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Meson Production on the Nucleon
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Reaction dynamics: coupled multi-channel problem

Lagrangian approach
Dynamical description of resonances and background

Meson production on nuclei: &, K, o, ¢, p...27... 5
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The Giessen Model

Coupled Channels Approach to Meson
Production on the Nucleon




Coupled-Channels Approach to Meson Production

v Partial wave (LSJ) T-matrix elements for a = b reaction:

channelcouphng

(LSJ)(pa pPriE) = V(LSJ)(pa Pb; EHZ f FdqVee " (par E)Gc(q;E)Tf.i;S”(q,pb; E)

v Choice of Reaction channels:

a,b,c = (y(*)N, 7N, T]N,|7TA aN, pN' KA, KZ,--+)

N
v" Definition of Transition Potentials:
r'. r
N* *
Vap = V9w VG, o+ O
’ ab ’ E — My~

Background potentials

N$

“Z-diagrams”

N* resonances




Diagrammatics

s-channel u-channel t-channel contact
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Unitary CC K-Matrix Approach

Partial Wave T-Matrix:

(1_ iKIJi)_l KIJJ_r_
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Photo-Production Channel in LO

T.=V_.+>V GT

ym>~m ' 'mz
m=#y

Resulting Multi-Channel T-Matrix

( T77 Tﬁ"” TJ’U T}’p”° \
T, T, T, Tp...
=\ r r._ 71, T..
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Applications to Data
W < 2GeV - Results in PDG

* yN->nN e tN=>7tN

* yYN>oN e tN>®N

y vmzw > | aN>nN

° Y e TN2>KY

* yN->7'n°N e TN=->71'n°N
Our Goals

Identify resonances

Partial wave analysis

Predictive power
Phenomenological field theory for

 photo-production on the nucleon

e meson-nucleon interactions




Kaon Production on the Nucleon



The KX production in photo-induced reactions

Q@ yp— KL SAPHIR =i 0.8
SAPHIR,CBELSA,CLAS CBELSA &1
o S, Pi1 and Pp3 CLAS 08
e Small total cross section. . '
Why? =
e the destructive interference of © g2
background and resonance
contributions! 0

SAPHIR98 r&+ 3 [

Q@ 7p — KTX%:CLAS,SAPHIR NS o 25 ¢

o dominated by the S;1-wave Q 27
=315
© P31(1750),D33(1700),D35(1930) o 11
F35(1905) os
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Xu Cao et al., Phys. Rev. C 88, 055204 (2013); arXiv:1303.2604
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GiM CC-results (green), Born terms (dashed) and CLAS data
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The recoil polarization of vp — KX reaction

=
|
=

S
1
o

o
=

I-.l

S
|
o

T
|
il
I
|
- f -+
I ™ T T

=
=

Fa
"Wl
N
y

=
1
=

LIS LA R B
I
4 HM 1
ha
1
1
1
1
1
1
1
1
1

=
=

¥
L]
L

o
1
S

!
i
PR 1 T I NI 1 N P N A N (N N PN I I I P |

||-| Lo ool viky | |
]
P I A

=
=

=
]

1
.
1

1

I|
HaH
| b
L1
|
N
i

|

1
&
R =R R R e R L e IS Y I T R o 3

1
&
L O, L N O, L MO N, NO M 2 MO = no 0=

e
H
Y
ol
"
"
[
o
=

o
|
|

1
1
1
[

[
1

|
|
H
i
i
1
i
i
1
1
1
1
|

bt
()]
T
|
=]
I
1
o
I
L

1.7 18 149 2 17 18 1.9 2 17 1.8 1.9

[

GiM CC-results (green), Born-terms (dashed) and CLAS data
Xu Cao et al., Phys. Rev. C 88, 055204 (2013); arXiv:1303.2604 t



Comparison of Elastic Partial Wave N T-matrix:

GiM (lines) vs. GWU/SAID (symbols)
(Xu Cao, H.L., PRC 88 (2013); arXiv:1303.2604)

1.2 14 16 18 212 14 16 1.8 212 14 16 18 2
W (GeV)

The elastic 7N partial waves for I = 3/2. The solid lines (magenta) and

triangle points (green) are imaginary part of amplitude of our model calculation and GWU/SAID
analysis, respectively. The solid line (blue) and star points (red) are the correspondent real part

of amplitude.
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Multi-Meson Production on the
Nucleon
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2-pion Production and Nucleon Resonances

yp—7m'n%p (ny/ Z
. m{pﬂun“] 2000-2200

A(1232)n der_ay% dominate
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Building Blocks of 2-pion Photo-Production
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GiM Lagrangian for

. . ’C?TTTJ — g?r?ra'nlcrg(ﬂﬁ)'
2-pion Dynamics

ErNA _
Lina = - u\ T uy O, + h.c.,
"

un= 0, ™+ h.c..
Meson-Meson N*= Oy _

Interactions

i’)-’5

Baryon-Meson
Interactions .



The 2-pion Exit Channels

The 7~ p — 707" reaction expressed via the isobar production amplitudes.

2-pion (3-body) Unitarity:




T p— 7'7n

I = Prakhov 04 }%.J -0.85
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2-pion Spectra at fixed neutron scattering angle (cos0)
(Crystal Ball Data, BNL/AGYS) 22



do/d Q (mb)

T p— wn'n
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2-pion Angular distributions at fixed c.m. energy
(Crystal Ball Data, BNL/AGYS)




nN->2nN partial wave cross sections for I = 3/2
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2-pion Production and Resonance Parameters

N* mass [ ot Rrn| Bon | Bra(1232) |Reference

N*(1535) 7| 1.54475, | 127750 3673 | 0F! 0t | this work
1.526%2 | 131412 3515 | ng ng GiM12 [7]
1.535110 | 15013 1510 | 24 0t1 | PDGI12[20]
151972 | 12871 5472 | ng 25712 | BoGal2[19]
153811 | 141+ 37+ | L5E0E | 2540 | KSUJ28]

N*(1440) 17| 1.478+17 | 569+39, 6172 | 2773 1243 | this work
1515118 | 60550 5612 | ng ng GiM12 [7]
1.440%30 | 300+150 65710 | 1572 2512 | PDGI2[20]
14305 | 365732 6213 | 1711 2178 | BoGal2[19]
141272 | 248%2 | 648700 | 271 | 65708 | KSU[28]
1.458+12 | 36343 ng | ng [40.57112 | IM [53]
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Summary

Coupled channels approach to meson production on the
nucleon

Strangeness production on the nucleon
[n-Photoproduction -> Phys. Rev. C 87:015201 (2013) ]
2-pion photoproduction: isobar description

Outlook: Charmonium production in annihilation reactions

...with essential contributions by:

Xu Cao, Vitaliy Shklyar, and Radhey Shyam

Supported by: GSI, DFG, SFB/TR 16, HIC for FAIR, LOEWE




Outlook:
Charm Production in Annihilation
Reactions



v"'(3770) Production in e*e 2> DD Annihilation

(Data: BES Collaboration)

Xu Cao, H.L., PRD (2015)

Derived Parameters:

DODO D+D_
o (I\’IeV) 3782.1+1.6|3784.04+ 2.0
94/ DD 11.8+0.9 107+ 1.3
q —21+03| —-1.6£0.3
x*/d.o.f 0.83 0.90
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v"(3770) Production in pp = DD Annihilation

p
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R. Shyam, H.L., PRD (2015), submitted

R. Shyam, H. L., Phys. Rev. D 90, 014017 (2014).



Backups



Multipole Decomposition for yN->7N:
GiM (lines) vs. GWU/SAID (symbols)

E., {71¢ ) [
_15 P R | EE. | % N 15 N L L L L _2 PR T | PR R PR R T | PR
1 12141618 2 1 1214 16 18 2 71 12141618 2 1 1214 16 18 2
W (GeV) W (GeV) W (GeV) W iGeV)

The YN — wN multipoles for I = 3/2. The solid lines (magenta) and

triangle points (green) are imaginary part of amplitude of our model calculation and SAID analysis,

respectively. The solid line (blue) and star points (red) are the correspondent real part of amplitude.



Eta Photo-Production



Results for yp — np

Vs (GeW)
~p — 1) p: updated Giessen analysis vs. MAMI 2010 data
We corroborate our previous conclusions: Shklyar et al PLB650,172

@ 511(1535) and S11(1650): destructive interference - dip at
1.68 GeV; effect from P;1(1710) is small

@ wl threshold:'50 MeV above the dip position- not decisive
@ no room for narrow state of 15...20 MeV width

V. Shklyar, H.L. et al., Phys. Rev. C 87:015201 (2013) 34



n-photoproduction on the neutron

Yn — nn
|.Jeagle, B. Krusche EPJA47, 89

@ recent measurements (l.Jeagle et al)
EPJA47,89: clean second peak!
Looks very narrow

Other explanations
@ Shklyar, Mosel, Lenske PLB650

b | (2007),172: well known 511(1650),
I 511(1535) and S;1(1650):

\“.H.nn,*,n @ Doering, Nakayama

N | PLB683(2010),145 : pole due to K%

W[MeV Jixp). tree proton and KA rescattering
First peak: 511(1535)

..evidence for a new state?

35



Interference: a toy model:
Background amplitude M, (Vs)

Resonant amplitude M. (Vs)~*Mye¢/(s-m.2-i/sT(V's))

Oeoh. ~| My(V5) +M,(/5)|?
Gincoh.™| Mp(/S)IZ +IM (V5)|?

sigma [arb. units]

1.8 T
coherent =+
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. background
Resonance —
14T ]
12T
1 -
08T
06T
o4r
1/ A
0 :"; N M N N
1500 1600 1700 1800 1900 2000

sqrt(s) [MeV]



,Isobar”
Approach to
70 10 N
production
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Three-Body Kinematics

W. Reoberts, T. Oed, Phys. Rev. C 71 (2005)

|
% % { (14 APy + A, P,)

+df-{rﬁin(2c_,ﬁ)-(fg + AP+ AP

+cos(2¢)-(I°+ A Py + *'"Lypig) j| }

Photon Pol. Target Pol. Axis
x Y z

unpolarised o P, P, P.
linear sin(2¢) | 1° | P; P; FPZ
linear cos(2¢) | I° | Py P, FPr
circular ° | pe P:? PZ
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2-pion Total Cross Sections

—_— —|— —_ "
T p->T T n




Extending the Model Space to Multi-Meson
Production

7+ N
c+N->7+7+N
p+N—>r7+7+N

K'+Y > 7+7+N
T+A—>rm+7x+N

7+N S z+7+N

K+Y > 7z+7+N

...and many other channels, constrained only by energy!

40
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