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Background Exotic hadron
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Exotic hadrons > T..,X(3872), ,(980),ay, P., Z, R /
Scattering length T :
| | ca ermg_ engths a
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For near-threshold exotic hadrons,
channel couplings are important.

2
Momentum p(E)

Unstable exotic hadron near the threshold of channel 1

jl> Flatté amplitude has been used|[1].

Scattering lengths ap and effective range rr have been
determined by the Flatté amplitude[2].

a and r in more general framework?

[1] R.Aaij et al. [LHCb], Phys. Rev. D 102, no.9, 092005 (2020)
(2] V. Baru et al. Eur. Phys. J. A, 23, 523-533 (2005)



Flatté amplitude

The Flatté amplitude The Flatté parameters
F gi 9192 g%, g5 : Real coupling constants
f7 =h(E) 2
9192 92 Egy : Bare energy

The Flatte amplitude has the threshold effect.
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h(E) = —=
2 2E — Epw +1g5p(E)/2 + igi k(E)/2

&, £ can be written as the effective range expansion in k.

ap : Scattering lengths
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fi [y <__ + - rpk?® — ik + 0(k4)>

arp 2 re : Effective range



ar and rp E
We consider near the threshold 1(region Il and II).
1—1 scattering does not occur in region 1II.

2—2 scattering occurs in both region Il and III. 1(E =0) ——

ap, 1r are determined from £,

> (ex. [31[1] for X(3872)).
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Scattering length Effective range

(3] A. Esposito et al., Phys. Rev. D 105 (2022) 3, L031503
[1] R. Aaij et al. [LHCb], Phys. Rev. D102, no.9, 092005 (2020)
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General form

We consider the two-channel scattering.

« Conservation of probability

j|> Optical theorem with channel couplings

Exotic hadron

/

Momentum k(E)

1

2
@ Momentum p(E)
£l M (E) —ik  Myy(E) M,..: Analytic functions of E
M+ (E) M3, (E) —ip k,p: Momentum

Flatté amplitude : det(ff)=0

j‘> Flatté amplitude does not satisfy the optical theorem.
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EFT amplitude

As more general framework, we consider the effective field theory(EFT).

Nonrelativistic

The effective field theory(EFT)  Contact interaction
Two channels

The scattering amplitude derived from EFT[5]
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-1 <— + ip(E)) —
]cEFT(E) — {% . (i 4 ip(E)) (L n lk(E))} az» . ) a2
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12 a11
ai1,Q15, 05, . 1hree EFT parameters
fEFT satisfies the optical theorem with channel couplings.

[5]T.D.Cohen et al., Phys. Lett. B 588 (2004) 57-66



f11 component

Effective range expansion for fEFT
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EFT can be written as the effective range expansion in k.



f22 component

Effective range expansion for fEF7T
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EFT cannot be written as the effective range expansion in k.

j\> agpr and rgpr cannot be determined by fEFT.

The correct scattering length and effective range must be determined by f,;.

The validity of az and rr determined in £, in Flatté amplitude



Analytic comparison

We compare ag, rg With agpr, repr, With EFT parameters.

Matching of f,, at small k.

F o_ EFT
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ar and rr can be expressed by the EFT parameter a;q, a;,,a,5.

aF(g%'g%' Egw) E> ap(aqq, a1z, dz3)
Tr (gf, g%, Esw) rr(aqq, a1z, az2)




Analytic comparison 10

agrr and rgpr in EFT amplitude

AprT =

) Terr = — :
at,(1+ ipoasz;) — a4, po la12(1 + ipgaz,)

po - channel 2 momentum at E =0

. . 2
a11a5,(1 + ipyas,) L { ay> }

ar and rr in Flatté amplitude with EFT parameters a4, a4, as;
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ar and rp are analytically different from azpr and regpr.




Numerical comparison 1

0.5 . . ! .
_ o X
Application to the mm-KK system with £,(980) for Ob grr. @
quantitative comparison E |
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EFT parameters ayq,a4,, a,, corresponding to Ref.[6] E 1l % e
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ar and rp are quantitatively different A}
from agpr and rgpp in the physical system. |
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6] R.R. Akhametshin et al., Phys. Lett B 462, 380 (1999) Re(r) [fm]



Pole position 12

We compare the pole potion of fEFT with that of fF.

The EFT scattering amplitude

1 1
-1 (— + ip(E)) —_—
FEFT(F) = {% _ (i 4 ip(E)) (i N ik(E))} az; 1 1 Az
fz T - — (— + ik(E))
=0 a12 a1

a1, 0a12,0a,; EFT parameters
The Flatte scattering amplitude

, Egw, 9%, g5; Flatté parameters
fE(E) ={2Egy — E — ig?k(E) — ig%p(E)}_1< 1 gl%) k(E) ; channel 1 momentum
— 0 9192 9z p(E) ; channel 2 momentum




Pole position

n-KK system with £,(980)

Flatté parametersEgy, g1, g5corresponding

to Ref.[6]

EBW = 74.5 [Me\/],
g? = 1.51 [dimensionless],

g% = 0.31 [dimensionless]

a4 = 2.67
:: S ag, = 1.22
azz — 076

[1/GeV],
[1/GeV],

(1/GeV]

Flatté pole : kj = =139 — 54.7i [MeV]
EFT pole : kpfT = —174 — 77.5i [MeV]

50

-50

Im(k) [MeV]

-100

-150

-200

| | |
; F
5 p X
------------------------------ P PET
e @
X T
® i
| | | l | | |
-200 -150 -100 -50 0 50 100 150 200

The Flatté pole position is different from the
6] R.R. Akhametshin et al., Phys. Lett B 462, 380 (1999)

EFT pole position.

Re(k) [MeV]



Summary 14

We discuss determination of scattering length and effective range.

Flatté : ag, e EFT : ager, TgrT

« We express ag, 1z by the parameters in the EFT amplitude,
and compare them with agpr, rgpr-

« We compare ag, rr With agpr, rgpr quantitatively in the nm-KK system with £,(980).

[4> ap and ry are different from agpr and rgpp analytically, and also in the
—/  physical system.

- We compare the pole potion of fEFT with that of fF.
[f> The Flatté pole kj is different from the EFT pole k;"".

We must use the scattering amplitude derived from EFT satisfying the optical
theorem, in order to obtain the correct scattering length and effective range.



Pole position

Using parameters Ref.[6]

Flatté pole potision

kY = —98.7 — 98.7i [MeV]

kP = —139 — 54.7i [MeV]

EFT pole potision

k" = —161 — 76.2i [MeV]
k") = —170 — 81.4i [MeV]

p

6] R.R. Akhametshin et al., Phys. Lett B 462,

KEFTUUWY) — 174 — 775 [MeV]
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