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Why solitons 
are good for 
macroscopic
coherence
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Why don't 
solitons have 

localized 
excitations?



Why solitons have no localized 
excitations
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Q: Isn't it dangerous?
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All in all... 
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What is this Lax 
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e

Two-level atom, -laser pulse
For a discrete set of amplitudes, 

no population transfer for any detuning:
thus, pure solitons

sech

Atoms in Strong Light Fields
N. B. Delone and V. P. Krainov,
Springer, 2012
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Say we got a 
macroscopic quantum 
packet: how can we 
prove it's quantum? 



Our proposal 
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Problems: 

   - soliton-soliton interactions in harmonic 
     potential 

   - exponential sensitivity to errors on the 
     re-entry to the inverted harmonic potential 



Problem: soliton-soliton interactions in harmonic 
     potential

Solution: tabulation, set the other three fluctuations
to zero  
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Problem: soliton-soliton interactions in harmonic 
     potential

Solution: tabulation 

same for the relative 
distance



Problem: exponential sensitivity to errors on the 
     re-entry to the inverted harmonic potential
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Problem: exponential sensitivity to errors on the 
     re-entry to the inverted harmonic potential

One of the possible solutions: "bug to a feature" 
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δω = 8.9 × 10−6 × (2π) × Hz

Scales as 
ℏ
N

Prob[intersoliton_distance ≤ 141 × soliton_size]
7Li

ascatt. = − 0.54 aBohr
ωperp. = 2π × 297 Hz

N = 54000

t2nd_expansion = .87 × t1 st_expansion
r.m.s.[intersoliton_distance] = 232 × soliton_size

ωz = 2π × 1.4 Hz
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Inverse scattering map
⬇ 

(*) Solitons do not decohere to localized excitations;

(*)There is a gap to the delocalized excitations, it grows with 
the soliton size;

(*) Soliton produces a controllable set of products
in an implosion: can get just two solitons and nothing else.

⬇ 
Due to the left-right symmetry, the relative motion

of the two solitons is a macroscopic minimal 
uncertainty wavepacket. We offer ways of 

proving the minimal uncertainty. 

Summary
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<latexit sha1_base64="H/fJY7IrLQYUxneFwv5ARidfPt4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBizGRol6EohfxVMG0xTaUzXbTLt1swu5GKKH/wosHRbz6b7z5b9y2OWjrg4HHezPMzAsSzpR2nG+rsLS8srpWXC9tbG5t75R39xoqTiWhHol5LFsBVpQzQT3NNKetRFIcBZw2g+HNxG8+UalYLB70KKF+hPuChYxgbaRH7/QOXaETx652yxXHdqZAi8TNSQVy1Lvlr04vJmlEhSYcK9V2nUT7GZaaEU7HpU6qaILJEPdp21CBI6r8bHrxGB0ZpYfCWJoSGk3V3xMZjpQaRYHpjLAeqHlvIv7ntVMdXvoZE0mqqSCzRWHKkY7R5H3UY5ISzUeGYCKZuRWRAZaYaBNSyYTgzr+8SBpntntuV++rldp1HkcRDuAQjsGFC6jBLdTBAwICnuEV3ixlvVjv1sestWDlM/vwB9bnD6D4jvE=</latexit>

U/J = �0.4
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<latexit sha1_base64="IG9Gnc1MQYWWA2M2ZbMeYUu+gSI=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqe5KUY9FL+KpgtsW2qVk02wbms0uSVYo2/4GLx4U8eoP8ua/MW33oNUHA4/3ZpiZFySCa+M4X6iwsrq2vlHcLG1t7+zulfcPmjpOFWUejUWs2gHRTHDJPMONYO1EMRIFgrWC0c3Mbz0ypXksH8w4YX5EBpKHnBJjJW/iTc7ueuWKU3XmwH+Jm5MK5Gj0yp/dfkzTiElDBdG64zqJ8TOiDKeCTUvdVLOE0BEZsI6lkkRM+9n82Ck+sUofh7GyJQ2eqz8nMhJpPY4C2xkRM9TL3kz8z+ukJrzyMy6T1DBJF4vCVGAT49nnuM8Vo0aMLSFUcXsrpkOiCDU2n5INwV1++S9pnlfdi2rtvlapX+dxFOEIjuEUXLiEOtxCAzygwOEJXuAVSfSM3tD7orWA8plD+AX08Q17Po57</latexit>

|U |/J

<latexit sha1_base64="FxAQ0ACGQc9RCGRe8e0IHzA5yfE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXgnoMevEYwTwgCWF2MpsMmZ1dZ3qFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7/FgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnptk8Nl0LxBgqUvB1rTkNf8pY/vp35rSeujYjUA05i3gvpUIlAMIpWanf9IC3T82m/WHIr7hxklXgZKUGGer/41R1ELAm5QiapMR3PjbGXUo2CST4tdBPDY8rGdMg7lioactNL5/dOyZlVBiSItC2FZK7+nkhpaMwk9G1nSHFklr2Z+J/XSTC47qVCxQlyxRaLgkQSjMjseTIQmjOUE0so08LeStiIasrQRlSwIXjLL6+S5kXFu6xU76ul2k0WRx5O4BTK4MEV1OAO6tAABhKe4RXenEfnxXl3PhatOSebOYY/cD5/AIBNj6E=</latexit>

(a)
<latexit sha1_base64="HzUTW92jlsYyrsaS+LoCvu9bKSI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXgnoMevEYwTwgCWF20psMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7/FhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SxbDBIhGptk81Ci6xYbgR2I4V0tAX2PLHtzO/9YRK80g+mEmMvZAOJQ84o8ZK7a4fpGX/fNovltyKOwdZJV5GSpCh3i9+dQcRS0KUhgmqdcdzY9NLqTKcCZwWuonGmLIxHWLHUklD1L10fu+UnFllQIJI2ZKGzNXfEykNtZ6Evu0MqRnpZW8m/ud1EhNc91Iu48SgZItFQSKIicjseTLgCpkRE0soU9zeStiIKsqMjahgQ/CWX14lzYuKd1mp3ldLtZssjjycwCmUwYMrqMEd1KEBDAQ8wyu8OY/Oi/PufCxac042cwx/4Hz+AIHTj6I=</latexit>

(b)
<latexit sha1_base64="ySARDCY7eGlbwDqzDeVDNRMiajY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXgnoMevEYwTwgCWF2MpsMmZ1dZ3qFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7/FgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnptk8Nl0LxBgqUvB1rTkNf8pY/vp35rSeujYjUA05i3gvpUIlAMIpWanf9IC2z82m/WHIr7hxklXgZKUGGer/41R1ELAm5QiapMR3PjbGXUo2CST4tdBPDY8rGdMg7lioactNL5/dOyZlVBiSItC2FZK7+nkhpaMwk9G1nSHFklr2Z+J/XSTC47qVCxQlyxRaLgkQSjMjseTIQmjOUE0so08LeStiIasrQRlSwIXjLL6+S5kXFu6xU76ul2k0WRx5O4BTK4MEV1OAO6tAABhKe4RXenEfnxXl3PhatOSebOYY/cD5/AINZj6M=</latexit>

(c)

<latexit sha1_base64="sb358kB2iylwfoaK+BA9m5rHSKw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe5KUI9BL+IponlAsoTZySQZMju7zPQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSrYAaLoXidRQoeSvWnIaB5M1gdDP1m09cGxGpRxzH3A/pQIm+YBSt9IBnd91iyS27M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9np07IiVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/KT4WKE+SKzRf1E0kwItO/SU9ozlCOLaFMC3srYUOqKUObTsGG4C2+vEwa52Xvoly5r5Sq11kceTiCYzgFDy6hCrdQgzowGMAzvMKbI50X5935mLfmnGzmEP7A+fwB5WuNjg==</latexit>

t/J

<latexit sha1_base64="sb358kB2iylwfoaK+BA9m5rHSKw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe5KUI9BL+IponlAsoTZySQZMju7zPQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSrYAaLoXidRQoeSvWnIaB5M1gdDP1m09cGxGpRxzH3A/pQIm+YBSt9IBnd91iyS27M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9np07IiVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/KT4WKE+SKzRf1E0kwItO/SU9ozlCOLaFMC3srYUOqKUObTsGG4C2+vEwa52Xvoly5r5Sq11kceTiCYzgFDy6hCrdQgzowGMAzvMKbI50X5935mLfmnGzmEP7A+fwB5WuNjg==</latexit> t/
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