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Abstract We have systematically investigated the decu-
plet (T) to octet (B) baryon (T → Bγ ) transition magnetic
moments to the next-to-next-to-leading order and electric
quadruple moments to the next-to-leading order in the frame-
work of the heavy baryon chiral perturbation theory. Our cal-
culation includes the contributions from both the intermedi-
ate decuplet and octet baryon states in the loops. Throughout
our calculation, we have adopted the small-scale scheme and
have not considered the 1/M recoiling corrections directly.
We count the octet and decuplet baryon mass splitting δ, the
small momenta p, and the pion mass mφ as the same order
small-scale parameter, which was denoted as ε. Our results
for the transition magnetic moments show reasonably good
convergence of the chiral expansion. The analytical expres-
sions may be useful to the chiral extrapolation of the lattice
simulations of the decuplet electromagnetic properties.

1 Introduction

The electromagnetic property of the baryons has been
an important topic in both theory and experiment. There
have been extensive investigations of the baryon magnetic
moments [1–31]. On the other hand, the baryon decuplet to
octet electromagnetic transition also probes the inner struc-
ture and possible deformation of both decuplet and octet
baryons. In the past several decades, there have been many
investigations of the transition properties from both theoret-
ical and experimental perspectives [32–34].
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The model-independent analysis of the T → Bγ transi-
tion amplitude was first performed in Refs. [35,36]. From
the spin-parity selection rule, the T → Bγ transition ampli-
tudes contain the magnetic dipole (M1), electric quadrupole
(E2), and Coulumb quadrupole (C2) contributions. In the
quark-model picture, a spin flip of a quark in the s-wave state
leads to the M1 type of transition, while any d-wave admix-
ture in the octet or the decuplet wave functions allows for
the E2 and C2 transitions. Thus, the E2 to M1 ratio REM

is a signature of the d-wave components and the deviation
of the nucleon from spherical symmetry. One of the first
successes of the constituent quark model was the prediction
of the �(1232) → Nγ transition magnetic moment [37].
If the d-waves are included, the electromagnetic ratios are
nonzero [38]. Since then, more sophisticated quark models
have been developed to study the �(1232) → Nγ transi-
tion [39–46]. In Ref. [47], the authors studied the magnetic
moments of �(1232) → Nγ transition with the relativistic
quark models improved by chiral corrections.

Although quark model is rather successful in predicting
the internal structure of the baryons, the �(1232) → Nγ

transition magnetic moment is generally underestimated by
25% in the constituent quark model. The decuplet and
octet baryons are almost degenerate. Moreover, the decuplet
baryon nearly entirely decays into the Goldstone boson and
octet. It is essential to consider the Goldstone boson cloud
effect.

Chiral perturbation theory (ChPT) [48–50] is a very use-
ful framework to take into account the chiral corrections in
hadron physics in the low-energy regime [51]. In Ref. [52],
heavy baryon chiral perturbation theory (HBChPT) was
developed to describe the dynamics of baryons at low ener-
gies. “Small scale expansion”(SSE) power counting scheme
was proposed in Refs. [53,54], where the mass splitting
between the octet and decuplet baryon is treated to be the
same order as the masses of pseudo-Goldstone bosons. In
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Ref. [55], the authors studied the E2/M1 mixing ratio of
the decay T → Bγ with HBChPT to the next-to-leading
order. In Ref. [56], the delta-nucleon transition form fac-
tors were calculated to O(ε3) in the framework of a chi-
ral effective theory, the ε means the same order small-scale
parameter: the octet and decuplet baryon mass splitting δ,
the small momenta p and the pion mass mφ . The decuplet
to octet baryon electromagnetic transition form factors have
also been calculated in the quenched and partially quenched
chiral perturbation theory in Ref. [57]. An analysis of the
electromagnetic transition current was presented to O(ε3)

in the framework of the non-relativistic SSE chiral effective
field theory in Ref. [58]. In Ref. [59], the authors performed a
relativistic chiral effective-field theory calculation of the pion
electroproduction off the nucleon reaction in the �(1232)

resonance region.
Besides the quark models and ChPT, the T → Bγ tran-

sition was also studied with various approaches such as
the the cloudy bag model [60–62], Skyrme model [63–65],
QCD sum rules [66,67], large NC limit [68,69] and lat-
tice QCD [70–76]. Especially, the electromagnetic transition
moments of the baryon octet to decuplet were first calculated
with quenched lattice QCD simulation in Ref. [70]. The elec-
tromagnetic form factors of the �(1232) → Nγ transition
were evaluated both in quenched lattice QCD and using two
dynamical Wilson fermions in Refs. [71,72]. In Ref. [74],
the authors studied the valence quark contributions to the
�(1232) → Nγ transition in the lattice QCD regime in the
framework of the covariant spectator formalism.

In this work, we calculate the T → Bγ transition
amplitudes up to O(ε4) and extract the transition magnetic
moments to O(ε3) in the framework of HBChPT. In our
calculation, we do not include the 1/M corrections directly.
The 1/M terms can be absorbed into the general Lagrangian
within the non relativistic framework as in Ref. [77]. Thus,
when we fit the experiment data at last, the 1/M correc-
tions are included into our final results indirectly. We count
the octet and decuplet baryon mass splitting δ, the small
momenta p and the pion mass mφ as the same order small-
scale parameter which was denoted as ε. We explicitly con-
sider both the octet and decuplet intermediate states in the
loop calculation as the octet and decuplet baryons couple
strongly. We use the dimensional regularization and mod-
ified minimal subtraction scheme to deal with the diver-
gences from the loop corrections. At last, we discuss the
convergence of the chiral expansion of the transition mag-
netic moments. We also systematically calculate the electro
quadrupole moments to next-to-leading order and obtain the
E2 to M1 ratio REM for the decuplet to octet baryon transi-
tions. We collect the M1 and E2 amplitudes and decay width
of the decuplet to octet baryon transitions in the Appendix
C.

This paper is organized as follows. In Sect. 2, we discuss
the decuplet to octet baryon electromagnetic transition form
factors. We introduce the effective chiral Lagrangians of the
decuplet baryon in Sect. 3. In Sect. 4, we calculate the decu-
plet to octet baryon transition magnetic moments order by
order. We estimate the low-energy constants and present our
numerical results in Sect. 5 and conclude in Sect. 6. We col-
lect some useful formulae and the coefficients of the loop
corrections in the Appendix A and B.

2 Decuplet to octet baryon electromagnetic transition
form factors

When the electromagnetic current is sandwiched between
the decuplet and octet baryon states, one can write down the
general matrix elements which satisfy the gauge invariance,
parity conservation and time reversal invariance [36]:

< B(p)|Jμ|T (p′) >= eū(p)Oρμ(p′, p)uρ(p′), (1)

while for the real photons,

Oρμ(p′, p) = G1

2MB
(qργμ − q · γ gρμ)γ5

+ G2

4M2
B

1

MB + MT
(q · Pgρμ − qρPμ)q/γ5.

(2)

where p and p′ are the momenta of the octet and decu-
plet baryons. In the above equations, P = 1

2 (p′ + p),
q = p′− p, MB is the octet-baryon mass, MT is the decuplet-
baryon mass, and uρ(p) is the Rarita-Schwinger spinor for
an on-shell heavy baryon satisfying pρuρ(p) = 0 and
γ ρuρ(p) = 0.

In the heavy baryon limit, the baryon field B can be decom-
posed into the large component N and the small compo-
nent P .
B = e−iMBv·x (N + P) , (3)

N = eiMBv·x 1 + v/

2
B, P = eiMBv·x 1 − v/

2
B, (4)

where vμ = (1, 0) is the velocity of the baryon. For the
decuplet baryon, the large component is denoted as Tμ. Now
the decuplet to octet matrix elements of the electromagnetic
current Jμ can be parameterized as

< N (p)|Jμ|T (p′) >= eū(p)Oρμ(p′, p)uρ(p′). (5)

The tensorOρμ can be parameterized in terms of two Lorentz
invariant form factors.

Oρμ(p′, p) = G1

MB
(qρSμ − q · Sgρμ)

+ G2

4M2
B

(q · vgρμ − qρvμ)q · S,

(6)
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where Sμ is the covariant spin-operator.
In the following, we shall use Eq. (6) to define the

electro quadrupole (E2) and magnetic-dipole (M1) multi-
pole transtion form factors between the decuplet and octet
baryons. The multipole form factors are

GM1 = 2

3
G1 − δ

6MT
G1 − δ

12MB
G2, (7)

GE2 = δ

6MT
G1 − δ

12MB
G2, (8)

where δ = MT − MB is the octet and decuplet baryon mass
splitting. In the isospin symmetry limit, δ = 0.294 ± 0.029
GeV [32]. We do not consider the mass difference among dif-
ferent decuplet baryons. The M1 and E2 amplitudes fM1 and
fE2 are also widely used [78], and they are directly related
to GM1 and GE2,

fM1 = e

2MB

( |q|MT

MB

) 1
2

GM1

= e

12MB

( |q|
MT MB

) 1
2

[
(3MT + MB)G1 − MT (MT − MB)

2MB
G2

]
, (9)

fE2 = − e

2MB

( |q|MT

MB

) 1
2 2|q|MT

M2
T − M2

B

GE2

= − e

6MB

|q|
MT + MB

( |q|MT

MB

) 1
2
(
G1 − MT

2MB
G2

)
,

(10)

where |q| = δ in the rest frame of decuplet baryon, G1 and
G2 are defined in Eq. (6).

The E2 to M1 ratio REM, decay width �(T → Bγ ) and
transition magnetic moment μ(T → Bγ ) are expressed as

REM = − GE2

GM1
, (11)

�(T → Bγ ) = α

16

(M2
T − M2

B)3

M3
T M

2
B

(|GM1(q
2 = 0)|2

+3|GE2(q
2 = 0)|2), (12)

μ(T → Bγ ) = 2MT

MT + MB
GM1(q

2 = 0)
e

2MB
. (13)

where α = e2

4π
= 1

137 is the electromagnetic fine structure
constant.

3 Chiral Lagrangians

3.1 The strong interaction chiral Lagrangians

The pseudoscalar meson fields are introduced as follows,

φ =
⎛
⎜⎝

π0 + 1√
3
η

√
2π+ √

2K+
√

2π− −π0 + 1√
3
η

√
2K 0

√
2K− √

2K̄ 0 − 2√
3
η

⎞
⎟⎠ . (14)

In the framework of ChPT, the chiral connection and axial
vector field are defined as [79,80],

�μ = 1

2

[
u†(∂μ − irμ)u + u(∂μ − ilμ)u†

]
, (15)

uμ ≡ 1

2
i
[
u†(∂μ − irμ)u − u(∂μ − ilμ)u†

]
, (16)

where

u2 = U = exp(iφ/F0). (17)

F0 is the decay constant of the pseudoscalar meson in the chi-
ral limit. The experimental value of the pseudoscalar meson
decay constant Fπ ≈ 92.4 MeV while FK ≈ 113 MeV, Fη ≈
116 MeV.

The lowest order (O(p2)) pure meson Lagrangian is

L(2)
ππ = F2

0

4
Tr[∇μU (∇μU )†], (18)

where

∇μU = ∂μU − irμU + iUlμ. (19)

For the electromagnetic interaction,

rμ = lμ = −eQAμ, Q = diag

(
2

3
,−1

3
,−1

3

)
. (20)

The spin- 1
2 octet field reads

B =
⎛
⎜⎝

1√
2
0 + 1√

6
� + p

− − 1√
2
0 + 1√

6
� n

�− �0 − 2√
6
�

⎞
⎟⎠ . (21)

For the spin- 3
2 decuplet field, we adopt the Rarita-Schwinger

field Tμ ≡ Tμabc [81]:

T 111 = �++, T 112 = 1√
3
�+, T 122 = 1√

3
�0,

T 222 = �−, T 113 = 1√
3
∗+,

T 123 = 1√
6
∗0, T 223 = 1√

3
∗−, T 133 = 1√

3
�∗0,

T 233 = 1√
3
�∗−, T 333 = �−. (22)

The leading order pseudoscalar meson and baryon interaction
Lagrangians read [5,81]
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L̂(1)
0 = Tr[B̄(i D/ − MB)B]

+TrT̄μ[−gμν(i D/ − MT ) + i(γμDμ + γνDμ)

−γμ(i D/ + MT )γν]T ν, (23)

L̂(1)
int = C[Tr(T̄μuμB) + Tr(B̄uμT

μ)]
+HTr(T̄μgμνu/γ5T

ν), (24)

where MB is octet-baryon mass, MT is decuplet-baryon
mass,

DμB = ∂μB + [�μ, B],
Dν(Tμ)abc = ∂ν(Tμ)abc + (�ν)da(T

μ)dbc

+(�ν)db(T
μ)adc + (�ν)dc (T

μ)abd . (25)

We also need the second order pseudoscalar meson and
decuplet-octet baryon interaction Lagrangians. Recall that

8 ⊗ 8 = 1 ⊕ 81 ⊕ 82 ⊕ 10 ⊕ 1̄0 ⊕ 27, (26)

8 ⊗ 10 = 8 ⊕ 10 ⊕ 27 ⊕ 35. (27)

Both uμ and uν transform as the adjoint representation. When
the product uμuν belongs to the 81, 82, 1̄0 and 27 flavor rep-
resentation, we can write down four independent interaction
terms of the second order pseudoscalar meson and baryon
Lagrangians:

L̂(2)
int = gt1

4MB
Tr(B̄k

b [uμ, uν]iaε jabγ νγ5T
μ
i jk)

+ gt2
4MB

Tr(B̄k
b (uμuν)

i j
alε

ablγ νγ5T
μ
i jk) (28)

+ gt4
4MB

Tr(B̄k
b {uν, uμ}iaε jabγ νγ5T

μ
i jk)

+ gt3
4MB

Tr(B̄l
b(uμuν)

ik
alε

jabγ νγ5T
μ
i jk) + H.c., (29)

where the superscript denotes the chiral order and gt1,t2,t3,t4

are the coupling constants.
In the framework of HBChPT, the baryon field B is decom-

posed into the large component N and the small component
P . We denote the large component of the decuplet baryon
as Tμ. The leading order nonrelativistic pseudoscalar meson
and baryon Lagrangians read [5]

L(1)
0 = Tr[N̄ (iv · D)N ] − i T̄ μ(v · D − δ)Tμ, (30)

L(1)
int = C(T̄ μuμN + N̄uμT μ) + 2HT̄ μSνuνTμ, (31)

where L(1)
0 and L(1)

int are the free and interaction parts respec-
tively. The φNT coupling C = −1.2 ± 0.1 while the φT T
couplingH = −2.2±0.6 [82]. We also need the octet baryon
axial coupling constants F and D.

L(1)
oct = 2DTr(N̄ Sμ{uμ,N }) + 2FTr(N̄ Sμ[uμ,N ]) (32)

We use F = 0.50 ± 0.05 and D = 0.75 ± 0.08 [8]. For
the pseudoscalar mesons masses, we use mπ = 0.140 GeV,
mK = 0.494 GeV, and mη = 0.550 GeV. We use the

averaged masses for the octet and decuplet baryons, and
MB = 1.158 GeV, MT = 1.452 GeV.

The second order pseudoscalar meson and baryon nonrel-
ativistic Lagrangians read

L̂(2)
int = gt1

2MB
Tr(N̄ k

b [uμ, uν]iaε jabSνT μ
i jk)

+ gt2
2MB

Tr(N̄ k
b (uμuν)

i j
alε

abl SνT μ
i jk)

+ gt3
2MB

Tr(N̄ k
b {uμ, uν}iaε jabSνT μ

i jk)

+ gt4
2MB

Tr(N̄ l
b(uμuν)

ik
alε

jabSνT μ
i jk) + H.c., (33)

The above Lagrangians contribute to the decuplet to octet
baryon transition magnetic moments in diagram (d) of Fig. 2.
After loop integration, the contribution of the gt3 term van-
ishes. Moreover, the contribution of the gt4 term is exactly
proportional to that of the gt2 term up to this order. Thus,
there are only two linearly independent low energy constants
(LECs) gt1 and gt2 which contribute to the present investiga-
tions of the decuplet to octet baryon transition form factors
up to O(p4). Thus in the following, the second order non-
relativistic pseudoscalar meson and baryon Lagrangians will
be given in terms of g̃t1 = gt1 and g̃t2 = gt2 + gt4/2:

L̃(2)
int = g̃t1

2MB
Tr(N̄ k

b [uμ, uν]iaε jabSνT μ
i jk)

+ g̃t2
2MB

Tr(N̄ k
b (uμuν)

i j
alε

abl SνT μ
i jk) + H.c., (34)

where g̃t1 = gt1 and g̃t2 = gt2 + 1
2gt4 are the φφT N cou-

pling constants to be fitted. The situation is similar to the
decuplet-decuplet case. There are two flavor singlets but only
one independent term contributing to the electromagnetic
form factors of the decuplet baryons. Only the independent
term is listed in Eq. (28) of Ref. [83].

3.2 The electromagnetic chiral Lagrangians at O(p2)

The lowest order O(p2) Lagrangian contributes to the mag-
netic moments of the decuplet baryons at the tree level [5]

L(2)
μT = −ib

2MB
TrT̄ μF+

μνT ν, (35)

where the coefficient b = 6.8 ± 0.4 was extracted in the
calculation of the magnetic moments of the decuplet baryons
in Ref. [83]. The chirally covariant QED field strength tensor
F±

μν is defined as

F±
μν = u†FR

μνu ± uFL
μνu

†,

FR
μν = ∂μrν − ∂νrμ − i[rμ, rν], (36)

FL
μν = ∂μlν − ∂νlμ − i[lμ, lν], (37)
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where rμ = lμ = −eQAμ. The operator F±
μν transforms as

the adjoint representation. Recall that the direct product 10⊗
1̄0 = 1⊕8⊕27⊕64 contains only one adjoint representation.
Therefore, there is only one independent interaction term
in the O(p2) Lagrangians for the magnetic moments of the
decuplet baryons.

The lowest order Lagrangians which contribute to the
magnetic moments of the octet baryons at the tree level are,

L(2)
μN = b6

F
−i

4MB
TrN̄ [Sμ, Sν][F+

μν,N ]

+b6
D

−i

4MB
TrN̄ [Sμ, Sν]{F+

μν,N }, (38)

where the two LECs were extracted in the calculation of the
magnetic moments of the octet baryons in Ref. [8]: b6

D =
3.9 ± 0.4, b6

F = 3.0 ± 0.3.
The lowest order Lagrangians which contribute to the

decuplet-octet transition magnetic moments at the tree level
are

L(2)
μT N = b2

−i

2MB
TrT̄ μF+

μνS
νN

+b3
−i

2MB
TrT̄ μF+

μνD
νN + H.c., (39)

the b3 term does not contribute to the transition magnetic
moments.

3.3 The higher order electromagnetic chiral Lagrangians

The O(p3) Lagrangian which contributes to the electro
quadrupole moments at the tree level reads

L(3)
QT N

= c
−1

4M2
B

Tr(N̄ vμ∂νF
+
ρμS

νT ρ) + H.c.. (40)

To calculate the transition amplitudes toO(p4) and magnetic
moments to O(p3), we also need the O(p4) electromagnetic
chiral Lagrangians at the tree level. Recalling Eqs. (26), (27),
both F±

μν and χ+ transform as the adjoint representation.
When the product F+

μνχ
+ belongs to the 81, 82, 1̄0 and 27

flavor representation, we can write down the chirally invari-
ant O(p4) electromagnetic Lagrangians. Therefore, there
exist four independent interaction terms in the O(p4) chiral
Lagrangians. However, for the O(p4) LEC contribution, we
only need the leading-order terms of the fields F+

μν and χ+
which are diagonal matrices. Now, only three independent
terms contribute,

L(4)
μT N = d̂1

−i

2MB
Tr(T̄ μ

i jk(F
+
μνχ

+)ia S
νε jabN k

b )

+ d̂2
−i

2MB
Tr(T̄ μ

i jk(ε
abl(F+

μνχ
+)

i j
al)S

νN k
b )

+ d̂3
−i

2MB
Tr(T̄ μ

i jk(F
+
μνχ

+)ikal S
νε jabN l

b) + H.c..

(41)

where χ+= diag(0,0,1) at the leading order and the factor ms

has been absorbed in the LECs d̃1,2,3.
There is one more term which contributes to the transition

magnetic moments,

L′(4)
μT N = b̃′ −i

2MB
Tr(T̄ μF+

μνS
νN )Tr(χ+) + H.c.. (42)

However, its contribution can be absorbed through the reno-
malization of the LEC b2, i.e.

b2 → b2 + Tr(χ+)b̃′. (43)

4 Formalism up to one-loop level

We apply the standard power counting scheme of HBChPT.
The chiral order Dχ of a given diagram is given by [84]

Dχ = 4NL − 2IM − IB +
∑
n

nNn, (44)

where NL is the number of loops, IM is the number of internal
pseudoscalar meson lines, IB is the number of internal octet
or decuplet baryon lines and Nn is the number of the vertices
from the nth order Lagrangians. As an example, we consider
the one-loop diagram (a) in Fig. 2. First of all, the number
of the independent loops NL = 1, the number of the internal
pseudoscalar meson lines IM = 2, the number of the internal
octet or decuplet baryon lines IB = 1. For N1 = 2, and
N2 = 1 we obtain Dχ = 4 − 4 − 1 + 2 + 2 = 3.

We use Eq. (44) to count the chiral order Dχ of the matrix
element of the current, eOρμ. We count the unit charge e as
O(p1). The chiral orders of G1 and G2 are (Dχ − 2) and
(Dχ − 3), respectively, since

eOρμ ∼ ep1G1 + ep2G2. (45)

The chiral order of magnetic dipole GM1 and electric
quadrupole GE2 transition moments are (Dχ − 1) and
(Dχ − 2) based on Eqs. (7) and (8).

Throughout this work, we assume the exact strong isospin
symmetry with mu = md . The tree-level Lagrangians in
Eqs. (39), (41) contribute to the decuplet magnetic moments
atO(p1) andO(p3) as shown in Fig. 1. The Clebsch-Gordan
coefficients for the various decuplet states are collected in
Table 3. All decuplet magnetic moments are given in terms
of b̃2, c̃, d̃1,2,3, while b̃2 = ( 2

3− δ
6MT

)b2, c̃ = δ
6MT

b2− δ
12MB

c,

d̃1,2,3 = ( 2
3 − δ

6MT
)d̂1,2,3.

There exist several interesting relations where we use the
baryon “B” to denote “T → Bγ ” in the last line,

G tree
M1�+→pγ = G tree

M1�0→nγ

G tree
M1∗−→−γ = G tree

M1�∗−→�−γ

123
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Fig. 1 The O(p2) and O(p4) tree level diagram where the decuplet (octet) baryon is denoted by the double (single) solid line. The left dot and
the right black square represent second- and fourth-order couplings respectively

(b) (c) (d)(a)

(f) (g) (h)(e)

(j) (k) (l)(i)

(n) (o) (p)(m)

Fig. 2 The one-loop diagrams where the decuplet (octet) baryon is denoted by the double (single) solid line. The dashed and wiggly lines represent
the pseudoscalar meson and photon respectively

2G tree
M1∗0→0γ + G tree

M1∗+→+γ = G tree
M1∗−→−γ

G tree
M10 + √

3G tree
M1�0 = G tree

M1 p

+(
√

3 − 1)G tree
M1+ + √

3G tree
M1�. (46)

There are sixteen Feynman diagrams at one-loop level as
shown in Fig. 2. All the vertices in these diagrams come from
Eqs. (18), (30–39). In diagrams (a, b), the meson vertex is
from the strong interaction terms while the photon vertex is
from the meson photon interaction term in Eq. (18). In dia-
gram (c), the photon-meson-baryon vertex is from theO(p2)

tree level transition magnetic moment interaction in Eq. (39).
In diagram (d), the meson-baryon vertex is from the second

order pseudoscalar meson and baryon Lagrangian in Eq. (33)
while the photon vertex is also from the meson photon inter-
action term. In diagrams (e–h), the meson vertex is from the
strong interaction terms in Eq. (31) while the photon vertex
from the O(p2) tree level magnetic moment interaction in
Eqs. (35), (38), (39). In diagrams (i–l), the two vertices are
from the strong interaction and seagull terms respectively. In
diagrams (m–p), the meson vertex is from the strong interac-
tion terms while the photon vertex from the O(p2) tree level
transition magnetic moment interaction in Eq. (39).

The diagrams (a, b) contribute to the tensor eOρμ atO(p3)

while the diagrams (c–p) contribute at O(p4). The diagrams
(i–l) vanish in the heavy baryon mass limit. In particular,
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Ji ∝ ū
∫

ddl

(2π)d
qβ

−i Pβρ

v · l − δ + iε
Sμ i

l2 − m2 + iε
uρ

∝ vρu
ρ = 0, (47)

J j ∝ ū
∫

ddl

(2π)d
gβμ

−i Pβρ

v · l − δ + iε
S · l i

l2 − m2 + iε
uρ

∝ S · v = 0, (48)

Jk ∝ ū
∫

ddl

(2π)d
S · l i

v · l + iε
gρμ

i

l2 − m2 + iε
uρ

∝ S · v = 0, (49)

Jl ∝ ū
∫

ddl

(2π)d
Sμ i

v · l + iε
lρ

i

l2 − m2 + iε
uρ

∝ vρu
ρ = 0, (50)

where Pβρ is the non-relativistic spin- 3
2 projection operator.

In other words, these diagrams do not contribute to the tran-
sition magnetic moment in the leading order of the heavy
baryon expansion. The diagrams (m–p) indicate the correc-
tions from the wave function renormalization.

Summing all the contributions in Fig. 2, the leading and
next-to-leading order loop corrections to the decuplet to octet
baryon transition magnetic moments can be expressed as

μ
(2,loop)

T N = 2MT

MT + MB

e

2MB

⎡
⎣(

2

3
− δ

6MT

)
MB

∑
φ=π,K

(
β

φ

T
F2

φ

CHaMφ

T − β
φ

N
F2

φ

CbMφ

N

)

+ MB

3

∑
φ=π,K

(
−β

φ

T
3F2

φ

CHaEφ

T + β
φ

N
F2

φ

CbEφ

N

)⎤
⎦ ,

(51)

μ
(3,loop)

T N = 2MT

MT + MB

e

2MB

(
2

3
− δ

6MT

)

×
⎡
⎣ ∑

φ=π,K

(
−b2γ

φ
c + 1

2
γ

φ
d

) m2
φ

8π2F2
φ

ln
mφ

λ

+
∑

φ=π,K ,η

(
5

9δF2
φ

CHeφ

T γ
φ

aT + 1

2F2
φ δ

C f φ

N γ
φ

aN

+ 5

12F2
φ

Hgφ

T N b2γ
φ

aT N

+ 1

8δF2
φ

C2hφ

NT b2γ
φ

aNT

)⎤
⎦

+ 2MT

MT + MB

(
2

3
− δ

6MT

) ∑
φ=π,K ,η

×
[

μ
(1)
T N
F2

φ

−3

8
nφ

N γ
φ

fN 8

− μ
(1)
T N

4F2
φ

C2mφ

N γ
φ

fN 10

+ μ
(1)
T N

2F2
φ

5

12
H2nφ

N γ
φ

f T 10 + μ
(1)
T N

8F2
φ

oφ

T C2γ
φ

f T 8

]
,

(52)

aMφ

T = 1

3456π2δ2

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

176δ3 − 84δ3 ln

(
m2

φ

λ2

)
− 24(2m2

φ + 7δ2)

√
δ2 − m2

φarccosh

(
δ

mφ

)

+108δm2
φarccosh

(
δ
mφ

)2 + (27π2 + 48)δm2
φ − 24m3

φπ, φ = π,

176δ3 − 84δ3 ln

(
m2

φ

λ2

)
+ 24(2m2

φ + 7δ2)

√
m2

φ − δ2 arccos

(
δ

mφ

)

−108δm2
φ arccos

(
δ
mφ

)2 + (27π2 + 48)δm2
φ − 24m3

φπ, φ = K , η,

(53)

bMφ

N = 1

1152π2δ2

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

32δ3 + 24πm3
φ − 12δ3 ln

(
m2

φ

λ2

)
+ 24iπ

(
δ2 + 2m2

φ

)√
δ2 − m2

φ + 9π2δm2
φ + 48δm2

φ

−24
√

δ2 − m2
φ

(
δ2 + 2m2

φ

)
arccosh

(
δ
mφ

)
− 36δm2

φ arccos
(
− δ

mφ

)2
, φ = π,

32δ3 + 24πm3
φ − 12δ3 ln

(
m2

φ

λ2

)
− 24

√
m2

φ − δ2
(
δ2 + 2m2

φ

)
arccos

(
− δ

mφ

)

+9π2δm2
φ + 48δm2

φ − 36δm2
φ arccos

(
− δ

mφ

)2
, φ = K , η,

(54)
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aEφ

T = 1

1152π2δ

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

−104δ2 + 108δ2 ln

(
m2

φ

λ2

)
+ 216δ

√
δ2 − m2

φarccosh

(
δ

mφ

)
+ 36m2

φarccosh

(
δ

mφ

)2

+9π2m2
φ + 48m2

φ, φ = π,

−104δ2 + 108δ2 ln

(
m2

φ

λ2

)
− 216δ

√
m2

φ − δ2 arccos

(
δ

mφ

)
− 36m2

φ arccos

(
δ

mφ

)2

+9π2m2
φ + 48m2

φ, φ = K , η,

(55)

bEφ

N = 1

1152π2δ2

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

−8δ3 + 48πm3
φ + 12δ3 ln

(
m2

φ

λ2

)
+ 96iπm2

φ

√
δ2 − m2

φ − 24iπδ2
√

δ2 − m2
φ

−24
(

4m2
φ − δ2

)√
δ2 − m2

φarccosh
(

δ
mφ

)
+ 9π2δm2

φ + 96δm2
φ − 36δm2

φ arccos
(
− δ

mφ

)2
, φ = π,

−8δ3 + 48πm3
φ + 12δ3 ln

(
m2

φ

λ2

)
− 24

√
m2

φ − δ2
(

4m2
φ − δ2

)
arccos

(
− δ

mφ

)

+9π2δm2
φ + 96δm2

φ − 36δm2
φ arccos

(
− δ

mφ

)2
, φ = K , η,

(56)

eφ

T = 1

144π2

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

(
6δ3 − 9δm2

φ

)
ln

(
m2

φ

λ2

)
+ 12

(
δ2 − m2

φ

)3/2
arccosh

(
δ

mφ

)
− 2

(
5δ3 + 3πm3

φ − 6δm2
φ

)
, φ = π,

(
6δ3 − 9δm2

φ

)
ln

(
m2

φ

λ2

)
+ 12

(
m2

φ − δ2
)3/2

arccos

(
δ

mφ

)
− 2

(
5δ3 + 3πm3

φ − 6δm2
φ

)
, φ = K , η,

(57)

f φ

N = 1

144π2

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

(
6δ3 − 9δm2

φ

)
ln

(
m2

φ

λ2

)
+ 12

(
δ2 − m2

φ

)3/2
(

arccosh

(
δ

mφ

)
− iπ

)

+2
(
−5δ3 + 3πm3

φ + 6δm2
φ

)
, φ = π,

(
6δ3 − 9δm2

φ

)
ln

(
m2

φ

λ2

)
− 12

(
m2

φ − δ2
)3/2

arccos

(
− δ

mφ

)
+ 2

(
−5δ3 + 3πm3

φ + 6δm2
φ

)
, φ = K , η,

(58)

gφ

T N = m2
φ

48π2

[
ln

(
m2

φ

λ2

)
− 2

]
, (59)

hφ

NT = 1

216π2

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

−14δ3 +
(

6δ3 − 9δm2
φ

)
ln

(
m2

φ

λ2

)
− 6iπ

(
δ2 − m2

φ

)3/2

+12
(
δ2 − m2

φ

)3/2
arccosh

(
δ
mφ

)
+ 18δm2

φ, φ = π,

−14δ3 + (6δ3 − 9δm2
φ) ln

(
m2

φ

λ2

)
+ 6

(
m2

φ − δ2
)3/2

arccos

(
δ

mφ

)

−6
(
m2

φ − δ2
)3/2

arccos
(
− δ

mφ

)
+ 18δm2

φ, φ = K , η,

(60)

mφ

N = 1

16π2

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

2δ2 +
(
m2

φ − 2δ2
)

ln

(
m2

φ

λ2

)
− 4δ

√
δ2 − m2

φarccosh

(
δ

mφ

)
, φ = π,

2δ2 +
(
m2

φ − 2δ2
)

ln

(
m2

φ

λ2

)
+ 4δ

√
m2

φ − δ2 arccos

(
δ

mφ

)
, φ = K , η,

(61)

nφ

N = m2
φ

16π2 ln

(
m2

φ

λ2

)
, (62)

oφ

T = 1

16π2

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

(
m2

φ − 2δ2
)

ln

(
m2

φ

λ2

)
+ 2δ

(
δ + 2iπ

√
δ2 − m2

φ

)
− 4δ

√
δ2 − m2

φarccosh

(
δ

mφ

)
, φ = π,

2δ2 +
(
m2

φ − 2δ2
)

ln

(
m2

φ

λ2

)
− 4δ

√
m2

φ − δ2 arccos

(
− δ

mφ

)
, φ = K , η.

(63)
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where λ = 1 GeV is the renormalization scale, φ denotes
different pseudoscalar mesons. In Eqs. (51), (52), the decay
constant Fφ reads: Fπ ≈ 92.4 MeV, FK ≈ 113 MeV, Fη ≈
116 MeV. The coefficients β

φ

T and β
φ

N arise from the decuplet
and octet intermediate states respectively. We use the number
n within the parenthesis in the superscript of X (n,...) to indi-
cate the chiral order of X . γ

φ
c ,γ φ

d ,γ φ

aT , γ
φ

aN , γ
φ

aT N , γ
φ

aNT ,

γ
φ

fN 8, γ
φ

fN 10, γ
φ

f T 10 and γ
φ

f T 8 arise from the diagrams in
Fig. 2. We collect their explicit expressions in Tables 7, 8, 9,
10, 11, 12 in the Appendix B.

With the low energy counter terms and loop contributions
Eqs. (51, 52), we obtain the magnetic moments,

μT N =
{
μ

(1)

T N

}
+
{
μ

(2,loop)

T N

}
+
{
μ

(3,tree)
T N + μ

(3,loop)

T N

}
(64)

where μ
(1)

T N and μ
(3,tree)
T N are the tree-level magnetic moments

from Eqs. (39), (41).
Summing all the contributions to electric quadrupole

moments in Fig. 2, the leading and next-to-leading order loop
corrections can be expressed as

G(1,loop)

E2 = δ

6MT
MB

∑
φ=π,K

(
β

φ

T
F2

φ

CHaMφ

T − β
φ

N
F2

φ

CbMφ

N

)

+MB

3

∑
φ=π,K

(
−β

φ

T
3F2

φ

CHaEφ

T + β
φ

N
F2

φ

CbEφ

N

)
,

(65)

G(2,loop)

E2 = 0. (66)

From the tensor eOρμσ up to O(p4), with the low energy
counter terms and loop contributions Eqs. (65), (66), we
obtain the electric quadrupole moments at the next-to-leading
order,

GE2 =
{
G(1,tree)

E2 + G(1,loop)

E2

}
+
{
G(2,loop)

E2

}
(67)

where G(1,tree)
E2 is the tree-level electro quadrupole moments

from Eq. (40). Thus, one obtain the form factors G1 and G2

in Eq. (6) when q2=0,

G1 = −3MT

2MT − δ
(GE2 − GM1), (68)

G2 = −6MB

δ(−2MT + δ)
[δGM1 + GE2(−4MT + δ)], (69)

5 Numerical results and discussions

Throughout this work, there are 15 parameters: δ, C, H, D,
F , b, b6

D , b6
F , c̃, b2, d̃1,2,3, g̃t1, g̃t2. The first 9 parameters can

be taken from the references, we compile them in Table 1.
The error bars of C,H, b and c̃ are quoted from the references

while the error bars of the other parameters we roughly take
for 10%. The last 6 parameters have to be fitted from the
experimental inputs, we compile them in Table 2. However,
we only have three accurate experimental inputs shown in
Table 3. The last 6 parameters are inevitably uncertain, as
the data set is not rich enough to fix the LECs indeed.

We collect our numerical results of the baryon decuplet
to octet baryon transition magnetic moments to the next-
to-next-to-leading order in Table 3. We also compare the
numerical results of the transition magnetic moments when
the chiral expansion is truncated up to O(p1), O(p2) and
O(p3) respectively in Table 4.

At the leading order O(p1), there is only one unknown
low energy constant b̃2. We use the precise experimental
measurement of the � → Nγ transition magnetic moment
μ�→Nγ = (−3.43 ± 0.15)μN as input to extract b̃2 =
2.97 ± 0.13. The magnetic moments of the other decuplet
baryons are given in the second column in Table 4. Notice that
theO(p1) tree level transitions �+ → pγ and �0 → nγ are
the same. In fact, this equation holds to every order because
of the exact SU(2) spin-flavor symmetry. The O(p1) tree
level transitions ∗− → −γ and �∗− → �−γ are zero
because of the famous U-spin symmetry as can be seen from
Table 15 in the Appendix D.

Up to O(p2), we need include both the leading tree-level
magnetic moments and the O(p2) loop corrections. At this
order, all the coupling constants are well-known. There do not
exist new LECs. Again, we use the experimental value of the
� → Nγ transition magnetic moment μ�→Nγ = (−3.43 ±
0.15)μN as input to extract the LEC b̃2 = 4.87 ± 0.13.
We list the numerical results in the third column in Table 4,
where the errors in the brackets are dominated by the errors
of the coupling constants C,H in Eq. (31). Notice that the
∗+ → +γ transition magnetic moment to O(p2) is quite
small compared to the experimental value, which will be
improved when the O(p3) contribution is included. In other
approaches in Table 5, the transition magnetic moment of
∗+ → +γ is also smaller than that of � → Nγ . Up to
O(p2), SU(3) symmetry is kept.

To O(p3), we introduce the mass of the strange quark in
Eq. (41) which breaks the SU(3) symmetry . Up to O(p3),
there are six unknown LECs: b̃2, g̃t1,t2, d̃1,2,3. Two schemes
will be introduced to fit all LECs. In the first fit (Fit A),
we use the experimental values of the transition magnetic
moments of � → Nγ , ∗+ → +γ , ∗0 → �γ , the
upper limit of the transition magnetic moment of �∗0 →
�0γ and μ∗−→−γ = μ�∗−→�−γ = (0 ± 0.85)μN to
extract the six LECs: b̃2 = 5.26±3.28, g̃t1 = −3.73±7.96,
g̃t2 = −12.91 ± 14.3, d̃1 = 0.93 ± 4.02, d̃2 = 0.10 ± 1.34,
d̃3 = −0.96±0.62. We list the numerical results up toO(p3)

in the fourth column in Table 4.

123



66 Page 10 of 19 Eur. Phys. J. C (2019) 79 :66

Table 1 The 9 parameters taken from the references

Parameters δ C H D F b b6
D b6

F c̃

Equation Eq. (30) Eq. (31) Eq. (31) Eq. (32) Eq. (32) Eq. (35) Eq. (38) Eq. (38) Eq. (40)

Reference Ref [32] Ref [82] Ref [82] Ref [82] Ref [82] Ref. [83] Ref. [8] Ref. [8] Ref. [32]

Value 0.294 ± 0.029 − 1.2 ± 0.1 − 2.2 ± 0.6 0.75 ± 0.08 0.50 ± 0.05 6.8 ± 0.4 3.9 ± 0.4 3.0 ± 0.3 0.475 ± 0.143

Table 2 The 6 parameters to be fitted

Parameters b̃2 d̃1 d̃2 d̃3 g̃t1 g̃t2

Relations b̃2 = ( 2
3 − δ

6MT
)b2 d̃1 = ( 2

3 − δ
6MT

)d̂1 d̃2 = ( 2
3 − δ

6MT
)d̂2 d̃3 = ( 2

3 − δ
6MT

)d̂3 g̃t1 = gt1 g̃t2 = gt2 + 1
2 gt4

Equation Eq. (39) Eq. (41) Eq. (41) Eq. (41) Eq. (34) Eq. (34)

Fit A 5.26 ± 3.28 0.93 ± 4.02 0.10 ± 1.34 − 0.96 ± 0.62 − 3.73 ± 7.96 − 12.91 ± 14.3

Fit B 4.22 ± 0.53 − 0.96 ± 0.72 − 0.32 ± 0.31 − 1.62 ± 0.34 − 8.18 ± 7.55 − 31.69 ± 17.60

Table 3 The decuplet to octet baryon transition GM1(q2 = 0) to the next-to-next-to-leading order (in unit of 1). Actually, we use the branching
ratios in PDG to extract the corresponding transition |GM1(q2 = 0)|exp
Process(GM1) O(p1) O(p2) O(p3) tree O(p3) loop Total Fit A Total Fit B |GM1(q2 = 0)|exp
�+ → pγ − 2√

3
b̃2 1.99 0 1.83 + 0.10g̃t1 + 0.04g̃t2 −3.18 −3.22 3.12(14)

�0 → nγ − 2√
3
b̃2 1.99 0 1.83 + 0.10g̃t1 + 0.04g̃t2 −3.18 −3.22 3.12(14)

∗+ → +γ 2√
3
b̃2 −3.15 2

3
√

3
d̃1 + 4

√
3

9 d̃2 −1.46 − 0.15g̃t1 − 0.12g̃t2 4.05 4.03 4.05(49)

∗0 → 0γ − 1√
3
b̃2 1.72 − 2

3
√

3
d̃1 −

√
3

9 d̃2 0.72 + 0.09g̃t1 + 0.06g̃t2 −2.12 −2.11 —

∗0 → �γ b̃2 −1.98 1
3 d̃2 + 2

√
3

3 d̃3 −0.49 − 0.09g̃t1 − 0.10g̃t2 3.29 3.22 3.25(46)

∗− → −γ 0 0.29 − 2
3
√

3
d̃1 + 2

√
3

9 d̃2 −0.01 + 0.04g̃t1 −0.19 −0.20 < 0.78(04)

�∗0 → �0γ 2√
3
b̃2 −3.15 2

3
√

3
d̃1 + 4

√
3

9 d̃2 + 2
√

3
3 d̃3 0.49 − 0.15g̃t1 − 0.12g̃t2 4.89 4.10 < 4.90(53)

�∗− → �−γ 0 0.29 − 2
3
√

3
d̃1 + 2

√
3

9 d̃2 0.36 + 0.04g̃t1 0.18 0.18 < 4.90(53)

Table 4 The decuplet to octet baryon transition magnetic moments when the chiral expansion is truncated up to O(p1), O(p2), and O(p3),
respectively (in unit of μN ). Actually, we use the branching ratios in PDG to extract the corresponding transition magnetic moments

Process(μT N ) O(p1) O(p2) O(p3) Fit A O(p3) Fit B |μT N |exp
�+ → pγ −3.43(15) −3.43(65) −3.50(95) −3.54(96) 3.43(15)

�0 → nγ −3.43(15) −3.43(65) −3.50(95) −3.54(96) 3.43(15)

∗+ → +γ 3.43(15) 2.16(87) 4.46(1.30) 4.43(1.28) 4.45(54)

∗0 → 0γ −1.72(08) −0.92(46) −2.34(69) −2.32(68) —

∗0 → �γ 2.97(13) 2.69(61) 3.62(92) 3.54(90) 3.69(50)

∗− → −γ 0 0.32(06) −0.21(09) −0.22(09) < 0.85(05)

�∗0 → �0γ 3.43(15) 2.16(87) 5.38(1.39) 4.51(1.16) < 5.39(58)

�∗− → �−γ 0 0.32(06) 0.20(08) 0.19(08) < 5.39(58)

In order to study the convergence of the chiral expansion,
we show the numerical results at each order for the transition
magnetic moments:

μ�+→pγ = −6.68 × (1 − 0.33 − 0.15) = −3.50,

μ�0→nγ = −6.68 × (1 − 0.33 − 0.15) = −3.50,

μ∗+→+γ = 6.68 × (1 − 0.52 + 0.19) = 4.46,

μ∗0→0γ = −3.34 × (1 − 0.57 + 0.27) = −2.34,

μ∗0→�γ = 5.78 × (1 − 0.38 + 0.01) = 3.62,

μ∗−→−γ = 0.32 × (0 + 1 − 1.65) = −0.21,

μ�∗0→�0γ = 6.68 × (1 − 0.52 + 0.32) = 5.38,
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Table 5 Comparison of the decuplet to octet baryon transition magnetic
moments in literature including lattice QCD (LQCD) [70], chiral quark
model (ChQM) [85], relativistic quark model (RQM) [86], effective
mass quark model (EQM) [87], meson cloud (MS) [88], U-spin [89],

QCD sum rules (QCD-SR) [67,90], large Nc [91,92], and PDG [32](in
unit of μN ). Actually, we use the branching ratios in PDG to extract the
corresponding transition magnetic moments

Process � → Nγ ∗+ → +γ ∗0 → 0γ ∗0 → �γ ∗− → −γ �∗0 → �0γ �∗− → �−γ

LQCD [70] 2.46 2.61 1.07 — −0.47 −2.77 0.47

ChQM [85] −3.31 2.17 — −2.74 −0.59 2.23 −0.59

RQM [86] 3.25 2.59 1.07 2.86 −0.46 2.71 −0.47

EQM [87] 2.63 2.33 1.02 2.28 0.30 2.33 0.30

MS [88] 3.32 3.54 1.61 3.39 −0.34 3.62 −0.42

U-spin [89] — 3.22 1.61 2.68 0 3.21 —

QCD-SR [67] 3.86 3.38 1.47 4.44 −0.57 −1.24 0.23

QCD-SR [90] −2.76 2.24 1.01 −2.46 −0.22 2.46 −0.27

Large Nc [91] 3.51 2.96 1.34 2.96 −0.27 2.96 —

Large Nc [92] 3.51 2.97 1.39 2.93 −0.19 2.96 −0.19

This work (fit A) −3.50 4.46 −2.34 3.62 −0.21 5.38 0.20

This work (fit B) −3.54 4.43 −2.34 3.54 −0.22 4.51 0.19

|GM1(q2 = 0)|exp/μN 3.43(15) 4.45(54) — 3.69(50) < 0.85(05) < 5.39(58) < 5.39(58)

μ�∗−→�−γ = 0.32 × (0 + 1 − 0.38) = 0.20. (70)

For the U-spin forbidden processes, their magnetic
moments vanish at O(p1). Their total magnetic moments
arise from the loop contributions at O(p2,3) and the tree-
level LECs d1,2,3 at O(p3) which are related to the strange
quark mass correction. For the other processes, one observes
rather good convergence of the chiral expansion and the lead-
ing order term dominates in these channels.

In the second fit (Fit B), considering transition magnetic
moments of ∗+ → +γ and �∗0 → �0γ are the same in
quark model as shown in Table 15, we use the experimen-
tal value of the transition magnetic moments of � → Nγ ,
∗+ → +γ , ∗0 → �γ and μ�∗0→�0γ = μ∗+→+γ ,
μ∗−→−γ = μ�∗−→�−γ = (0 ± 0.85)μN to extract the
six LECs: b̃2 = 4.22 ± 0.53, g̃t1 = −8.18 ± 7.55, g̃t2 =
−31.69 ± 17.60, d̃1 = −0.96 ± 0.72, d̃2 = −0.32 ± 0.31,
d̃3 = −1.62 ± 0.34. We list the numerical results up toO(p3)

in the fifth column in Table 4. We also show the numerical
results at each order in Fit B:

μ�+→pγ = −5.36 × (1 − 0.41 + 0.07) = −3.54,

μ�0→nγ = −5.36 × (1 − 0.41 + 0.07) = −3.54,

μ∗+→+γ = 5.36 × (1 − 0.65 + 0.47) = 4.43,

μ∗0→0γ = −2.68 × (1 − 0.70 + 0.57) = −2.32,

μ∗0→�γ = 4.64 × (1 − 0.47 + 0.23) = 3.54,

μ∗−→−γ = 0.32 × (0 + 1 − 1.69) = −0.22,

μ�∗0→�0γ = 5.36 × (1 − 0.65 + 0.49) = 4.51,

μ�∗−→�−γ = 0.32 × (0 + 1 − 0.40) = 0.19. (71)

We have six LECs to fit, while we only have three accurate
experimental inputs shown in Table 3. The data set is not rich
enough to fix the LECs indeed. Although two schemes were
introduced with the help of quark model, our fit is inevitably
unstable. For the final uncertainties of the electromagnetic
amplitudes considered, the uncertainties arise from the input
LECs(D, F , C, H, etc) account for about 10%, while most
arise from the experimental uncertainty. We hope more decu-
plet to octet baryon transition magnetic moments will be
measured more precisely, thus the calculation may be more
stable.

In Table 5, we compare our results obtained in the
HBChPT with those from the other model calculations
such as lattice QCD (LQCD) [70], chiral quark model
(ChQM) [85], relativistic quark model (RQM) [86], effec-
tive mass quark model (EQM) [87], meson cloud (MS) [88],
U-spin [89], QCD sum rules (QCD-SR) [67,90] and large
Nc [91,92]. In some of the references, there are several fits.
We list the fit whose value for the � → Nγ channel is closest
to the empirical value. We also list the experimental values
from the PDG [32].

We collect our numerical results of the decuplet to octet
baryon transition electro quadrupole moments to the next-to-
leading order in Table 6. Up to O(p2), we need include both
the leading tree-level magnetic moments and the O(p1,2)

loop corrections. The O(p2) loop corrections in Fig 2 are
zero, so there is only one unknown low energy constant c̃
from Eq. (40). We use the experimental value of the� → Nγ

transition magnetic dipole moment GM1 = −3.12 ± 0.14
and the E2 to M1 ratio REM = (−2.5 ± 0.5)% [32] as input
to extract the LEC c̃ = 0.475 ± 0.143. The uncertainty in the
tree value of Table 6 comes from that of c̃. We list the numer-
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Table 6 Electro quadrupole transition moments(in unit of 1)

Process(GE2) Tree value Loop value Total value REM

�+ → pγ − 0.548(165) 0.473(164) −0.075(26) − 2.5(9)%

�0 → nγ − 0.548(165) 0.473(164) −0.075(26) − 2.5(9)%

∗+ → +γ 0.548(165) −0.502(147) 0.046(13) − 1.1(3)%

∗0 → 0γ − 0.274(83) 0.255(72) −0.019(05) − 0.9(3)%

∗0 → �γ 0.475(143) −0.416(138) 0.059(19) − 1.8(6)%

∗− → −γ 0 0.007(4) 0.007(4) 3.7(2.1)%

�∗0 → �0γ 0.548(165) −0.502(147) 0.046(16) − 0.9(3)%

�∗− → �−γ 0 0.007(4) 0.007(4) − 3.9(2.2)%

ical results of the transition electro quadrupole moments and
the E2 to M1 ratio REM in Table 6.

We also calculate the M1 and E2 amplitudes and decay
width of the decuplet to octet baryon transitions in the
Appendix C. Both fits A and B lead to the same decay width
for ∗0 → 0γ . The E2 amplitude of the ∗0 → 0γ

channel does not have any imaginary part because the π+
and π− loop contributions cancel each other as shown in
Table 7. In other words, the pion loop contributions with
the intermediate baryons ∗+ and ∗−, + and − cancel
each other due to the exact SU(2) flavor symmetry. There are
some imaginary parts in the loop results as shown in Eqs.
(54), (56), (58), (60) and (63). Since the imaginary parts are
much smaller than the real parts, we neglect the imaginary
parts for magnetic moments, electric quadruple moments and
decay width. The extracted M1 and E2 transition amplitudes
and radiative decay widths may be useful for the future exper-
imental measurement.

6 Conclusions

In short summary, we have systematically studied the decu-
plet to octet baryon transition magnetic moments up to the
next-to-next-to-leading order in the framework of the heavy
baryon chiral perturbation theory. With both the octet and
decuplet baryon intermediate states in the chiral loops, we
have systematically calculated the chiral corrections to the
transition magnetic moments order by order. The chiral
expansion converges rather well for the charged channels. We
have also systematically calculated the electro quadrupole
moments to the next-to-leading order and obtained the E2 to
M1 ratio REM for decuplet to octet baryon transition, which
suggests the d-wave component and deformed structure of
the octet and decuplet baryons. Our results may be useful for
future experimental measurement of the electro quadrupole
multipole moments.

The decuplet to octet baryon transition magnetic moments
of �+ → pγ and �0 → nγ are always the same because of
the exact SU(2) spin-flavor symmetry. Comparing theO(p2)

and O(p3) ∗+ → +γ transition magnetic moments to
the experimental values, we want to emphasize the impor-
tance of the next-to-next-to-leading order chiral correction.
As the current experimental data is not enough, we intro-
duce two schemes to fit all LECs. Both fitting schemes lead
to reasonably moderate convergence of the chiral expansion
and agreement with the experimental data. However, when
larger values of quark masses are introduced, such values can-
not be trusted in extrapolations of lattice data. We hope that
more decuplet to octet baryon transition magnetic moments
like �∗0 → �0γ will be measured more precisely in future
experiments. Moreover, if considering the additional finite-
volume corrections [73,75,93,94], the analytical expressions
derived in this work may be useful to the possible chiral
extrapolation of the lattice simulations of the decuplet to octet
baryon transition electromagnetic properties in the coming
future.
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Integrals and loop functions

We collect some common integrals and loop functions in this
appendix.

6.1 Integrals with one or two meson propagators

� = i
∫

ddl λ4−d

(2π)d

1

l2 − m2 + iε

= 2m2
(
L(λ) + 1

32π2 ln
m2

λ2

)
, (A1)

L(λ) = λd−4

16π2

[
1

d − 4
− 1

2
(ln 4π + 1 + �′(1))

]
. (A2)

I0(q
2) = i

∫
ddl λ4−d

(2π)d

1

(l2 − m2 + iε)((l + q)2 − m2 + iε)

=

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

− 1

16π2 (1 − ln
m2

λ2 − r ln |1 + r

1 − r
|) + 2L(λ)

(
q2 < 0

)

− 1

16π2

(
1 − ln

m2

λ2 − 2r arctan
1

r

)
+ 2L(λ) (0 < q2 < 4m2)

− 1

16π2

(
1 − ln

m2

λ2 − r ln |1 + r

1 − r
| + iπr

)
+ 2L(λ) (q2 > 4m2)

,

(A3)

where r = √|1 − 4m2/q2|.

6.2 Integrals with one baryon propagator and one meson
propagator

i
∫

ddl λ4−d

(2π)d

[1, lα, lαlβ ]
(l2 − m2 + iε)(ω + v · l + iε)

= [J0(ω), vα J1(ω), gαβ J2(ω) + vαvβ J3(ω)], (A4)

J0(ω) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

−ω

8π2

(
1 − ln

m2

λ2

)
+

√
ω2 − m2

4π2

(
arccosh

ω

m
− iπ

)
+ 4ωL(λ) (ω > m)

−ω

8π2

(
1 − ln

m2

λ2

)
+

√
m2 − ω2

4π2 arccos
−ω

m
+ 4ωL(λ) (ω2 < m2)

−ω

8π2

(
1 − ln

m2

λ2

)
−

√
ω2 − m2

4π2 arccosh
−ω

m
+ 4ωL(λ) (ω < −m)

(A5)

J1(ω) = −ωJ0(ω) + � (A6)

J2(ω) = 1

d − 1
[(m2 − ω2)J0(ω) + ω�] (A7)

J3(ω) = −ωJ1(ω) − J2(ω) (A8)

6.3 Integrals with two baryon propagators and one meson
propagator

i
∫

ddl λ4−d

(2π)d

[1, lα, lαlβ ]
(l2 − m2 + iε)(v · l + iε)(ω + v · l + iε)

= [�0(ω), vα�1(ω), gαβ�2(ω) + vαvβ�3(ω)] ω = 0

(A9)

�i (ω) = 1

ω
[Ji (0) − Ji (ω)] (A10)

i
∫

ddl λ4−d

(2π)d

[1, lα, lαlβ ]
(l2 − m2 + iε)(ω + v · l + iε)2

= −
[

∂

∂ω
J0(ω), vα

∂

∂ω
J1(ω), gαβ

∂

∂ω
J2(ω) + vαvβ

∂

∂ω
J3(ω)

]

(A11)
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6.4 Integrals with one baryon propagator and two meson
propagators

i
∫

ddl λ4−d

(2π)d

[1, lα, lαlβ, lνlαlβ ]
(l2 − m2 + iε)((l + q)2 − m2 + iε)(ω + v · l + iε)

= [L0(ω), Lα, Lαβ, Lναβ ], β = ω − v · q

L0(ω) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

1

8π2v · q

{
1

2

[(
arccosh

β

m

)2

−
(

arccosh
ω

m

)2
]

− iπ ln

√
β2 − m2 + β√
ω2 − m2 + ω

}
(β > m)

1

16π2v · q

[(
arccos

−ω

m

)2

−
(

arccos
−β

m

)2
]

(β2 < m2)

1

16π2v · q

[(
arccosh

−β

m

)2

−
(

arccosh
−ω

m

)2
]

(β < −m)

. (A12)

Lα = nI
1qα + nI

2vα (A13)

Lαβ = nII
1gαβ + nII

2qαqβ + nII
3vαvβ + nII

4vαqβ + nII
5qαvβ

(A14)

Lναβ = nIII
1 qνqαqβ + nIII

2 qνqαvβ

+ nIII
3 qνqβvα + nIII

4 qαqβvν + nIII
5 qνgαβ

+ nIII
6 qβgνα + nIII

7 qαgνβ + nIII
8 qνvαvβ

+ nIII
9 qαvνvβ + nIII

10qβvνvα

+ nIII
11gνβvα + nIII

12gναvβ + nIII
13gαβvν + nIII

14vνvαvβ

(A15)

6.5 Explicit expressions of the scalar functions

nI
1 = 2(v · q)I0 − 2(v · q)L0ω + J0(β) − J0(ω)

2(v · q)2

nI
2 = −J0(β) + J0(ω)

2(v · q)

nII
1 = L0m22(v · q) + [2(v · q) + β − 2ω]J0(β) + ωJ0(ω)

(2(d − 2))(v · q)

nII
2 = 1

2(d − 2)(v · q)3 [(v · q)

(
2
(
L0

(
(d − 2)ω2 + m2) − I0(d − 2)ω

)
−I0(d − 2)(v · q))

+ J0(β)(2(v · q) + (d − 1)(β − 2ω))

− (ω − dω)J0(ω)]
nII

3 = −ωJ0(ω) + β J0(β)

2(v · q)

nII
4,5 = J0(β)(β − βd + dω − 2(v · q)) − 2(v · q)L0m2 − ωJ0(ω)

2(d − 2)(v · q)2

nIII
1 = 1

2(d − 2)(d − 1)(v · q)4[−βd2� + d2�ω + 2I3d
2(v · q)3

+ I0d
2(v · q)2ω − 2d2(v · q)L0ω

3

+ J0(β)
(
3βω + β2d2 − 3βd2ω + 3d2ω2

+β2d − 6(d − 1)(v · q)2 + (2d − 4)m2 − 3dω2)

+ 2I0d
2(v · q)ω2 − J0(ω)(

(2d − 4)m2 + (
d2 − 2d + 3

)
ω2)

−βd� + d�ω − 6I3d(v · q)3

− 3I0d(v · q)2ω − 2d�(v · q) − 6d(v · q)L0m
2ω

+ 6d(v · q)L0ω
3 + 2I0d(v · q)m2 − 6I0d(v · q)ω2

+ 4I3(v · q)3 + 2I0(v · q)2ω − 2�(v · q)

− 6(v · q)L0m
2ω − 4(v · q)L0ω

3 − 10I0(v · q)m2

+ 4I0(v · q)ω2]

nIII
2,3,4 = 1

2(d − 2)(d − 1)(v · q)3 [−J0(β)

[
4βω + β2d2 − 2βd2ω + d2ω2

+β2d − 2βdω

− 4(d − 1)(v · q)2 + 2β(d − 1)(v · q) + (2d − 4)m2

+ dω2 − 2ω2] + βd2� − d2�ω

+ 2J0(ω)
(
ω2 + (d − 2)m2) + βd�

− d�ω + 3d�(v · q)

+ 4d(v · q)L0m
2ω − 2I0d(v · q)m2

− 4(v · q)L0m
2ω + 8I0(v · q)m2]

nIII
5,6,7 = 1

2(d − 2)(d − 1)(v · q)2 [J0(β)

(
3βω + β2d − 3βdω − 2(d − 1)(v · q)2

+ (d − 2)m2 + 2dω2 − 2ω2)
−βd� + d�ω − 2d(v · q)L0m

2ω

+ 2I0d(v · q)m2 − J0(ω)
(
(d − 2)m2 + ω2)

− 2�(v · q) + 2(v · q)L0m
2ω − 6I0(v · q)m2]

nIII
8,9,10 = 1

2(d − 2)(d − 1)(v · q)2 [J0(β)

(
β
(
d2(β − ω) + 4(d − 1)(v · q) − dω + 2ω

)
+ (d − 2)m2)
�
(
d2(ω − β) − 4(d − 1)(v · q)

) − J0(ω)(d − 2)(
m2 − ω2)]
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nIII
11,12,13 = 1

2(d − 2)(d − 1)(v · q)
[−J0(β)

(
β(βd + 2(d − 1)(v · q) − 2dω + 2ω) + (d − 2)m2)

�(d(β − ω) + 2(d − 1)(v · q)) + J0(ω)(d − 2)(
m2 − ω2)]

nIII
14 = 1

2(d − 1)(v · q)
[d�(β − ω) + J0(β)

(
m2 − β2d

) + J0(ω)
(
dω2 − m2)]

Coefficients of the loop corrections

In this appendix, we collect the explicit formulae for the
chiral expansion of the decuplet to octet baryon magnetic
moments at O(p2) in Table 7 and O(p3) in Tables 8, 9, 10,
11 and 12, respectively.

Table 7 The coefficients of the loop corrections to the decuplet to octet
baryon transition magnetic moments from Figs. 2(a) and 2(b). The sub-
scripts “T ” and “N ” denote the decuplet and octet baryon within the
loop while the superscripts denote the pseudoscalar meson. What calls
for special attention is that the pion loop coefficients of ∗0 → 0γ

channel are zero. The reason is that the pion loop contributions from
different intermediate states cancel each other. In other words, the pion
loop contributions with the intermediate baryons ∗+ and ∗−, +
and − cancel each other due to the exact SU(2) flavor symmetry

Process βπ
T βK

T βπ
N βK

N

�+ → pγ 10
√

3
9

2
√

3
9 − 2

√
3

3 (D + F) − 2
√

3
3 (D − F)

�0 → nγ 10
√

3
9

2
√

3
9 − 2

√
3

3 (D + F) − 2
√

3
3 (D − F)

∗+ → +γ − 2
√

3
9 − 10

√
3

9
2
√

3
3 (D − F) 2

√
3

3 (D + F)

∗0 → 0γ 0 2
√

3
3 0 − 2

√
3

3 D

∗0 → �γ − 4
3 − 2

3
4D
3

2
3 D

∗− → −γ − 2
√

3
9

2
√

3
9

2
√

3
3 (D − F) − 2

√
3

3 (D − F)

�∗0 → �0γ − 2
√

3
9 − 10

√
3

9
2
√

3
3 (D − F) 2

√
3

3 (D + F)

�∗− → �−γ − 2
√

3
9

2
√

3
9

2
√

3
3 (D − F) − 2

√
3

3 (D − F)

Table 8 The coefficients of the loop corrections to the decuplet to octet baryon transition magnetic moments from Figs. 2(c) and 2(d)

Process γ π
c γ K

c γ
η
c γ π

d γ K
d γ

η
d

�+ → pγ 2√
3

1√
3

0 − 4
√

3
3 (g̃t1 + g̃t2) − 2

√
3

3 g̃t1 0

�0 → nγ 2√
3

1√
3

0 − 4
√

3
3 (g̃t1 + g̃t2) − 2

√
3

3 g̃t1 0

∗+ → +γ − 1√
3

− 2√
3

0 2
√

3
3 g̃t1

4
√

3
3 g̃t1 + 4

√
3

3 g̃t2 0

∗0 → 0γ 0
√

3
2 0 0 −√

3g̃t1 − 2
√

3
3 g̃t2 0

∗0 → �γ − 1 − 1
2 0 2g̃t1 + 4

3 g̃t2 g̃t1 + 4
3 g̃t2 0

∗− → −γ − 1√
3

1√
3

0 2
√

3
3 g̃t1 − 2

√
3

3 g̃t1 0

�∗0 → �0γ − 1√
3

− 2√
3

0 2
√

3
3 g̃t1

4
√

3
3 g̃t1 + 4

√
3

3 g̃t2 0

�∗− → �−γ − 1√
3

1√
3

0 2
√

3
3 g̃t1 − 2

√
3

3 g̃t1 0
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Table 9 The coefficients of the loop corrections to the decuplet to octet baryon transition magnetic moments from Figs. 2(e) and 2(f)

Process γ π
aT γ K

aT γ
η
aT γ π

aN γ K
aN γ

η
aN

�+ → pγ 10
√

3
9 b 2

√
3

9 b 0 − 2√
3
(b6

D + b6
F )(D + F) − 2

3
√

3
[b6

D(D + 3F) + 3b6
F (D − F)] 0

�0 → nγ 10
√

3
9 b 2

√
3

9 b 0 − 2√
3
(b6

D + b6
F )(D + F) − 2

3
√

3
[b6

D(D + 3F) + 3b6
F (D − F)] 0

∗+ → +γ 2
√

3
9 b −14

√
3

9 b 0 2
3
√

3
(2b6

D + 3b6
F )F 2

3
√

3
[b6

D(3D + F) + 3b6
F (D − F)] 2

3
√

3
(b6

D + 3b6
F )D

∗0 → 0γ 0 2
√

3
3 b 0 − 2

3
√

3
b6
D(D + 2F) − 2

3
√

3
(b6

DF + 3b6
F D) − 2

3
√

3
b6
DD

∗0 → �γ − 4
3b − 2

3b 0 4
3b

6
F D 2b6

DF + 2
3b

6
F D

2
3b

6
DD

∗− → −γ 2
√

3
9 b − 2

√
3

9 b 0 1
3
√

3
[6b6

F F − 4b6
D(D + F)] 1

3
√

3
[b6

D(6D − 2F) − 6b6
F (D + F)] 2√

3
(− 1

3b
6
D + b6

F )D

�∗0 → �0γ −
√

6
9 b − 10

√
3

9 b 0 2√
3
b6
F (D − F) 1√

3
(b6

D + 2b6
F )(D + F) 2

3
√

3
b6
D(D + 3F)

�∗− → �−γ
√

3
9 b 2

√
3

9 b −
√

3
3 b − 1√

3
(b6

D + b6
F )(D − F) 1

3
√

3
[−b6

D(D + 9F) + 6b6
F (D + F)] 1

3
√

3
(b6

D − 3b6
F )(D + 3F)

Table 10 The coefficients of the loop corrections to the decuplet to octet baryon transition magnetic moments from Figs. 2(g) and 2(h)

Process γ π
aT N γ K

aT N γ
η
aT N γ π

aNT γ K
aNT γ

η
aNT

�+ → pγ 10
3
√

3
(D + F) 8

3
√

3
F − 2

3
√

3
(D − 3F) 4

3
√

3
2

3
√

3
0

�0 → nγ 10
3
√

3
(D + F) 8

3
√

3
F − 2

3
√

3
(D − 3F) 4

3
√

3
2

3
√

3
0

∗+ → +γ − 4
3
√

3
(D + 3F) − 4

3
√

3
(D + 3F) 0 0 0 − 2√

3

∗0 → 0γ 8
3
√

3
F 4

3
√

3
(D + F) 0 2

3
√

3
− 2

3
√

3
1√
3

∗0 → �γ − 8
9 D − 4

9 (D + 9F) 0 − 1
3 − 2

3 0

∗− → −γ − 4
3
√

3
(D − F) 4

3
√

3
(D − F) 0 4

3
√

3
− 4

3
√

3
0

�∗0 → �0γ 2
3
√

3
(D − F) − 8

3
√

3
(D + 2F) 2

3
√

3
(D + 3F) − 2

3
√

3
2

3
√

3
− 2√

3

�∗− → �−γ − 4
3
√

3
(D − F) 4

3
√

3
(D − F) 0 4

3
√

3
− 4

3
√

3
0

Table 11 The coefficients of the loop corrections to the decuplet to octet baryon transition magnetic moments from Figs. 2(m) and 2(n)

Baryons γ π
f T 10 γ K

f T 10 γ
η
f T 10 γ π

f T 8 γ K
f T 8 γ

η
f T 8

�+ 5
3

2
3

1
3 2 2 0

�0 5
3

2
3

1
3 2 2 0

�− 5
3

2
3

1
3 2 2 0

∗+ 8
9

16
9 0 5

3
4
3 1

∗0 8
9

16
9 0 5

3
4
3 1

∗− 8
9

16
9 0 5

3
4
3 1

�∗0 1
3 2 1

3 1 2 1

�∗− 1
3 2 1

3 1 2 1
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Table 12 The coefficients of the loop corrections to the decuplet to octet baryon transition magnetic moments from Figs. 2(o) and 2(p)

Baryons γ π
fN8 γ K

fN8 γ
η
fN8 γ π

fN10 γ K
fN10 γ

η
fN10

p 3(D + F)2 10
3 D2 − 4DF + 6F2 1

3 (D − 3F)2 4 1 0

n 3(D + F)2 10
3 D2 − 4DF + 6F2 1

3 (D − 3F)2 4 1 0

+ 4
3 D

2 + 8F2 4(D2 + F2) 4
3 D

2 2
3

10
3 1

0 4
3 D

2 + 8F2 4(D2 + F2) 4
3 D

2 2
3

10
3 1

� 4D2 4
3 (D2 + 9F2) 4

3 D
2 3 2 0

− 4
3 D

2 + 8F2 4(D2 + F2) 4
3 D

2 2
3

10
3 1

�0 3(D − F)2 10
3 D2 + 4DF + 6F2 1

3 (D + 3F)2 1 3 1

�− 3(D − F)2 10
3 D2 + 4DF + 6F2 1

3 (D + 3F)2 1 3 1

Appendix C: Transition amplitudes and decay width

We collect the M1 and E2 amplitudes and decay width of the
decuplet to octet baryon transitions in this appendix (Tables
13, 14).

Appendix D: Transition magnetic moments in quark
model

We collect the decuplet to octet baryon transition magnetic
moments in quark model in this appendix. The transition
moments are obtained by sandwiching Eq. (D1) between the
decuplet and octet baryon states.

Table 13 M1 and E2 amplitudes and decay width of the decuplet to octet baryons in fit A

Process(fit A) fM1/GeV− 1
2 fE2/GeV− 1

2 Decay width �/MeV

� → Nγ − 0.317 + 0.024i 0.008 + 0.018i 0.73

∗+ → +γ 0.246 − 0.022i − 0.003 − 0.002i 0.25

∗0 → 0γ − 0.129 + 0.010i 0.001 0.07

∗0 → �γ 0.255 + 0.012i − 0.005 − 0.009i 0.43

∗− → −γ − 0.012 − 0.002i − 0.001 − 0.002i 5.79 × 10−4

�∗0 → �0γ 0.282 + 0.023i − 0.003 − 0.002i 0.41

�∗− → �−γ 0.010 + 0.002i − 0.001 − 0.002i 5.25 × 10−4

Table 14 M1 and E2 amplitudes and decay width of the decuplet to octet baryons in fit B. All the experimental values are from PDG [32]

Process(fit B) fM1/GeV− 1
2 fE2/GeV− 1

2 Decay width �/MeV �exp/MeV

� → Nγ −0.321 + 0.024i 0.008 + 0.018i 0.75 0.70

∗+ → +γ 0.244 − 0.022i −0.003 − 0.002i 0.25 0.25

∗0 → 0γ −0.128 + 0.010i 0.001 0.07 —

∗0 → �γ 0.249 + 0.012i −0.005 − 0.009i 0.42 0.45

∗− → −γ −0.012 − 0.002i −0.001 − 0.002i 6.39 × 10−4 < 9.36 × 10−3

�∗0 → �0γ 0.236 + 0.023i −0.003 − 0.002i 0.29 < 0.38

�∗− → �−γ 0.010 + 0.002i −0.001 − 0.002i 5.25 × 10−4 < 0.38
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Table 15 Decuplet to octet baryon transition magnetic moments in
quark model

Process Expressions

� → Nγ 2
√

2
3 (μd − μu)

∗+ → +γ 2
√

2
3 (μu − μs)

∗0 → 0γ
√

2
3 (−μu − μd + 2μs)

∗0 → �γ
√

6
3 (μu − μd )

∗− → −γ 2
√

2
3 (μs − μd )

�∗0 → �0γ 2
√

2
3 (μu − μs)

�∗− → �−γ 2
√

2
3 (μd − μs)

−→μ =
∑
i

μi

−→
σ i , (D1)

where

μi = ei
2mi

, i = u, d, s. (D2)

The expressions for the decuplet to octet baryon transition
magnetic moments are given in Table 15.
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