThIaCjyULGYEWyc99ETaL1f8qj8HWiVBTiqQo9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ05ZYBipV1Ji+bq74kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eVV0rqoBrVq7f6yUr/J4yjCCZzCOQRwBXW4gwY0gcAQnuEV3jzuvXjv3seiteDlM8fwB97nD2DwjeE=</latexit>µ

With Giliberti, Serantes
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• Wall speed at finite density


• Any approximate way of understanding the behaviour (large jump of d.o.f.)?


• Collisions of several bubbles: sources of emission and phase separation


• Check possible effective descriptions

Holographic bubbles

￼48



• FOPT in neutron star mergers implies a signal in the MHz band


• Only astrophysical source (with SM) giving rise to an emission in the MHz


• Bigger constraints from hydrodynamics on superheated bubbles


• Hydro + scalar field effective description may break down at strong coupling


• Holography to understand bubble dynamics in strongly coupled and dense mediums

Conclusions
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Thank you!



Berlin et al ‘23

￼51

<latexit sha1_base64="6IBLSC55VSzKxHkWF1ffdSDEZuk="></latexit>

hc ' 2.6⇥ 10
�25v2f

✓
⇤
4

1 GeV/fm3

◆✓
L

1 km

◆3/2 ✓
1 MHz

fpeak

◆3/2 ✓
100 Mpc

d

◆



<latexit sha1_base64="OGJOs28uF32YUAji8kRDR7XdodY="></latexit>

hobs
c ⇠ 10�24v2f

✓
100Mpc

d

◆

￼52

Berlin et al ‘23
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Self similar equations

<latexit sha1_base64="k3KbmiKRyY3KPUOs07PYQcvz/mo=">AAAB8HicdVDLSgNBEJyNrxhfUY9eBoPgad2NmngRgl48RjCJkixhdjJJhszMLjO9YljyFV48KOLVz/Hm3zh5CD4LGoqqbrq7wlhwA5737mTm5hcWl7LLuZXVtfWN/OZW3USJpqxGIxHp65AYJrhiNeAg2HWsGZGhYI1wcD72G7dMGx6pKxjGLJCkp3iXUwJWumndcXyK9QG08wXPLR4el8s+/k1815uggGaotvNvrU5EE8kUUEGMafpeDEFKNHAq2CjXSgyLCR2QHmtaqohkJkgnB4/wnlU6uBtpWwrwRP06kRJpzFCGtlMS6Juf3lj8y2sm0D0JUq7iBJii00XdRGCI8Ph73OGaURBDSwjV3N6KaZ9oQsFmlLMhfH6K/yf1ouuX3NLlUaFyNosji3bQLtpHPiqjCrpAVVRDFEl0jx7Rk6OdB+fZeZm2ZpzZzDb6Buf1AxV8j/k=</latexit>

⇠ = r/t

<latexit sha1_base64="nq/2649xhxSpUWNc1M621jU/qNE=">AAACCnicdVDLSgMxFM3UV62vqks30SJUsGWmautGKLpxWcE+oDOUTJppQzOZIckMlqFrN/6KGxeKuPUL3Pk3pg/B54ELJ+fcS+49bsioVKb5bqTm5hcWl9LLmZXVtfWN7OZWQwaRwKSOAxaIloskYZSTuqKKkVYoCPJdRpru4GLsN2MiJA34tRqGxPFRj1OPYqS01Mnu2jzK2zf0MD6AZ9D2BMKJfhbiUWIVYs1GnWzOLJaOTioVC/4mVtGcIAdmqHWyb3Y3wJFPuMIMSdm2zFA5CRKKYkZGGTuSJER4gHqkrSlHPpFOMjllBPe10oVeIHRxBSfq14kE+VIOfVd3+kj15U9vLP7ltSPlnToJ5WGkCMfTj7yIQRXAcS6wSwXBig01QVhQvSvEfaTjUDq9jA7h81L4P2mUila5WL46zlXPZ3GkwQ7YA3lggQqogktQA3WAwS24B4/gybgzHoxn42XamjJmM9vgG4zXD0bXmhA=</latexit>

⌫(⇠, v) =
⇠ � v

1� v⇠

Study all possible flows for a constant <latexit sha1_base64="G6a9A9eR94JUFkdeLjBJKdsQ53Q=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmaiJh6DXjxGNAskQ+jp9CRNunuG7h4hDPkELx4U8eoXefNv7CyC64OCx3tVVNULE8608bx3J7e0vLK6ll8vbGxube8Ud/eaOk4VoQ0S81i1Q6wpZ5I2DDOcthNFsQg5bYWjy6nfuqNKs1jemnFCA4EHkkWMYGOlG9LTvWLJc8snZ9Wqj34T3/VmKMEC9V7xrduPSSqoNIRjrTu+l5ggw8owwumk0E01TTAZ4QHtWCqxoDrIZqdO0JFV+iiKlS1p0Ez9OpFhofVYhLZTYDPUP72p+JfXSU10HmRMJqmhkswXRSlHJkbTv1GfKUoMH1uCiWL2VkSGWGFibDoFG8Lnp+h/0iy7fsWtXJ+WaheLOPJwAIdwDD5UoQZXUIcGEBjAPTzCk8OdB+fZeZm35pzFzD58g/P6Ab/KjiM=</latexit>cs
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<latexit sha1_base64="met575SaEcF7mlGF9w5jYVB6Mq4="></latexit>

hobs
c ⇠

L3/2⇤4v2f
f3/2d

￼55

<latexit sha1_base64="6IBLSC55VSzKxHkWF1ffdSDEZuk="></latexit>

hc ' 2.6⇥ 10
�25v2f

✓
⇤
4

1 GeV/fm3

◆✓
L

1 km

◆3/2 ✓
1 MHz

fpeak

◆3/2 ✓
100 Mpc

d

◆

<latexit sha1_base64="OGJOs28uF32YUAji8kRDR7XdodY="></latexit>

hobs
c ⇠ 10�24v2f

✓
100Mpc

d

◆
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Breaks conformal invariance

Towards Neutron Stars
<latexit sha1_base64="qHHRbR0L4ysj5qzihb18Z8Bk/nM="></latexit>

I =
1

2
5

Z
d5x

p
�g

✓
R� 1

2
r�2 � V (�)� f(�)F 2

◆

Finite density

<latexit sha1_base64="drGvets+KJpHALdFxONk5W6j9nY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TyAuSJcxOOsmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsriAXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHqBFSj4BKbhhuBnVghDQOB7WByP/fbT6g0j2TDTGP0QzqSfMgZNVaqN/rFklt2FyDrxMtICTLU+sWv3iBiSYjSMEG17npubPyUKsOZwFmhl2iMKZvQEXYtlTRE7aeLQ2fkwioDMoyULWnIQv09kdJQ62kY2M6QmrFe9ebif143McNbP+UyTgxKtlw0TAQxEZl/TQZcITNiagllittbCRtTRZmx2RRsCN7qy+ukdVX2KuVK/bpUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPszuM4w==</latexit>

T

<latexit sha1_base64="oZBV4eOBJ+uIX/fyi9Xt61PsQh4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LRThIaCjyULGYEWyc99ETaL1f8qj8HWiVBTiqQo9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ05ZYBipV1Ji+bq74kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eVV0rqoBrVq7f6yUr/J4yjCCZzCOQRwBXW4gwY0gcAQnuEV3jzuvXjv3seiteDlM8fwB97nD2DwjeE=</latexit>µ


