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Resonance parameters

Ideal BW case: all approaches give same RP
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— speed plot (T pole?)

— other parameterizations (time
delay,...)

0.0

N~
\
\
\
HM

Im T,

-0.5 |

M

N

\

22" Re T,

——
——

—

W/a.u.

Meson 2008, 10 International Workshop on
3/10 Meson Production, Properties and Interaction

June 9t 2008




Extraction method:

N

T matrix (BW)

The Speed Plot (SP)

— Ty=R/(M-W-iT/2)
IT:1°=IRI? 7 [(M — W)z +('/2)7]

Speed Plot

— SP = |dT/dW]

— (ignoring background contribution)
1dT:ZdW|=|R|/[(M - W)? + (I'/2)?]

SP is assumed to be more than yet another extraction method:

SP corresponds to the time delay, the first derivative of phase shift over
energy (in single channel case)

if TD is physical, SP must be physical too

no SP peak means there is no pole, meaning no resonance (and vice
versa); the resonance existence criteria
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N

Speed plot shows a problem

TABLE II.

The N* resonance pole parameters obtained by the analytic continuation method and speed plot in various channels. The
N7 stands for resonances unnamed in the RPP.

Resonance Analytic continuation Speed-plot method
aN— N aN — N N — N
N* Layay Repe —2Imge Re —2Imp Re p —2Impe Rep —2Imp
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N(1710) Py 1728 138 1722 121 NEEE I T I KT 151
N( P, 1708 174
N(2100) P, 2113 345 PAKL on 2122 357 3116 360
N(1720) P 1686 235 219 =91 [Geadd 252
N(1520) Dis 1505 123 1505 & Ol Lol - .
N{1700) D 1805 130 1953 200 120
N(2080) Dys 1942 476 | Z0] ‘o e o
N(1675) D s 1657 134 1657 136 1651
N(2200) Dys 2133 439 B sl o 5130
N(1680) Fis 1664 134 1665 135 1665 ‘e .e s
N(1990) Fi7 1990 303 | 1952 [236]
N(?) Gy 1740 270 1740 ﬁ
N(2190) Gy 2060 393 NS1 | |

*Subthreshold. _ 5/10 MeV < M/T <= 10720 Mev [N Sz Y
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Regularization Method (RM):

T matrix has pole
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Regularization method:

The Results

N

L

TABLE III. The comparison of N* resonance pole parameters obtained by the analytic continuation method, and the regularization
method for «N, pN — yN, and #N — 7N processes. Numbers in subscript are the expansion order required to obtain convergent
result.
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What about the small SP problem?

N

L

elastic channel opening Nontrivial case of the N(1535)
continuum opening
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Unstable
regions

Small N(1535) convergence region

Meson 2008, 10 International Workshop on June 9th. 2008

Meson Production, Properties and Interaction

8/10




N

Connection between RM and SP

(G— T')? + E:Iz [+1 ((;ﬁ:;')_, 5. (a- == IE-')2 | b2 (Nll)g )
11 )P 75 () 1 ) KO @I
N=1 N=0
|dt\dx| = |r| / [(a-X)2+b?] It|2 = |r|? / [(a-x)?+b?]
Speed plot Breit-Wigner
|dTr/dW]=|R|/[(M — W)? + (T/2)] IT=I2=IRI2 /7 [(M — W)2 +(T/2)?]
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Summary

N

RM produces consistent pole positions (unlike SP)
it can easily be applied to other PWA results (yellow marked)

RM clearly shows resonance signal (parabolic shapes, cusps
between resonances, ...)

having exact and simple form enables us to build extensions
and enhancements to it (the same goes for SP and BW)

close future:
— solution of the small SP (and RM) problem
— finding poles from other PW analyses
— analyzing KH80 SP poles
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The 7N — 1N process is given by the invariant amplitude
AW cos ")+ ¢, B(W, cos ")
with the standard on-shell partial waves decomposition of A and B:

4m =
A(W,cos ) = { > T+ (E* +m)(E} +m)(W — m)P/(cos0*)
,fq:rSQ:;S —0 [ \/ f

—|—\/(E§" —m)(E; —m)(W +m)F,(cos 9*)]

- i T [ \/(E: +m)(Ef +m)(W —m)P/ {(cos8")
=1

+y/(Ef —m)(E} — m)(W +m)P/(cos 9*)]}

B(W,cos8") = —— {— T+ (EX +m)(E% +m)P/(cos8%)
Vara? ; { v !

—\/(E; —m)(Ef —m) P, (cos ")

Q&A: 1
Invariant amplitude
from the PW
T matrices

+Z T;- { \/(E: T m}(E}‘- +m) P/ (cos8%) W is the total c.m. energy,
=1

#* 1s the c.m. scattering angle,

—\/(E: — m){E} ~m)P!(cos 9*)}} _ g, and g, are the initial pion and final 7 c.m. momenta,

E; and E} are the mitial and final nucleon c.m. energies,

P/(z) are derivatives of Legendre polynomials,

Ti+ are the TN — N T-matrices,

and m 1s the nucleon mass.
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Q&A: 2

Who (else) needs

A

Excited Baryon Program at JLab

A Contribution to the NSAC Long Range Plan

the speed plot?

January 11, 2007

Editors: V. Burkert, R. Gothe, T.-5. H. Lee

IV. EXCITED BARYON ANALYSIS CENTER

Contributors:

I. Aznauryan, M. Bellis, C. Bennhold, W. Briscoe, V. Burkert, S. Capstick, P. Cole,

V. Crede, R. Gothe, H. Haberzettl, B. Julia-Diaz, F. Klein, S. Krewald, T.-S. H. Lee,
C. Meyer, V. Mokeev, V. Pascalutsa, E. Pasyuk, D. Richards, W. Roberts, A. Sandorfi,
P. Stoler, L.C. Smith, I. Strakovsky, M. Vanderhaeghen, R. Workman.

The Excited Baryon Analysis Center (EBAC) was established at JLab in January, 2006
to provide theoretical support to the exeited baryon program. EBAC's program has two

components. The first one is to identify new baryon states and extract the N* parameters

analyses must be examined.| The validity of the often used speed-plot or time-delayed plot

methods in extracting the N* parameters from the determined partial-wave amplitudes

should also be studied.
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b:,r writing

Q&A: 3
Time Delay
and

physicality of SP?

However, before we take the
amplitude outside of the integral we approximate its rapidly changing phase

explid (p)] = exp{il8ips) + di(pa)(p — P}

= constant » expli[§(py)p]}

- J.R. Taylor: “Scattering theory”

- Just the first term in Taylor expansion (again)
» S0 much for the physicality ...
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