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A theoretical comparison of the behavior of the antihydrogensHd and hydrogensHd atoms in external
electric and magnetic fields is made. It is shown that observable differences arise in the spectroscopic proper-
ties of H andH atoms in parallel electric and magnetic fields of the order of 475 V/cm and 0.12 T, respectively.
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Recent experimental success in the production of antihy-
drogen atoms[1–3] makes comparative spectroscopical stud-
ies of the hydrogensHd and antihydrogensHd atoms realistic
in the near future. This comparison may lead to the most
accurate limits for possible CPT-violating effects[4]. It is
interesting also to investigate all possible differences in the
spectra of H andH atoms in the absence of CPT violation.
These differences occur in external electric and magnetic
fields. In [5,6] a frequency shift of about 10−4 Hz between
the maxima of the frequency distributions for the Lyman-a
transition in H andH atoms in the external electric field 475
V/cm was predicted. This tiny effect is approximately ten
orders of magnitude smaller than the recent accuracy of the
Lyman-a frequency measurements[7].

Another effect, namely, quantum beats due to the coherent
excitation of 2S1/2 and 2P1/2 states of H andH atoms in an
external electric field, was examined in[9]. It was predicted
that the beat signal should contain a part which is of the
opposite sign for H andH atoms. However, a more accurate
investigation shows that, although a difference in the fluores-
cence signal for H andH atoms does exist at the level
sG /DLdsW2S

0 /W2P
0 d1/2<10−8 (G is the width of the 2p state,

DL is the Lamb shift, andW2S
0 ,W2P

0 are the one-photon tran-
sition probabilities 2S-1S and 2P-1S, respectively), a beat
structure of the signal is absent.

In the present paper we propose another possibility to
observe the difference in H andH spectra in parallel electric
and magnetic fields. The Hamiltonian of the HsHd atom in
homogeneous electric and magnetic external fields looks like

Ĥ = Ĥ0 − dŴ · «W − mŴ ·HW , s1d

whereĤ0 is the Hamiltonian in the absence of the external

fields,dŴ = ± ueurW, dŴ is the electric dipole moment operator for
the positron(electron) in an atom,rW is the radius vector of
the electron(positron), ueu is the absolute value of the elec-

tron (positron) charge,mŴ =−m0sLŴ +2SŴd, m0= ± ueu" /2mlepc is

the Bohr magneton,mlep is the electron(positron) mass,LŴ

andSŴ are the orbital and spin angular momentum operators

for the electron (positron), and «W and HW are the field
strengths for the external electric and magnetic fields, respec-
tively. In Eq. (1) we neglected the terms quantic in the mag-
netic field.

The HamiltonianĤ0 is charge invariant; the total Hamil-
tonian (1) is evidently charge noninvariant. This can lead to
various differences in the spectra of the H andH atoms in the
external fields. Below we will investigate these differences.

Differences in the energy levels of H andH atoms in an
external electric field are absent due to the absence of the
linear Stark effect in atoms. The latter is prohibited by the
combined parity(CP) conservation law. The known “linear”
Stark effect in H atoms is actually proportional toueu and
thus is the same for H andH atoms. This “linear” effect
arises due to the neglect of the Lamb shiftDL compared to

the Stark matrix elementS= zk2PudW ·«W u2Slz.
Another situation occurs in an external magnetic field,

where Zeeman splitting proportional tomB does exist. The
splitting picture is the same for H andH atoms but the upper
and lower Zeeman components correspond to different val-
ues of the electron angular momentum projections as shown
in Fig. 1 (e.g.,ms= +1/2 for H andms=−1/2 forH atoms in
the case of the ground state). If the atoms are polarized and
the polarization is the same for H andH atoms, only the
upper Zeeman sublevel will be populated in H and the lower
sublevel will be populated inH, or vice versa. Then the
ionization potentials will be different for H andH atoms with

FIG. 1. The scheme of the 2P1/2-1S transitions for H andH
atoms in an external magnetic field. It is assumed that the direction
of the photon emission coincides with the direction of the magnetic
field. The hyperfine structure of the levels is neglected. The circles
with the right (left) arrows denote the right(left) circular polariza-
tion of the emitted photons.
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the same polarization in the same external magnetic field.
This difference even in the largest achievable field,1 T is
of relative order 10−5 and, probably, hardly observable. The
ionization of theH atom in a strong magnetic field was con-
sidered in[8] but the possibility to distinguish between H
andH atoms was not discussed in this work.

Consider now the transition probability for the Lyman-a
2P1/2-1S transition in an external magnetic field. In what
follows we will assume that only the circularly polarized
photons are registered in the directionnW parallel to the direc-
tion of the magnetic field. Then the transition 2P1/2sm
=1/2d→1S1/2sm=−1/2d in the H atom provides right-
handed photons and the transition 2P1/2sm=−1/2d
→1S1/2sm=1/2d provides left-handed photons(see Fig. 1).
The opposite situation will occur for theH atom. Under these
conditions an observer will see two peaks which would have
only one difference: the low-frequency component of the
doublet in the case of the H atom will be right handed and
the high-frequency component will be left handed. An oppo-
site picture will occur for theH atom. This is the simplest
spectroscopical difference between the H andH atoms. The
possibility to observe this effect depends only on the number
of H atoms available and the possibility to resolve the Zee-
man structure. A more complicated situation arises when we
consider the transitions 2P1/28 →1S and 2S8→1S in external
electric and magnetic fields. For simplicity we will assume
these fields to be parallel. This situation was investigated
thoroughly in [10] for the H atom. An expression for the
probabilityW2S in parallel electric and magnetic fields which
follows from [10] looks like

W2S
± = W2S

0 + S2W2P
0 fA± + B±ssW ·hWdg ± SsW2S

0 W2P
0 d1/2

3fL± + K±ssW ·hWdg. s2d

In Eq. (2) sW= iseW 3eW*d is the photon spin, andhW =HW /H. Note

that sinceHW is parallel tonW, the scalar productssW ·hWd defines
actually ssW ·nWd, i.e., the helicity numberssW ·nWd= ±1. The he-
licity values61 correspond to the right(left) circular polar-
izations. Thus Eq.(2) with ssW ·nWd= ±1 describes the transition
rates for two different transitions, with different frequencies
and different kinds of emitted photons. The indices6 refer
to the H andH atoms. The coefficientsA±, B±, K±, L± are

A± =
1

2
S 1

u«±sHdu2
+

1

u«±s− Hdu2D , s3d

B± =
1

2
S 1

u«±sHdu2
−

1

u«±s− Hdu2D , s4d

K± = − ImS 1

«±sHd
−

1

«±s− HdD , s5d

L± = − ImS 1

«±sHd
+

1

«±s− HdD , s6d

where

«±sHd = DL +
i

2
G ±

2

3
m0H. s7d

In Eq. (7) compared to[10] we neglect for simplicity the
contribution quadratic in the magnetic field and the hyperfine
structure contribution. The most interesting situation
occurs when the Zeeman sublevels 2S1/2sm=−1/2d and
2P1/2sm=−1/2d cross in the magnetic field 0.12 T[11]. This
crossing occurs due to the difference ing factors of 2S and
2P electrons.

From Eqs.(3)–(6) it follows that A+=A−, B+=−B−, L+

=L−, K+=K−. In the electric field 475 V/cm the coefficients
A,B in Eq. (2) result in terms of the order ofW2P

0 , while the
other coefficients lead to small corrections of the relative
order,10−8 (see the estimate given above).

The scheme of the levels is shown in Fig. 2. We use the
notations 2P1/28 ,2S1/28 for the states in the external electric
field, which contain actually a 50% mixture of the pure
2P1/2,2S1/2 states and can be distinguished only by their ori-
gin from pure 2P1/2,2S1/2 states. The Lyman-a transition
2P1/28 →1S is very weakly affected by the electric field and in
external electric and magnetic fields exhibits the standard
Zeeman structure. For the 2S1/28 →1S transition
the high-frequency components[i.e., 2S1/28 sm=1/2d
→1S1/2sm=−1/2d for the H atom and 2S1/28 sm
=−1/2d→1S1/2sm=1/2d for theH atom] are enhanced com-
pared to the Lyman-a components due to the cancellation of
termsDL−2/3m0H in the energy denominators«±sHd. This
enhancement occurs in the magnetic fieldH=0.12 T and is
proportional tosDL /Gd2. The low-frequency components are
suppressed by a factor of 4. As in the case of pure magnetic
field, the H andH atoms in external magnetic and electric

FIG. 2. The scheme of the 2P1/28 -1S and 2S1/28 -1S transitions for
H andH atoms in external parallel electric and magnetic fields. The
direction of the photon emission is also parallel to both fields. For
the field strength«=475 V/cm the 2S1/28 -1S transition is as strong
as the 2P1/28 -1S transition. The notation is the same as in Fig. 1.
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fields differ spectroscopically only if a light polarization
analysis is performed. The transition rates and the radiation
intensity distributions are the same. This holds, however,
only when we neglect the coefficientsK± ,L± in Eq. (2).

The inclusion of these terms leads to differences in tran-
sition rates for H andH atoms, though the maximum relative
order of these differences achieved at the field values«
=475 V/cm andH=0.12 T is sW2S

0 /W2P
0 d1/2<10−7. In the

absence of the magnetic field Eq.(2) takes the form[10]

W2S
± = W2S

0 ± SsW2S
0 W2P

0 d1/2 G

DL
2 +

1

4
G2

snW · fWd

+ S2W2P
0 1

DL
2 +

1

4
G2

, s8d

where fW=«W /«. Similar formulas were obtained in[12,13].
Due to the second term in Eq.(8) the transition rates 2S-1S
are different for H andH atoms. However, in the field 475
V/cm this term is small compared to the third term in Eq.(8).
This smallness is again of the ordersG /DLdsW2S

0 /W2P
0 d1/2

<10−8. An expression analogous to Eq.(8) can be written
also forW2P

± transitions in an electric field[5,6]. In this ex-
pression the term different for H andH atoms has the same
smallness as in Eq.(8). The relative shift of the maxima of
the radiation intensity distributions in H andH atoms, con-
sidered in[5,6], also originates from the second term in Eq.
(8).

Summarizing, we have shown that the H andH atoms can

be distinguished spectroscopically in external magnetic and
electric fields. In the case of a magnetic field, provided that a
radiation polarization analysis forH becomes available, the
observation of the differences looks quite feasible: it requires
only the resolution of Zeeman components for the Lyman-a
transition and the polarization analysis of these components.
In parallel magnetic and electric fields the difference is also
detectable. In addition to the Zeeman components of the
2P1/28 -1S transition different polarization occurs for the Zee-
man components of the 2S8-1S transition.

Transition probabilities for the H andH atoms differ also
in a pure electric field. In this case the transition rates are
different, but the observation of these differences seems un-
realistic at the moment. The total width of the 2P1/2 state is
about 100 MHz and it is weakly affected by an external
electric field. The natural line width of the Lyman-a
2P1/2-1S1/2 transition was measured in[7]. The accuracy of
this measurement does not exceed66 MHz, i.e., the relative
accuracy is about 5310−2. This should be compared with a
relative difference of 10−7 in the transition rates for the H
andH atoms. The same concerns the observation of the dif-
ferences in the ionization potentials of polarized H andH
atoms: these differences also look undetectable with the ex-
isting techniques.
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