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The Cottingham formula is used to calculate the D*-D° mass difference assuming that isospin-symmetry
breaking arises entirely from electromagnetic interactions. Using the vector-meson-dominance model for
electric and magnetic form factors and SU(4) coupling relations, we obtain a value of 12 MeV for this mass

difference.

I. INTRODUCTION

The new particle at 1865 MeV discovered' at
SPEAR is being interpreted as one of the charmed
mesons D%c#) or its antiparticle D°(u). There is
strong evidence® that the charged partners of these
mesons D*(cd) or D”(¢d), of the same isospin dou-
blet, have also been seen at 1876+ 15 MeV through
their decay in the exotic channel K*71*1* as ex-
pected of a charged charmed meson. It was ob-
served by De Rijula, Georgi, and Glashow® that
exact isospin mass splitting may have important
consequences for the production rate of various
charmed particles. It has also been mentioned by
Lane and Weinberg®? that this splitting will provide
an interesting test of our ideas about the origin of
isospin nonconservation. The isospin symmetry
breaking is believed by De Rdjula, Georgi, and
Glashow® and by Lane and Weinberg® to originate
from two sources, namely, (a) through quark mass
differences (u-d mass difference) and (b) through
ordinary one-photon exchange. De Rdjula, Georgi,
and Glashow® estimated the D'-D° mass difference
to be about 15 MeV, whereas Lane and Weinberg®
by a slightly different method of calculation esti-
mated the mass difference to be about 6.7 MeV.
The problem of D*-D°® mass difference has also
been considered by Fritzsch,® Ono,? Lichten-
berg,” and Celmaster® in a similar framework.

In all cases D' is heavier than D°.

In the present work we shall assume the isospin-
symmetry breaking to arise entirely from electro-
magnetic interactions. Admittedly, the problem
of the neutron-proton mass difference is not with-
out pitfalls; however, a deeper understanding of the
problem has been achieved by Harari,® who showed
that the AI=2 mass differences are correctly ob-
tained by introducing the Born terms of the virtual
Compton scattering in the Cottingham'® formula,
while for the AI=1 mass differences an additional
contribution should arise from the subtraction term
for the ¢,(q%, v) amplitude since its behavior at high
values of v is dominated by the A, Regge pole. At-
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tempts to evaluate this contribution for the neu-
tron-proton mass difference have not been very
successful for a variety of reasons. For a detailed
discussion we refer the readers to an excellent
article by Harari and Elitzur.'* For the n-p mass
difference they found that the contribution is not
large enough even for an overall sign reversal.
This failure according to them may reflect one or
more of the following possibilities:

(a) There may be a ¢°-divergent term having
Al=1.

(b) A fixed pole at J=0 (Ref. 12) may contribute
to AM. Its sign and magnitude are unknown and
cannot be directly determined by inelastic elec-
tron-scattering experiments.

(¢) The finite-Energy-sum-rule' (FESR) cal-
culation of the A, residue function is misleading
since it neglects possible contributions of lower
trajectories and poles. Such contributions may be
crucial to FESR but small in the expression for
AM. The actual A, contribution may therefore be
larger than the one indicated by the naive FESR
calculation.

Bruccella, Cini, Maria, and Tirozzi' repeated
the calculations for various isospin multiplets and
found that at least in the case of pseudoscalar me-
sons, namely, K*-K° mass difference, calculations
of the residue neglecting fixed poles and saturating
FESR by low-lying states (pseudoscalar and vec-
tor-meson states) give a surprisingly good result.
They found that AMR® (K*-K° =-5.3 MeV,
AM™ (K *-K°) =2.55 MeV, giving AM(K*-K° =-3.8
MeV as compared to the experimental value
-3.99:0.13 MeV. They then adopted the attitude
of considering the determination of the A, residue
function for K mesons as basically correct be-
cause of the simple structure of the meson spec-
trum and deduced from it the Regge residue for
any hadron H from the relation

Bi+(g%) = Bxolg®)
Yktk~a, ~ YV KOKC4,

Byla™ = HHAj -
Using this type of universality, they always got
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a contribution in the right direction which reverses
the wrong sign in all cases and gives an overall
good agreement with experimental data. We will
adopt this framework in the present paper to esti-
mate the D' -D° mass difference. In Sec. II we will
write down the contribution to the mass difference
as a sum of three terms (AM)Y°m™n = (A)f)continuum
and (AM)®btactd Iy Sec. III we will estimate the
contribution to the D*-D° mass difference. Sec-
tion IV is devoted to the discussion of the results
and the validity of the assumptions involved.

II. CONTRIBUTION TO MASS DIFFERENCES

The Cottingham formula for the electromagnetic
self-mass is given by
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totic behavior of ¢;(¢%, v) at large v and fixed ¢° is
given by

tl(qzy V) U’—}:oRl(qz) +Bl(q2)ya-42(0) ,

2)
£(q%, V) LR, (@72 +B, (g7 v 420072

ay, (0) is the =0 intercept of the leading Regge
pole and is of the order of $.2° R;(¢?) and 8;(¢?)
are the residues of the foed pole and the Regge
pole, respectively, for i=1,2.

Thus one writes an unsubtracted dispersion re-
lation for ¢, and a once-subtracted dispersion re-
lation for ¢, and further, if the contribution to
Im(£;(g%, v) in the resonance region is separated,
one may write AM as a sum of three terms, name-
ly,

_ 1 dq f 1/2
AM=- dV V2) AM= (AM)resomnce - (AM)conﬁnuum + (AM)albmded
x[3¢%,(¢%, iv) - (g% +2v) 3)
. [z(qz’ zy)] . (1) (AM)subtracled - (AM) Regge + (AM)ﬁxed pole ,
In the presence of fixed poles at J=0 the asymp- where
—
2\1/2 2\1/2 2
ros _ v, 2v, v 2 Ve 2v, 2v,° 2
(aM) 47TMZ/ qdq{[( ) quF() [<1+q2> (1— q2> | Fi@)
v, = (M2 -M?+¢?)/2M (4)
and the form of F7(g%) for each intermediate state is obtained from
2 r 2 q° v r 4 Z
(q guzl—ququ)Fl + Vg;n/"" prpll'*'ﬁ(puqy/"'qppvl)]Fzzﬂ(zﬁ) Zkow <pIJu!k><liplp> ) (5)
(& pp)cortimom 2—1”- f dqu vdv{3[1 - (1+¢*/v)"*]Im t,(¢*, iv
0 v
¢
+[(1+2/¢A)Y2(1 = 202/¢%) + 207 /¢% | Imt, (g%, i)} (6)
(AM)Fixedpole: _%f qqule(qz) , (7)
0
) Regge 3 ] . a(o)
(aM == L Blg») = a(O) q%dq® (8)
L
In what follows we will assume that the contribu- Born/ 2\ _ a 2/ 2 Bom/ 2y _ . 2Mp 2, 2
tions from the continuum states are negligible, and Fim(@) =~ 2M, Gg", F2@=a q° G*@ .
no attempt will be made to calculate (A M) 5, 9)

1II. D*-D% MASS DIFFERENCE

A. Calculation of (AM)resonance

The (AM)™®™™® ill be calculated as a sum of
two terms: (i) contribution from the Born term
and (ii) contribution from the vector-meson inter-
mediate state.

(i) Bowvn term. For a charmed meson we have
from (5),

The electric and magnetic form factors can be ob-
tained by using the vector-dominance hypothesis.
In the present calculation we use SU(4) symmetry
to write the electromagnetic current, which in the
Glashow-Iliopoulos-Maiani model’® (charmed
quark has charge Z and charm +1) is given by

TPy gedt- G (1P a8) (0

and saturate the various form factors by p, w, ¢,
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and ¢(3100) mesons.
comes out to be

The electric form factor

2 1 mgz 1 .2 1 . mwz
G(q )=§[q2 +mp2 F3(SIn 9+ﬁ Sln29>m
2 1 2
¥ %(cos‘@— 7 sm29>;]—;—;’¢n—¢§
+4 ‘_L’J (11)
q* +my
where the upper (lower) sign refers to D* (D%, and
6 is the w-¢ mixing angle.’” With this we obtain

AMP™(D*) = AMB™(D%) =3 MeV . (12)

(ii) Vector-meson contribution. The electro-
magnetic current matrix elements between D and

V2

2
G*(g?) = [— g —z—m—ﬂ—z + ; (sm 0+ L sm29>—ﬂ‘“—-
1
4

+ 1 (sin29+ = sin29> o
2 V2

respectively. f,pp* is related to f, ,, by the rela-
tion

- L
Sypn=fyp*p™*=1 S ypopox .

The coupling f,,, can be evaluated either in terms
of the w— my experimental width (1.1 MeV) or by
fitting with the p—~ 7y experimental decay width
(35+10 keV).'® Using f,,,=0.1 we obtain

AMY (D" - AM"(D®) =5.5 MeV . (16)

B. The subtraction contribution

This is a large and important contribution that
changes the overall sign for the K" -K° mass dif-
ference. We shall consider the evaluation of the
Regge residue using the FESR to be correct for
K*-K° pseudoscalar mesons and write the Regge
residue for D mesons from the relation

B+ (g?) = Byolg®

~ YkOK0%,

Bplg®) = 17

DDA, -
YK+Kk-A, 2

From (8) we then write the D*-D° mass difference
in terms of the K*-K° mass difference as

AM®*(D*) — AM™>(D°)
: MA‘) ) Yop-ag = Y005,
Mp YK*Kk~A, ~ YKOKO4,
x [AM®™(K*) - AM® (K] , (18)
and we get
AM™™(D*) - AM® (D% =4.15 MeV . (19)

Fim? T2
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D* can be written in the form
(D(p)]I,ID*(py))
© @ ﬁf‘ (‘IT;T
€uuxc(P1)u‘1x€o(1’z)G*(¢12), (13)

where € ,(p,) is the polarization vector of the D*

meson. From (5) we get
2
FY (@) =F)(g)= a@l—"m) 2;4 [G*(™P ,
ki

(14)

where the magnetic form factors for D* and D° are
given by

1 1 m 2 m 2
=(cos?6— ——sm29> ) b ] ,
2( \/—2. q2 +m¢2 q2 +mw2
(15)
2 2
1(cos 9————sm20> Mo __ g T 2] ,
q*+myg g% +my

This contribution is positive, in contrast to the
K*-K° mass difference, because of the different
isospin structure of D mesons.

IV. RESULTS AND DISCUSSION

Collecting the contributions from Secs. III A and
III B, we compute the final value for the D*-D°
mass difference to be 12.65 MeV. It should, how-
ever, be mentioned that this value has been ob-
tained by using vector dominance for the electro-
magnetic form factors of pseudoscalar mesons
and by using a value of the coupling constant f, ;.
=0.1 determined from the w— 7y experimental
width. When the same value of the coupling con-
stant f, , is used to evaluate the p— 7y decay
width, the width comes out to be 66 keV, to be
compared with the experimental value of 35+10
keV. Thus it may be possible that the estimate of
the contribution to the mass difference from the
vector-meson intermediate state is too large prob-
ably by a factor of two, thereby decreasing the
D*-D° mass difference to 10 MeV. On the other
hand, if we use a universal dipole fit for the elec-
tromagnetic form factors, namely,

@)z

(2 —2)2’

we get a value of about 24 MeV for the D*-D° mass
difference.

A remark may be in order here regarding the
choice of the form factors. A definite form for

G(g®) = 7°=0.71 GeV? ,
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these can be decided only by more experimental
tests. For example, a precise measurement of
the pion charge radius and a detailed study of the
single-meson production by weak charged and neu-
tral currents both at threshold and above may
determine whether to use a universal dipole fit or
vector-meson dominance. It may turn out that
real form factors are different from the ones used
here, but we hope that the results will not signifi-
cantly change once a better understanding of cou-
pling constants and residue functions is achieved.
Finally, we would like to point out that if scaling
holds in deep-inelastic-scattering experiments,
the use of subtraction may not be justified. How-
ever, at the moment, there is strong experimental
evidence to the contrary (see for example Chen®?).
Also, from a theoretical point of view, gauge field
theories predict, as is well known, a logarithmic
divergence of scaling (Tung®®). As regards the
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continuum contribution, we can estimate its value
in the D*-D° mass difference by following the cal-
culations of Buccella e/al.' for the K*-K° mass
difference. This contribution turns out to be very
small compared to the resonance contribution. A
similar situation obtains in K*-K° mass-differ-
ence calculations also.

It thus seems that the electromagnetic interac-
tion alone is responsible for the contribution to the
D*-D° mass difference, and it is of the order of
10 MeV if one uses vector-meson dominance. If
a nonelectromagnetic isospin-breaking interaction
exists, its contribution to the mass difference is
in addition to the contribution from electromag-
netism. We feel that such an interaction, if it ex-
ists, should make a very small contribution to the
mass difference and is not likely to be required by
isospin mass-splitting considerations for charmed
mesons.
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