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1. What Is resonance?

PRC86, 041603(R), 2012, KM and K. Ogata
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Confirmed that the coupling
between incident neutron and
collective excitation of the target
nucleus produces a sharp, narrow
resonancesl!!.

\ 4

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

1. What is resonance?

€ Many types of resonance
Shape resonance, Feshbach resonance, Fano Bound
resonance, etc...

Free molecule

€ Giant resonance in nuclear structure is also resonance? v
. . . ; \ P’
€ \Why does the coupling between particles and collective \ 2 s benmne
modes of the target nucleus produce sharp resonance 5| \ §:T.m association
\sg M and dissociation
peaks? 2| 65/
€ What is the framework of nuclear theory in which to solve 5 \Jg “
these questions? =
» Extension of the Jost Function to Nuclear Many-Body BISTANCE F
Systems (HFB, RPA, PVC, etc...) https://www.mdpi.com/1422-0067/12/10/6810
= Fano Resonance
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2. Jost function and Riemann sheet

K% ' Wk (E)
U R — B _ 2mkE
- 2m Or? (T) o3 B) 2m or; E) K W
(¢;(r)  with lm oy = rikr) <Regular solution

with  lim P (r) = rh® (k) € lrregular solution

r—00 l']

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

- 5 .
k| (y,  dop d . .
Jl(;:)(E) = i} qbgj)(fr) ¢zzir( ") (% Y )qblj (7) < Wronskian representation
M = L0 6O 2 7O o wdoy’ Ao ()
from ¢, (r) :§[Jlj (E£) ¢y (1) + Jp; (E) &y, (7")] and ¢, i ¢ = s

omk
JNE) =1+

72 / dr Thgi)(k"“) Uij(r) ¢§;)(T) ¢ Integral representation
0

Uy;(r): potential without the centrifugal term, r hl(i)(k’r): free solutions, Uj; =0 = Jlg.i) =

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

(7)

¢y (r) 17 - : :
) = —— == [Cbgj (r) + Sy(E) ¢§j+)(?“)] & Scattering wave function

Jlj (E) . incoming outgoing

Jl('_)(E) 2i6,;(E ;
Sy(E) = —5 real B: |Sy(E)| =1, Sy(E)=¢"uE) & S-matrix

Jy; (E)

I+1

lim () = = [e™ + (=1)*! 5;(E) ™| & asymptotic form

S-matrix poles:  J,;/(E) =0 - bound states and resonances
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2. Jost function and Riemann sheet
ImE

1st Riemann Sheet of
E(k) ;

Imk >0
—->0<argk<m

2nd Riemann Sheet of
E(k) ;

Imk<0O
—>n<argk<2m

-30 -25 -20 -15 -10 -5 0 5 10.

Neutron p;,, for *0O with Woods-Saxon
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3-a. Hartree-Fock-Bogoliubov (HFB) Jost function

Uy(r)  Ar) )

R g RE) 0 Nz | YT ae —o
[_Qm (8r2 - ) + o Uy(r )] b11(r: E) = ( 0 k%(E)) oulr ) RAE) )\ g
om

= > |7 el + 7 (m)el))T]

J

HFB Jost function (2x2 matrix)

TENE) = £= [(D(”Tm 0.

il Y

20— (500 0| k(B

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

V- (Z/{ + Vyes Vies ) ’ IC — diag(k%i), ké@'))

B2 [ d?. L2 - h? K Vi U+YV
— I — — (r- F) = 2 E (r E res res
[ 2m (drz 7“2) " V(fr)] #ii(7; £) QmK (E) 6153 E) R2EUR ()

2m

=¢p, = ' (forward / backward)

2Nx2N matrix regular and irregular solutions

(&E’” é};ﬁ S _ :1{._7'{
((E(:I:l] q;(:l:?)

T - T
Pmye)T+ 7 (B)e)T]

Lj Ly

+ 1 )T a + 6 )T +

TEE) = £1 270 0l () - (50T ) o (0] ki)
det .:7;3- (EB) = () PRC 107, 024303 (2023)
det Jgj(ER) =
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-b. Random-Phase-Approximation (RPA) Jost function
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PRC 107, 024303 (2023)
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4-3. S-matrix and Green function

PRC 109, 054304 (2024)

7 ( & I— L—Q) + V(T)H G(r,r"; E)=1T6(r —1')

dr? r2

h2
Jost-RPA Green function: —K? - -
2m 2m

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

Scc Scd T
Sdc de) =S (E) SJcrc(E) SCC(E) - SCC(E) SIC(E) =1 (real E)

Open-channel block S_.: unitary

S(E)=1cgH g = (

Scattering wave function:

1 1 _ 1
VT B) = ke g D007 (1 B) = : [cb}, T B) + S(E) oW (1, E)}, ol = KCipT

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

G(r,1" . E) = —izh—? [(9(?’ — ) O () W) + 0 — 1) Wi (r) @}“T(r')}
_ —i% [e(r — YO ) T + 00 — 1) 0 (1) 9T () + 0L (r) S(B) CIDE;)T(T’)}

CNR*26(Oct 5-9, 2026) @ACROS Fukuoka, Japan 16



4-a. “Imaginary part” of Green function

RPA response function and strength function PRC 109, 054304 (2024)

=S [ arar 100 0G0 B & 1), SPE) =~ m B
qq

Symmetry of the solutions (c: open channels)

Si(E)=8E), ) (riE)=8.(E) v, ) (r £

CcC

= Only the open channels and S_. remain

/ 1 / * / *
ImG(r,r'; F) = Z[Q(T rE) =G (r,r B )}
=~V B) Su(B) WL ), W) B) = W) )

The closed-channel blocks S_,, S,. and S, do not appear: the strength function S; = -(1/m) Im R is carried by
S, alone.

CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan 17



5-a. Strength Function through the Jost-RPA Green Function

Only the Open Channels Carry the Strength: S,(E) Is Built on S_(E)

1. Jost-RPA Green Function

2m 1 (r
G(r,r') = —ioy [9(7‘ — @M (g 1T ()
00 — 1) @) (J(+)_1)T7C(1>(+)T(r’)]
e &) (r): Regular solution () — 0asr — 0) &) (r): Outgoing Jost solution

e Jost matrix J"(E) = Poles of G occur at det J'7(E,) =0

2. Strength Function Carried by the Open-Channel S-Matrix S_,

T(r E)

C(

Z/ dr fi"

ﬁé)(r;E) =

where

2m

h?

O, (i B) €, (r),

Z/ dr' g, (r'; B) £17 ()

Only the open channels c carry the strength: the poles of S__ appear directly in S;

CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan
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4-b. Eigenphase-shift decomposition

PRC 109, 054304 (2024)

Im E [MeV]
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s = ggO)f

a:5l1)
(62161

\

1. Derived a unitary S-matrix within the

Jost-RPA framework.

o (1)
82-.{.52

2. Proposed eigenphase shift

decomposition of the RPA strength

function.

3. Applied the method to quadrupole

excitations in 1e0.

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

Showed that the Coulomb interaction
strongly affects IS/IV mode mixing.
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. 190, E1
4-c. Mittag-Leffler theorem ... wsemmnsnee

0.3 5th Rieman sheet
PRC 111, 054323 (2025)

RPA response function

P—

B
Rr(E) = RE(E) + :
d Zg: E-E,

160, E1

0.4 - 1lstRieman sheet
5th Rieman sheet

Residue of R for a pole E=E,

~ dE’ :;o‘;:
Bg = Res|Rp, Eg] = § —RF(E,) i-oiz :
C

 2mi 92 [ NG

532 25

21

: 19 20
. r Re E (MeV)
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5-a. Strength Function through the Jost-RPA Green Function

Only the Open Channels Carry the Strength: S,(E) Is Built on S_(E)

1. Jost-RPA Green Function

2m

G(r,r') = _Zﬁ [9(7‘ — )@ (K g 1T ()
o0 — 1)@ (r) (J(+)—1)T1cq>(+>T(r')]
e & (7): Regular solution (") — 0asr —0) ®*)(r): Outgoing Jost solution

e Jost matrix J"(E) = Poles of G occur at det J'7(E,) =0

2. Strength Function Carried by the Open-Channel S-Matrix S_,

T(r E)

C(

Z/ dr fi"

ﬁé)(r;E) =

where

2m

h?

O, (i B) €, (r),

Z/ dr' g, (r'; B) £17 ()

Only the open channels c carry the strength: the poles of S__ appear directly in S;

CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan
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5-a. Takagi Factorization at Resonance Poles

At Each Pole the Residue of S. Has Rank 1: One Singular Value ¢,/ and One Takagi Vector w,©
arXiv:2604.02237 (2026), accepted in PRC

Residue of the open-channel S-matrix at a pole £, = Re B, — %Fg

Res [8 o Eg} — aéc) u?’éc) Qéc)T

(c)

rank 1: one non-zero singular value o, (Takagi factorization)

cfﬁgc): normalized open-channel Takagi vector, ||c.3é,c)|| =1

Pole term of the open-channel S-matrix

Oéc) & éc) & éC)T

F —E,

Sc(E)=8p,4(F)A

Sp4(E): everything except the pole term of ¢ (including the other poles)

CNR*26(Oct 5-9, 2026) @ACROS Fukuoka, Japan 23



5-a. What is Takagi Factorization?

Teiji Takagi, Japanese Journal of Mathematics 1 (1924) 83-93

Takagi Factorization Theorem for Complex Symmetric Matrices

A WZWT e A € C™™ Complex symmetric (A = AT)
B e W € C"™": Unitary matrix (WW =1I)
e gy > 09> --- > 0, > 0: Singular values of A

o w; (columns of W): Takagi vectors

> = diag(oq, 09, ..., on)

Decomposition Form Valid? Physical Reason / Applicability to Continuum S-Matrix
Hermitian Spectral H = UAU' [X]  Requires H = H'. Fails: S-matrix is symmetric, not Hermitian (S # S7).
Standard SVD A=UxVT [A]  Two bases U, V. Symmetric form V = U* (S, = Sp,) not built in.

Takagi Factorization A = WEXWT [V] Single unitary W. Exact match for complex symmetric S = 5!

CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan 24



5-a. Pole Term of the Transition Amplitude

The Strength Function Is the Squared Norm of the Transition Amplitude Vector; the Pole Term of S_, Gives Its Pole Term

Strength function and transition amplitude vector in the open channels c

SPE) =Y /O dr {0 BT B) | SulB) |y /O dr' 6 (', B) £ ()
q q'

= FONEY) FO(E)

- 2m

FOE) =\ 205 Su(B) Y /0 dr W4T B €, (r) £ (r)

Pole term of the transition amplitude vector (inserting the pole term of S,.)

() =(c)
O(E) = FO(py 4 999
FOB) = FLE) + 3

fé;)(E): everything except the pole term of g

CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan 25



5-a. Excitation and Decay Channel Vector of the Pole

Takagi Factorization Splits the Pole Term into the Excitation c, (Depends on the External Field) and the Decay Channel Vector w, (Does Not)

(1) =(c)
Cg W
Pole term of the transition amplitude vector

CgT): excitation by the external field f("

. _(c) 00
. 10 T T T T T
ey = ﬁfg()’ fé):Z/o drapy (r) &,(r) f7(r) = Y F, 7
q i

= depends on the external field (IS / IV)

&\”: decay channel vector (Takagi vector)

(c)

dmo,

ih?

\IJS;:C)*(T; E;) u_)'éc) (pole state of g)

= property of the pole: independent of the field

— collectivity from the channel amplitudes F ;;)

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



5-b. Collectivity of Resonance Poles

Collective excitation:

G. Co’, V. De Donno, M. Anguiano, A. M. Lallena, PRC 87, 034305 (2013)

coherent superposition of many particle-hole excitations

(W|F|0) = Z F,;,, B(EL)= | Z F,;

Collective: many, in phase

2

Single particle—hole
2
S =X In
1 0

>

"

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

Many, phases cancel

‘ > F, < > B
1 1
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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.)
(1) Weisskopf unit strength only (fixed single-particle reference)

B(EL)/Bw(EL) > 1

V. F. Weisskopf, Phys. Rev. 83, 1073 (1951)

(2) Participation ratio number of configurations (no phases)

P= (316l el

F. Wegner, Z. Phys. B 36, 209 (1980); J. R. Armstrong et al., PRE 86, 066204 (2012); F. Borgonovi et al., Phys. Rep. 626, 1 (2016)

(3) Co’ et al. (discrete RPA) number and phase alignment (coherence)
2
SN BED) (bl
=, CF 5 = 5 <
ph (2 pn 1opn])™ (20 10p])

N*: number of p-h pairs with Xgh — szh > 1/Npy, (above the average weight)

bp

averaged over the pygmy and giant energy regions with weight B(EL)
G. Co’ et al., PRC 87, 034305 (2013); E. G. Lanza et al., PRC 79, 054615 (2009)

5, p-h contribution to the transition amplitude; C = 1: all in phase

All use the amplitudes of discrete states (eigenvectors)
CNR*26(0ct 5-9, 2026)@ACROS Fukuoka, Japan 28



5-b. Collectivity Indicators of Each Resonance Pole

Coherence C, (Phase Alignment) and Participation n, (How Evenly the Channels Share) of the Channel Amplitudes F, ;

arXiv:2604.02237 (2026), accepted in PRC
Channel amplitudes of the pole g (i =1,..., Ni: channels)

o0 Ntot
T T 7 T) — T | el
Fg(,i) = /0 dr fé )(7") @bgT,z'(f'") &4i(7), fé ) = ZFQE,’L') = \fé )‘ e
1=1
Collectivity indicators
oA .
C!(J ) = ‘ J (L) 0< Cé ) <1 coherence index
Zi ‘F gt |
2
(Zz |F @ D 1
ngr) = ’ 2 < ngr) < 1 participation ratio
Ntot Z@ ’Fgﬂ; | Nt()t
Nog = Niot néT) 1 S Negr S Niot effective number of channels

CNR*26(Oct 5-9, 2026) @ACROS Fukuoka, Japan 29



5-b. Complex Transition Probability of the Pole

I§g = Res[R;, E,] = F,? Factorizes into the Collectivity Enhancement C %N, n,, the Single-Particle Scale and the Phase

arXiv:2604.02237 (2026), accepted in PRC

Complex transition probability of the pole (residue of the RPA response function Rp)

Bff) = Res|Rp, E,;| = FggT)Q = [C’( )2Ntomg } (Z | | ) 201

(= 1: one channel)

collectivity enhancement Cgr) QNtOtT]g )2
Y:i !Fg}')ﬁ |

Strength function as a sum over the poles

T T T T 1
B =Y N x (IR x(_wlm

.

.

9 collectivity enhancement

v
single-particle scale ~—
resonance line shape
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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 |I§g|

Co’ et al. (discrete RPA) This work (Jost-RPA)

States discrete states, averaged over an energy region  each resonance pole Ey itself

with weight B(F'L)

Amplitudes real bpp, complex F ; from the Takagi vector Wy
[ > o bpnl® Fy il

Coherence C = th P 5 Cg = Ez—% (same form)
> lopn) (5 [yl

Participation L2: counted with probabilities | X, |2 L1: counted with amplitudes |F, ;
ph 9,
. . 2
N* = #(Vh pairs with ‘Xph|2 2 1/Nph) (Zz |Fg,i|)
5 9 Ntotﬁg: Z|F ‘|2
— (th |Xph| ) 17 g
th, |‘X’ph|4

both give m for m equally shared pairs

(L2 participation)

| Zi F.q,i|2

Ez’ |Fg,i|2

Measure two indices: D = N*/N,, and C one: CgNtot"?g = (= 1: one channel)

Why
e the collectivity of the resonance itself (each pole Ey), not of pseudostates
L = 2 2 2
e participation from ) . |F, ;| = |By| = Fyilm = C; X Nigtng X N Ey
Zz q,t q |Z@ gz| g ot!lg Z@‘ (zl

coherence  participation  own single-particle scale
G. Co’ et al., PRC 87, 034305 (2013); Hoyer, JMLR 5, 1457 (2004); Hurley & Rickard, IEEE TIT 55, 4723 (2009)
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5-b. Numerical Results: 0 (J™® = 2*) Collectivity Decomposition: Isoscalar
Strength of Each Pole (Re I§g) and Its Collectivity (C,°N,,, n.): ISGQR 16.76 — 0.11i MeV (C,*N,n, = 7.1)

150 (2 1) isoscalar

= :151) : bn H
] 1 H
1

—(16.76_0.11;

)

15

25
FE[MeV]

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

1 O
- {2845 056}
20

30

35 40

Complex transition probability of the pole

B, = Res|Rp, B, = F

= —271 Res [SF, Eg}
Middle panel: its real part
~ Res [S r B ]
ReB,= [dE2R a
€Dy [ C o _ Eg

area of the pole terms of Sy at £, and E;
on the real axis; < 0: the pole lowers Sr (dip)

Bottom panel: collectivity measure

2
> Fy il
CQNtOtn — ’ 1 g,
J ! Zz ’Fg,i|2

= 1: one channel (dashed line)

Linked through the phase ©, = arg F,
n o 2 12

cos 20, < 0: Re B(, < 0 even for a large C(?Nmt/r}g

32



5-b. Numerical Results: 1°0 (J™ = 2*) Collectivity Decomposition: Isoscalar (Zoom)
Poles with Re B, < 0 (27.04, 28.49 MeV) Make the Isoscalar Dips; Both Are Non-Collective (C.?N,.n, = 0.02)

16 +Y 3
IO (2 ) |§oscalar (zoom), , , Complex transition probability of the pole
) 190 \ 1
1 B — Res [RF ] v 2
)
= —2mi Res [SF, g}

. Middle panel: its real part

1 | | | ' ~ Res[SF E]
i | : | ReB.= [dE 2R =t
- : —— fazane E -,

arca of the pole terms of Sp at £, and E
on the real axis; < 0: the pole lowom Sp (dlp)

16.76: 82.9 (off scale)

0.50 —
> — [Re B, <0 (27.04, 28.49 MeV): dip]
T 025 . -
£ = I ' ' I ' Bottom panel: collectivity measure
0.00 T — - ' : 2

P 1 15.92: -1.58 (off scale) | | | ) 9 ’ g, 7,‘

M e——— : :' —— Cy NiotTlg = B

8| 18 | | | ' > i | Fyil

e\ ] = 1: one channel (dashed line)
Linked through the phase ©, = arg F,

Re Bg = CgNtOmg S| Fyal? cos20,

cos 20, < 0: Re EQ < 0 even for a large C7 N1,

| l,“ ----------------------------- O ) S

25 “0 35 40
E [MeV]
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5-b. Numerical Results: 1°0 (J™ = 2*) Collectivity Decomposition: Isovector
Largest IV Strength 27.04 — 1.46i MeV Is Not Collective (C,N,,.n, = 0.73); Most Collective IV Pole 36.64 — 0.42i MeV (1.8)

[fm?]
I

Re B,
o

2
Cy Ntot Ty
= =
o ()]

o
U

150 (2 1) isovector

7.04_1.464

[ | | |
|36.64—0.42i
D —

20

25
FE[MeV]
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Complex transition probability of the pole
B = Res[Rp, } .7:2
— —2mi Res [SF, g}
Middle panel: its real part
Res [S F Eg]

area of the pole terms of Sp at £, and E;
on the real axis; < 0: the pole lowers Sr (dip)

Reég:deme

Bottom panel: collectivity measure

5 Pyl
Ez’ g,i|2

= 1: one channel (dashed line)

CQ N, tot 779

Linked through the phase ©, = arg F,
n o 2 12

cos 20, < 0: Re B(, < 0 even for a large CENM%
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5-b. Collectivity Indicator Correlation: **O (J™ = 2*) Isoscalar (IS)

Participation n vs. Coherence C? (N,,, = 16); Dotted: Constant C?N, , n

©

o00¢

T

| I [

1 Sp | On
1 .

250 |

200} |

Sis(E)
[fm*/MeV]
S

100} !

160 :(2*:) Isoscalar quadrupole

15

20

55 30 35
E, Re E, [MeV]

40

participation 7,

0.6

05}

©
N

o
W

0.2}

0.1}

4 const. Cijmg

0.00_0
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110
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5-b. Collectivity Indicator Correlation: 1°0O (J™ = 2*) Isoscalar (IS, Zoom)

Poles 2-6 at High Energy: n; = 0.27-0.44 but C;;* < 0.03, so Non-Collective (C.?N,n, < 0.15)

Sis(F)
[fm?*/MeV]

Im E, [MeV]

0.40Ff |

0.35

o.10-§

0.00=
0.0 -

~0.5}1

~1.0} |

—2.0f!

o

0.05

o00¢

~1.5}!

Sy ib,l ‘ : : _
‘ ¥ 160 (2 ) Isoscalar quadrupole (zoom)
— -
hd -
E L i3 5
' I
2!
, :
20 25 30 35

E, Re E, [MeV]

40

participation 7,

1 2 4 const. O Niwiny {10
0.6
05} 18
4
0.4}
3 16
Ps
6
0.3 ‘.2
14
0.2
12
0.1}
0'00.0 0.2 0.4 0.6 0.8 8
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5-b. Collectivity Indicator Correlation: **O (J™ = 27) Isovector (IV)

Participation n,, vs. Coherence C,? (N,,, = 16); Dotted: Constant C2N,_, n

o

|:,‘
IESH

3501

o00¢

: : 1 0.6
150 (2") Isovector quadrupole

0.5

o
N

e
W

participation 7,

0.1}

const. CF Nyt

15

20

25 30 35 20 %0
E, Re E, [MeV]
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5-c. Numerical Results: 298Pb (J™ = 17) Collectivity Decomposition: Isoscalar
Tallest IS Peak 8.15 MeV (C,?N,,;n, = 0.18) Is Not the Most Collective Pole; ISGDR 21.28 — 0.42i MeV (C2N,,n, = 12.6)

208 -\ :
P_b (1 i ) |soscglar Complex transition probability of the pole

is,
i 2
< 15(: B = Res [RF, ] 5,
v i
g2 | = —271 Res [Sp, g}
ZE |
< b i Middle panel: its real part
= 5H
= ~ Res [S 7, Eg]
0 ' i Re Bg = dFE 2 Re
4
3 _ 1N ] area of the pole terms of Sr at F, and E
- <, [Re B.<0(21.47, 22.11 MeV): dip] B . on the real axis; < 0: the pole IOWOlb SF (dlp)
Y I : N L
£ =1k __ Bottom panel: collectivity measure
0 i -- CQ N. ’ z I, g, 7»‘
15 - : : totng
BTy 0 2i | Fgil?
< 10 HER . / ; = 1: one channel (dashed line)
NZB | ::<__—-—- o Linked through the phase 0, = arg F,,
oo B v 12
Y T I N | E— P R R

8 10 12 14 16
E [MeV]
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5-c. Numerical Results: 298Pb (J™ = 17) Collectivity Decomposition: Isovector
Tallest IV Peak 10.88 MeV (C,*N,n, = 3.0) Is Not the Most Collective Pole; IVGDR 12.98 - 0.13i MeV (C,?N,,.n, = 8.1)

208 -\ :
_ Pb (1 i ) Isove(,:tor : : : — _ Complex transition probability of the pole
100 ] ~
A i By = Res|Rp, Ey| = F;
— 80 . .. . I -
> i : i : R _
22 gl = —2mi Res [Sp, g}
> o !
N é 40 H Middle panel: its real part
201 ~ Res[SF, E,]
ol Re Bg - dE 2 Re
4 : : : n ; - area of the pole terms of Sr at F, and E
s 5 on the real axis; < 0: the pole IOWOlb Sp (dlp)
& E 21 1 Bottom panel: collectivity measure
02N ’ z Fg 7"
: : : : — totng E ’F .
8 - : P : i ? g,?
§ ol ; n ; | = 1: one channel (dashed line)
= 4 | : | Linked through the phase 6, = arg F,
2 ;; {I_IILI I T 1 ReBy=C) Ny > i Fyil” cos20,
NN 1 1T 1 e N Y T = :
0 5 "10 12 7 16 18 20 >2 = >4 cos 20, < 0: Re B, < 0 even for a large C’gNt(,tT)g

E [MeV]
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5-c. Collectivity Indicator Correlation: 2%Pb (J™ = 17) Isoscalar (IS)

Participation n vs. Coherence C,? (N,,, = 103); Dotted: Constant C2N,, n

130

_ o 9 | e | | | | | oeh 1 4 8 16 const. €7 Ny
'S, : ; 5 '
17.5H : : 25pb (1 ) Isoscalar compression dipole |
15.0H
—_ ! 0.5f
2 12.5H
g2 |
\?é [= 10.0 i
. :O_ i =) 0'4 i 2
S 7.50 S @
5.0 0 4
e ® 1
25 5 0.3
H -+
1 —
0.0 -L—-hu Lod 3 o3
10-4§ 6
! : 0.2}
— _3 i .
g 1077 :
= : 1
- 10_2 : ’ - 2 E b
S e @ s 6 0.1 o5
_ 10_]_ _i : .3
i 4
10°0F . D : . : . . . . . . 0oL . . - . -
8 10 12 14 16 18 20 22 24 00 01 02 03 04 05
E, Re E, [MeV] coherence C;

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

160

150

103)

N, totTlg (Niot

120

110

40



5-c. Collectivity Indicator Correlation: 2%Pb (J* = 17) Isovector (V)

Participation n,, vs. Coherence C,? (N,,, = 103); Dotted: Constant C2N,, n

103)

N, totTlg (Niot

O 0 © 1 4 8 const. C7 Nigi1g
'S, : : :
5 : : : 25pb (1 ) Isovector dipole 04l
100 | : 1 '
80[: a
= | 5 6
23 eof
0? ~ | 0.3 ‘.1
E ! : 2 ¢
: : 2
i : -+
i : @©
20 H : 2
| : 2
: , £ 0.2
o
| o R ' 3
1074H : .
S 103k : : :
3 077 : : : 5
= | ‘1 : 5 0.1
— o a—f . 2 :
5 10 ., @ : 6
£ b N 3
1071F ® i
10° -i . D : . : . . . . . . 0.0k ) ) ) ) ) )
8 10 12 14 16 18 20 22 24 00 01 02 03 04 05 06
E, Re E, [MeV] coherence C;
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6. Summary

v'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)

v'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)

v'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 2%8Pb

v'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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5-a. Takagi Factorization at Resonance Poles
Relation between Open-Channel Residue Res[S ] and Full Residue Res[S] at E, = Re E, - (i/2),
1. Open-Channel S-Matrix Residue Res[S_, E ] (Rank-1 Takagi Decomposition) arXiv:2604.02237 (2026), accepted in PRC

o Scc Scd
S(B) = (Sdc de)

e Open channels (¢): outgoing waves: decay into the continuum

cc’

Res [Scc’ Eg] _ (75(16) Qgc)ﬁgc)T

e Closed channels (d): exponentially decaying, no asymptotic flux

rank (Res[S.., E,;]) =1 = ¥ = diag (aé‘:), 0, ..., O)

(backward channels; forward channels below threshold)

(_35("7) € C" : Normalized open Takagi vector (H(_a's("") | =1) S, € C"* " open-channel S-matrix (unitary on the RS interval)

Closed-channel part fixed by the open-channel C’éc)

! |
! |
: 1. Algebraic Extension ¢ 2. Normalization (W, o) 3. Full S-Matrix Residue Res[S, F] I
- :
! |
! |
! I
. () '
| W = |
9 q - ST > T

- G _ - _ Y 2 _ _ (0 i
: 1 = _]C% ,_7(+) IJ(H’C—% S(c) | Wo = Itk Og =0y |l Res[S, Ey| =g, WeWw, = 0,°'9,49, |
. d \ v dd de e~ Wy dy o !
Rank-1 residue in the full 2/Nio channel space |

| Normalized vector (||| = 1) and o, '
I

! |
! |
! |
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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 S . & Residue Width o,/ vs. Pole Width I,

arXiv:2604.02237 (2026), accepted in PRC

(€) =(c) =(c)T

S.(E)=8p (E) + 72 Y9 @

E—E,

i =(c
E;=ReE, — QFga ||‘-‘{f(; )” =1

Spy(E) : everything except the pole term of ¢ (including the

other poles), analytic at E, and £

()
o I L dSp .
2 ~1—2Re wécﬁ—’g(Re E,) wéc)*
I, 2 dE
° Ug') =1I'y: 8p, flat across the pole (narrow, isolated pole)

. 0!5(‘) # I'y: energy dependence of Sg 4 (barriers, other poles)

. a!(f) < I'y is not a loss of flux to closed channels

2. Resonance Observables via Takagi Factorization

1. Residue Width 2. Partial Widths

3. Branching Ratios

i = 0 |yl

Jéc) = Z( Fz
1=1

— I'y for a narrow isolated pole

c)

%

open channel ¢ (particle [,j, + hole h)

br; = \wﬁﬁ =

o

r(é)j Zbrz =1
g [

absolute: BR; = I';/Ty = (a4 /T,) br;
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5-a. Pole Term of the Transition Amplitude

Takagi Factorization Splits the Pole Term into the Excitation c, (Depends on the External Field) and the Decay Channel Vector w, (Does Not)

Strength function and transition amplitude vector in the open channels ¢

Z/ dr $) T B) | Sl Z[ a6 ) 0

= FOUE)FOE),  FOE) = 5 Su(B)Y / dr ) (1 B &, (r) £ (r)
q

Pole term of the transition amplitude vector (ft();)(E) everything except the pole term of g)

(1) = (c)

— — W
(T — &) Cg Yy
cﬁ,’”: excitation by the external field f") u_.:',(,(i): decay channel vector (Takagi vector)
- () (c)
1o - dmo .
C(T) = g f(T) Yy(r) = zhéq \Il( ) (r; Ey) wggc)
() (7) pole state of g
Z dr g (1) &(1) fo7(r) = 3 Fy
1}
= depends on the external field (IS /IV) = property of the pole: independent of the field

— branching ratios br; = |w |2 — collectivity from F! g(? — Fano analysis: interference with fé?
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5-b. Transition Amplitudes at the Pole & Collectivity Indicators

Pole State Y, Channel Amplitudes F,; and the Complex Transition Probability Eg
arXiv:2604.02237 (2026), accepted in PRC

1. Pole State, Channel Amplitudes & Collectivity Indicators
o R (r)
(© Cy’' = o 0<C;’'<1 (Coherence Index)
- dmo * (e (e : ~ | )
P(r) = ’ih; \IIE;C) (r; E,) w_(g,‘) (wé) . Takagi Vector) ; |
""Vtt)l
g (7)
péjg(’r) = J(L(fr) €,:(r)  (&(r) : hole-state vector) (Z £y |) )
‘ ‘ néﬂ = ?:j\f.t ~ < néT) <1 (Participation Ratio)
o 7 e @) () _ al (7) (") 6l Niw D |EP h
Eq,i - dr fq (T) pq,i (T)i fg — Z Eq,‘fé - |‘Fg | e i=1
i=1 Ny = Nmtn_g’) 1 < Ny < Ny (Effective Channels)
2. Complex Transition Probability ﬁg & the Strength Function S¢(E)
(") M2n (7) SIGE 1| e ")
SNE) = C " Nioin," F'J —1 S (B
F( ) Z N ttng, X z_Zl| g,z‘ xh ﬂ_m E—Eg + F,l)g( )

9  Collectivity Enhancement N P
Sing]e—Pa}Eicle Scale Resonance Line Shape

B = Res[Re, Ej) = Fi72 = [C2Nunl)| [ SOIFTE | e

Re(B) =Y [ “dr / a1 €1(r) 61" E) £00) £5)

q.q'
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5-c. Fano Analysis: Essence of the Fano Formula

The Pole-Term Component Parallel to F,, Interferes with F,; the Orthogonal Component Only Adds Its Strength (Breit—-Wigner)

(a) split the pole term along F,, Split the pole term along f‘]();)(E) @l = f(E)+f.(F)
} 7(7) (1) =(c)
f, - fbg T(E) Cqg Wy 2(7)
E—E, fII(E) - =(7) 5 ]:bg (E)
| [Fre (BN
orthogonal: only Pythagoras (FL 1 ‘f‘l(;;))
its strength adds ) o ) f||
777777777777777777 T - T
s = |7 + o+ g |

Parallel part (Fano’s relatlon: defines ¢, at each real F)

parallel: amplitudes add — illtﬂl’f(;‘l‘(:!ll(‘ﬁ . f_" Gy — i €+ q
Fod 4 =(1+ ) R) =AY
(b) line shapes of the two parts (¢, = 1.5) — My €+1 €+1
Figt(B) ¢y
are . 2 2 - g
= parallel: |e + q,|°/(1 + €) = qu(E) — 1 = =
— orthogonal: 1/(1 + €2) (FQ/Q) H‘Fbg (E)HQ
-- background _y
Fraction of the pole term along ]ﬂ;?
—_ —_ 2
B P 1
97 1.(7) =(e)))? 9 1.(7) =(e)
e '@y |l ey "y ||

Fano formula

+q,[° ”CG' wq HQ

S(T) E) = F 2 |6 9

F() l|b” 1+2 )’E_Eq|2

background + interference 11011-interferingT Breit—Wigner
+ parallel pole part

= (E—ReEy)/(I'y/2)

+ (1-

-
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5-c. Fano Analysis: Interference Term and the Pole's Own Contribution

S; = Background + Interference Term + Pole's Own Contribution; Their Ratio Im R,+€ReR, Decides Which Builds the Structure

Strength function = background + interference term + the pole’s own contribution

S(T> E) = J[‘(T) 2 IR bg 9 9 ) g
background = ~~ o N- -~ -
interference term pole’s own contribution

Their ratio at each £ (E — E, = %(6 + 1))

interference term L'y F éQT Cgr)‘-_‘jéc) B 2193 (qg — 1)

=Im R, + eRe R, R,

pole’s own contribution les @12 gy =il
Reading Example: '°0 2" (IS), E, = 28.495 — 0.564i MeV
|R,| < 1: the pole’s own contribution (Breit-Wigner) dominates R, = 0.61 — 1.80¢, |R,| =1.9>1
|[Ry| > 1: strong interference (within [e| < 1) at € = 0: interference = —1.80% pole’s own
Im R, < —1: Sp below the background at € = 0 — Sp below the background
ReRy >0 (< 0): theside >0 (e <0) is raised Re R, > 0: the side € < 0 is lowered — dip at 28.24 MeV

R, =0 <= p, =0: no interference
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5-c. Fano Analysis: 160 (J® = 27) Isoscalar Giant Quadrupole Resonance

Most Collective IS Pole, but IRgI « 1: the Non-Interfering Breit-Wigner Term Dominates S; at Re E,

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering) Pole Eg = Re Eg — %F
160 (21) ISGQR, isoscalar: whole strength function Si(E)

E, 16.762 — 0.107: MeV
g2 Collectivity (IS): collective
£ 100 C‘g2 0.9088

%o 15 . 20 25 30 35 20 N1, 7.80
- . —— ; 2
2nd term }ReiEg e=(E—-RekEy;)/(Iy/2) Cg Ntotng 7'09
93 % Lo |
=R N \ () Ly g (€1 @)%+ (g) At £ = Re I, (e=0)
S 200" : AW Sy (E) = ||‘7:bg (B 2 '
z | i\ 1+ € qq 2.31 — 1.44;
[ | | i | Cc T)|2 ‘
= [ P I p 010
5’100- i : 97 2 (E — Re Eg)2 + F§/4 R, 0.039 — 0.041;
! 01 i i Fano parameter Fraction along fhg |Rg| 0057 << 1
N e B o

(e + g¢) /(€ + i): part of F along Fpg fj: component of c,&; along Fg pole's own contribution dominates

5 ' ' T (T)T E) M3 4
—Reg, ==Img, —p] a0(E) — (E) ey Py = (L')”“(C) Im R, < 0: lowers Spate=0
: (rg/z) ||fé;)(E>||2 les &)

—— = Breit-Wigner peak

Interference term / pole’s own contribution = Im R, + e Re R,

r, FONE) Dl _ 2} (g, — 1)
||C(T) —'(C)HZ |qg _’tlz

g:

Im E,

_2 1
16.2 164 166 168 170 172
E, Re E, [MeV]
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5-c. Branching Ratios: 10O (J™ = 2%) Isoscalar Giant Quadrupole Resonance
The Pole Decays Mainly into p + *>N(1p,,7), p3/, Wave; the IS Background Lies Mainly in n + °0(1p, ,™%), p3/,, Wave

50 -

Y

— Sp(E) == ||Fn|? (pole removed) —— 1stterm —— 2nd term (non-interfering) Pole Eg — Re Eg — %Fg
160 (21) ISGQR, isoscalar: whole strength function S;(E) '
- - — E, 16.762 — 0.107: MeV
> 200}
g a9/ T, =Y T./T, 1.04
£ 100} c
o - - - . . Pole decays into (br.)
p + “N(1p, ), ps» wave 0.77
| (Reil, Open channels at ¥ = Re £
250 - i - - P ! n+ “0(1p, ), ps wave  0.15
— i i . 2
% i : i - |D0|e bI'C = |ngc‘
:E r '\ independent of the external field Background at Re £, (b.)
=, 150 - | -\ > 15 A
£ [\ B background: b, = | Fig o2/ Figll? N+ P0(1p,5), pyy. wave  0.95
s depends on the external field (IS / 1V) p + ®N(1p;4), ps» wave 0.04
0 S pa.

p + "N(1p3), ps/2 wave
5t —_— __' —_2
e Re g, I|m 4 P’ n + 15O(1p;/12), ps/2 Wave
= 0 : -
= mm——mel . p + “N(1p,3), f5,2 wave
OF 16762 —0.107:@" | "]
= i o n+ PO(1pih), fs2 wave
g : I : L L L 1 L
5L ! , Lo o 0.0 0.2 0.4 0.6 0.8 1.0
16.2 16.4 16.6 16.8 17.0 17.2 fractlon |n Channel c

E, Re E, [MeV]
CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan 52



5-c. Fano Analysis: *0 (J® = 27%) Isoscalar Dip at 28.24 MeV

Non-Collective Pole: |R,| >1 and Im R, < -1 -> S; below the Background

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

160 (21), |soscalar whole strength function Sy(E

Pole F,=ReF,—LT,

E, 28.495 — 0.564¢ MeV

= 04 " peak at 16.76 MeV off scale (247)
2 o — Collectivity (IS): non-collective
005 15 20 25 30 Ny, 5.68
2N, 0.023
030 dip: ke E, e=(E—ReE,)/(Ty2) 9 'l
> 0.25 _-__--——-1—5---— (7) _ 2 2 (6 + qu)2 + (q;)z At I’ = Re Eg (e=0)
5 . Sp (E) = [|[Fpg (E)| 1+ e q 0.08 + 0.77:
= 0.20 | .
£ _ : 2 1 géc) ‘j:'g("')‘z p; 0.23
g 015 ! +(1—p .
i g _ 2 2 . — 1.
> e : 2w (E — Re Ey)* +T2/4 R, 0.61 — 1.80i
5 | R,| 1.90 > 1
0.05 | Fano parameter Fraction along fhg .
0.00 : (€ + gg)/(€ + i): part of F along fbg t_"h: component of ¢,y along .’fbg Strong interference
—Req —-Img — (B} — FINE) D3l 161 Im R, < —1: Sp below
w1l 4 L 9 g q Py = —
& ; ______ mTTTT T ! (I‘ /2) ||T]§;)(E)||2 T lea| the background at e=0
0 f = = =
0 I_ I : . Interference term / pole’s own contribution = Im R, + e Re R, = dlp (Wl ndOW'I | kE)
o 98.495 0. %64:. 30.07 — 0.66i® L, FONE) el 2p? (g, — 4)
£ Ll ..27 04— 1462_ i | | 9 = ||c(T) a(c:)llz - lgy — 2
27 28 29 30

E, Re E, [MeV]
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5-c. Branching Ratios: 10 (J™ = 2%) Isoscalar Dip at 28.24 MeV

The Pole Decays into Several Channels (Largest: n + 1°0O(1p,,,™), f;,, Wave); the IS Background Is Spread over Several Channels

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

16Q (2+), isoscalar: whole strength function Sp(E

[fm4/MeV]

Zji / N

peak at 16.76 MeV off scale (247) 1

dipi |Re £,

strength [fm?*/MeV]

& 28.495 — 0. 5641. 30.07 — 0.66i@
£ ©27.04 — 1.46i :
-2t , I E i L |
27 28 29 30

E, Re E, [MeV]

20 25 30 35

Open channels at £ = Re F,

Bl pole: br. =
independent of the external field

|W9,6|2

Bl background: b, = |Fy, |2/ [ Fell?
depends on the external field (1S / 1V)

n+ 150(1p ? f20 Wwave
+ BN(1 wave
rFl)+ 150(1??,), J{;g wave
+ BN(1 , wave
g+ 15Né1p*/f); S wave
15N P17/fr7 » D372
i
3% + P1/2
15
Lo e
fr); 3/2
p+ iSN(lpi/?), f52 wave
n+ 150(1p3/i2), p1/2 Wave
n+ O(1p3/2), f5,2 wave

0.0 0.2 0.4
fraction in channel ¢
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40

Pole K, =Rek,—:I,

E 28.495 — 0.564i MeV

g
ol /T, = T./T, 1.10
Pole dec;ys into (br.)
n+ 0(1ps), fr, wave 0.49
p + “N(ipsh), fro wave 0.23

Background at Re F, (b.)

n+ “0(1p;y), f5, wave 0.28
p + “N(1p;h), f5» wave 0.22
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5-c. Fano Analysis: 60 (J®= 2%) ISGQR Pole in the Isovector Strength

Same Pole, Isovector Field (Non-Collective): |R,| >1and Im R, < -1 -> S; below the Background, Dip

— Sp(E) == ||F|? (pole removed) —— 1stterm —— 2nd term (non-interfering) Pole Eg = Re Eg — %Fg
16 + : . -
O (2%) ISGQR Qole, isovector: wlhole strength fuqctlon Sp(E) | | Eg 16.762 — 0.107i MeV
>
X M Collectivity (IV): non-collective
£ C? 0.0010
N . . ! !
%o 15 20 25 30 35 20 N1, 7.80
2N,
= (B—ReE) /(@2 oMol 0.008
3 SO(B) = £ By %) 9 SR
: F be L+ e % -0.39 + 0.49;
£ 1 géc) ‘j:'g("')‘z p; 0.53
= +(1—0p ;
% ( g) 2w (E — Re Eg)z + F§/4 R, -1.00 — 1.30:
5 R, 1.64 > 1
Fano parameter Fraction along fhg .
. (€ +4qq)/(e + i): part of F along fbg t_"h: component of ¢,y along .’fbg Strong Interference
T DRer —mme — )i FONB) e N 1] Im R, < —1: S below
& HEE -t — 9= 7) =(c
B o= ’ (Ty/2) |72 (E) |2 leg” @ | the background at e=0
oF 16.:752 70:.1071.,: u : — Interferenci(tf;m / pole’s own contribution = Im R, + eRe R, = asy-rnmetr"-: Fano prOflle
£ A o DB B 03P 20t gy — ) with a dip
| b 9 7) =(c - :
= | e leg” a7 12 lag —&I* dip at 16.83 MeV

162 164 166 168 17.0 172
E, Re E, [MeV]
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5-c. Branching Ratios: 1°0 (J™ = 2*) ISGQR Pole in the Isovector Strength

Same br_ as in the IS Field; the IV Background Lies Mainly in p + **N(1p,,,™!), p;;, Wave, the Main Decay Channel of the Pole

strength [fm?*/MeV]

Im E,

[fm?*/MeV]

— Sp(E) == ||F|? (pole removed) —— 1stterm —— 2nd term (non-interfering) Pole Eg = Re Eg — %Fg
160 (21) ISGQR pole, isovector: whole strength function Sp(E) .
- . . - - E, 16.762 — 0.107i MeV
i M UQ(C)/FQ - ZFC/FQ 1'04
c
T . . . Pole decays into (br,)
QI.O 15 20 25 30 35 40
p + "N(1p ), ps» wave 0.77
5¢ Re £ dip Open channels at £ = Re E,

T
I
I
I
I
I
I
I
I
I
=
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T

.2— T L T
—Reg, ==1Img, _Pg2
0 el

OF 16762 - 0.107i@"

o Ll I [ I I -]
16.2 164 166 168 17.0 17.2
E, Re E, [MeV]

n + “0O(1p;4), ps» wave 0.15
B pole: br, =|w, .| S

independent of the external field Background at Re £ (b.)
Bl background: b, = |Fi, |/||Fie]? p + “N(1p;jh), ps» wave 0.77

depends on the external field (IS / IV) n + “O(1p; ), ps, wave 0.14

p + "N(1p;b), ps3/2 wave
n + O(1p; ), psj2 wave

p + "N(1p;5), f5/2 wave

n+ P0(1p; ), f2 wave

0.0 0.2 0.4 0.6 0.8 1.0
fraction in channel ¢
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5-d. Numerical Results: 298Pb (J®= 17) Strength Functions & Resonance Poles
Peaks and the 36 S-Matrix Poles E,; 6,/9)/T, = 1 for All Poles below 13 MeV Including the IVGDR, 1.97 for the ISGDR

20F T o 9 . e : . . . e . ; € 9606 ~ 0.008i o/I'=1.00
o | .
< | : : 208pp (1) Isoscalar compression dipole 2.00{| @ 10.877 - 0.015; o/I' = 1.01 4
15k : : . '
& é © 12.983 - 0.125i o/I' =0.97
Z € 100 : 1751 @ 21.278  0.418; o/T = 1.97
n = ' : '
z o 5 | © 21451 - 0.01Li o/I' = 1.05
= m 150l @ 21671 - 0.048i o/r =128
O . L
100k : 208pp (1-) Isovector dipole . Losl 6
B % : : : oL
s ~ 5
=5 OR s
= © 1.00p----- ——=-00-10-0-—-- 0 - @ @ O- B A -
= 1 2
0.75}
10~
T 107 0.50F
= 1 : :
et : : 5
_ -2 @ 2 :
5 10 ® ; %%
: ‘3 : 0.25}
£ 10 ® a
5 dashed: ¢{ =T,
10°H S S S ' ' ' ' | 0.00 ' ' ' ' '
8 10 12 14 16 18 20 22 24 ' 1074 1073 1072 107t 10° 10!
E, Re E, [MeV] pole width I'y = — 2Im E, [MeV]
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5-d. Fano Analysis: 2%8Pb (JT= 1~

Narrow Pole (I, = 22 keV) above the ISGDR: |R,| > 1, Re R, > 0 -> Dip below Re E,, Peak above

25.0

w— Sp(E) == ||]4-‘bg||2 (pole removed) =—— 1stterm =—— 2nd term (non-interfering)
208Pp (1), isoscalar: whole strength function Sp(E)
; T ¢ T T
(]
= I
®E 100} l
y—
S
= a A J“ J L //\'\/V.\‘ -
%.0 7.5 10.0 12.5 15.0 17-5 20.0 22.5
50 =
|p:ReE e =(E —RekEy)/(Ty/2)
— ‘|
. (7) EO EY(I12 9y 9y
S -~ H]
2 . Sp (E) = [[Fyg (B)]] :
£ 30} ! 1+ €
= 1 o (o) | F(r)|2
=0 +<1 . pz) ¢ 4
= s
5 7 2m (E —Re Eg)? +T32/4
g 10 - .
“n Fano parameter Fraction along Fi,,
0 (e +qg)/(e + i): part of F along .’f’bg fh: component of ¢4y along fbg
()t - s
w25 —Reg ==Img, —Pq qy(E) —i= Fog (E) CéT)“’g(;c) £
R el T v : 9 - = (7) —»(c)
I e T/ NFEPEIE 7 Iea|
0.0 Hlay
0 . : . : ® = Interference term / pole’s own contribution = Im R; + e Re R,
5 21, 451 —0.011z; = (1)t . 2 ;
9 ISGDR 21.28 — 0.42i@ : Ly Fre (E) CéT)wéc) 2p; (gg — 1)
S ) g — » — .
| R leg” 35”12 g5 — iI2
20.6 20.8 21.0 21.2 21 4 21.6

E, Re E, [MeV]
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) Isoscalar Dip at 21.44 MeV

Pole E,=ReE, T,
E,  21.451 — 0.011i MeV

Collectivity (IS): non-collective

092 0.0364
NiotNyg 8.80
C;Ntotng Pad
At I = Re E, (e=0)
Gy 0.99 + 0.24i
pg 0.68
Hy 0.87 — 0.67i
|R,| 1.10>1

strong interference
Im R, < O: lowers Sy ate=0

= dip and peak
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-d. Branching Ratios: 2%3Pb (J®* = 17) Isoscalar Dip at 21.44 MeV

The Pole Decays into Many Channels; the IS Background Is Spread over Many Channels

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering) Pole Eg = Re Eg — lF

208pp (1), isoscalar: whole strength function Sp(E
- . A E, 21.451 — 0.011; MeV

100} l I : ag(c)/I’g:ZI’c/Fg 1.05
. u ol . " N Pole decays into (br,)

%.0 7.5 10.0 12.5 15.0 175 20.0 22.5 25.0

[10% fmb/MeV]

n + YPb(1h),), iy3/2 Wave 0.13
dipiRe #, Open channels at £ = Re £,

Hl pole: br.=|w, |?

independent of the external field Background at Re Eg (b.)
Bl background: b, = |Fy, |2/ [ Fell?
depends on the external field (1S / 1V)

n + 207Pb(1hg7%), ’511/2 wave 010

p + 27TI(2d; ), fr» wave 0.12

N+ 27Pb(1hy k), iz, wave  0.11

strength [10% fm%/MeV]

n+ % 7Pb(1h11 ), 113/2 wave
n + QOTPb(lhg 2) ’L11/2 wave

n + 27Pb(1ig 2) k152 wave
n + 207pp( d/ ), p3;2 Wave

n + 207Pb(2d5/ ), f7/2 wave

n + 207Pb(3p 2) dsj2 Wave
n+ 207Pb(lz1 2), hi1/2 Wave
n + 27Pb(2 Jg% P12 Wave
n+ 207Pb(2d3 ), f52 Wave

2
g

qg: P

" 91451 - 0,011

= ! 207

& i n + “'Pb(3sy, 2) P32 Wave

c ISGDR 21.28 -0.42:@ : others (52 channels) : : .
-1k . . @ o | 0.0 0.2 0.4 0.6
206 208 210 212 214 216 fraction in channel ¢

E, Re E, [MeV]
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5-b. Numerical Results: %0 (J™ = 2*) Strength Functions & Resonance Poles
Peaks and the 20 S-Matrix Poles E.; cg(c)/rg = 1 Only for the ISGQR and 36.64 — 0.42i MeV, 0.17-1.25 for the Others

3005 — , , —— , - € 16762 - 0.107i o/I' = 1.04
| ¥ 0 (2') Isoscalar quadrupole 2-0011 3 27.038 - 1.456i o/r =125
= 2 200 P © 28495 - 0.564i o/I'=1.10
—= i 1.75} #» 30.067 — 0.660i /T = 1.21
W g =
E 100F | 34.780 — 0.589i /T = 0.94
1501 @ 36.636 — 0.423; o/I' = 1.02
0 H
16 + . : 4 2
5l O(2") !sovector quadrupole : 125 \ @
l— 1 1 . )
=2 | E 5] 3
== 5| ¥ © @
= :ﬁ\ 1 1 NaSECN
w e © 1.00f----=-=-m-mmmmmmmmm s st 6—" - ]
=1t ~5
0 H He L 075 B
0.0 o :
1 HE B 6
= | ' 13 5 i
% -0.5¢ i i : . 4 . 0.50
z ] 1 -
— -1.0f! P
> 1 . .
€3] : 2 :
2 0.25}
E -15 o .
: dashed: 0! =T,
-2.0 i : : ]
15 20 25 30 35 40 O'OPO_3 1072 107! 10° 10t
E, Re E, [MeV] pole width T'; = — 2Im F, [MeV]

CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan 60



5-b. Numerical Results: 0O (J® = 2*) Continuum Zoom & Dip Structure
Isoscalar Dip at 28.2-28.3 MeV and the Pole 28.49 — 0.56i MeV with Re Eg <0 (o,l9/r,=1.10)

04 o , , 9 e : , @ 16762  0.107i o/I' = 1.04
- ::‘5‘11 - : : 1 B
¥ %0 (2*) Isoscalar quadrupole (zoom) 2-0011 3 27.038 - 1.456i o/r =125
> 03 ! P 1 © 28495  0.564i o/ =1.10
= 1.751 ¢ 30.067 — 0.660i o/T = 1.21
£ 34.780 — 0.589: o/T =0.94
150l @ 36.636  0.423i o/r =1.02
4 2
_ 125} \ @
<o o
& 1.00 p-mnmmmmmmmmmmem e 6O -
=5
0.75}
0.50}
0.25}
dashed: 0! =T,
-2.0 . i . . : : ; . . 0.0 . . .
15 20 25 30 35 40 003 102 1071 10° 101
E, Re E, [MeV] pole width T'; = — 2Im F, [MeV]
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2. Jost function and Riemann sheet

lim 67 (r) = =JC) (k)etikr W(t) = e HHN
r—oo 21 -
Ryt 6—’1E5t/h
€
— kireS<0 —
o~ ikl kTS o iERt/h  —Tt/2h

Bound state: converges to zero at r->oo / stationary oscillation in time.

Resonance: diverges at r—>o< / converges to zero in finite time (life time).

CNR*26(Oct 5-9, 2026) @ACROS Fukuoka, Japan 62



Motivation: What Is Missing for Resonances in the Continuum
The Pole Gives Only Its Total Strength I§g; This Work Obtains the Channel Amplitudes of Each Pole

A resonance in the continuum is a pole of the S-matrix Eg — Re Eg — %Fg

Discretized continuum Im £ The pole
split into pseudostates; amplitudes - gives its complex strength
averaged over an energy region >Re B 57
B, = Res|Rr, E,|
o Eg one number, not the channel
‘ ‘ amplitudes
[ I | N E

This work: channel amplitudes of each resonance pole (Takagi factorization of the S-matrix residue)

(a) collectivity of the pole: coherence and participation, as for discrete states
(b) decay widths and branching ratios of the same pole
(¢) interference of the pole with the background: line shape of the strength function
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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 q, & Fraction p,

Strength function Sg)(E) = ﬁ(Tﬁ(E*) .f(T)(E) Reduced energy € = E ; P;; E,
- 2m . g/
NE) =/ = 8u(E FONE) FOE
Open-channel amplitude vector a ( ) wh? SCC( ) bg E(T)) ( ) _ €+ QI](.JE)
X qud?‘ \I'E;t?*T(T; E*) €&, (r) fq(,T)(T) Fano parameter Hfbg (E)|? et
() (@) (complex, E-dependent) ‘)-E'i(T)T(E) cg)cﬁé”)
. v e’ @ . g
Pole term FO(E) = F)(B) + 57— > W D IE B
: , g
. (c) . ]E'(T)T E C(T)L?)(C)
Pole coefficient cl”) = Y9 f(T) Fractjlron Ofr ihe p;j-:le pg( ) = _.(Ef ( ) g(T) _g)(J) S [U, 1}
! 2 ¢ T EOHE T [ Frg (B[] leq "eq |l

2. Fano Formula: Parallel Part and Non-Interfering (1 - pgz) Part

R2 ()2 () | £(7) 2
(™) y 1 27 oy 2\ %)+ ag) 2L % Pyl
Sp (B) _Hfbg (Bl 1462 " (1 pg) 2T (E — Re Eg)? + 12 /4

~
background + interference

+ parallel pole part non-interfering Breit—Wigner

No interference: p, =0 < ¢,=1: Sg) = ||flg;)||2 + Breit-Wigner
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Fano Analysis: 160 (J™ = 2*) Pole 27.04 — 1.46i MeV in the Isoscalar Strength

Broad Non-Collective Pole (I, = 2.9 MeV): |R,| >1and Im R, < -1 -> S; below the Background over the Width

— SF(E) == | Fue||? (pole removed) —— 1st term —— 2nd term (non-interfering) Pole Eg = Re Eg — %I‘g
160 (2+ |soscalar whole strength function S(F E, 27.038 — 1.456; MeV
< 0.41 peak at 16.76 MeV off scale (247)
z sl \, - Collectivity (IS): non-collective
£ \/\’\ c? 0.0054
0-%6 20 25 40 N1, 4.35
2
=B -Rem)/(r,n) ol 0.023
- . € + q)% + (ql)? At = Re E, (e=0)
SO®) = |F0 @) T8 * ) o8 4 075
1+ €2 g -0.06 + 0.75:
1 ole) | F ()2 p2 0.27
+(1— ) R g 0.62 — 1.93
972m (B — Re E,)* +T2/4 R, : 931
R, 2.03 > 1
Fano parameter Fraction along fl)g

(e + aq)/(e + i): part of F along fbg t_"h: component of ¢4, along fbg Strong Interference

;Rqu —;Imq —Ip (E) — T)T(E) C(T)w(c) ||F|I|| Im RQ <-L SF below

w ‘ ______-—g—— dg - Py = ) =(c

& pooim=-=t T (1,/2) ||.7-']§g)(E)||2 i@ the background at e=0

OF ;; . : : . Interference term / pole’s own contribution = Im R, + e Re R, = SF bEIOW the bac kg rou nd
8.49 — 0.56i ~(r (e ) ..

= | . o . Fig(B) nal) 2p2 (gq — i) minimum at 28.43 MeV
E @27.038 - L.456i g e C)Hz gy — 42

ok : : i

26 27 28 29 30 31
E, Re E, [MeV]
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Branching Ratios: 10O (J® = 2*) Pole 27.04 — 1.46i MeV in the Isoscalar Strength

The Pole Decays Mainly into p + *N(1p;/,™%), f;;, Wave; the IS Background Is Spread over Several Channels

— Se(E) == [|Figll? (

(pole removed) = 1stterm =—— 2nd term (non-interfering)

Pole E,=RekFE,

i
—1T,

0.4}

0.2}

[fm?/MeV]

strength [fm%/MeV]

16Q (2+), isoscalar: whole strength function Sx(E

/ \/_’ peak at 16.76 MeV off scale (247) 1
—\/\\/\k

20 25 35 40

30

Open channels at £ = Re E,
Bl pole: br, =
independent of the external field

|wy,6|2

Bl background: b, = |Foy |2/ || Fell?
depends on the external field (IS / 1V)

p + BN( 1p3

n+ 150(1}9
p+ 1r3N(lp
n+ 50( lp
p + BN(1p
p+ 1L”N(lp
p+ 1t3N(lp
p + BN(1p
e E— n + 50(1p;,
3849 — 0560 ' i n + 0(1p;,,
<) i o L
| H
£ @27.038 — 1.456i

0 —

n+ 50( lp
n+ 50(1p

il I o 1 1 1
26 27 28 29 30 31
E, Re E, [MeV]

iy
2y
1/

iy
!

3/2

)
),

1%'
)ﬁ
)
S/g:
‘r)l
‘r)l

i)

P12 wave
Pp3e Wave
Pp3e Wave
pij2 Wave
f52 wave

0.0

0.2 0.6

0.2
fraction in channel ¢
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E, 27.038 — 1.456i MeV

a9/ T, = T./T, 1.25
Pole decays into (br.)

0.64
0.16

p + N(1psp), fr)2 wave

n+ "0(1pyp), fr2 wave

Background at Re E; (b.)

p+ “N(ip,3), fs» wave 0.27
n + “O(lp, ), f5» wave 0.20
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Fano Analysis: 120 (J™ = 2*) Pole 27.04 — 1.46i MeV in the Isovector Strength

Isovector Field (Non-Collective): |R,| ~ 1, Interference Comparable to the Pole's Own; Broad Peak at 27.2 MeV

m— S(E) == ||]4-'|og||2 (pole removed) =— 1lstterm =—— 2nd term (non-interfering) Pole Eg — Re Eg — %Fg
16 : . :
0 (2+ ), ISOVECtlor. whole Streng‘l?h function SF(E). , . Eg 27,038 _ 1,456?, MeV
>
. /\,\/\\/\/\ Collectivity (IV): non-collective
£ __— o 0.1679
%o 15 20 25 30 35 20 Ny, 4.35
: C2N,, 0.73
| [ReF 2ndterm e=(B—ReE,)/(T,/2) 0
ol | 6 R)2 2 AtE=ReFE, (¢=0
Z 25¢ : 1 _|_ 2 qy 0.48 + 0.51i
£ ' ‘
EZO : ‘I‘(l 2) 1 |:F |2 p; 0.32
Brep Po) o (E = Re Eg)2 T2/4 R, 0.65 — 0.66i
gaof 7| 0.93 ~ 1
0.51 : Fano parameter Fraction along .7-_"bg .
0.0 : , , , (e + gq4)/(e + 2): part of F along ﬁbg i_"h: component of ¢y, along fbg interference Comparable
 Red —=1Ima — 2 Fo )t () ff Im < 0: | r te=
e 25) -Re, Im ¢, ’f_g__; 0 (E) —i = (E) ¢ by = 11l R, < 0: lowers Spate=0

= L T2 [Ea¥ B e — broad peak

Interference term / pole’s own contribution = Im R, +eReR,

38.49 — 0.564 i .

5 : ® P " Fg ]:(T)T(E) C(‘r)a"(c) 2p52] (Qg . ’I,)
= _. i — = .

IS @27.038 — 1.456i 9 (7502 — 2
-2t i . . . i llcg I lgg — 4|
26 27 28 29 30 31
E, Re E, [MeV]
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Branching Ratios: 10 (J™ = 2*) Pole 27.04 — 1.46i MeV in the Isovector Strength

Same br_ as in the IS Field; the IV Background Is Spread over Several Channels

strength [fm%/MeV]

[fm?/MeV]
N

m— Sp(E) —=— ||f-‘bg||2 (pole removed) = 1stterm =—— 2nd term (non-interfering)

160 (21), isovector: whole strength function Sp(E)

//\’\f\f\/\

—Reg, ==1Img, _pg2

i -

-

0_0%
i . : )

38 49 — 0,564
i ]

|
927.038 — 1.4561

26

il I 1 1
27 28 29 30
E, Re E, [MeV]

31

20 25

30

Open channels at £ = Re E,

Bl pole: br, = |w, |?

35 40

independent of the external field

Bl background: b, = |Foy |2/ || Fell?
depends on the external field (IS / 1V)

p+ N(ipyh),
N+ P0(Ip; ),
p+ 15N(1pf/f),
n+ 15C‘(lpl—/f),

» P12 Wwave
. fs2 Wave

0.0

0.2 0.6

0.2
fraction in channel ¢
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Pole £, ,=RekE, ;I

27.038 — 1.456i; MeV
1.25

£,

créc)/l‘g = ZFC/FQ

Pole decays into (br.)

0.64
0.16

p + N(1psp), fr)2 wave

n+ "0(1pyp), fr2 wave

Background at Re E; (b.)

p + “N(ip,}), f5» wave 0.30
n + “O(lp, ), f5» wave 0.20
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Fano Analysis: 160 (J™ = 2*) Pole 28.49 — 0.56i MeV in the Isovector Strength

Same Pole, Isovector Field (Non-Collective): [R,| > 1, Re R, > 0 > Dip below Re E, and Peak at 28.67 MeV

m— Sp(E) == ||]4-'|og||2 (pole removed) =— 1lstterm =—— 2nd term (non-interfering) Pole Eg — Re Eg — %Fg
16 : . :
O(@2t), |sovect9r. whole strengtlh function SF(E). | | Eg 28.495 — 0.564; MeV
>
g 2 //\,\/'\/\/\ Collectivity (IV): non-collective
£ C? 0.0630
%o 15 20 25 30 35 20 N1, 5.68
2N,
= (B-Remy) /(T2 ol 0-36
3 s0(B) = |EQ @) %)+ () Srmren
z 1 + > 2 023 + 0.72i
c .
: T S s ", o
*%1.5- p, 97 (E—ReEg)2+F3/4 R, 0.89 — 1.07:
3 R,| 1.39>1
Fano parameter Fraction along ﬁljg .
(e + gq4)/(e + 2): part of F along ﬁbg i_"h: component of ¢y, along fbg Strong interference
. FNE) s 1161 Im R, < —1: Sy below
g q,(E) —i= Pg =m0y
(Tg/2) |77 (E)II2 leg g || the background at e=0
- . . . — Interference term / pole’s own contribution = Im R, + eRe R, = dip and peak
5 28.495 0. 56:4z|. 30.07 — 0.66i® L, FONE) D3 2p2 (g4 — i) dip at 28.22 MeV
E ©27.04 - 1467,: | Ry = el —»(C)Hz - lg, — |2

2'7 28 ' 2I9 3|0
E, Re E, [MeV]
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Branching Ratios: 10 (J™ = 2*) Pole 28.49 — 0.56i MeV in the Isovector Strength

Same br_ as in the IS Field; the IV Background Is Spread over Many Channels

— Se(E) == || Figl?

(pole removed) = 1stterm =—— 2nd term (non-interfering)

160 (21), isovector: whole strength function Sp(E)

[fm?/MeV]
N

//\/\/

ﬂ L L 1 L
%o 15 20 25 30 35 40
as| dip: iRe E, Open channels at £ = Re E,

strength [fm%/MeV]

& 28.495 — 0. ")6410 30.07 — 0.66:@
£ ©27.04— 1. 461, ;
-2t | i I T
27 28 29 30
E, Re E, [MeV]

Bl pole: br, =

|wg C|2

independent of the external field

Bl background: b, = |Foy |2/ || Fell?
depends on the external field (IS / 1V)

n + 50(1pg)} ‘f . fr/2 Wave
p+ 15N(1P ‘r7 ’
n+ 150(1]3 ,
p + BN( 1p1§ , f52 Wave
+ BN(1p;5),
E + 15N(1£1 g; P32 Wave
p+ i;N(lp3 %), pij2 Wave
n+ 15O 1p1/% , P32 Wave
n + “O(lp;, % . P32 Wave
p_‘:_' llslc\l)(ipgf ’
n , wave
5 pgfr} P12
n+ O(lpg/ ), f5,2 Wwave

0.0

0.2 0.4
fraction in channel ¢

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

Pole £, ,=RekE, ;I

28.495 — 0.564; MeV
1.10

£,

o9 /T, =Y T./T,

Pole decays into (br.)

0.49
0.23

n+ "0(1pyp), fr2 wave

p + N(1psp), frj2 wave

Background at Re E; (b.)

p + “N(Ipy}b), fro wave 0.20
p + N(1p,4), f5» wave 0.18
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Fano Analysis: 0O (J® = 2*) Pole 30.07 — 0.66i MeV in the Isovector Strength

Isovector Field (Collective): |R,| > 1, Re R, >0 -> Dip below Re E, and Peak at 30.58 MeV

— Sp(E) == ||f-"bg||2 (pole removed) =— 1stterm =—— 2nd term (non-interfering)

160 (21), isovector: whole strength function Su(E)

[fm*/MeV]
N

N

— Reg, ==1Img, —pg

& 1 ~- H H 7
& ‘-‘-——Eﬁ: :
0 ] ] : I |

- o2 49 0.561 ®
S 30.067 — 06601
£ : '

2k P
28 29 30

E, Re E, [MeV]

31

20 25 30 35 40

€= (E —RekEy)/(I'y/2)

(e + qf)? + (gl)?
S(T) E — ("') E 2 g g
(E) = || Fyy (B Lt e

1 O.éc) ‘f57)|2
27 (E — Re B,)? + I2/4

+(1—-p2)

Fano parameter Fraction along fl)g

(e + aq)/(e + i): part of F along fbg t_"h: component of ¢4, along fbg
Fid (B) P _ I
(L2 IF) (B ey |

q4(E) —

Interference term / pole’s own contribution = Im R, + e Re R,

_ r, 7 T)T(E) C(T)Q(C) _ ng (gg — 1)
g HC(T) C)Hz lgg — £|%

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

Pole F,=Rel,—1I,
E 30.067 — 0.660i MeV

g
Collectivity (1V): collective

C; 0.1561
Niot Mg 7.06
CthOtng 1.10
At ' = Re I, (e=0)
qy 0.43 + 0.40;
p; 0.52
R, 0.82 — 1.15;
|R,| 141 >1

strong interference
Im R, < —1: Sp below
the background ate=0
= dip and peak
dip at 29.57 MeV
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Branching Ratios: 10 (J™ = 2*) Pole 30.07 — 0.66i MeV in the Isovector Strength

The Pole Decays into Several Channels (Largest: p + 1*N(1p,,,™), f;,, Wave); the IV Background Is Spread over Several Channels

strength [fm*/MeV]

Im E,

9gr P,

g9

—Regq, == |I’T'| Qg _Pg

= = I T
0 : '
0 T

1l
28 49 0. )65 :
® 30,067 0; 66019

i
-

1 1 : 1l
28 29 30
E, Re E, [MeV]

31

Hl pole: br, = |w, |?

independent of the external field

B background: b, = |Fy, o2/ gl

p+ 15N(lp

)
n+ 10(1p, )
p+ 15N(1P1 f)'
n+ 15C‘(lpl/%),
n+ 150(1}95/%),
N+ 2O0(lp; ),
n+ Y0(1p, ),
P+ PN(ip;p),

P+ PN(1p;5),

depends on the external field (IS / 1V)

01 02 03
fraction in channel ¢

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

40

m— Sp(E) —=— ||f-‘bg||2 (pole removed) = 1stterm =—— 2nd term (non-interfering)

160 (21), isovector: whole strength function Sp(E)
Y
(]
2 \/\/\\f\/\
jg /
- ﬂ L L L L

010 15 20 25 30 35
dipi  iRe £, Open channels at ' = Re |

Pole E,=ReE,—iT,

E, 30.067 — 0.660; MeV
a9/ T, = T./T, 1.21
Pole dec;ys into (br.)

p + N(1ps4), fr» wave 0.34
n+ "0(1pyp), fr» wave 0.25

Background at Re E; (b.)
n+ "0(1p, ), fs» wave 0.28

n + “O(lpy), frp wave 0.21

72



Fano Analysis: 160 (J™ = 2*) Pole 34.78 — 0.59i MeV in the Isoscalar Strength

Non-Collective Pole: |R,| < 1/v2, Peak at 34.6 MeV Mainly the Pole's Own Contribution, below Re E, (Re R, < 0)

[fm?/MeV]

strength [fm*/MeV]

— SF(E) - ||f-"bg||2 (pole removed) =— 1stterm =—— 2nd term (non-interfering)
160 (2+ |soscalar whole strength function S(F
0.4r1 \, | peak at 16.76 MeV off scale (247) 1
\/-\
0'01 20 25 30 35 40

— o

— Reg, ==1Img, —pg

—————

I

34.780 — 0.580i@
@

h=———————

3'3 3'4 3'5 3I6
E, Re E, [MeV]

€= (E —RekEy)/(I'y/2)

(e+aq)?+ (q))°
1+ €2

1 O.éc) ‘f57)|2

2w (E — Re E;)? + I‘g/él

ST(E) = | Fi(E)|?

+(1—-p2)

Fano parameter Fraction along fl)g
(e + aq)/(e + i): part of F along fbg t_"h: component of ¢4, along fbg
T)T g
(B) P _ i

a9(E) — = Pg =~
(rg/z) ||fé;(E>||2 les” @57

Interference term / pole’s own contribution = Im R, + e Re R,
Ty FN(E) I3l 2p? (g — 4)
HC(T) C)Hz lgg — £|%

g:

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

Pole F,=Rel,—1I,
E 34.780 — 0.589; MeV

g

Collectivity (IS): non-collective

2 0.0284
Niot Ny 5.37
C’thotng 0.15
At ' = Re I, (e=0)
dq -0.25 + 1.02i
pé 0.07
R, -0.58 + 0.06i
IR, 0.58 < 1/V2

pole's own contribution dominates
Im R, > 0: raises Spate=0
= Breit-Wigner peak
on the background
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Branching Ratios: 10 (J™ = 2*) Pole 34.78 — 0.59i MeV in the Isoscalar Strength

The Pole Decays into Several Channels (Largest: p + 1*N(1s,,,7), d3,, Wave); the IS Background Is Spread over Many Channels

m— Sp(E) —=— ||f-‘bg||2 (pole removed) = 1stterm =—— 2nd term (non-interfering)

160 (21), |soscalar whole strength function Sp(E)
0.4t ' | peak at 16.76 MeV off scale (247) 1

0.2} _/\’K

O'Q.I.O 15 20 25 30 35 40

[fm?/MeV]

Open channels at £ = Re E,
Hl pole: br, = |w, |?
independent of the external field
Bl background: b, = |Foy |2/ || Fell?
depends on the external field (IS / 1V)

strength [fm%/MeV]

B
n + Y0( lpi’ 1;) f;ﬁ wave
p + 15N(1p ), f72 Wwave
iy 3‘%5;? 7 wave
p+ ﬁkll 1py g) P32 Wave
: D T i) o Mave
i P (1)5t|?|1(el|% /(2)1 cpﬁ/aanr\quse)
b L 00 01 02 03 04

33 34 35 36 fraction in channel ¢
FE, Re E, [MeV]

S 34.780 — 0.539i@
£ ¢ |

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

Pole E,=ReE,—iT,
E, 34.780 — 0.589; MeV
a9/ T, = T./T, 0.94
Pole dec;ys into (br,)
p + N(Ls;}), d3» wave 0.38
n+ O(lpsp), fr» wave 0.14

Background at Re E; (b.)
P+ "N(ipsp), fs» wave 0.22

n + “O(lpy/), f5» wave 0.20
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Fano Analysis: 1°0 (J™ = 2*) Pole 34.78 — 0.59i MeV in the Isovector

Strenoth
S — Sp(E) == ||f-"bg||2 (pole removed) =— 1stterm =— 2nd term (non-interfering)
160 (21), isovector: whole strength function Su(E)
S
[}
2 5 /\
jg \/\
- __— N\ . . . .
010 15 20 25 30 35 40

strength [fm*/MeV]

|

T o ]

= 34.780 — 0:580i@
= ¢

e i i

f=————===<] |

3'3 3'4 ' 3'5 3I6
E, Re E, [MeV]

e = (E — Re By) / (Ty/2)
(e+aq)?+ (q))°
(c) ;_(ir) 52
+(1 = py) 2177 (E —(gel‘a 372 L T2/4
9 g

S(E) = | FD(B)|?

Fano parameter Fraction along fhg
(e + aq)/(e + i): part of F along fbg t_"h: component of ¢4, along fbg
()t - 7
Frg (B) DS IRl

qe(E) —i= = Py = 5 o0
(Ty/2) | 7D (E) |2 les” @57

Interference term / pole’s own contribution = Im R, + e Re R,
2(7)t - 2 .
T, FEDNB) 3O 2p2 (g, — i)

T E A

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

Pole F,=Rel,—1I,
E,  34.780 — 0.589; MeV

Collectivity (IV): non-collective

6'92 0.1674
Niot Mg 5.37
C’thOtng 0.90
At ' = Re I, (e=0)
dg 0.27 + 0.80:
pé 0.19
R, 0.93 — 0.67i
|R,| 1.15>1

strong interference
Im R, < 0: lowers Spate=0
= dip and peak
dip at 34.24 MeV
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Branching Ratios: 10 (J™ = 2*) Pole 34.78 — 0.59i MeV in the Isovector Strength

Same br_ as in the IS Field; the IV Background Is Spread over Many Channels

m— Sp(E) —=— ||f-‘bg||2 (pole removed) —— 1st term —— 2nd term (non-interfering) Pole Eg = Re Eg — %Pg
160 (21), isovector: whole strength function Sp(E) .
- ' - E, 34.780 — 0.589; MeV

[fm?/MeV]
N

\/\_/\ 0i?/Ty=) Te/T, 0.94

e\ . . . . i
0 = — = - - - Pole decays into (br.)

p + “N(Ls;4), dy» wave 0.38
Open channels at £ = Re E,

Bl pole: br, = |w, |?
independent of the external field Background at Re Eg (b.)
Bl background: b, = |Foy |2/ || Fell?
depends on the external field (IS / 1V)

n+ "0(1pyp), fro wave 0.14

n+ "0(1p,p), f5» wave 0.24

strength [fm%/MeV]

5 —1

p + "N(1p;4), fs» wave 0.18
P + "N(1s;4), ds3j» wave
n + Y0( (1ps, %) f1/2 wave
n + PO(1py, 1;) [f5/2 wave
p + 15“(1;9 » 72 wave

+ 1
ha 0‘12;;; 722 wave
p + ﬁN 1py; %) p3/2 Wave

+ N(1 wave
: — : B+ 15N51§3f) 52?3 wave
5 34.780 — 0:589i@ i P+ 15N(1p /2) p1/2 Wave
£ e E others (4 channels) : . . ,
= | | 00 01 02 03 04

33 34 35 36 fraction in channel ¢
FE, Re E, [MeV]
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Fano Analysis: O (J© = 2%) Pole 36.64 — 0.42i MeV in the Isoscalar Strength

Non-Collective Pole: |R,| < 1/v2, Peak at 36.5 MeV Mainly the Pole's Own Contribution, below Re E, (Re R, < 0)

— Sp(E) == ||f-"bg||2 (pole removed) =— 1stterm =—— 2nd term (non-interfering)
160 (21), isoscalar: whole strength function S(E)
_04f \, peak at 16.76 MeV off scale (247) 1
?
= \/-\/\
= 0.2} |
qg \\
0'010 15 20 25 30 35 40
i :RéEg €= (E —RekEy)/(I'y/2)
0.25)- [
. R\2 N2
— 1 €
020} - r (B) = |Fg (B
E 015! i i 1 o (©) ‘_’F(T)|2
:cEn Q\ "’(1_[’3)2 E IiEg2 T2/4
0.10 - | —_
@ : ™ ( € g) —I_ g/
@ 0.05) '
' : Fano parameter Fraction along fl)g
0.00 ! (e + aq)/(e + i): part of F along fbg t_"h: component of ¢4, along fbg
N 2F — Req, - P— — T)T(E) c(")w(C) b = ||f”||
: il e L IED@E 1w
$ L T2 be ()l 9 @y
,__I—4=
OF — . Interference term / pole’s own contribution = Im R, + e Re R,
< | :.86 636 — 0.423i L, FOWE) 3@ 2p? (g — 4)
g : ' g = T c = 712
Ll el | [ )uz g — il
35 36 37 38

E, Re E, [MeV]
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Pole F,=Rel,—1I,
E, 36.636 — 0.4237; MeV

Collectivity (IS): non-collective

2 0.0129
Niotn, 5.19
C2N o1, 0.067
At ' = Re I, (e=0)
a -0.17 + 0.98i
pé 0.04
R, -0.47 — 0.05i
IR, 0.47 < 1/V2

pole's own contribution dominates
Im R, < 0: lowers Spate=0
= Breit-Wigner peak
on the background
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Branching Ratios: 10 (J™ = 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

(pole removed) = 1stterm =—— 2nd term (non-interfering)

peak at 16.76 MeV off scale (247) 1

20 25

W
@
(%)
[

Open channels at £ = Re E,
Hl pole: br, = |w, |?
independent of the external field
Bl background: b, = |Foy |2/ || Fell?
depends on the external field (IS / 1V)

n+ i:O(lp ), f52 wave
n + 150(1p3% » fr2 Wwave
p+ 15N(1p3]? . f7/2 wave
p+ “(1;9112 ,£5/2 wave
+ 1 , wave
rF\)+ 150(1;;1; ), f;’g wave
P+ i§3§1p3 1 wave
n K] ; a3/2 wave
n+ Y01 12 , wave
n+ 150(15 /E), giﬁ wave
others (6 channels)

0.0 0.1 0.2

— SH(E) == ||Fu]? (
160 (21), |soscalar whole strength function Sp(E
__ 0.4}
>
()]
s
T 0.2t
E
0.0
! iReE,
0.25 - L
— 1 !
2 !
0.20 - Lo
2 ;
E 0.15- | |
= N
= i
2 0.10- =)
) !
jul |
o _
0.05 - |
i
!
0.00 :
SF :
=
&
O 1
OF 1 T
- | @36.636 - 0.423i
= L
E Lo
_2 - L : . : 1 1
35 36 37 38

E, Re E, [MeV]

fraction in channel ¢
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40

Pole E,=ReE,—iT,

E, 36.636 — 0.423; MeV
a9/ T, = T./T, 1.02
Pole dec;ys into (br,)

n + “O(lp,4), f5» wave 0.18

n + "0(1py), fr» wave 0.18

Background at Re E; (b.)
n+ "0(1ps), f5» wave 0.19

p + “N(1ps4), f5» wave 0.19
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Fano Analysis: 0O (J© = 2*) Pole 36.64 — 0.42i MeV in the Isovector Strength

Most Collective IV Pole: |R.| > 1, Re R, >0 -> S; Lowered below Re E,, Peak at 36.96 MeV

— Sp(E) == ||Fn|? (pole removed) —— 1stterm —— 2nd term (non-interfering) Pole Eg = Re Eg — %I‘g
16 + : . .
O(@2t), |sovect9r. whole strengtlh function SF(E)I Eg 36.636 — 0.423; MeV
; - - -
22 \/\ { Collectivity (1V): collective
~t \.
£ C? 0.3515
w L L L
% 15 20 25 36 35 20 Ny, 5.19
S . C?N, 1.82
3.0 -Minimum} iRe E, ) e=(E —ReE,)/(Ty/2) g tot Tlg
_ | R\2 12 E=Re E —
‘N S0(m) = £ | B2 1) i Re e |
| - F b L+ e ds 0.58 + 0.49i
E | i o) | ()2 p? 0.50
< 15 _|_(1 B pz) g g
g 2 2 — )
2 10! 27 (E — Re E,)2 4 T2/4 Ry 0.97 — 0.867
7 R, 130> 1
0.5~ Fano parameter Fraction along fl)g .
0.0 (e + aq)/(e + i): part of F along fbg t_"h: component of ¢4, along fbg Strong interference
. o ' ) Fi(E) &) [ Im R, < 0: lowers Sy ate=0
= — ]  %(E)-i= = Py = @, .
& —————— ! (To/2) | Fig (B)|I2 T e s = minimum at the threshold
0 —
OF : : : : Interference term / pole’s own contribution = Im R, + e Re R, and pea k
o ' 36636 — 04251 T Fo U (B) @l 2p? (g — 4) minimum at 36.24 MeV
£ ol T ea ) g — il
oL , e , g g g
35 36 37 38

E, Re E, [MeV]
CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan 79



Branching Ratios: 10 (J™ = 2*) Pole 36.64 — 0.42i MeV in the Isovector Strength

Same br_ as in the IS Field; the IV Background Is Spread over Many Channels

m— Sp(E) —=— ||f-‘bg||2 (pole removed) —— 1st term —— 2nd term (non-interfering) Pole Eg = Re Eg — %Pg
160 (21), isovector: whole strength function Sp(E) .
- ' - E, 36.636 — 0.423; MeV
S
(2]
2 ] (c) _
: \/\\ ol /T, = Zc:rc/rg 1.02
B e . . Pole decays into (br
% 15 20 25 30 35 40 y (br.)
I | n + “O(lp,4), f5» wave 0.18
3.0 -minimum; i Re £, - Open channels at £ = Re E, 501y 018
S 25- i Hl pole: br, = |w, |? n+ (1}?3/2). Jr wave :
(0] ! - -
§ Jol - independent of the external field Background at Re Eg (b,)
E e 2/l 112
£ st Bl background: b, = |Fi, |*/[|Fugll N+ 150(1p; }), f5, wave  0.23
‘gw depends on the external field (IS / 1V)
g Lor p + N(1p; ), fs2» wave 0.15
" o5k n+ “O(1p; ), f52 wave
' n + 150(1p3% , f1/2 Wave
p + 15N(1p3§ , 72 wave
0.0 p + 15N(1p112 » f52 wave
~s 1) p + N(ls112 , d3jo Wave
2 : n+ ©O( 1p3% , f52 Wave
= L p+ 15N(lpg ) [5/2 wave
0 I n+ 150(15 1/2)r dzja Wave
0 1 7 n + Y0(1p,, 12). psj2 Wave
5 i 636 0.423i N+ 0(1psL). pas wave
= P others. (6 channels) . .
| el | | | 0.0 0.1 0.2
35 36 37 38 fraction in channel ¢

E, Re E, [MeV]
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Numerical Results: O (J®= 1) Strength Functions & Resonance Poles
Peaks and the 22 S-Matrix Poles E_; crg(c)/l'g = 1 for the Narrow Poles and 19.36 MeV, 1.24 for the IVGDR, 0.24 for 22.56 — 1.95i MeV

_ 0 7 99 _9 . , , @ 15794 - 0.003i o/T = 1.00
L 15p : 15h P . . : i
2001 | : %0 (1) Isoscalar compression dipole 2-0011 319361 - 0.517i o/ = 1.03
= % 150} ! S : © 20770 - 0.335i o/I' = 1.17
- | : P :
\ég ool i S | 1.75H ¢» 21.736 — 0.623i o/T = 1.24
©n i | : : :
E . : S © 22562 - 1.948i o/I' = 0.24
50 ! i Pl T
| ! | I P 1.50}
0 M a L 1 T m—
0.3f! N R 5 ' : ' .
' ; 10 (1) Isovector dipole 1.25] 4
= 0.2 e .3
Sa) % ~.
ESS S
o © 1.00f--------- S —— ¢ -
v 0.1
0.0 - - 0.75}
0.0
S —0.5 0.50}
Q
=
— _1.0}!
> 1
Lg e 0.25} @
- ! : 4 .5 dashed: aéf):l“g
—2.0}! P Pl .
I I I I | I I 00](_) -3 I—2 I—l IO 1
15 20 25 30 35 40 0 10 10 10 10
E, Re E, [MeV] pole width T'; = — 2Im F, [MeV]
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Numerical Results: 150 (J* =

1-) Collectivity Decomposition: Isoscalar

Tallest IS Peak 15.79 — 0.003i MeV Is Single-Channel-Like (C,*N,,n, = 0.94); Most Collective IS Pole 22.56 — 1.95i MeV (2.2)

150 (1) isoscalar

s ' s
llsp H |b”_
1 i I i
1 1

[Re 7,<0(19.36, 21.74

MeV): Fano dip?

i

<—22.56-1.95:

40

Complex transition probability of the pole
B = Res [RF, } .7'— 2

Middle panel: its real part

o~

~ 1 B
g

strength of the pole term on the real axis
< 0: the pole lowers Sp — interference with the
background (Fano dip?)

Bottom panel: collectivity measure

: |3 Byl
C Ntotng ZZ ’Fg7i|2

= 1: one channel (dashed line)

Linked through the phase ©, = arg F,
n o _ 2 2

cos20, < 0: Re ég < 0 even for a large C? Nyy,
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Numerical Results: 1°0 (J™ =

1-) Collectivity Decomposition: Isovector

Largest IV Strength 19.36 — 0.52i MeV Is Not Collective (C,>N,n, = 0.58); Most Collective IV Pole 22.56 — 1.95i MeV (4.5)

150 (1 ) isovector

s ' s
llsp H |b”_

- ! i I i
1

<——{22.56-1.95i

[17(19.36-0.52i |- 4

15 20 25 30

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

Complex transition probability of the pole
B = Res [RF, } J'— 2

Middle panel: its real part

~ 1 B
Re B, = /dE S
strength of the pole term on the real axis
< 0: the pole lowers Sp — interference with the

background (Fano dip?)

Bottom panel: collectivity measure

|3 Foil
Zi’Fg,iP

= 1: one channel (dashed line)

02 N, totng

Linked through the phase ©, = arg F,
n o _ 2 2

cos20, < 0: Re ég < 0 even for a large C? Nyy,
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Collectivity Indicator Correlation: 10 (J® = 17) Isoscalar (IS)

Participation n vs. Coherence C? (N,,, = 14); Dotted: Constant C?N,, n

o o9

SH

: 160 (1) Isoscalar compression dipole |

5 20 25
E, Re E, [MeV]

30

35

40

participation 7,

1.0

080

o
o))

o
~

0.2}

const. Cijmg

0.00_0
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0.2 0.4 0.6 0.8
coherence C’j

14

112

110

14)

N, totTlg (Niot
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Collectivity Indicator Correlation: O (J®= 1) Isovector (V)

Participation n, vs. Coherence C,? (N, = 14); Dotted: Constant C?N,, n

o o9

SH

0.25

Sy (E)
[fm2/MeV]
(@]

0.05} |

0.20}

0.10f

10 (1 ) Isovector dipole

15

20

25
E, Re E, [MeV]

30

35

40

participation 7,

1.0t

0.8f

o
o

o
N

0.2}

0.0
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1 const. Cijmg
4
5
=1
@
00 01 02 03 04 05

coherence C’j

114

112

110

14)

N, totTlg (Niot
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Fano Analysis: 1°0 (J®=17) Isoscalar Peak at 15.79 MeV

Narrow Non-Collective Pole (I, = 6.9 keV): |R,| <1, the 2nd (Breit-Wigner) Term Dominates S; at Re E,

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

160 (17), isoscalar: whole strength function Sy(E)

%o

500 -2nd térm

89 %
2 400
=
o~ log scale
£ 300
=
< 4102
)
o 200
c
Qo {10?
-
“ 100- il E----°
0
o 2| —Reg —-Img, —p
s
N 0=-------F.-.—_—.-.-.
S i
. O 15794 - 0.003% ' ]
& i
£ |
—2 - L : 1 1 .
15.70 15.75 15.80 15.85 15.90

E, Re E, [MeV]

J\_lm I
i5 20

25 30 35

40

€= (E—-RekEy)/(I'y/2)

(e+a)*+ (a))”
1+ €2
c T)|2
faogp L o7
v 27 (E — Re E,)? + I2/4

SY(E) = | Fi(B)|?

Fano parameter
(e +qq)/(e + i): part of F along fbg t_"h: component of ¢,y along .’fbg
2(T)T — g
Frg (E) D) £

qy(E) —i= ; T P = oo
(Ty/2) | FD(E) |2 e @5

Fraction along fhg

Interference term / pole’s own contribution = Im R, + e Re R,
2(7)t - 2 .
B Ly Fig (E) cgr)wéc) _ 2p, (qq — %)

9 T) =(C
eV @572

|Q'g — |2

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

Pole F,=ReF,—LT,

E,  15.794 — 0.003i MeV

Collectivity (I1S): non-collective

C'g2 0.1734
Niot Ny 5.42
C;Ntotng 0.94
At I = Re £, (e=0)

qq -4.78 + 0.49;
p§ 0.11
R, -0.045 — 0.005;
R,| 0.045 « 1

pole's own contribution dominates
Im R, < 0: lowers Spate=0
= Breit-Wigner peak
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Branching Ratios: 1°0 (J®= 1) Isoscalar Peak at 15.79 MeV

The Pole Decays Mainly into p + *°N(1p,,™), d;,, Wave; the IS Background Lies Mainly in p + *°N(1p,,7), s,,, Wave

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering) Pole Eg = Re F

160 (17), isoscalar: whole strength function Sy(E)

E
=
[
£ 100
E
Al L . R Pole decays into (br.)
Q.I.O ib 20 25 30 35 40
500 - | Re B, | Open channels at £ = Re F,
' . >
200l ] Bl pole: br.=|w, .|
log scale independent of the external field

g

7
— §Fg

p + 15N(lpf/lg), ds/, Wave

p + "N(1ps), s12 wave

p 15.794 — 0.003; MeV
Uéc)/Fg:ZFc/I’g

1.00

0.90
0.10

Background at Re F, (b.)

. 2 N2 |12 + BN(1p; i), si/2 wave .
Bl background: b, = |Fi, o|?/|| Fe|l P (1piys), s1/ 0.99
depends on the external field (IS / IV) p + "N(1p;4), d3;» wave 0.01
p+ 15N(1p1712), d3/2 wave
OF 15794~ 0.003% ' ] p + PN(1pg3), 512 wave
S i
£ | . . . . .
-k , L , i 0.0 0.2 0.4 0.6 0.8 1.0
15.70 15.75 15.80 15.85 15.90 fraction in channel ¢
E, Re E, [MeV]
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Fano Analysis: 0 (J" = 1) Breit-Wigner Peak with a Large |q,|

Narrow Non-Collective Pole (I, = 6.9 keV): |R,| < 1/v2, Breit-Wigner Peak; Minimum above It

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)
160 (17), isovector: whole strength function Sp(E)
2 0.2
=
go1 4/\/\/\
o'C!I.O i5 20 25 3I0 35 40
0.7 " Re Eg: 'minimurhg e=(E —ReE,) /(Ty/2)
0.6 - | ' R\2 1\2
= () 2(r) 2 (€1 g )" + (dg)
2 os : SF (E) — ||‘7:bg (E)” 9
o log scalé 1 _l_ €
0.4 - — .
£ g 1 oo | E(T) |2
- - J10 2 g g
57 o +(1 - pg) 2 2
S 02 et 2w (E — Re E,) +Fg/4
) {107
0.1 g 7 Fano parameter Fraction along fhg
0.0 i (e +qq)/(e + i): part of F along fbg t_"h: component of ¢,y along .’fbg
0 e o . —
. i s () i Do B PSP ]
= —Re g, ==Img, = p nE) T = = 9= 1 (1) =)
3 -10 B . B (Ty/2) |5 (B)| 2 e
i i
H 4=_—_'
oF : ® — - Interference term / pole’s own contribution = Im R, + e Re R,
. 15.794 — 0.0034% ) ol \ .
LrEq | B Ly Fig (E) cg '@, 2py (qq — %)
= ' 9 T) =(c - — 212
- : leg” @12 |ag — il

15.70 15,75 15.80 15.85 15.90

E, Re E, [MeV]
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Pole F,=ReF,—LT,
E

, 15794 — 0.003i MeV

Collectivity (IV): non-collective

o 0.0033
Niot, 5.25
C2 N1, 0.018
At I = Re £, (e=0)
0 -17.34 — 0.58i
p? 0.89
R, -0.10 — 0.01i
R,| 0.10 < 1/V2

pole's own contribution dominates

Im R, < 0: lowers Sy ate

=0

= Breit-Wigner peak

with a large |g,|
minimum at 15.86 MeV

88



Branching Ratios: '°0 (J™ = 17) Breit-Wigner Peak with a Large |q,]

Same br_ as in the IS Field; the IV Background Lies Mainly in p + **N(1p,/,™), d;,, Wave, the Main Decay Channel of the Pole

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

160 (17), isovector: whole strength function Sp(E)

Pole F,=ReE, — %Fg

E, 15.794 — 0.003:; MeV
> 0.2
‘éol I 4/\/\/\ UQ(C)/FQZZFC/FQ 1.00
g v c
- 0.0 - - S - - - Pole decays into (br.)
1

. p + “N(1p }), d3;» wave 0.90

' Re £, minimum: Open channels at £ = Re £,

0.6 - | : , p + "N(1ps), si2 wave  0.10
= Bl pole: br.=|w, .|

0.5- :
= log scal independent of the external field Background at Re £ (b.)
€ 04- : - P
= % . 15 1
£ 0sl 7 = background: b, = |Fiy .|*/ | Figll? P+ "N(1ppp), dyz wave  0.64

i 4107 g

S 02 - depends on the external field (IS / IV) p + ®N(1p;3), 512 wave 0.36
% : {107 P / /

0.1 ; . ' ' . -

0.0 _

0 i il p + N(1p, ), ds)» wave
:"% _10 = Re g, —!- Im g, —:pg2

| _—

. O 15.79470.003% N P+ PN(pyp), 510 wave
o :
£ i . . . . .
Y| , L . | 0.0 0.2 0.4 0.6 0.8 1.0

15.70 15.75 15.80 15.85 15.90

E, Re E, [MeV]
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fraction in channel ¢
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Fano Analysis: 1°0 (J®=17) Pole 19.36 — 0.52i MeV in the Isoscalar Strength

Non-Collective Pole (I, = 1.0 MeV): |R,| >1 and Im R, < -1 - S; below the Background, Shallow Dip

— Sp(E) == ||Fn|? (pole removed) —— 1stterm —— 2nd term (non-interfering) Pole Eg = Re Eg — %I‘g
B0 (17),i lar: whole st th function Sp(E .
O (1), isosca ar: whole strength function Jat ). Eg 19.361 — 0.517i MeV
S
2 100l Collectivity (IS): non-collective
£ N C? 0.0130
AN — ¢ . I —
%o 15 20 25 30 35 40 Ny, 10.10
. C2N, 0.13
i c=(E—ReEy)/(Ty/2) ¢
- R\2 12 = —
3 s = 12 @) ) ) frisRe s 0 |
= 1 F bg 1 + €2 dg -0.10 + 0.774
E | (c) | F(7)|2 2 22
: YR I i p §
5 o, ! 9/ 21 (E — Re Ey)? + I'2/4 R, -0.73 = 1.59i
B 4 § | |R,| 1.75>1
2- L E Fano parameter Fraction along fl)g .
0 : : (e + aq)/(e + i): part of F along fbg t_"h: component of ¢4, along fbg Strong Interference
| —rew i ep— ) Fi(E) &) b= [iH0 Im R, < —1: Sy below
i ——mmEm—————— =] -t =(r 97 A1) 5(e
e === r - ! (Ty/2) | 7D (E) |2 les7 & | the background at e=0
OF 19:?61 5 51,”: : : :_ Interference term / pole’s own contribution = Im R, + e Re R, = Sha"0W dip
- S0t oL gi20.77 — 0.33i@ —(r ) (¢ ) )
- Ll 19'3470'?01 i 21.28 - 1712.I J ||c,(f)<;:’£(,c)||2 Ja, — |2
18 19 20 21

E, Re E, [MeV]
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Branching Ratios: 10O (J®=1") Pole 19.36 — 0.52i MeV in the Isoscalar Strength

The Pole Decays into Several Channels (Largest: p + *N(1p,,,™!), d;;, Wave); the IS Background Is Spread over Several Channels

m— Sp(E) —=— ||f-‘bg||2 (pole removed) = 1stterm =—— 2nd term (non-interfering)
160 (1), isoscalar: whole strength function Sp(E)
Y
Q
£ 100}
S
AL . -
90 15 20 25 30 35 40
16 Re £ dip 1 Open channels at £ = Re E,
| ! .
< 14 - i . Hl pole: br, = |w, |?
Q - I - -
=3 12 x independent of the external field
© 10 I
e I 5
"z— sl i1 Bl background: b, = |Fi o |*/ || Frell?
‘g'w 6 - depends on the external field (IS / 1V)
(O]
R 15 1
. n + 150(1p1/12), d3/» Wave
P + 15N(1p3/12), d3/2 wave
g; ! p+ 15N(1p3/12). S1/2 wave
= i
0= —~ . p + "N(1p A4), 512 wave
of 19.'361—0.5171‘520 T omme ] p + "N(1p;/), d5/; wave
& 14.57 - 0.72i@ < i 15 -1
E 19.3470’952.1.}.;19.4?. oo : n+ 20(lp3), 512 wave | | |
S C D 28 1T 0.0 0.2 04 0.6 0.8
18 19 20 21 fraction in channel ¢

E, Re E, [MeV]

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

Pole E,=ReE,—iT,
19.361 — 0.517i MeV
1.03

£,

0y /Ty =2 Te/Ts

Pole dec;ys into (br,)
0.46
0.14

p + “N(Ip, ), dy» wave

n + "0(1p, ), dy;» Wave

Background at Re E; (b.)

p + “N(1p,}), dsj» wave 0.39
n + “O(lp, ), d3;» wave 0.17
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Fano Analysis: 1°0 (J®= 17) Isovector Peak at 19.30 MeV

Non-Collective Pole: |R,| < 1/v2, the Non-Interfering Breit-Wigner Term Dominates S; at Re E,

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

160 (17), isovector: whole strength function Sp(E)
2 0.2}
=

— L L I
0'010 15 20 25 30 35 40
0.200-2nd term R L e=(E—RekEy)/(Iy/2)
i

95 %

(e+a)*+ (a))”
1+ €2
c T)|2
faogp L o7
v 27 (E — Re E,)? + I2/4

SY(E) = | Fi(B)|?

Fano parameter Fraction along fhg

(€ + g¢)/(€ + 4): part of F along Fi,g

t_"h: component of ¢,y along fbg

0008 (r)t
Ll H T —(r = —
a —Regq, ==Img, —p! | qg(E) —i = Fig (E) Cgr)“’g(;c) - £
Q: —— 1 g - - - - (T) _*((‘)
& Or..cg._gg:_\; (Ty/2) ||,7-“]§‘gf)(E)||2 |eg ' ||
L L 1 L L ;
9 3 3 —
OF TS 05T 20.77,70'331.. — Interferenci(te;m / pole’s own contribution = Im R, + e Re R,
SHERE L ERETI AP | Ty Fp (E) D) 2p2 (g — 1)
j= 19.34 095 i | Ry = (1) =(c) 12 - lg, — |2
L o 2128~ 17178 | lleg &g || dg
18 19 20 21

E, Re E, [MeV]
CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan

Pole F,=ReF,—LT,
E 19.361 — 0.517: MeV

g

Collectivity (IV): non-collective

o 0.0638
Niot Ny 9.04
C2 N1, 0.58
At I = Re £, (e=0)
q -0.49 + 0.37i
p? 0.09
R, -0.13 — 0.17:
R,| 022 <1/V2

pole's own contribution dominates
Im R, < 0: lowers Sy ate=0
= Breit-Wigner peak
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Branching Ratios: 1°0 (J®= 1) Isovector Peak at 19.30 MeV

Same br, as in the IS Field; the IV Background Lies Mainly in p + *>N(1p;/,™%), d;/,, Wave

— S(E) == ||]4-",[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering) Pole Eg = Re Eg — %Fg
160 (17), isovector: whole strength function Sp(E)

~ E, 19.361 — 0.517; MeV
> 0.2} J
goz /\/\ UéC)/FQZZFC/Fg 1.03
£ o1} /\ . c

L — = —_— Pole decays into (br,)

30 35 40
p + N(1p,}), d3» wave 0.46
Open channels at £ = Re F,

Hl pole: br,=|w, |?
independent of the external field Background at Re Eg (b.)
Bl background: b, = |Fy, |2/ [ Fell?
depends on the external field (1S / 1V)

n + 150(1]91‘/12), ds;, wave 0.14

p + N(1p}), dsj» wave  0.72

p + "N(1p;4), d3;» wave 0.12
p + “N(1p;p), dsjy wave
n+ Y0(1p; 4), dsj; wave
p + PN(1psp), dsj» wave
p + N(1p;3), 51 wave

)

)

)

=%
S ——_—--éﬁ_
=0 . 15 -1
| - . N\ p+ N(1p1/2 , S1/2 Wave
_Of 19.'36170.5171" 0770338 ] p + N(lp;4), ds)2 wave
EEJ ! -57*01';"2;:70“(.19.4370,981' | N+ P0(1pyA), 510 wave
=L T T s e 00 02 04 06 08
18 19 20 21 fraction in channel ¢

E, Re E, [MeV]
CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan 93



Fano Analysis: 1°0 (J®=17) IVGDR Pole in the Isoscalar Strength

Isoscalar Field (Non-Collective): |R,| >1 and Im R, < -1 - S below the Background, Shallow Dip

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

160 (1) IVGDR pole, isoscalar: whole strength function Sp(E)
S
(i}
Z 100}
E

I N S . R
Q10 15 20 25 30 35

(e +a;)* + (q;)°
1+ €2
c T)|2
faogp L o7
v 27 (E — Re E,)? + I2/4

SY(E) = | Fi(B)|?

strength [fm%/MeV]

Fano parameter
(€ + g¢)/(€ + 4): part of F along Fi,g

FINE) D3l [l

qy(E) —i= ———-= Ps= o on
(Ty/2) | FD(E) |2 e @5

Fraction along fhg

t_"h: component of ¢,y along .’fbg

Interference term / pole’s own contribution = Im R, + e Re R,

OF 1T T
& | @20.7360.623 T, ]:lg;)T(E) & 2p2 (g, — i)
E o oo . 9 = ) 5@ = 2
| 2Mo-Lodiy 256195 ey '@g || lag — 7|
21 22 23 24

E, Re E, [MeV]
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40

€= (E—-RekEy)/(I'y/2)

Pole F,=ReF,—LT,

E, 21.736 — 0.623i MeV
Collectivity (IS): non-collective
o 0.0604
Niot 1y 11.21
C2 Ny, 0.68

At I = Re £, (e=0)
0 -0.16 + 0.71i
pg 0.27
R, -0.79 — 1.43;
R,| 1.63>1

strong interference
Im R, < —1: Sy below
the background at e=0
= shallow dip
dip at 22.00 MeV
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Branching Ratios: 1°O (J®= 1) IVGDR Pole in the Isoscalar Strength

The Pole Decays into Several Channels (Largest: p + *>N(1p,/,™%), d3/, Wave); the IS Background Is Spread over Several Channels

— S(E) == ||]4-",[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering) Pole Eg = Re Eg — %Fg
180 (1) IVGDR pole, isoscalar: whole strength function Sy(E) .
' ' ' E, 21.736 — 0.6237 MeV
>
(]
2 100} | 69, =>T./T, 1.24
£ c
- AL . —_ Pole decays into (br,)
% 15 20 25 30 35 40
=T | | p + “N(1p }), d3;» wave 0.29
2007 "Re £, dip 1 Open channels at £ = Re £, 50{ 101 0.19
I B pole: br, =|w,.|? N+ "0(pyp), dyp wave 0.
] P . .
@g ! ‘:’ independent of the external field Background at Re Eg (5.)
E i i o 2/ |12
= N | Bl background: b. = |Fig o|*/ || Frgll n + 150(1]91_/;12), ds /> wave 0.29
o LN depends on the external field (IS / 1V)
L osob o p + N(1p;), ds, wave  0.21
@ i : p+ 15N(1p171 ), d3/2 wave
250 n + O(1p, ), ds;y wave
0.0 — p + "N(1p; ), d3;, wave
— p + 15N(1p37 ), 8172 wave
w1t ' p+ 15N(1p§/ ), d5/2 wave
& i p + 15N(1pf/ ), s12 Wave
0 : n + 150(1}?37/ ), dg/g wave
oF T . = n+ 150(1}91_/ ), 5172 wave
& | @21.736 — 0.623i N+ 0(1py), 51 Wave
E Y | n + YO(1pyp), ds» wave , | .
L 2Ly 22561950 | 0.0 0.1 0.2 0.3
21 22 23 24 fraction in channel ¢

E, Re E, [MeV]
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Fano Analysis: 1°0 (J®= 17) Isovector Giant Dipole Resonance

IR, | > 1: Interference Exceeds the Pole's Own Contribution; S; below the Background at Re E,, Peak at 22.19 MeV

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

180 (1~) IVGDR, isovector: whole strength function Sy(E)

40

2 0.2
=
€01
- ——
o'(!I.O 15 20 25 30 35
| Re L ¢= (B —ReEy)/ (Ty/2)
016~ | !
— b R\2 N2
= 012 Py F bg
™ 1 1
g o100 1 ol | F()|2
5 0.08 i _|_(1 o p2) g g
= l g _ 2 2
5 0.06-| | 27 (E — Re Eg) + Fg/4
2 0.04 :
0.02 E Fano parameter Fraction along fhg
0.00 , (e +qq)/(e + i): part of F along fbg t_"h: component of ¢,y along .’fbg
. 25} —-Re g ==1mg, =—p; 1 g (E) i — .Fl();)T(E) CgT)(Eéc) o =
< : g —1= = g =
S 00— — —— (Ty/2) 17 (B)|1?
oF : : : : , — Interference term / pole’s own contribution = Im R, + e Re R,
& : ?21.736 —0.623i T, ﬁé;)T(E) M@ 2p? (g, — i)
g i i . ) qg — —— = =
| 22Mo- Loy 22561950 ||c§ )wé, )||2 lag — 7|
21 22 23 24

E, Re E, [MeV]
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Pole F,=ReF,—LT,
E, 21736 — 0.623i MeV

Collectivity (1V): collective

c? 0.2967
Niosl, 11.92
C;Ntotng 3.54
At I = Re £, (e=0)
4 0.80 — 0.28i
p; 0.96
R, 0.68 — 1.08;
R, 1.28 > 1

strong interference
Im R, < —1: Sy below
the background at e=0
= asymmetric Fano profile
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Branching Ratios: 1°0 (J® = 17) Isovector Giant Dipole Resonance

Same br_ as in the IS Field; the IV Background Is Spread over Several Channels

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

180 (1~) IVGDR, isovector: whole strength function Sy(E)

40

2 0.2
=
£ 0.1
- ——
0.0 15 20 25 30 35
o1 . 1Re £, Open channels at £ = Re £,
. L] . )
< 0.14 \ i Bl pole: br, = |w, |
] iy ! . -
S 0.12 Y independent of the external field
[a] 1 1
£ 0.10 P R
= sl | Bl background: b, = |Fig o |*/ || Fiel?
o 0.06 depends on the external field (IS / IV)
o - !
@ 004 - P+ N(1p; ), d3;, Wave
0.02 ] n+ 150(1pf/ ), d3/2 wave
0.00 ' p+ f’N(lpg/ ), d3;» Wave
251 —Req ==Img —p - P+ 15N(1p§/ ), s1/2 Wave
= — o o :Pg= p+ 12N(1p37 ), d5/2 wave
S 0.0 —~==— p+ “N(lp; ), s12 wave
e ] n+ 150(1}?37 ), dg/g wave
OF 1+ 1" ' n -+ 150(1}91_/ ), 5172 wave
5 | @21.736 — 0.623i N+ 0(1py), 51 Wave
£ o n + 0(1pyy), dsjp Wave

i
g ) RE <7
| I22,]:9 il.Q?z. .22.ol6 1.95¢

21

22 23
E, Re E, [MeV]

24

0.0 0.1 0.2

fraction in channel ¢
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0.3

Pole EngeEg—;_'Fg
E, 21.736 — 0.623; MeV

ol /T, = T./T, 1.24
Pole decays into (br,)
0.29

0.19

p + “N(1p, ), ds/» wave

n + ©0(1p;y), d3/» Wave

Background at Re F, (b.)

n + ©0(1p;y), d3, wave  0.25
p + N(1p;}), ds» wave 0.24
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Fano Analysis: 120 (J™ = 17) Isovector Peak at 20.71 MeV & Dip at 21.29 MeV

Collective Pole: |Rg| < 1/v2, Peak Mainly the Pole's Own Contribution; Dip above It

m— Sp(E) == ||]4-'|og||2 (pole removed) —— 1lstterm —— 2nd term (non-interfering) Pole Eg —ReF B — %I‘
160 (1), isovector: whole strength function Sp(E)

. . E, 20770 — 0.335; MeV
S i i
g o2 Collectivity (IV): collective
EOY JV\/\ | 0.1393
0-00 15 20 25 30 35 20 N1, 10.85
2
o Refu db = (E-ReE,) /(0 Lol
_ 014 | R)2 Iy2 AtE=Re E, (c=0
£ e &% 073 — 1.38
£ )|2 2
= 0.08 i -I-(l B 2) 1 |.7: | Py 0.61
%0.06 ’E Py o2 (E — Re Eg)z + F3/4 R, -0.15 - 0.47:
& 004 | IR,| 0.49 < 1/V2
0.02 E Fano parameter Fraction along ﬁljg . . .
: (e + gq)/(€ + 2): part of F along ﬁbg i_"h: component of ¢,&, along fbg p0|e|5 own contribution dominates
. EONE) 3 [l Im R, < 0: lowers Sy at e=0
qe(E) — i = Py =" @ i
(Ty/2) ||'7:bg (E)”z leg |l = peak and dlp
OF : : —~ . — : - Interference term / pole’s own contribution = Im R, + eRe R,
= 20.77070.335?.' i B Fgf N T(E) C(‘r)a;(c) B 2p§ (gg —2)
£ i 2L ts 17120: 7 el () —*(c)Hz T gy — )2

26.0 20.5 21 0 21'.5
E, Re E, [MeV]
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Branching Ratios: 10O (J® = 17) Isovector Peak at 20.71 MeV & Dip at 21.29 MeV

The Pole Decays into Several Channels; the IV Background Lies Mainly in p + *N(1p;/,™!), d;,, Wave, the Largest Decay Channel of the Pole

m— Sp(E) == ||jT-'.[,g||2 (pole removed) —— 1stterm —— 2nd term (non-interfering) Pole Eg — Re Eg - %Fg
. %0 (1), |sovectlor: whole strengtlh function SF(E). | | B, 20.770 — 0.335; MeV
= L ]
Mo aps | oS
B 0ak = — - — — 40 Pole decays into (br,)

P+ N(1p;}), ds» wave 0.43
Open channels at £ = Re £,

Bl pole: br. = |ngc|2
independent of the external field Background at Re Eg (b.)
Bl background: b, = | Foy c|*/ || Fiell?
depends on the external field (IS / IV)

n+ "0(1p, ), dy» wave 0.27

p + N(1psp), dsy» wave 0.71

n + “O(lp, ), d3» wave 0.13

P+ N(lp?:/%), d3/2 wave
n+ O(lpf/% ’ d3/2 wave
p + N(lpf/%), d3/2 wave

p+ N(lp?,_/IQ); d5/2 wave
p + N(1ps}), 512 wave
i i p+ N(lpf/12), 81/2 wave . | |
| 21»?87}‘717:.;' | | 0.0 02 07 G

200 205 21.0 215 fraction in channel ¢
E, Re E, [MeV]

=

15
15
15
15 —1
15
15
15

20.770 — 0.335i@
|
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Fano Analysis: 293Pb (J™ = 17) Isoscalar Giant Dipole Resonance

Most Collective IS Pole: |Rg| = 1, Interference as Large as the Pole's Own Contribution -> S; = Background at Re E,, Maximum below It

25.0

— Sp(E) == ||f-"bg||2 (pole removed) =— 1stterm =—— 2nd term (non-interfering)
28Ph (1 ) ISGDR, isoscalar: whole strength function Sy (F)
= . . . :
W
3
<:§ 100+ l
=
= . . l .L.“u 1. . 4-—-/\Muvu .
%.O 5 10.0 12.5 15.0 175 22.5
50 R [ | L I |
e Ej f i €= (E —RekEy)/(I'y/2)
> 40.”-7:bgH2upt096 i nil | (e+ R)2_|_ ( I)2
v [ T T q q
z i S ®) = I1F (B))P—
E 30+ : : 1+e€
o |
: | 1 oW P
= 2 \ + (1 - pz) / S
S < \ g 2 2
: 27 (E — Re E,)? + I'?/4
£ 10- )
v Fano parameter Fraction along Fi,
0 (e + aq)/(e + i): part of F along fbg t_"h: component of ¢4, along fbg
25f (&) — Frg (E) D@ Iy
= dg ~ Ps =50
300 T (T,/2) ||fé;(E>||2 leg™ @5l
|
OF : ; | Interference term / pole’s own contribution = Im R, + e Re R,
g 21278 - 041579 T FEDNE) DB 2p? (g, — i)
= 9 T c _ _ 4l2
b e % . leg” a7 12 g — il
20.5 21.0 21.5

E, Re E, [MeV]
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Pole F,=Rel,—1I,
E, 21.278 — 0.418; MeV

Collectivity (IS): collective

6’92 0.3744

Ntotng 3373

ngNtotTlg 12-63
At ' = Re I, (e=0)

g -0.48 — 0.68:

pé 0.91

R, -0.29 — 1.00¢

|R,| 1.05>1

strong interference
Im R,~ —1: Sp~ background
ate=0

= Fano profile
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Branching Ratios: 2%8Pb (J®= 1) Isoscalar Giant Dipole Resonance

The Pole Decays into Many Channels; the IS Background Is Spread over Many Channels

[10% fmb/MeV]

strength [10% fm%/MeV]

=
o

100}

50

40

w
o

N
o

e

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

28Ph (1~ ) ISGDR, isoscalar: whole strength function Sp(E)

Pole F,=ReE, — %Fg

. l 2 JAQJ“ J .
0 7.5 10.0
ReEgi ::,,' :
. i1l 1
|| Frell? up to 96 NI
il 1
: 1 1
i ! ]
i 1
|
1
1
\
—Reg, ==Img, =—p;
| ,_"‘/\
--------- : L
: o o0 9

21.278 — 0.418i@
i
.I

—

2i.0 21.5
E, Re E, [MeV]

20.5

E 21.278 — 0.418i MeV

g
ol /T, = T./T, 1.97

4_—-——/\1\.1\/\. —
260

12.5 15.0 22.5

175

Open channels at £ = Re F,
Hl pole: br.=|w, |?
independent of the external field
Bl background: b, = |Fy, |2/ [ Fell?
depends on the external field (1S / 1V)

= Pole decays into (br,)

0.14
0.12

n + YPb(1h),), iy3/2 Wave

n + Y7Pb(1if),), ki5, wave

Background at Re F, (b.)

N + 27Pb(1h),), i132 Wave
N + 27Pb(1ijz)), kis Wave
n + *7Pb(1hy), i112 Wave
n + 27Pb(2d;5), fr2 Wave
n + *7Pb(2dy5), f5/2 Wave
p + 27TI(2dy5), pijs Wave
P+ 27TI(2d;3), fr/2 Wave
P + *TTI(3s;5), p3j2 Wave

n + 27Pb(1iy3},), hi1e Wave
p + 27TI(2d;}), f5/2 wave
others é2 channels)

0.1 0.2
fraction in channel ¢

0.0
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n + 27Pb(2d; ), fr» wave 0.14
N+ 27Pb(ligh,), ks wave 0,12
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Fano Analysis: 293Pb (J® = 17) Isovector Giant Dipole Resonance
Most Collective IV Pole: |R,| < 1/V2, Breit-Wigner Peak of the Pole; Minimum below It

— Sp(E) == ||Fyl? (pole removed) —— 1stterm —— 2nd term (non-interfering) Pole Eg — Re Eg — %Fg
208Pp (1) IVGDR, i t : whole st th function Sgp(F 5
b (1) G isovector: whole strength function r(E) Eg 13,983 —0.1954 MeV

100 - : . _
: | | Collectivity (IV): collective
E m | C? 0.4808
%50 12.5 15.0 17.5 20.0 22.5 25.0  Nyotny 16.77
12F grhinimum E'Re By 7 ¢ = (E — Re E,) / (Ty/2) CQQNtotng 8.06
i R\2 I\2
= 1 a 5.08 + 0.53i
- +(1 2) 1 Us(JC) |‘7:55T)|2 p2 0.76
5 =P 4 '
s 2n (E—ReEy)? +T7/4 R, 0.30 — 0.03i
) Fano parameter Fraction along fbg |Rg‘ 0'30 = 1/\/5
(€ +ag)/(e+1): Iie(lr;offf along J?bg f‘h: componint of ¢4, along fbg pO|€'S own contribution dominates
G g (B) —i= b (Elféz)“éc) Py = % Im R, < 0: lowers Sy at e=0
& (Tg/2) [| Fg (E)I? llcg | N Breit-Wigner peak

Interference term / pole’s own contribution = Im R; + e Re R,
()T = 2 ;
Ly Fpe' (E) c!(;)wg(f) _ 2p; (gg —7)

e @712 g — if?

" 12.083 - 0.125i@ with a large |g,|

Mminimum at 12.40 MeV

|
| —
: i g —
: i
—-1L A n L
12.5 13.0 13.5
E, Re E, [MeV]
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Branching Ratios: 2%8Pb (J®= 1) Isovector Giant Dipole Resonance

The Pole Decays into Several Channels (Largest: n + 297Pb(1i,5/,7), h;;,, Wave); the IV Background Is Spread over Many Channels

— Sp(E) == ||]4-"|[,g||2 (pole removed) —— 1st term —— 2nd term (non-interfering) Pole Eg = Re Eg — iF
28Ph (1) IVGDR isovector- whole strength function Sr(E) .
100} ' ' ' i Eg 12983 - 01257, MeV
S
v c
" Al ll[ | ofr,=>r r, 097
c
- Q l A . . . . Pole decays into (br,)
.0 12.5 15.0 17.5 20.0 22.5 25.0
n + YPb(1ig),), iy, wave 0.40
12/ minimum /ReZ, 7  Open channels at £ = Re £, . 1 0.12
< 10! ! Bl pole: br, = |w, |2 n + *'Pb(2f72), dsjp wave U.
(9} - -
= g independent of the external field Background at Re £, (b.)
E —
= Bl background: b, = |Fig o |*/ || Fiel? N+ 27Pb(2f; 1), gr)» wave 0.20
*gn _ depends on the external field (1S / 1V)
g 4 n + 27Pb(3p;), ds o wave 0.14
251 n+ OZOFT’b(lz13 , hi1/2 Wave
n+ Pb(2f/ ) dsjp Wave
o n+ jg;Pb(Qf f) dsj2 Wave
1oF n+ ) Pb(3p /%) ds;p Wave
~o n+ 07Pb(2f512) g7/2 Wave
i n+ 2‘();F’b(3p/ ), d3o Wave
S n+ 207Pb(3p319_ , 512 Wave
0 n+ Pb(2f712) g9/2 Wave
. O Zow o ] N oy ) 12 wave
E : i others (qél cﬁ/aaneIs) . . . .
I ] , ] 00 01 02 03 04
12.5 13.0 13.5 fraction in channel ¢

E, Re E, [MeV]
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Fano Analysis: 293Pb (J® = 17) Isoscalar Peak at 9.61 MeV

Collective Pole (I, = 15 keV): |R,| < 1, the 2nd (Breit-Wigner) Term Dominates S; at Re E,

=
N
wu

—-0.02L

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

28Ph (1), isoscalar: whole strength function Sp(E)

M

- A IM“ J .
7.5 10.0 12.5

+(1 —p}

15.0 17.5 20.0 22.5 25.0

€= (E—-RekEy)/(I'y/2)

_ (e +q;)* + (g,)*
S(T) E) = ]:("') E 2 g9 g
FE) = 17D (B )P
1 O.g(’c) ‘j:g('r)‘Z

?) om (E — ReE,)? +I?/4

Fano parameter Fraction along fhg

(e +qq)/(e + i): part of F along fbg t_"h: component of ¢,y along .’fbg

E, Re E, [MeV]

L T — 1. = =
—Req, == Img, — ] (B — iz T @era
- - : g = = 9= | (1) =(0)
— (Ty/2) 17 (B)|1? s @7
|
.I : : : . Interference term / pole’s own contribution = Im R, + e Re R,
9.548 — 0.001;, —(7)t T )
SR Y B P L o A 1
9.606 — 0. 9 = Y als = ;
. i ] e a2 gy — il?
9.55 9.60 9.65
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Pole F,=ReF,—LT,

E, 9.606 — 0.008: MeV
Collectivity (IS): collective
C 0.1914
NiotNg 34.70
C Nioy Mg 6.64
At I = Re £, (e=0)
qq 5.59 + 0.18:
pg 0.11
R, 0.040 — 0.006:
R, 0.040 <« 1

pole's own contribution dominates
Im R, < 0: lowers Spate=0
= Breit-Wigner peak
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Branching Ratios: 293Pb (J® = 17) Isoscalar Peak at 9.61 MeV

The Pole Decays into Several Channels (Largest: n + 27Pb(2f; ,7'), d;,, Wave); the IS Background Is Spread over Several Channels

Im

[10% fmb/MeV]

strength [103 fm°®/MeV]

175+

—-0.02L

100}

150 -
125 -
100 -

75 -

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)
28Ph (1), isoscalar: whole strength function Sp(E)
A -Mll J L L W
.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
iRer, | Open channels at £ = Re E,
i
Hl pole: br,=|w, |?
independent of the external field
log scale
. 2/ 12
Bl background: b, = |Fig |/ || Frell
depends on the external field (1S / 1V)
n +20i07Pb(2f 5), ds;» wave
n+ Pb(1z13/2) hi1/2 wave
n + 27Pb(3p;, f) 12 Wave
: — : . n+ 207Pb(3p f , 512 Wave
—Reg, ==Img, —p; n + ESZPE(Q‘]%]? d5/2 wave
-~ : n + “'Pb(3p; d3;e Wave
J i —=’| n+ 2(();Pb 3173E ), d5;o Wave
. L . n+ Pb(2f512 , g7/2 Wave
ry g ' 7 n + 27pb( 3p ), d3;o Wave
0.548 — 0.001Q p + 207TI(2d! p3/2 Wave
59.606_0.0087; others (512 channels) . .
. L . 1 0.0 0.2 0.4
.35 2.60 2.65 fraction in channel ¢

E, Re E, [MeV]
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Pole F =ReFE,—:T,
E, 9.606 — 0.008; MeV
ol /T, = T./T, 1.00
Pole dec;ys into (br.)
n + 2Pb(2f;}), ds)» wave 0.48

n + Y7Pb(1if),), iy, Wave 0.24

Background at Re F, (b.)
n + 27Pb(3p,3), ds» wave  0.37

n + 27Pb(3p, ), dsp wave 0.21
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Fano Analysis: 293Pb (J™ = 17) Isovector Peak at 9.61 MeV

Isovector Field (Non-Collective): |R,| < 1/v2; Both Terms Build the Peak (1st Term 37 %, 2nd Term 63 % of S; at Re E,)

[fm?/MeV]

100}

50

— Sp(E) == ||f?bg||2(pole removed) =— 1stterm =—— 2nd term (non-interfering)
28Pp (1), isovector: whole strength function Sp(E)
L A m l LN . . . .
0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
Re £, e = (E —ReEy) / (Ty/2)
| R\2 I\2
, (e+q,)" + (q,)
Sy (B) = |7 (B) | ——2——*
log scale 1 _l_ €
1 ole) | F )2
g g
=P o E_ReE,) 1 12/4
_____ 7 (E — Re Eg)? +T'/

- 10*1

Fano parameter

Fraction along fhg

——————— (e +qq)/(e + i): part of F along fbg t_"h: component of ¢,y along .’fbg

FINE) D3l g

g

: = =0r Pg = " <0y
: (Ty/2) | FD(E) |2 e @5

Interference term / pole’s own contribution = Im R, + e Re R,

T, ANE) S 2p2 (g — i)

E, Re E, [MeV]

lleg

— Re g, = - Im g, == p2 .
. S S ! qy(E) —i=
!—z"b%

- ) — : -
0.548 — 0.0014!
®
% 9.606 — 0.008z g —
L L | 1 -
9.55 9.60 9.65

(7)

Jé,c)”z lgg — |?
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Pole F,=ReF,—LT,

E, 9.606 — 0.008: MeV
Collectivity (IV): non-collective
2 0.0034
Niot 1y 29.79
C;Ntotng 0.10
At I = Re £, (e=0)
g 2.89 + 0.68:
P, 0.36
R, 0.25 — 0.03i
R,| 0.25 < 1/V2

pole's own contribution dominates
Im R, < 0: lowers Sy ate=0
= peak from both terms
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Branching Ratios: 293Pb (J® = 17) Isovector Peak at 9.61 MeV

Same br_ as in the IS Field; the IV Background Is Spread over Several Channels

[fm?/MeV]

100}

strength [fm?2/MeV]

50

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

28Pp (1), isovector: whole strength function Sp(E)

Pole K, =Rek,—:I,

E, Re E, [MeV]
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E, 9.600 — 0.008; MeV
c _
h[ 0y /Ty = To/Ty 1.00
(&
- a l .- . . . . Pole decays into (br,)
0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
n + 2Pb(2f;}), ds)» wave 0.48
1Re I, Open channels at £ = Re E, . 1 0.24
i Bl pole: br, = |w, |2 n + <'Pb(1ijz),), hyyp Wave .
g scale independent of the external field Background at Re Eg (b.)
e 2/ |12 ‘
L background. bc* |-7:bg,c| /HfbgH n + 207Pb(3p§é), d5/2 wave 031
depends on the external field (1S / 1V)
,,,, n + 2Pb(3p, ), ds» wave 0.23
{107 n+ 207Pb(2f 3), ds/2 wave
n+ 207Pb(lzlg/g) hi1j2 Wave
------- n + 27Pb(3p;, f) 12 Wave
: n+ 207Pb(3p f , 512 Wave
| — Reg, ==1Img, =—p, n + 207Pb(2f5f d5/2 wave
L ; n + 27Pb(3p, 5), di;y Wave
n ! n + 207pp( 3p3 , d5 ;5 Wave
=EALEEEE LTI L EELEL n+ 207Pb(2f512 g7/2 Wave
e T ' 7 n + 27pb( 3p ), dsjp Wave
0.548 — 0.001Q p + 207TI(2d! p3/2 Wave
1 0.606 — 0.008i others (512 channels) . .
, 5 , 0.0 0.2 0.4
9.55 9.60 9.65 fraction in channel ¢
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Fano Analysis: 293Pb (J® = 17) Isoscalar Peak at 10.88 MeV

Narrow Collective Pole (I, = 30 keV): |R,| < 1/V2, Breit-Wigner Peak of the Pole; Minimum above It

— Sp(E) == ||Fyl? (pole removed) —— 1stterm —— 2nd term (non-interfering) Pole Eg — Re Eg o= %Fg
208Pp (1), isoscalar: whole strength function Sp(E)

_ E,  10.877 — 0.015i MeV
(]
fg 100k | Collectivity (IS): collective
2 [}, | o 0.0677
= - " T : VA
%0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0  Niot1)y 39.44
2
100k ~ Re B, minimum: e = (E—ReE,)/(Ty/2) Cg NtOtng 2.67
— : RN\2 a2 — =
S ool SO(E) = [ED(B)|? (e+4q,)" + (q,) At £ = Re E, (¢=0) |
ig log scale o bg 1 + 62 qq ‘588 — 016’L
o 2
: IR S y
g 9 27 (E — Re E,;)? + F3/4 Hy -0.31 — 0.06:
c
g R,| 0.32 < 1/V2
@ Fano parameter Fraction along ﬁbg
(e +4qq)/(e +1): part of F along .’fbg f'h: component of ¢4y along .’f’bg pOIEIS own contribution dominates
. FIONE) D il Im R, < 0: lowers Spate=0
) g B — 8= =) P =1 mg@n Wi
$ (Tg/2) | Frg (E)|I? leg” @ | = Breit-Wigner peak
0;2 ! : : Interference term / pole’s own contribution = Im R; + e Re R, With a |al"ge ‘qg|
a) o _ TR B) S0 203 (g0 — ) minimum at 10.96 MeV
E 10.877 — 0.015i 9 = ™ =12 = gy — P
~0.04 ; . - lleg &gl g
10.8 10.9 11.0

E, Re E, [MeV]
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Branching Ratios: 29%Pb (J®= 1) Isoscalar Peak at 10.88 MeV

The Pole Decays into Many Channels; the IS Background Is Spread over Several Channels

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

28Ph (1), isoscalar: whole strength function Sp(E)

s
()
= I
fg 100 l .
S
':' lod A ll J L n W
%.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
100t  ReEy minimum: . Open channels at £ = Re E,
g | Bl pole: br, = |w, |
= : independent of the external field
E log scale :
5 : Bl background: b, = |Fig o |*/ || Fiel?
< depends on the external field (1S / 1V)
2
b= n + 27Pb(3py}), ds;n Wave
n + 27Pb(2f;5), g7/» Wave
n + 27Pb(3p, 5), d3;y Wave
n+ 207Pb(lz’l‘g/g), hi1j2 Wave
e n+ 207Pb(zﬁ;/l), dsj2 Wave
= ; n + 27Pb(3p; ), 51,2 Wave
S ! n + 27Pb(2f; ), ds5/2 Wave
] —— : 7 n + 207Pb(3p1_/ ), s12 wave
0.00 ' T SN n + 207Pb(3p§/%), dsj2 Wave
5 ® n + 27Pb(2f; 1), g9 Wave
£ ;10'87770_0@ others (15 channels) . . .
—0.04 , b : _ 0.0 0.2 0.4 0.6
10.8 10.9 11.0

fraction in channel ¢
E, Re E, [MeV]
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Pole F =ReFE,—:T,

E, 10.877 — 0.015; MeV
ol /T, = T./T, 1.01
Pole dec;ys into (br.)

n + 27Pb(3py), ds o wave  0.24

n + 2Pb(2f;5), gr;» wave 0.17

Background at Re F, (b.)
n + 27Pb(3p,;3), ds» wave 0.26

n + 27Pb(ligh,), hiyyp wave  0.25
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Fano Analysis: 293Pb (J® = 17) Isovector Peak at 10.88 MeV

Same Pole, Isovector Field (Collective): IRgI «1, the Non-Interfering Breit—-Wigner Term Dominates S; at Re E,

— Sp(E) == ||Fyl? (pole removed) —— 1stterm —— 2nd term (non-interfering) Pole Eg — Re Eg o= %Fg
. _2°8Pb (1~), isovector: whole strength function Sx(F) | | | _ E, 10.877 — 0.015; MeV
=
| | Collectivity (IV): collective
T ,
£ N m | | | | C: 0.1019
%0 75 10.0 12. 5 15.0 17.5 20.0 22.5 25.0  Niot1)y 29.13
2
€ = (E —RekEy) /(I'y/2) Cg NtOtng 2.97
R)2 12 At L =Re I =0
SO = 15 @) <) (%) e
= 14 e 4 4.97 — 1.21i
2 1 o [F P 0.12
+(1 — .
=P o E_Rem)? 1 r2/4 R, 0.041 — 0.018;
) IR, 0.045 < 1
Fano parameter Fraction along Fi,,
(e +4qq)/(e +1): part of F along .’f’bg fh: component of ¢4y along fbg pOIEIS own contribution dominates
. FIONE) D _ R Im R, < 0: lowers Spate=0
q9(E) — i = =) Pg="1"m 0@, 5P i i
(Tg/2) | Frg (E)|I? eSS = Breit-Wigner peak

| . Interference term / pole’s own contribution = Im R; + e Re R,
S i 2(T)t —~ .

& ® Ly Fog (E) c!(;)wg(f) 2p? (gg — 1)
£ 10.877 — 0.015i Ry = =

~0.04k leg” a2 g — [

1OI.8 1OI.9 1i.0
E, Re E, [MeV]
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Branching Ratios: 2%8Pb (J®= 1) Isovector Peak at 10.88 MeV

Same br, as in the IS Field; the IV Background Lies Mainly in n + 207Pb(1i,3,,7%), h,,,, Wave

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

28Pp (1), isovector: whole strength function Sp(E)

Pole K, =Rek,—:I,

Joof E, 10.877 — 0.015; MeV
s
(]
c _
S f lm ol /T, = T./T, 1.01
(&
- Q - oA l .- . . . . Pole decays into (br,)
.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
n + 27Pb(3py), ds o wave  0.24
iRe E, Open channels at £ = Re E, - » 0.17
B pole: br. — [, .| n+ <'Pb(2f;5), g7/2 Wave .
' independent of the external field Background at Re Eg (b.)
o 2/ 112
I background. bc* |Fbg,c| /HfbgH n + 207Pb(1i1§}2), h11/2 wave 058
depends on the external field (1S / 1V)
n + 2Pb(3p;), ds» wave  0.09
n + 27Pb(3py}), ds;n Wave
n + 27Pb(2f;5), g7/» Wave
n + 27Pb(3p, 5), d3;y Wave
>0 F : — . n+ 207Pb(lz’l‘g/g), hi1j2 Wave
o —Reg, ==1Img, —ng n + 207Pb(2f571), d3/2 wave
T 0 n + 27Pb(3p; ), 51,2 Wave
= TN - n + 27Pb(2f; ), ds5/2 Wave
i n + 207Pb(3p1_/ ), s12 wave
0.00 ] 7 n + 207Pb(3p§/%), dsj2 Wave
& ® n + 27Pb(2f; 1), g9 Wave
£ ' 10.877 - 0.015i others ( 5 channels) . . .
 _o.04L : | | 0.0 0.2 0.4 0.6
10.8 10.9 11.0 fraction in channel ¢

E, Re E, [MeV]
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Fano Analysis: 293Pb (J® = 17) Isoscalar Peak at 8.15 MeV

Tallest IS Peak: Non-Collective Pole (I, = 5.5 keV), IRgI <« 1 - Breit—-Wigner Peak of the Pole

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

28Ph (1), isoscalar: whole strength function Sp(E)

u ol . V|

%.0 7.5‘ - 10.0 12.5 15.0 17.5 20.0 22.5 25.0

e=(E—ReE,)/(Ty/2)
(e +4,)% + (q,)
(c) ;-(:L) 52
+1 -7y 2177 (E —Z{gel‘ﬂ ;2 L I2/4
g g

SY(E) = | Fi(B)|?

Fano parameter Fraction along fhg

(e +qq)/(e + i): part of F along fbg t_"h: component of ¢,y along .’fbg

. ANE) s _ gl
w(E) —i= =0 s P T mgon
(Tg/2) ||'7:bg (E)l lleg "dg” ||

Interference term / pole’s own contribution = Im R, + e Re R,

mcw : T ﬁ(T)T E C(T)Q(C) 292 —q

£ | 8.153 — 0.003 g = g Frg () cldy — pg(qg’ )

- i ||c(T)G}(C)”2 |qg _ ,tlz

—-0.01 I I L R g g9
8.12 8.16 8.20

E, Re E, [MeV]
CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan

Pole F,=ReF,—LT,

E, 8.153 — 0.003: MeV
Collectivity (IS): non-collective
C'g2 0.0315
Niotnyg 5.67
C2 Ny, 0.18

At I = Re £, (e=0)
g 47.73 + 6.42;
pg 0.83
R, 0.034 + 0.0044
R,| 0.035 « 1

pole's own contribution dominates
Im R, > 0: raises Spate=0
= Breit-Wigner peak
with a large |g,|
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Branching Ratios: 293Pb (J® = 17) Isoscalar Peak at 8.15 MeV

The Pole Decays into Several Channels (Largest: n + 27Pb(3p, ,™%), d;/, Wave); the IS Background Is Spread over Several Channels

Pole K, =Rek,—:I,

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

28Ph (1), isoscalar: whole strength function Sp(E)

10.0

log scale

8.16 8.20

E, Re E, [MeV]

8.12

E,  8.153 — 0.003; MeV
ol /T, = T./T, 1.00

u . M

Pole decays into (br,)

12.5 15.0 17.5 20.0 22.5 25.0

0.49
0.21

n + *"Pb(3p, 3), ds3;» Wave
Open channels at £ = Re F,

Bl pole: br. =

independent of the external field

207 1
|ng€|2 n+ Pb(3p3/2), S12 Wave

Background at Re F, (b.)
0.49
0.36

Bl background: b, = |Fy, |2/ [ Fell?

n + 207Pb(3pf/§), d32 Wave
external field (IS / 1V)

depends on the
n + *"Pb(3p;5), ds5;2 Wave

n + 207Pp( 3p %
n+ 207Pb(i:’: 12
n + 27Pb(3p;, %
n + 27Pb(3p; 12 , 512 Wave
n + 27Pb(3p, ), dsn Wave
n+ 207Pb(lzlg/g) hn/Q wave
P+ 2°7TI(351/ ), p1j2 Wave
p + 27TI(2d;, %) p3/2 Wave
p + 207TI(2al ), p1j2 Wave
P+ 207TI(SSI/Q) p3/2 Wave
others (6 channels)

0.0

d3/g wave
» 812 Wave
d5/2 wave

0.2 0.4
fraction in channel ¢
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Fano Analysis: 293Pb (J® = 17) Isovector Peak at 8.15 MeV

Same Pole, Isovector Field (Non-Collective): |Rg| «1, the Non-Interfering Breit—-Wigner Term Dominates S; at Re E,

25.0

w— Sp(E) == ||]4-‘bg||2 (pole removed) =—— 1stterm =—— 2nd term (non-interfering)
208Ph (1), isovector' whole strength function SF(E)
100
=
(]
=
~ 50F
: lll
%.0 12 5 5.0 17I.5 20I.0 22I.5
6 iRéEn €= (E —RekEy)/(Ty/2)
i R)2 1)2
S °[2nd term S(T) E =518 SNIE (et q, e (qg)
S 190 % (E) = || Fy ( )|
54t 1+ €2
£ 1 o | F)?2
5 +<1 o p;) 9 g2 2
2 2 (E — Re Ey)?+T7/4
@

|
O | "
0.00F —
o
8,153 — 0.003i
—0.01L__ L !
8.12 8.16 8.20

E, Re E, [MeV]

Fano parameter Fraction along ﬁbg

(e +qg)/(e + i): part of F along .’f’bg fh: component of ¢4y along fbg
(7)1 - 7

Fog (E) &0 R b1

qe(E) —i = = b5 = 58
(Ty/2) | FD(E)||2 (Sl

Interference term / pole’s own contribution = Im R; + e Re R,
— 1. - 3
L, .’F}E;) (E) c!(;)wg(f) _ 2p? (gg — 1)
e @712 g — if?

g:

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

Pole E,=ReE, T,

B, 8.153 — 0.003: MeV
Collectivity (IV): non-collective
2 0.0002
NiotNyg 7.91
CgNtOtng 0.002
At I = Re E, (e=0)
Gy 19.45 + 15.28i
Py 0.10
Hy 0.006 + 0.005:
|R,| 0.008 <« 1

pole's own contribution dominates
Im R, > 0O: raises Spate=0
= Breit-Wigner peak
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Branching Ratios: 293Pb (J™ = 17) Isovector Peak at 8.15 MeV

Same br_ as in the IS Field; the IV Background Is Spread over Several Channels

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

28Pp (1), isovector: whole strength function Sp(E)

Pole K, =Rek,—:I,

E 8.153 — 0.003; MeV

_ 100 9
>
(]
S f m ol /T, = T./T, 1.00
(&
- - . l A . . . . Pole decays into (br,)
95 75 10.0 125 15.0 175 20.0 22.5 25.0
n + 2Pb(3p; ), ds» wave 0.49
6- Re £, Open channels at £ = Re F,

log scale

strength [fm?2/MeV]
N w

109
107!
1072

107

8.i2 8.i6
E, Re E, [MeV]

8.20

Hl pole: br.=|w, |?
independent of the external field
Bl background: b, = |Fy, |2/ [ Fell?
depends on the external field (1S / 1V)

n + *7Pb(3p;5), s1/2 wave 0.21
Background at Re F, (b.)
n + 27Pb(3p;5), s1» wave 0.41

n + 2Pb(3p;), ds 2 wave  0.35

n + 27pp( 3p % , d3j2 Wave
n + 27Pb(3p; 12 , 512 Wave
n + 27pp( (3py, % , dsj2 Wave
n + 207Pb(3p 12 , 512 Wave
n + 27Pb(3p, ), dsn Wave
n+ 207Pb(lzlg/g) hn/Q wave
P+ 2°7TI(351/ ), p1j2 Wave
p + 27TI(2d;, %) p3/2 Wave
p + zg;Tl(zd ), p1j2 Wave
p+ TI(351/2) P32 Wave
others (6 channels)

0.0 0.2 0.4
fraction in channel ¢
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Fano Analysis: 29%Pb (J® = 17) Isoscalar Peak at 11.20 MeV

Narrow Collective Pole (I, = 22 keV): |R,| < 1/v2, Breit-Wigner Peak; Minimum above It

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering) Pole Eg = Re Eg — %Fg
28Ph (1), isoscalar: whole strength function Sp(E)

- E,  11.198 — 0.011i MeV
D
% 100l | Collectivity (IS): collective
z l, | 2 0.0875
= - A u - - W
X0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 Ntotﬁg 46.53
2
o Re Egi minimum e=(E—RekEy;)/(L4/2) Cg Ntotng 4.07
S i | R\2 2
2 60! S(T)(E)_Hjj_(r)(E)”z(eJrqg) + (q,) At £ = Re E, (¢=0)
= : F = IYp ,
£ 50~ log scale' = 1+ €2 g -6.58 — 0.21:
- ; 2 ‘
2% _|_(1 o p2) 1 UéC) ‘j:g(T)‘ pj 0.78
£ 30-
5 7 2m (B — Re Ey)* +17/4 R, -0.23 — 0.04i
T 20~
g 10 - Fano parameter Fraction along fhg |R9| 02 3 < 1/\/5
0 (€ +4qq)/(e + i): part of F along fbg t_"h: component of ¢,&, along Fig pole's own contribution dominates
| —1 gmmmc FO Ry e 3© 7
e 2_____Re 4 Im g, Py g,(E) —i = rbgz( ;ff) Zy - = ||c(ﬂ)l|3”(c)|| Im R, < 0: lowers Spate=0
¥ st | — (To/2) |1 70y (B o = Breit-Wigner peak
0.00F ! Interference term / pole’s own contribution = Im R, + e Re R, with a |al"ge ‘qg|
5 ® » T, FOVE) M@ 2p2 (g, — 1) o
£ 11,198 — 0,031 g = G Ol e minimum at 11.27 MeV
~0.04L ! L lleg'dg " |2 lag — il
11.1 11.2 11.3

E, Re E, [MeV]
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Branching Ratios: 29%Pb (J®= 1) Isoscalar Peak at 11.20 MeV

The Pole Decays into Many Channels; the IS Background Is Spread over Several Channels

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

28Ph (1), isoscalar: whole strength function Sp(E)

; T T T
(0]
= I
fg 100} l .
S
':' lod A ll J L n W
X0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
o Re £,i minimum Open channels at £ = Re E,
Lo | | é 1 . 2
E ol Bl pole: br. = |w, .|
= : independent of the external field
.,E 50 - log scale
T 40 ' Bl background: b, = |Fig o |*/ || Fiel?
< 30- depends on the external field (1S / 1V)
(@)
S 20-
5 n + 27Pb(3py}), ds;n Wave
“ 10~ n+ 207Pb(2f512) g7/2 Wave
n + 27Pb(3p, %) dsj2 Wave
n : n+ 207Pb(2f %) ds2 Wave
o —Reg, ==1Img, —ng b n + 207Pb(3p3 ) s19 Wave
T opm=——= : n+ 207Pb(2f7% ds/o Wave
S gl ! H— n+ 207Pb(3p/ 512 Wave
I . : n + 207Pb(3p )s dsjp Wave
0.00F T 7 n + 297Pb(1iy; 2) klg/g wave
5 ® : n+ 207Pb( f/z) g9j2 Wave
£ | 11.198 - 0. 0111 others (15 channels) : . .
T _o.0al ) L 0.0 0.1 0.2 0.3
1.1 1.2 11.3 fraction in channel ¢

E, Re E, [MeV]
CNR*26(Oct 5-9, 2026)@ACROS Fukuoka, Japan

Pole EngeEg—;_'Fg
E 11.198 — 0.011; MeV

g
ol /T, = T./T, 1.01
Pole decays into (br,)
n + 27Pb(3py), ds o wave  0.24

n + 2Pb(2f;5), g7» wave  0.19

Background at Re F, (b.)
n + 27Pb(3p,3), ds» wave  0.30

n + 2"Pb(3p, ), ds» wave 0.16
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Fano Analysis: 293Pb (J® = 17) Isovector Peak at 11.20 MeV

Same Pole, Isovector Field (Collective): IRgI « 1, Breit-Wigner Peak of the Pole

Im

[fm?/MeV]

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

28Ph (1), isovector- whole strength function SF(E)

100}

50

Al

30 -

strength [fm?2/MeV]
B
o

20

log scale

} 11.198 — 0.011%

L
11.2
E, Re E, [MeV]

11.3

12 5 15.0 17.5 20.0 22.5

SY(E) = | Fi(B)|?

25.0

€= (E—-RekEy)/(I'y/2)

(e + ;)" + (q,)”

(c) 1<+) y

c T)|2

+(1 -7y 2177 (E —Z{ge 1‘9}—?2 L I2/4
g g

R Fraction along %o

(e +qq)/(e + i): part of F along fbg t_"h: component of ¢,y along .’fbg

FINE) D3l [l

qy(E) — Py =

T (T,/2) ||fé;)<E>||2 les” a5

Interference term / pole’s own contribution = Im R, + e Re R,

g:

r, FONE) Dl _ 2} (g, — 1)
||C(T) —'(C)HZ |qg _’tlz

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

Pole F,=ReF,—LT,

E, 11.198 — 0.011: MeV
Collectivity (1V): collective
C 0.1192
Niot Ny 30.61
C Nioy Mg 3.65
At I = Re £, (e=0)
qq 18.45 — 4.07:
pg 0.82
R, 0.083 — 0.023:
R, 0.086 <« 1

pole's own contribution dominates
Im R, < 0: lowers Spate=0
= Breit-Wigner peak
with a large |g,|
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Branching Ratios: 2%8Pb (J®= 1) Isovector Peak at 11.20 MeV

Same br_ as in the IS Field; the IV Background Is Spread over Several Channels

Im

[fm?/MeV]

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

28Ph (1), isovector: whole strength function Sr(E)

100}

50

Al

Pole F =ReFE,—:T,
E, 11.198 —0.011; MeV
ol /T, = T./T, 1.01

70 -

60 -

strength [fm?2/MeV]

log scale

e 25p  TReq —-Img —
& /-7\
0 ey ]
0.00F T
¢
:11.19870.0111'
—0.04 L f
11.1 11.2

E, Re E, [MeV]

11.3

12 5 15.0 17.5 20.0 22.5

Open channels at £ = Re F,
Hl pole: br,=|w, |?
independent of the external field
Bl background: b, = |Fy, |2/ [ Fell?
depends on the external field (1S / 1V)

= Pole decays into (br,)
n + 27Pb(3py), ds o wave  0.24

n + 2Pb(2f;5), g7» wave  0.19

Background at Re F, (b.)
n + YPb(1if),), kig;, wave 0.28

n + 2Pb(3p;), ds» wave 0.16

n + 27pp( 3p3 ), d5 ;o Wave

n + 207Pb(2f512) g2 Wave

n + 27pp( (3p12), d3jy wave
),

n + 27Pb(2f;, ! dsj2 Wave
n + 207Pb(3p3%) s1/2 Wave
n+ 207Pb(2f7% dsj2 Wave
n+ 207Pb(3p/ s1/2 Wave
n+ 207Pb(3p )s dsjp Wave
n + 297Pb(1iy; 2) klg/g wave
n+ 207Pb( f/z) g9j2 Wave
others 5 channels)

0.0 0.1 0.2 0.3
fraction in channel ¢

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

119



Fano Analysis: 293Pb (J® = 17) Isoscalar Dip at 21.60 MeV

Collective Pole: |R,|

[10% fmb/MeV]

strength [10% fm%/MeV]

2
g

qg: P

~ 1, Re R, > 0 -> Dip below Re E,

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering) Pole Eg = ReF — lF

28Ph (1), isoscalar: whole strength function Sp(E)

E,  21.671 — 0.048i MeV

100} l I Collectivity (IS): collective
C'? 0.1048
. . T . /M/V\. - 7
%0 5 10.0 15.0 17.5 22.5 25.0 Ny, 20.95
2N, 2.20
e= (B-ReB,)/(L,/2) ¢ 'l
R)2 12 At £ = Re =0
SO(B) = I1£7 (| < %)+ () S
F o bg 14 €2 g 0.98 — 0.203
A Sl s p;
%) om (E—ReE,)? +12/4 R, 0.48 ~ 0.59i
- R,| 0.76 ~ 1
Fano parameter Fraction along Fy, .
(e + q¢) /(€ +): part of F along fbg t_"h: component of ¢,y along .’fbg Interference com pal’ab|e
FINE) D3l IR Im R, < 0: lowers Spate=0
q9(F) — o Ps = — @0 -
T (/2 1FD (B leg” &g | = dip and peak

—_———
21.671 — 0.:0481':.
Eo
i

21.4 215 21.6 21.7 21.8 21.9
E, Re E, [MeV]

Interference term / pole’s own contribution = Im R, + e Re R,
r~ T )= (c 4

Fg Jn_-(‘r) (E) ( )wé) _ 2p3 (qg — 1,)
||C(T) —'(C)HZ |qg _’tlz

g:
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Branching Ratios: 2%8Pb (J® = 17) Isoscalar Dip at 21.60 MeV

The Pole Decays into Many Channels; the IS Background Is Spread over Many Channels

[10% fmb/MeV]

strength [10% fm%/MeV]

2
g

qg: P

100}

20

10 -

— Sp(E) == ||]4-"|[,g||2 (pole removed) =— 1st term =—— 2nd term (non-interfering)

28Ph (1), isoscalar: whole strength function Sp(E)

Pole F,=ReE, — %Fg

E, 21.671 — 0.048i MeV
c _
l I | 0y /Ty =2 Te/T, 1.28
c
. u . W Pole decays into (br,)
0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
n + YPb(1h),), iy3/2 Wave 0.15
“dip; Rep, Open channels at £ = Re £, - 1 0.13
i B pole: br.— [, |2 n + <'Pb(2d;3), fr2 wave :
! } . :
I,\‘\ | independent of the external field Background at Re F, (b.)
\ |  h— 2/ F |12 ;
| Bl background: b, = |Fig |/ || Frell o+ 207TI(2d57§), f12 wave 0.13
depends on the external field (1S / 1V)
n + YPb(1hy7,), iy3/2 Wave 0.09
n+ 207Pb(lhﬁ}Q), i13/2 Wave
n + 27Pb(2d;,5), fr2 Wave
n + 27Pb(1hg}), i112 Wave
n + 207Pb(1i1‘3/2), k152 wave
n + 27Pb(2dy5), f52 Wave
n+ 207Pb(lz’l‘g/g), hi1j2 Wave
n + *7Pb(2/;), go;2 Wave
. P +2f}(7’7TI(2d5; ), fr/2 Wave
— @ o ® n + “Pb(2f;5), g7» wave
21671 —0.0482) n+ 207pb(35f—/2), pgfi wave
P others (52 channels) : .
. e, oy , o 0.2 0.4
21.4 215 21.6 21.7 21.8 21.9 fraction in channel ¢
E, Re E, [MeV]
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Contact information

* Name: Kazuhito Mizuyama
 Affiliation: Duy Tan University, Da Nang, Vietham
* E-mail: mizukazul47@gmail.com

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