Coupled-channel analysis of the near-
threshold ete— — NN cross sections
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Background: Experiment

The interest in the nucleon-antinucleon bound states has been lasting for decades. They
are analogs of the deuteron but with a vanishing baryon number.
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Background : Theory
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Background: efe” -» NN

Experiment:
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Near-threshold experimental data

BESIII Collaboration, Phys. Lett. B
817, 136328 (2021)

Fit range: [1.889, 1.988] GeV

Maximum kp: 0.30 GeV

SND Collaboration, Phys. At. Nucl. 87,
604 (2024).

Fit range: [1.880, 1.908] GeV

Maximum k,: 0.16 GeV
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Method: Coupled-channel NREFT

» Two channels: CHI1: pp CH2: nn

Including:

Coulomb interaction between p and p

» Two channel S-wave T matrix: two-potential formalism
X. Kong and F. Ravndal, Nucl. Phys. A665, 137 (2000).

T(E)z(Tc(E) 0) +(WC(E) O)Tsc(E) (WC(E) 0)

Strong interaction between N and N
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» Coulomb amplitude in CHI1: T.(E) = ™~ (F o 1 by =2, k= \/zup(E —2m,),
F > > P P > > P F > >
_ n X =apy/ky, a= 517
iz . . P [ . . P iz < i p
1 p
. .o . . 27TX F(l—ix))E
» Photon exchange in the initial/final states: W,(E) = (1—e—2nx FTi0
E. Braaten, E. Johnson, and H. Zhang, J. High Energy Phys. 02 (2018) 150.
P.-P. Shi, Z.-H. Zhang, F.-K. Guo, and Z. Yang, Phys. Rev. D 105, 034024 (2022). p 7



Method: Coupled-channel NREFT

» Coulomb-Strong scattering amplitude: Tg-(E) = Vg(A) + Vg(A)Ge(E, A)Tsc (E)

» Strong potential with only contact term:

LECs for I = 0,1 | | Electromagnetic and isospin-breaking correction

I I ) : : >-parameters:
Vg = l(CON +Cin +0em  Con — ClN) _ (a1 tia, by+i bz)~ ay,ay, by, by, ¢y

2 CON_CIN CON+C1N B b1+lb2 C1+ia2

Unitarity constrain:
a, < O, ImTl-l- <0

» Green’s function: G¢(E,A) = diag(Geiq, Geaz)

_ _HpA _aup (i A\ Hp
<D Gera(E,A) = —=—5 —— (lnaup YE) ——tep (E)
p

n = ﬂ =~
Geza(E, ) = 222 — 22 = T OO
€221 T2 2 kn = \/zfun(E - Zmn) :
1
kp(E) = 2au, [In(ix) + i Y(—ix)

J. Carbonell, G. Hupin, and S. Wycech, Eur. Phys. J. A 59, 259 (2023).
X.-K. Dong, F.-K. Guo, and B.-S. Zou, Phys. Rev. Lett. 126, 152001 (2021). 8




Method: Production amplitude and cross section

e*e” — pp

£ P e 14 p e 7 P

» pp production amplitude: M,; = Prp(A) X (1 + Ge11(A) X Tse1q + Rpyyp X Geaa (M) X Tsepp) X W

ete” - nn

» nn production amplitude: M,,; = Prp(A) X (R, + Ge11(A) X Tseqz + Rpyp X Geoz (A) X Tyn)

» Production sources: Prp(A)(pp), Prn(A)(ni), Ry, = Prn/Prp

. A o + — - —_— |Tép| 2 _ 2
» Production cross sections: olete™ — pp| = TonEZ[l] Prp (|J\/L‘pp /Prp| + bkg)
_ _ kn
oglete” - nn] = #lemPrpz(l]\/[nﬁ/PrpI2 + bkg)

O Fixed parameter: bkg = 0 <z from e*e™ — ppr® or ete™ — KK, n° and was subtracted

O 7 Free parameters: a,, a,, b1, b, ¢4, Pl‘pz; Rn/p 9



Result: Line shapes

» Two kinds of near-threshold line shapes of a[eTe™ — pp]
A € [2.0,2.6] GeV

Fit 1: one sharp cusp at the nn threshold
Fit 2: one bump between the two thresholds
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Result: Pole positions
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Result: with constraint from antiprotonic hydrogen
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For the ete™ -» NN process, using coupled-channel NREFT with isospin
breaking from the p-n mass difference and the Coulomb interactions between
p and p and fitting to the experimental data, we obtain

® Necar-threshold line shape: one sharp cusp at the nn threshold for Fit 1; one
bump between the two thresholds for Fit 2.

® Poles: an i1soscalar near-threshold quasibound state pole on the physical RS
(RS, ;); an 1sovector pole on the unphysical RS_, .

® Constraint from p-H atom: similar to the Fit 2.

® Amplitudes for NN FSIs: J /1Y — ypp, BT - K*pp.

Thank you for your attention!
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» Scattering length: S. Sakai, F.-K. Guo, and B. Kubis, Phys. Lett. B 808, 135623 (2020).
1 ( 1L 1) U 0
aij,eff = = E (”2 TSC(E = Zml) nz ij’ n = ( g )

0 un
» Coulomb-Strong scattering amplitude at the threshold E = 2m,,:
R I
pthr _ Znu_% a ”_% a _ (ai{feff + 0 Ter  rgefr + al?,eff)
SsC — NN eff ’ NN,eff — ~ ~
Arsefe + Qigefr  Oosett T Apett
» Coulomb-Strong scattering amplitude:
1 1
—1 _ y—1 _ _ 1 = i1 Q12 2 _ R
T (B) = Vit () — Ge(E, ) = e &7 ™2 e — GR(E),
a2 azz

Tt (B) = (V&)™ - GR(E)
= (T8) " + GR(E = 2m,,) — GR(E) = (T&") " - GE

> Renormalized Green’s function:

_E (B 0

GEE =| " "

. N
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Cut off dependence of the scattering lengths
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