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> I he Roper Resonance

Quantum Numbers: J, L, S, I, P, C, ...

"Lajy21 (wave) channel"
L= 1, J=1/2., I=1/2 %Pll

N (% % *x) JP: the nucleon N(940)1/2+

Inverted-mass problem

Strong three-body effect

Two pole structure

* Quark model cannot
explain the energy level
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> I he Roper Resonance

Lattice Calculations
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* Experiment
¥QCD (nucleon)
¥QCD (Roper)
{ xQCD (overlap + SEB)
¢ xQCD (clover + SEB)
4 ¢ ¥QCD (clover + variation large)
¢ ¢ ¥QCD (clover + variation small)
$ BGR
¢ Cyprus (twist mass)
1 ¢ Cyprus (clover)
$ CSSM
¢ JLab
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No Roper energy eigenstate

found near mp ~ 1.43 GeV

with only = NV elastic scattering
C.B.Lang, etal. [2017]

- mnNThree-body effect
- Coupled-channel
scattering

B. Scenarios with coupled N7m — No — A7 scattering

Our analysis does not show the resonance related level.
One reason could be that the Roper resonance is a truly
coupled channel phenomenon and one has to include fur-
ther interpolators like Am, Np and an explicit N7r three
hadron interpolator. The scattering of Nm— No — Ar
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7, Two-plus-three Body Unitary Approach 5SSt =1

(a) (»)

Tt T + T
S=1-2i-pT (TT-1T) =
(N:A T N,A N N
——— =’_ N
N| - I
T N, A 7 | O T,
\'---- -_—_— - /
(N.A N N,A B,
=.—,=\ =.
T - T
T___TT____ N




7, Two-plus-three Body Unitary Approach 5SSt =1
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7, Two-plus-three Body Unitary Approach 5SSt =1
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 Nucleon N as its own isobar N

No explicit inclusion of mt/N channel,
included automatically by tN
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Isobars are constructed as full two-body PW amplitude
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space V=|[rA(P1) = 7aN(Pu)] [7A(P1) = 7A(Pn)] [FA(P0) = oN(S11))]
[O’N(Sll) — WN(PH)] [O‘N(Sll) — WA(PH)] [O‘N(Sll) — O‘N(Sll)]

g/ﬁoupled channel ([ wN(Pu) — wN(Pu)] [wN(Pi) = ©A(Py)] [7N(Py) —>0N(Sll)])
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space V=|[rA(P1) = aN(Pu)]  [7A(P1) = 7A(Pn)] [FA(P0) = oN(S11))]
[O‘N(Sll) — ’/TN(PH)] [O‘N(Sll) — WA(PH)] [O‘N(Sll) — O‘N(Sll)]

gCoupled channel wN(Py) = 7N(Pu)] [#N(Pu) = 7A(PL)] [« (Pll)—an(Sll)])

s-channel, u-channel




7Coupled channel

I_|

(Pll) — WN(Pll)] [ A(Pll) — TI'A(Pll)] [ A(Pll) — O'N(Sll)]

O'N(Sll) — WN(PH)] [O‘N(Sll) —)ﬂ'A(PM)] [O‘N(Sll) — O‘N(Sll)]

[TN(Piy) — WN(PM)] [TN(P11) = 7A(Py)]  [7N(Pi1) = oN(S11)]
space

s-channel, u-channel

u-channel nucleon exchange



7Coupled channel
space
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s-channel, u-channel

u-channel nucleon exchange
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Fitting

7Coupled channel

() = ) _
[oN(S11) = 7N(Pu)]  [oN(S1) = 7A(P1)]  [0N(S11) = oN(S1))

s-channel, u-channel

\ 4

u-channel nucleon exchange

. contact interactions and
t-channel pion exchange
Roper pole term



7Coupled channel

s-channel, u-channel

u-channel nucleon exchange

t-channel pion exchange

contact interactions and
Roper pole term

[*N(Pi1) = nN(Pu)] [#N(P11) = 7A(Pu)]  [*N(Pi1) — oN(S11)]

[WA(PH) — O'N(Sll)]

M | n | m |Ze mode' | cutoff / MeV fit range / MeV V3a/ MeV 3o/ MeV
fit 1 950 1350 | 1621 [ 1767 1208 — 50i 466 — 176i

de pen dence fit 2 1060 1350 | 1621 | 1767 1208 — 504 166 — 176

fit 3 1060 | 1060 | 960 | 1350 | 1621 | 1767 1208 — 50i 466 — 176i

. fit 4 1060 | 1060 | 960 | 1350 | 1621 | 1767 1208 — 50i 466 — 176i

fit 5 1200 1350 | 1621 | 1767 1208 — 50i 466 — 176i

> / ¢*dg (K| V.20 % |a) 70(9) (a| T [B) g 1060 1650 1209 — 50i 466 — 1761
p 70 fit 7 1200 1650 1209 — 50i 466 — 176i
fit 8 1060 | 1060 | 960 1650 1208 — 50i 466 — 2164




>\\V Analytical structure

Analytical structure

* Below threshold:
* Left hand cut from u-channel

* Short nucleon cut from projecting the u-channel to PW
*  Nucleon pole LHC
* Circular cut from the on-shell pion t-channel exchange

e Above threshold:

* Complex threshold introduced by the resonance isobars
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yFitted 7 NV amplitude and the poles
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yFitted T /N am
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TWO and three-body 030|/
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(c)
: Quantization Condition
r ! : ‘ B . ») [ for Lattice analysis

M.Mai, and M. Doering[2017]

M. Doering, et al.[2025]
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»oummary and plans

We construct the three-body amplitude from two-body input 4 three-body unitarity with
spectator-isobars in S- and P- waves;

Two-body sub-amplitudes are described, including them-scattering and 7 N -scattering
with A and N resonance;

The coupled-channel amplitude is fitted to the SAID analysis (P11). The Roper pole and
the hidden pole are determined.

. . I Gest mode! to date
(paper in preparation)

The formalism is ready to be utilized for finite volume spectrum and the interpretation of
lattice spectrum with

Finite Volume Unitarity (FVU).
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Table 2. Results for different fits, compared with the SAID analysis. The first column shows the fitted bare mass for
the Roper resonance. The second and third columns show the x? for the fitted curve up to 3w N threshold and up to

1650 MeV; in parentheses is the x* per data point. Further discussion of degrees of freedom can be found in the text.

The last two columns show the pole positions /sgr of the Roper and the hidden pole /sg/, respectively.

mp/GeV X3, X% VSr/MeV VS /MeV
fit 1 1.6 55.5 | 128.6(4.0) 1354 — T3 1371 — 652
fit 2 0.6 30.7 60.2(1.9) 1347 — 81z 1373 — 781
fit 3 1.7 44.7 | 129.3(4.0) 1349 — T4q 1368 — 731
fit 4 0.8 441 77.9(2.4) 1356 — 802 1378 — 69
fit 5 1.7 55.6 | 115.7(3.6) 1356 — 71z 1370 — 632
fit 6 0.6 30.0 57.3(1.8) 1347 — 822 1373 — 802
fit 7 1.8 hl.1 86(2.7) 1354 — T4z 1371 — 642
fit 8 0.8 b1.8 96(3.0) 1359 — T3 1381 — 58z
SAID analysis [36] - 55.7 | 88.1(2.8) 1358 — 801 1388 — 82i

12
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»Roper coupling residue to each channels
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”P33 pole position and near by piN branch cut
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P11 pole position anc
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»» P11 pole position and near by piDelta branch cut
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