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1 Background

® The mechanism of the j/y and nucleon scattering

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

coupled-channel mechanism (hadronic loops)

evade the OZI suppression
H. Lipkin, B.-S. Zou, PRD 53 (1996) 6693
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® The low-energy J/yN scattering is important for various reasons

[ 1t can offer vital insights into the role of gluons in the hadron structures and interactions among hadrons
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O 1t is crucial in describing the photo- and hadro-production of charmonia on the nuclear targets especially

after the discovery of pentaquark P. states  LHCb Collaboration, PRL 115 (2015) 072001
LHCb Collaboration, PRL 122 (2019) 222001
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For the introduction of P,, see Jia-Jun Wu’s report in the morning
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O The trace anomaly contribution to the nucleon mass o iharzeey, Proc. Int. Sch. Phys. Fermi 130 (1996) 105

c C D. Kharzeev et al., EPJC 9 (1999) 459

S I
u JEee=9 <N|GG|N) gluon trace anomaly contribution to the nucleon mass
d d

O Probing the mass of the proton has been listed as one of the main scientific goals of the Electron-lon

Collider. (One suggestion: near-threshold J /1 photoproduction, where | /YN scattering enters through

V. Burkert et al., Prog. Part. Nucl. Phys. 131 (2023) 104032
A. Accardi et al., EPJA 60 (2024) 173
D. P. Anderle et al., Front. Phys. (Beijing) 16 (2021) 64701

final-state interactions)

O It is relevant to the properties of / /Y in nuclear medium
A. Sibirtsev et al., PRD 71 (2005) 076005

O Identifying signals of the quark-gluon plasma
T. Barnes, EPJA 18 (2003) 531
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® J/YN scattering length

C C C — C
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d d d - d
Coupled-channel Gluon exchanges
O Coupled-channel mechanism O How about gluon exchange?
A.D™) contribution:  0.2..3am l If this mechanism dominate
M.-L. Du et al., EPIC 80 (2020) 1053

study the origin of nucleon mass

> p contribution:  0.1...10 am . ) ,
M.-L. Du et al., JHEP 08 (2021) 157 with the J /1 as a probe is possible

Motivation: Calculate the scattgrmg length c?f]/f/JN under decipher the mechanism of the J/N
gluon exchange, and then comparing the contributions of . .

scattering at low energies
gluon exchange and coupled-channel processes.
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2 Formalism

2.1 The definition of scattering length

70 I D,

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

(] eee
875y TP Wl L
p ufp———A{u p
where: Im[TJ/l//N—>J/y/N,O (s)]=] TJ/://N—)J/://N,O (s) |2 PN (3)6)(\/g My, — my) d - d
Gluon exchanges
_ 1 (S_(mJll//+mN)2)(S_(mJ/y/_mN)2)
pJ/l//N( ) 161 5

BS equation: T,(s) =V, (s) +V, (S)G(S)T, (s) =[1-V, (s)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., PRD 93 (2016) 054002
Dong, Baru, Guo, Hanhart, Nefediev, and Zou, Sci. Bull. 66 (2021) 2462

J/P o Vo J/¥
—— All possible color-singlet states that can couple to gluons: n, KK, ...
U [ N N J U
p u - .g p 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

Iy T T/pA) J/p) dhaw ) NG Jipidy) ., Nga)
T T L WK
pemini  in)  @emK @ ——— :r 1 S
o o i i} o SO Wiy, | Db | et
/r/...‘.\\ /r/‘\\ I'T(-I :_IS :
N(As) N(A)  N@s) N(As) JIp@z)  T=00 N@ap T/v@s)  T=00 N@y)
® Unitary and dispersion relation
v N J/w m o N . ¥ K K N \* 1 [s—4M?2
,/’ \\\ ,l, \\\ pﬂ’(s) = 167 (\/_ 2M- )
disc - T 2ip, ) + C o 2ipg ) | 4M2
S B g pic(s) = 1=\ s B — 2Mic)
1/ N 7.0 o N,0 T/ X % N,0

factor arising from kinematic singularities

S — 2 +oo  disc [T T, - ~_. ) Gaussian form factor to normalizes
URRS VT L SURS L) el
4

TJ/’QZJJ/’!,[)—)N(AQ,)N()\‘L),O(S? A) = o z the integral of linear divergence

M12r Z — S
A.D. Martin, T. D. Spearman, Elementary particle theory Dong, Baru, Guo, Hanhart, Nefediev, and Zou, Sci. Bull. 66 (2021) 2462
B. Wu et al., PRD 109 (2024) 034026

Kernel 3: The S-wave amplitude of /i ]/ = nn /KK and NN - nir /KK, incorporating mm-KK FSI
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® Muskhelishvili-Omnes representation (with LHC)

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

I '
B(p1, A1) ! B(ps, As) ]B(Pv’*l)\ / B(ps, As)

I 71T I
._-'I‘--.'I'.'. U
. - 9BBo

B(py, Ag) B(p,, /12)/ \IB(P4’ Ayg)

B(py, A2) LS
(a) (b)
st [t |Lg, (2) bin do(2) [5 /00 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,
9550 g 350 | 3| e .- 10.85(892)  4.65 519130
s Ozir(())ll 26:]2:?6? 25:1;:%)65 o - s - e 3.4 614“:3?
e 1.2t 67 68 e e e 8.18(6.54)  4.37 659 5961
Tiiis 2,9+09 ggilatls g7HiAtlll 1278 846 8.46 858 1385 102  9.86 55813
aap  2mgy s | gy 5863
= N—
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O Coupled-channel:

—

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

Po1(s) — - _[:OO dzIm [Qal(z)] Lo(z)

T Jarrz (z —s)z"

- g ., _ s . PJ\T_]\_/'—HTW y < .
Where fo(s) _ ( TNN—Hm,o(t) ) Lols) = ( LNN—er,O( ) ) Pn—l(S) _ n—1 ("’) u(s) = (90,11( ) Qo2 ))

Ty —xcico(s) Lyyoxio(s) PNN=ERE ()

matching to the tree-level chiral amplitudes

LO Chiral Lagrangian NLO Chiral Lagrangian
A. Krause, Helv. Phys. Acta 63 (1990) 3 M. Frink and U.-G. MeiRner, JHEP 07 (2004) 028 J. A. Oller et al., JHEP 09, 079
LECs taken from X.-L. Ren et al., JHEP 12 (2012) 073
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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 :

Dong, Baru, Guo, Hanhart, Nefediev, and Zou, Sci. Bull. 66 (2021) 2462
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determine the low-energy constants(LECs) by fitting the BESII data on the Y (2S) — J/ymm

the updated values:

¢V =0.178 + 0.002, ¢*Y =

—0.122 + 0.002, ¢*" = 0.222 + 0.002
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I N Iy K K N
// /l/ \\\
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dispersion relation
t _ _
[ J/ (A1) N(A3) J/¢(A1) N(A3)
r=1 —
.0 : K
S ST S (A3 4+ A1)y/s — 4m3 d T, T s
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helicity amplitude
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N J/ (A1) J1YA2) J/(Ar) J/1¥(A2)
\\.// \\.//
' I =00 —n- o ;u IJ = 00 _K— Y I;. —  Tr/p)N(a) =T /0(a)N (A, 0(8: £ A)
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N(A3) N(Ag)  N(A3) N(Ay)
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81 1;82 2 ; 1—H2 ,#1#2)
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T V.]/y/N—)J/q/N,O (S)

Sano(8) =
NI 1_VJ/1//N—)J/1//N,0 (S)G(S)

V|2q+105)

/PN (tn, A) = _’in/w/e,HN(;)N(%),o(S =0,A)

2541
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3 Numerical Result

—0.16—
S-wave J/YPN scattering length through soft gluon exchange:
o al/"N = —0.16... - 0.19 fim
E
= |
=048} : . : : :
S : O The interaction between J /Y and N is attractive
_ O The strength is comparable to the S-wave isospin-0 rr interaction
—0.197 1 ajyd = —0.2210 £+ 0.0047 £+ 0.0015 fm
T T E e  — J.R. Batley et al., PLB 633 (2006) 173

' B. Bloch-Devaux, PoS KAONQ9 (2009) 033
A(GeV) ° (2009)

O This result is obtained with LECs arising from the data on ¥(2S) — | /ynn

4

need to make a correction
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® Inequality of Scattering Lengths d - Bt D
BESII data
A. Sibirtsev et al., PRD 71 (2005) 076005 6f 4 ATLAS uia

O The chromopolarisability

[=2]
[==)
T T
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-
1 n n 1

=
o=l

dI'/d cos O+ [keV]

— =¥
—_ a a [ ol
M(A — Brr) =[a,zfzx|E* -[E9|0) of
' v 0 |
chromopolarisability chromoelectric field 0.3 OmAM[GeV]M 06 10 —05 Cos.gﬁ 05 10
. . - T/ FIG. 3,_Fit to the BESII data [70] and ATLAS data [71]
O The Previous numerical result is based on alp(zs)]/lli Qg =—0.16... - 0.19 fm for the|y(28) — J/¢n 77| transition: dipion invariant mass
distribufion (Ieft) and the helicity angular distribution (right).

a The “Best fit-DP” and “Best fit-HD” represent the fitting
Y(2S)] /¢ results obtained using the Omnés matrix from Ref. [61] and

Dong, Baru, Guo, Hanhart, Nefediev, and Zou, Sci. Bull. 66 (2021) 2462 Ret. [58], respectively.

O The absolute value of a; 4,/ should be larger than the off-diagonal ayzs); /v 5 —0.16 fm

O rpib

O Keep the previous calculation unchanged and replace my jyy With my, a6y =—0.14... - 0.17 fm

O « a > |a 2
$@WE) Y/l 2 | 0pes) L (25)) /i
O Scattering length inequality — ¢;/*N g 9N > GI/WNZvEHN (0 15 fm)?

® Compared with the results from Coupled-channel mechanism

A.D™ contribution: 0.2..3am

M.-L. Du et al., EPIC 80 (2020) 11, 1053 At least one order of magnitude smaller than

M.-L. Du et al., JHEP 08 (2021) 157 the result from the soft gluon exchange!
»() D 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)?

Our result is consistent with Yan Lyu’s report on Lattice QCD (—0.42 ~ —0.28 fm)

®
i i Vo g€ . I/
U g g U S>> ” U
p ufp——u p p ! 4“op
d d d d
< —0.16 fm [—10,—0.1] x 1073 fm

In the low-energy interaction of J /YN, the contribution from soft gluon exchange is dominant

study the origin of nucleon mass with the /1 as a probe is possible
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Thank you very much for your attention!
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