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Abstract 

The e-print arXiv:2410.19671 [1] presents new, interesting results of the experimental study of 

scattered light by cold atoms. Here we propose an alternative explanation of the physical nature 

of anisotropic radiation scattering and a simple protocol for its experimental verification. 

 

In [1], the test pulse radiation, the optical trap, and the scattered radiation detector were 

apparently located in a horizontal plane. With an increase in the delay of the probing test pulse, an 

increase in the intensity of scattered radiation was observed. Isotropic and anisotropic components 

of scattered radiation are distinguished here. In this case, the detector registered precisely the 

isotropic component. The authors call the anisotropic component coherent and associate it with 

the Bragg scattering of light from the lattice of cold atoms [2 - 4].  

We would like to draw attention to the fact that Bregg scattering is not the only and 

probably not the main source of anisotropic scattered radiation. There is also a spatially 

asymmetric scattering of radiation by cold atoms [5]. Our scientific community is in no hurry to 

recognize this concept, as well as its origin [6]. However, this does not make the concept any less 

real or significant. 

One of the manifestations of spatially asymmetric photon scattering is the well-known 

forward scattering [7]. In turn, this forward scattering is the physical basis of the well-known 

optical precursor effect [8 – 10]. 

However, in its purest and most explicit form, spatially asymmetric photon scattering is 

manifested in the studied in detail effect of Bloch oscillations of cold atoms in a vertical optical 

lattice [11 - 13]. Here, a cold atom falls freely in a vacuum under the influence of gravity. At a 

certain point in time, a photon is absorbed from a laser beam directed upward, and a photon is 

emitted with a laser beam directed downward. As a result, the atom receives a doubled upward 

recoil pulse and returns to its starting point in space. The amplitude of Bloch oscillations of cold 

atoms is determined by the wavelength of laser radiation, the mass of the atom and the magnitude 

of gravity [13]. This amplitude of oscillations does not correlate in any way with either the nudes 

or the antinudes of the vertical optical lattice. There are no potential barriers there. There is only 

highly asymmetric scattering of photons. The differential cross-section of photon scattering 
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downwards is many orders of magnitude larger than the differential cross-section of isotropic 

photon scattering. 

A similar downward scattering of photons should also exist under operating conditions [1]. 

It's not difficult to verify this. A similar experiment was conducted in [14]. There was observed 

the appearance of rather powerful scattered radiation in a vertical resonator, which slowed down 

the falling atoms. Unfortunately, the mirrors of the vertical resonator destroyed information about 

the original direction of the vertically scattered radiation. 

Obviously, this experiment should be repeated without the vertical resonator mirrors. 

Separate detectors must record the upward and downward scattered radiation. The upward 

scattered radiation should have the same dependence of intensity on the delay time of the probe 

pulse as the sideways scattered radiation. And for the downward scattered radiation, the opposite 

situation should be expected: the intensity of the recorded scattered radiation will decrease with 

the increase of this delay. 

The discussed experiments are very simple today. There are a large number of 

experimenters who have all the necessary equipment for such experiments. We hope that someone 

will at last carry out these important, interesting and simple experiments. Experiments of this kind 

are interesting because their results contain information about some properties of non-local 

memory of many-body quantum systems [15]. How quickly does the many-body quantum system 

"forget" about its initial state? 

References 

[1] V. Fedoseev, Hanzhen Lin, Yu-Kun Lu, Y. K. Lee, Jiahao Lyu, and W. Ketterle, “Coherent 

       and incoherent light scattering by single-atom wavepackets”, e-print, arXiv:2410.19671. 

[2] M. Weidemuller, A. Gorlitz, T.W. Hansch, and A. Hemmerich, “Local and global properties 

      of light-bound atomic lattices investigated by Bragg diffraction”,  

      Phys. Rev. A, 58, 4647 (1998). 

[3] R. A. Hart, P. M. Duarte, T.L. Yang, X. Liu, T. Paiva, E. Khatami, R. T. Scalettar,  

      N. Trivedi, D. A. Huse, and R. G. Hulet, “Observation of antiferromagnetic correlations 

      in the Hubbard model with ultracold atoms”, e-print, arXiv:1407.5932. 

[4] H. Miyake, G. A. Siviloglou, G. Puentes, D. E. Pritchard, W. Ketterle, and D. M. Weld,  

      “Bragg Scattering as a Probe of Atomic Wave Functions and Quantum Phase Transitions  

      in Optical Lattices”, Phys. Rev. Lett. 107, 175302 (2011). 

[5] V.A. Kuz’menko, “Time reversal noninvariance in quantum physics”,  

      e-print, viXra:2004.0160. 

[6] V.A. Kuz’menko, “THE ARROW OF TIME. On the time reversal noninvariance in  

      quantum physics”, LAP Lambert Academic Publishing, (2021), ISBN: 978-620-3-91168-8. 



3 

 

[7] J. Chabe, L. Bellando, T. Bienaime, R. Bachelard, N. Piovella, and R. Kaiser,  

     “Superradiant Forward Scattering in Multiple Scattering”, e-print, arXiv:1211.1587. 

[8] H. Jeong, A.M.C. Dawes, and D. J. Gauthier, “Direct Observation of Optical Precursors 

      in a Region of Anomalous Dispersion”, Phys. Rev. Lett. 96, 143901 (2006). 

[9] S.L. Bromley, B. Zhu, M. Bishof, X. Zhang, T. Bothwell, J. Schachenmayer,  

       T.L. Nicholson, R. Kaiser, S.F. Yelin, M.D. Lukin, A.M. Rey, and J. Ye,  

       “Collective atomic scattering and motional effects in a dense coherent medium”, 

       Nat. Commun., 7. 11039 (2016). 

[10] V.A. Kuz’menko, “Once again about the optical precursor in cold atoms”, 

        e-print, viXra:1806.0452. 

[11] E. Roati, E. Mirandes, F. Ferlaino, H. Ott, G. Modugno, and M. Inguscio,  

       “Atom interferometry with trapped Fermi gases”, 

       Phys. Rev. Lett. 92, 230402 (2004). 

[12] G. Ferrari, N. Poli, F. Sorrentino, and G. M. Tino, “Long-lived Bloch  

        oscillations with bosonic Sr atoms and application to gravity measurement  

        at micrometer scale”, Phys. Rev. Lett. 97, 060402 (2006). 

[13] V.A. Kuz’menko, “Time invariance violation is a physical base of atomic 

        Bloch oscillations in an optical lattice”, e-print, arXiv:physics/0609120. 

[14] A. T. Black, H. W. Chan, and V. Vuletic, “Observation of Collective Friction Forces  

        due to Spatial Self-Organization of Atoms: From Rayleigh to Bragg Scattering”, 

        Phys. Rev. Lett. 91, 203001 (2003). 

[15] V.A. Kuz’menko, “About the experimental study of counterfactual communication”, 

        e-print, viXra:2410.0055. 


