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Relativistic effects in M1 radiative decays of heavy-light mesons
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We discuss the M1 radiative transitions D* — Dy, Dy — Dy, B* — By, and By — B,y. A relativistic
potential model is proposed. The corresponding Hamiltonian, when expanded to terms of the order of

v?/c?, where v are the quark velocities, coincides with the Breit Hamiltonian. This model allows making
predictions for the widths of radiative transitions of mesons with one light quark. Taking into account
relativistic effects is especially important for the transitions D;* — Dy and D** — D™y, where there is a
large compensation in the magnitude of the magnetic moment of these mesons. Our results are consistent

with known experimental data.

DOI: 10.1103/gnyk-r31j

I. INTRODUCTION

The D* meson decays are dominated by the radiative
D* — Dy decays (y transitions) and the strong D* — Dz
decays with pion emission. Due to the experimental diffi-
culties in measuring the total widths of D mesons, the data on
the partial widths of these decays are incomplete.

At the moment only the D** meson width is known. The
BABAR collaboration measured this width with the best
precision: I'(D*") = (83.3 £ 1.2 £ 1.4) KeV [1]. Using
the measured total and fractional widths of D** and the
relative decay rates of D*° [2], and also assuming isotopic
invariance for Dz decays, one can estimate the radiative
width of D*0, I'(D*® - D%) = 19.0(1.0) KeV.

Radiative decays of D* mesons can provide information
on the dynamics of hadronic processes. They allow testing
various approaches in QCD. There are many theoretical
attempts to calculate the widths of these decays. The
radiative decays of D* — Dy have been studied in
the framework of the QCD sum rules (QCDSR) [3-6],
the light-cone sum rules (LCSR) [7,8], and various quark
models [9-19]. Lattice QCD (LQCD) calculations were
performed for the decays D* — Dy [20] and D} — D,y
[21]. Calculations on the lattice [21] predict the decay
width T['(D} — D,y) = 0.066(26) KeV. This value dis-
agrees with the light-cone sum rule result I'(D} — D,y) =
0.18(1) KeV [18] by 40, and with the QCDSR result
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I'(Di - D,y) = 0.25(8) KeV [4] by 26. The central value
of this prediction is an order of magnitude smaller than
most other predictions available in the literature. Since
D — D,y dominates the D meson decay, it is important to
consider this case more closely.

Predictions for I'(D} — D,y) range from 0.07 KeV to
2.4 KeV. It is interesting to estimate the width of the D} —
D,y decay using a recent measurement of the leptonic decay
Di" — e*v, made by the BESIII collaboration [22]. This is
the first measurement of the weak decay branching of a
vector meson. The obtained value is B(Di" — efv,) =
(2.13_‘35‘”‘ +0.24y4) X 1075, Taking the branching ratio
B(D;* — e*v,)/B(Df — u'v,), one can obtain

2.04x107°  [/fp+\2
[otal — KeV. 1
b = BDI = o'y (fm v.

Using the world average value B(D{ — p*v,) and the result

};”;: = 1.12(1) obtained from LQCD calculations, the
D

BESIII collaboration found that the total width of DT is
g = 0.122170%) + 0.012 KeV [22], which is consistent
with the LQCD prediction of 0.070(28)KeV [21]. The world
average value is B(D}" — D}y) = 0.936(4) [2], which can
be used to obtain ['(Di* — Diy) = 0.1147J9% KeV and
compared with the theoretical predictions given in Table I.

In our work we discuss the M1 radiative transitions
D* — Dy, Di - Dy, B* - By, and B} — B,y. We pro-
pose a relativistic potential model in which the Hamiltonian
of the quark-antiquark interaction when expanded to terms
of the order of v?/c?, where v are the quark velocities,
coincides with the Breit Hamiltonian, see, for example,
Refs. [30,31]. This model allows predictions to be made for
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TABLE I. Decay widths of F(DE‘_Y) — D<S>y) in KeV. The table is taken from Ref. [23].

Ref. ['(D*" - Dty) '(D*° — D%) I(Di™ — Dfy)
CCQM [23] 1.21(48) 18.4(7.4) 0.55(22)
LCSR (NLO) [24] 0.96" 028 27.8379 % 23618
LQCD [20,21] 0.8(7)7 27(14)F 0.066(26)*
HQET + CQM [19] 09+03 227+£22 XX
Bag Model [14] 1.73 7.18 e
NIJL Model [13] 0.7 19.4 0.09
RQM [12] 0.46 23.05 0.38
RQM [15] 0.56 21.69 e
RQM [16] (0.94-1.42) (26.0-32.0) (0.2-0.3)
RQM [17] 1.04 11.5 0.19
LFQM [18] 0.90(2) 20.03) 0.18(1)
QCDSR [6] 0.23(10) 12.92.0) 0.13(5)
LCSR [7] 1.50 14.40 e
QCDSR [4] 0.22(6) 2.43(21) 0.25(8)
HQET + VMD [25] 0.51(57) 16.0(10.8) 0.24(24)
NRQM [26] 1.8 32 0.2
Bethe-Salpeter [27] 0.84 194 e
EMS [28] 0.815 11.731 0.130
PM [28] 1.785 35.506 0.284
NRQM [29] 1.4 20.54 0.272
Experiment [2] 1.33(36) 19.0(1.0) 0.1147+0:006

—0.050

the widths of radiative transitions of mesons with one
light quark.

Our work is organized as follows. We first give a
heuristic derivation of the effective Hamiltonian, which
is a relativistic generalization of the potential quark model.
This Hamiltonian contains not only the spin-dependent
contributions describing the hyperfine splitting of mesons,
but also the spin-independent contributions to the total
energy of states. Using this Hamiltonian, we obtain for-
mulas for the spectrum of states and the widths of radiative
transitions. Next, we fix the parameters of the model based
on experimental data and then obtain predictions for
D* - Dy, Di - D,y, B* — By, and B; — B,y. In addi-
tion, we obtain quantitative predictions for the magnitude
of the hyperfine splitting in the b5 system and compare
them with recently available experimental data [32,33]. The
conclusion formulates the main results of the work.

II. HYPERFINE STRUCTURE IN THE
SYSTEM cs, cii, AND cd

Let us first consider the ground state of the c§ system,
corresponding to the D (1968) meson and having the
orbital angular momentum L = 0 and spin S, = 0, where
St = S5 + S.. The first excited state, corresponding to the
D(2112) meson, has L =0 and S, = 1 with a small
admixture of a component having L =2, S, = 1, and
J =1, where J = S + L. Below we neglect this compo-
nent, since it is unimportant for our problem. The difference
in the masses of D and D, is Q = 144 MeV. In the

nonrelativistic approximation, the magnetic moment oper-
ator pu of the system cs for L =0 is

where m; and e; = e¢/3 are the mass and charge of the s
quark, m, and e, = 2¢/3 are the mass and charge of the ¢
quark, e is the charge of the proton, the operator X =
S5 — S, has nonzero matrix elements between states with
different values of S, and the system of units # = ¢ = 1 is
used. The width T'(D} — Dyy) in the nonrelativistic
approximation is described by the usual formula for the

M1 transition,
1/e; e
2, fg=——=—-——51. 3
=3 (2-5) o

This result is independent of the structure of the ¢s pair wave
function. Substituting for the estimate m; = 0.5 GeV and
m. = 1.7 GeV, we obtain the value T, (D} - D,y) =
0.547 KeV, which contradicts the experiment, I'(D; —
D,y) ~0.1 14f8_’8568 KeV. The reason is that in the expression
for ¢, there is a strong compensation between the contribu-
tions of the 5 and ¢ quarks, f, ~ e;/6m,. Therefore, it is
necessary to take into account relativistic effects, which are
important since the relative momentum of quarks is

4
Fnr(D; . Dsy) = §Q3|t0
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comparable to m,. A similar effect was discussed in our
recent work [34] when considering the electric dipole
transition I'(Dy; — D,y), where Dy, is the ¢5 state of the
system with L =1, S;; = 1 and J = 1. We will show that
taking into account relativistic effects will lead to a strong
decrease in the radiative width, compared to (3), and to better
agreement between the predictions and experimental data.

To derive the operator responsible for the hyperfine
splitting, consider a particle with spin 1/2, charge e, and
mass m in a magnetic field. We use the identity

(6-7)? =nr%—ec - Hr1), m=p—eA(r1),

where ¢ are the Pauli matrices, p is the momentum operator,
A(r,t) is the vector potential, and H(r,?) is the corre-
sponding magnetic field. Let us perform the expansion of

the operator \/m? + (6 - x)* for small, compared to m?,

characteristic values of 2,

h: 2 . 2: —_ ..
m*+(6-7)* =m+ . = +
r (7*)? e 5
—m—f—%—w—%d H+8—3{7t N H}+ ,

where {B, C} = BC + CB and we have taken into account
the terms linear in 7H. Thus, we have obtained the
Hamiltonian of the Pauli equation taking into account
the first relativistic correction in % /m?. Let us now expand

h in the parameter o - H/(m> + x*), assuming that the
change in the magnetic field is small at 6r < 1/m, but the
characteristic values of #% are not small compared to m?.
We have

h= m—f{—l ,s-’H}+~~~, (5)
2 \Vm? + n?

where s = /2 is the spin operator. To derive the contri-

bution of the spin-spin interaction to the hyperfine splitting,

we consider two particles with spin 1/2, charges ¢, and e,

and masses m; and m,. To calculate the energy correction,

we use the noncovariant perturbation theory,

|(n|6H|0) |2
AE = Z 5 —E (6)

where 5H is the perturbation. Let ®(p) be the wave function
of the bound state of the two-particle system in the momen-
tum representation. There exists a spin-dependent energy
correction AEg and a spin-independent correction AE|,.
Although AE, does not affect the hyperfine splitting and
the corresponding transition probabilities, its inclusion is
important for us, since it allows us to fix the parameters of the
model and, in particular, the mass of the heavy quark. In the
Izgur-Godfrey model and other similar models, the mass of
the heavy quark is fixed in another way. Therefore, in these
models, there is no need to take into account A E, correction.

A. Calculation of the correction AEg

It follows from Egs. (5) and (6) that

d3 d% / @T ! 4 X )
AEs—2elez// pdp () A4zlgxsi]-lgxs] @p) )
m3 +p'?2q (—9) Vm? 4 p?
where
! 4n a,b ab qaqb
gq=p-p. E-E,=-q H,= Z[qxez], D egeh =" - 2

e, is the photon polarization, A is its helicity, the factor “2” in front of the integral takes into account the contribution of two
equal amplitudes (the first particle emits and then the second absorbs and vice versa). We rewrite (7) as

4ﬂ9e1//dspd3pl (717)12(1117’2 {Zsl -85y + {sl "5, =3 i 'q()]gsz -q)} } \/% (8)

where g,;, = —e e, > 0. Using the identity

2s) -850 + [Sl 8y — 3%} /d3 { (51 -52)0(r) _437[(51 -85) = 3(sy - n)(s, 'n)]}e_iq", 9)

q
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where n = r/r, we can rewrite (8) in coordinate representation,

85 =g [ @r= ) {5 o061 52) + 53001 w52 1) = (5,0 bt

& o@p) .
B(r,m) = — =L pipT, 10
o= | o T (10)
For L = 0 we have
AnGer 3\
Ay =22 (0.m;) (23 2(0.m) ()

From this formula we find an expression for the hyperfine splitting Q,; in a system of interacting charges with different

masses,

Qel =

Sﬂgel =t (
3

E"(0, my)E(0, my). (12)

B. Calculation of the correction AE,

The correction AE is the sum of two contributions, AE, =

AEy + AEy,. From the expansion

Vm? 22 = \/m* +p? __{m—er A- P} (13)

and Eq. (6), we find similarly to (7),

@'(p')

d3pd3p/
AEy = dez// ,7,%% —i—p’zZ(

where g =p-p'.
formula as

It is convenient to represent this

9o S iy
AEO] = —71 dSV"‘T(r mz)p (7

>P’ (r.my).
(15)

The correction AE, (the so-called Darwin term), although
independent of spin, exists only for particles with spin. It is
easy to obtain that

TTGel

AEgp =—=[E7(0.m)E(0,my) + E7(0,m2)E(0, my)].

(16)

In our work we use a potential model in which the quark
interaction potential U(r) is described by the sum

U(r):Ug(r)+Uconf(r)’ Ug(r):__’ Uconf(r):br7

(17)

where g and b are the parameters of the model. The
potential U,(r) is the zeroth component of the Lorentz

1 q'q’ )
p/I (51'/_—2)]7/7,
—q) ¢ ) /mi+p?

vector, and U,y(r) is a Lorentz scalar [35]. The energy
corrections associated with U,(r) are obtained from the
above formulas for electrodynamics by replacing g,; — g.
The potentials U,(r) and Ugene(r) enter the quark—anti-
quark interaction Hamiltonian differently. In particular,
there is a correction AE(, to the spin-independent energy
shift associated with the potential U.y,¢(r). This correction
is analogous to (16) and has the form

1 L
AEy, = /d3 { (., ml)(Z—P’VP')E("»ml)

+E mz)(%— pirpf> =(r, mz)]. (18)

The correction AE|, is absent in the Izgur-Godfrey model
[35] but is consistent with the Breit Hamiltonian in
quantum electrodynamics. The latter is obtained from
the above formulas for the corrections by replacing

/m? +p? with m for both quarks. Note that AE, does
not contribute to the hyperfine splitting but determines the
overall level shift for states with S, =0, 1.

054037-4
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Since U,(r) is the zero component of the Lorentz vector, the hyperfine splitting in the c5 system is given by Eq. (12),
where m; = mg, m, = m,, and g is the parameter of potential.

C. Calculation of radiation widths

From Eq. (5) it follows that ['(D} — D,y) in the leading approximation has the form

4
[(Dy = Dyy) = 593|f1

M M
R g, = =X
mS mC

qs = Q,

Note that for L = 0 the functions =

1/ e-
2, th==—F
1 2<ms K
Frﬁm/dmwﬂ (ram, ().

Jo(x) = "

eC
——F, ),
mC

n—m/fmmmymwwm,

sinx My — mgm,. (19)

mg + m,

E'(r,m) and ¥(r) are independent of the direction of r.

There is also a relativistic correction ot; to the amplitude #; in Eq. (19), which follows from Eq. (21) of our paper [34] and
is related to the influence of the quark-antiquark interaction on the radiation process. The corrections 6F and 6F . to the
corresponding form factors in (19), following from the amplitude ot;, read

- 3, 104s7) o 1 AT 9=
SF, = MR/d S E (r,ms)[2 br . H(r,ms)—kr_(r,mc) ,
1
.= —Mpy /d3 J1(gc7) LB (r my) [ (br—g>E(r,mC)+gE'.(r,ms)}
2 r r
sinx cosx
i\ (x) = 2B COSE 20
]l(x) x2 X ( )

If we neglect the retardation effect and tend ¢, — 0 and ¢. — 0, then we get (20) with the replacement j, (x)/x — 1/3.

In order to obtain predictions for the hyperfine splitting
and the transition width, it is necessary to know the wave
function, which we will discuss in the next section.

III. WAVE FUNCTION

The wave function in the leading approximation in our
model satisfies the equation

Ed(p) = [\/m PP+ 2+ ——l—br}(l)(p) (21)

Here r and 1/r are integral operators. It is convenient to
solve this equation using the variational principle. For
L = 0 we represent ®(p) as

IN p? 32752
D(p) =/ — -, N = ,
) 471')( P [ Za)%] a)g

where y is the spin part of the wave function and @y is the
variational parameter. Although the variational approach to
calculating the wave functions and the corresponding
matrix elements is approximate, we have verified that
the accuracy of predictions for all quantities, not just for

(22)

energy levels, does not exceed 10%. However, our ansatz
has the advantage that all calculations can be carried out
analytically with its help.

The wave function in the coordinate representation,
corresponding to Eq. (22), is

2.2 3
‘P(r):\/g)(exp [_a)ozr]’ N:%.

For such wave functions, the average value E; of the
Hamiltonian in Eq. (21) is

m? m?2 2 (b
E,= = _
’ mfo<w>+m ]:0<2600>+\/7_T<600 ga)o),

Folx) = \/%exx, (x),

where K, (x) is the modified Bessel function of the third
kind. The variational parameter @, is found from the
equation 0E(/dw, = 0 or

(23)
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M

Q0]

mC
+ -
W

m; m;
() 7 ()|

(2x)°

T

Filx) e*[K; (x) — Ko(x)].

Note that Fy(x) — 1, F(x) = 1, and Fy(x) — Fi(x) -
3/(4x) for x = oo. For x — 0 we have F(x) = /2/(xx)
and F(x) - /8x/x.

It is interesting that Eq. (25) in the limit m; — 0 and
m. — oo has no singularities and its solution and the
corresponding energy E, for g < 1 are

[ b 1—9g)b
@y = 1—_9, EO:mC +4 % (26)

Here the singularity for g > 1 is similar to that which exists
in the solution of the Dirac equation in the Coulomb field.
This singularity is absent for a large but finite mass m,.. The
singularity in the solution of the Dirac equation in the
Coulomb field at g = 1 is related to the singularity of the
potential at » = 0. However, for example, for the field of a
nucleus with a finite radius, such a singularity at g = 1 is
absent since the potential at r = 0 is not singular. In our
case of a system of two quarks with a finite mass of the
heavy quark, the regulator of the potential is the Compton
wavelength of the heavy quark. So the value of ¢ close to
unity is not a limitation.

m?2 m2
VO (zT%) —h (z—wgﬂ -

2
NG

b
(59
Wy

(25)

IV. HYPERFINE SPLITTING AND FORM
FACTORS

Using variational functions, for the function E(r,m)
defined in Eq. (8), we obtain

=( )l\/Ei ® ds
=\ = dn\/m o (

1+ Za)(z)sz/mz)S/2

X e 2 wpr” (27)
Xp | —s~ — .
P 2(1 + 2w3s% /m?)
Then, for the hyperfine splitting Q (12) we find
8ga)8 m? m?2
Q=—-""—"F|-—=S|Fil-—. 28
3/amgm,” ! (4(0(2) ! 4w} (28)

where the function F is defined in (25). In the limit of
small m; and large m,, the hyperfine splitting Q is

8v/2gb

~a(i—gm, )

It is seen that the asymptotics of € is independent of m.

The spin-independent correction AE, to the energy level is

AEO = AEO] + AEOZ + AEOb?

gw s _ z
AEy = _ﬂ3—/g/0 dye™e* " Ky(z,)Ko(zc)s
3 2 2
gy | 1 o ( mg L, mg
AEy =220 | (1) 4 (e )]
LN {m 1<4w3> Tz N\ da3
Ao =g o7 /0 dye™{e*[2K{(z,) = y*[Ko () + K,
1 N m? 1 N m?2
ST\ W)’ =g\ W)

Finally, for energy levels with S, = 0 and S, = 1 we have

(2,)%] + ¥ 2K3(z.) = ¥*[Ko(zc) + Ki (2]}

(30)
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3
1
E(S=1) = Ey+ AE) + Q. (31)

For the form factors F; and F, in Eq. (19) we obtain

2mg [ ds m?2 ) 5 25% + 1
= 2 2P| T 28 -2 ’
Vawy Jo  (s*+1) w} 4(s* +1)
2
c
2’
Wy

2m, oo ds 252+ 1
F.= < ex 2 -,
ek G p[ RRFTE +1>}
MpQ MpQ
0, =—"—, 0, =—"=. (32)
mgwq m.

In the limit O, — 0 and Q. — O (that is, without the retardation effect taken into account) we have

m2 m2
0 0

Let us now discuss the corrections F and 6F . to the form factors defined in (20). Using the representation (27), we
obtain the corrections without the retardation effect taken into account.

_ Mp iy I 2 by 2 +
oF, = —W/) dye™ {Ee ¢ |:_gK0(ZS) +4—w%[K0<ZS) + Ky (z,)]7| + gt Ko(z,)Ko(ze) ¢
MR © -y 1 2 by 2 Az
oF, ==t [ dverr (G | ki) + o Kz + Kz e Ko Ka(e) |
1 m? 1 m2
= (y ™), =y, 34
Zs 4(y+w%> Ze 4<y+w%> ( )

Taking the retardation effect into account, we obtain for the correction oF (ret)

5F(ret_ 8A]WR // dt dzeXp t2/2_t2/2) |:g<_ 1 + ! >G1<t_l’t_2>
wor? NGRS 2/ +mka} B+ m?] o} Qs O,

2woggm @ (3 Sﬂ ()
The following functions are used here
Gi(x.3) = F1lx.) + i(=x =) = File. =) = Fil=x) + 500
Ga(x.y) = fa(x.y) + fa(=x,=y) = fa(x.=y) = fa(=x. ).
filx,y) = %(2 —x=y)(I+x+y)*In(1 +x+y)2
faley) = (et V) (1 x4 ) (36)

(ret) . (ret)

is obtained from OF; ’ by replacing m; <> m,. and Q, — Q.. For all reasonable values of the

parameters, the corrections 6 F §re‘) and 6 F E.ret) from Eq. (35) differ slightly from 6F; and 6F . from Eq. (34). The difference in
predictions of the form factor values due to retardation does not exceed 5%.

The correction 6F
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TABLE II. Values of the parameters in our model.

Parameters m; MeV) mg (MeV) g b (GeV?) M(D(,)) (MeV) M (DE‘S)) (MeV)
cd1 20 1805 0.934 0.100 1870 2010

cs 1 270 1805 0.934 0.100 1971 2113

cd 11 133 1749 0.91 0.110 1869 2009

cs 11 320 1749 0.91 0.110 1970 2113

cd 11 300 1646 0.896 0.110 1869 2009

cs 1T 454 1646 0.896 0.110 1969 2112

cd Experiment 1869.5 £04 2010.26 £ 0.05
cs Experiment 1968.35 £04 21122 +04

V. PARAMETERS OF THE MODEL AND
NUMERICAL RESULTS

Using obtained expressions for E(S = 0) and Q, we fix
the parameters of the model. In total, we have five
parameters: the mass of the light quark m;, the mass of
the strange quark m; and the mass of the heavy quark m,
for D mesons and B mesons, the dimensionless parameter g
proportional to a,, and the parameter b characterizing the
confinement potential. For a preselected value of m; in
the range from 20 to 300 MeV, we choose the values of the
parameters m, m, g, and b so that the values of E(S = 0)
and € correspond to the experimental values for the masses
D*.D**,Df, and D;*. In this case, the parameters m, g
and b are universal for all four mesons. Examples of the
values of the resulting parameters and the corresponding
meson masses in our model are given in Table IL

For the parameters of the model fixed in this way, we
calculate the widths of the radiative transitions, the results
are given in Table III.

From the comparison of the obtained values for the
radiative widths, we can conclude that the best agreement
with the experiment in our model is achieved at the
minimum value of the light quark mass. It is interesting
to note that the model is stable for m; tending to zero, which

TABLE III. Values of the obtained radiative widths in KeV.
Parameters (D) r(D*") (D)
I 19.0 0.570 0.250
II 17.0 0.430 0.150
I 13.0 0.140 0.030
Experiment 19.0+1.0 1.33 +£0.36 0.1 14f8f8§)8

was expected from the asymptotics of (29). Note, however,
that the radiative width for D** predicted by us for all sets
of model parameters is noticeably lower than the result of
the CLEO collaboration [36] obtained many years ago. The
difference between our prediction with set I of parameters
and the CLEO results is about two standard deviations and
is probably explained by large errors in the experiment.
Therefore, it would be desirable to repeat this measurement
at a qualitatively new level of accuracy, which is possible
on the BELLE-II and BES-III detectors.

We can apply our model to B mesons, assuming that the
masses of the light quarks m;, m,, and the parameter b
remain the same as for D mesons, and the parameters g and
m are chosen so as to reproduce the experimental values
of the BY and B*® meson masses. In this case, we are
already able to predict the B; mass and the hyperfine
splitting of the B, and B} meson masses (Table V). At the
time of writing, at the EPS-HEP25 conference, the CMS
collaboration presented new, more precise measurements of
the hyperfine splitting of the B,y meson masses [32,33].
We compare the results of our calculations with the result
of [32,33].

Comparison of the results obtained in the model with the
experiment shows that the masses of the B, and B} mesons
are overestimated by 9-10 MeV, which seems quite natural,
since the effective mass of a quark is not a constant and
depends on the size of the quark wave function in the
meson. Since the reduced mass of the s quark for the B
meson is larger than for the D meson, one can expect that
the effective mass will be slightly smaller. At the same time,
the hyperfine splitting depends much less on the mass of
the light quark and is in remarkable agreement with the
experimental value. We believe that this success of the

TABLE IV. Values of the obtained masses and hyperfine splitting values for B mesons in MeV.

Parameters M(B) M(B0) M(BY) M(B:0) AM (B*) AM (B:0)

I 5281 5326 5377 5425 45.0 48.1

1 5279 5325 5376 5425 45.5 48.6

11 5280 5326 5376 5425 46.0 49.2
Experiment  5279.6 £0.2 53252 +02 5366.9+0.11 54163402 4547+0.07 49.41+0.15
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model is completely nontrivial. As is known, in the heavy
quark approximation in QCD, mass relations were obtained
that relate the hyperfine splitting values for DZ*S) and B’(‘S>

mesons [37-39],

(M(B;°) — M(By)) = (M(B™) = M(B%)) _ mey(my)
(M(D5*) =M (D)) = (M(D*) = M(D))  myy(me)’

(37)
(M(B*") —M(B")) +2(M(B°) - M(BY))) _ mey(my)
((M(D*) =M(D°)) +2(M(D;*) = M(DY))  myy(m)’

(38)

where m, and m,, are the masses of the ¢ and b quarks, and
x(mg) is a slowly varying function of the arguments. The
above relations are obtained up to expansion terms of
the order of O(l/m%),@(a/mé),@(m?/z) and O(m;/m7)
[38]. According to these relations, the difference in the
hyperfine splittings for B; and B® mesons is expected to be
approximately three times smaller than the corresponding
difference for D mesons. Now, thanks to the CMS
measurements, it can be seen that these relations cannot
be simultaneously reconciled with the experiment,

(3.936 £0.15 MeV)  my(m,

(32404 MeV)  mpy(m,)’
(144.1 £0.28 MeV) _ mey(my,) (39)
(429.6 0.8 MeV)  myy(m,)’

Our model reproduces the difference in hyperfine split-
tings for B mesons with an accuracy of 0.8 MeV regardless
of the choice of m;.

It is useful to compare the hyperfine splitting ratio for
B*% and B;? obtained in our model with experiment [32,33]
and with the results of lattice calculations [40],

TABLE V. Radiative widths of I' (Bz‘s) — By;)y) decays in KeV.
The range of values is defined as the variation of the calculated
width for sets I-III of the parameters.

Ref. I'(B** - Bty) T(B* — B%) T(B:* = Biy)
BSE [41] . 0.136 0.062
RQM [17] 0.19 0.070 0.054
[42] 431 1.23 0.313
[43] 0.10 0.10
[44] e 0.069 0.095
[45] e 0.135 0.102
[29] 0.491 0.144 0.0787
This work 0.21-0.31 0.076-0.106 0.068-0.098
_ (M(B)-M(B"))
~ (M(B) - M(BY))’
Rinis work = 0.935(10), Ry = 0.993(33)(5),
Rexp, = 0.920(3)(0.7). (40)

In Table V we compare our calculated values for the
widths of the radiative M1 transitions of B[, mesons with
the results of other authors. It is worth noting that in our

*

model the sensitivity of the B, meson radiative decay

widths to the parameters of the model is significantly

smaller than in the case of DEFs) mesons.

VI. CONCLUSION

In our work, we propose a relativistic generalization of
the potential quark model. This model allows us to
calculate the radiative widths of heavy-light mesons and
predict the hyperfine splitting value in the b5 quark system.
The obtained hyperfine splitting value is in perfect agree-
ment with the results of the CMS [32,33] detector.

DATA AVAILABILITY

No data were created or analyzed in this study.
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