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Density of vacuum atoms
or molecules

BeamlifeEme

1) Emission of beamstrahlung photons by beam electrons or positrons

2) Stripping of electrons from parEally stripped heavy-ion beam

3) Fragmentation of the neutral molecule itself

Collision  Beam - vacuum molecules

4) Ionized gas molecules or liberated electrons: electron cloud

Here: a study of the dynamics of neutral molecules 
under the effect of the beam electromagnetic fields, 
estimated on the beam lifetime 
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Dynamics of charged par.cles
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d~p

dt
= q ~E + q~v ⇥ ~B

The dynamics is determined by the 
initial condition of the particle, and 
by the electromagnetic field
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Dynamics of neutral molecules

Thermodynamics à Maxwell-Boltzmann velocity distribution  
à Temperature
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Properties             à Collisions, Mean free path, 
Impingement rate, Pressure
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Charged particles vs neutral 
at first sight 

Charged molecule/particle Neutral molecule

Apparently à
no forces on the molecule
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Structure of molecules
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Vibra(onal state
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Characteristic molecular vibrational frequency à very large
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Molecules and electric fields
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The molecule is 
subject to a torque
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Molecules and electric fields
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The center of mass of the molecule 
is subject to a force
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~F

<latexit sha1_base64="p6loPEbiLfrff9ekSItNI+U/J+I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqzU6o6RZffTXrniVt05yCrxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzcKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7HfS5wqZERNLKFPc3krYkCrKjE2oZEPwll9eJc2LqndVvXy8rNRu8ziKcAKncA4eXEMNHqAODWAwgmd4hTcncV6cd+dj0Vpw8plj+APn8wdo14+h</latexit>

~F
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Electric dipole moment
<latexit sha1_base64="hBT5FJjCnyiyS8WvnWeh7hzp6i8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHssnM03Qj+hQ8pAzaqzU7k2QZcmsX664VXcBsk68nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclXqpxoSyMR1i11JJI9R+tjh3Ri6sMiBhrGxJQxbq74mMRlpPo8B2RtSM9Ko3F//zuqkJb/2MyyQ1KNlyUZgKYmIy/50MuEJmxNQSyhS3txI2oooyYxMq2RC81ZfXSatW9a6rtcerSv0uj6MIZ3AOl+DBDdThARrQBAZjeIZXeHMS58V5dz6WrQUnnzmFP3A+fwCoBY/J</latexit>

~p

ß Torque

ß Force on the center of mass
<latexit sha1_base64="oIRnfgPKWlcm+khqd4cQqYJzzBU=">AAACGHicbZDLSsNAFIYn9VbjLerSzWAR6qYmUtSNUBTFZQV7gSaUyXTSDp1MwsykUEIew42v4saFIm67821M0iy09YeBn++cw5nzuyGjUpnmt1ZaWV1b3yhv6lvbO7t7xv5BWwaRwKSFAxaIroskYZSTlqKKkW4oCPJdRjru+DardyZESBrwJzUNieOjIacexUilqG+c2ROC4/ukH2M/gddQr+YgTKCNB4GCNkcuQ6cwp3eJ3jcqZs3MBZeNVZgKKNTsGzN7EODIJ1xhhqTsWWaonBgJRTEjiW5HkoQIj9GQ9FLLkU+kE+eHJfAkJQPoBSJ9XMGc/p6IkS/l1HfTTh+pkVysZfC/Wi9S3pUTUx5GinA8X+RFDKoAZinBARUEKzZNDcKCpn+FeIQEwirNMgvBWjx52bTPa9ZFrf5YrzRuijjK4AgcgyqwwCVogAfQBC2AwTN4Be/gQ3vR3rRP7WveWtKKmUPwR9rsB9Y2nwQ=</latexit>

~Fcm = (~p ·r) ~E
<latexit sha1_base64="Fvw1hWk2B1JxPCdM0PsrxTsgHOE=">AAACDnicbVDLSsNAFJ3UV42vqEs3g6XgqiQi6kYoiuCygn1AE8pkOm2HTh7M3BRKyBe48VfcuFDErWt3/o2TtAttPTBw7jn3cucePxZcgW1/G6WV1bX1jfKmubW9s7tn7R+0VJRIypo0EpHs+EQxwUPWBA6CdWLJSOAL1vbHN7nfnjCpeBQ+wDRmXkCGIR9wSkBLPavqThhNXSBJhq+wWVRxhl3gAVO4KG8zs2dV7JpdAC8TZ04qaI5Gz/py+xFNAhYCFUSprmPH4KVEAqeCZaabKBYTOiZD1tU0JHqblxbnZLiqlT4eRFK/EHCh/p5ISaDUNPB1Z0BgpBa9XPzP6yYwuPRSHsYJsJDOFg0SgSHCeTa4zyWjIKaaECq5/iumIyIJBZ1gHoKzePIyaZ3WnPPa2f1ZpX49j6OMjtAxOkEOukB1dIcaqIkoekTP6BW9GU/Gi/FufMxaS8Z85hD9gfH5Ax6Hm4Y=</latexit>

~⌧ = ~p⇥ ~E



GSI Helmholtzzentrum für Schwerionenforschung GmbH

Molecules and magnetic fields

24.09.2022G. Franche:, ECloud22 12

<latexit sha1_base64="1apbD+/QD4jQUuf5J3SPBi5BO1w=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZAmlM122i7dTcLuplBCf4UXD4p49ed489+4bXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqh1Sj4BE2DDcC24lCKkOBrXB0N/NbY1Sax9GjmSQYSDqIeJ8zaqz05I+RZb5Mp91S2a24c5BV4uWkDDnq3dKX34tZKjEyTFCtO56bmCCjynAmcFr0U40JZSM6wI6lEZWog2x+8JScW6VH+rGyFRkyV39PZFRqPZGh7ZTUDPWyNxP/8zqp6d8EGY+S1GDEFov6qSAmJrPvSY8rZEZMLKFMcXsrYUOqKDM2o6INwVt+eZU0qxXvqlJ9uCzXbvM4CnAKZ3ABHlxDDe6hDg1gIOEZXuHNUc6L8+58LFrXnHzmBP7A+fwBMFqQqw==</latexit>

~µ
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<latexit sha1_base64="1apbD+/QD4jQUuf5J3SPBi5BO1w=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZAmlM122i7dTcLuplBCf4UXD4p49ed489+4bXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqh1Sj4BE2DDcC24lCKkOBrXB0N/NbY1Sax9GjmSQYSDqIeJ8zaqz05I+RZb5Mp91S2a24c5BV4uWkDDnq3dKX34tZKjEyTFCtO56bmCCjynAmcFr0U40JZSM6wI6lEZWog2x+8JScW6VH+rGyFRkyV39PZFRqPZGh7ZTUDPWyNxP/8zqp6d8EGY+S1GDEFov6qSAmJrPvSY8rZEZMLKFMcXsrYUOqKDM2o6INwVt+eZU0qxXvqlJ9uCzXbvM4CnAKZ3ABHlxDDe6hDg1gIOEZXuHNUc6L8+58LFrXnHzmBP7A+fwBMFqQqw==</latexit>

~µ

Torque

<latexit sha1_base64="6BzTIyzS4uMENXxUgkPrMUhPEkg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHssnM03Qj+hQ8pAzaqzU7k2QZfVZv1xxq+4CZJ14OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErqWSRqj9bHHujFxYZUDCWNmShizU3xMZjbSeRoHtjKgZ6VVvLv7ndVMT3vkZl0lqULLlojAVxMRk/jsZcIXMiKkllClubyVsRBVlxiZUsiF4qy+vk9ZV1bupXj9eV2r1PI4inME5XIIHt1CDB2hAExiM4Rle4c1JnBfn3flYthacfOYU/sD5/AFiw4+d</latexit>

~B

<latexit sha1_base64="6BzTIyzS4uMENXxUgkPrMUhPEkg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHssnM03Qj+hQ8pAzaqzU7k2QZfVZv1xxq+4CZJ14OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErqWSRqj9bHHujFxYZUDCWNmShizU3xMZjbSeRoHtjKgZ6VVvLv7ndVMT3vkZl0lqULLlojAVxMRk/jsZcIXMiKkllClubyVsRBVlxiZUsiF4qy+vk9ZV1bupXj9eV2r1PI4inME5XIIHt1CDB2hAExiM4Rle4c1JnBfn3flYthacfOYU/sD5/AFiw4+d</latexit>

~B

<latexit sha1_base64="p6loPEbiLfrff9ekSItNI+U/J+I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqzU6o6RZffTXrniVt05yCrxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzcKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7HfS5wqZERNLKFPc3krYkCrKjE2oZEPwll9eJc2LqndVvXy8rNRu8ziKcAKncA4eXEMNHqAODWAwgmd4hTcncV6cd+dj0Vpw8plj+APn8wdo14+h</latexit>

~F

<latexit sha1_base64="p6loPEbiLfrff9ekSItNI+U/J+I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqzU6o6RZffTXrniVt05yCrxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzcKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7HfS5wqZERNLKFPc3krYkCrKjE2oZEPwll9eJc2LqndVvXy8rNRu8ziKcAKncA4eXEMNHqAODWAwgmd4hTcncV6cd+dj0Vpw8plj+APn8wdo14+h</latexit>

~F

<latexit sha1_base64="0/RdWIjvOxqHCxIIVc+VmNxFifg=">AAACEHicbVDLSsNAFJ34rPEVdelmsIiuSiJF3QilblxWsA9oQplMJ+3QyYOZm0IJ+QQ3/oobF4q4denOv3HaZqGtBwbOPede7tzjJ4IrsO1vY2V1bX1js7Rlbu/s7u1bB4ctFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3R7dRvj5lUPI4eYJIwLySDiAecEtBSzzpzx4xmLpA0xzfYnFehLlzgIVN4JtRzs2eV7Yo9A14mTkHKqECjZ325/ZimIYuACqJU17ET8DIigVPBctNNFUsIHZEB62oaEb3Ny2YH5fhUK30cxFK/CPBM/T2RkVCpSejrzpDAUC16U/E/r5tCcO1lPEpSYBGdLwpSgSHG03Rwn0tGQUw0IVRy/VdMh0QSCjrDaQjO4snLpHVRcS4r1ftquVYv4iihY3SCzpGDrlAN3aEGaiKKHtEzekVvxpPxYrwbH/PWFaOYOUJ/YHz+ALlPnGU=</latexit>

~⌧ = ~µ⇥ ~B
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<latexit sha1_base64="1apbD+/QD4jQUuf5J3SPBi5BO1w=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZAmlM122i7dTcLuplBCf4UXD4p49ed489+4bXPQ1gcDj/dmmJkXJoJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqh1Sj4BE2DDcC24lCKkOBrXB0N/NbY1Sax9GjmSQYSDqIeJ8zaqz05I+RZb5Mp91S2a24c5BV4uWkDDnq3dKX34tZKjEyTFCtO56bmCCjynAmcFr0U40JZSM6wI6lEZWog2x+8JScW6VH+rGyFRkyV39PZFRqPZGh7ZTUDPWyNxP/8zqp6d8EGY+S1GDEFov6qSAmJrPvSY8rZEZMLKFMcXsrYUOqKDM2o6INwVt+eZU0qxXvqlJ9uCzXbvM4CnAKZ3ABHlxDDe6hDg1gIOEZXuHNUc6L8+58LFrXnHzmBP7A+fwBMFqQqw==</latexit>

~µ

If the magnetic field is not 
uniform the force on the 
center of mass is 

<latexit sha1_base64="6BzTIyzS4uMENXxUgkPrMUhPEkg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHssnM03Qj+hQ8pAzaqzU7k2QZfVZv1xxq+4CZJ14OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErqWSRqj9bHHujFxYZUDCWNmShizU3xMZjbSeRoHtjKgZ6VVvLv7ndVMT3vkZl0lqULLlojAVxMRk/jsZcIXMiKkllClubyVsRBVlxiZUsiF4qy+vk9ZV1bupXj9eV2r1PI4inME5XIIHt1CDB2hAExiM4Rle4c1JnBfn3flYthacfOYU/sD5/AFiw4+d</latexit>

~B

<latexit sha1_base64="6BzTIyzS4uMENXxUgkPrMUhPEkg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHssnM03Qj+hQ8pAzaqzU7k2QZfVZv1xxq+4CZJ14OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErqWSRqj9bHHujFxYZUDCWNmShizU3xMZjbSeRoHtjKgZ6VVvLv7ndVMT3vkZl0lqULLlojAVxMRk/jsZcIXMiKkllClubyVsRBVlxiZUsiF4qy+vk9ZV1bupXj9eV2r1PI4inME5XIIHt1CDB2hAExiM4Rle4c1JnBfn3flYthacfOYU/sD5/AFiw4+d</latexit>

~B

<latexit sha1_base64="p6loPEbiLfrff9ekSItNI+U/J+I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqzU6o6RZffTXrniVt05yCrxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzcKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7HfS5wqZERNLKFPc3krYkCrKjE2oZEPwll9eJc2LqndVvXy8rNRu8ziKcAKncA4eXEMNHqAODWAwgmd4hTcncV6cd+dj0Vpw8plj+APn8wdo14+h</latexit>

~F

<latexit sha1_base64="p6loPEbiLfrff9ekSItNI+U/J+I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqzU6o6RZffTXrniVt05yCrxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzcKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7HfS5wqZERNLKFPc3krYkCrKjE2oZEPwll9eJc2LqndVvXy8rNRu8ziKcAKncA4eXEMNHqAODWAwgmd4hTcncV6cd+dj0Vpw8plj+APn8wdo14+h</latexit>

~F

<latexit sha1_base64="9jfy+G7Z8UGyb7K2RQscKrnHZb0=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxC3ZQZKepGKBXEZQV7gU4ZMpm0DU0yQ5IplGGew42v4saFIu7EjW9jOu1CW38I/HznHE7OH8SMKu0439bK6tr6xmZhq7i9s7u3bx8ctlSUSEyaOGKR7ARIEUYFaWqqGenEkiAeMNIORjfTentMpKKReNCTmPQ4Ggjapxhpg3zb9cYEp7eZn2KewWtYLOfA40kGPRxGGnoCBQydwZzXs6Jvl5yKkwsuG3duSmCuhm9/emGEE06Exgwp1XWdWPdSJDXFjGRFL1EkRniEBqRrrECcqF6an5bBU0NC2I+keULDnP6eSBFXasID08mRHqrF2hT+V+smun/VS6mIE00Eni3qJwzqCE5zgiGVBGs2MQZhSc1fIR4iibA2aU5DcBdPXjat84p7UaneV0u1+jyOAjgGJ6AMXHAJauAONEATYPAInsEreLOerBfr3fqYta5Y85kj8EfW1w94tZ/j</latexit>

~Fcm = (~µ ·r) ~B
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3 coordinates for the position of the center of mass
3 coordinates for the molecule “orientation”
3 velocities for the center of mass
3 “velocities” for the orientation

In general:

<latexit sha1_base64="8c822fGwH8tsKYtQzaCgnJ/ifd4=">AAACKHicbVDLSgMxFM3UVx1foy7dBIsgCGVGiroRS0VwWcE+oFNKJk3b0MyD5E6hDPM5bvwVNyKKdOuXmE67sK0HAueecy8393iR4Apse2Lk1tY3Nrfy2+bO7t7+gXV4VFdhLCmr0VCEsukRxQQPWA04CNaMJCO+J1jDG95P/caIScXD4BnGEWv7pB/wHqcEtNSx7twRo4kLJE7xLTazKkqxC9xnCmflQ2pezAzXjxetStqxCnbRzoBXiTMnBTRHtWN9uN2Qxj4LgAqiVMuxI2gnRAKngqWmGysWETokfdbSNCB6WTvJDk3xmVa6uBdK/QLAmfp3IiG+UmPf050+gYFa9qbif14rht5NO+FBFAML6GxRLxYYQjxNDXe5ZBTEWBNCJdd/xXRAJKGgszV1CM7yyaukfll0roqlp1KhXJnHkUcn6BSdIwddozJ6RFVUQxS9oDf0ib6MV+Pd+DYms9acMZ85Rgswfn4BQpGmIQ==</latexit>

~⌧ = ~p⇥ ~E + ~µ⇥ ~B

<latexit sha1_base64="AVehYgDtA4P/Cd0aDHTTH/1VHjE="></latexit>

~Fcm = (~p ·r) ~E + (~µ ·r) ~B
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[D] = Debye, 1 D ≈ 0.21 eÅ with e the electron charge, 1 Å = 0.1 nm
[BM] = Bohr magneton,  its value is 9.27 × 10−24 J/T

1.87
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The dipole tends to align to the field àfast frequency of oscillation 

<latexit sha1_base64="TAZZlab/bt6q4oDaFmCOBYD5U84=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSqlW9y2rt/qJSv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/pkGPLw==</latexit>

✓

<latexit sha1_base64="HnkG2ouEU9ivajHOQ4OAsSpYnlM=">AAACCXicbVDLSgNBEJz1GeMr6tHLYJAIQtgNol6EoAgeI5gHZNcwO+kkQ2YfzPQKIeTqxV/x4kERr/6BN//GSbIHTSxoKKq66e7yYyk02va3tbC4tLyymlnLrm9sbm3ndnZrOkoUhyqPZKQaPtMgRQhVFCihEStggS+h7vevxn79AZQWUXiHgxi8gHVD0RGcoZFaOepiD5AVCvSYulEAXda6vi+lKr2gdiuXt4v2BHSeOCnJkxSVVu7LbUc8CSBELpnWTceO0RsyhYJLGGXdREPMeJ91oWloyALQ3nDyyYgeGqVNO5EyFSKdqL8nhizQehD4pjNg2NOz3lj8z2sm2Dn3hiKME4SQTxd1EkkxouNYaFso4CgHhjCuhLmV8h5TjKMJL2tCcGZfnie1UtE5LZZuT/LlyzSODNknB+SIOOSMlMkNqZAq4eSRPJNX8mY9WS/Wu/UxbV2w0pk98gfW5w/27Jf1</latexit>

✓00 + !2
E✓ = 0

<latexit sha1_base64="Y0Noxk99bPZfsRWW/S6czx0I1b8=">AAACCXicbVDLSsNAFJ3UV42vqEs3g0VwVZIi6kYoSkF3FewDmhAm00k7dDKJMxOhhGzd+CtuXCji1j9w5984bbPQ1gMXDufcy733BAmjUtn2t1FaWl5ZXSuvmxubW9s71u5eW8apwKSFYxaLboAkYZSTlqKKkW4iCIoCRjrB6Gridx6IkDTmd2qcEC9CA05DipHSkm9BN47IAPmNC9OV90JlbigQzhLYyLMbn+a5b1Xsqj0FXCROQSqgQNO3vtx+jNOIcIUZkrLn2InyMiQUxYzkpptKkiA8QgPS05SjiEgvm36SwyOt9GEYC11cwan6eyJDkZTjKNCdEVJDOe9NxP+8XqrCcy+jPEkV4Xi2KEwZVDGcxAL7VBCs2FgThAXVt0I8RDoKpcMzdQjO/MuLpF2rOqfV2u1JpX5ZxFEGB+AQHAMHnIE6uAZN0AIYPIJn8ArejCfjxXg3PmatJaOY2Qd/YHz+AGy9mi4=</latexit>

!E =

r
pE

Ii

Dipole moment alignment 
and intrinsic .me scale

-

-
- -

- -
-

-

- -

- -

-

+
+

+

+
+

+
+

+

+
+

+ +

-Q

+Q

<latexit sha1_base64="p6loPEbiLfrff9ekSItNI+U/J+I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqzU6o6RZffTXrniVt05yCrxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzcKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7HfS5wqZERNLKFPc3krYkCrKjE2oZEPwll9eJc2LqndVvXy8rNRu8ziKcAKncA4eXEMNHqAODWAwgmd4hTcncV6cd+dj0Vpw8plj+APn8wdo14+h</latexit>

~F

<latexit sha1_base64="p6loPEbiLfrff9ekSItNI+U/J+I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqzU6o6RZffTXrniVt05yCrxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzcKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7HfS5wqZERNLKFPc3krYkCrKjE2oZEPwll9eJc2LqndVvXy8rNRu8ziKcAKncA4eXEMNHqAODWAwgmd4hTcncV6cd+dj0Vpw8plj+APn8wdo14+h</latexit>

~F

<latexit sha1_base64="p2fOHCmdCPa8JBCt9DrDiAggkOc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRBI8V7Ae0oWy2k3bpZhN2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvjVFpHssnM0nQj+hA8pAzaqzU6o6RZffTXrniVt05yCrxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzcKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7HfS5wqZERNLKFPc3krYkCrKjE2oZEPwll9eJc2LqndVvXy8rNRu8ziKcAKncA4eXEMNHqAODWAwgmd4hTcncV6cd+dj0Vpw8plj+APn8wdnUo+g</latexit>

~E
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Closed alignment condition

24.09.2022G. Franche:, ECloud22 18

Assump&on: the dipole is aligned 
to the local field

<latexit sha1_base64="Y0Noxk99bPZfsRWW/S6czx0I1b8=">AAACCXicbVDLSsNAFJ3UV42vqEs3g0VwVZIi6kYoSkF3FewDmhAm00k7dDKJMxOhhGzd+CtuXCji1j9w5984bbPQ1gMXDufcy733BAmjUtn2t1FaWl5ZXSuvmxubW9s71u5eW8apwKSFYxaLboAkYZSTlqKKkW4iCIoCRjrB6Gridx6IkDTmd2qcEC9CA05DipHSkm9BN47IAPmNC9OV90JlbigQzhLYyLMbn+a5b1Xsqj0FXCROQSqgQNO3vtx+jNOIcIUZkrLn2InyMiQUxYzkpptKkiA8QgPS05SjiEgvm36SwyOt9GEYC11cwan6eyJDkZTjKNCdEVJDOe9NxP+8XqrCcy+jPEkV4Xi2KEwZVDGcxAL7VBCs2FgThAXVt0I8RDoKpcMzdQjO/MuLpF2rOqfV2u1JpX5ZxFEGB+AQHAMHnIE6uAZN0AIYPIJn8ArejCfjxXg3PmatJaOY2Qd/YHz+AGy9mi4=</latexit>

!E =

r
pE

Ii

<latexit sha1_base64="5oRf03hxI2zniiYFgat2dB5nY58=">AAACDnicbVDLSgMxFL1TX7W+qi7dDBbBVZmRoi6LIrisYB/QDiWTuW1DM5khyRTL0H/Qrf6HO3HrL/gbfoFpOwvbeiBwOOfe5OT4MWdKO863lVtb39jcym8Xdnb39g+Kh0cNFSWSYp1GPJItnyjkTGBdM82xFUskoc+x6Q9vp35zhFKxSDzqcYxeSPqC9Rgl2kjNzghpejfpFktO2ZnBXiVuRkqQodYt/nSCiCYhCk05UartOrH2UiI1oxwnhU6iMCZ0SPrYNlSQEJWXzuJO7DOjBHYvkuYIbc/UvxspCZUah76ZDIkeqGVvKv7ntRPdu/ZSJuJEo6Dzh3oJt3VkT/9uB0wi1XxsCKGSmaw2HRBJqDYNLdwUjFisstRP89gFU5K7XMkqaVyU3cty5aFSqt5kdeXhBE7hHFy4gircQw3qQGEIL/AKb9az9W59WJ/z0ZyV7RzDAqyvX7V7nWA=</latexit>

~E

<latexit sha1_base64="MYQbSG0FEQ+2MNqQUSHFtYOecOA=">AAACJHicbVC9TsMwGHTKXyl/AcYuFhUSU5WgCliQKlgYi0R/pCaKHMdprdpJZDsVVZSBl4EV3oMNMbDwEDwBbpuBtpxk6XT3ffb5/IRRqSzryyitrW9sbpW3Kzu7e/sH5uFRR8apwKSNYxaLno8kYTQibUUVI71EEMR9Rrr+6Hbqd8dESBpHD2qSEJejQURDipHSkmdWnZiTAYLX0AkFwtnYyzDP80x4OPfMmlW3ZoCrxC5IDRRoeeaPE8Q45SRSmCEp+7aVKDdDQlHMSF5xUkkShEdoQPqaRogT6WazT+TwVCsBDGOhT6TgTP27kSEu5YT7epIjNZTL3lT8z+unKrxyMxolqSIRnj8UpgyqGE4bgQEVBCs20QRhQXVWiIdIl6F0bws3BWOayCL14zx2RZdkL1eySjrndfui3rhv1Jo3RV1lUAUn4AzY4BI0wR1ogTbA4Am8gFfwZjwb78aH8TkfLRnFzjFYgPH9C1Ekph0=</latexit>

! =
vcm
rc

<latexit sha1_base64="wlb4EnYj1SOmh7jaQited/aWhPA=">AAACKHicbVDdSsMwGE39nfOv6qUXBofg1WhlqJdDEbyc4H5gLSVN0y0sTUuSDkfppS+jt/oe3slufQSfwGyr4DYPBA7nfF9ycvyEUaksa2ysrK6tb2yWtsrbO7t7++bBYUvGqcCkiWMWi46PJGGUk6aiipFOIgiKfEba/uB24reHREga80c1SogboR6nIcVIackzT5xQIJw5cUR6yBP5L7vLocMYtD2zYlWtKeAysQtSAQUanvntBDFOI8IVZkjKrm0lys2QUBQzkpedVJIE4QHqka6mHEVEutn0Izk800oAw1jowxWcqn83MhRJOYp8PRkh1ZeL3kT8z+umKrx2M8qTVBGOZw+FKYMqhpNWYEAFwYqNNEFYUJ0V4j7SzSjd3dxNwZAmskj9NItd1iXZi5Usk9ZF1b6s1h5qlfpNUVcJHINTcA5scAXq4B40QBNg8AxewRt4N16MD+PTGM9GV4xi5wjMwfj6ARTap3Y=</latexit>!r

!E
⌧ 1

r
<latexit sha1_base64="869pG3spvVAuVJX7CATYjGoWKGA=">AAACHXicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUZdFEVxWsA9oQ5hMbtuhkwczk2IN/Rbd6n+4E7fib/gFTtMsbOuFC4dz7uNwvJgzqSzr2yisrK6tbxQ3S1vbO7t75v5BU0aJoNCgEY9E2yMSOAuhoZji0I4FkMDj0PKGN1O9NQIhWRQ+qHEMTkD6IesxSpSmXPOom91IBfiTUjcKoE/cW9csWxUrK7wM7ByUUV511/zp+hFNAggV5UTKjm3FykmJUIxy0IcTCTGhQ9KHjoYhCUA6afZ5gk814+NeJHSHCmfs342UBFKOA09PBkQN5KI2Jf/TOonqXTkpC+NEQUhnj3oJxyrC0yiwzwRQxccaECqY9orpgAhClQ5s7pI/YrHMXT/ObJd0SPZiJMugeV6xLyrV+2q5dp3HVUTH6ASdIRtdohq6Q3XUQBQ9oRf0it6MZ+Pd+DA+Z6MFI985RHNlfP0CaJCi/Q==</latexit>!E

<latexit sha1_base64="O7oTY4gGmutvLK98ESK8FqVQCjk=">AAACHnicbVDLSsNAFJ3UV62vqLhyM1gEVyWRoi6LblxWsA9oQ5hMpu3QmUyYmRRL6L/oVv/DnbjV3/ALnKRZ2NYLFw7n3MfhBDGjSjvOt1VaW9/Y3CpvV3Z29/YP7MOjthKJxKSFBROyGyBFGI1IS1PNSDeWBPGAkU4wvsv0zoRIRUX0qKcx8TgaRnRAMdKG8u2Tfn4jDVhCZpW+4GSIfOnbVafm5AVXgVuAKiiq6ds//VDghJNIY4aU6rlOrL0USU0xyw4nisQIj9GQ9AyMECfKS/PXM3humBAOhDQdaZizfzdSxJWa8sBMcqRHalnLyP+0XqIHN15KozjRJMLzR4OEQS1glgUMqSRYs6kBCEtqvEI8QhJhbRJbuBROaKwK109z2xUTkrscySpoX9bcq1r9oV5t3BZxlcEpOAMXwAXXoAHuQRO0AAYpeAGv4M16tt6tD+tzPlqyip1jsFDW1y+S8qOh</latexit>!r



GSI Helmholtzzentrum für Schwerionenforschung GmbH

Electromagne.c beam field

24.09.2022G. Franchetti, ECloud22 19

x

y

z Beam direction

E

Br

x

E, B

𝜎
<latexit sha1_base64="GYeSZfShimXziKI4zzKHuXyFl+Y=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpoi6LblxWsA9oQplMJ+3QmSTMTIQagr/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5BwprTjfFulldW19Y3yZmVre2d3z94/aKs4lYS2SMxj2Q2wopxFtKWZ5rSbSIpFwGknGN9M/c4DlYrF0b2eJNQXeBixkBGsjdS3j7xQYpJ5Ccuzeo48xYYC9+2qU3NmQMvELUgVCjT79pc3iEkqaKQJx0r1XCfRfoalZoTTvOKliiaYjPGQ9gyNsKDKz2bX5+jUKAMUxtJUpNFM/T2RYaHURASmU2A9UoveVPzP66U6vPIzFiWpphGZLwpTjnSMplGgAZOUaD4xBBPJzK2IjLCJQ5vAKiYEd/HlZdKu19yLWv3uvNq4LuIowzGcwBm4cAkNuIUmtIDAIzzDK7xZT9aL9W59zFtLVjFzCH9gff4AnxyVVg==</latexit>⇡

2
�

B0 =137 × 10-4 T = 137 Gauss 
E0 ≈ 4 × 106 V/m For LHC

<latexit sha1_base64="gWtHWNVcm+vwFRdfU3gAJY1ZCXY="></latexit>

E0 = ln
⇣⇡
2

⌘ I

2⇡✏0c�
<latexit sha1_base64="dH4TepWDStfzRtB2BC2Fo10DMNY="></latexit>

B0 = ln
⇣⇡
2

⌘ Iµ0

2⇡�

Transverse Gaussian beam distribution
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Force on a molecule from

24.09.2022G. Franche:, ECloud22 20

r-
--

-

- -
-

- - -
- --

++
++
+ ++

+ ++++

E(r)

+Q-Q

<latexit sha1_base64="HcndInD2YDcYfVWd7wlO3xZTODY=">AAACFnicbZBPSwJBGMZn7Z/ZP6tjlyGJFFF2Q6qLIIXRwYNCpqCLzI6zOjg7u8zMBrL4Kbr0Vbp0KKJrdOvbNOoeSntg4DfP+77MvI8TMCqVaX4biZXVtfWN5GZqa3tndy+9f3Av/VBg0sQ+80XbQZIwyklTUcVIOxAEeQ4jLWd0Pa23HoiQ1Od3ahwQ20MDTl2KkdJWL124gWWYb8BqVuRrOViAM8zBVFlTDVZPp5cyDObUS2fMojkTXAYrhgyIVe+lv7p9H4ce4QozJGXHMgNlR0goihmZpLqhJAHCIzQgHY0ceUTa0WytCTzRTh+6vtCHKzhzf09EyJNy7Dm600NqKBdrU/O/WidU7qUdUR6EinA8f8gNGVQ+nGYE+1QQrNhYA8KC6r9CPEQCYaWTTOkQrMWVl+H+rGidF0uNUqZyFceRBEfgGGSBBS5ABdyCOmgCDB7BM3gFb8aT8WK8Gx/z1oQRzxyCPzI+fwBgeZgJ</latexit>

F = +QE(r + L)�QE(r) = QLE0(r) = pE0(r)

F(r) F(r+L)

<latexit sha1_base64="5oRf03hxI2zniiYFgat2dB5nY58=">AAACDnicbVDLSgMxFL1TX7W+qi7dDBbBVZmRoi6LIrisYB/QDiWTuW1DM5khyRTL0H/Qrf6HO3HrL/gbfoFpOwvbeiBwOOfe5OT4MWdKO863lVtb39jcym8Xdnb39g+Kh0cNFSWSYp1GPJItnyjkTGBdM82xFUskoc+x6Q9vp35zhFKxSDzqcYxeSPqC9Rgl2kjNzghpejfpFktO2ZnBXiVuRkqQodYt/nSCiCYhCk05UartOrH2UiI1oxwnhU6iMCZ0SPrYNlSQEJWXzuJO7DOjBHYvkuYIbc/UvxspCZUah76ZDIkeqGVvKv7ntRPdu/ZSJuJEo6Dzh3oJt3VkT/9uB0wi1XxsCKGSmaw2HRBJqDYNLdwUjFisstRP89gFU5K7XMkqaVyU3cty5aFSqt5kdeXhBE7hHFy4gircQw3qQGEIL/AKb9az9W59WJ/z0ZyV7RzDAqyvX7V7nWA=</latexit>

~E
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For molecules with dipole moment aligned, 
the Force on the center of mass is:

EDM 
molecule

MDM
molecule

Equilibrium 
radius

F F

Discon1nuous
Force

r r

<latexit sha1_base64="1Ol7wtW5k8uRC61cZBBLwwJBWPE="></latexit>

~F (~r) =


p
dE(r)

dr
� µ

B(r)

r

�
~r

r
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Trapping of neutral molecules

24.09.2022G. Franchetti, ECloud22 22

This force produces a poten1al Well

Molecules Trapping 

If the kinetic energy of molecules 
is small enough to remain inside 
the potential Well

Ini1al kine1c energy  ßà Temperature

Potential Well à Trapping temperature T*

poten
6al

r

The amount of trapping depends on T/T*

re
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Trapping temperature and Forces

24.09.2022G. Franchetti, ECloud22 23

The trapping temperature 
is a combination of the 
beam properties and the 
dipole moment of the 
molecules

<latexit sha1_base64="CLdJpqp2SMGyD/CJs6IzvhpiXSM="></latexit>

T ⇤
p =

1

⇡✏0kbc

I

�
p

<latexit sha1_base64="LvzD0udA9Hit6K3afMsMSXSE02o="></latexit>

T ⇤
µ =

1

⇡✏0kbc

I

�

µ

c

Independent on the molecule mass!
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Oscilla.ons around 
the equilibrium radius

24.09.2022G. Franche:, ECloud22 24
23.04.21

<latexit sha1_base64="3+B7nYcfS29PMxC3Ksh4QU75Pnw="></latexit>

! ⇠
r

e

20

kbT ⇤
p

M�2

potentia
l

-
- -

-
-

-
--

-
- -

-
-

+ + +++
++

+ + +++
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Time scales

24.09.2022G. Franche:, ECloud22 25

VibraEonal 

Oscillation around E-field

Oscillation around the
equilibrium radius re

<latexit sha1_base64="YvvM8QyahAFgdzEhvZdOjKEUsHo=">AAACB3icbVBNS8NAEN3Urxq/oh4FWSyCp5IUUS9CUQp6q2BboQlhs920SzfZuLsRSsjNi3/FiwdFvPoXvPlv3LY5aOuDgcd7M8zMCxJGpbLtb6O0sLi0vFJeNdfWNza3rO2dtuSpwKSFOePiLkCSMBqTlqKKkbtEEBQFjHSC4eXY7zwQISmPb9UoIV6E+jENKUZKS7617/KI9JHfODddeS9U5oYC4SyBjTy7znPfqthVewI4T5yCVECBpm99uT2O04jECjMkZdexE+VlSCiKGclNN5UkQXiI+qSraYwiIr1s8kcOD7XSgyEXumIFJ+rviQxFUo6iQHdGSA3krDcW//O6qQrPvIzGSapIjKeLwpRBxeE4FNijgmDFRpogLKi+FeIB0kEoHZ2pQ3BmX54n7VrVOanWbo4r9YsijjLYAwfgCDjgFNTBFWiCFsDgETyDV/BmPBkvxrvxMW0tGcXMLvgD4/MH3CCZUg==</latexit>

!E =

r
pE

I

<latexit sha1_base64="3+B7nYcfS29PMxC3Ksh4QU75Pnw="></latexit>

! ⇠
r

e

20

kbT ⇤
p

M�2

Very fast
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T*
p = 0.18 K T*

μ = 2.5 mK

H2O O2

Vaccum
temperature

T = 2 K

LHC Beam
σ = 3 x 10-4 m
I     = 1 A
E0 = 9 x 104 V/m
B0 = 3 × 10-4 T = 3 Gauss 

p  = 6.2 x 10-30 Cm
M = 3 x 10-26 Kg

𝜔 = 11189 rad/s
f = 1780 Hz

μ = 2.8 BM = 2.6 x 10-23 J/K 
M  = 5.3 x 10-26 Kg

σ = 2 × 10−4 m 
σz = 0.076 m
Nb = 1.2 × 1011 protons
E0 = 4 × 106 V/m 
B0 = 137 × 10-4 T = 137 Gauss 

Coas+ng beam Bunched beam

ωE ≈ 9.0 × 1011 rad/s ωB = 4.27 × 1010 rad/s 
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re

re

<latexit sha1_base64="AIIuV/DzRMum/7U/0py/iR3gMzA=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jEogscI5gHJEmYns8mQeawzs0JY8hNePCji1d/x5t84SfagiQUNRVU33V1Rwpmxvv/trayurW9sFraK2zu7e/ulg8OmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZPaXSXoAPdue6WyX/FnQMskyEkZctR7pa9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSbGbGppgMsID2nFUYkFNmM3unaBTp/RRrLQradFM/T2RYWHMWESuU2A7NIveVPzP66Q2vgozJpPUUknmi+KUI6vQ9HnUZ5oSy8eOYKKZuxWRIdaYWBdR0YUQLL68TJrVSnBRqd6fl2vXeRwFOIYTOIMALqEGd1CHBhDg8Ayv8OY9ei/eu/cxb13x8pkj+APv8wfaIY/a</latexit>!E
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T / T*

Cold molecules only in x Cold molecules in xy 
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Cold molecules only in x 

<latexit sha1_base64="2GvSuZZPE5OG6m6a3rooOGHB1Ls=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU92Voh6LXjxWsB/QLiWbZtvQJLsmWbEs/RNePCji1b/jzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvsn89iNVmkXy3kxi6gs8lCxkBBsrdZ7OepoNBe6XK27VnQEtEy8nFcjR6Je/eoOIJIJKQzjWuuu5sfFTrAwjnE5LvUTTGJMxHtKupRILqv10du8UnVhlgMJI2ZIGzdTfEykWWk9EYDsFNiO96GXif143MeGVnzIZJ4ZKMl8UJhyZCGXPowFTlBg+sQQTxeytiIywwsTYiEo2BG/x5WXSOq96F9XaXa1Sv87jKMIRHMMpeHAJdbiFBjSBAIdneIU358F5cd6dj3lrwclnDuEPnM8f6riP5w==</latexit> x
/�

15.12.2021G. Franchetti 29
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Molecules with T/T* = 1E-5     (cold)
Cold moledules

Radial
Vacuum
Density
Evolu6on

Ini6al
Distribu6on:
x-y   Uniform
vx-vy Gaussian

15.12.2021G. Franche: 30
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Time evolution    T/T* = 1E-5 

15.12.2021G. Franchetti 31
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Molecules with T/T*
p = 0.1
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Time evolu.on T/Tp = 0.1

3325/05/2022G. Franchetti
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Model of a bi-atomic molecule

24.09.2022G. Franchetti, ECloud22 34

Model of a bi-atomic “classical” molecule: 
Two hard spheres bounded by a linear force

Full dynamics is very hard !!  à rigid bi-atomic model is easier to simulate
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Benchmarking with a rigid model

24.09.2022G. Franchetti, ECloud22 35

T/T*p = 0.1 



GSI Helmholtzzentrum für Schwerionenforschung GmbH

Density enhancement depends 
critically from T/T*

p

24.09.2022G. Franchetti, ECloud22 36
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Density enhancement depends 
critically from T/T*

μ

24.09.2022G. Franche:, ECloud22 37
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A tantalizing prespec(ve

24.09.2022G. Franche:, ECloud22 38
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A tantalizing prespective

24.09.2022G. Franchetti, ECloud22 39
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Agglomeration or clustering

<latexit sha1_base64="ezmC6o5JlWQfnkdXP7s9LXB1K+A=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVol6EohcvlQr2Q9qlZNNsG5pklyQrlKW/wosHRbz6c7z5b0zbPWjrg4HHezPMzAtizrRx3W8nt7K6tr6R3yxsbe/s7hX3D5o6ShShDRLxSLUDrClnkjYMM5y2Y0WxCDhtBaObqd96okqzSD6YcUx9gQeShYxgY6XHWi9EV+gO1XrFklt2Z0DLxMtICTLUe8Wvbj8iiaDSEI617n hubPwUK8MIp5NCN9E0xmSEB7RjqcSCaj+dHTxBJ1bpozBStqRBM/X3RIqF1mMR2E6BzVAvelPxP6+TmPDST5mME0MlmS8KE45MhKbfoz5TlBg+tgQTxeytiAyxwsTYjAo2BG/x5WXSPCt75+XKfaVUvc7iyMMRHMMpeHABVbiFOjSAgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kD3RiPJw==</latexit>

Mf = NM
<latexit sha1_base64="de3VIyL+u3IVkMW5I3Z2KwyhE+4=">AAACBXicbVDLSgNBEJyNrxhfqx71MBgET2FXgnoMevEkEcwDkmWZnfQmQ2YfzswGwiYXL/6KFw+KePUfvPk3TpIVNLGgoajqprvLizmTyrK+jNzS8srqWn69sLG5tb1j7u7VZZQICjUa8Ug0PSKBsxBqiikOzVgACTwODa9/NfEbAxCSReGdGsbgBKQbMp9RorTkmoej9gBoGo9df4TbHO7xDf6RRq5ZtErWFHiR2BkpogxV1/xsdyKaBBAqyomULduKlZMSoRjlMC60EwkxoX3ShZamIQlAOun0izE+1koH+5HQFSo8VX9PpCSQchh4ujMgqifnvYn4n9dKlH/hpCyMEwUhnS3yE45VhCeR4A4TQBUfakKoYPpWTHtEEKp0cAUdgj3/8iKpn5bss1L5tlysXGZx5NEBOkInyEbnqIKuURXVEEUP6Am9oFfj0Xg23oz3WWvOyGb20R8YH9/dMpjR</latexit>

|~pf |  N |~p|
<latexit sha1_base64="xiXnggeBMAXXnpqtNJ/y77PKpd4=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiiIuSSFGXRTeupEJv0MYwmZ60QycXZyZiCX0VNy4UceuLuPNtnLRZaOsPAx//OYdz5vdizqSyrG+jsLK6tr5R3Cxtbe/s7pn75baMEkGhRSMeia5HJHAWQksxxaEbCyCBx6Hjja+zeucRhGRR2FSTGJyADEPmM0qUtlyz3Lw/dX3c5/CAM4zxrWtWrKo1E14GO4cKytVwza/+IKJJAKGinEjZs61YOSkRilEO01I/kRATOiZD6GkMSQDSSWe3T/GxdgbYj4R+ocIz9/dESgIpJ4GnOwOiRnKxlpn/1XqJ8i+dlIVxoiCk80V+wrGKcBYEHjABVPGJBkIF07diOiKCUKXjKukQ7MUvL0P7rGqfV2t3tUr9Ko+jiA7RETpBNrpAdXSDGqiFKHpCz+gVvRlT48V4Nz7mrQUjnzlAf2R8/gDLEJMA</latexit>

T ⇤
f  T ⇤

pN

molecules 
clusters

<latexit sha1_base64="jwBLwj1Bav69HhTXJQnQzWRNAW0=">AAACCHicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdEN64MJPJIYEI6nQs0dB5pO0Qy4Qd0q//hzrj1L/wNv8ACsxDwJE1Ozrm3PT1eLLjStv1t5dbWNza38tuFnd29/YPi4VFDRYlkWGeRiGTLowoFD7GuuRbYiiXSwBPY9IZ3U785Qql4FD7qcYxuQPsh73FGtZFqD91iyS7bM5BV4mSkBBmq3eJPx49YEmComaBKtR071m5Kpe ZM4KTQSRTGlA1pH9uGhjRA5aazoBNyZhSf9CJpTqjJTP27kdJAqXHgmcmA6oFa9qbif1470b0bN+VhnGgM2fyhXiKIjsj018TnEpkWY0Mok9xkJWxAJWXadLNwkz/iscpSP81jF0xJznIlq6RxUXauype1y1LlNqsrDydwCufgwDVU4B6qUAcGCC/wCm/Ws/VufVif89Gcle0cwwKsr1+lyJqb</latexit>

N



GSI Helmholtzzentrum für Schwerionenforschung GmbH

Gas of agglomerates or clusters

24.09.2022G. Franchetti, ECloud22 41

All molecules and flakes are
in thermal equilibrium

at the temperature T

Lowered towards the 
``cold gas limit’’

<latexit sha1_base64="S3jisRsqkSBWzl9hbIIc7IUw/3c=">AAACGnicbVDNS8MwHE3n16xfVY9egkMQD6OVoR6HXjzJhH3BWkuapVtY0pYkFUbp3+HFf8WLB0W8iRf/G7Nuh7n5IPDy3vuR/F6QMCqVbf8YpZXVtfWN8qa5tb2zu2ftH7RlnApMWjhmsegGSBJGI9JSVDHSTQRBPGCkE4xuJn7nkQhJ46ipxgnxOBpENKQYKS35luOGAuGsmWfNhzM/zKE7UDrNzXldq8XNybO73LcqdtUuAJeJMyMVMEPDt77cfoxTTiKFGZKy59iJ8jIkFMWM5KabSpIgPEID0tM0QpxILytWy+GJVvowjIU+kYKFOj+RIS7lmAc6yZEaykVvIv7n9VIVXnkZjZJUkQhPHwpTBlUMJz3BPhUEKzbWBGFB9V8hHiLdgtJtmroEZ3HlZdI+rzoX1dp9rVK/ntVRBkfgGJwCB1yCOrgFDdACGDyBF/AG3o1n49X4MD6n0ZIxmzkEf2B8/wKRyqE2</latexit>

T

T ⇤
f

& T

T ⇤
1

N
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Es(mate of the impact on the 
beam life(me

24.09.2022G. Franche:, ECloud22 42

Life6me is obtained integra6ng the density of the local molecules with betatron mo6on 

<latexit sha1_base64="afYxfvL0Mpz7Gj5urHzCftw/o7Q=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqs5IUZdFNy4r2AdMh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64GEwzn3cu89YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTec3OV+94kqzaR4NNOEBjEeCRYxgo2V/L4ay4v8G7iDas2tu3OgVeIVpAYFWoPqV38oSRpTYQjHWvuem5ggw8owwums0k81TTCZ4BH1LRU4pjrI5ivP0JlVhiiSyj5h0Fz93ZHhWOtpHNrKGJuxXvZy8T/PT010E2RMJKmhgiwGRSlHRqL8fjRkihLDp5ZgopjdFZExVpgYm1LFhuAtn7xKOpd176reeGjUmrdFHGU4gVM4Bw+uoQn30II2EJDwDK/w5hjnxXl3PhalJafoOYY/cD5/ANYYkPk=</latexit>

⇢/
⇢ 0

Beam
Radial 
Density

Beam
Radial 
Density

Residual Gas Density

Residual Gas Density
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Comparison of beam loss / life(me

24.09.2022G. Franche:, ECloud22 43

Same flake density as original residual gas density

<latexit sha1_base64="RBvRTjJicf1fK0DtlmfT/H8XdOc=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSlKKuhGK3biSCvYBbQiTybQdOpmEmRuhhPyIG3/FjQtFXLgR/8YkzUJbDwwczrmvOW4ouAbT/DZWVtfWNzZLW+Xtnd29/crBYVcHkaKsQwMRqL5LNBNcsg5wEKwfKkZ8V7CeO21lfu+BKc0DeQ+zkNk+GUs+4pRAKjmVxjCfEbsiYkl5CFx4LJbJUPOxT5yYmgluOTGhNMG3DuArbNbqZadSNWtmDrxMrIJUUYG2U/kcegGNfCaBCqL1wDJDsGOigFOR7Y00CwmdkjEbpFQSn2k7zi9L8GmqeHgUqPRJwLn6uyMmvtYz300rfQITvehl4n/eIILRpR1zGUbAJJ0vGkUCQ4CzqLDHFaMgZikhVPH0VkwnRBEKaaBZCNbil5dJt16zzmuNu0a1eV3EUULH6ASdIQtdoCa6QW3UQRQ9omf0it6MJ+PFeDc+5qUrRtFzhP7A+PoBNcahRQ==</latexit>

ñ�c0CaccNt = 0.2
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Comparison of beam loss / lifetime

24.09.2022G. Franche:, ECloud22 44

Same flake density as original residual gas density

<latexit sha1_base64="RBvRTjJicf1fK0DtlmfT/H8XdOc=">AAACHXicbVDLSsNAFJ34rPVVdelmsAiuSlKKuhGK3biSCvYBbQiTybQdOpmEmRuhhPyIG3/FjQtFXLgR/8YkzUJbDwwczrmvOW4ouAbT/DZWVtfWNzZLW+Xtnd29/crBYVcHkaKsQwMRqL5LNBNcsg5wEKwfKkZ8V7CeO21lfu+BKc0DeQ+zkNk+GUs+4pRAKjmVxjCfEbsiYkl5CFx4LJbJUPOxT5yYmgluOTGhNMG3DuArbNbqZadSNWtmDrxMrIJUUYG2U/kcegGNfCaBCqL1wDJDsGOigFOR7Y00CwmdkjEbpFQSn2k7zi9L8GmqeHgUqPRJwLn6uyMmvtYz300rfQITvehl4n/eIILRpR1zGUbAJJ0vGkUCQ4CzqLDHFaMgZikhVPH0VkwnRBEKaaBZCNbil5dJt16zzmuNu0a1eV3EUULH6ASdIQtdoCa6QW3UQRQ9omf0it6MJ+PFeDc+5qUrRtFzhP7A+PoBNcahRQ==</latexit>

ñ�c0CaccNt = 0.2
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Lifetime equivalent flake density

24.09.2022G. Franchetti, ECloud22 45

Cross sec6on ansatz (geometrical)

Equivalent flake density

the density of flakes that generate the 
same beam life6me as generated by the 
original residual gas

<latexit sha1_base64="Zig/14SZBT8ObBPzYS3ZUxXaA28=">AAAB83icbVBNSwMxEJ31s9avqkcvwSKIh7orRXsRil48VugXtGvJptk2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0jOtHHdb2dldW19YzO3ld/e2d3bLxwcNnWcKEIbJOaxagdYU84EbRhmOG1LRXEUcNoKRndTv/VElWaxqJuxpH6EB4KFjGBjpW79ov543pPoBnmVXqHoltwZ0DLxMlKEDLVe4avbj0kSUWEIx1p3PFcaP8XKMMLpJN9NNJWYjPCAdiwVOKLaT2c3T9CpVfoojJUtYdBM/T2R4kjrcRTYzgiboV70puJ/XicxYcVPmZCJoYLMF4UJRyZG0wBQnylKDB9bgoli9lZEhlhhYmxMeRuCt/jyMmlelryrUvmhXKzeZnHk4BhO4Aw8uIYq3EMNGkBAwjO8wpuTOC/Ou/Mxb11xspkj+APn8weGuZAP</latexit>

T/T ⇤
p = 18

Effect of flakes
Is more relevant

<latexit sha1_base64="9wtsU2nUCJRcM5peP+qrG2gih2I=">AAACE3icbVA9SwNBEN3zM8avqKXNYhCiRbxTURshmMZKIphESOIxt9lLluzeHbt7QjjuP9j4V2wsFLG1sfPfuEmuUOODgcd7M8zM8yLOlLbtL2tmdm5+YTG3lF9eWV1bL2xsNlQYS0LrJOShvPVAUc4CWtdMc3obSQrC47TpDaojv3lPpWJhcKOHEe0I6AXMZwS0kdzCfluxngC3is9x6cpNID3wOQzo3l1yeHCU4sxOqnbqFop22R4DTxMnI0WUoeYWPtvdkMSCBppwUKrl2JHuJCA1I5ym+XasaARkAD3aMjQAQVUnGf+U4l2jdLEfSlOBxmP150QCQqmh8EynAN1Xf72R+J/XirV/1klYEMWaBmSyyI851iEeBYS7TFKi+dAQIJKZWzHpgwSiTYx5E4Lz9+Vp0jgsOyfl4+vjYuUiiyOHttEOKiEHnaIKukQ1VEcEPaAn9IJerUfr2Xqz3ietM1Y2s4V+wfr4BnuunK4=</latexit>

�C = (Na/flake)
2/3�C0

Of course, this is a figure of merit, full dynamics is more complex
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Summary

24.09.2022G. Franche:, ECloud22 46

• Molecules with: a magne2c dipole moment oscillate “around” the 
transverse center of the par2cle beam; with an electric dipole moment 
oscillate “around” a radial equilibrium at the beam “edge”. 

• The features of the dynamics & trapping and density enhancement are a 
func2on of a trapping temperature T*, and T à T/T*

• It is possible to derive the frac2on of molecules, with either electric or 
magne2c dipole moment, trapped by the beam field, as a func2on of T/T*

• Density enhancement may be important in cryogenic vacuum systems, high 
beam currents or small beam sizes à for future genera2ons of accelerators.

• An es2mate of the beam life2me allows for the establishment of an 
equivalent flake density according to the number of components of the 
flake.  Hence it allows the assessment of how dangerous the flakes can be..
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Thank you for the a.en/on


