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Introduction — resonances

Resonances and higher partial waves

Resonance peaks in experimental data(/=0and /> 0)
ALICE collaboration, PRL 124, 092301 (2020); PLB845, 138145 (2023)
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A(152()) d wave E(1620), 2(1690): S wave,
Q: p wave (weak decay),

Questions: 2(1820): d wave
- Origin of resonance peak?

- Condition for resonance peak?



Introduction — resonances

Resonance in quantum mechanics

Resonance as an “eigenstate” of Hamiltonian

Um diese Schwierigkeit zu iiberwinden, miissen wir annehmen, daf

= COm p|eX eigenenergy die Schwingungen geddmpft sind, und F komplex setzen:
G. Gamow, Z. Phys. 51, 204 (1928) E—=F +i %

wo E, die gewéhnliche Energie ist und 4 das Dampfungsdekrement

Zur Quantentheorie des Afomkernes. (Zerfallskonstante). Dann sehen wir aber aus den Relationen (2a) und (2b),

Von G. Gamow, z. Zt. in Gottingen.

Mit 5 Abbildungen. (Eingegangen am 2. August 1928.) 2
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- Time evolution: decreasing probability
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Equivalent to pole of the scattering amplitude )
T. Hyodo, M. Niivama, PPNP 120, 103868 (2021)
a )
Schrédinger eq. + outgoing b.c.
atenergy £ (p = \/2ﬂ—E) pole of s-matrix/
- bound states (E < 0) zero of Jost function scattering amplitude
p=ix (k>0) | fo(p)| — o0
- resonances (E € C) |s/(p)| = oo
peC (Imp<0)



https://inspirehep.net/literature/1822909

Introduction — resonances

Resonance in effective range expansion

Effective range expansion (ERE): valid for small
~1
Fk) = [_aio F LK - ik] bound state

v k_
(a) A |ﬁ
- Pole positions i* <—> (q,1,)
T. Hyodo, PRL111, 132002 (2013);
T. Kinugawa, T. Hyodo, arXiv:2403.1263S [hep-ph i R
e l " 1 2r, 1 40t Aq-nnnn- 3 - - - -§ '\xx > A
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Resonance solution (r, < 0) virtual state
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- Resonance with [k~ | - 0 : notonly |q,| - o but also |r,| - «

. —\2
- Eigenenergy £, = ' = M, — i-f <—> (a1,


https://inspirehep.net/literature/1232512
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Resonance peak in correlation function

Wave function and correlation (attraction)
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y,(r) is pulled in, increased at » < R —> C(9) enhancement



Resonance peak in correlation function

Wave function and correlation (repulsion)
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y,(r) is pushed out, decreased at » < R —> C(¢g) suppression



Resonance peak in correlation function

Wave function and correlation (resonance)

Well + barrier potential 10 g = 60 MeV
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Resonance peak in correlation function

Resonance in cross section

Pole of scattering amplitude with effective range expansion

T. Hyodo, PRL 111, 132002 (2013),
T. Kinugawa, T. Hyodo, arXiv:2403.12635 [hep-ph]
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Resonance peak in correlation function

Resonance in correlation (LL formula)

LL formula: correlation function <— scattering amplitude

R. Lednicky, V.L. Lyuboshits, Yad. Fiz. 35, 1316 (1981);
K. Murase, T. Hyodo, .]. Subatomic Part. Cosmol. 3, 100017 (2025)
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With resonance amplitude ‘W
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Correlation = Peak (im) + background (re) n
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Resonance peak in correlation function

Higher partial waves

KP formula with / > 0 (spherical source) IS
K. Murase, T. Hyodo, JSPC 3, 100017 (2025); boLp TR
K. Murase, T. Hyodo, arXiv:2509.22844 [nucl-th] = Oo0Lg |
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- sum of partial wave contributions
- interacting w.f. r(r) — free w.f. j(gr)
Gaussian potentials (range ~ 1.25 fm)
13107 ;F,*'/ (c) Vigr(r) ]

- [ > 0 components at larger ¢ R

- I-th wave dominant at ¢ ~ //r ~ 160/ MeV

Relative momentum g (MeV)
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Resonance peak in correlation function

Resonance contribution in higher partial waves

With ¢ —» «, C(g) approaches unity
- How can resonances be seen?

Resonances in higher partial waves
- p-wave resonance at
g~ ~ 105 — 23i MeV
- d-wave resonance at
g~ ~ 216 —20i MeV

- f-wave resonance at
g~ ~ 345 —21i MeV
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With resonances, [ > 0 components is enahnced



Summary

Resonace peaks in correlation functions

*(

s-wave resonance peak <— localization of
wave function at interacting region

" (

P

LL formula: not only peak in Im f but also
background from Re f

S. Watanabe, T. Hyodo, in preparation

Resonance enhances the higher partial waves
(! > 0) contributions

*(

K. Murase, T. Hyodo, .J. Subatomic Part. Cosmol. 3, 100017 (2025);
K. Murase, T. Hyodo, arXiv:2509.22844 [nucl-th]
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