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Blackbody radiation Zeeman shift in Rydberg atoms
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We consider the Zeeman shift in Rydberg atoms induced by room-temperature blackbody radiation (BBR).
BBR shifts to the Rydberg levels are dominated by the familiar BBR Stark shift. However, the BBR Stark shift
and the BBR Zeeman shift exhibit different behaviors with respect to the principal quantum number of the
Rydberg electron. Namely, the BBR Stark shift asymptotically approaches a constant value given by a universal
expression, whereas the BBR Zeeman shift grows steeply with principal quantum number due to the diamagnetic
contribution. We show that for transitions between Rydberg states, where only the differential shift between
levels is of concern, the BBR Zeeman shift can surpass the BBR Stark shift. We exemplify this in the context of
a proposed experiment targeting a precise determination of the Rydberg constant.
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I. INTRODUCTION

Rydberg atoms have special features that make them ap-
pealing for a diverse range of applications. These features in-
clude long lifetimes, strong interatomic interactions, enhanced
sensitivity to external fields, and theoretical tractability, while
the applications include quantum information processing,
quantum simulation, electromagnetic field sensing, and fun-
damental physics [1-5]. For instance, Ramos et al. [6] have
proposed a Rydberg-atom experiment that aims to determine
the Rydberg constant effectively independent of additional
experimental input, with uncertainty approaching that of the
CODATA recommended value. The CODATA evaluation of
the Rydberg constant incorporates a multitude of experimental
data, with the Rydberg constant being strongly coupled to the
proton charge radius. In 2010, the proton charge radius was
independently measured using muonic hydrogen, resulting in
substantial tension with the then-recommended value [7]. Not
only was the true value of the proton charge radius brought
into question, but so too was the true value of the Rydberg
constant and even the legitimacy of the standard model [8].
With additional experimental data, the “proton radius puzzle”
is now deemed at least partially resolved, with the latest
CODATA recommended values for the proton charge radius
and Rydberg constant being substantially shifted relative to
their prior recommended values [9,10]. In any case, it is clear
that obtaining an independent measure of the Rydberg con-
stant is a worthy endeavor, and precision spectroscopy with
Rydberg atoms offers a viable path towards this goal.

Blackbody radiation (BBR), with its inherent electric field,
induces Stark shifts to atomic energy levels [11-13]. The
ground state of Rb, for instance, experiences a shift of
—2.8 Hz [14] due to room-temperature BBR. This is the
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typical size of the shift for low-lying states of open-shell,
neutral atomic systems. For Rydberg states, on the other hand,
the level shifts are expected to be enhanced by a few orders of
magnitude. Notably, theory predicts that the BBR Stark shift
for high-lying Rydberg states is given, at least approximately,
by a simple universal expression, evaluating to ~2.4 kHz
at room temperature [12]. An immediate implication is that,
while the shifts to the levels may be large, shifts to transition
frequencies may be relatively suppressed for transitions be-
tween Rydberg states.

In addition to its inherent electric field, BBR also has
an inherent magnetic field. Consequently, BBR also induces
Zeeman shifts to atomic energy levels. For low-lying states
in neutral atoms, room-temperature BBR Zeeman shifts are
small (<10 uHz), being negligible even for state-of-the-art
atomic clocks [15]. Diamagnetism, however, is known to be
amplified in Rydberg states, usually being considered in the
context of dc magnetic fields [1]. Diamagnetism originates
from a perturbative term in the Hamiltonian proportional to
the amplitude squared of the electromagnetic vector potential
(see Sec. II below). It induces level shifts quadratic in the
magnetic field amplitude and, as such, can be anticipated to
contribute to BBR shifts.

Starting from first principles, here we consider the BBR
Zeeman shift in Rydberg atoms. In particular, we demonstrate
that for transitions between Rydberg states, where only the
differential shift between levels is pertinent, the BBR Zeeman
shift can surpass the BBR Stark shift. This result is attributed
to the enhanced diamagnetic contribution to the BBR Zeeman
shift, as well as the appreciable cancellation in the BBR Stark
shift. We conclude that the BBR Zeeman shift may need to
be taken account in future precision-spectroscopy experiments
based on Rydberg atoms.

Room-temperature BBR is assumed throughout unless oth-
erwise stated. When not explicitly specified, a temperature of
300 K is used for numerical evaluations, while temperature

©2025 American Physical Society
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dependence can be appreciated from the unevaluated ex-
pressions. SI expressions are employed throughout. Physical
constants appearing in expressions below include the fine-
structure constant («), Planck’s constant (%), Planck’s reduced
constant (%), the speed of light (c), the elementary charge
(e), the electron mass (m), the vacuum permittivity (&), the
Bohr radius (ag), and the Bohr magneton (up). Mathemati-
cal constants appearing in the expressions below include the
imaginary unit (7) and the base of the natural logarithm (¢, not
to be confused with e).

II. BBR STARK AND BBR ZEEMAN SHIFTS
IN RYDBERG ATOMS

We employ a single-active-electron model for the Ryd-
berg atom, with nuclear spin being neglected. The motion
of the (Rydberg) electron is treated nonrelativistically. For
simplicity, we assume a neutral alkali-metal atom, though
conclusions are expected to hold more broadly (e.g., in ab-
sence of effects from perturber states [16—18]). We begin with
the Hamiltonian

[p + eA(r, )]
2m
— I - [VXA(r, )], )]

H= —ep(r) —ed(r,t)

where r, p, and u, are the position relative to the nucleus,
the conjugate momentum, and the spin magnetic moment,
respectively, of the electron. The spin magnetic moment can
further be written as u, = —(gsup/h)s, where g, ~ 2 is the
electron g factor and s is the spin angular momentum of
the electron. ¢(r) is a time-independent, spherically symmet-
ric scalar electromagnetic potential attributed to the atomic
core (nucleus-+core electrons); it is understood to approach
¢(r) — (e/4mey)(1/r) outside of the core region. ®(r, ¢) and
A(r, t) are scalar and vector electromagnetic potentials asso-
ciated with external fields, which generally depend on space
and time. Finally, [V xA(r,?)] in Eq. (1) is the curl of the
vector potential evaluated at the position of the electron, with
V having no effect outside of the brackets.

We first consider the case of static, uniform external fields.
In this case, the electromagnetic potentials may be taken as

d(r,t)=—-E -,
A(r,1) = 1(Bxr),

where E and B are the electric and magnetic fields, respec-
tively. Inserting these expressions into Eq. (1) and performing
a few intermediate steps, we can express the Hamiltonian as
H = Hy +V, with

2

p

Hy = m ep(r),

m
¢*Bxr|’
T @

m

Here, d = —er and p = pu, + p, are the electric dipole
and magnetic dipole operators for the electron. The mag-
netic dipole includes an orbital contribution u, = —(ug/h)<,

V=-E-d-B.-p+

where £ =rxp is the orbital angular momentum of the
electron, in addition to the spin contribution discussed above.
The last term in V is the diamagnetic interaction.

For more general fields E(r, t) and B(r, ) depending on
both space and time, the Hamiltonian may still be expressed
as H = Hy +V, with Hy as given above. Meanwhile, V can
be approximated by Eq. (2) with the static, uniform fields
being replaced by their generalized counterparts evaluated at
the atomic center, E — E(0,¢) and B — B(0, 7). We will be
content with this approximation, which omits higher multipo-
lar contributions and retardation effects (see, e.g., Ref. [19]).

For the case of a plane electromagnetic wave, the fields can
be written as

E )
E(I‘, I) — E[egl(krfwt) + E*gﬂ(k-rfwt)]’

B .
B(r,t) = E[ﬁgt(krfwt) + ﬂ*gfl(krfwr)]’

where o is the angular frequency and k = (w/c)k is the wave
vector. £ and € are the amplitude and polarization vector
associated with the electric field, while B = £/cand B = kxe
are the magnetic analogs. k, €, and § are unit vectors satisfying
k-€=k-B =¢€-B =0, withreal k and generally complex €
and B. The asterisk indicates complex conjugation. Writing
V = Vg1 + Vi1 + Vp, where the three contributions are asso-
ciated with the respective terms of Eq. (2), we have

s .
Vel = E(UEle v e,

B , . ,
—iwt i +iwt
Vi = E(UMle + v ),

B\? 4 )
Vp = <5> (vp 4+ wpe ™ 4 w) et

where the dagger indicates Hermitian conjugation. Dependen-
cies on the field amplitudes and time are given explicitly in the
above expressions, while the remaining operators are given by

Vg = —€-d,
v =—B- 1,

vp = (¢ /4m)[(Bxr) - (B*x1)],
wp = (¢/8m)[(BxT) - (BxT)].

Note that since d, g, and r are themselves Hermitian, Her-
mitian conjugation of the above operators merely effects the
change € — €* and B — B*.

The perturbation V is periodic in time. Consequently, we
may apply conventional Floquet perturbation theory [20] to
obtain expressions for shifts to the atomic energy levels.
There are no shifts linear in the field amplitudes, prompt-
ing us to consider shifts quadratic in the field amplitudes.
Note that Vg; and Vj; themselves are linear in the field
amplitudes, requiring perturbation theory to second order to
capture shifts quadratic in the field amplitudes. Vp, on the
other hand, is already quadratic in B and thus only requires
evaluation at first order. The level shifts quadratic in the field
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amplitudes are

)

(alv}, 1b) (bloy: |a)

E,— E, + ho

E,—E,+ ho

spetsen _ (€Y 3 (alvg: |b) (blv} |a) N (alvg, |b) (blvg:|a)
a 2 > E,—E, — ho E,—E, + ho ’
2 T T
SEMIM) <§> 3 (alvari D) (blug, 1) (alvyy 1B) blvwnia)
2 5 E,—E,— ho E,—E,+ ho
spetnn _ EB ™ (alve1|b) (Bluyla) | (alvwn|b)(blvg, la)
a T4 E, — E, — ho E, — E, — hw

B
SESP = <5> (alvpla),

where |a) and E, represent atomic states and energies. Su-
perscripts identify the different contributions to the level shift
SE,.

The second-order shift SE£*MD arises from one Vg in-
teraction and one Vj;; interaction. Since Vg is an odd-parity
operator and V), is an even-parity operator, this contribution
vanishes if the atomic states are states of definite parity. For
Rydberg states, however, opposite parity states may be de-
generate, or at least practically so. Consequently, we do not
assume that the atomic states to be employed in the above
expressions are states of definite parity.

It is well known that the Stark shift, SE(E+ED  can be par-
titioned into scalar, vector, and (rank-2) tensor contributions.
Such partitioning can be performed for the other shifts as well.
We consider the general vector recoupling formula

{a@u} - (b v}
=(2k+1)Z{} } I’;}({a®b};('{u®v}z<), (3)
K

valid if all components of u and b commute. Here, the factor
immediately following the summation symbol is a Wigner
6j symbol, {a ® b}; denotes the rank-k irreducible tensor
product of the vectors a and b, and the dot signifies the dot
product between irreducible tensors of the same rank [21].
For k = 0, 1, the tensor product {a ® b}, can be related to the
familiar dot and cross products involving vectors, {a ® b}y =
—(1/+/3)(a-b) and {a @ b}, = (i/+/2)(axb). In Eq. 3), K
runs over the values K = 0, 1, 2. For our purposes, the vectors
a and b appearing in Eq. (3) identify with the polarization
vectors €, 8, or their complex conjugates, with u and v being
independent of the polarization. In the present work, we are
interested in shifts due to BBR, which requires averaging
the plane-wave shifts over all possible polarizations. To this
end, recoupling according to Eq. (3) is advantageous. Namely,
since the perturbing BBR environment is isotropic, the non-
scalar (K # 0) contributions necessarily average to zero. With
this in mind, we rewrite Eq. (3) in a form appropriate for our
purposes,

[(a . u)(b . V)]scalar = (1/3)(3 . b)(ll . V)»
[(axu) - (bXV)]saar = (2/3)(@-b)(u-v),

where the top and bottom expressions are fork = Oand k = 1,
respectively. Here, [- - - Jscalar indicates that recoupling is to be

<a|vL1|b><b|vEl|a>)

(

performed in accordance with Eq. (3), with only the scalar
(K = 0) term being retained.

To demonstrate application of the above formulas, we con-
sider the first term of §EE!*ED_ The numerator of this term
is {(ale - d|b) (bl€" - d|a) = (€ - (a|d|b))(e* - (b|d|a)). Keeping
only the scalar term upon recoupling, we find

[(ale - dIb) (ble* - d]a)]seqrer = (1/3)I(ald|B) %,

where we used (b|d|a) = (a|d|b)* and the fact that € is a unit
vector, € - € = 1.

The case of SE{E!*MD requires special consideration. Con-
sidering the numerator of the first term, we have

[(a|e : d|b> <b|ﬂ* : ’Lla>]scalar
= (1/3)(e - B*)({ald|b) - (b|p|a)).

Meanwhile, € - B* = i A, where A is the degree of circular
polarization. A satisfies —1 < .4 < 1, where the extreme val-
ues correspond to left- and right-hand-circular polarization,
respectively, and A = 0 corresponds to linear polarization.
More generally, |.A| specifies the eccentricity, while the sign
of A specifies the handedness. Since BBR is unpolarized with
no net handedness, this term necessarily averages to zero. This
is the case for the other terms of SE!™D as well, such
that SEE1*MD does not contribute to a BBR shift even if the
atomic states are not states of definite parity.

Excluding $E£'*MD and retaining only the scalar contri-
butions for the remaining shifts, we find

£ [ 2 Wah
5E(El+El) (= d|b 2 a ,
y G §bj|<a| b 2=
B [ 2 Wah
8E(M1+M1) —_ (= b 2 a ,
y >) |5 §b Halwlb) P 25—

B\ ¢
8E5m=(5> 6i<a|r2|a>],
L m

where we have introduced w,;, = (E, — E})/h for brevity. For
SE(EMFED the factor in square brackets is the familiar scalar
Stark polarizability, excluding a negative sign. For §EM!+MD
and SEP), the factors in square brackets together give the
analogous scalar Zeeman polarizability, excluding a negative
sign.
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The contribution $EP) is positive definite. For the ground
state in the dc limit, the contribution SEM!*MD s negative
definite. The former identifies with diamagnetism, while the
latter identifies with paramagnetism. More generally, the sign
of SEM+MD ig not definite. Nevertheless, we refer to SE(P)
exclusively as the diamagnetic contribution to the second
order Zeeman shift, with this term being independent of the
frequency.

Expressions thus far assume monochromatic radiation.
However, BBR has a spectral distribution given by Planck’s
law,

fiw® 1
M(C{), T) = W eh“)/kl?—T—l.
Here, u(w, T) is the spectral energy density, which depends
on frequency w and temperature 7. To obtain the BBR shift,
we make the following associations for the field amplitudes,

2
<§> — M(w’T)da),

2 280

B\?2 u(w, T)d
p— % ——

2 2e0c? @

and integrate over all frequencies (dw being the differential
frequency element). Poles in the integration are appropriately
handled by taking the Cauchy principal value [12].

For a high-lying Rydberg state a, the electric dipole ma-
trix element (a|d|b) is only appreciable for states b that are
energetically close to the state a. Supposing only states satis-
fying |wgp| < kgT /Fi contribute appreciably to the BBR Stark
shift, the following approximation can be made within the
integrand,
uw, T)  uw,T)

ab

1) ? 1)
In this case, the integral can be performed analytically and the
Thomas-Reiche-Kuhn sum rule can be invoked for the sum

over states b. This yields the result

T(Ol(kBT)2

(E14E1)
OF, T Bme?

, 3)
referred to as the “high-n approximation” by Farley and
Wing [12]. Here, n refers to the principal quantum number
of the Rydberg electron. For T = 300 K, Eq. (5) evaluates
to SEE1TED /h ~ 2.42 kHz. In their work, Farley and Wing
considered different Rydberg series of the alkali-metal atoms
and helium, evaluating the BBR Stark shift for values of n up
to 30. The progression of the BBR Stark shift with respect to
n is depicted in several insightful figures. The progression is
generally nonmonotonic and has varying behavior among the
different species and series, but in all cases a tendency towards
the high-n approximation is evident for the largest values of n.

Generally speaking, SEM!+MD ig expected to be negligi-
ble. Eigenvalues of Hy are specified by the pair of quantum
numbers n and [, where [ is the conventional quantum num-
ber specifying orbital angular momentum. Meanwhile, the
magnetic dipole operator g is diagonal in both » and /. It fol-
lows that |(a|p|b)|*wq, = 0 and, consequently, SEM!ITMD —
0. However, effects not explicitly incorporated in Hy, such as
the spin-orbit interaction, can lift the degeneracy among states

of a given n and /, enabling a nonzero shift. To give a quanti-
tative example, we consider the p (I = 1) Rydberg series of
Rb, with fine-structure components pi,, and p3, resulting
from the spin-orbit interaction. Once again, approximation (4)
may be used in the integrand, with the integral over @ being
performed analytically. For the remaining sum over states, we

may take
3 alulb 2| & (4t ) (8010 M
~ 2 32j+1 n—-=273 7

where j = 1/2,3/2 specifies the fine-structure component
under consideration and the factor in square brackets approx-
imates the splitting between the fine-structure components.
The numerical value of 2.7 is the approximate quantum defect
for the p series. Evaluating [SEM!™MD /| yields <15 uHz
for all n (i.e., n > 5) and <36 nHz for n > 20. This is con-
sistent with our general expectation that SEM'™1 may be
neglected, in spite of effects that may lift the degeneracy
among states of a given n and /.

Finally, we consider the diamagnetic term §E”). In this
case, the integral over w may be performed analytically,
yielding

SED) — w3a(kgT)*

2
“ 45mh*ct talr”la).

As for the expectation value of r2, we introduce the states
|nlmy;), where m; is the conventional quantum number spec-
ifying the projection of orbital angular momentum onto the
quantization axis. Since r* only acts on the spatial degrees
of freedom, we omit the analogous quantum number
for the spin angular momentum. In the case of hydrogen,
the expectation value of r? is given by a simple analytical
expression [11]

2
(nlmy P2 |nlmy) = %BnZ[sn2 3+ D +11. (6

Being an expectation value that depends predominantly on the
electron probability density away from the core region, we
anticipate that this formula holds, to good approximation, for
more general Rydberg atoms so long as the principal quantum
number on the right-hand-side is replaced with the effective
principal quantum number (principal quantum number minus
quantum defect). Assuming n < 100, the above formulas to-
gether imply

SE® /h < 20 Hz,

indicating that the BBR Zeeman shift is two or more orders of
magnitude below the BBR Stark shift. In contrast to the BBR
Stark shift, however, the BBR Zeeman shift scales steeply
with n rather than asymptotically approaching a constant
value.

III. A QUANTITATIVE EXAMPLE

Here, we consider a specific transition between Rydberg
states of Rb, with the pair of states being specified below.
Our reason for choosing this particular transition is twofold.
First, there is a practical interest in this transition. As noted in
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the Introduction, Ramos et al. [6] have proposed a Rydberg-
atom experiment that aims to determine the Rydberg constant.
The proposal focuses on this transition, with the unperturbed
transition frequency being nearly proportional to the Rydberg
constant. Second, Ramos ef al. have already performed calcu-
lations of the BBR Stark shift for the two states involved in the
transition, alleviating the need for such calculations here. The
results presented here merely serve as a quantitative example,
with other transitions potentially being of interest for high-
precision spectroscopy experiments with Rydberg atoms.

For states with large values of /, the inner centrifugal bar-
rier strongly inhibits the electron from penetrating the core
region. As a consequence, these states are well described by
hydrogenic results, with the states being effectively degener-
ate for a given value of n. External dc fields can be used to lift
this degeneracy and define the “good” states of the manifold.
The pair of states considered by Ramos et al. identify with
states of the “parabolic” basis |nnin,m;). This basis is related
to the “spherical” basis [nlm;) according to [1,6]

— niny
nnynamy) = Ciu [nlmy),
I

where the coefficients Cl"n‘;L2 are

Cn]m — (_1)(17n+m1+n17n2)/2+l 21 +1

lm,
n—1 n—1
X 2 2 l
ny+ny—ny nmy—ny+n —m :
2 2 !

The factor on the second line here is a Wigner 3 symbol. In
the parabolic basis, the principal quantum number is redun-
dant, satisfying n = n; + ny + |my| + 1. Specifically, the two
states of interest are

I51, 0,0, 50) = |51, 50, 50),

|53, 1, 1, 50) ,/ |53 50, 50) — ,/ |53 52, 50).

In each case here, the state is expressed in terms of the
parabolic basis on the left-hand side and the spherical basis
on the right-hand side. The first state, with |m;| =n — 1 and
for which there is a one-to-one relation between basis states,
is a so-called circular state. The other state may be regarded
as a near-circular state.

To evaluate the BBR Zeeman shift, we require the expecta-
tion value of 72 in the parabolic basis. The expectation value of
r? in the spherical basis is given by Eq. (6). For these purposes,
the quantum defect is negligible, permitting direct use of the
hydrogenic result. Since 2 is a scalar operator, it does not
mix states of different / and m;. Consequently, the expectation
value of 72 in the parabolic basis satisfies

Z}C"‘"Z (nlmy|r? |\nlmy).

(nnynamy | r* nnyngmy) =

With this, we have the expressions necessary to evaluate the
BBR Zeeman shift.

Table I presents results for the BBR Stark shift and the
BBR Zeeman shift for the pair of Rydberg states considered
by Ramos et al. Results for the BBR Stark shift are taken
from Refs. [6,22], where values close to the asymptotic value

TABLE I. BBR shifts for Rydberg states of Rb at 300 K, par-
titioned into Stark and Zeeman contributions. The BBR Stark shift
data are from Refs. [6,22]. The bottom line (“transition”) gives
the differential shift between the two levels. For reference, Eq. (5)
evaluates to 2416.666 Hz. All quantities are in units of hertz (i.e., for
the states, the entries correspond to §E, /h in units of hertz).

|n, ny, ny, my) Stark Zeeman
|51, 0, 0, 50) 2416.661 0.532
153, 1, 1, 50) 2416.640 0.653
Transition —0.021 0.121

given by Eq. (5) are observed. As expected, we see that
the BBR Stark shift dominates over the BBR Zeeman shift.
However, for shifts to the transition frequency, we find that
the BBR Zeeman shift is about six times larger than the BBR
Stark shift, with opposite sign. Combined, these correspond
to a 1.1x107!? fractional shift to the transition frequency.
For comparison, the latest CODATA recommended value for
the Rydberg constant has a relative uncertainty of 1.1x 10712
[10].

Aside from level shifts, we note that BBR also induces
transitions between Rydberg states, shortening the effective
lifetime of the states. To mitigate this effect, Ramos et al.
suggested performing the spectroscopy in a cryogenic en-
vironment. An additional benefit offered by the cryogenic
environment is suppressed BBR shifts, including both Stark
and Zeeman contributions.

IV. CORE CONTRIBUTIONS AND HIGHER-ORDER
STARK EFFECTS

As noted at the start of Sec. II, we use a single-active
electron model. This neglects direct contributions of the core
to the BBR Stark and BBR Zeeman shifts. In principle,
these core contributions should be added to the level shifts.
However, as they amount to a common energy offset for the
Rydberg states, they are not of consequence for transitions
between the Rydberg states. Nevertheless, we consider them
here for the sake of completeness. The dc Stark polarizability
of the Rb ionic core was measured in Ref. [23]. Using that
result, together with the fact that the core excitations have
transition frequencies far exceeding kzT /K, we calculate a
core contribution to the BBR Stark shift of SEE!TED /p =
—78.5 mHz. Notably, this is within the significant digits
provided in Table I. Meanwhile, the BBR Zeeman shift is pro-
portional to the expectation value of 7. In the multielectron
case, this must be extended to include a summation over all
electrons, r2 — Zi rl-z. We estimate that the core contribution
to the expectation value is ,SN(.a,zg, where N, is the number
of core electrons (N. = 36 for Rb). For the states in Table I,
the fractional correction to the BBR Zeeman shift is thus
<5x107%, being justifiably neglected.

The focus of this work is the BBR Zeeman shift. Stark
effects are included for context, as well as to consider a possi-
ble mixed effect (i.e., SEE1TMD) Higher-order Stark effects
(e.g., fourth order in Vg ) are not considered here, though they
could potentially be relevant for high-precision experiments
with Rydberg atoms as well.
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V. CONCLUSION

We have considered the BBR Zeeman shift in Rydberg
atoms. The BBR Zeeman shift is attributed almost entirely
to the diamagnetic contribution, which scales steeply with
the principal quantum number of the Rydberg electron (~n*).
Nevertheless, for practical values of n, the BBR Stark shift
remains the dominant contribution to the level shifts. How-
ever, in contrast to the BBR Zeeman shift’s steep scaling with
respect to n, the BBR Stark shift asymptotically approaches a
constant value given by a universal expression. We find that
for transitions between Rydberg states, where only the dif-
ferential shift between levels is of concern, the BBR Zeeman
shift can surpass the BBR Stark shift. This could be relevant

for future high-precision experiments that leverage the special
features of Rydberg atoms.
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