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+ Acos(tA) {46%(i0tUq ap + Ug,ab — Uz ab) + 27 [16t(3Uq a6 + 2Us a6 — Uu,ab) — 2Ud,ab + 2Uw ab) }
+46% [6tUg,ab +1(Us ab — Udab)] + 6022 [6t(5Ug,ab + 2Us,ab + Unab) — i(Ud,ab + 2U% ab — 3Uw,ab)]
+ 424 (U ab + 2 ab + U ap) sin(t4) ) (A5)
« @ (2) :8%92 (A5G-, + Usa — Unap) + 2622 AUasat + Un,ap) — i o5(tA) {42° (U ap + 2U- 0t + U at)
+26[6t(Ud,ab + Un,ab) = 21(Ud,ab = Uu,ab)] } + {262 [66(Uu,ab — Ud,ab) + i(Ud,ab — 2Uz,ab + Un,ab)]

+ 22 [25t(Uu,ab - Ud,ab) - i(Ud,cLb - 2Uz,ab + Uu,ab)} } Sin(tA)>~ (AG)

MEB (29) AHy#EF

IE3CH (29) S AR AT

Voo = [ dr Uaa ()l (), (BL)
PO At 5
dk dk’ . ’ iAk-r
Ve :/(21:)3 / (2n)3w"(k)%(k)/dT Ua(r)e e, (22)

ﬁ':f:' Ak =k — k. ﬁ‘j UaB(T)IEll:qj‘b;‘%‘%v
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Collision clock shift of two Fermi atoms in
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( Received 1 February 2021; revised manuscript received 17 May 2021 )

Abstract

Atomic clocks provide the most accurate definition for time. The precision of atomic clock has been
improved by many orders of magnitude since the first atomic clock was built. However, the interatomic
interaction usually suppress the precision of atomic clock. As a result, it is especially meaningful to study the
interaction effect in atomic clock, which is considered to be helpful in improving the precision and accuracy of
atomic clock. In order to characterize the collision effect induced clock shift, we theoretically study the collision
clock shift in the Rabi spectrum, caused by the short-range interaction between two Fermi atoms in harmonic
potential. Given that the short-range interatomic interaction is generally weak, and that the parameters of
external lattice laser field are in the Lamb-Dicke regime, we make an approximation that the spatial wave-
function of the Fermi atoms does not change, and then derive the motion equation for the internal wave-
function under the external Rabi driving field. We solve the equation of motion by the perturbative method,
and obtain the solution to first order, and thus derive the expression of the collision clock shift of the Rabi
spectrum in terms of the interatomic interaction and the external Rabi driving laser field parameters for specific
spatial wave-functions of atoms. Finally, we use the exact expression of the Green’s function in harmonic
potential to obtain the averaged clock shift of collision at finite temperatures. Our results relate the atomic
interaction with atomic clock shift, and provide a unified description of all partial waves of atomic interaction
induced clock shift. Therefore, it becomes much more convenient to study the contributions of different partial
waves to atomic clock shift. On the other hand, our results indicate that through precisely measuring the clock
shift, the information about the interatomic interactions can also be obtained. In addition, our results for two
interacting atoms can inspire the future study of real many-body interacting system which will be the next

research topic.

Keywords: Fermion system, collision shift, atomic clock
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