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Electromagnetic mass differences of charmed baryons in the charmed-quark model
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Electromagnetic mass differences of charmed baryons are calculated using the harmonic-osciallator charmed-
quark model.

After the discovery of charmed mesons D and
D*,"charmed baryons are expected to be found.
In this note we study electromagnetic mass differ-
ences of charmed baryons in the charmed-quark
model. In our previous papers'' it was shown that
the harmonic-oscillator quark model with 8' (wave-
function radius) =2.75 GeV ' can be used consis-
tently and with remarkable success to explain elec-
tromagnetic mass differences of baryons, ampli-
tudes of the processes yN- N*- N~, and other
properties of baryons. In an analogous way we stu-
died properties of uncharmed mesons' arid charmed
me sons. '

Following Hefs. 3-5 we make the following as-
sumptions in studying charmed baryons:

(a) The electromagnetic mass differences of
charmed baryons are caused (i) by the mass dif-
ference (&na, ) between the P quark (up quark) and
the n quark (down quark), (ii) by the Coulomb force
among quarks, and (iii) by the magnetic hyperfine
interaction.

(b) The value of the gyromagnetic ratio of all
quarks is unity, i.e., the magnetic moment

=charge/2&& mass. From magnetic moments of un-
charmed baryons one gets p., =- gp =2.793 e/2n&~ and
m, (mass of uncharmed quarks) -336 MeV.

(c) From the mass spectrum of mesons (P, D", p,
m, etc. ) we guess m, =4m, -5m, .

We use harmonic-oscillator wave functions for
s-state cQ'p systems and for s-state ccrc systems
(4' is the uncharmed quark):

lr, l' lr, l'
kccc P 2g2 2+2 2g2a C

(2)

In Eq. (I) [Eq. (2)] r, and r, are coordinates of
two uncharmed (charmed) quarks and r, is a coor-
dinate of a cha, rmed (uncharmed) quark. Since we
know that SU(3)-symmetric wave functions work
very well, ' ' we assume the same A, (or r, ) for all
uncharmed quarks.

Taking into account the large mass difference be-
tween m, and m, one gets for the egg system.

-
I2&

f Ill'IF, —r I'5(Il —[m (r, +r, ) +m. r, ]/(2m, +m ))dr, dr, dr,
J Igl'~ {5—[m,(r, + r, ) +m, r~]/(2m, +m, ))d F,d r2d r,

(3)

(m, +m, )' 8,' A,' (m, +m, )'(m, '/R, '+ [m,'+(m, +m, )']/8, ' (4)

r, -r, =
~ A ' r —r m

(6)

In the same way we get for the q'cc system

&Ir, -r, l'& =3r.', (IF, —F,l'& =-3r.,',

r 1
—r2 1T rc (6)
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(~(r, —r, )& = (2,~i.
271)

We take

Am, =-1.83 MeV.
(10)

The value ~m, =-1.83 MeV for baryons is different
from that for bosons. ' ' However, we have shown
in Ref. 3 that this choice of parameters 4m, =-1.83
MeV and A' =2.75 GeV ' is a very successful one
in that it can explain the properties of baryons

(electromagnetic mass difference, photoproduction
and electroproduction processes).

Now we must construct an SU(8) wave function
for charmed baryons. We assume that each wave
function must be totally symmetric under an ex-
change of any two quarks. However, the spatial
s-state wave function of the charmed baryon is not
symmetric because of the large mass difference
between m, and m, and because of the difference be-
tween A, and A, (or r, and r,). Therefore, in order
to construct the symmetric total wave function we
must use the broken SU(8) wave function. As an
example we show the symmetric s-state wave func-
tion for C, (we use the notation introduced by
Gaillard, Lee, and Rosner' for charmed baryons):

C', + = ~ [2d') c)d'tg(1, 3, 2) +2d'td'i c)$(1,2, 3) +2c)d'id'ig(3, 2, 1)- d'id')cia(l, 2, 3) -
|Picked')Q(1,

3, 2)

—(P~cigig(1, 3, 2) —cid'~tPig(3, 2, 1) —ci(Pid'~$(3, 2, 1) —d'~d'icy'(1, 2, 3)],

a =Z„/Z„ f=r„/r„
d =(8„/Jt,)', f = (r„/r, )',

r =m, /m, --,'.
(12)

The electromagnetic mass difference can be cal-
culated according to the following formula:

where f(1, 3, 2) can be obtained by the permutation
of coordinates r„r„r, in Eq. (1). Wave functions
of other states are constructed in a similar way.

The symmetric s-state wave function belongs to
the representation 120 = (20, 4) + (20', 2) in SU(8),
which corresponds to 56 = (10, 4) +(8, 2) in SU(6).
We list our results of electromagnetic mass differ-
ences of charmed baryons in Table I, where we de-
fine

i/2
hm =Am, ~+ — —c

1
3 +P (2v)3 /2 g 3

where

Bo =8„for the cqQ' system,

go =r„ for the ccrc system,

pp = 2.793 e/2m@ .

From Table I we can derive the following sum
rules:

C~+ Cgo S~+ Sgo
1 1

C+ —Co =S' -So
1 1

TABI K I. Electromagnetic mass differences of charmed baryons. We follow the notation
introduced by Gaillard et al. , Ref. 7, for charmed baryons. Parameters a, d, and r are de-
fined in Eq. (12).

(Si.t (4), 2S+ 1)

(2o, 4)

(2o', 2)

C 8++ C 4+
1 i

C4+ C+0 $++ $+0

Xg++ ~++

Ci'-Ci
C i —C0i ——S' —$0

x++ ~+
d

A —A

—a+—2 2
3 3
i 2—a+ 73

4
3

~a+2 2
3 3

j 2——a+—
3 3

4
3

1 2—a+—
3 3

Tcf+ T'v

~~8+i 2

3 3

Yr

—d ——x2 4
3 3

-&d- Tr1 4

8
3

Mass difference
(MeV)

-0.00

2.92

2.24

7.39

—1.77
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(C,*"—C,*+ ) -(C,"—C,') =(C,*' —CP) —(C", —C', )

& [(Xg++ ~++)

nz, 8 2 I 1

rn, 3 (2~)s/z ft s

In Eq. (13) the last term which comes from the
magnetic hyperfine interaction is not negligibly
small but gives a (10-20)% contribution. H, in Eq.
(14) comes only from the magnetic hyperfine inter-
action and we can determine the strength of the
magnetic hyperfine interaction by measuring the
mass differences in Eq. (14).

From Table I we notice that as a rule in the same

isospin multiplet the larger the charmed baryon's
charge, the heavier it becomes. These results are
opposite to that of the uncharmed baryons, in which
the mass difference between the n quark (down
quark) and the P quark (up quark) plays an impor-
tant role. This opposite result in the charmed bar-
yon is caused by the large Coulomb interaction be-
tween the charmed quark with the rather large pos-
itive charge and uncharmed quarks. This result is
also dependent on the small value of [4m, j. If we
use 4m, =-7.06 MeV as is used for mesons, the
conclusion is reversed. .
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