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Many Facets of Roper Resonance 

Quark potential model prediction is 100-200 MeV too high  
     (Liu and Wong, 1983, Capstick and Isgur, 1986) 

Skyrmion can accommodate it as a radial excitation  
     (J. Breit and C. Nappi, 1984 , Liu, Zhang, Black, 1984;  
     U. Kaulfuss and U. Meissner, 1985) 

Suggestion as a pentaquark (Krewald 2000);  
     as a member of the antidecuplet  

  (Jaffe, Wilczek, 2003) 
Perhaps a hybrid  

     (Barnes, Close, etc. 1983) 
à Lattice calculations  

 

Theory: 
 

(PDG--1440 MeV) 
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Quenched Lattice Calculations of Roper 



Roper on the lattice 

 4 issues about lattice calculations: 
•   Radial excitation or pentaquark state? 
•   Dynamical fermions 
•   Variation vs Bayesian fitting 
•   Chiral dynamics 



Radial excitation?  
•  Roper is seen on the lattice with three-quark interpolation field. 
•  Weight : 
                  |<0|ON|R >|2   > |<0|ON|N>|2  > 0  (point source, point sink) 
 
 
                                                                                                          ∑ψ(x) 
                    ∑ON(x)                                                            ∑ψ(y) 
                                                                       ∑ψ(z)   
    
                         Point sink                                          Wall source  

                 <0|ON(0)|N> <N| ∑ψ(x) ∑ψ(y)  ∑ψ(z)|0 >  > 0 

 However, <0|ON(0)|R> <R| ∑ψ(x)  ∑ψ(y) | ∑ψ(z)|0 >  < 0 

 
    	      2S 

q4q State? 

1S 



Roper and Nucleon Wavefunctions at mπ  = 438 MeV   

ORN  = 0.59                   



Dynamical Fermions 



Variation on JLab anisotropic 243 x 128 
Clover lattice (mπ = 390 MeV, a = 0.12 fm) 

4 smearing sizes, the 
largest <r2>½ = 0.86 fm 

3 smearing sizes, the  
largest <r2>½ = 0.39 fm 

MR = 1.92(6) GeV MR = 2.19(11) GeV 



Variation on 243 x 64  DWF lattice with overlap 
valence (mπ = 330 MeV, a = 0.111 fm) 

GEVP with projected correlator 

		 

!C(t)=UTC(t)U , 			U = [u1 ,u2]
!C(t)vn(t ,t0)= λ(t ,t0) !C(t0)vn(t ,t0)

MR = 1.55(10) GeV 



Check source size dependence 



Why such a difference between clover and 
overlap fermion?  

Not due to fitting algorithm --  variation agrees with 
SEB for both clover and overlap fermions 
Chiral dynamics? 
–  Dynamical coupled-channle model predicts couplings to 

Nπ, Nη and Nππ brings down the bare N by ~ 400 MeV. 
–  Higher Fock space components needed in experimental 

electroexcitation amplitude of Roper. 
–  Bethe-Salpeter wavefunctions of Roper and nuclear are 

less orthogonal as pion mass decreases. 
–  Parity reversal of Roper and S11 might be due to meson 

exchanges between quarks (Glozman and Riska) 



 Isovector scalar correlator  
in quenched approximation  

 

+

Ghost would-be ηπ state  

		−Wηπ (1+mπt)	e
−2mπt

Indication of the strength of coupling to multi-
hadrons with one hadron interpolation field. 



Comparison of would-be ηπ ghost 
state on quenched lattices  

a = 0.12 fm, pion mass = 296 MeV a = 0.09 fm, pion mass ~ 280 MeV 



Minima of ghost state for  
overlap and Wilson fermions 

Ratio (overlap to Wison) ~ 7.6 Ratio (overlap to Wison) ~ 3.9 



N to Nπ, Nη, Nππ coupling 

+

C.B. Lang et al., 1610.01422 
A.L. Kiratidis et al., 1704.08816  		

Using	both	q3 	and	q4q 	operators	have	
not	see	the	Roper	below	1.65	GeV.



Summary 

SEB method and variational approach give consistent 
results separately for the clover and overlap fermions, but 
the Roper from clover fermion is ~ 300 MeV higher than 
that of overlap.  
Model and experimental electroexcitation suggest large 
higher Fock space in Roper. 
Compare the ghost would-be ηπ states of Wilson and 
overlap fermions on quenched lattices and found large 
discrepancy at a = 0.12 and 0.09 fm. 
Chiral symmetry for clover fermion may be restored 
below a ~ 0.06 or 0.04 fm(?). Clover calculation at these 
small lattice spacings may be the final solution to the  
`Roper Puzzle’. 

  



Backup 



     Evidence of η’N GHOST State in S11 (1535) 
Channel 

W > 0 

W<0 

-	-	 -	-	
η η 

	





N*	spectrum	in	LQCD	&	dynamical	coupling	

7/24/18 20 

Lattice N� excited states vs. JP : m� = 396 MeV
Nstar Workshop May 2011 22

22

Lattice	N*	states	(mπ=396MeV)	

Dynamical	
coupling	

pion	
mass	

P11(1440)	

S11(1535)	

S11(1650)	

D13(1520)	

D13(1700)	

D15(1675)	

!"#$%&'()*+),-.)/*0.123&4.)(,$,.()

Wednesday, June 9, 2010 6 

3

-300

-200

-100

 0

 1400  1600  1800

Im
 (

E
) 

(M
e

V
)

Re (E) (MeV)

C(1820,-248)

A(1357,-76)

B(1364,-105)

πN,ππ N
ηN

ρN

σN

π∆

FIG. 1: (above) Trajectories of the evolution of P11 resonance
poles A (1357,76), B (1364,105), and C (1820,248) from a bare
N∗ with 1763 MeV, as the couplings of the bare N∗ with the
meson-baryon reaction channels are varied from zero to the
full strengths of the JLMS model. See text for detailed expla-
nations. Brunch cuts for all channels are denoted as dashed
lines. The branch points, Eb.p., for unstable channels are
determined by Eb.p. − EM (k) − EB(k) − ΣMB(k,Eb.p.) =
0 of the their propagators (described in the text) evalu-
ated at the spectator momentum k=0. With the param-
eters [16] used in JLMS model, we find that Eb.p. (MeV)
= (1365.40,−32.46), (1704.08,−74.98), (1907.57,−323.62) for
π∆, ρN , and σN , respectively. (below) 3-Dimensional depic-
tion of the behavior of |det[D(E)]|2 of the P11 N∗ propagator
(in arbitrary units) as a function of complex-E.

This finding is consistent with the results from the anal-
ysis by Cutkosky and Wang [12] (CMB), GWU/VPI [13]
and Jülich [14] groups, as seen in Tab. I. In our analysis,
we find that they are on different sheets: (1357,76) and
(1364,105) are on the un-physical and physical sheet of
the π∆ channel, respectively.
We also find one higher mass pole at (1820, 248) in

P11 partial wave, which is close to the N∗(1710) state
listed by PDG. Within the JLMS model, we find that
this pole and the two poles listed in table II are related
to one of the two bare states needed to obtain a good
fit to the P11 amplitude up to W = 2 GeV, see [15].

TABLE II: The resonance pole positions MR [listed as
(Re MR,−Im MR)] extracted from the JLMS model in the
different unphysical sheets are compared with the values of
3- and 4-stars nucleon resonances listed in the PDG [1].
The notation indicating their locations on the Riemann sur-
face are explained in the text. “—” for P33(1600), P13 and
P31 indicates that no resonance pole has been found in the
considered complex energy region, Re(E) ≤ 2000 MeV and
−Im(E) ≤ 250 MeV. All masses are in MeV.

M0
N∗ MR Location PDG

S11 1800 (1540, 191) (uuuupp) (1490 - 1530, 45 - 125)
1880 (1642, 41) (uuuupp) (1640 - 1670, 75 - 90)

P11 1763 (1357, 76) (upuupp) (1350 - 1380, 80 - 110)
1763 (1364, 105) (upuppp)
1763 (1820, 248) (uuuuup) (1670 - 1770, 40 - 190)

P13 1711 — (1660 - 1690, 57 - 138)
D13 1899 (1521, 58) (uuuupp) (1505 - 1515, 52 - 60)
D15 1898 (1654, 77) (uuuupp) (1655 - 1665, 62 - 75)
F15 2187 (1674, 53) (uuuupp) (1665 - 1680, 55 - 68)
S31 1850 (1563, 95) (u–uup–) (1590 - 1610, 57 - 60)
P31 1900 — (1830 - 1880, 100 - 250)
P33 1391 (1211, 50) (u–ppp–) (1209 - 1211, 49 - 51)

1600 — (1500 - 1700, 200 - 400)
D33 1976 (1604, 106) (u–uup–) (1620 - 1680, 80 - 120)
F35 2162 (1738, 110) (u–uuu–) (1825 - 1835, 132 - 150)

2162 (1928, 165) (u–uuu–)
F37 2138 (1858, 100) (u–uuu–) (1870 - 1890, 110 - 130)

To see how these poles evolve dynamically through their
coupling with reaction channels, we trace the zeros of
det[D̂−1(E)] = det[E − M0

N∗ −
∑

MB yMBMMB(E)] in
the region 0 ≤ yMB ≤ 1, where MMB(E) is the con-
tribution of channel MB to the self energy defined by
Eq. (5). Each yMB is varied independently to find contin-
uous evolution paths through the various Riemann sheets
on which our analytic continuation method is valid.

We find that the three poles listed in Table I are asso-
ciated to the bare state at 1736 MeV as shown in Fig. 1.
The solid blue curve shows the evolution of this bare
state to the position at C(1820, 248) on the unphysical
sheet of the π∆ and ηN channels. The poles A(1357, 76)
and B(1364,105) evolve from the same bare state on the
physical sheet of the ηN channel. The dashed red curve
indicates how the bare state evolves through varying all
coupling strengths except keeping yπ∆ = 0, to about
Re(MR) ∼ 1400 MeV. By further varying yπ∆ to 1 of the
full JLMS model, it then splits into two trajectories; one
moves to pole A(1357,76) on the unphysical sheet and
the other to B(1364, 105) on the physical sheet of π∆
channel. Fig. 1 clearly shows how the coupled-channels
effects induces multi-poles from a single bare state. The
evolution of the second bare state at 2037 MeV [15] into
a resonance at W > 2 GeV can be similarly investigated,
but will not be discussed here.

To explore this interesting result further and to ex-
amine the stability of the determined three P11 poles,
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tion of the behavior of |det[D(E)]|2 of the P11 N∗ propagator
(in arbitrary units) as a function of complex-E.

This finding is consistent with the results from the anal-
ysis by Cutkosky and Wang [12] (CMB), GWU/VPI [13]
and Jülich [14] groups, as seen in Tab. I. In our analysis,
we find that they are on different sheets: (1357,76) and
(1364,105) are on the un-physical and physical sheet of
the π∆ channel, respectively.
We also find one higher mass pole at (1820, 248) in

P11 partial wave, which is close to the N∗(1710) state
listed by PDG. Within the JLMS model, we find that
this pole and the two poles listed in table II are related
to one of the two bare states needed to obtain a good
fit to the P11 amplitude up to W = 2 GeV, see [15].

TABLE II: The resonance pole positions MR [listed as
(Re MR,−Im MR)] extracted from the JLMS model in the
different unphysical sheets are compared with the values of
3- and 4-stars nucleon resonances listed in the PDG [1].
The notation indicating their locations on the Riemann sur-
face are explained in the text. “—” for P33(1600), P13 and
P31 indicates that no resonance pole has been found in the
considered complex energy region, Re(E) ≤ 2000 MeV and
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To see how these poles evolve dynamically through their
coupling with reaction channels, we trace the zeros of
det[D̂−1(E)] = det[E − M0

N∗ −
∑

MB yMBMMB(E)] in
the region 0 ≤ yMB ≤ 1, where MMB(E) is the con-
tribution of channel MB to the self energy defined by
Eq. (5). Each yMB is varied independently to find contin-
uous evolution paths through the various Riemann sheets
on which our analytic continuation method is valid.

We find that the three poles listed in Table I are asso-
ciated to the bare state at 1736 MeV as shown in Fig. 1.
The solid blue curve shows the evolution of this bare
state to the position at C(1820, 248) on the unphysical
sheet of the π∆ and ηN channels. The poles A(1357, 76)
and B(1364,105) evolve from the same bare state on the
physical sheet of the ηN channel. The dashed red curve
indicates how the bare state evolves through varying all
coupling strengths except keeping yπ∆ = 0, to about
Re(MR) ∼ 1400 MeV. By further varying yπ∆ to 1 of the
full JLMS model, it then splits into two trajectories; one
moves to pole A(1357,76) on the unphysical sheet and
the other to B(1364, 105) on the physical sheet of π∆
channel. Fig. 1 clearly shows how the coupled-channels
effects induces multi-poles from a single bare state. The
evolution of the second bare state at 2037 MeV [15] into
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Dynamics	of	P11-states:		
The	bare	state		at	~1750	MeV	through	coupling	
to	inelastic	channels	generates	2	poles	below	
1400	MeV.	They	are	identified	with	the	“Roper”	
resonance.		
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