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Data: BESIII/2008/2012/2016/2017/2019/2020/ & PDG

Theoretical estimates

Carimalo, 1987 constituent quarks, non-relativistic nucleon WF

Murgia, Melis, 1995 constituent quark mass               

 & the LT factorisation formula

mi = ximN

↵N = 0.70
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Largest amount of papers are dedicated to Br’s and constrains of baryon DAs 

Table 1: The experimental data for decays J/ ! BB̄. The values of the branching ratios are taken

from PDG [?].

B Br[J/ ! BB̄]⇥ 10
3 ↵B �B =

|Gg
E+GE |

|Gg
M+GM |

p 2.12(3) 0.59(1) 0.83
n 2.1(2) 0.50(4) 0.95
⇤ 1.89(9) 0.47(3) 0.83
⌃

0
1.17(3) �0.45(2) 2.11

⌃
+

1.5(3) �0.51(2) 2.27
⌅
+

0.97(8) 0.58(4) 0.61
⌅
0

1.17(3) 0.66(3) 0.53
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Theory:  NRQCD + QCD collinear factorisation 
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Light-cone Distribution Amplitude  describes how the long. momentum 

is shared between the constituents 

p
p1

p2

p3

Long distance physics associated with the nucleon WFs

pi = xi p+ p?i p?i ⇠ ⇤

Baryon Light-Cone Distribution Amplitudes
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Defined as a light-cone matrix element

non-perturbative moments, m.e.’s of local operators
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twist 3

twist 4

chiral

odd

chiral

even

Braun et al, 2000, 2008, 2013
Manashov, Anikin 2013

 Shäfer, Wein 2015

Anikin 2015

Baryon Light-Cone DAs:  3-quark operators only

twist 5
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quark-gluon moments contribute starting from 

and therefore can be neglected

Models: first few term of the conformal expansion:

Baryon Light-Cone DAs

Twist-3

Twist-4
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Baryon Light-Cone DAs What do we know about the moments?

QCD Sum Rules: twist-3,4 moments

QCD Light-Cone SR: twist-3,4 moments

Lattice: twist-3,4 moments

relations in the SU(3)f limit + data fit

Chernyak et al, 1989
Braun  et al, 2000

Anikin  et al, 2013

Bali  et al, 2019

(data fit, ABOI model for N)

Therefore the measured value �B also depends on the interference with e.m. amplitude.
At present time the time-like baryon FFs are not well known. The best data for the proton
can be found in Refs. [28]. For other baryons one can only find the data for the e↵ective FF
obtained from the analysis of the e.m. cross section under assumption GB

e↵ = |GB
M | = |GB

E |, see
Refs. [26, 27, 29–33]. Therefore a calculation of RB

em can not be done without assumptions. In
the following we assume that 0 ⌧ cos'M,E < 14. The value of |Gp

M | we take from Ref. [28],
the maximal value |Gp

E | is taken to be |Gp
E |  3.29⇥ 10�2 as it follows from Ref. [28]. In other

cases we assume that |GB
M | ⇡ GB

e↵. Then the value of cos'M can be estimated from the data
for width (161), in which the experimental value for �B is used. An estimate of GB

E is the
most challenging point. We assume that
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e↵, where the numerical coe�cient 1.5
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Therefore, assuming the estimate

0 <
��GB

E

�� cos'E  1.5GB
e↵, (170)

we obtain an interval, which is used for a calculation of RB
em.

Taking into account the various ambiguities in the value of the width and assumptions, which
are made about the e.m. FF’s, we will not perform a rigorous numerical analysis of the data,
which implies a systematic fit and estimate of the ambiguities. Such analysis can not provide
us reliable result due to large uncertainties in the background. Therefore we simply show the
obtained numerical estimates and provide a qualitative discussion.

Now let us describe the non-perturbative input, which is used for calculation of the hadronic
amplitudes. Remind that we consider three-quark DAs only. The values of baryon DA parame-
ters are summarised in Table 1.

Table 1: The parameters, which define the twist-3 and twist-4 models of the baryon DAs (upper
and bottom tables, respectively). All values are given at the scale µ2 = 1.5 GeV2.

B fB, GeV2 �10 �11 �20 �21 �22 fB
? , GeV2 ⇡B

10 ⇡B
11

N 4.94⇥ 10�3 0.051 0.051 0.078 �0.028 0.179 � � �

⇤ 5.60⇥ 10�3 0.120 0.048 0 0 0 � 0.042 �

⌃ 4.71⇥ 10�3 0.021 0.047 0 0 0 4.61⇥ 10�3
� �0.022

⌅ 4.94⇥ 10�3 0.078 �0.003 0 0 0 4.83⇥ 10�3
� 0.093

B �B
1 , GeV2 ⌘B10 ⌘B11 �B

?, GeV2 ⇣B10 ⇣B11 �2, GeV2 ⇠10
N �28⇥ 10�3

�0.040 0.163 � � 0.127 53⇥ 10�3 -0.27
⇤ �39⇥ 10�3

�0.040 0.147 �49⇥ 10�3
�0.040 � 92⇥ 10�3

�

⌃ �43⇥ 10�3
�0.051 0.262 � � 0.262 93⇥ 10�3

�0.169
⌅ �46⇥ 10�3

�0.040 0.147 � � 0.147 92.6⇥ 10�3
�0.27

The parameters of nucleon chiral-odd DAs correspond to the model ABOI from Ref. [22]. The
chiral even moments �2 and ⇠10 have been estimated in Ref. [20] using the sum rule approach.

4The small value cos'M,E ' 0 implies that GM,E dominates by imaginary part. We assume that such a
scenario is unlikely.
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Hard kernels
Power corrections: 

contributions with  derivatives with respect to ⊥ components of quark momenta:
<latexit sha1_base64="2CUX1DCXr5c2npuTVnDQQGV270g="></latexit>

ki = xik + k?i

<latexit sha1_base64="zD/gQLWzlXh2fYAw+Ff6hSLCGws="></latexit>

k0i = yik
0 + k0?i

Figure 2: The diagram, which illustrates the choice of external momenta for the light quarks .

The derived projectors depend on the auxiliary DAs, which are defined in Sec.2.2.
The twist-4 projectors have already been derived in Ref. [18]. The chiral-even projection

reads

[Ptw4(xi)]123|even =
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4
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The chiral-odd projection reads

[Ptw4(xi)]123|odd =
mB

4
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B
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. (C.9)

In these formulas we assume that derivatives are applied to expressions to the right side, i.e. the
derivatives are not applied to the momenta from the left side and therefore such momenta can
be simplified neglecting the power suppressed components. For a convenience, we also show the
Dirac matrices in the square brackets: [/k], [/k�↵?] etc.

30
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i,j=1,2
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A(xi) +B(xi)
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+ C(xi)

@

@k?i

@
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�

this usually produces the singular terms           and often yields IR-
divergencies, that usually indicates about a violation of the collinear 
factorization 

<latexit sha1_base64="ryH0EMbkeDjrKbxr/vMHmk0s0T0="></latexit>

⇠ 1/xn
i

however a soft gluon emission is suppressed by power of the small heavy quark 
velocity v and therefore such region is subleading, hence factorization holds and 
for the power corrections associated with higher twist baryon DAs

a separation of the 3-quark and 3-quark+gluon contributions for the  twist-5 matrix 
elements,  is not simple and, probably, not unique more details in the paper

NK, 2021 (in preparation)



Amplitudes analytical expressions are not complicated but somewhat lengthy, 
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Di = xi(1� yi) + (1� xi)yi
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{. . . } = (A1 � V1) (x123)�3(x213) x1(x2(y2 � y3)� ȳ1y2)
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+(A1 + V1) (x123)�3(y123)x2(x2 � y2)(y1 � y3)
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tw.4 tw.3
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V1 ,A1 , T21 � T41 convenient  auxiliary tw.4 DAs
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V1(xi) ⇠ (x1x2x3)⇥ polynomials in xi
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 Nucleon amplitude:



Phenomenological analysis
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M (NLP)

Gg
M (LP)
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Therefore the measured value �B also depends on the interference with e.m. amplitude.
At present time the time-like baryon FFs are not well known. The best data for the proton
can be found in Refs. [28]. For other baryons one can only find the data for the e↵ective FF
obtained from the analysis of the e.m. cross section under assumption GB

e↵ = |GB
M | = |GB

E |, see
Refs. [26, 27, 29–33]. Therefore a calculation of RB

em can not be done without assumptions. In
the following we assume that 0 ⌧ cos'M,E < 14. The value of |Gp

M | we take from Ref. [28],
the maximal value |Gp

E | is taken to be |Gp
E |  3.29⇥ 10�2 as it follows from Ref. [28]. In other

cases we assume that |GB
M | ⇡ GB

e↵. Then the value of cos'M can be estimated from the data
for width (161), in which the experimental value for �B is used. An estimate of GB

E is the
most challenging point. We assume that

��GB
E

�� 1.5 GB
e↵, where the numerical coe�cient 1.5

is our conservative estimate. Numerically, the value ⇣2 |GE |
2 / |GE |

2 is quite small and can be
neglected, which yields
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�� cos'M + ⇣2
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Therefore, assuming the estimate

0 <
��GB

E

�� cos'E  1.5GB
e↵, (170)

we obtain an interval, which is used for a calculation of RB
em.

Taking into account the various ambiguities in the value of the width and assumptions, which
are made about the e.m. FF’s, we will not perform a rigorous numerical analysis of the data,
which implies a systematic fit and estimate of the ambiguities. Such analysis can not provide
us reliable result due to large uncertainties in the background. Therefore we simply show the
obtained numerical estimates and provide a qualitative discussion.

Now let us describe the non-perturbative input, which is used for calculation of the hadronic
amplitudes. Remind that we consider three-quark DAs only. The values of baryon DA parame-
ters are summarised in Table 1.

Table 1: The parameters, which define the twist-3 and twist-4 models of the baryon DAs (upper
and bottom tables, respectively). All values are given at the scale µ2 = 1.5 GeV2.

B fB, GeV2 �10 �11 �20 �21 �22 fB
? , GeV2 ⇡B

10 ⇡B
11

N 4.94⇥ 10�3 0.051 0.051 0.078 �0.028 0.179 � � �

⇤ 5.60⇥ 10�3 0.120 0.048 0 0 0 � 0.042 �

⌃ 4.71⇥ 10�3 0.021 0.047 0 0 0 4.61⇥ 10�3
� �0.022

⌅ 4.94⇥ 10�3 0.078 �0.003 0 0 0 4.83⇥ 10�3
� 0.093

B �B
1 , GeV2 ⌘B10 ⌘B11 �B

?, GeV2 ⇣B10 ⇣B11 �2, GeV2 ⇠10
N �28⇥ 10�3

�0.040 0.163 � � 0.127 53⇥ 10�3 -0.27
⇤ �39⇥ 10�3

�0.040 0.147 �49⇥ 10�3
�0.040 � 92⇥ 10�3

�

⌃ �43⇥ 10�3
�0.051 0.262 � � 0.262 93⇥ 10�3

�0.169
⌅ �46⇥ 10�3

�0.040 0.147 � � 0.147 92.6⇥ 10�3
�0.27

The parameters of nucleon chiral-odd DAs correspond to the model ABOI from Ref. [22]. The
chiral even moments �2 and ⇠10 have been estimated in Ref. [20] using the sum rule approach.

4The small value cos'M,E ' 0 implies that GM,E dominates by imaginary part. We assume that such a
scenario is unlikely.
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Table 2: The obtained numerical results for the branching ratios and �B in comparison with the
experimental data. The values of the electromagnetic FF’s |GB

M | and the branching rations are
given in units of 10�2 and 10�3, respectively. For more explanations see discussion in the text.

|GB
M | cos�M Br[J/ ! BB̄] Br[data] �B �B[data]

p 3.47 0.45 2.13 2.12(3) 0.67+0.16
�0.08 0.83(2)

n 2.10 0.65 2.10 2.09(2) 0.67+0.13
�0.06 0.95(6)

⇤ 2.29 0.50 1.71 1.89(9) 0.67+0.17
�0.06 0.83(4)

⌃0

2.00 0.50 1.23
1.17(3)

1.75+0.10
�0.19

2.11(5)
⌃+ 1.50(3) 2.27(5)
⌅+

1.60 0.50 1.14
0.97(8)

0.47+0.11
�0.003

0.61(5)
⌅0 1.16(44) 0.66(3)

the collinear factorisation approach. In this work we perform an analysis of some additional
contributions, that allows us to estimate certain theoretical uncertainties.

The next-to-leading power correction to the amplitude, which is described by twist-4 and
twist-5 three-quark baryon DAs is obtained and discussed for the first time. It is shown that
this contribution is well defined and therefore this allows one to study e↵ects provided by the
higher twist corrections in a more systematic way.

In the present analysis we also take into account the interference with the electromagnetic
amplitudes, which depends on the time-like baryon form factors. Unfortunately these values
are little known due to the lack of experimental information. Therefore, an estimation of their
numerical impact can only be made under certain assumptions.

The existing experimental data for decays J/ ! BB̄ are su�ciently accurate and provide
an interesting information about two observables: branching fractions and angular distribution
coe�cients ↵B. The value of ↵B is determined by the ratio of the absolute values of two
independent decay amplitudes, which carry a complete information on the decay dynamics.
This relationship of the amplitudes is especially interesting because it is free of many theoretical
uncertainties, that are significant, for example, for the branching fractions. Therefore it provides
an attractive opportunity to extract information about baryon distribution amplitudes.

One of main goal of the given phenomenological analysis is to verify that the current data
can be described within the factorisation framework. In order to constrain the non-perturbative
baryon DAs we use the results for the moments obtained in the framework of QCD sum rules [5]
and from the lattice calculations [25]. Some of unknown moments have been estimated using
flavour SU(3)-symmetry and data. It is found that under some plausible assumptions about the
non-perturbative parameters the data can be described within the 10%� 20% accuracy.

It is obtained the power correction is not too large. The maximal numerical e↵ect, giving
the correction about 30%, is obtained for ⌅ -baryon. For other states this e↵ect is about factor
three less. But this result is sensitive to the models of baryon DAs. The values of the branching
fractions are very sensitive to the normalisation and we use relatively low normalisation µ =
1.5 GeV2, which provides a reliable description. The values of the branching fractions are also
quite sensitive to the baryon couplings fB. In the present consideration conclusions about their
values is practically unchanged in comparison with analysis of Ref. [19].

The ratio of the amplitudes is quite sensitive to the interference with the electromagnetic
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normalization 

Therefore the measured value �B also depends on the interference with e.m. amplitude.
At present time the time-like baryon FFs are not well known. The best data for the proton
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Therefore, assuming the estimate

0 <
��GB

E

�� cos'E  1.5GB
e↵, (170)

we obtain an interval, which is used for a calculation of RB
em.

Taking into account the various ambiguities in the value of the width and assumptions, which
are made about the e.m. FF’s, we will not perform a rigorous numerical analysis of the data,
which implies a systematic fit and estimate of the ambiguities. Such analysis can not provide
us reliable result due to large uncertainties in the background. Therefore we simply show the
obtained numerical estimates and provide a qualitative discussion.

Now let us describe the non-perturbative input, which is used for calculation of the hadronic
amplitudes. Remind that we consider three-quark DAs only. The values of baryon DA parame-
ters are summarised in Table 1.

Table 1: The parameters, which define the twist-3 and twist-4 models of the baryon DAs (upper
and bottom tables, respectively). All values are given at the scale µ2 = 1.5 GeV2.

B fB, GeV2 �10 �11 �20 �21 �22 fB
? , GeV2 ⇡B

10 ⇡B
11

N 4.94⇥ 10�3 0.051 0.051 0.078 �0.028 0.179 � � �

⇤ 5.60⇥ 10�3 0.120 0.048 0 0 0 � 0.042 �

⌃ 4.71⇥ 10�3 0.021 0.047 0 0 0 4.61⇥ 10�3
� �0.022

⌅ 4.94⇥ 10�3 0.078 �0.003 0 0 0 4.83⇥ 10�3
� 0.093

B �B
1 , GeV2 ⌘B10 ⌘B11 �B

?, GeV2 ⇣B10 ⇣B11 �2, GeV2 ⇠10
N �28⇥ 10�3

�0.040 0.163 � � 0.127 53⇥ 10�3 -0.27
⇤ �39⇥ 10�3

�0.040 0.147 �49⇥ 10�3
�0.040 � 92⇥ 10�3

�

⌃ �43⇥ 10�3
�0.051 0.262 � � 0.262 93⇥ 10�3

�0.169
⌅ �46⇥ 10�3

�0.040 0.147 � � 0.147 92.6⇥ 10�3
�0.27

The parameters of nucleon chiral-odd DAs correspond to the model ABOI from Ref. [22]. The
chiral even moments �2 and ⇠10 have been estimated in Ref. [20] using the sum rule approach.

4The small value cos'M,E ' 0 implies that GM,E dominates by imaginary part. We assume that such a
scenario is unlikely.

19

Some twist-3 moments for other baryons were estimated using QCD sum rules in Ref. [5],
di↵erent twist-3 and twist-4 moments are also computed on the lattice, see Ref. [25]. We use
these results as guidance. In particular, the values for the moments �B10,�

B
11, �

B
1 ,�

B
?, �

B
2 ,⇡

B
10 and

⇡B11 (B 6= N) are fixed according to Ref. [25].
For the nucleon coupling we take the sum rule estimate fN (1 GeV) = 5.0⇥ 10�3 GeV2.The

other twist-3 normalisation couplings fB are fixed from the data. The resulting values f⌃,⌅ and

f⌃,⌅
? are very close to the sum rule results from Ref. [5]. Only the value of f⇤ is about 17%
larger then one obtained in Ref. [5].

The values of the twist-4 moments ⌘B10, ⌘
B
11, ⇣

B
10, ⇣

B
11 are fixed from the data, assuming that

their values are not significantly di↵erent from the nucleon ones because of approximate SU(3)
symmetry.

In our calculation we use relatively low renormalisation scale µ2 = 1.5GeV2, which gives for
the strong coupling ↵s(µ2) = 0.35. The twist-4 DAs include terms with the quark masses, see
Eqs. (63)-(70). For these terms we set mu ⇡ md ⇡ 0, ms(µ2) = 105MeV. The value of J/ 
total width is taken from Ref. [36] �tot = 93 keV.

For the value R10(0) in Eq.(145) we use the estimate obtained for the Buchmuller-Tye
potential [37]

|R10(0)|
2
' 0.81GeV3, (171)

which implies for the value of charm quark mass mc = 1.48GeV.
One of the element of current analysis is the estimate of the power correction to the FF G

B
M ,

see Eq.(141). In the following Table we show the numerical e↵ect of these corrections

N ⇤ ⌃ ⌅
m2

B/M
2
 ⇥ 100% 9.2 13.0 14.8 18.1

�Anlo
1 /�Alo

1 ⇥ 100% �1.2 �8.5 �1.5 17.5
(172)

Hence we see that for the nucleon and ⌃ the power correction is dominated by the simple
kinematical e↵ect. For ⇤ and ⌅ the higher twist correction �Anlo

1 is already comparable with the
ratio m2

B/M
2
 . The obtained numerical e↵ect from the next-to-leading power correction varies

from 4.5% for ⇤ up to 35% for ⌅.
The numerical results for branching fractions and ratios �B are presented in Table 2. The

obtained values of �B includes error bars, which describe the interval due to the interference
with the electromagnetic FF’s through the coe�cient Rem, which was estimated as described
above. The given choice of the di↵erent parameters for baryon DAs allows one to describe
the data within the accuracy 10% � 20%, which is su�ciently reasonable taking into account
the leading-order approximation. In this case the strong violation of SU(3) symmetry is only
obtained for ⌃ channel, where the measured value of �⌃ is about factor 2�3 larger comparing to
other baryons. As a result this also leads to a relatively large value ⌘⌃11 in comparison with other
baryons. The large numerical value of �⌃, which follows from data in Refs. [11, 12], definitely
requires a better clean theoretical understanding. Can it be a result of certain specific final state
interaction of might be a consequence of a di↵erent intrinsic structure of the ⌃ as suggested in
this work remains unclear.

5 Conclusions

In conclusion, in this publication we further develop the analysis, which have been suggested
in Ref. [19]. The decay amplitudes J/ into baryon-antibaryon pairs are calculated within
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The numerical estimates are in agreement with the exp. data within 10-30% accuracy



Conclusions  
All decay amplitudes associated with the 3g annihilation, 

are computed within the QCD EFT framework.

The numerical ratios of hadronic amplitudes are in agreement with the exp. data 
within 10-30% accuracy

A description of the 𝛴-channels requires a strong SU(3) violation for parameters of 
twist-4 DAs

The interference of  hadronic amplitudes and  e.m. baryon FF’s is important.

The considered models for baryon DAs provide reliable description of Br’s for the 
relatively low norm. scale only 

The power corrections of order 𝛬2/mc2  are also computed (higher twist 3q DAs). 
They are about 4-15% for N/𝛬/𝛴 and 35% for 𝜩, that is not very large. 

Thanks!

Therefore the measured value �B also depends on the interference with e.m. amplitude.
At present time the time-like baryon FFs are not well known. The best data for the proton
can be found in Refs. [28]. For other baryons one can only find the data for the e↵ective FF
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we obtain an interval, which is used for a calculation of RB
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Taking into account the various ambiguities in the value of the width and assumptions, which
are made about the e.m. FF’s, we will not perform a rigorous numerical analysis of the data,
which implies a systematic fit and estimate of the ambiguities. Such analysis can not provide
us reliable result due to large uncertainties in the background. Therefore we simply show the
obtained numerical estimates and provide a qualitative discussion.

Now let us describe the non-perturbative input, which is used for calculation of the hadronic
amplitudes. Remind that we consider three-quark DAs only. The values of baryon DA parame-
ters are summarised in Table 1.

Table 1: The parameters, which define the twist-3 and twist-4 models of the baryon DAs (upper
and bottom tables, respectively). All values are given at the scale µ2 = 1.5 GeV2.

B fB, GeV2 �10 �11 �20 �21 �22 fB
? , GeV2 ⇡B

10 ⇡B
11

N 4.94⇥ 10�3 0.051 0.051 0.078 �0.028 0.179 � � �

⇤ 5.60⇥ 10�3 0.120 0.048 0 0 0 � 0.042 �

⌃ 4.71⇥ 10�3 0.021 0.047 0 0 0 4.61⇥ 10�3
� �0.022

⌅ 4.94⇥ 10�3 0.078 �0.003 0 0 0 4.83⇥ 10�3
� 0.093

B �B
1 , GeV2 ⌘B10 ⌘B11 �B

?, GeV2 ⇣B10 ⇣B11 �2, GeV2 ⇠10
N �28⇥ 10�3

�0.040 0.163 � � 0.127 53⇥ 10�3 -0.27
⇤ �39⇥ 10�3

�0.040 0.147 �49⇥ 10�3
�0.040 � 92⇥ 10�3

�

⌃ �43⇥ 10�3
�0.051 0.262 � � 0.262 93⇥ 10�3

�0.169
⌅ �46⇥ 10�3

�0.040 0.147 � � 0.147 92.6⇥ 10�3
�0.27

The parameters of nucleon chiral-odd DAs correspond to the model ABOI from Ref. [22]. The
chiral even moments �2 and ⇠10 have been estimated in Ref. [20] using the sum rule approach.

4The small value cos'M,E ' 0 implies that GM,E dominates by imaginary part. We assume that such a
scenario is unlikely.
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