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1 Background

® The interaction between J/y and nucleons

O Typical OZI suppression process

O Interaction through meson exchange is suppressed (1/N,.)  G.’tHooft, Nucl. Phys. B 72 (1974) 461

O Interaction mechanism
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Gluon exchanges Coupled-channel
(J/W|GG|J /1) Chromopolarizability J/@bN—ACD(*)/Eg*)D(*)—J/wN

A. Sibirtsev et al., PRD 71 (2005) 076005
Y.-H. Chen et al., PRD 93 (2016) 034030

(N|GG|N> gluon trace anomaly contribution to the nucleon mass
Y. Hatta et al., JHEP 12 (2018) 008 H. Lipkin, B.-S. Zou, PRD 53 (1996) 6693-6696

Y.-B. Yang et al., PRD 104 (2021) 074507

coupled-channel mechanism (hadronic loops)
evade the OZI suppression

Aug. 27 2024 Bing Wu | Deciphering the mechanism of J/yN scattering



Chiral Dynamics (2024)

® J/YN scattering length
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Coupled-channel

O Coupled-channel mechanism

A.D™ contribution: 0.2..3am
M.-L. Du et al., EPJC 80 (2020) 11, 1053

() p® contribution:  0.1..10am
M.-L. Du et al., JHEP 08 (2021) 157
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Gluon exchanges

O How about gluon exchange?

Motivation: Calculate the scattering length of J/1{)N under gluon exchange, and then comparing

the contributions of gluon exchange and coupled-channel processes.
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2 Formalism

2.1 The definition of scattering length

87[@

T S
J/¥ N scattering length: [aé"”“' SRS ”‘)] S = (M, +My)?

where: ImI.TJ/y/N —3/yN,0 (s)I=T, IyN—3yN 0 (s) |2 PN (5)6)(\/g —My,, —My )
1 [(s—(m,, +m)*)(s—(m,,, —my)?*)
pJ/l//N (S) _ 16”\/ Jly N Sz Jly N

BS equation: T,(s) =V, () +V, (s)G(S)T,(s) =[1-V, ()G ()] 'V, (s)

Kernel 1: The S-wave J/YN interaction potential V, through gluon exchange
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2.2 The S-wave J /YN interaction potential

® At long distances, the exchanged soft gluons hadronize into exchanging  and heavier mesons

N. Brambilla et al., Phys. Rev. D 93 (2016) 054002
X.-K. Dong et al., Sci. Bull. 66 (2021) 2462-2470

¢ ¢
T/ A 0. J/v
I ——> All possible color-singlet states that can couple to gluons: nr, KK, ...

p U. - §up The longest-distance (lightest exchange particles) contribution
the strong nrr-KK coupling

Kernel 2: The S-wave J/iN interaction potential through correlated mm-KK exchange
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o CrOSSing relation A. D. Martin, T. D. Spearman, Elementary particle theory

TSan(,0) = ) A5, a5, () L )T 1y (5,0

@) T T T/g) dhaw ) NG Jipidy) ., Nas
-t - ____"—_I R K R .
Je00'mi im J=00'K: Rl  — 5] % L
-l -l el e
gy gy Ky K
N(A3) N(ly)  N(As) N(1y) JIg@s) =00 Ny J/v@y)  T=00 Ny
® Unitary and dispersion relation
v N J/w m o N . ¥ K K N \* 1 [s—4M?2
,/’ \\\ ,l, \\\ pﬂ—(b‘) = 167 (\/_ 2M- )
disc - T 2ip, ) + C o 2ipg ) 1 /s 4M2
" p p . p pic(s) = 1o - K (/s — 2Mp)
I N 7.0 7 N,0 1 %.0 z N,0

factor arising from kinematic singularities

()\3 + /\4)[ [o _ 4m]_r?v /+OO 4 disc [Tmr,g(z) + TKK,O(z)]
4

271

TJ/¢J/¢—>N()\3)N(A4),O(57 A) = e 4 g

Kernel 3: The S-wave amplitude of J /i J /3 —» /KK and NN = nr/KK, incorporating mr-K K FSI
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® Muskhelishvili-Omnes representation (with LHC)

O Single-channel: B wuetal, PRD 109 (2024) 034026

I] = 00 a a
B(p1, A1) T3 B(ps, A3) B(p1, A1) B(ps, A3)
_.:--'--I. o
|
o
B(ps, A2) Sy B(ps, As) B(p, A2) B(ps, A1)
(a) (b)
s oo |Lp, (2) bin do(2) [S /OO or(2) :|
T s) = Lpq (s)+ Qs |Pn_ s|+ — d— Qp(s) =exp | — dz
]BB—)'.’T?T,O(S) B,0 (8) + Qo(s) ( ll(" + T Jamz < (2 _r)znmo(zﬂ L(s) p T Jeu z(z —s)
be determined by matching to the tree-level chiral amplitudes
LHC RHC Total [33] [18] [34] [37] [36] [24]  [23] m,
Js35 1.8 35t 35 w2 i 10.85(8.92)  4.65 e oo ce 519420
g B2 6T 68L4h i # B.18(654) 4371 i oo 659 506+
Gk 2.9109 g.g+14+19 g7+13+Ll 1278 846 8.46 858 1385 102 9.86  558+33
-0.8 -1.4-23 -1.3-14 —42
A R e 58613

For gyno, See also M. Hoferichter et al., PLB 853 (2024) 138698 and Jacobo Ruiz de Elvira’s report yesterday
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O Coupled-channel:

—

For NN - nr/KK: To(s) = Lo(s) + Qo(s)

s™ f+oo dzIm [le(z)] Lo(2)
4

Pn—l(S) — ? M72r (z — S)z”

- g ., _ s . PJ\T_]\_/'—HTW y S .
Where fo(s) _ ( TNN—Hm,o(t) ) Lols) = ( LNN—er,O( ) ) Pn—l(S) _ n—1 ("’) u(s) = (90,11(=) Qo.12( ))

Ty —xcico(s) Lyyokio(s) PNN=ERE ()

matching to the tree-level chiral amplitudes

LO Chiral Lagrangian NLO Chiral Lagrangian
A. Krause, Helv. Phys. Acta 63 (1990) 3-70 M. Frink and U.-G. MeiRner, JHEP 07,028  J. A. Oller et al., JHEP 09, 079
LECs taken from X.-L. Ren et al., JHEP 12 (2012) 073

O A
; L7
Lvgosmmo(8) ~ Angommols) +— ¥ MK (| = PYT(s) ~ Ay enols)
. . .
\ﬁ @ 7 N ®) \\“/ \N © \‘”/
/N KN - K\ /N P k)
Lyysiiols) ~ Avgoxiols) «<— ! - :\\ — PNN=KK(g) ~, Anvoxio(s)
\N (d)m\\"K N (;)\“EJ @ ) 9

FIG. 2. The tree-level Feynman diagrams for the process of NN — w7 and NN — KK.
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For J/y] /Wy - nr /KK :

X.-K. Dong et al., Sci. Bull. 66 (2021) 2462-2470

Iy N Jiy n T N | Y K K N \*
7’ LN / \
’ \ 4 \
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disc = . dipx , . 2px ,
N , A ’
*\ ¢ R .’ —— Best fit--DP #
Iy NOL gy n:0 n N,0 Il K,0 K N,0 87 _-- Bestfit-HD
;} ;j ¢ BESIl data

9
Ty1p1/0—1iy.0(8) = Qo (8) M(s, Mr) + Qo,iz(s)%M(SaMK)

dr/dmy[104]
Y

( (21) 4M2 ) — 4AM?
_ 2 §Dm)(_ W sls —AMyy) [ s —AM;
M(s, My) = Fﬁ\/; o Js = 2m) A= s Mz, ! 3s O TR 033 om0 043 050 055 060
\ mnn[GeV]
|-|—_> _p (‘(ll)l(s—?Mz) -I—j(‘(ll)ﬁ\/ﬁ pgll [92+29(M2 + M3,,) — 8MZAM3 ] 601
F% -1 c P “m P 12M3/¢ - P T/ PRI/ 5 ++ ¢ $ # ¢ $ $ y
O ¢ ¢
40 -
determine the low-energy constants(LECs) by fitting the BESII data on the 1(2S) — J/ynr
§ 201 —— Best fit--DP
the updated values: ~—- Best fit-HD
¢ BESIl data
[ S e o L e e L e e s
-1.0 -0.5 0.0 0.5 1.0
¢V =0.178 +0.002, ¢*V = —0.122 +0.002, ¢*V = 0.222 + 0.002 cos 0,
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]Iy N I/ K K N \*
disc = : 2ip, < : 2ipg )
JIy NOT gy Ko 'K N.O

dispersion relation

t _ _
J/ (A7) N(A3) J/¢(A7) N(A3)
ot e
S IT[: :" - (A3 4+ A1)y/s — 4m3 dlSC wr0(2) + T o(2)]( ==
SR O N :, - TJ/@/JJ/@D%N(A;;)N(,\AL),O(S’ A) 9 ] R ’ e A2
:.7'[: :~.I._<.-I 4M
= 00 =0 Gaussian form factor to
J/(A5) J Ny T/(A%) J N(AY) . .
regularize the integral
crossing relation X.-K. Dong et al., Sci. Bull. 66 (2021) 2462-2470
P. Reinert et al., EPJA 54, 86 (2018)
S ]/ (A1) J/¥(A2) T/ (Ar) J1¥(A2)
t . . W __,f_'L,_
]—> J=00,m; ) J=00,K: & = Limwoonoe-mpoanogelstA)

_—— e =] -._',__'n.._l
N
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N(A3) N(As)  N(As) N(A4)

=¢(A1,0,0) - €"(A2,0,0)e T (—1)ra A Z d W)dA a (W)L 1 0 NG N (G005 A)

helicity amplitude
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N J/ (A1) J1YA2) J/(Aqr) J/¥(A2)
\\.// \\.//
' I =00 —n_ T 7;| IJ = 00 —K- T I;. —  Tr/p)N(a) =T /0(a)N (A, 0(8: £ A)

= €(A1,0,0) - € (Ag, 8, 0)e™ e (1) et A3, (@)d3 5 (@ + )T 7 RGN (),0(5: )
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N(A3) N(Ag)  N(A3) N(Ay)
the relation between the helicity JM:LS) = Z [2LA 1L sGn—pa) I Gn—pa) M
81 1;82 2 ; 1—H2 ,#1#2)
state and LS-coupling state 27+ 1 ominatn) L0350
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V|2q+105)
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3 Numerical Result

® Numerical result with LECs arising from the BESII data on the y(2S) — J/Ynn

—0.16—
S-wave J/YPN scattering length through soft gluon exchange:
o ' ag/ "N = -0.16... - 0.19 fm
E
= .
= 018} :
S : O The interaction between J /Y and N is attractive

_ O The strength is comparable to the S-wave isospin-0 rr interaction
—0.19¢ 1 ajy = —0.2210 £+ 0.0047 £+ 0.0015 fm

—_— J.R. Batley et al., PLB 633 (2006) 173-182
' ' B. Bloch-Devaux, PoS KAONO9 (2009) 033
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@® [nequality of Scattering Lengths 8| T pemieor o e, *
o = ¢ BESIl data o 4 $
A. Sibirtsev et al., PRD 71 (2005) 076005 Lo ; L ¥
O The chromopolarisability £ i
'LE S 20 —— Best fit--|
_,a = 21 © -- gest :it..ﬁg
M(A - Brrn) ={a,zzx|E® -|E9|0) e oL, | | L4 seston
l T 0.30 0.35 0.40 0.45 0.50 0.55 0.60 -1.0 -0.5 0.0 0.5 1.0
Mpa[GeV] cos B+
Ch romopola risa bi | ity Ch romoelectrlc fleld Eiﬁl ;ufh[::jzt]o ::llllllfl::&[:td;;jl'[) -L-"(j?S)Af} .\I/v‘,'rrf ™ )El}u‘f‘]ﬁ;}: fit-DP” represents the fit results using the Omnés matrix
O The previous numerical result is based on ay,2s);/y &/‘b — —0.16...—0.19 fm
X (29)] /v

O ayesypes)@mwimw = 1opes)ml’

O Keep the previous calculation unchanged and replace m; /, with m., ;¢ =—0.14...—0.17 fm

T (29)] /9

O Scattering length inequality

ay "N ay PIN > a7 N gy * N~ (-0.15 fm)?

® Compared with Coupled-channel mechanism

A.D™ contribution:  0.2..3am
M.-L. Du et al., EPJC 80 (2020) 11, 1053 At least one order of magnitude smaller than

the result from the soft gluon exchange!

) p® contribution:  0.1..10am
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4 Summary
® \We estimate the S-wave scattering length of J /N through soft gluon exchange (correlated n-K K)

)N = -0.16... —0.19 fm

The same process to estimate the scattering length for Y (2S)N through soft gluon exchange:

ay N = —0.14... - 0.17 fm

After chromopolarisability correction:

ay/ VN ol PIIN > gl N GEEON (20,15 fm)?

J/b

In the low-energy interaction of J /YN, the contribution from soft gluon exchange is dominant
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Thank you very much for your attention!
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