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Reaction Theory: field theoretical approach
(Haberzettl, PRC56, 2041, '97)
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Reaction Theory: gauge invariance
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current conservation: k£, M*=0 (all external legs on-shell)




Reaction theory: gauge invariance (cont.’)
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Hadronic Driving Terms:

Dressed Nucleon Current:



Reaction theory: gauge invariance (cont.’)
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Hadronic Driving Terms:
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Electromagnetic Couplings to Driving Terms:
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(non-linear effects)

Dressed Nucleon Current:



Reaction Theory: approx. the interaction current
(Haberzettl, Nakayama, Krewald, PRC74, '06)
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gauge condition on M #:
k,M! =(1-UG)(~[F,Je, +[Fle; +[F,le,) - k UG(M!, + M} )

M ; = longitudinal part of M¥,
M¥, = longitudinal part of M¥,

Ansatz :
M! =(1-UGM" -UG(M!, + M\ )+ T"
kuMﬁ‘ =—[F e, +[F, le, +[F,le,

unconstrained transverse
& | contact current (k, T"=0)




Reaction Theory: approx. the interaction current
(cont.’)

Interaction current:

uo_ pqu u u u
M. =M+ XGIM +M, +M]
= M +T" + XG|M! + M}y + T"]
MH¥ ; = transverse part of M*
M, = transverse part of M",
dressed NNy vertex:
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"= +m.,G[Ft]+ [Fbmr]G(Mf + M + MfZ)
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Reaction Theory: approx. the interaction current

choosing the contact current M * :

M7 =T, (@C" + T, f,

(cont.’)
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F=1-h(1=8f)1=8f)1=8Ff), h=rfree parameter

Genuine contact current
Crossing symmetry

fransverse contact current 7% :
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simplest choice:
aj

— a=constant (set to zero
T kg in actual Ty =

Davidson-Workman (PRC63, 025210)
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T = —a"k, = — (Y k= k),
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Reaction Theory: approx. the interaction current
(cont.’)

Another choice for the transverse contact current 7% :

T" = -UGIM" + M"] — > M" =M"

nt

M =M +M'+M"+M

!

accounts effectively for the FSI

(suited for study of photoproduction
processes where no FSI’s are readily
available: [n’, ¢, ...])



Reaction theory: using the Jiilich hadronic model

Juelich Hadronic Model (TOPT):

1

T(P ,ps) = V(B . s)+ [ dp" V(B ,p"Ws) —T(p", pis)
\f—Ep,.—a)p..ﬂn
Converting to a covariant 3-D reduction like equation:
1 -
T . piNs) = V(P . pivls) + D''ss T(p", ps
(P PVs) =V(p'.p >IQ)2 V(BB ) e CRA0

| T T — 3 Ep =t &
| V(p',pls) = (2m) w/#/zwp.vuo ,p,«En/#/zwp
T T _ 3 | - &
| T(p,ps) = (2) W/pr/zwpﬂp ,p,«En/#/za)},

Similarly, make the 3-D reduction of the covariant photoproduction equation.

(minimal relativity)




Results: y+ p =+ n
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Data: CLAS (2009), MAMI (2004), GRAAL (2000), SAID



Results: y+p —a°+ p
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Results: y+n—a +p

do/dQ (yn —> n'p) (ub/sr)
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Results: y+ N —=a+ N

c (mb)
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Generalized Contact Current: NN — yNN

(Nakayama, Haberzettl, PRCS8O(R),’10)

NN — NN scattering: 7T =V + VGT

. four- and five-poin
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Photoproduction: analytic continuation

Analytic continuation : M* (\/E ) —=M"(2) , z=complex energy
1

( . 1) _
1st sheet: GV (z2) = .
( ) o EA'I o EB + Le —(qon if Im Gon < 0

| Gon = { ﬂ
Jon else
. 2’/\"i (]> o‘_n Eon
2nd sheet: G (z) =GV (z)+ on M LB
\ g \:/ D
discontinuity ot G
along the right hand cut

In each partial-wave state:

M=eM" =¢ [M+M,+M;+M]]+XG[M,; +M;]e,

terms contributing to a_;:

1
M" =¢ M"* =T* |03
M. (Z)z—m—Z(z)g“ (2)

Laurent expansion :

M(z) = 4 +a,+(z-z,)a, + .. B
z-2, M™ = X(2)G(2)[M ) (2) + M}z (2)]e,,




Photoproduction:

In the second Riemann sheet:

" =I"()

I(2)

Z—m - 2(2)() M

* = [XP(GP@IMY () + M (2,

For two resonances case:

. -1
MP = 19O () (D‘z)(z)) eul™(2)

. . s TH
re® — (re® ra@), S (““?i)
Eul o

extraction of the residues

P NP
a,=a_ +a.,

a’ =T"%(z)

1-[d/dz=*]._.

a’, 1 = fa 1(h)G(2)(Z M, (z,)+ M (z,)]e

half- off shell hadronic residue

J7(z,)

det D(2) (
d/dz det D(2)
= lim {(F‘ll(z),l_‘g(z)

Z—Zog

zZ—ma — 222 221
X
Y12 z—my — X1

1

A = []_"0(2) D(?-)) 1]

Z—Z0i

£ [(z —m1 —B11)(z —mg — Ep) —
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Photoproduction: resonance & background

Hadronic Scattering:

T=TF+T5

TR_Z A—1r _Zga(h)

TSC =T _T*

c(h)

~

Overall phase of g™ is fixed by choosing the
real part of the N coupling to be positive

Photoproduction:

M = “l“‘[# — A[R + A“'[BG

d-1r  _ a(h) e(7)
=2 s, m f_wgr

MBG = M — ME

P11 nN -

-> N

Ret

e — |

| .
04 "\T /

The usual decompositon,
T=TP + TN’ is arbitrary
and T’&TNP maybe highly
model dependent!

Suggestion: compare TBC & TR

1200 1400
W [MeV]

1600

1200 1400
W [MeV]

1o and not TNP & TP




Photoproduction: poles & residues (couplings)

Effective electromagnetic couplings ¢” in helicity basis.

The first and second lines for each isospin 1/2 resonance
correspond to the results for proton and neutron, respectively.

Pole position [MeV] 91/ [MeV1/2] 93/ [MeV1/2]
Ps3(1232) 1217 — 45i 0.42 — 0.11i 4.95 + 1.53i
Py1(1440) 1385 — 721 —0.07 — 0.261
—-0.92 4+ 0.081
D13(1520) 1503 — 471 —3.55 4+ 2.14i 2.80 — 1.34i
1.99 — 1.84i —4.00 + 1.681
S11(1535) 1520 — 641 —1.52 4+ 1.871
4.05 — 2011
Sa1(1620) 1592 — 37i —0.43 — 0.19i
S11(1650) 1666 — 70i 3.31 + 2.67i
—1.22 — 2.501
D33(1700) 1638 — 1221 0.37 — 8.981 —3.91 4+ 0.811
Py3(1720) 1665 — 1011 0.11 — 5.41i 0.54 + 1.55i
—0.51 + 2.71i 0.28 — 3.231

Ps1(1910) 1833 — 1101 59.29 — 31.111




do/dQ(y + p — xt¥ + p):

comparison with EBAC (PRC77,°08)

do/dQ (yp —> n'p) (ub/sr)
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2(y+p— 7+ p): comparison with EBAC (PRC77,'08)

Julich-UGA EBAC
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do/dQ(y + p — " + n): comparison with EBAC (PRC77,08)

Jiilich-UGA EBAC
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2(Y+p— " +n): comparison with EBAC (PRC77,08)

Jiulich-UGA EBAC
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