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Now MALID is part of research program of

Mainz — Tuzla — Zagreb Collaboration

Mainz: Misha Gorchteyn, Victor Kashevarov, Kirill Nikonov,
Michael Ostrick, Lothar Tiator

Tuzla: Mirza Hadzimehmedovié, Rifat Omerovic,
Hedim Osmanovic, Jugoslav Stahov

Zagreb: Alfred Svarc
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EtaMaid2018

1. Fit for n and n” photoproductions on proton and neutron

2. High energy data up to E, =9 GeVwere included in the fit

3. Model: 21 resonances + Born + Regge cuts

4. Energy dependence coupling constants for Born terms:
g - g*(Wm/W)**parB

5. Damping factor for Regge background

6. Phase shift to background was added for each resonance

7. New data published in 2017 were included in the fit



Modelling the background

* Born + t-channel poles 2015
* Born + Regge (RPR models) 2016
* Born + Regge — s, p, d, { partial waves 2017

* Born + Regge x damping factor f,(W) 2018
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alternative approach: Finite Energy Sum Rules



Diff. cross sections and polarisation observables for yp — np at high energies

V. L. Kashevarov, M. Ostrick, L. Tiator , Phys. Rev. C96 (2017) 045207

comparison with different Regge models our favoured Regge-cut model
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Unitarity aspects

In previous versions EtaMAID 2000-2017 we simply ignored this phase
in the new EtaMAID2018 version we use this phase as a free
parameter
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New N* Resonances in EtaMAID2018 updates

Particle JF overal Ny Nm Am No Nn AK YK Np Nw Nnt
N 1/27 s
N(1440) 1/27  sorx kkak bRk kkkx kxk
N(1520) 3/27 sk sookk ok kol ok G O 7 N* in 2001/2003
N(1535) 1/27  sxxx )orak kokkx kxk ok Gookd
N(1650) 1/27 sk saxk kxkk kxk o+ G * O 21 N* in 2018 for y,n
N(1675) 5/27 sk srak okkk kkk okk Gl * *
N(1680) 5/27  skrx )Rak dokkx krkk kkk Gl O 12 N* in 2018 for y,n’
N(1700) 3/27  sxx ok ok Rk ok G
N(1710) 1/27 s kokkk  kkokk ok Gk **x % *
N(1720) 3/27  ssxx kkkk  kkokk okkk ok G kxxx % *
N(1860) 5/2% s % o D O
N(1875) 3/27 sk ok *k ok % G * * x QO
N(1880) 1/27  sxx ok * R <> o O
N(1895) 1/27 sk skkk % * * @ Kok Kok * @ upgraded in 2018
N(1900) 3/27  soxxx wkxk Rk kk x @D Ak %k * @
N(1990) 7/2% s ok *k % x G x * O
N(2000) 5/27 s ok * ko k (D) * O
N(2040) 3/2% « %
N(2060) 5/27 sk kkk  kk ok N D I * r QO
N(2100) 1/27 s *ok kkk  oxk kk G * (>
N(2120) 3/27  sx kkk  okkk o kk kk () Rk % * (D)
N(2190) T/27  sxxx kkkk  okkkk kkkk kk G Rk k s O
N(2220) 9/27  skxx * % oAk ok * * *
N(2250) 9/27  skxx Kok s fok ok G «x ¢ O




@ do/dQ, A2MAMI-17:

@ do/dQ, CBELSA/TAPS-09:

@ do/dQ, CLAS-09:
@ T, F A2ZMAMI-14:
2, CLAS-17:

2 , GRAAL-07:
E, CLAS-16:

E, A2ZMAMI-17:

do/dt, DESY-70

do/dt, WLS-71

do/dt, 2, Daresbury-76
do/dt, CEA-68

T, Daresbury-80

2, GlueX-17

Data sets

Yy p—-Np
E,=0.71-1.57 GeV
E,=0.87-2.55 GeV
E,=1.46- 3.7 GeV
E,=0.71-1.4 GeV
Ey=1.07-1.84 GeV
E,=0.71-1.5 GeV
E,=0.71-2.15 GeV
E,=0.72-1.40 GeV

Ey=4, 6 GeV
Ey=4, 8 GeV
Ey=2.5, 3 GeV
Ey=4 GeV
Ey=4 GeV
E,=8.7 GeV

[PRL 118 (2017) 212001]
[PRC 80 (2009) 055202]
[PRC 80 (2009) 045213]
[PRL 113 (2013) 102001]
[PLB 771 (2017) 213]
[EPJA 33 (2007) 169]
[PLB 755 (2016) 64]
[PRC 95 (2017) 055201]

[PLB 33 (1970) 236]

[PLB 37 (1971) 326]

[PLB 61 (1976) 479]

[PRL 21 (1968) 1205]
[NP B185 (1981) 269]
[PRC 95 (2017) 042201R]

2, T, P, H, CBELSA/TAPS preliminary: J. Hartmann, PhD Thesis, Bonn University, 2017
(These data have not yet been used in our fit)



@ do/dQ, A2MAMI-17:

@ do/dQ, CBELSA/TAPS-09:
@ do/dQ, CLAS-09:

@ 2, CLAS-17:

@ 2, GRAAL-15:

@ do/dQ, A2MAMI-14:

@ do/dQ, CBELSA/TAPS-11:
@ do/dQ, CBELSA/TAPS-17:
e do/dQ1 /2 3/ A2MAMI-17:
@ 3, GRAAL-08:

@ E, A2MAMI-17:

@ do/dQ, CBELSA/TAPS-11:

Data sets

Yyp- np

E,=1.45-1.57 GeV
E,=1.53-2.48 GeV
E,=1.51-3.43 GeV

Ey=1.46-1.84 GeV

Ey=1.46-1.48 GeV

Y n - I'| n
E,=0.72-1.40 GeV
E,=0.74-2.06 GeV
E,=0.71-1.81 GeV

E,=0.72-1.40 GeV

E,=0.74-1.44 GeV
E,=0.72-1.40 GeV

Yy n- N'mn

E,=1.53-2.45 GeV

[PRL 118 (2017) 212001]
[PRC 80 (2009) 055202]
[PRC 80 (2009) 045213]
[PLB 771 (2017) 213]
[EPJA 51 (2015) 77]

[RRC 90 (2014) 015205]
[EPJA 47 (2011) 89]
[EPJA 53 (2017) 58]
[RRC 95 (2017) 055201]
[PRC 78 (2008) 015203]
[RRC 95 (2017) 055201]

[EPJA 47 (2011) 11]
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EtaMAID2018: fit results

Overall X2 divided by number of experimental points:

Fitl: ¥2 = 16431/6694 =~ 2.45 (full solution)
Fit2: 2 = 22212/6694 ~ 3.32 (no phases)
Fit3: x2 = 19481/6694 ~ 2.91 (no Born terms)

for the certain reaction channels (Fitl):
YP-Np: X2=9614/4493~ 2.14
ynonn: ¥2=4126/1196 = 3.45
Yyp-n p: X2=2383/835 ~ 2.85
yn-n' n: ¥2=279.9/170 ~ 1.65

11



Total cross sections

y N - NN y N nN
: ® A2MAMI-17 (np) I ® A2MAMI-17 (n'p)
® A2MAMI-14 (mn) i 1 _ ® CLAS-09 (n'p), our Legendre fit

® CBELSA/TAPS-11 (n'n)A

G [ub]

o 22 24 28
W [GeV]

Lines: full solution for yp (red) and yn (black) channels.

YPp—np: X2 =238.6/125 = 1.91; Yp-n p: X2 =9.46/12=0.79 (A2MAMI)
yn-nn: X2 =120.6/44 =2.74, yn-n n:x2=10.9/17 = 0.64

12




G [ub]

Partial contributions of the background to the total cross sections

® A2MAMI-17 .
® CBELSA/TAPS-09
CLAS-09 (our Legendre fit)]
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Blue lines — without DF
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35 T T ~ T T T T T
E ¢
3F } ® A2MAMI-14 .
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dashed — Regge contribution
dotted — Born
solid — Regge + Born
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0.8

Partial contributions of the background to the total cross sections
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dotted — Born
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Partial contributions of the resonances to the total cross sections

iob KY T]’N (a)

® A2MAMI-17
cLas-09

S11(1535)
S11(1650) \

1{ ':" S,1(1895)
6 18
W [GeV]
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Black dashed line — Regge + Bonrn contribution
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Resonance contributions of partial waves to the total cross sections

G [ub]

Yyp-nNp ynh- nn
K2 "N @ | KE (b)
® A2MAMI-17 ® A2MAMI-14
CLAS-09
ER .
o N}
1 | . . | 1 | |
1.6 1.8 2 2.2 10 1.6 1.8
W [GeV] W [GeV]

S11 — black solid;

P11 — magenta solid; P73 — magenta dashed
D13 — green solid; D15 — green dashed
F15 — blue solid; F17 — blue dashed
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Partial contributions of the resonances to the total cross sections

0.8

yp—~nN'p

| | _
f ® A2MAMI-17 (n'p) '
® CBELSA/TAPS-09 (n'p) |

{} { II Il [ ® CLAS-09 (n'p),

our Legendre fit

S11 — black solid;
P11 —red solid;

D13 — green solid;
F15 — blue solid;
G17 — magenta solid;
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P13 —red dashed

D15 — green dashed
F17 — blue dashed
G19 — magenta dashed
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BnGa:

JuBo:

KSU:

Other PWA groups analyzing new
(y,n) and (y,n") data

Bonn-Gatchina group:
A.V. Anisovich, E. Klempt, V.A. Nikonov, A.V. Sarantsev, and U. Thoma.
Multi-channel K-matrix model and N/D dispersion approach.

Predictions up to W=2500 MeV for 3 channels:
p(ym)p, n(ym)n and p(ym’)p

Jiilich-Bonn group:

D. Ronchen, M. Déring, H. Haberzettl, J. Haidenbauer, U.-G. Meifner,
and K. Nakayama.

Covariant multi-channel dynamical model.

Predictions up to W=2380 MeV for 1 channel: p (y,n) p

Kent State University group:
B.C. Hunt and D.M. Manley.
Multi-channel K-matrix model.

Predictions for 2 channels: p (y,n) p up to W=1990 MeV,
n (y,n) h up to W=1870 MeV

18



Total cross section in comparison with other new PWA

y p—~Np y n— nn
3.5}
S5 KY
3l ® A2MAMI-17] ® A2MAMI-14
CLAS-09 4}
a o
3% E
o) N’N b n’'N
2.
2.
1.5} \
1 \
1.7 18 1.9 16 1.7 18 1.9
W [GeV] W [GeV]

Red line: EtaMAID2018

Blue line: KSU

Black line: JiiBo
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do/dQ [ub/sr]

Yy p-10p Differential cross sections
/=1488 eV | 1491 1494 1507 1510 1513 1521
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Data: A2MAMI-17;
red — full solution;

0 0
-1 0 1 -

solid black — Regge+Born;

dashed — Regge ;

dotted — Born terms
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Differential cross sections

X2 = 4679/2928 ~ 1.60
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Lines:

red — full solution;
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dotted — Born terms
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Yy p—- 1P Differential cross sections X2 = 2265/634 ~ 3.57
0.3 W=1975 MeV, i 1995 4 2005 i
— 0.2} i it
= o1} i i
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Lines:
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dotted — Born terms

-05 0 0.5
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-0.1F W=1497 MeV

11

Red line;: EtaMAID2018

Data: A2MAMI-14

Blue line: KSU

Black line: JiiBo T: x2=255.3/144~ 1.77; F:x2=253.3/144~1.76 ’3



Yyb—- NDp Polarization observables: ¥
04/w=1496 MeV|| 1519 |} 1549 | 1 ¢

A

cos@)n

Data: black - GRAAL-07; red — CLAS-17; green — CBELSA/TAPS preliminary
X2 =1531.8/150 ~ 3.55 X2 =694.1/214 =~ 3.24 X2=1309.5/156 % 1.98 24



Polarization observables: X

—e—

I W£17OOMeV‘

W=1975 MeV M W=2080 MeV |
1 05 0 05 T 05 0 05 1
Q)
COS n

Red line: EtaMAID2018

Data: black - GRAAL-07

Blue line: KSU red — CLAS-17 o
Black line: JiiBo green — CBELSA/TAPS preliminary
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Polarization observables: E

black — CLAS-16;
X2=170.6/73~2.34

cos@n

red - A2MAMI-17 “p”; green — CBELSA/TAPS preliminary
X2 =1272.3/135 = 2.02 X2=395.5/93~4.25 g



Polarization observables: E

W=1683 MeV

W=1773 MeV

1 '0.5 Cu

W=1833 MeV

W=1883 MeV

Red line: EtaMAID2018

Blue line;: KSU
Black line: JiBo

Data: black — CLAS-16
red - A2MAMI-17

l_-0.5 C1

-0.5 0 0.5

COS@n

green — CBELSA/TAPS preliminary




Yyp-nNp Polarization observables: H and P Pr~-H ?

W = 1497 MeV

1522 MeV 1542 MeV 1563 MeV 1584 MeV 1608 MeV

I — ]
0.5:- 1t
[ 1 1¢f
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(0 I 1t
- 0-4¢ [ % e 1
X 0.2f { ol
Q ZIITili .l 1L
E O:Ilr S i; 1F
S t14 HIH
T 1 0 1-
| cosO,
Data: CBELSA/TAPS preliminary H: x2 = 81.08/56 ~ 1.45; P: X2 =57.07/56 ~ 1.02

Lines: full solution 28



do/dQ [ub/sr]

n— rn Differential cross sections
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Yy n— IMnn Polarization observables: ¥. X2 = 238.5/99 ~ 2.41

0.47 | | | 10.4F | ' | 7 0.4f ' ' ' 7 0.4F
i 10271 10.21
Or Or
02 W=1504MeV 1702 :_. W=1546 MeV 1021 W=1583MeV 1021  W=1620 MeV
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W=1655 MeV _ W=1688 MeV W=1720 MeV W=1760 MeV
-1 —05 O 05 1 -1 —05 O 05 1 -1 —05 O 05 1 -1 —05 O 05 1

W=1800 MeV : W=1847 MeV W=1892 MeV

1 05 o0 05 1 -1 05 0 05 1 -1 ‘05 0 05 1
COos®
n
Red line: EtaMAID2018
Blue line: KSU Data: GRAAL-08
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n—- rnn Polarization observables: E X2 = 349.8/135 ~ 2.59

Red line;: EtaMAID2018

Data: A2MAMI-17
Blue line: KSU 31



Observables in Legendre series

The Legendre expansion can be formulated in terms of associated Legendre polynomials
{P)(z), P} (x), P7(x)} with the following relations

P)(cos®) = Py(cosb),
Pl(cost) = —sinf P,(cosh),
P?(cos) = sin?0 P, (cosh) .

In particular we can find an expansion

zemaa:

O;(W,0) = Z AL (W) PL(cosh), for O; = {o¢, E}
O;,(W,0) = Z AL (W) Pl(cosh), tor O; = {T, P, F, H}

O:(W,0) = Y  AL(W) PZ(cost), for O; = {3, G}
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Partial wave content of Legendre coefficients, {400 = 3

Ay =SS+PP+SD+DD+PF+FF

Ay = SP+ PD + SF+ DF

Ao = PP+S5SD+ DD+ PF+ FF
As = PD + SF + DF

Ay = DD+ PF+ FF
As = DF

Ag = FF

33



Second narrow resonance iny n—nn?

L. Witthauer et al, Phys. Rev. C95 (2017) 055201

1. Narrow structure at W=1680 appears only
in o1, and is thus related to S;; and/or Py

(in good agreement with our solution)

2. The second narrow structure at W=1726 MeV
(second vertical line) is discused in

One of explanation is wn production cusp.

V. Kuznetsov et al, JETP Lett. 105 (2017) 625.

Data: A2MAMI-17;
Red lines: full solution

W [GeV]
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do/dQ [ub/sr]
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D Differential cross sections
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Data: black - A2MAMI-17;
X2=119.3/120 ~ 0.99

Lines:

red — full solution;

blue — CLAS-09;

solid black — Regge+Born;

dashed — Regge ;

red — CBELSA-09

dotted — Born terms
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= Al . o o
Yy p—- I D Differential cross sections X2 = 2145.6/639 ~ 3.36

2015

017 W=1975 MeV I
] [X] i

1995 - 2025

o
o
a1

o ©
(6] —
T T =

(@)

0.1¢

do/dQ [ub/sr]

0.05}

2250

T T
I
-~
T [T

0.1
0.05 ¢

-

0.1

0.05 ¢

0.06 F
0.04 |
0.02 .

.......... b o, = (TR LTENT

0 P . h ]
-1 -05 0 O. i1 -05 0 05 11 -05 0 05 11 -05 0 05 11 -05 0O 05 11 -05 0 05 1

CosG)n,
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Narrow resonance in n° photoproduction?

Anisovich, Burkert, Dugger, Klempt, Nikonov, Ritchie, Sarantsev, Thoma, arXiv:1803.06814 (2018)
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BnGa-2017 solution without narrow resonance

059074, pbisr (MAMI 2017)
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Narrow resonance S,,/D,; inp(y,n’)p
EtaMAID vs. BNGA
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black disks: GRAAL-2015
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I' =2.1 MeV

In the total c.s. such a resonance is invisible.
It shows up in interferences between S-F or P-D resonances.

> and do/d(2 data can well be fitted with a very narrow resonance at W,=1900 MeV.
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do/dQ [nb/sr]

Narrow resonance in n° photoproduction?

. Legendre fit:
diff. cross sect. do/d(2: with ¢ = 2 (D wave) — black dashed

A2MAMI-2017 with 1,5« = 3 (F wave) —red solid
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Narrow resonance in n° photoproduction?

Legendre coefficient from fit with 1., = 3 (F wave)
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Vertical line correspond to mass of the narrow S;; resonance, M = 1902.6 MeV
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Summary and conclusions

1. We have just finished an EtaMAID update, which will soon become available on our MAID
webpage. The new EtaMAID2018 describes well all experimental data of 4 channels:

YP—MmMpP, Yyn—- nn,yp—-np yn-—-nn

2. The cusp in the (n p) total cross section at W=1680, in connection with the steep rise of the
(" p) total cross section from its threshold, is explained by a strong coupling of the
S11(1895) resonance to both channels.

3. The narrow bump in (n n) and the dip in the (n p) total cross sections have different origin.
The first is a result of an interference of few resonances with a dominant contribution of the
P11(1710). The second one is mainly a sum of S171(1520) and S;1(1650) with opposite signs.
However the narrowness of this structure is explained by a cusp effect due to the opening of
the KX decay channel of the S;1(1650) resonance.

4. New narrow S;; resonance with M=1902.6 MeV and I'=2.1 MeV can explain unexpected

near threshold behavior of ¥ (GRAAL) and do/dQ (A2MAMI) fory p—-1n" p. However
the evidence for the existence of such resonance is rather weak.



EtaMAID2003

NMAID is an isobar model for n photo- and electroproduction on nucleons, for more details see:

W.-T. Chiang, S.N. Yang, L. Tiator, D. Drechsel, NP A700 (2002) 429.

Model ingredients:
- Born terms (very small contribution),
- p- and w-meson exchanges in the t-channel, which are described by p- and ® poles.
- nucleon resonances parameterized with Breit-Wigner shapes.

Model variable parameters:
- Born terms: coupling n to nucleon ganN ;
- vector mesons: hadronic vector g, and tensor g; couplings, dipole form factor Ay ;
- resonances: mass Mg, total width I'g at the resonance peak , branching ratio BN ;
photoexcitation helicity amplitudes A1y, Az ;

- total and partial widths have an energy dependence with an damping factor
assumed to be the same for all resonances;
- relative sign between N* — nN and N* - nN couplings, {;n = *1.

Data set:
- total and differential cross sections of MAMI and GRAAL;
- photon asymmetry of GRAAL (E,<1.1 GeV);

- electroproduction cross sections of Jlab.

Reggeized model for n and n' photoprduction,

W.-T. Chiang, S.N. Yang, L. Tiator, M. Vanderhaeghen, D. Drechsel, PRC 68 (2003) 045202.
Main difference: vector meson exchanges are described in terms of Regge trajectories.

It should be important for high energies, W> 3GeV.
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