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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
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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) ]
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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


