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e SAID for Baryon Spectroscopy.

e Pion photoproduction off the neutron.
e FSl for yn>1p.

e Recent GW—ITEP FSI for yn>mp .

e New neutron EM couplings.

e Polarized Measurements.
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‘A for non-strange Baryons

11D Database

Originally: PWA arose as the technology to
determine amplitude of the reaction via
fitting scattering data which is a non-trivial
mathematical problem

Center for Nuclear Studies

[Solution of ill-posed problem ™
—Hadamard, Tikhonov, et af Data Analysis Center Below 4 GeV
Resonances appeared as a by-product 7 Partlal-Wave Analyses at GW
[Bound states objects with definite quantum [ See Instinacions |
numbers, mass, lifetime, efc] 31,402 Plon-Nucleon [W = 1320 to 1930 MeV ]
Plon-Plon-Nucleon —= 241,214 evts
That is the strategy of the 5,267 Kaon-Nucleon
GW/VPI 7N PWA since 1987 Nucleon-Nucleon — 38162
27,265 ~—— Plon Photoproduction
Pion Electroproduction —= 113,900
9,086 | =—— Kamon Photoproduction
Eta Photoproduction —| 6,235
1,030 =——— Eta-Prime Pholoproduction
Plon-Deuteron (elastic) — 1,914
6,083 ~— Plon-Deuteron to Proton+Prolon

For n>2n,we use log-likelihood
while for the rest — least-squares
technologies.
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N* and A* States coupled to = N

[SAID: http://gwdac.phys.gwu.edu/]

e GW SAID N* program consists of TN>TIN === YN>7TN == Y'N>7IN | Center for Nuclear Studies
As was established by Dick Arndt on 1997. Data Analysis Center

CNS DAC Home

Assuming dominance of 2-hadronic channels
[N elastic & n-p>nn], we parameterize
Y*N->7N in terms of ©tN>7N amplitudes.

(<]

N’ Partial Wave Analyses at GUW
[ See Instructions |
Pion-Nucleon
Pi-Pi-N {under construction)
Kaon-Nucleon
Nucleon-Nucleon

Aap, Aip, Sin
GM! GE! GC

e One of the most convincing ways to study a non-strange baryon bion Elostronroduction
Spectroscopy [a key to our understanding of QCD] is tN PWA. Kaon Photoproduction

Eta Photoproduction

Eta-Prime Photoproduction
Pion-Deuteron {elastic)
Pion-Deuteron to Proton+Proton

Analyses From Other Sites

® Non-strange objects in the PDG Listings come mainly from: | Mainz map - Analyses)

L. . Nijmegen {Nudecn-Mudecn OnLine)
Karlsruhe-Helsinki, Carnegie-Mellon-Berkeley, GW, | Bonn-Gatchina rwa)

& BnGa now. Contact

® The main source of EM couplings is the GW & BnGa analyses) Wwiliam J. Briscoe
Ron L. Workman

Igor I. Strakovsky
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WwPDG

dﬂfﬂ

particle

group

GW SAID Contribution

1=1/2

Particle JF

Status of Non-strange Resonances

e More than half of states have poor evidence.
e Most of states need more work to do.

Status as seen in —

Nn No Nw

AK TK Np

A

N 12t
N(1440)1/2%
N(1520)3/2~
N(1535)1/27
N(1650) 172~
N(1675)5/2~
N(1680)5/2%
N(1685) 7
N(1700)3/2~
N(1710)1/2%
N(1720)3/2%
N(1860) 5/2F
N(1875)3/2~
N(1880) 1/2%
N(1895)1/2—
N(1900) 3/2%
N{1990) 7/2%
N{(2000) 5/2%
N(2040) 3/2F
N(2060) 5/2~
N(2100) 1/2F
N(2150) 3/2~
N(2190)7/27
N(2220)9/2F
N(2250)9/2~
N(2600) 112~
N(2700) 13/27
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e Most of QCD models predict more states than observed.
e Where are missing resonances?

!‘E!
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A(2420) 11/27
A(2730) 13/2

*EkE  EEEE

*% *%

|=3/2 Status as seen In —
Status
Particle J¥ overall #N N Nn No Nw AK TK Np Arw
A(1232) 3/2%  sexx 4esx 22k F
A(1600) 3/2F  wex sxe xex o * k=
A(L620) 1/27  #s#s  ###x  #x+ r FEE  FEE
A[LITON) 3/27  #s%s  *#s+  *+*+ b PUT
A(1750) 1/2F & * i
A(1900) 1/27  *= ** Lad d £ £k
A(1905) 527 sers gaer rrxe d EEE kE A
A(1910) 1/2F  ssxs  #xsx *x [ * * *%
A(1920) 327 wex wxs 4= 0 s 4
A(1930) 527 #ex =
A(1940) 3/27 = = ** F (seen in Axy)
A(1950) 7/2F  seks  #ess 42es o Ok kEE
A(2000) 5/2F = r .
A(2150) 1/2 + = b
A(2200) 7/27 SAID:
A(2300) 9/27 ¢ ands (b truction) to mi N*s with T <30 MeV
ﬂ['z:iﬁ'ﬂ] 5,"2_ enas (ny cons'ruc I:n O MISS narroyv S Wi e
A(2390) 7/2* ¢ Reveals only wide N*s, but not too wide [I" < 500 MeV]
A(2400) 9/2~ and possessing not too small BR [BR > 0.04]
)
)
)

A(2950) 15/2+

*% %
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Where We Are Now

e Some of the N* baryons [N(1675)D,5, for instance] have stronger EM
coupling to the neutron than to the proton but parameters are very

in.
uncertain PDG12: N(1675)5/2 ->py, helicity-1/2 ampl, A1/ +0.019103(b
Redi®%€l N(1675)5/2->ny , helicity-1/2 ampl, A1/2\<0.043+0.012

N(1675) 5/2 | 107) = 337) status. %5 @
SAID12 N(1675)5/2-->py , helicity-3/2 ampl, A3/@

N(1675)5/2-->ny , helicity-3/2 ampl, A3/22g0.05810.00

e PDG estimate for the A;,, & A;,, decay amplitudes of the N(1720)P,
state are consistent with zero, while the recent SAID determination gives
small but non-vanishing values.

IN(1720) 3 /2+| IUP) = 4(3F) Status: * %% @ N(1720)3/2*>py , helicity-1/2 ampl, A1/27=0.01 to 0.
N(1720)3/2*->py , helicity-3/2 ampl, A3/ >

e Other unresolved issues relate to the second P,;, N(1710)P,,, that are
not seen in the recent #N PWA, contrary to other PWAs used by the PD612.

N(1710) 1/2+ I(UP) = L(3+) Status: * *k [The latest GWU analysis (ARNDT 06) finds no evidence for this ]
resonance. HPDG

R. Arndt, Ya. Azimov, M. Polyakov, IS, & R. Workman, Phys Rev C 69, 035208 (2004) => N(1680) 1/2+

9/22/2013 PWA7 Workshop, Camogli, Italy, Sept. 2013 Igor Strakovsky 6
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IC. %C_l'm&m) forx N>z N & n p>nn

S S
Data Analysis Center [R. Arndt, W. Briscoe, IS, R. Workman, Phys Rev C 74, 045205 (2006)]
(o Energy dependent SPO6/WIO8 and associated SES )

e T = 0 - 2600 MeV [W = 1078 - 2460 MeV]

e 4-channel Chew-Mandelstam K-matrix parameterization [rN, =A, pN, nN]

e 3 mapping variables: g?/4r, a[rnp], Eth

e PWs = 30 2N {15 [I=1/2] + 15 [I=3/2]} + 4 nN [l < 9]
\* Prms = 99 [I=1/2] + 89 [I=3/2]

¢ 1st generation ('57—-'79)
Used by CMB79 and KH84 analyses:

10k *p each & 1.5k CXS. T p>n'p 13,354 27,136

17% data is polarized. npITPp 11,978 22,632 [0- 2600 MeV] = 10 data/MeV
e 2nd generation ('80-'06) n-p>7n 3,115 6,068

SAID fits:

13k n*p each, 3k CXS & 0.3k T-p->nn __Tp2nn 257 650 | =) | [550 — 800 MeV] > 1 data/MeV

25% data is polarized. ( DR) constraint 2,775 671 27 6'°' & 37 P data

Meson Factories [LAMPF, TRIUMF, & )\ =
PSI] are the main source of new M‘

measurements.
There is no discrimination against data
N
[ DRs have been derived

31 479 57 157 above 800 MeV - 0.03 data/MeV

¢ 3rd generation (07'+)
New data may come from

W¥  J-PARC, HADES, EPECUR, etc

%a 9/22/2013 PWA7 Workshop, Camogli, Italy, Sept. 2013 Igor Strakovsky 7§ @ :
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Single Pion Photoproduction

e An accurate evaluation of the EM couplings N*(A*)>yN from meson
photoproduction data remains a paramount task in hadron physics.

e Only with good data on both the proton and neutron targets, one can hope

to disentangle the isoscalar & isovector EM couplings of various N& A”
resonances, K.M. Watson, Phys Rev 95, 228 (1954); R.L. Walker, Phys Rev 182, 1729 (1969)

as well as the isospin properties of non-resonant background amplitudes.

e The lack of the yn>mp & yn>nn data does not allow us to be as confident
about the determination of neutron couplings relative to those of the*
protfon.

e The radiative decay width of neutral baryons may be extracted from
n~ & n° photoproduction off the neutron, which involves a bound neutron
target and needs the use of model-dependent nuclear (FSI) corrections.

A.B. Migdal, JETP 1, 2 (1955); K.M. Watson, Phys Rev 95, 228 (1954) )g\ :

" D) A%

i -
% 9/22/2013 PWA?7 Workshop, Camogli, Italy, Sept. 2013 Igor Strakovsky 9 ¥k




Center for Nuclear Studies
S S

:
é
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for Pion Photoproduction

[W. Chen et a/,Phys Rev C 86, 015206 (2012)]

Born [no free parameters to fit]

ntN-PWA [no theoretical input]

(e Energy dependent GB12 and associated SES

o E = 145 - 2700 MeV [W = 1080 - 2460 M

« PWs = 60 [E & M multipoles]

e Prms = 210

\’ Constraint: M = (Born + A)(1+iT ) + BT, + (C+iD)AMT - T n13)
Reaction Data (Dpol) i 200 -
>0 | 14,612 (3 %) | 32,449 — !
pp>wn | 8510 (5%) | 16,520 23422data 4 |
;> >wp | 3,068 (0%) | 6,396 ad
yn>7n 364 (0 %) 1,201
Total 26,554 56,566 0 's

e 1st generation — (‘60—90)
10k data [85% bremsstrahlung data.]
30% data is polarized.
[limited coverage, broad energy binning.]

e 2nd generation — ('90-'10) > SAID fits.
25k data [60% tagged data.]
30% data is polarized.
Dearth of neutron data.

¢ 3rd generation — ('10+)

New data will come from JLab, CB@MAMI-C,
SPring-8, CB-ELSA, MAX-lab, & LNS.

200

3,422 data

o ()

100

0

o

Much less known, 15%

140

”
9/22/2013
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Center for Nuclear Studies

| S .
Data Analysis Center

Recent SAID Progress in Pion

£U13:

included recent CLAS t°p & T'N X [M. Dugger et al, arXiv:1308.4028 [nucl-ex]

N

GB12/GZ12: included recent CLAS ©~p do/dQ  [W. Chen et al, Phys Rev C 86, 015206 (2012)]
cM12: CM parameterization for T, [R. Workman et al, Phys Rev C 86, 015202 (2012)]
SN11/SK11: included recent GRAALt p & nn X
LEPS 7% do/dQ2  [R. Workman et al, Phys Rev C 85, 025201 (2012)]
M = (Born + A)(1 +iT_,) + BT + (C + iD)(ImT_, - | T, |?)
SP09: included recent CLAS 1t*n dO'/dQ [M. Dugger et al, Phys Rev C 79, 065206 (2009)]

M = (Born + ag)(1 +iT ) + aT, + higher terms

o

J

Energy %*/Npata
Limit (MeV)
DU13 2700 2.23 27,2 e The overall SAID y2 has remained
GB12 2700 2.09 26,179 stable against the growing database,
cM12 2700 2.01 25,814 which has increased
by a factor of 2 since 1995.
SN11 2700 2.08 25,553
SP09 2700 2.05 24,912 e Most of this increase coming from
FAO6 3000 2.18 25,524 photon-tagging facilities.
SMO02 2000 2.01 17,571
SM95 2000 2.37 13,415
9/22/2013 PWA7 Workshop, Camogli, Italy, Sept. 2013
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World Neutral and Charged Pion®PR Data

Center for Nuclear Studies
Data Analysis Center [ : http://gwdac.phys.gwu.edu/]

Future exp activity will fill empty spots specifically for n-target.

T/

" HADES

(nmv)l

o The exus‘rmg yn>n-pdata contains
differential cross sections

f which are from polarized
measurements.)

PWA7 Workshop, Camogli, Italy, Sept. 2013 Igor Strakovsky 12
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yu>7 p Experiment

e The existing yn>n-p database contains mainly differential cross sections
of which are from polarized measurements.)

e Many of these are old bremsstrahlung measurements with limited angular
(6 = 40 - 1400) coverage and large energy binning (E, = 100 - 200 MeV.)
In several cases, the systematic uncertainties have not been given.

e At lower energies (E, < 700 MeV,) there are data sets for the inverse
T phOTOpr‘OdUCTiOH reaction: m p->yn. eg, CB@BNL: A. Shafi, et al, PRC70, 035204 (2004)
This process is free from complications associated with a deuteron target.

e However, the disadvantage of using ©-p>yn is the large background because of the
5 to 500 times larger cross section for n-p> n°n >yyn.

9/22/2013 PWA7 Workshop, Camogli, Italy, Sept. 2013 Igor Strakovsky 13
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TSIana[;/c/eﬂ;b/ = YA DT Y

[V. Tarasov, A. Kudryavtsev, W. Briscoe, H. Gao, IS, Phys Rev C 84, 035203 (2011)]

¢ FSI plays a critical role in the state-of-the-art analysis of yn>nN data.
e For yn>7-p the effect: 5% - 60%. It depends on (E,0).

=
@

Fermi motion of
nucleons included

\
\5 \\5

Input: SAID yN->zN, TN >%N, NN >NN
amplitudes for 3 leading terms.
DWEF: Bonn Potential.

)

= (o /dSy)/(d0""/dy)| B2 |S2m) = B2 (d)

9/22/2013 PWA7 Workshop, Camogli, Italy, Sept. 2013 Igor Strakovsky 15




v d > pp from DESY Bubble Chamber

[V. Tarasov, A. Kudryavisev, W. Briscoe, H. Gao, IS, Phys Rev C 84, 035203 (2011)]

. @ 4 E,=280 Mev
pion plane E
g
~
<
n_||||||||||||||||| n_||||||||||||||||| I!-"I"I"I"I"I"
. 0 30 60 o0 120 150 B0 QO 30 60 G0 12 150 0 0 30 60 M0 120 150 180
/ ‘,'K' — 3 a0 19’5
g E,=500 Me¥ | [ E,m780Mev [ E,=1050 MeV
g C
Mo T &
[ :
=
’\/\,\/\,\,\./
/ B No fit to the data -
= =
3
g
/\ 3
/ T~
&
3
g
™
]
o :'::+ NNy, ¢ DESY [Bubble Chamber data]:
. 1A+ (NNs-II-nN)fsi [P. Benz et al, Nucl Phys B65, 158 (1973)]
9/22/2013 PWA?7 Workshop, Camogli, Italy, Sept. 2013 Igor Strakovsky 16




FSIfory n >7 " p

[V. Tarasov, A. Kudryavtsev, W. Briscoe, H. Gao, IS, Phys Rev C 84, 035203 (2011)]

Rpsp = (do/dQuxp) /(do™" /dxy)

Cuts: CLAS data:
p, > 200 MeV/c E >1GeV
ps > 200 MeV/c 0 >32 deg

e There is no large sensitivity to cuts.

e Our estimation of the Glauber FSI
corrections gives the value of 5%.

e Previous estimations gave the
order of 15-30%.

p (2

5 9/22/2013

o

0.2
1)

0.6

P T T T AT 0.2

T~

E,=1000 MeV

e For CLAS data
e The FSI correction factor R< 1.
e The behavior is smooth vs. 6.
e The effect Ac/c < 10%.

P N T
30 &0 80 1I0 130 180

1

4]

0.8

0.4

E,=1500 MeV E,=2000 Mev

—CThere is a sizeable FSI effect \

from S-wave part of pp-FSI
at small angles.

e This region narrows as the

\ Ev increases. )

e b b b b 1 PRI TR P R
3 60 40 120 150 180 O 3 &) 90 120 130 180

E,=2500 MeV

—- [IA+NNg]/IA

_ [IA+ (NN+aN)]/ 1A

PWA7 Workshop, Camogli, Italy, Sept. 2013
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.getggon Lab C[,fleOT]//( > 7T ;ﬁ above 1 ge

[W. Chen et a/, Phys Rev C 86, 015206 (2012) ; Phys Rev Lett 103, 012301 (2009)]

e The new CLAS cross sections
have quadrupled the world
database for yn>np above
E, =1 6GeV.

Systematics:
Exp: 6-9%
FSI: 2-3%

’li'
3 'f ’
' 1500 WeV
T
A ~]
L]

1 1700 MeV

do/dil (ub/sr)

y2/dp = 45636/626 = 72.9 [SN11 - no fit]
y?/dp= 1580/626 = 2.5 [GB12—fit ]

\ = RN e CLAS data appear to have fewer
/7 / ;/ angular structures than the
h . earlier fits.
80 120 180 B0 120 180
6 (deg) SAID-GB12
SAID-SN11
0065 izo 160 80 120 180 MAIDO7

9/22/2013
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) MAMI-B for yn->r p around the A

MAINZER MIKROTRON [W.J. Briscoe et al, Phys Rev C 86, 065207 (2012)]
e MAMI-B data for yn>n-p (including FSI corrections) and /\2
previous hadronic data for t-p->ny appear to agree well. }g\
30 : .
20} * A SAID-PE12
- SAID-SN11
10¢ T 1 1 MAIDO7
E = E = 313 MeV E = 325 MeV 1 E = 337 MeV
a0 ——— 4 : 4 + : 4
~ .
QEHWMW
o'10} s ]
3 = 349 MeV E = 361 MeV E = 373 MeV 1 E = 385 MeV
20 ' : : - - '
c
T
%10-
= 307 MeV E = 409 MeV E = 420 MeV | E = 432 Mev
an i i I A
e , 60 120 180 60 120 180
8 (dep)
10 :
3 Data:

= 444 MeV . . e — MAMI-B for yn>7p
0 60 120 180 60 120 180 | A— CB@BNL for T-p->ny
A. Shafi, et al, Phys Rev C 70, 035204 (2004) £
o — TRIUMF, CERN, LBL, LAMPF for ©~p->ny

S 9/22/2013 PWA7 Workshop, Camogli, Italy, Sept. 2013 Igor Strakovsky 20
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Neutron Multipoles from SAID GB12

[W. Chen et a/, Phys Rev C 86, 015206 (2012)]

e Overall: the difference between MAID07 with BnGa13 and SAID GB12 is rather small but...

Resonances may be essentially different.

5 2 ; : 2 P — R
—~ 0 — b
E >N E 0 I
-5
G Si1 & 0
§3-10 A, =—58+ 6 [-51-93+11] 182
= =— + = L
Bt bap BRSO B PR Z | Ay, = 484 [54 43£12] ]
" 20 = i E_“T AN =
_ L |
1080 1530 1980 2430 7?080 1530 1980 243( - 1080 1530 1980 243 711}08‘0I 1530 1980 2430
. W (MeV) W (MeV) W (MeV) W (MeV)
t 7 I ] 2 T T T 05 T T 0.5 T LI A T
N L ReDlS ﬁ‘\f\:‘l_ﬁ—-;_:_—-\ 1 L — -~ -7 [ ReF15 'L'_L _ /./": ImFls
E T~ E = F 00 T e 7 2
~ s R EF 1% [ s 18 01r B P
w ~ N 1=
2 Dy; \ & 05 W __-- "
T A= —4616[ —77 —49% 8] \ 1w \ ~ B
& A/, = —115+5 [-154-113+12] \" T _10f - > A= 2614 28 3416]
H Ay, = —2912 [-38-4419] 1
. . 1 [ ]Ul ImD,, [ o | —_——i
— o R i i U RTINS S S S T S 1 P
e - B T
1080 1530 aevi o0 245 Toso 1530 1980 243 1080 1530 1980 24 1080 1530 1080 2430
(MeV) W (MeV) W (MeV) W (MeV)
. g . . SAID GB12
e Significant changes have occurred at high energies. SAID SN11
) ) i ) MAIDO7
e Comparisons to earlier SAID and fit from the Mainz BnGal3 MAIDO7: D. Drechsel, et al, Eur PhysJ A 34, 69 (2007)

L

and BnGal3 groups show that the new GB12
solution is much more satisfactory at higher energies.

9/22/2013

BnGal3: A. Anisovich et al, Eur PhysJ A 49, 67 (2013)

PWA7 Workshop, Camogli, Italy, Sept. 2013
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CLAS Data Impact for Neutron S =0« I = % Couplings

[W. Chen et a/, Phys Rev C 86, 015206 (2012)]

e BnGal3 and SAID GB12 used the same (almost) data to fit them
while BnGal3 has several new Ad Hoc resonances.

Hesonance N SAID ndy o | Hesonance N SAID ndy o ndy o
N(1535)1/2- Wg=1547 MeV  —5846 | N(1520)3/2- Wpg=1515MeV —4646 —11545 | GB12
6 g =188 MeV 6043 | g 414 .. =104 MeV 4742 —125+2 | SN11
11 Tpp/T=036  —03%11 13 [y /T=0.63  —40+8 —113+12 | BnGal3
/ — 46127 ~5040  —139411
/ N(1650)1/2- Wgr=1635 MeV N(1675)5/2 Wg=16T4 MeV
35 g r=115 MeV 2645 3551 p,_ D=7 MeV 4247 fi01L3
- 11 [y /T=1.00 25420 15 T /T=0.39  —607  —88x10
—15221 —434+12 58413
N(144011/2F Wg=1485 MeV 4844 | N({1680)5/2% Wg=1680 MaV
6 p,. I'=284 MeV 45+15 19 -3 =128 MeV - :
11 - F — —
e /T=0.79 43412 15 Tppy /T=0.70 3416 — 4419
40£10 20410 / /1335:9

e New (GB12) nA,,, & nA;,, couplings shown sometimes a significant /
deviation from our previous SAID determination (SN11) and PDG12
average values, e.g., for N(1650)1/2-, N(1675)5/2-, and N(1680)5/2*

e Fresh BnGal3 has some difference vs. GB12, PDG12, and the
relativized quark model, e.g., for N(1650)1/2-,N(1650)1/2-,and

+ |
N(1680)5/2". BnGal3: A. Anisovich et al, EPJA 49, 67 (201: g&==
9/22/2013 PWA?7 Workshop, Camogli, Italy, Sept. 2013 Igor Strakovsky 22 (§Kigl
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Status of Non-strange Resonances

Status as seen in —

Nn No Nw

AK TK Np

A

N 12t
N(1440)1/2%
N(1520)3/2~
N(1535)1/27
N(1650) 172~
N(1675)5/2~
N(1680)5/2%
N(1685) 7
N(1700)3/2~
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e More than half of states have poor evidence.

e Most of states need more work to do.

e Most of QCD models predict more states than observed.
e Where are missing resonances?
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resonance.

The latest GWU analysis (ARNDT 06) finds no evidence for this
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Summary for Neutron Couplings

e The differential cross section for the processes yn->n~p was extracted from new
CLAS and MAMI-B measurements accounting for Fermi motion effects in the IA
as well as NN- and nN-FSI effects beyond the IA.

Consequential calculations of the FSI corrections, as developed by the GW-ITEP
Collaboration, was applied.

e New cross sections departed significantly from our predictions, at the higher energies,
and greatly modified the fit result.

e New yn>7m-p and yn->n°n data will provide a critical constraint on the determination
of the multipoles and couplings of low-lying baryon resonances using the PWA and
coupled channel techniques.

e Polarized measurements [JLab, CB@MAMI, Spring-8, CB-ELSA...] will help to bring
more physics in. FSI corrections need to apply.
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Recent GRAAL 2 for V>N

[R. Di Salvo et a/, Eur Phys J A 42, 151 (2009)]

e The difference between previous Pion Prod and new GRAAL ® 216 GRAAL Zs
measurements may result in significant changes in the are 60% of the
neutron couplings. World n°n data
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Recent GRAAL P fa/‘ 77/1972_/0

[6. Mandaglio et a/, Phys Rev C 82, 045209 (2010)]

e Previous yn=>7~p measurements provided a better constraint vs. yn>7’n case.
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2-beam Asymmetry  FSI

[M.I. Levchuk et a/, Phys Rev C 74, 014004 (2006)]

Na Nz
25 - - - 30 - - - - 40 . . : . .
— ol * E=250MeV | | E=350MeV | 35! E =500 MeV | 7(9 ”W
2 154 T 201> | 25l ]
Rl 151 ‘ e FSI correction factor
10t ..
5 5l looks similar as for
ob— .. oLb— . oL .. % us, GW/ITEP.
0 30 60 90 120 150 180 0 30 60 90 120 150 180 0 30 60 90 120 150 180
07 [deg] 7" [deg] ;" [deg]
E1=250 MeV E1=350 MeV ET=500 MeV
00— 00— 00—
01} / 1 ool , ) 7l T /
m-02) § - 04| ] .
Y, 04l Y 7 _ e FSI correction factor
03} ] el -06¢ ‘
drops down vs. E,
0.4 -

g .. 0.6 .. . S
0O 30 60 90 120 150 180 0 30 60 90 120 150 180 0 30 60 90 120 150 180
0" [deg] e [deg] 0™ [deg]

& 9/22/2013 PWA7 Workshop, Camogli, Italy, Sept. 2013 lgor Strakovsky 29

p (2



%@y@ g

L 4

g% _
%@g 9/22/2013 PWA?7 Workshop, Camogli, Italy, Sept. 2013 Igor Strakovsky 30 §




Meson Production off the Deuteron at CB@MAMI

[Spokespersons: W.J. Briscoe and IS, MAMI-A2-02/12]

-

e We propose to perform a precision measurement of
do/dQ in the reactions yd->mpp and yd->n’np in the
tagged-photon energy region from threshold to 800 MeV .

,

e N

e The do/dQ for the processes yn=>n"p and yn->7n will
be extracted from these CB@MAMI-C measurements
accounting for Fermi motion effects in IA as well as NN-
and ntN-FSI effects beyond the IA.

e Data were taken in March 2013 and analysis in progress.

e Consequential calculations of the FSI corrections, as
developed by the GW-ITEP Collab, will be applied.
We have ©p FSI already while ©°n FSI in progress.

e New CB@MAMI data will provide a critical constraint on
the determination of the multipoles and couplings of
low-laying baryon resonances using the PWA techniques
developed by the SAID group.
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Watson’s Theorem as

Sample of FSI in 7N Rescattering

e Connection between scattering and decay processes provides a solid theoretical
ground for describing some hadronic effects — "Watson’s theorem.”

PHYSICAL REVIEW VOLUME 95, NUMBER 1 JULY l,

Some General Relations between the Photoproduction and Scattering of = Mesons

KenweTH M. WaTtson
Depariment of Physics, University of Wisconsin, Madison, Wisconsin
(Received February 19, 1954)

M. Gell-Mann & K.M. Watson, Ann Rev Nucl Sci 4, 219 (1954)

e For pion photoproduction, isospin amplitudes have to satisfy Watson’s theorem
below the 27n-threshold allowing for a smooth departure from constraint at
high energies.

atan(3—=') = 0,(nN)

e Above 27nt-threshold, the rule may still be true, if inelasticity of the corresponding
nN-elastic amplitude is small (as, eg, for P;.)
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Evaluation of PionPR,_Amplitudes below

27t-Threshold

e SAID uses TN PWA results as a constraint for analysis of PionPR data =—=) [seepg9]

e Most of PionPR analyses are doing the same and uses SAID TN outcome or its
modification as input.

e Let us evaluate several PionPR analyses such as SAID, MAID, , Giessen, & BnGa
and compare TN phases coming from ©tN and PionPR amplitudes on proton target.

e SAID database has all these amplitudes which came from authors or we used WebSites.

4 N ----- PionPR N
SAID R. Arndt, et al, PRC74, 045205(2006). R. Workman, et al, PC 2012.
Thresholds
MAID L. Tiator, et al, PC 2008. D. Drechsel, et al, EPJA34, 69(2007). React W(GeV) E (MeV)

B. Julia-Diaz, et al, PRC76, 065201(2007).  T. Sato, et al, PRC54, 2660(1996).
yp2>n% 1.073 144.7

Giessen V. shklyar, et al, PRC71, 055206 (2005). V. Shklyar, et al, PRC71, 055206 (2005). yp>mn 1.079 151.4
QnGa A. Sarantsev, et al, PC 2009. A. Anisovich, et al, EPJA48, 15(2012). /
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3/2 Isospin Amplitudes for E & M
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1/2 Isospin Amplitudes for E <& M
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3/2 & 1/2 Isospin Amplitudes for E & M
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Summary for Watson’s Theorem

for Proton Amplitudes

e Phases coming from N amplitudes of different analyses are consistent.

e Some phases coming from different PionPR analyses are consistent to
each other and phases coming from N amplitudes:

3/2 Isospin Amplitudes: EO+, E1+, & M1+.

e Some phases coming from different PionPR analyses are inconsistent to
each other and phases coming from TN amplitudes:

3/2 Isospin Amplitudes: M1—, E2—, M2—, E2+, & M2+,
1/2 Isospin Amplitudes: EO+, M1—, E1+, M1+, E2—, M2-, E2+, & M2+.

e Some phases coming from E & M multipoles are inconsistent to

each other and phases coming from TN amplitudes.
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