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1. Backgroud
1.1 Hidden Pole in §;; Channel
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Subthreshold resonance N*(890) on the second Riemann sheet
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Figure 1. PKU representation analysis of zN scattering phase
shift.
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A virtual state in P;; channel.

In Ref [9]A. Gasparyan and M. Lutz, Nucl. Phys. A848, 126 (2010),, there also exists a CDD pole in P;; channel.

The phases of other channels can be well reproduced.
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In Ref 1101 Doring, and K. Nakayama, Eur. Phys. J. A43, 83 (2010), they considered this kind
of pole to be the effects of left hand cuts.

K-matrix Fit [11] Y. Ma, W. Q. Niu, Y. F. Wang, and H. Q. Zheng, (2020).
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Figure 2. Imf(s) on left hand cuts.
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Figure 3. Fit results of K-matrix Fit III.
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Table 1. Poles of K-matrix.
sheet V$(GeV)
1 1.35 — 0.581
11 1.67 — 0.071
0.93 — 0.271
111 1.65 — 0.091
1.53 — 0.071
1A% 1.51 — 0.081




1.2 Pion Photoproduciton

Production of mesons by X-rays through carbon slab

[12] E. M. McMillan, J. M. Peterson and R. S. White, Science 110, 579 (1949)

December 2, 1949, Vol. 110 SCIENCE 579

Production of “Mesons by X-Rays

Edwin M. McMillan, Jack M. Peterson, and R. Stephen White*

Radiation Laboratory, Department of Physics,
University of California, Berkeley

11 ’ DATA FROM 803 o« AND * MESONS
30 AREA UNDER CURVE EQUALS 1.8 x 10> MESONS
- PER r PER CM OF TARGET
r-ﬁh
|
25 :

N
O

y+p—>a +n

o

MESONS r' (CM OF TARGET)' MEV™
o

llllllllnllllllllllllllllllllllll

-
-
-
-
-—
-
e
-
-
—
-
-
-
-
—
—
-
-

o HL[I:IIIIll]]llillllIllllll|llll
li

O

50 100 150
MESON ENERGY, MEV



In the bombardment of nuclei, neutral pion photoproduction was

f Ound . [13] J. Steinberger, W. K. H. Panofsky, and J. Steller, Phys. Rev. 78, 802 (1950)

PHYSICAL REVIEW VOLUME 78, NUMBER 6 JUNE 15, 1950

Evidence for the Production of Neutral Mesons by Photons™

J. STEINBERGER, W. K. H. PANOFSKY, AND J. STELLER
Radiation Laboratory, Depariment of Physics, University of California, Berkeley, California

(Received April 28, 1950) y + p % ]TO _I_ p

In the bombardment of nuclei by 330-Mev x-rays, multiple gamma-rays are emitted. From their angular
correlation it is deduced that they are emitted in pairs in the disintegration of neutral particles moving with
relativistic velocities and therefore of intermediate mass. The neutral mesons are produced with cross sections
similar to those for the charged mesons and with an angular distribution peaked more in the forward direc-
tion. The production cross section in hydrogen and the production cross section per nucleon in C and Be are
comparable.
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Charged Meson production from hydrogen and deuterium gas

[14] R. S. White, M. J. Jacobson, and A. G. Schulz, Phys. Rev. 88, 836 (1952).

PHYSICAL REVIEW VOLUME 88, NUMBER 4 NOVEMBER 15, 1952
""
The Production of Charged Photomesons from Deuterium and Hydrogen. I* S g% I I | | | |
[ 2410 -
R. S. WaIitE, M. J. JacoBsoN,f AND A. G. Scuurzi o K10
Radiation Laboratory, Department of Physics, University of California, Berkeley, California E
(Received June 30, 1952) - D
g 20— —
Hydrogen and deuterium gases have been bombarded in a gas target at a temperature of 77°K and at a
pressure of about 140 atmospheres by the 318410 Mev “spread-out” bremsstrahlung photon beam of the s S8 B 90°H)
Berkeley electron synchrotron. The charged 7-mesons which were produced were collimated at angles of (v
45° 90°, and 135° to the beam direction. The #+ mesons were detected with frans-stilbene scintillation Q 16— —
crystals using wu, 78, and wuB delayed coincidences and 7+ and =~ mesons were detected with Ilford C-2 <
200-micron nuclear emulsions. The ratios of the numbers of 7~ to =+ mesons produced in deuterium were z
0.96+0.10, 1.09-+0.12, and 1.2140.17 for the angles of 45°, 90°, and 135°, respectively. No variation of the «
ratio with meson energy, outside statistics, was observed. Absolute values for the 7+ meson energy distribu- o 12 —
tion functions from hydrogen and deuterium per “equivalent quantum” have been measured at each of the !
above production angles. The differential and total cross sections have been obtained by integrating over 5
energy and angle, respectively. The experimental ratios of the deuterium to hydrogen cross sections are in -
good agreement with the phenomenological theory of Chew and Lewis when the Hulthén deuteron function 0
with 8=6« is used in the initial state, plane waves are used for the nucleons in the final state, and the brems- 8- -
strahlung cutoff is taken into account. The statistics of the data are, however, not sufficient to determine the o4
amount of spin interaction. The excitation functions for hydrogen and deuterium and points on the angular = 135°
distribution curves in the center-of-mass system have been obtained. An upper limit of 0.08 of the charged O
m-meson cross section was obtained for u-meson production from deuterium. - 4 —f
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A wealth of experimental datas, such as recoil nucleon

p()lari zation: [15] K. H. Althoff, H. Piel, W. Wallraff, and G. Wessels, Phys. Lett. B26, 640 (1968)
[16] R. Querzoli, G. Salvini, and A. Silverman, Nuovo Cimento 19, 53 (1961)
VaN
P. ( @ X g / ) [17]7. R. Kenemuth and P. C. Stein, Phys. Rev. 129, 2259 (1963)
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Asymmetry for the linearly polarized photons

GJ_ B 6 | [18] F. F. Liu, D. J. Drickey, and R. F. Mozley, Phys. Rev. 136, B1183 (1964)
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y p — p [19] D.J. Drickey and R. FE. Mozley, Phys. Rev. 136, B543 (1964)
L, MeV 0 (or—0on)/(o1+0om)
235 120° 0.2894-0.047
285 90° 0.4624-0.035
335 60° 0.462+0.025

435 90° 0.529+0.065
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Asymmetry for the polanzed targe

[20] S. Arai, S. Fukui, et gPhys Lett. 40B, 426 (1972)

T 0, — O_
+p—>at+n
o, + o_ VY TP
Maximum Incident +
7t Cc. m.
energy of photon anele Asymmetry Note
bremsstrahlung energy 0 (gd ) T(6)
Emax. (MeV) E., (MeV) °8-
475 314 £ 16 914+ 2.2 0.510 £ 0.071
340 £ 16 89.9 + 2.5 0.598 + 0.085
369 + 17 88.6 + 2.6 0.685 + 0.094
398 + 18 87.5+29 0.678 + 0.096
419+ 13 86.9 + 3.1 0.713 £ 0.137
575 417 + 22 89.7 £+ 3.2 0.690 + 0.085
449 + 23 87.0+ 3.3 0.603 + 0.098
490 + 24 86.7 + 3.3 0.470 + 0.089
534 + 25 86.8+ 3.4 0.156 + 0.088
750 513+ 13 86.6+3.4 0.346 = 0.066 + 0.066
537+ 14 86.5+34 0.181 + 0.065 + 0.029
561 + 14 86.6 +34 0.136 + 0.062
589 + 15 86.6 + 3.5 0.043 + 0.060
616 + 16 86.7 + 3.5 0.083 + 0.054
646 + 16 87.1£3.6 0.068 + 0.053
675 £ 16 87.3+3.6 0.171 £ 0.053
1000 710 + 23 87.6 + 3.7 0.322 + 0.092 + 0.026
752 + 24 88.0 + 3.7 0.161 £ 0.115 +0.012
794 + 25 88.4 + 3.8 0.029 + 0.150 ~0
840 + 26 89.0 + 3.8 -0.119 £ 0.207
883 + 26 89.3+3.9 0.064 + 0.258
929 + 27 89.8 + 3.9 0.395 + 0.267
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Neutral pion photoproduction from the proton near threshold

[21] M. Fuchs et al., Phys. Lett. B368, 20 (1996).
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CI' YStal BaHS HOldeI' [22] A2 Collaboration e P. Adlarson et al., Phys.Rev.C 92 (2015).
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[23] A2 collaboration, Physics Letters B 750 (2015)

- = 0.4r
BnHL0=158.3 MeV s  fFo=168.5MeV
=.0.2F =.0.3F
i = F
_ 0.2
3 0.1F
: 0.1F
OIF 0.2F
020 40 60 80 100 120 140 160 180 0720 40 60 80 100 120 140 160,180
20.4fo = 183.7 MgV 20.6p® = 191.3 MeV
c02F | = 60.4F *j?'
T 0] |47
- T peal
-0.2F OFF T
-0.4f -0.2
077207740 60 80 100 120 140 160,180 0~ 20 40 60 80 100 120 140 160 T80

20



[24] A2 collaboration, Phys. Rev. C 100, 065205 (2019)
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[25] A2 collaboration, EP] Web of Conferences 199, 02010 (2019)
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[26] A2 collaboration, Eur. Phys. J. A52 (2016)
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[27] A2 collaboration, Phys. Rev. C 93, 055209 (2016)
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In 1957 CGLN decomposition was developed.

[28] G.F. Chew, M.L. Goldberger, E.E. Low, Y. Nambu, Phys. Rev. 106, 1345 (1957)

PHYSICAL REVIEW VOLUME 106, NUMBER 6 JUNE 15, 1957

| 1
Relativistic Dispersion Relation Approach to Photomeson Production™} ReH (v,1) = R,-( ! + )

G. F. Cuew,} University of Illinois, Urbana, Illinois and Institute for Advanced Study, Princeton, New Jersey yvp—V VB + 4

M. L. GOLDBERGER,§ Fermi Institute for Nuclear Studies, University of Chicago, Chicago, Illinois

F. E. Low, University of Illinois, Urbana, Illinots and Department of Physics and Laboratory for Nuclear Science, 1 p® 1 1
Massachusetts Institute of Technology, Cambridge, M assachusetts _I___ dv' TmH. (V’ Vl)[ 4+ ]
IV )
AND TY' P V’ -V V’+ 14

Y. NaMBU, Fermi Institute for Nuclear Studies, University of Chicago, Chicago, Illinois
(Received February 21, 1957)

. e . . . A . VB=—-yl=k.q/2M’
Relativistic dispersion relations for photomeson production, analogous to the pion-nucleon scattering

dispersion relations, are formulated without proof. The assumption that the 33 resonance dominates the
dispersion integrals then leads to detailed predictions about the photomeson amplitude. An attempt is
made to keep first order (in v/¢) nucleon recoil effects. Except for the latter, the predictions of the cutoff 1

model are generally reproduced.
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Breit-Wigner form

[29] R.L. Walker, Phys. Rev. 182 (1969) 1729.

Hq(0,0)= —(1/V2)e* sinf cos3f (Fz+F4),

Hy(0,0)=V2 cos20 [ (F2—F1)
+3(1—cos6)(F3—F4) ],

H3(0,0)=(1/V2)e** sinf sin 0 (F3—F4) ,

H4(0,)=V2¢% sin 0 [ (F1+ F2)+ 3 (14 cos) (Fs+Fs) |-

koqo 1/2 W0F1/2F71/2
A<W>=A<Wo>(———) ;
kq So—_S'—iWoI‘

g 1
P(0) =— Im(H1H3*+H2H4*)
k a(0)

g 1
2(9) = Re(HlH4* —HgHg*)
k a(0)

g 1
T(0) =— — Tm(H1Hy*+ HyH )
k a(6)

The effective Lagrangian description s rp. peccei, phys. Rev. 151 1969

La=eA¥ e¢j36a7mr,-+]Y [3(1+473) lyoaN+(fV2/ m)]v_ voys(Tem——7_mt)N} .
+eFo8{ (kp/AM)Na o8] 3 (14 73) IN+ (kn/AM )N o o5 5(1— 1'3):|N:|" (&* /AM ) [N s* (v a2 — 1Y B ex
— 370 ap) Vs NN (i afrs— 7Y 88rat 30 ap¥2) YN s 1}

oBﬂ-NN'——- (f/M)N’I:‘Ya’Y{)TiNaaﬂ'i y

Cnn*= (ih/m)[N o*(4g*F+~y2yF) N— N (4gBe+ Py *) N o* ]9,
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Methods developed later:

Parametrization based on K-matrix

[31] R.A. Arndt, R.L. Workman, Zh. Li, L.D. Roper, Phys. Rev. C 42 (1990).

(1—iK., )T, =(14iT. ) |K KysKoe | | Kya
IRy Moy r ™ ir,,) ym K_, +Km r..
= A,(1+iT_ )+ Ax T,

Combination of Breit-Wigner form and the effective Lagrangian

[32] R-M. Davidson, N.C. Mukhopadhyay, R. Wittman, Phys. Rev. D 43 (1991).

L=L_y,+L! z a, = MaTald) 1 =K, (1+iT
— L~ aNA yNA+LyN4 qf1+ Mi—s z? Tyn'_Kyvr( L 17'17')

Unitarity ISOb ar MO del [33] D. Drechsel, O. Hanstein, S. Kamalov, L. Tiator, Nuclear Phys. A 645 (1999).

I'ioWr e'?
— W2 — IWrT o

Arg (W) = Ay fyn (W) W2 fan(W)Crn
R
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Beter-S a]peter Equ at101 [B4IT. Sato, T.-S.H. Lee, Phys. Rev. C 54, 2660 (1996).

T'y'zr(E) = t‘y'n'(E) +FA—>WN(E)GA(E)ny—>A(E)
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N / D Method [9] A. Gasparyan and M. Lutz, Nucl. Phys. A848, 126 (2010).

Tar(v/5) = ) Dy (+/s)Nep(+/5)

Nab(\/g) — Uab(\/g)

+ Z / dw \/E — M Nage(W) pea(w)[Ugp(w) — Udb(«/E)]
c,d T W= UM w — \/E
»™ Uthr

Dab(\/g) = Ogb — Z f d: f — KM NaC(w);i;b_(w)
C — UM W — 4/S

Mthr
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Laurent-Pietarinen exp ANS1ONN [35]1 A. Svarcetal, Phys. Rev. C89, 065208 (2014).

k ()

TW) =Y o= + BEW),

i=1

M N
BEW) =Y ¢, X(W)" + ) d, Y(W)"
=() =()
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rwy= b Vxe ¥
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zwy=Y VRV

Y+ Jxp—W

a), W, W e C,
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Research on low energy photoproduciton based on chiral
perturbation theory

[36] G. H. Guerrero Navarro, M. J. Vicente Vacas, A. N. Hiller Blin, and D. L. Yao, Phys. Rev. D100, 094021 (2019).

3 .
Lot = Z Lox + Y LY + Loga + Lona

j=1
S
(a) (b) (c) (d)
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2. Dispersion Relation

¢t [ (Im@_l)%L
M) =M; +D ——j ds'+ &

T, s(s" — s)
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37] G. E. Chew, M. L. Goldberger, F. E. Low, and Y. Nambu, Phys. Rev. 106, 1345 (1957).
2.1 Amplitude = : y

Lorentz structure
L, =1ysyy-q

L; = 2iys (Pﬂq q'—q,P - q)
L;=ys (yﬂQ’- q — q;,;/-q>
L; = 2y; (yﬂP " q —P,J-q)

- 4

M (s, 1) = @(p)Tu(p) = a(p')| Y di(s.0) Lie"|u(p)
& |

Partial wave decomposition

1 _1_
/%ZS(S):3—'[dcosé’/%ils(s,t)d/{,ﬂ,(9) A(Sy) = ( Y i + M L= >

' it i
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Isospin structure

1
My + N — ¢+ N :)(1/\7{@;3 M+ E[Ta, T3] M + 75 %O}ZN

M= = \E (vt — )
1

(.%_l_ + /A + 3.%0) (p target)

N
I
Do —
|

NG

1
M= = — (M* + 200 = 30° (n target)
V3 ( )

Target asymmetry due to electromagnetic interaction
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2.2 Dispersion Relation

[38] O. Babelon, J.-L. Basdevant, D. Caillerie, and G. Mennessier, Nucl. Phys. B113, 445 (1976).
Unlt arlty [39] O. Babelon, J.-L. Basdevant, D. Caillerie, M. Gourdin, and G. Mennessier, Nucl. Phys.B114, 252 (1976).
40] Y. Mao, X. G. Wang, O. Zhang, H. Q. Zheng, and Z. Y. Zhou, Phys. Rev. D79, 116008 (2009).
[41] L.Y. Dai and M. R. Pennington, Phys. Rev. D94, 116021 (2016).

MM(s + ie) — MM(s — i€)
21

=ImA(s + ie) = T *(s + ie)p(s + ie) M (s + i€)

Analyticity and Dispersion Relation
M= M+ /%L

M= S M+ (S —1)M,

ds’

+ + : s o)
—9 e g — T ‘:‘r':"‘f:‘-‘.‘.-\‘-?-‘::’n‘::“" Y (S ) =0 (S )CXP s [
>~ & z 55— 5)

[41] R. Omnes, Nuovo Cim. 8, 316 (1958).

SR

Im(@‘l/%R) = — (Im@‘l)/ﬂL
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1T f°°+i€ £ o-ie f(g) ]
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¢ 2mwi | xo+ie §—-z xg—i€ §—z
1 T [o© . 00 o
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o= L [ ILC o],
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Sn 0 (Img_l)%L
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3. Chiral Perturbation Calculation

3.1 Lagrangian Analysis

La grangian up to @ (q 2) [42] S. Scherer and M. R. Schindler, Lect. Notes Phys. 830, 1 (2012).

32\), =¥ <i;/”D —m+ %}/’“‘;/514 ) ¥

I e C _
FA =P |2 fh + v, | P

F? F?
YL =—Tr [DﬂU(DﬂU)*] +—Tr (U + Uy)
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Figure 4. Feynman diagram.
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Invariant amplitude
ieg,m 1 1 leguc 2my 2m3
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3.2 Singularities

Figure 5. Singularities
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1 n a(s) — p(s)
/PPN a(s) + P(s)

[43] ]. Kennedy and T. D. Spearman, Phys. Rev. 126, 1596 (1962).

Dynamical structure:

Unitarity cut: s € [s5, 00)
u-channel crossed cut: s € (—o0, ;] (u > (my + mn)z)

t-channel crossed cut: the arc (4m,% <t< 4m1%,)
s € (—00,0] (4my, < 1)

Trivial cut: s € (—00,0] generated by logarithms

Sy = mf, pole: -channel pion pole exchange and
u-channel nucleon pole exchange
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Kinematical structure: Square root

Diffterence of cuts: \/s — SL\/ S — Sp

S

My

/(s = s)(s — sp)

/

\

Yo
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Table 3. Analysis of arguments causing singularities
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4. Numerical Analysis

4 o 1 Flt [44] R. L. Workman, M. W. Paris, W. J. Briscoe, and I. I. Strakovsky, Phys. Rev. C86, 015202 (2012).

Figure 6. S|, channel fit results
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Table 2. Fit results. a is dimensionless , the unit of b is GeV 1.

—7.12+13.34
10* X a 2.87 +325.25
Fit I1 1.63
10 % b —-21.0+2504
Fit I 10> X a —1.43 +0.35 1.22
10° X a 12.50 + 6.90
Fit I1 0.643
102x b ~10.4+52

Parameters of Fit II are high correlated.

50



4.2 About N*(890)

nalytic Continuation

oZ!

()

(b) T S + 1€
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Couplings Extraction

S(s) ~ S'(z) (s — %)
%H(S) _ %(S) ﬂH(S) — , %(S)
S(s) S"(zp) (5 — zx)

M (ZR) 1 T
8,8, =— A7 =g \/ PyN
’ S (ZR) ' ’
o) LCJ/\/(ZR)

8x

~ S'(z)
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Table 3. Residues. The unit of residue is 1072 X GeV? , the unit
of pole position is GeV.

0.882-0.190i 1.212%7013 -79.2*13 120340597 —78.9%* 19.7 32.6
0.960-0.192i 1.467 +£0.016 —71.3+0.9 14591027 —71.2433 214 33.6
0.882-0.190i  0.64167002> 111 +7 2.0250731 81.45

0.960-0.192i 1.111709%9 —103+3 2.3420.803 981

N*(890) vs N*(1535): 0.2GeV? vs 0.08GeV? (| g2]| );
0.032GeV vs 0.024GeV- (]| g, ).

[45] R. L. Workman, L. Tiator, and A. Sarantsev, Phys. Rev. C87, 3 (2013).
[46] A. Svarc et al., Phys. Rev. C89, 065208 (2014).
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Table 4. Decay amphtude at pole position and decay width. The
unit of &/ is GeV™2, and the unit of [yis MeV.

0.165+0.002  —129+2 0.165% 0052 —129+12 0.3691000% 0.363+02%
0.191+0.003 —43+1 0.191+0.037 —43%3 0.396+0.009  (.391+01¢4

0.0878+0.0413 31+7 0.277+0101 10.7+69 0.1035000e  1.030.60
0.144+0:907 130 + 3 0.305 £ 0.079 125+2 0.22700%¢ 1.01 £0.46

N*(1535): |/7| = 0.074GeV~2, T ~ 0.3MeV

[47] R. A. Arndt, W. ]. Briscoe, 1. I. Strakovsky, and R. L. Workman, Phys. Rev. C74, 1 (2006).
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0. Summary and Outlook

. Use a dispersion relation about single pion
photoproduction ;

. Extract couplings of N*(890);

. The couple channel analysis and research on single
pion eletroproduction are ongoing.
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Thank you !



6.Backup

Relevant interaction vertex

P 5 45
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2 5 _ v|L — ! -
PO 5 _eWoh [2 (9,4, - 9,4, ) 73+ 7 (9,4, a,,Aﬂ)] P

72>~y <{dﬂgb, 4. })

Normalization about multipole amplitude

I:L 11 2 g}/gﬂ' 2 g}/gﬂ
By (5= zp)=- =
3s s — zp 3s 2 /_ZR(\/_ —/Z%)
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M, =757.0£04MeV, T,=1522+0.6MeV
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2.5 P

11
— — = Subthreshold Expansion

2.0 — O(pz) Calculation
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Photoprodcution of mesons in Hydrogen
[D. C. Oakley and R. L. Walker, Phys. Rev., 1283 (1955).
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}/ _|_ p —> N —|— ]Z'+ R. L. Walker et al, Phys. Rev., 210 (1955)
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Photoproduction of negative and positive Pions from Deuterium

G. Neugebauer, W. Wales and R. L. Walker, Phys. Rev., 1726 (1960)
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More detailed experimental datas and multipole amplitudes
analysis

Target: C;H,OH

J. Ahrens et al., GDH, A2, Eur. Phys. J. A21, 323 (2004).
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