
Multi-channel Jost functions for 
describing resonances and 

collective modes in finite quantum 
many-body systems

Kazuhito Mizuyama

Duy Tan University, Da Nang, Vietnam

CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan 1



Duy Tan University

CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan 2

Founded: 1994 – Largest private university in Central Vietnam

Location: Da Nang City, Vietnam

Students: 20,000+ | Faculty: 1,500+ (30% PhDs)

Programs: Engineering, IT, Business, Tourism, Medicine, etc.

Global Partnerships: U.S. & U.K. universities (2+2, 3+1, Double Degrees)

Accreditations: ABET (Engineering/IT), UNWTO TedQual (Tourism)

Rankings: QS #482 (2026), THE 601–800 (2025), Vietnam Top 4 (Nature Index)

Graduate Employment: ~92% within 1 year; 100% in IT

Motto: 'We Do Everything for Student Rights and Future Careers'

Students taking the introductory 

physics course in the partnership 

program with Troy University



Contents
1. Motivation: What is resonance?

2. Jost function and Riemann sheet

3. Extension of the Jost Function to Multichannel Systems
a. Hartree-Fock-Bogoliubov (HFB) Jost function 

b. Random-Phase-Approximation (RPA) Jost function

4. Analysis of resonance
a. S-matrix and Green function

b. Eigenphase-shift decomposition

c. Mittag-Leffler theorem

5. Takagi factorization of the S-matrix residue
a. Pole term of the transition amplitude

b. Collectivity of resonance poles

c. Application to 208Pb

6. Summary

CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan 3



Contents
1. Motivation: What is resonance?

2. Jost function and Riemann sheet

3. Extension of the Jost Function to Multichannel Systems
a. Hartree-Fock-Bogoliubov (HFB) Jost function 

b. Random-Phase-Approximation (RPA) Jost function

4. Analysis of resonance
a. S-matrix and Green function

b. Eigenphase-shift decomposition

c. Mittag-Leffler theorem

5. Takagi factorization of the S-matrix residue
a. Pole term of the transition amplitude

b. Collectivity of resonance poles

c. Application to 208Pb

6. Summary

CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan 4



1. What is resonance?
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PRC86, 041603(R), 2012, KM and K. Ogata

Confirmed that the coupling 

between incident neutron and 

collective excitation of the target 

nucleus produces a sharp, narrow 

resonances!!.

But Why?
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1. What is resonance?

https://www.mdpi.com/1422-0067/12/10/6810

https://www.nature.com/articles/s41567-024-02726-3

10.1007/978-3-642-13899-7_5

Created by copilot

Eg

E=Eg-i Γ/2

◆ Many types of resonance

Shape resonance, Feshbach resonance, Fano 

resonance, etc…

◆ Giant resonance in nuclear structure is also resonance?

◆ Why does the coupling between particles and collective 

modes of the target nucleus produce sharp resonance 

peaks?

◆ What is the framework of nuclear theory in which to solve 

these questions?

➢ Extension of the Jost Function to Nuclear Many-Body 

Systems (HFB, RPA, PVC, etc…)



2. Jost function and Riemann sheet
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←Regular solution

←Irregular solution

R. Jost and A. Pais, Phys. Rev. 82, 840 (1951).
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2. Jost function and Riemann sheet

← Wronskian representation

← Integral representation

The HFB (2x2) and RPA (2Nx2N) Jost functions have the same Wronskian form.
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2. Jost function and Riemann sheet

← Scattering wave function

← S-matrix

← asymptotic form

S-matrix poles: → bound states and resonances



CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan 10

2. Jost function and Riemann sheet

Re E

Im E
1st Riemann Sheet of 
E(k) ;
Im k > 0 
→ 0 < arg k < π

2nd Riemann Sheet of 
E(k) ;
Im k < 0 
→ π < arg k < 2π

Neutron p3/2 for 16O with Woods-Saxon 

Branch cut line
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3-a. Hartree-Fock-Bogoliubov (HFB) Jost function

2x2 matrix regular and irregular solutions

HFB Jost function (2x2 matrix)

PRC 99, 054607 (2019)
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3-b. Random-Phase-Approximation (RPA) Jost function

2Nx2N matrix regular and irregular solutions

RPA Jost function (2Nx2N matrix)

PRC 107, 024303 (2023)
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3-b. Random-Phase-Approximation (RPA) Jost function

PRC 107, 024303 (2023)
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4-a. S-matrix and Green function
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Jost-RPA Green function:

S-matrix from the Jost functions (c: open channels, d: closed channels)

Open-channel block Scc: unitary

Scattering wave function:

Green function with the scattering wave function and the S-matrix

PRC 109, 054304 (2024)



4-a. “Imaginary part” of Green function
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RPA response function and strength function

Symmetry of the solutions (c: open channels)

⇒ Only the open channels and Scc remain

The closed-channel blocks Scd, Sdc and Sdd do not appear: the strength function SF = −(1/π) Im RF is carried by 
Scc alone.

PRC 109, 054304 (2024)



5-a. Strength Function through the Jost-RPA Green Function
Only the Open Channels Carry the Strength: SF(E) Is Built on Scc(E)

1. Jost-RPA Green Function

2. Strength Function Carried by the Open-Channel S-Matrix Scc
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Only the open channels c carry the strength: the poles of Scc appear directly in SF



4-b. Eigenphase-shift decomposition
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1. Derived a unitary S-matrix within the 
Jost-RPA framework.

2. Proposed eigenphase shift 
decomposition of the RPA strength 
function.

3. Applied the method to quadrupole 
excitations in 16O.

4. Showed that the Coulomb interaction 
strongly affects IS/IV mode mixing.

PRC 109, 054304 (2024)



4-c. Mittag-Leffler theorem
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PRC 111, 054323 (2025)

RPA response function

Residue of RF for a pole E=Eg
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5-a. Strength Function through the Jost-RPA Green Function
Only the Open Channels Carry the Strength: SF(E) Is Built on Scc(E)

1. Jost-RPA Green Function

2. Strength Function Carried by the Open-Channel S-Matrix Scc
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Only the open channels c carry the strength: the poles of Scc appear directly in SF



5-a. Takagi Factorization at Resonance Poles
At Each Pole the Residue of Scc Has Rank 1: One Singular Value σg

(c) and One Takagi Vector ωg
(c)

arXiv:2604.02237 (2026), accepted in PRC
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5-a. What is Takagi Factorization?
Teiji Takagi, Japanese Journal of Mathematics 1 (1924) 83–93

Teiji Takagi (1875–1960)

Takagi Factorization Theorem for Complex Symmetric Matrices

Why Takagi? — Comparison with Standard Matrix Decompositions
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5-a. Pole Term of the Transition Amplitude
The Strength Function Is the Squared Norm of the Transition Amplitude Vector; the Pole Term of Scc Gives Its Pole Term
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5-a. Excitation and Decay Channel Vector of the Pole
Takagi Factorization Splits the Pole Term into the Excitation cg (Depends on the External Field) and the Decay Channel Vector ωg (Does Not)
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5-b. Collectivity of Resonance Poles
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5-b. Conventional Evaluation of Collectivity
Closest to This Work: Number of Participating p–h Pairs and Coherence of Discrete RPA States (Co' et al.)

CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan 28



5-b. Collectivity Indicators of Each Resonance Pole
Coherence Cg (Phase Alignment) and Participation ηg (How Evenly the Channels Share) of the Channel Amplitudes Fg,i

arXiv:2604.02237 (2026), accepted in PRC
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5-b. Complex Transition Probability of the Pole
B̃g = Res[RF, Eg] = Fg

2 Factorizes into the Collectivity Enhancement Cg
2Ntotηg, the Single-Particle Scale and the Phase

arXiv:2604.02237 (2026), accepted in PRC
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5-b. Collectivity Indicators: Comparison with Co' et al.
Same Idea — Coherence and Participation — Applied to Each Resonance Pole, with One Measure That Factorizes |B̃g|

CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan 31



5-b. Numerical Results: 16O (Jπ = 2+) Collectivity Decomposition: Isoscalar
Strength of Each Pole (Re B̃g) and Its Collectivity (Cg

2Ntot ηg): ISGQR 16.76 – 0.11i MeV (Cg
2Ntotηg = 7.1)
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5-b. Numerical Results: 16O (Jπ = 2+) Collectivity Decomposition: Isoscalar (Zoom)
Poles with Re B̃g < 0 (27.04, 28.49 MeV) Make the Isoscalar Dips; Both Are Non-Collective (Cg

2Ntotηg ≈ 0.02)
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5-b. Numerical Results: 16O (Jπ = 2+) Collectivity Decomposition: Isovector
Largest IV Strength 27.04 – 1.46i MeV Is Not Collective (Cg

2Ntotηg = 0.73); Most Collective IV Pole 36.64 – 0.42i MeV (1.8)
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5-b. Collectivity Indicator Correlation: 16O (Jπ = 2+) Isoscalar (IS)
Participation ηIS vs. Coherence CIS

2 (Ntot = 16); Dotted: Constant C2Ntot η
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5-b. Collectivity Indicator Correlation: 16O (Jπ = 2+) Isoscalar (IS, Zoom)
Poles 2–6 at High Energy: ηIS = 0.27–0.44 but CIS

2 ≤ 0.03, so Non-Collective (Cg
2Ntotηg ≤ 0.15)
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5-b. Collectivity Indicator Correlation: 16O (Jπ = 2+) Isovector (IV)
Participation ηIV vs. Coherence CIV

2 (Ntot = 16); Dotted: Constant C2Ntot η
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5-c. Numerical Results: 208Pb (Jπ = 1−) Collectivity Decomposition: Isoscalar
Tallest IS Peak 8.15 MeV (Cg

2Ntotηg = 0.18) Is Not the Most Collective Pole; ISGDR 21.28 – 0.42i MeV (Cg
2Ntotηg = 12.6)
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5-c. Numerical Results: 208Pb (Jπ = 1−) Collectivity Decomposition: Isovector
Tallest IV Peak 10.88 MeV (Cg

2Ntotηg = 3.0) Is Not the Most Collective Pole; IVGDR 12.98 – 0.13i MeV (Cg
2Ntotηg = 8.1)
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5-c. Collectivity Indicator Correlation: 208Pb (Jπ = 1−) Isoscalar (IS)
Participation ηIS vs. Coherence CIS

2 (Ntot = 103); Dotted: Constant C2Ntot η
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5-c. Collectivity Indicator Correlation: 208Pb (Jπ = 1−) Isovector (IV)
Participation ηIV vs. Coherence CIV

2 (Ntot = 103); Dotted: Constant C2Ntot η
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6. Summary
✓Multichannel Jost functions

➢Resonances are poles of the S-matrix built from the Jost functions; the HFB and RPA Jost functions 
locate them on the complex energy plane PRC 99, 054607 (2019); PRC 107, 024303 (2023)

✓Analysis of resonances with the S-matrix
➢Only the open channels carry the strength: the poles of the open-channel S-matrix appear 

directly in the strength function

➢ Eigenphase-shift decomposition PRC 109, 054304 (2024) and pole expansion by the Mittag-Leffler 
theorem PRC 111, 054323 (2025)

✓Takagi factorization of the S-matrix residue
➢Collectivity of each pole arXiv:2604.02237 (2026), accepted in PRC: the tallest peak is not always 

the most collective state, and non-collective poles can make dips

➢ The same analysis works for the heavy nucleus 208Pb

✓In progress
➢ Fano formula derived from the pole term of the transition amplitude: understanding the peaks 

and dips through the interference of each pole with the background
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Thank you very much for your attention!!
* This is the view from our office in Da Nang



Backup files
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5-a. Takagi Factorization at Resonance Poles
Relation between Open-Channel Residue Res[Scc] and Full Residue Res[S] at Eg = Re Eg – (i/2)Γg

1. Open-Channel S-Matrix Residue Res[Scc, Eg] (Rank-1 Takagi Decomposition)

2. Reconstructing Full S-Matrix Residue Res[S, Eg] via Jost Algebraic Extension

arXiv:2604.02237 (2026), accepted in PRC
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5-a. Residue Width, Partial Widths & Branching Ratios
Pole Term of the Open-Channel S-Matrix and Decay Widths from the Takagi Vector

1. Pole Term of Scc & Residue Width σg
(c) vs. Pole Width Γg

2. Resonance Observables via Takagi Factorization

arXiv:2604.02237 (2026), accepted in PRC
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5-a. Pole Term of the Transition Amplitude
Takagi Factorization Splits the Pole Term into the Excitation cg (Depends on the External Field) and the Decay Channel Vector ωg (Does Not)
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5-b. Transition Amplitudes at the Pole & Collectivity Indicators
Pole State ψg, Channel Amplitudes Fg,i and the Complex Transition Probability B̃g

1. Pole State, Channel Amplitudes & Collectivity Indicators

2. Complex Transition Probability B̃g & the Strength Function SF(E)

arXiv:2604.02237 (2026), accepted in PRC
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5-c. Fano Analysis: Essence of the Fano Formula
The Pole-Term Component Parallel to Fbg Interferes with Fbg; the Orthogonal Component Only Adds Its Strength (Breit–Wigner)
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5-c. Fano Analysis: Interference Term and the Pole's Own Contribution
SF = Background + Interference Term + Pole's Own Contribution; Their Ratio Im Rg + ε Re Rg Decides Which Builds the Structure
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5-c. Fano Analysis: 16O (Jπ = 2+) Isoscalar Giant Quadrupole Resonance
Most Collective IS Pole, but |Rg| ≪ 1: the Non-Interfering Breit–Wigner Term Dominates SF at Re Eg
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5-c. Branching Ratios: 16O (Jπ = 2+) Isoscalar Giant Quadrupole Resonance
The Pole Decays Mainly into p + 15N(1p1/2

−1), p3/2 Wave; the IS Background Lies Mainly in n + 15O(1p1/2
−1), p3/2 Wave
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5-c. Fano Analysis: 16O (Jπ = 2+) Isoscalar Dip at 28.24 MeV
Non-Collective Pole: |Rg| > 1 and Im Rg < −1 → SF below the Background
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5-c. Branching Ratios: 16O (Jπ = 2+) Isoscalar Dip at 28.24 MeV
The Pole Decays into Several Channels (Largest: n + 15O(1p3/2

−1), f7/2 Wave); the IS Background Is Spread over Several Channels
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5-c. Fano Analysis: 16O (Jπ = 2+) ISGQR Pole in the Isovector Strength
Same Pole, Isovector Field (Non-Collective): |Rg| > 1 and Im Rg < −1 → SF below the Background, Dip
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5-c. Branching Ratios: 16O (Jπ = 2+) ISGQR Pole in the Isovector Strength
Same brc as in the IS Field; the IV Background Lies Mainly in p + 15N(1p1/2

−1), p3/2 Wave, the Main Decay Channel of the Pole
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5-d. Numerical Results: 208Pb (Jπ = 1−) Strength Functions & Resonance Poles
Peaks and the 36 S-Matrix Poles Eg; σg

(c)/Γg ≈ 1 for All Poles below 13 MeV Including the IVGDR, 1.97 for the ISGDR
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5-d. Fano Analysis: 208Pb (Jπ = 1−) Isoscalar Dip at 21.44 MeV
Narrow Pole (Γg = 22 keV) above the ISGDR: |Rg| > 1, Re Rg > 0 → Dip below Re Eg, Peak above
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5-d. Branching Ratios: 208Pb (Jπ = 1−) Isoscalar Dip at 21.44 MeV
The Pole Decays into Many Channels; the IS Background Is Spread over Many Channels
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5-b. Numerical Results: 16O (Jπ = 2+) Strength Functions & Resonance Poles
Peaks and the 20 S-Matrix Poles Eg; σg

(c)/Γg ≈ 1 Only for the ISGQR and 36.64 – 0.42i MeV, 0.17–1.25 for the Others
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5-b. Numerical Results: 16O (Jπ = 2+) Continuum Zoom & Dip Structure
Isoscalar Dip at 28.2–28.3 MeV and the Pole 28.49 – 0.56i MeV with Re B̃g < 0 (σg

(c)/Γg = 1.10)
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2. Jost function and Riemann sheet

Bound state: converges to zero at r→∞ / stationary oscillation in time.

Resonance: diverges at r→∞ / converges to zero in finite time (life time).

ki
res<0



Motivation: What Is Missing for Resonances in the Continuum
The Pole Gives Only Its Total Strength B̃g; This Work Obtains the Channel Amplitudes of Each Pole
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Fano Formula within Jost-RPA
Interference of a Pole with the Background in the Open-Channel Amplitude Space

1. Pole Term of the Amplitude Vector, Fano Parameter qg & Fraction pg

2. Fano Formula: Parallel Part and Non-Interfering (1 – pg
2) Part
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Fano Analysis: 16O (Jπ = 2+) Pole 27.04 – 1.46i MeV in the Isoscalar Strength
Broad Non-Collective Pole (Γg = 2.9 MeV): |Rg| > 1 and Im Rg < −1 → SF below the Background over the Width
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Branching Ratios: 16O (Jπ = 2+) Pole 27.04 – 1.46i MeV in the Isoscalar Strength
The Pole Decays Mainly into p + 15N(1p3/2

−1), f7/2 Wave; the IS Background Is Spread over Several Channels
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Fano Analysis: 16O (Jπ = 2+) Pole 27.04 – 1.46i MeV in the Isovector Strength
Isovector Field (Non-Collective): |Rg| ∼ 1, Interference Comparable to the Pole's Own; Broad Peak at 27.2 MeV
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Branching Ratios: 16O (Jπ = 2+) Pole 27.04 – 1.46i MeV in the Isovector Strength
Same brc as in the IS Field; the IV Background Is Spread over Several Channels
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Fano Analysis: 16O (Jπ = 2+) Pole 28.49 – 0.56i MeV in the Isovector Strength
Same Pole, Isovector Field (Non-Collective): |Rg| > 1, Re Rg > 0 → Dip below Re Eg and Peak at 28.67 MeV
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Branching Ratios: 16O (Jπ = 2+) Pole 28.49 – 0.56i MeV in the Isovector Strength
Same brc as in the IS Field; the IV Background Is Spread over Many Channels
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Fano Analysis: 16O (Jπ = 2+) Pole 30.07 – 0.66i MeV in the Isovector Strength
Isovector Field (Collective): |Rg| > 1, Re Rg > 0 → Dip below Re Eg and Peak at 30.58 MeV
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Branching Ratios: 16O (Jπ = 2+) Pole 30.07 – 0.66i MeV in the Isovector Strength
The Pole Decays into Several Channels (Largest: p + 15N(1p3/2

−1), f7/2 Wave); the IV Background Is Spread over Several Channels
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Fano Analysis: 16O (Jπ = 2+) Pole 34.78 – 0.59i MeV in the Isoscalar Strength
Non-Collective Pole: |Rg| < 1/√2, Peak at 34.6 MeV Mainly the Pole's Own Contribution, below Re Eg (Re Rg < 0)
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Branching Ratios: 16O (Jπ = 2+) Pole 34.78 – 0.59i MeV in the Isoscalar Strength
The Pole Decays into Several Channels (Largest: p + 15N(1s1/2

−1), d3/2 Wave); the IS Background Is Spread over Many Channels

CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan 74



Fano Analysis: 16O (Jπ = 2+) Pole 34.78 – 0.59i MeV in the Isovector 
Strength
Same Pole, Isovector Field (Non-Collective): |Rg| > 1, Re Rg > 0 → Dip below Re Eg and Peak at 35.03 MeV
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Branching Ratios: 16O (Jπ = 2+) Pole 34.78 – 0.59i MeV in the Isovector Strength
Same brc as in the IS Field; the IV Background Is Spread over Many Channels
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Fano Analysis: 16O (Jπ = 2+) Pole 36.64 – 0.42i MeV in the Isoscalar Strength
Non-Collective Pole: |Rg| < 1/√2, Peak at 36.5 MeV Mainly the Pole's Own Contribution, below Re Eg (Re Rg < 0)
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Branching Ratios: 16O (Jπ = 2+) Pole 36.64 – 0.42i MeV in the Isoscalar Strength
The Pole Decays into Many Channels; the IS Background Is Spread over Many Channels
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Fano Analysis: 16O (Jπ = 2+) Pole 36.64 – 0.42i MeV in the Isovector Strength
Most Collective IV Pole: |Rg| > 1, Re Rg > 0 → SF Lowered below Re Eg, Peak at 36.96 MeV
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Branching Ratios: 16O (Jπ = 2+) Pole 36.64 – 0.42i MeV in the Isovector Strength
Same brc as in the IS Field; the IV Background Is Spread over Many Channels
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Numerical Results: 16O (Jπ = 1−) Strength Functions & Resonance Poles
Peaks and the 22 S-Matrix Poles Eg; σg

(c)/Γg ≈ 1 for the Narrow Poles and 19.36 MeV, 1.24 for the IVGDR, 0.24 for 22.56 – 1.95i MeV
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Numerical Results: 16O (Jπ = 1−) Collectivity Decomposition: Isoscalar
Tallest IS Peak 15.79 – 0.003i MeV Is Single-Channel-Like (Cg

2Ntotηg = 0.94); Most Collective IS Pole 22.56 – 1.95i MeV (2.2)
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Numerical Results: 16O (Jπ = 1−) Collectivity Decomposition: Isovector
Largest IV Strength 19.36 – 0.52i MeV Is Not Collective (Cg

2Ntotηg = 0.58); Most Collective IV Pole 22.56 – 1.95i MeV (4.5)
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Collectivity Indicator Correlation: 16O (Jπ = 1−) Isoscalar (IS)
Participation ηIS vs. Coherence CIS

2 (Ntot = 14); Dotted: Constant C2Ntot η
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Collectivity Indicator Correlation: 16O (Jπ = 1−) Isovector (IV)
Participation ηIV vs. Coherence CIV

2 (Ntot = 14); Dotted: Constant C2Ntot η
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Fano Analysis: 16O (Jπ = 1−) Isoscalar Peak at 15.79 MeV
Narrow Non-Collective Pole (Γg = 6.9 keV): |Rg| ≪ 1, the 2nd (Breit–Wigner) Term Dominates SF at Re Eg
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Branching Ratios: 16O (Jπ = 1−) Isoscalar Peak at 15.79 MeV
The Pole Decays Mainly into p + 15N(1p1/2

−1), d3/2 Wave; the IS Background Lies Mainly in p + 15N(1p1/2
−1), s1/2 Wave
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Fano Analysis: 16O (Jπ = 1−) Breit–Wigner Peak with a Large |qg|
Narrow Non-Collective Pole (Γg = 6.9 keV): |Rg| < 1/√2, Breit–Wigner Peak; Minimum above It
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Branching Ratios: 16O (Jπ = 1−) Breit–Wigner Peak with a Large |qg|
Same brc as in the IS Field; the IV Background Lies Mainly in p + 15N(1p1/2

−1), d3/2 Wave, the Main Decay Channel of the Pole
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Fano Analysis: 16O (Jπ = 1−) Pole 19.36 – 0.52i MeV in the Isoscalar Strength
Non-Collective Pole (Γg = 1.0 MeV): |Rg| > 1 and Im Rg < −1 → SF below the Background, Shallow Dip
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Branching Ratios: 16O (Jπ = 1−) Pole 19.36 – 0.52i MeV in the Isoscalar Strength
The Pole Decays into Several Channels (Largest: p + 15N(1p1/2

−1), d3/2 Wave); the IS Background Is Spread over Several Channels
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Fano Analysis: 16O (Jπ = 1−) Isovector Peak at 19.30 MeV
Non-Collective Pole: |Rg| < 1/√2, the Non-Interfering Breit–Wigner Term Dominates SF at Re Eg
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Branching Ratios: 16O (Jπ = 1−) Isovector Peak at 19.30 MeV
Same brc as in the IS Field; the IV Background Lies Mainly in p + 15N(1p3/2

−1), d3/2 Wave
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Fano Analysis: 16O (Jπ = 1−) IVGDR Pole in the Isoscalar Strength
Isoscalar Field (Non-Collective): |Rg| > 1 and Im Rg < −1 → SF below the Background, Shallow Dip
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Branching Ratios: 16O (Jπ = 1−) IVGDR Pole in the Isoscalar Strength
The Pole Decays into Several Channels (Largest: p + 15N(1p1/2

−1), d3/2 Wave); the IS Background Is Spread over Several Channels
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Fano Analysis: 16O (Jπ = 1−) Isovector Giant Dipole Resonance
|Rg| > 1: Interference Exceeds the Pole's Own Contribution; SF below the Background at Re Eg, Peak at 22.19 MeV
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Branching Ratios: 16O (Jπ = 1−) Isovector Giant Dipole Resonance
Same brc as in the IS Field; the IV Background Is Spread over Several Channels
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Fano Analysis: 16O (Jπ = 1−) Isovector Peak at 20.71 MeV & Dip at 21.29 MeV
Collective Pole: |Rg| < 1/√2, Peak Mainly the Pole's Own Contribution; Dip above It
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Branching Ratios: 16O (Jπ = 1−) Isovector Peak at 20.71 MeV & Dip at 21.29 MeV
The Pole Decays into Several Channels; the IV Background Lies Mainly in p + 15N(1p3/2

−1), d3/2 Wave, the Largest Decay Channel of the Pole
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Fano Analysis: 208Pb (Jπ = 1−) Isoscalar Giant Dipole Resonance
Most Collective IS Pole: |Rg| ≈ 1, Interference as Large as the Pole's Own Contribution → SF ≈ Background at Re Eg, Maximum below It
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Branching Ratios: 208Pb (Jπ = 1−) Isoscalar Giant Dipole Resonance
The Pole Decays into Many Channels; the IS Background Is Spread over Many Channels
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Fano Analysis: 208Pb (Jπ = 1−) Isovector Giant Dipole Resonance
Most Collective IV Pole: |Rg| < 1/√2, Breit–Wigner Peak of the Pole; Minimum below It
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Branching Ratios: 208Pb (Jπ = 1−) Isovector Giant Dipole Resonance
The Pole Decays into Several Channels (Largest: n + 207Pb(1i13/2

−1), h11/2 Wave); the IV Background Is Spread over Many Channels
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Fano Analysis: 208Pb (Jπ = 1−) Isoscalar Peak at 9.61 MeV
Collective Pole (Γg = 15 keV): |Rg| ≪ 1, the 2nd (Breit–Wigner) Term Dominates SF at Re Eg
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Branching Ratios: 208Pb (Jπ = 1−) Isoscalar Peak at 9.61 MeV
The Pole Decays into Several Channels (Largest: n + 207Pb(2f5/2

−1), d3/2 Wave); the IS Background Is Spread over Several Channels
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Fano Analysis: 208Pb (Jπ = 1−) Isovector Peak at 9.61 MeV
Isovector Field (Non-Collective): |Rg| < 1/√2; Both Terms Build the Peak (1st Term 37 %, 2nd Term 63 % of SF at Re Eg)
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Branching Ratios: 208Pb (Jπ = 1−) Isovector Peak at 9.61 MeV
Same brc as in the IS Field; the IV Background Is Spread over Several Channels
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Fano Analysis: 208Pb (Jπ = 1−) Isoscalar Peak at 10.88 MeV
Narrow Collective Pole (Γg = 30 keV): |Rg| < 1/√2, Breit–Wigner Peak of the Pole; Minimum above It
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Branching Ratios: 208Pb (Jπ = 1−) Isoscalar Peak at 10.88 MeV
The Pole Decays into Many Channels; the IS Background Is Spread over Several Channels
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Fano Analysis: 208Pb (Jπ = 1−) Isovector Peak at 10.88 MeV
Same Pole, Isovector Field (Collective): |Rg| ≪ 1, the Non-Interfering Breit–Wigner Term Dominates SF at Re Eg
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Branching Ratios: 208Pb (Jπ = 1−) Isovector Peak at 10.88 MeV
Same brc as in the IS Field; the IV Background Lies Mainly in n + 207Pb(1i13/2

−1), h11/2 Wave
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Fano Analysis: 208Pb (Jπ = 1−) Isoscalar Peak at 8.15 MeV
Tallest IS Peak: Non-Collective Pole (Γg = 5.5 keV), |Rg| ≪ 1 → Breit–Wigner Peak of the Pole
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Branching Ratios: 208Pb (Jπ = 1−) Isoscalar Peak at 8.15 MeV
The Pole Decays into Several Channels (Largest: n + 207Pb(3p1/2

−1), d3/2 Wave); the IS Background Is Spread over Several Channels
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Fano Analysis: 208Pb (Jπ = 1−) Isovector Peak at 8.15 MeV
Same Pole, Isovector Field (Non-Collective): |Rg| ≪ 1, the Non-Interfering Breit–Wigner Term Dominates SF at Re Eg
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Branching Ratios: 208Pb (Jπ = 1−) Isovector Peak at 8.15 MeV
Same brc as in the IS Field; the IV Background Is Spread over Several Channels
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Fano Analysis: 208Pb (Jπ = 1−) Isoscalar Peak at 11.20 MeV
Narrow Collective Pole (Γg = 22 keV): |Rg| < 1/√2, Breit–Wigner Peak; Minimum above It

CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan 116



Branching Ratios: 208Pb (Jπ = 1−) Isoscalar Peak at 11.20 MeV
The Pole Decays into Many Channels; the IS Background Is Spread over Several Channels
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Fano Analysis: 208Pb (Jπ = 1−) Isovector Peak at 11.20 MeV
Same Pole, Isovector Field (Collective): |Rg| ≪ 1, Breit–Wigner Peak of the Pole
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Branching Ratios: 208Pb (Jπ = 1−) Isovector Peak at 11.20 MeV
Same brc as in the IS Field; the IV Background Is Spread over Several Channels
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Fano Analysis: 208Pb (Jπ = 1−) Isoscalar Dip at 21.60 MeV
Collective Pole: |Rg| ∼ 1, Re Rg > 0 → Dip below Re Eg
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Branching Ratios: 208Pb (Jπ = 1−) Isoscalar Dip at 21.60 MeV
The Pole Decays into Many Channels; the IS Background Is Spread over Many Channels
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Contact information

• Name: Kazuhito Mizuyama

• Affiliation: Duy Tan University, Da Nang, Vietnam

• E-mail: mizukazu147@gmail.com

• Web: https://www.rcnp.osaka-u.ac.jp/~mizuyama/

CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan 122

mailto:mizukazu147@gmail.com
https://www.rcnp.osaka-u.ac.jp/~mizuyama/
https://www.rcnp.osaka-u.ac.jp/~mizuyama/
https://www.rcnp.osaka-u.ac.jp/~mizuyama/
https://www.rcnp.osaka-u.ac.jp/~mizuyama/

	スライド 1: Multi-channel Jost functions for describing resonances and collective modes in finite quantum many-body systems
	スライド 2: Duy Tan University
	スライド 3: Contents
	スライド 4: Contents
	スライド 5: 1. What is resonance?
	スライド 6
	スライド 7: 2. Jost function and Riemann sheet
	スライド 8
	スライド 9
	スライド 10
	スライド 11: Contents
	スライド 12
	スライド 13
	スライド 14
	スライド 15: Contents
	スライド 16: 4-a. S-matrix and Green function
	スライド 17: 4-a. “Imaginary part” of Green function
	スライド 18
	スライド 19: 4-b. Eigenphase-shift decomposition  
	スライド 20: 4-c. Mittag-Leffler theorem  
	スライド 21: Contents
	スライド 22
	スライド 23
	スライド 24
	スライド 25
	スライド 26
	スライド 27
	スライド 28
	スライド 29
	スライド 30
	スライド 31
	スライド 32
	スライド 33
	スライド 34
	スライド 35
	スライド 36
	スライド 37
	スライド 38
	スライド 39
	スライド 40
	スライド 41
	スライド 42: 6. Summary
	スライド 43
	スライド 44: Backup files
	スライド 45
	スライド 46
	スライド 47
	スライド 48
	スライド 49
	スライド 50
	スライド 51
	スライド 52
	スライド 53
	スライド 54
	スライド 55
	スライド 56
	スライド 57
	スライド 58
	スライド 59
	スライド 60
	スライド 61
	スライド 62
	スライド 63
	スライド 64
	スライド 65
	スライド 66
	スライド 67
	スライド 68
	スライド 69
	スライド 70
	スライド 71
	スライド 72
	スライド 73
	スライド 74
	スライド 75
	スライド 76
	スライド 77
	スライド 78
	スライド 79
	スライド 80
	スライド 81
	スライド 82
	スライド 83
	スライド 84
	スライド 85
	スライド 86
	スライド 87
	スライド 88
	スライド 89
	スライド 90
	スライド 91
	スライド 92
	スライド 93
	スライド 94
	スライド 95
	スライド 96
	スライド 97
	スライド 98
	スライド 99
	スライド 100
	スライド 101
	スライド 102
	スライド 103
	スライド 104
	スライド 105
	スライド 106
	スライド 107
	スライド 108
	スライド 109
	スライド 110
	スライド 111
	スライド 112
	スライド 113
	スライド 114
	スライド 115
	スライド 116
	スライド 117
	スライド 118
	スライド 119
	スライド 120
	スライド 121
	スライド 122: Contact information

