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Outline

Motivation.

Interaction of NN̄ pairs produced in e+e− annihilation.

pp̄ interaction in the decays J/ψ → pp̄π0 and J/ψ → pp̄η.

pp̄ interaction in the decays J/ψ → pp̄ω, J/ψ → pp̄ρ and
J/ψ → pp̄γ.

Interaction of virtual NN̄ pairs in the decay J/ψ → γη′π+π−.
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Motivation

There are several optical potential models describing NN̄ interaction
at low energies.
The parameters of the models were obtained by fitting the
experimental data for scattering of unpolarized particles.
The predictions for some spin-dependent observables are essentially
different.

⇓
Idea

Try to include other available experimental data in fitting procedures.
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NN̄ production near the threshold

e−

e+

eµ

N̄

N

ελ

Possible states of NN̄ pair: 3S1 and 3D1, I = 0, 1

T Iλµ =
4πα

Q2
·GIs

{√
2uI1R(0)(eµ · ε∗λ)

+ uI2R(0) [(eµ · ε∗λ)− 3(p̂ · eµ)(p̂ · ε∗λ)]
}

GIM = GIs

[
uI1R(0) +

1√
2
uI2R(0)

]
,

2M

Q
GIE = GIs

[
uI1R(0)−

√
2uI2R(0)

]

σI =
2πβα2

Q2

∣∣∣GIs∣∣∣2 [∣∣∣uI1R(0)∣∣∣2 + ∣∣∣uI2R(0)∣∣∣2] — ”elastic” cross section

NN̄ contribution to the total hadronic cross section

σItot = − 2πα2

M2Q2

∣∣∣GIs∣∣∣2 Sp [ ImD(0, 0|E)

]
— ”total”

Valid also below the NN̄ threshold
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Simple potential model of NN̄ interaction

Only partial waves 3S1 and 3D1 are considered.
Long-range pion-exchange potential and short-range potential well.
Experimental data for NN̄ scattering (elastic, charge-exchange pp̄↔ nn̄ and
annihilation), pp̄ and nn̄ production in e+e− annihilation, ratio of electromagnetic
form factors of the proton |GpE/G

p
M | are taken into account.

Cross sections of e+e− → pp̄ and e+e− → nn̄ and the ratio |GpE/G
p
M |

●

●
● ●

● ● ●

●
●○

○
○ ○ ○

○
○
○ ○

◇
◇

◇

◇

◇
◇

◇

◇◇
◇

◇

1.90 1.95 2.00 2.05 2.10
0

500

1000

1500
●

●
●

●

●

1.9 2.0 2.1 2.2 2.3
0.0

0.5

1.0

1.5

Sergey Salnikov (BINP) Interaction of real and virtual NN̄ pairs in J/ψ decays 5



Simple potential model of NN̄ interaction

Only partial waves 3S1 and 3D1 are considered.
Long-range pion-exchange potential and short-range potential well.
Experimental data for NN̄ scattering (elastic, charge-exchange pp̄↔ nn̄ and
annihilation), pp̄ and nn̄ production in e+e− annihilation, ratio of electromagnetic
form factors of the proton |GpE/G

p
M | are taken into account.

Cross sections of e+e− → pp̄ and e+e− → nn̄ and the ratio |GpE/G
p
M |

●

●
● ●

● ● ●

●
●○

○
○ ○ ○

○
○
○ ○

◇
◇

◇

◇

◇
◇

◇

◇◇
◇

◇

1.90 1.95 2.00 2.05 2.10
0

500

1000

1500
●

●
●

●

●

1.9 2.0 2.1 2.2 2.3
0.0

0.5

1.0

1.5
Cross section of e+e− → 6π

●
●

●

●

●

●

● ●

●

●

●

● ●●
●●

●

●
●

●

○

○

○ ○
○

○

○

○
○

○
○

○

○ ○

○ ○

1.7 1.8 1.9 2.0 2.1
0

2

4

6

8

Sergey Salnikov (BINP) Interaction of real and virtual NN̄ pairs in J/ψ decays 5



Decays J/ψ → pp̄π0(η)

ε′λ

k

J/ψ

p̄

p

eλ

I = 1 → π0

I = 0 → η

3S1 − 3D1 states dominate near the threshold of pp̄
production, as in the case of e+e− → NN̄

T Iλλ′ =
GI

mJ/ψ

[k × ελ′ ]

(
eλuI1(0) +

uI2(0)√
2

[eλ − 3p̂(eλ · p̂)]
)

pp̄ invariant mass spectrum: dΓ

dM
=

G2
I pk

3

25 3π3m4
J/ψ

(∣∣∣uI1(0)∣∣∣2 + ∣∣∣uI2(0)∣∣∣2)

Angular distributions

dΓ

dMdΩp
=

1

4π

dΓ

dM

[
1 + γIP2(cosϑp)

]
,

dΓ

dMdΩpk
=

1

4π

dΓ

dM

[
1− 2γIP2(cosϑpk)

]

Anisotropy parameter: γI = 1

4

∣∣uI2(0)∣∣2 − 2
√
2Re

[
uI1(0)u

I∗
2 (0)

]
|uI1(0)|

2
+ |uI2(0)|

2
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Spectra of decays J/ψ → pp̄π0(η)
pp̄ invariant mass spectra in J/ψ decays
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Anisotropy parameters in J/ψ decays
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There are no experimental data for the angular distributions
in J/ψ decays near the threshold of pp̄ production
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Decays J/ψ → pp̄ω(ρ, γ)

ε′λ

k, eλ

J/ψ

p̄

p

I = 1 → ρ
I = 0 → ω

1S0 state dominates near the threshold of pp̄ production

T Iλλ′ =
GI

mJ/ψ

eλ [k × ελ′ ]ψIR(0)

dΓ

dM
=

G2
I pk

3

24 3π3m4
J/ψ

∣∣∣ψIR(0)∣∣∣2

Simple potential model

Only partial wave 1S0 is considered.
The potential is a sum of potentials of isoscalar and isovector exchange

V (r) = V0(r) + V1(r) (τ1 · τ2)

V0(r) = (U0 − iW0) θ (a0 − r)

V1(r) = (U1 − iW1) θ (a1 − r) + 3f2
π
e−mπr

3r
θ (r − a1)

Experimental data for NN̄ scattering (elastic, charge-exchange pp̄↔ nn̄ and
annihilation) and spectra of the J/ψ decays taken into account.

Sergey Salnikov (BINP) Interaction of real and virtual NN̄ pairs in J/ψ decays 8



Spectra of decays J/ψ → pp̄ω(ρ, γ)

pp̄ invariant mass spectra in J/ψ decays
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Decay J/ψ → γη′π+π−
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M. Ablikim, et al., Phys. Rev. Lett. 117 (2016) 42002
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Decay J/ψ → γη′π+π−

k

J/ψ

N

N̄

m
esons

dΓtot

dM
= −

G2
I k

3

24 3π3mpm4
J/ψ

ImDI (0, 0|E) =
dΓel
dM

+
dΓinel
dM

,

DI
(
r, r′|E

)
= −mpp

[
θ
(
r′ − r

)
ψIR(r)ψ

I
N (r′)+

θ
(
r − r′

)
ψIN (r)ψIR(r

′)
]

η′π+π− invariant mass spectrum
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A · dΓ
0
inel

dM︸ ︷︷ ︸
NN̄ contribution

+ B ·M + C︸ ︷︷ ︸
other contributions

A — probability of NN̄ → η′π+π−
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Conclusion

The idea: try to use all available experimental data to fit the
parameters of the models.
The pp̄ invariant mass spectra in the decays J/ψ → pp̄π0 and
J/ψ → pp̄η are described with the help of a simple potential model.
The predictions for the angular distributions in these decays are
obtained. The experimental measurement would be helpful.
The pp̄ invariant mass spectra in the decays J/ψ → pp̄ω, J/ψ → pp̄γ
and ψ(2S) → pp̄γ are described.
The peak in the spectrum of the decay J/ψ → γη′π+π− is described
by NN̄ interaction in the intermediate state.

Publications
V.F. Dmitriev, A.I. Milstein, and S.G. Salnikov, Phys. Rev. D 93 (2016) 034033.
V.F. Dmitriev, A.I. Milstein, and S.G. Salnikov, Phys. Lett. B. 760 (2016) 139.
A. I. Milstein, and S. G. Salnikov, Nucl. Phys. A. 966 (2017) 54.

Sergey Salnikov (BINP) Interaction of real and virtual NN̄ pairs in J/ψ decays 12



Thank you for attention



S = 1

Total, elastic and inelastic NN̄ contributions
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S = 0

Total, elastic and inelastic NN̄ contributions
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