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Milgromian Dynamics - discretisation

Milgrom’s law
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Milky Way acceleration regime
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Observed  tidal tails of the Hyades

Jan Pflamm-Altenburg: Open star cluster in ML-dynamicsPflamm-Altenburg, Kroupa, Thies, Jerabkova, Beccari, Prusti, Boffin, 2023
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Tidal tails - stochastic Newtonian evaporation

Jan Pflamm-Altenburg: Open star cluster in ML-dynamics
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Tidal tails in QUMOND

Jan Pflamm-Altenburg: Open star cluster in ML-dynamics

Kroupa, Jerabkova, Thies, Pflamm-Altenburg, Famaey, Boffin, Dabringhausen, Beccari, 
Prusti, Boily, Haghi, Wu, Haas, Zonoozi, Thomas, Šubr, Aarseth, 2022, Fig. 8
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M = 5000M� , b = 4.5 pc , t = 600Myr
Newton

fewer particle system not feasible in QUMOND due to resolution limits
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Star cluster evolution in discrete Milgrom law dynamics
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Pflamm-Altenburg, submitted
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Star cluster evolution in discrete Milgrom law dynamics
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Pflamm-Altenburg, submitted
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Pflamm-Altenburg, submitted
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Pflamm-Altenburg, submitted
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Asymmetry evolution of tidal tails in Milgrom law dynamics
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q-parameter evolution of tidal tails in Milgrom law dynamics
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boundary conditions

e.g. Bekenstein & Milgrom (1984), Milgrom 
(1986), Banik & Zhao (2015)

<latexit sha1_base64="GpsUx6dt5yufw5nSwqUJJlEZf1w=">AAACKXicbVDLSgMxFM34rPVVdekmWAQ3lhnxhSAU3bisYB/QDkMmzbShycyQ3BHLML/jxl9xo6CoW3/E9AFq2wOBk3Pu5d57/FhwDbb9ac3NLywuLedW8qtr6xubha3tmo4SRVmVRiJSDZ9oJnjIqsBBsEasGJG+YHW/dz3w6/dMaR6Fd9CPmStJJ+QBpwSM5BXKLUmg6wcpyTC+uMS/X29IlUwhggwfznLYA2ReoWiX7CHwNHHGpIjGqHiF11Y7oolkIVBBtG46dgxuShRwKliWbyWaxYT2SIc1DQ2JZNpNh5dmeN8obRxEyrwQ8FD925ESqXVf+qZysKOe9AbiLK+ZQHDupjyME2AhHQ0KEoEhwoPYcJsrRkH0DSFUcbMrpl2iCAUTbt6E4EyePE1qRyXntHRye1wsX43jyKFdtIcOkIPOUBndoAqqIooe0TN6Q+/Wk/VifVhfo9I5a9yzg/7B+v4BdI6oDg==</latexit>a := atot � aext
internal acceleration:

considered as perturbation of the 
(constant external field)

<latexit sha1_base64="ZHyViTFhfsRwnekAdHpEolksP0c=">AAACJ3icbVDLSgMxFM34tr6qLt0Ei+DGMiO+NoroQpcVrAqdUu6kGRvMJENyRyzD/I0bf8WNoCK69E9MaxFfBwIn59zLvfdEqRQWff/NGxoeGR0bn5gsTU3PzM6V5xfOrM4M43WmpTYXEVguheJ1FCj5RWo4JJHk59HVYc8/v+bGCq1OsZvyZgKXSsSCATqpVd5bCxVEEsJaR7TCBLBjkvyooLu0/4niHIovnd9gEUKaGn1DmVYWq61yxa/6fdC/JBiQChmg1io/hm3NsoQrZBKsbQR+is0cDAomeVEKM8tTYFdwyRuOKki4beb9Owu64pQ2jbVxTyHtq987ckis7SaRq+xtbH97PfE/r5FhvNPMhUoz5Ip9DoozSVHTXmi0LQxnKLuOADPC7UpZBwwwdNGWXAjB75P/krP1arBV3TzZqOwfDOKYIEtkmaySgGyTfXJMaqROGLkl9+SJPHt33oP34r1+lg55g55F8gPe+wfydqdE</latexit>�r�G = aext ⇡ const.

AQUAL:

<latexit sha1_base64="H93yzjaD+D+0ap16Qr9FDdKqj08=">AAACE3icbZDLSsNAFIYnXmu9RV26GSyCuCiJeFsW3bisYC/QhDCZTtqhk0mYmYglzTu48VXcuFDErRt3vo2TNkJt/WHg4z/nMOf8fsyoVJb1bSwsLi2vrJbWyusbm1vb5s5uU0aJwKSBIxaJto8kYZSThqKKkXYsCAp9Rlr+4Dqvt+6JkDTid2oYEzdEPU4DipHSlmcej5wQqb4fpCgbQYcxOGV4v0geVDbyzIpVtcaC82AXUAGF6p755XQjnISEK8yQlB3bipWbIqEoZiQrO4kkMcID1CMdjRyFRLrp+KYMHmqnC4NI6McVHLvTEykKpRyGvu7Ml5Sztdz8r9ZJVHDpppTHiSIcTz4KEgZVBPOAYJcKghUbakBYUL0rxH0kEFY6xrIOwZ49eR6aJ1X7vHp2e1qpXRVxlMA+OABHwAYXoAZuQB00AAaP4Bm8gjfjyXgx3o2PSeuCUczsgT8yPn8A+RufgQ==</latexit>

|a| ⌧ |aext| small perturbation,

on the whole domain!

<latexit sha1_base64="VE4yJxZd3VFLj7fo2cVljfL/b1Y="></latexit>

r (µ(|atot|/a0)atot) = 4⇡G⇢

fulfilled by open star clusters in the Galactic field

<latexit sha1_base64="MBpZXZCHsK4CwfuhxAT0P3qVxkY=">AAACFnicbZDLSsNAFIYnXmu9RV26GSyCG0si9bIRigq6rGAv0MQymZ40QycXZiZCCX0KN76KGxeKuBV3vo3TNgtt/WHg4z/ncOb8XsKZVJb1bczNLywuLRdWiqtr6xub5tZ2Q8apoFCnMY9FyyMSOIugrpji0EoEkNDj0PT6l6N68wGEZHF0pwYJuCHpRcxnlChtdcxD5wq4IvdOIlgITi1g+BxXnITh69zDjgjinDtmySpbY+FZsHMooVy1jvnldGOahhApyomUbdtKlJsRoRjlMCw6qYSE0D7pQVtjREKQbjY+a4j3tdPFfiz0ixQeu78nMhJKOQg93RkSFcjp2sj8r9ZOlX/mZixKUgURnSzyU45VjEcZ4S4TQBUfaCBUMP1XTAMiCFU6yaIOwZ4+eRYaR2X7pHx8WylVL/I4CmgX7aEDZKNTVEU3qIbqiKJH9Ixe0ZvxZLwY78bHpHXOyGd20B8Znz86sp7R</latexit>

�0� = 4⇡G0⇢0

<latexit sha1_base64="sCwCAs5GR9HKVWTlF9ItelG/rX8=">AAACDHicbVDLSgMxFM3UV62vqks3wSIIQpkRXxuh6MaFiwr2AZ2xZNJMG5pkxiQjtMN8gBt/xY0LRdz6Ae78G9N2Ftp6IHA451xu7vEjRpW27W8rNze/sLiUXy6srK6tbxQ3t+oqjCUmNRyyUDZ9pAijgtQ01Yw0I0kQ9xlp+P3Lkd94IFLRUNzqQUQ8jrqCBhQjbaR2sTS8cyNJOYHn0A0kwomTJq66lzpxDq7bdpoOoUnZZXsMOEucjJRAhmq7+OV2QhxzIjRmSKmWY0faS5DUFDOSFtxYkQjhPuqSlqECcaK8ZHxMCveM0oFBKM0TGo7V3xMJ4koNuG+SHOmemvZG4n9eK9bBmZdQEcWaCDxZFMQM6hCOmoEdKgnWbGAIwpKav0LcQ6YSbformBKc6ZNnSf2w7JyUj2+OSpWLrI482AG7YB844BRUwBWoghrA4BE8g1fwZj1ZL9a79TGJ5qxsZhv8gfX5A+vImuk=</latexit>

z0 =
1p

1 + L0
z2) stretching along external field:

<latexit sha1_base64="uMteBo0BRFWc/Q09g2CG7Ulz4Oc="></latexit>

L0 :=
µ0
ext

µext

aext
a0

> 0

<latexit sha1_base64="aUXJy/JYJp8bNPIgE3FDXsgsHso=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEEoivlZSdOPCRQX7gDaEyXTSDp1M4sxEKbGf4saFIm79Enf+jUmbhbYeuHA4517uvceLOFPasr6NwsLi0vJKcbW0tr6xuWWWt5sqjCWhDRLyULY9rChngjY005y2I0lx4HHa8oZXmd96oFKxUNzpUUSdAPcF8xnBOpVcs9xV91In9uGNa43RBbJLrlmxqtYEaJ7YOalAjrprfnV7IYkDKjThWKmObUXaSbDUjHA6LnVjRSNMhrhPOykVOKDKSSanj9F+qvSQH8q0hEYT9fdEggOlRoGXdgZYD9Ssl4n/eZ1Y++dOwkQUayrIdJEfc6RDlOWAekxSovkoJZhIlt6KyABLTHSaVhaCPfvyPGkeVe3T6sntcaV2mcdRhF3YgwOw4QxqcA11aACBR3iGV3gznowX4934mLYWjHxmB/7A+PwB1VqSbQ==</latexit>p
1 + L0 > 1

<latexit sha1_base64="pHW1aXo2jY11TJkGg6tNSLcpGps=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0UUhJKIr4VC0Y0LFxXsA5pYJtNJO3QyiTMToQ35BDf+ihsXirh16c6/cdpmoa0HLhzOuZd77/EiRqWyrG8jNzM7N7+QXywsLa+srpnrGzUZxgKTKg5ZKBoekoRRTqqKKkYakSAo8Bipe73LoV9/IELSkN+qfkTcAHU49SlGSkstc3dw50SCBgSeQ8cXCCd2mjjyXqjE3r9uWWk6gPAMDlpm0SpZI8BpYmekCDJUWuaX0w5xHBCuMENSNm0rUm6ChKKYkbTgxJJECPdQhzQ15Sgg0k1GD6VwRytt6IdCF1dwpP6eSFAgZT/wdGeAVFdOekPxP68ZK//UTSiPYkU4Hi/yYwZVCIfpwDYVBCvW1wRhQfWtEHeRjkXpDAs6BHvy5WlSOyjZx6Wjm8Ni+SKLIw+2wDbYAzY4AWVwBSqgCjB4BM/gFbwZT8aL8W58jFtzRjazCf7A+PwBKkWcBw==</latexit>

z0 =
1p

1 + L0
z < z

1) stretching along external field:
<latexit sha1_base64="J3vJwjAqB+1Glfb8e/AEhTuGqRA=">AAACDHicbVDLSsNAFJ3UV62vqks3wSK4Kon42ghFF3VZwT6giWUyvWmHziRhZiKWkA9w46+4caGIWz/AnX/jpM1CWw8MHM45l7n3eBGjUlnWt1FYWFxaXimultbWNza3yts7LRnGgkCThCwUHQ9LYDSApqKKQScSgLnHoO2NrjK/fQ9C0jC4VeMIXI4HAfUpwUpLvXKlfudEgnK4cHyBSVJPE4fHPYdjNRQ8gQeVpjplVa0JzHli56SCcjR65S+nH5KYQ6AIw1J2bStSboKFooRBWnJiCREmIzyArqYB5iDdZHJMah5opW/6odAvUOZE/T2RYC7lmHs6mS0pZ71M/M/rxso/dxMaRLGCgEw/8mNmqtDMmjH7VABRbKwJJoLqXU0yxLoUpfsr6RLs2ZPnSeuoap9WT26OK7XLvI4i2kP76BDZ6AzV0DVqoCYi6BE9o1f0ZjwZL8a78TGNFox8Zhf9gfH5AzyAnGg=</latexit>

G0 =
G

µext

<latexit sha1_base64="UPqPDaVLWRpQUXyAuOeBjsaNgzo=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaBYhV3x1ShBi1hGMA/IxjA7uZsMmdldZmbFsOwf2PgrNhaK2Nra+TdOHoUmHrhwOOde7r3HizhT2ra/rczc/MLiUnY5t7K6tr6R39yqqTCWFKo05KFseEQBZwFUNdMcGpEEIjwOda9/NfTr9yAVC4NbPYigJUg3YD6jRBupnd8v37mRZALOXV8SmpTTxBVx2xVE96RI4EGn6QUut/MFu2iPgGeJMyEFNEGlnf9yOyGNBQSacqJU07Ej3UqI1IxySHNurCAitE+60DQ0IAJUKxn9k+I9o3SwH0pTgcYj9fdEQoRSA+GZzuGdatobiv95zVj7Z62EBVGsIaDjRX7MsQ7xMBzcYRKo5gNDCJXM3Ippj5hctIkwZ0Jwpl+eJbXDonNSPL45KpQuJ3Fk0Q7aRQfIQaeohK5RBVURRY/oGb2iN+vJerHerY9xa8aazGyjP7A+fwDSGZ0r</latexit>

G0 =
G

µext
> G stronger internal dynamics

asymmetry

effective Poisson equation:
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Dynamical masses of the Pleiades

Pflamm-Altenburg, in prep

M⋆ ≈ 800 M⊙rh = 3.2 pc 𝜎l.o.s = 0.48 km/s

<latexit sha1_base64="TES50NhuOAFSCFtZjVSObSulroo=">AAACG3icbZDLSsNAFIYn9VbrLerSzWARXJWkFHVZdKEboYK9QBPDZDpph84kYWYilpD3cOOruHGhiCvBhW/jpM1CW38Y+PjPOcw5vx8zKpVlfRulpeWV1bXyemVjc2t7x9zd68goEZi0ccQi0fORJIyGpK2oYqQXC4K4z0jXH1/k9e49EZJG4a2axMTlaBjSgGKktOWZdUfSIUd3deigOBbRA3QCgXB6maX1bIbXWSo8hyM1EjwdZZlnVq2aNRVcBLuAKijU8sxPZxDhhJNQYYak7NtWrNwUCUUxI1nFSSSJER6jIelrDBEn0k2nt2XwSDsDGERCv1DBqft7IkVcygn3dWe+opyv5eZ/tX6igjM3pWGcKBLi2UdBwqCKYB4UHFBBsGITDQgLqneFeIR0IErHWdEh2PMnL0KnXrNPao2bRrV5XsRRBgfgEBwDG5yCJrgCLdAGGDyCZ/AK3own48V4Nz5mrSWjmNkHf2R8/QC8dqKH</latexit>

�2 ⇡ G

2

M

rh

observed:

Newton:
<latexit sha1_base64="WqhHpim8jsbtKa+RAf0VZQ/oxog=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiSlqMuiC90IFewDmhgm00k7dCYJMxOxhPyDG3/FjQtF3Lpx5984abPQ1gMXDufcy733+DGjUlnWt7GwuLS8slpaK69vbG5tmzu7bRklApMWjlgkuj6ShNGQtBRVjHRjQRD3Gen4o4vc79wTIWkU3qpxTFyOBiENKEZKS555fA0dFMcieoBOIBBOa46kA47ualB4DkdqKHg6zLL0MvPMilW1JoDzxC5IBRRoeuaX049wwkmoMENS9mwrVm6KhKKYkazsJJLECI/QgPQ0DREn0k0nP2XwUCt9GERCV6jgRP09kSIu5Zj7ujO/Us56ufif10tUcOamNIwTRUI8XRQkDKoI5gHBPhUEKzbWBGFB9a0QD5GORukYyzoEe/bledKuVe2Tav2mXmmcF3GUwD44AEfABqegAa5AE7QABo/gGbyCN+PJeDHejY9p64JRzOyBPzA+fwA+Bp5v</latexit>

M ⇡ 2�2rh
G

isolated MoND:

<latexit sha1_base64="YOk0gNsXdtl8kSrGBdppFhH0x3s=">AAACHnicbZDLSsNAFIYn9VbrrerSzWARXIVEonYjFF3oRqhgL9DUMJlO6tCZJMxMhBLyJG58FTcuFBFc6ds4abPQ1h8GPv5zDnPO78eMSmVZ30ZpYXFpeaW8Wllb39jcqm7vtGWUCExaOGKR6PpIEkZD0lJUMdKNBUHcZ6Tjjy7yeueBCEmj8FaNY9LnaBjSgGKktOVVj6/hGXQDgXBat7PUyabsSjrkyHM5UveCp8yMTJndOVmKPOsyq3jVmmVaE8F5sAuogUJNr/rpDiKccBIqzJCUPduKVT9FQlHMSFZxE0lihEdoSHoaQ8SJ7KeT8zJ4oJ0BDCKhX6jgxP09kSIu5Zj7ujPfV87WcvO/Wi9RQb2f0jBOFAnx9KMgYVBFMM8KDqggWLGxBoQF1btCfI90Pkonmodgz548D+0j0z4xnRun1jgv4iiDPbAPDoENTkEDXIEmaAEMHsEzeAVvxpPxYrwbH9PWklHM7II/Mr5+AIU4oiM=</latexit>

M =
81

4

�4
l.o.s

a0G

M ≈ 1200 M⊙

M ≈ 63 M⊙

𝜎 = 0.83 km/s

too high?

too low!
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Local Group galaxies: radial effective Gravitational constant

Jan Pflamm-Altenburg: Open star cluster in ML-dynamics
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Star cluster dissolution rate expected from the EFE

dissolution time scale of star clusters

<latexit sha1_base64="E2X5LstY276RHvEWDw7sN/F2zEQ="></latexit>

Tdiss = k0
"

N1/2 r3/2h

G1/2 m1/2 ln(�N)

#x "
r3/2h

G1/2 N1/2 m1/2

#1�x

Baumgardt, Makino 2003

<latexit sha1_base64="MpTd1EzuEB/EEIW23GMmB5/2QuE=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx60GMEs0gyhJ5OT9Kkl6G7RwlDvsKLB0W8+jne/Bs7y0ETHxQ83quiql6UcGas7397uaXlldW1/HphY3Nre6e4u1c3KtWE1ojiSjcjbChnktYss5w2E02xiDhtRIPrsd94pNowJe/tMKGhwD3JYkawddLDTTtNsNbqqVMs+WV/ArRIghkpwQzVTvGr3VUkFVRawrExrcBPbJhhbRnhdFRop4YmmAxwj7YclVhQE2aTg0foyCldFCvtSlo0UX9PZFgYMxSR6xTY9s28Nxb/81qpjS/DjMkktVSS6aI45cgqNP4edZmmxPKhI5ho5m5FpI81JtZlVHAhBPMvL5L6STk4L5/dnZYqV7M48nAAh3AMAVxABW6hCjUgIOAZXuHN096L9+59TFtz3mxmH/7A+/wBBH2QkQ==</latexit>

G "
<latexit sha1_base64="afVzg/Oyyfyfop254tmcdDQUlPg=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqsyIr2XRjcsKfUE7DJlMpg3NJEOSsZShuPFX3LhQxK1f4c6/MdPOQlsPBA7n3EPuPUHCqNKO820tLa+srq2XNsqbW9s7u/befkuJVGLSxIIJ2QmQIoxy0tRUM9JJJEFxwEg7GN7mfvuBSEUFb+hxQrwY9TmNKEbaSL592PB7MdIDGWchVWrSC8WIIynFyLcrTtWZAi4StyAVUKDu218mjNOYcI0ZUqrrOon2MiQ1xYxMyr1UkQThIeqTrqEcxUR52fSECTwxSggjIc3jGk7V34kMxUqN48BM5uuqeS8X//O6qY6uvYzyJNWE49lHUcqgFjDvA4ZUEqzZ2BCEJTW7QjxAEmFtWiubEtz5kxdJ66zqXlYv7s8rtZuijhI4AsfgFLjgCtTAHaiDJsDgETyDV/BmPVkv1rv1MRtdsorMAfgD6/MHjR+YMQ==</latexit>

Tdiss #
<latexit sha1_base64="nrymj60A1/MGNEDYuER+jceEc2E=">AAACFHicbVDLSsNAFJ34rPEVdelmsAiCUBLxtSy60GWFvqAJYTKdtEMnmTgzEUrIR7jxV9y4UMStC3f+jZM2C209MHA4517unBMkjEpl29/GwuLS8spqZc1c39jc2rZ2dtuSpwKTFuaMi26AJGE0Ji1FFSPdRBAUBYx0gtF14XceiJCUx001TogXoUFMQ4qR0pJvHTd9N0JqKKKsT6XMoZsInigOTTcUCGdOnrnyXqjsJs99q2rX7AngPHFKUgUlGr715fY5TiMSK8yQlD3HTpSXIaEoZiQ33VSSBOERGpCepjGKiPSySagcHmqlD0Mu9IsVnKi/NzIUSTmOAj1ZBJCzXiH+5/VSFV56GY2TVJEYTw+FKYM6dNEQ7FNBsGJjTRAWVP8V4iHSZSjdo6lLcGYjz5P2Sc05r53dnVbrV2UdFbAPDsARcMAFqINb0AAtgMEjeAav4M14Ml6Md+NjOrpglDt74A+Mzx/7e59u</latexit>

Tdiss /
1p
G

<latexit sha1_base64="/aGDV5exCwejvfykzwXfYr83Zp4=">AAACD3icbVDLSsNAFJ34rPVVdelmsCguJCTFqsui1LqsYB/QhDCZTNuhk0yYmYgl9A/c+CtuXCji1q07/8Zpm4W2HrhwOOde7r3HjxmVyrK+jYXFpeWV1dxafn1jc2u7sLPblDwRmDQwZ1y0fSQJoxFpKKoYaceCoNBnpOUPrsZ+654ISXl0p4YxcUPUi2iXYqS05BWOap4TItUXYVq9ro6gg+JY8AdomyWHBVxJ2yw7JzWvULRMawI4T+yMFEGGulf4cgKOk5BECjMkZce2YuWmSCiKGRnlnUSSGOEB6pGOphEKiXTTyT8jeKiVAHa50BUpOFF/T6QolHIY+rpzfLuc9cbif14nUd0LN6VRnCgS4emibsKg4nAcDgyoIFixoSYIC6pvhbiPBMJKR5jXIdizL8+TZsm0z8zy7WmxcpnFkQP74AAcAxucgwq4AXXQABg8gmfwCt6MJ+PFeDc+pq0LRjazB/7A+PwBuqqbMA==</latexit>

GEFE ⇡ 1.2 . . . 1.5G

<latexit sha1_base64="tIWmJTg5QNXcITO8i7IVW1DfZ8M="></latexit>

Tdiss,EFE

Tdiss
=

r
G

GEFE
= 0.81 . . . 0.91

Jan Pflamm-Altenburg: Open star cluster in ML-dynamics
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star cluster dissolution in Milgrom law dynamics
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Pflamm-Altenburg, submitted
evaporation ~25% faster in MOND

<latexit sha1_base64="KBMKzkU80zoV8QbtGL0P5yrWllI="></latexit>

N = 400 ; M = 200M�

<latexit sha1_base64="UCF21aqvewhWI2xRNm4gpI2ZScc="></latexit>

ṄN =
0.236 stars

Myr
=

1 star

4.2Myr

<latexit sha1_base64="D2Tqb0OP1UsZPg4A1wRugx4gKDg="></latexit>

ṄM =
0.296 stars

Myr
=

1 star

3.4Myr

<latexit sha1_base64="NvJGS9OSCL4Yahiz8tpBtJKJNkw="></latexit>

Tdiss,EFE

Tdiss
=

ṄN

ṄM

= 0.80
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external field

line of sight

line of sight
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<latexit sha1_base64="vM7y3ZMdxdF+kA33BsxXGtTKSKA=">AAACB3icbVBLSwMxGMzWV62vVY+CBIvgaclWqx6LXjx4qGAf0F2WbJptQ7MPkqxQlt68+Fe8eFDEq3/Bm//GbLsHbR0ITGbmI/nGTziTCqFvo7S0vLK6Vl6vbGxube+Yu3ttGaeC0BaJeSy6PpaUs4i2FFOcdhNBcehz2vFH17nfeaBCsji6V+OEuiEeRCxgBCsteeYhsmp16AyUjoTw1kPQ4VTK/IKs07pnVpGFpoCLxC5IFRRoeuaX049JGtJIEY6l7NkoUW6GhWKE00nFSSVNMBnhAe1pGuGQSjeb7jGBx1rpwyAW+kQKTtXfExkOpRyHvk6GWA3lvJeL/3m9VAWXbsaiJFU0IrOHgpRDFcO8FNhnghLFx5pgIpj+KyRDLDBRurqKLsGeX3mRtGuWfW7V786qjauijjI4AEfgBNjgAjTADWiCFiDgETyDV/BmPBkvxrvxMYuWjGJmH/yB8fkDVoWXFQ==</latexit>

0.25 & L0 . 0.35
<latexit sha1_base64="3PoFjNOuYxMNO1mDFg7hPYMi1P0=">AAACIHicbVDLSsNAFJ3UV42vqEs3o0UQhJIUtS5Uim5cuKhgH9DEMJlO2qGTBzMToYR8iht/xY0LRXSnX+O0DaLVAwPnnnMvd+7xYkaFNM0PrTAzOze/UFzUl5ZXVteM9Y2miBKOSQNHLOJtDwnCaEgakkpG2jEnKPAYaXmDi5HfuiNc0Ci8kcOYOAHqhdSnGEkluUbV9jnC6YktaC9ALre3z24r2XctJ7V+Cid91v6Va2ZpJXONklk2x4B/iZWTEshRd413uxvhJCChxAwJ0bHMWDop4pJiRjLdTgSJER6gHukoGqKACCcdH5jBXaV0oR9x9UIJx+rPiRQFQgwDT3UGSPbFtDcS//M6ifSPnZSGcSJJiCeL/IRBGcFRWrBLOcGSDRVBmFP1V4j7SCUhVaa6CsGaPvkvaVbK1lH58PqgVDvP4yiCLbAD9oAFqqAGLkEdNAAG9+ARPIMX7UF70l61t0lrQctnNsEvaJ9fq6uiBw==</latexit>

< �r>2

< �t>2
=

1 + L0

2

<latexit sha1_base64="VUKvwjyvU3FJGCWdxhit5xH1KaM=">AAACAHicbZC7TsMwFIYdrqXcAgwMLBYVElOUcCkdK1gYi0QvUhNVjuO0Vp3Ysh1EVXXhVVgYQIiVx2DjbXDaDNDyS5Y+/eccHZ8/FIwq7brf1tLyyuraemmjvLm1vbNr7+23FM8kJk3MGZedECnCaEqammpGOkISlISMtMPhTV5vPxCpKE/v9UiQIEH9lMYUI22snn3oIyEkf4SuUz33WcS1yrHWsyuu404FF8EroAIKNXr2lx9xnCUk1ZghpbqeK3QwRlJTzMik7GeKCISHqE+6BlOUEBWMpwdM4IlxIhhzaV6q4dT9PTFGiVKjJDSdCdIDNV/Lzf9q3UzHtWBMU5FpkuLZojhjUHOYpwEjKgnWbGQAYUnNXyEeIImwNpmVTQje/MmL0DpzvKpzeXdRqV8XcZTAETgGp8ADV6AObkEDNAEGE/AMXsGb9WS9WO/Wx6x1ySpmDsAfWZ8/P76U5g==</latexit>⇡ 0.63 . . . 0.68

<latexit sha1_base64="g9dFraxr22k0wjSirtxxNzC5Hx0=">AAACIXicbVDLSsNAFJ3UV42vqEs3o0UQhJIUH12oFN24cFHBPqCJYTKdtEMnD2YmQgn5FTf+ihsXinQn/ozTNohWDwyce8693LnHixkV0jQ/tMLc/MLiUnFZX1ldW98wNreaIko4Jg0csYi3PSQIoyFpSCoZacecoMBjpOUNrsZ+64FwQaPwTg5j4gSoF1KfYiSV5BpV2+cIp2e2oL0AudzevbivZN+1nNb6OZz2WVlaObxxzQy6RsksmxPAv8TKSQnkqLvGyO5GOAlIKDFDQnQsM5ZOirikmJFMtxNBYoQHqEc6ioYoIMJJJxdmcF8pXehHXL1Qwon6cyJFgRDDwFOdAZJ9MeuNxf+8TiL9qpPSME4kCfF0kZ8wKCM4jgt2KSdYsqEiCHOq/gpxH6kopApVVyFYsyf/Jc1K2TopH98elWqXeRxFsAP2wAGwwCmogWtQBw2AwSN4Bq/gTXvSXrR3bTRtLWj5zDb4Be3zCxZrojE=</latexit>

< �r>2

< �t>2
=

1

2 + L0

<latexit sha1_base64="J9OtDQY/fxJyA6LWEz9N10FG27c=">AAACAHicbZC7TsMwFIYdrqXcAgwMLBYVElOUQAuMFSyMRaIXqYkqx3Faq44d2Q6iqrrwKiwMIMTKY7DxNjhtBmj5JUuf/nOOjs8fpowq7brf1tLyyuraemmjvLm1vbNr7+23lMgkJk0smJCdECnCKCdNTTUjnVQSlISMtMPhTV5vPxCpqOD3epSSIEF9TmOKkTZWzz70UZpK8Qhdp1rzWSS0yvG8Z1dcx50KLoJXQAUUavTsLz8SOEsI15ghpbqem+pgjKSmmJFJ2c8USREeoj7pGuQoISoYTw+YwBPjRDAW0jyu4dT9PTFGiVKjJDSdCdIDNV/Lzf9q3UzHV8GY8jTThOPZojhjUAuYpwEjKgnWbGQAYUnNXyEeIImwNpmVTQje/MmL0DpzvAundlet1K+LOErgCByDU+CBS1AHt6ABmgCDCXgGr+DNerJerHfrY9a6ZBUzB+CPrM8fNR6U3w==</latexit>⇡ 0.45 . . . 0.43

Asymmetric velocity dispersion tensor

superimposed by tidal effect

Newtonian  
expectation

<latexit sha1_base64="gS+15SnNUJ0lHC2ABVQVWOrlszE=">AAACHHicbVDLSsNAFJ34rPEVdelmtAiuSlKfC5WiG5cV7AOaGCbTSTt08mBmIpSQD3Hjr7hxoYgbF4J/47QJoq0HBs49517u3OPFjAppml/azOzc/MJiaUlfXlldWzc2NpsiSjgmDRyxiLc9JAijIWlIKhlpx5ygwGOk5Q2uRn7rnnBBo/BWDmPiBKgXUp9iJJXkGge2zxFOz2xBewFyub1zcVfNfmqZ1/o5zPusLK1mrlE2K+YYcJpYBSmDAnXX+LC7EU4CEkrMkBAdy4ylkyIuKWYk0+1EkBjhAeqRjqIhCohw0vFxGdxTShf6EVcvlHCs/p5IUSDEMPBUZ4BkX0x6I/E/r5NI/9RJaRgnkoQ4X+QnDMoIjpKCXcoJlmyoCMKcqr9C3EcqBany1FUI1uTJ06RZrVjHlaObw3LtsoijBLbBLtgHFjgBNXAN6qABMHgAT+AFvGqP2rP2pr3nrTNaMbMF/kD7/AZBQaDZ</latexit>

< �r>2

< �t>2
=

1

2

A prediction!

stretching

L0 in the Milky Way
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Conclusion

MoND (MLD) Newton

tidal arms total length identical

(a)symmetry symmetricasymmetric
leading arm more 

members than trailing arm

evaporation/

dissolution 

faster slower

velocity dispersion slightly supervirial 

compared to Newton


but no expansion
viral state

tensor asymmetric symmetric

except for tidal field

length leading > trailing leading = trailing


