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PionPhotoproduction Features 
[M. Dugger et al arXiv:0903.1110 [hep -ex] - accepted by Phys Rev C

[R. Arndt, W. Briscoe, IS, R. Workman, Phys Rev C 66 , 055213 (2002) ]

¶Energy dependent SP09 and associated SES
¶Eg = 145 ð2700 MeV                                 [W = 1080 ð2460 MeV]
¶PWs  = 48 [E & M multipoles ] [J < 6]
¶Prms = 161
¶Constraint :

Reaction Data  (Dpol) c2

gpĄp0p 13, 326 (7 %) 30 , 989

gpĄp+n 7, 976  (9 %) 15, 877

gnĄp- p 2, 333  (4 %) 4, 259

gnĄp0n 148  (0 %) 364

Total 25 , 524 55 , 640

FROST, 2007 , 2010 

HD-ICE , 2010

pN PWA (no theoretical input )

MAMI -C, LEPS, & CB-ELSA

Born: no free parameters to fit



Trento 2009  - Igor Strakovsky   

3

Minimization and Normalization Factor for pN PWA [c2/ Data]
[R. Arndt, W. Briscoe , IS, R. Workman, Phys Rev C 74 , 045205 (2006) ]

¶ Modified c2 function, to be minimized                                      [systematics plays important role ]

c2/Data SP06 FA02 KA84

Reaction Norm UnNorm Norm UnNorm Norm UnNorm

p+pĄp+p 2.0 6.1 2.1 8.8 5.0 24.9

p- pĄp- p 1.9 6.2 2.0 6.6 9.1 51.9

p- pĄp0n 2.0 4.0 1.9 5.9 4.4 8.8

p- pĄhn 2.5 9.6 2.5 10.5

¶Over last 30 years , pN database increased by a factor of 3 ð4

Modified c2 [Norm ]
Standard c2  [UnNorm]

}

FA02 [R. Arndt ea Phys Rev C 69, 035213 (2004) ]
KA84 [R. Koch, Z Phys C 29, 597 (1985) ]

¶If the systematic uncertainty  
varies with angle 

ĄThis procedure may be 
considered as a first     
approximation

¶Renormalization freedom provides a significant improvement 
for our best fit results , we cannot ignore exp input

¶GW solutions look more stable vs previous

¶For nonSAID , the normalization 
constants were searched to 
minimize c2 (no adjustment of 
the partial waves was possible )

qi
exp measured, ei stat error , qi calculated ,

X norm const , eX its error

EBAC

Norm UnNorm

13.1 23.7

4.9 16.0

3.5 6.3

Gießen

Norm UnNorm

10.5 17.7

12.1 34.1

6.3 15.2

EBAC  [B. Julia -Diaz ea Phys Rev C 76 , 065201 (2007) ]
Gießen [V. Shklyar ea Phys Rev C 71 , 055206 (2005) ]

SAID < 2500 MeV
KA84* < 2900 MeV
EBAC < 1910  MeV
Gießen < 2000 MeV
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Minimization and Normalization Factor for Pion Prod [c2/ Data]
[M. Dugger et al arXiv:0903.1110 [hep -ex]

¶ Modified c2 function, to be minimized                                        [systematics plays important role ]

c2/Data SP09 SM02 MAID07

Reaction Norm UnNorm Norm UnNorm Norm UnNorm

gpĄp0p 2.2 3.6 3.2 5.7 7.7 12.3

gpĄp+n 1.9 3.3 2.1 3.9 8.1 11.7

gnĄp- p 1.8 2.6 1.8 2.5 2.9 3.8

gnĄp0n 2.1 2.1 2.8 2.8 6.4 6.4

Modified c2 [Norm ]
Standard c2  [UnNorm]

}

¶If the systematic uncertainty  
varies with angle 

ĄThis procedure may be 
considered as a first     
approximation

¶Renormalization freedom provides a significant improvement 
for our best fit results , we cannot ignore experimental input

¶SAID solutions look more stable vs MAID

¶For MAID07 , the normalization 
constants were searched to 
minimize c2 (no adjustment of 
the partial waves was possible )

qi
exp measured, ei stat error , qi calculated ,

X norm const , eX its error

¶MAID is valid below W = 2 GeV

¶MAID07 does not include recent
CLASp0p &p+n and 
LEPSp0p data

¶CLASp+ &p0 and LEPS p0 data included

SAID < 2500 MeV
MAID < 2000 MeV

[D. Drechsel et al Eur Phys J A 34, 69 (2007) ]



Trento 2009  - Igor Strakovsky   

5

CLASgpĄp0p and CB-ELSA with GRAAL
[M. Dugger et al Phys Rev C 76, 025211 (2007) ]

CLAS: 620 ds/dW
Eg =675ð2875 MeV
q = 40ð150 deg
Stat = 3 %
Syst  = 5 %

CB- ELSA: 1106 ds/dW
Eg       =320 -2890 MeV
q = 30- 140 deg
Stat = 5 %
Syst = 5 % (> 1.3 GeV)
Syst = 15 % (< 1.3 GeV)

GRAAL: 861 ds/dW
Eg = 550 -1540 MeV  
q =   49ð162 deg
Stat = 5 %
Syst  = 2 %

FA06
MAID05

¶There is a disagreement at forward angles
¶CLAS vs CB-ELSA
¶SAID vs MAID

¶The CLASp0 measurements and SAID fit do
not confirm the existence of weak states 
reported by BoGain a fit to the CB-ELSA data

[O. Bartholomy ea  Phys Rev Let 94 , 012003 (2005) ]
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Forward Cross -Sections for p0 Photoproduction
[M. Dugger et al Phys Rev C 76, 025211 (2007) ]

Data:
¶CLAS [2007 ]    [ Syst = 5 %]
¶CB-ELSA  [2005 ]   [ Syst = 15 %]
¶LEPS [2007 ]   [ Syst = 10 %]
o Brem before 1977

PWA/Model :
FA07
MAID07 [No CLAS+LEPS data in]
Gießen [No CLAS+LEPS data in]
BoGa [No CLAS+LEPS data in]

¶Gatchina-Bonn Operator Model
[A. Sarantsev et al Eur Phys J A 25, 441 (2005) ]

¶There are no multipoles to compare with

[L. Tiator , Fall 2007]

[A. Sarantsev , Sept 2005]

[No MAID & Gießen above 1650 MeV]

¶More Forward measurements may help to resolve a problem

¶Forward [<40 deg in cm] measurements above E = 1200 MeV 
are 5% of the world data , they are Brem, and 30 years old
¶No Forward measurements above E = 2100 MeV

¶Forward data are sensitivity to highest N* [most of them are inelastic ]

[V. Shklyar , July 2006]
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CLASgpĄp+n
[M. Dugger et al arXiv:0903.1110 [hep -ex] - accepted by Phys Rev C

¶No prior comprehensive tagged p+n measurements above 800 MeV

¶Near its upper energy limit 
(W = 2 GeV) MAID07 exhibits 
structures not seen in the data

CLAS: 618 ds/dW
Eg =725ð2875 MeV 
q = 32ð148 deg
Stat = 3 %
Syst  = 6 %

PWA/Model :
____  FA07 [No CLAS p+]
____ MAID07
____  SP09 [CLAS p+ is in]

¶Only combination of p0 and p+ data allows to separate I = 3/2 and 1/2

¶Obviously , LEPS may help to see what is going on in Forward  
direction
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Proton Multipoles for SP09 (CLASp0p & p+n data included) 
[M. Dugger et al arXiv:0903.1110 [hep -ex]

REM [D(1232) ] = - 1.79 °0.18 % [ - 2.2 ]

¶Overall : the difference between MAID07 and GW is rather small buté
Resonances may be essentially different

¶MAID07 does not include recent CLASp0p & p+n and    
LEPSp0p data 

ReA

ImA SP09

MAID07
S11

A1/2 = 100.9 °3.0 [66 ]
A1/2 = 9.0°9.1 [33 ]

S31

A1/2 = 47.2 °2.3 [66 ]

P11

A1/2 = - 56.4 °1.7 [ - 61]

P33

A1/2 = - 139.6 °1.8 [ - 140 ]
A3/2 = - 258.9 °2.3 [ - 265 ]

¶MAID Ansatz has been used 
to determine EM couplings

[D. Drechsel et al Eur Phys J A 34, 69 (2007) ]

BW for pN SP06

¶Comparisons to earlier SAID fits 
and fit from the Mainz group show 
that the new SP09 solution is much  
more satisfactory at higher energies
¶Significant changes have occurred  

at high energies

¶The statistical significance of any 
inconsistencies with the MAID 
analysis cannot be determined, 
as no uncertainties for their  
estimation have been presented
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D(1232)P33 Puzzle

[C. Amsler et al [RPP] Phys Lett B 667, 1 (2008) ]

¶Naively , we may think that we know D(1232) very wellé

p0 p+

1990-1993: S LEGS
1993-1996: s MAMI -B sT Bonn
1996-1997: sS MAMI -B sT Bonn
1997-2003 : sS MAMI -B s Bonn

s MAMI -B
2003 -2007 : sGDH MAMI -B sGDH MAMI -B

¶Result of new data inclusion for 320°50 MeV

¶Can we expect more surprises when MAMI -C data will come ?
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CLASgnĄp-p
[W. Chen et al in progress ]

CLAS: 850 ds/dW
Eg =1050ð3500 MeV 
q = 37ð152 deg
Stat = 3 %
Syst  = 7 %

¶No prior comprehensive
tagged measurements

¶Principal p-

experiments (using pion 
beams) were done at 
Meson Factories 

PWA/Model :]
____  FA07 [No CLAS p+]
____ MAID07
____  SP09 [CLAS p+ is in]

¶Complementary measurements of p°photoproduction, 
required for an isospin decomposition of the multipoles

¶The difference between previous and CLAS measurements may result in 
significant changes in the neutron couplings

¶FSI : [ Prlm: 15 ð40 %] 
plays a critical role in 
the state -of - the -art
analysis

IA

FSI (NN )

FSI (pN)

Fermi motion included
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[Courtesy Daria Sokhan, U. Edinburgh, N*2009] ¶No FSI included

SP09

MAID07
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Helicity -dependent Photoabsorption Cross Sections on the 
Nucleon above D-isobar

[R. Arndt, W. Briscoe, IS, R. Workman, Phys Rev C 72 , 058203 (2005) ]

¶rN, pD, andppN contribution to 
total photoabsorption is significant

[Dutz et al Phys Rev Lett 93 , 032003 (2004)]
[Dutz et al Phys Rev Lett 94 ,  162001 (2005) ]

gpĄp0p +p+n,gpĄhn

gnĄp- p +p0n

¶CB-ELSA for GDH integrand

-

¶For p :
¶Both SAID and MAID contribution tends to follow GDH measurements
¶The contribution from his significant near its thr due to N(1535)
¶The contribution from K is small

¶For n :
¶Dip at 900 MeV seen in both fits which means that is not a PWA problem
¶SAID contribution tends to follow CB -ELSA GDH data
¶MAID fit diverges from CB -ELSA GDH data
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Effect of Double -Polarization Data in Fits to Single -Pion 
Photoproduction

[R. Arndt, IS, R. Workman, Phys Rev C 67 , 048201 (2003) ]

¶That is not artifact as was possible to think a while ago !

¶DNPL: T measurements
[P.J. Bussey et al Nucl Phys B159 , 383 
(1979) plus]

¶JLab Hall A :
There are 22 Cxõ and 21 Czõ 
below 2 GeV
[K. Wijesooriya et al Phys Rev C 66,
034614 (2002) ]

¶gpĄp0p at 1900 MeV

¶Hall A data does allow to reproduce previous T measurements well

¶Forced Fit results indicate that 
more Pol measurements require
for constraint a solution
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Cx - transferred poln. from circ. pol g: p(g,p0)p 

Eg=425 MeV

Eg=1300 MeVEg=1225 MeVEg=975 MeV

Eg=850  MeVEg=750 MeVEg=650 MeV

Eg=550 MeVEg=475 MeV

Pion angle in CM (Deg)

[Courtesy Dan Watts, U. Edinburgh, N*2009]

SP09 gives 329 / 63
1x weighting for Cx*        gives 187/ 63
4x weighting (forced fit) gives 175/ 63

¶Forced Fit results indicate that 
more Pol measurements require
for constraint a solution
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CLASSBeam Asymmetry in Pion Photoproduction

¶C. Stephenson, M. Dugger et al. (g8b) data
[Will come for the CLAS Review soon ]

¶New Sfor pion reactions will overlap 
previous mesurements
¶Above 1500 MeV, many of g8b data 

will be new to the world

¶SAID does not include these preliminary CLASSdata

¶CLAS Eg   = 1025 ð2075 MeV
q= 46 - 134 deg

p+

p0

[Courtesy Mike Dugger, ASU]
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Jlab CLAS FROST, HD-ICE and so on

¶FROST (proton ):
E-06-013: V. Crede, M. Bellis , S. Strauch gpĄp+p- p
E-05-012: M. Dugger , E. Pasyuk                                                           gpĄhp, hõp
E-04-102: D.I. Sober , M. Khandaker , D.G. Crabb                      GDH: gpĄp+n, p0p
E-03-105: N. Benmouna, W.J. Briscoe, IS , S. Strauch , G.V.O'Rially   gpĄp+n, p0p
E-02-112: F.J. Klein , L. Todor , P. Euginio                                            gpĄKY

¶HD-ICE (neutron ):
E-06-101: F.J. Klein , A. Sandorfi   gnĄp- p, KY

¶CAA (Pol beam):
HS06 -03 : P. Collins, M. Dugger gpĄp+n, p0p, hp, hõp (g8b)
HS07 -01: F. Klein gnĄp- p (g13)

¶FROST project for meson Photo Prod 
measurements will utilize 

¶polarized photon beam
¶polarized hydrogen target and

¶CLAS

¶The data generated by this work will fill a number 
of gaps in the existing database of single and 
double meson photoproduction

{

¶Transversely Pol target is more favorable for PWA
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gpĄp+n, 10 MeV above Threshold

¶New MAX -lab E014 data may resolve a problem ¶Energy and Angular dependences 
of MAID07 produce a significant
disagreement in E0+(p+n)  between 
MAID07 : +26.63 x 10-3/M pand
FA07 :      +29.87 x 10-3/M presults

¶The disagreement between SAID and MAID07 becomes worse & worse

Stat:   5%
Syst: 10%

[Bernard ea, Phys Lett B 383 , 116 (1996)]

¶   LET:        +28.2°0.6 x 10-3/M p

?

MAID07

SP09
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Threshold Polarized (S) Measurements

¶Looks like an unresolved problem
¶Experimental   ( single experiment )
¶Phenomenology (more data requires )
¶Theory             ( how good is)

¶ MAMI -B [Schmidt ea PRL87 , 23501 (2001) ]
éé.écPT [Bernard ea ZPC70 , 483 (1996) ]
---- DR [Hanstein ea PLB399 , 13 (1997) ]
_._._. MAID07 [Drechsel ea EPJA34 , 69 (2007) ]
____ SP09 [Dugger ea arXiv:0903.1110 [hep -ex]

¶More polarized thr measurements will benefit our understanding

¶No Pol Data

¶No Pol Data
below 180 MeV

¶No Pol Data
below 225 MeV
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GW PWA for gpĄhp

Sol1-E429    (E=700 -2900 MeV)  c2/dp= 2818/ 1811  32 PRM                         SP06 

Sol2-ETAM  (E=700 -1900 MeV)  c2/dp= 4153/ 1329 from MAID subroutine  SM05

T (MeV) E (MeV) W (MeV) 

Thr 559 707 1487

pN limit 800 947 1632

Nexp Ndata c2(1) c2(2)

ds/dW Norm 91 542 667 662

UnNorm 1221 1168

Pol Norm 33 106 198 389

UnNorm 204 442

¶Limited pN energy range limits possibilities 
to determine EM couplings

¶Renormalization freedom 
provides a significant 
improvement for our best fit 
results ,
we cannot ignore experimental 
input

¶There is no discrimination against any measurements

¶For hMAID ,
the normalization constants   
were searched to minimize c2

(no adjustment of the partial  
waves was possible)

hMAID [W.-T. Chiang et al Nucl Phys A700 , 429 (2002) ]

[R. Arndt, W. Briscoe, M. Paris, IS, R. Workman, in progress]
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gpĄhp: Proton Amplitudes

hMAID

E429

BW for pN SP06

A = A* E 0+ x Mag(E0+)

¶Our hope is that new Eta Photoprod measurements will allow to resolve a problem
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[Courtesy Takashi Nakano, U. Osaka, N*2009]

[Courtesy Bingsong Zou, IHEP, CAS, N*2009]

¶Any relations between three evidences ?

GW pN PWA - SP06:
G17: M   = 2152 MeV   G= 484 MeV [ BEPScannot see it ]
F37: M  = 1921 MeV    G=  271 MeV [ LEPS cannot see it ]
P31:  M  = 2068 MeV   G= 543 MeV [ LEPScannot see it ]

Isospin Filter
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p(g,h)p  Cxô

ÅNext steps   Ox, T, P  also  p(g,2p)and p(g,ph)channels 

Photon energy (MeV) Photon energy (MeV)

qcm=80°15o qcm=110°15o

MAID

SAID

Cxô

¶MAMI-C

[Courtesy Dan Watts, U. Edinburgh, N*2009]
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gpĄhp: Expectation for Polarized Measurements

E429

hMAID

More surprises ?


