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General structure of the single-meson electro-production amplitude in c.m.s. of the
reaction is given by
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where ¢ is the momentum of the nucleon in the 7N channel and £ the momentum of the

/’L:172737

nucleon in the v/N channel calculated in the c.m.s. of the reaction. The o; are Pauli

matrices.
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The functions F; have the following angular dependence:
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Here L corresponds to the orbital angular momentum in the 7N system, P; (z), P/ (2)
are derivatives of Legendre polynomials z = (kq)/(|k||q)).



Electro-production of pseudoscalar mesons

e € T[+
A= w*JMw’ﬂ(kf)’yMu(ki)q%
p n
2 e’ 412 1 :
‘A| = J J* Q4 <2KMKV + Eg,w — 5(]“6];/ + Zh&‘ﬂyaﬁq(xK@)
do doy, a eflky| 1
-T I —
dedandQW dQW 272 E; Q2 1—¢
do, d d 1d d
dgw — dg: +er d?li + [ZSL(l —|—€)] ? d(gj cos®, + ¢ di)TWT cos 2P,
Ldory, 1 dorr
2er,(1 — 2 1 —
+ h|2ep(1-¢)] o +h(l—e)2 o

€i, ki € f, k r- momenta of the initial and final electrons (K = (k + k:f)) q and O are evaluated in the

lab. frame. h is the helicity of the incoming electron. Amaldi et a1 1979, Donnachie and Shaw 1978
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Electro-production of pseudoscalar mesons

let us introduce:

dm 1% 77
H/M/ — WZJ/“L Jg
]

then at ¢, = O:
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Dieter Drechsel and Lothar Tiator, J. Phys. G: Nucl. Part. Phys. 18 (1992) 449-497.



The photoproduction solution and electroproduction data at Q2 = —0.3 GeV?

do/dQ(T)+edo/dQ(L), pb/sr do/dQ(TT), pb/sr
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The fit of the d"T + eS2L d"L electroproduction data at Q> =

do/dQ(T)+edo/dQ(L), pb/sr
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The fit of the

15 do/dQ(TT), ub/sr
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The fit of the 42ZL electroproduction data at Q° = —0.3 and Q? = —0.5 GeV?
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The yn — m pand 7 p — yn amplitudes

The photoproduction amplitude in the c.m.s. of the reaction has a general form:
T * 70 ./ -
A'=w"Jwe, i=1,2

For a particular partial wave:

dotyn = 17p) =~ 42a8(py, . pu)
Ak n |5 (251 + 1)(2s2 + 1)
In the case of the two body final state:
1 dz 1 2|p|

—(2m)*d®(py, . ..pn) = ps(s)

> > P =15 s

and |p| is the momentum of the final particle in c.m.s. of the reaction.

One can rewrite the cross section in a more symmetrical form using the phase volume
of the initial particles p; (s).
1 4r dz

do(yn — 7 p) = ZWPi(S)p]‘"(S)?AQ
yn
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The description of the yn — 7 p reaction (from 7 p — ~yn reaction)
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A.Shafi et al., PRC 70, 035204 (2004) M.T.Tran et al., NPA 324, 301 (1979)
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do k2 do
- - — 2 yn
5\ TP ) =2

™ P

—(yn — 7" p)

The differential cross section can also written in the form:

do |Eny| * A A
T p— YN = 9
dZ( ) |]€7T_N‘ Z
h
where / 00 00 \
47 -1 0 O
W Ek 0 0 -1 0

\0 0 0 0

If z-axis is directed along photon momentum

d k H,.+ H
1 (5p - ) = 2o Ha o
dz ‘kﬂ'_N| 2



Analysis of the virtual photon production

A=Az Aldee) ©

Q2
where 5&/\) is polarization vector of vector particle. The amplitude squared can be
written as:
* * *(dec *( A dec H dec
A7 = Q4ZA (H) (A)( )A(d )A(H) (A) ()A( ) Q4ZPEXA)’ E\A/)
AN/ “—

where
ph) = A g*(A) ACHD (V) plee) _ (N) gx(dec) A(dec) *(A) — M\ 5*(A)

Helicity basis (in c.m.s. of the virtual photon)

1 1
(+1) .  — 1 (-1) . — s (0) _
e — —(0,-1,-4,0) Y = —_(0,+1,-i.0) ¢ 0,0,0, 1

See also article by Enrico Speranza, Miklos Zetenyi and Bengt Friman
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The decay of the vector particle into two fermions:
d —
AL ec) — u(k1)y,u(ks)

where u(k1) and u(k2) are bispinors of the final fermions, e.g. electron and positron.

A

L'u,/ = —Tr {’Yu(me —+ ]%1)’7,/(777,6 — kg)} = —4 (gW(mg + klkg) — kleQV — klyk2lul>

In the c.m.s. of the vector particle

Lw/ =4 (kl,uk21/ + kluk2u - 2g,ul/(m2 + |E‘2>>

k1 = (ko, |k|sinfcos ¢, |k|sinfsin ¢, |k|cosO) ko = (ko, —kz, —ky, —k)

poo = L., =8m2+4(=2k>+ 2|k|?) = 8m? + 4]k|> 2(1 — cos>0)
1 . .
o= 5 (Law + Lyy) = 8m? + 4(—ki — k, + 2|k]?) = 8m + 4]k|* (1 + cos0)

| .
(=Lgs —iLy.) = 4V2(kyk, + ikyk.) = 4|k|*> —= sin(26)e*

1
ﬂlo—ﬁ NG
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meoy (1 + cos®0) \@Sin 0 cos fe'? sin” fe2? \

|7€|2
p%ec = 4|k2 | /2sin 6 coshe~ Ikl'j 4+ 2(1 — cos?0) —+/2sin 0 cos fet?
\ sin” e 219 —1/2sin 6 cos fe =% |k|§ + (1 + cos?6) )

For unpolarized reaction p11 = p_1_1, p1—1 is real and p( is imaginary.

A? = 8m (,080) + 2,0(H)) + 4)k|? [2p00 )(1 — cos? 0) + 2p§1 )(1 + cos? 0)
+  2v/2[k|?sin(26) coscheplO M) 4 2sin? HRepg_)l cos(2¢)]

Taking into account three body final phase volume:

- 47

A0 wp—snete- _ 5 kyn « - 4m€ |A‘2dz dcos0.dP,
dg? kn—p 4mg?

If one integrate over electron angle:

4
N = (8777% T W2> [Poo) + 2:0<H)] =3 (2m? + ¢°) [P(()o) + 2,0<H)]
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For unnormilized density matrix elements:

H., +H
P11 = 2 pop = H,.
2
P10 = L [Re(—Hm — zHyz} = = [Re(—Hm) + ImHyz]
V2 V2
H o wa
pro1 = —= 9

For the electroproduction:

dor B ‘EWN| me—l—Hyy dor V;TN|

_ I _ N gy
dQW |k'y*N| 2 dQﬂ' kw*N‘
dorr _ |E7TN‘ Hyw — Hyy dorr _ V;TN| (—ReH )
dS, ‘k’fy*N’ 2 dS 2y |k’y*N|
dorr L2554 T H
N



It is more standard to fit the differential cross section and normilized matrix elements.

1 Hy + Hy, 1

P 9 Hew + Hyy + Hao | 2

3 1 |Re(—H,.)+ImH,,|
P10 = —
1 Hy,, — Hy,

3 1
A= S . + Hyy + Ho 2

>

where Y. is the beam asymmetry.
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~v NN interaction

Photon has quantum numbers .J©¢ = 1=~ proton 1/27. Then in S-wave two states
can be formed is 1/2~ and 3/2~. Then P-wave 1/27,3/2" and 1/27,3/2% 5/2%.

VASRD . v Lins X n) VASI VSVLLXg(TH—l)
&1...0n T W a1...0n x1...0n, o Q1...0lp, 9
Vartlt = yims X angba o VAT = X0 gk
~ n 3— 2 n+1
VA — ki X8 0 Z VST — ey XVt Z

Z = (PR — (K)*P,)

P, P,
0 (1) _ .1 _ 1. 1 vl
PP, kitkt
11 11 11 viy v vy
f}/lu — fyvgluy gl/,u T (gV,LL o P2 o kﬁ_ )
I —1 22
(n) _ E : 1 y(n—1) _2vL § : (n—2)
Xm.--un_ n2 kNiXﬂl---Hi—1Hi+1---Hn n2 gﬂiﬂjXm---m—lm+1---uj—luj+1---un
1=1 i, j=1
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For the positive states J = L. + 1/2 (L=n):

) — n 1.0 7701
Frt=M\P., FT=0 F3 =0
Fit =\, P Fr=_2ap  Fi_y
Fat =0 Fit=2apr  F3 =0
Fir=0 Fit=2pl  Fit=0
Fat =0 Fet =0 Fot =+4¢&, Py
Fit =0 Fet =0 Fot =—¢, P
where
0 —
A = 5——(k[|g])"x: if = i,f T Koi
2n+1(| 1a)" " xixs  Xig = /Mg + koi,f

Oy

o (R xixs
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Density matrix elements:

Npt = N (HE + HY) Fi(Q*) Fi(Q?)
%]

2Repi™) = Y (HY — HY) F(Q*)F;(Q?)
%]

(H) (H)

The matrix elements p;

i =Py (W? Q% zp,) where z = cos(O) is the angle

between initial pion and ~y-particle in c.m.s. of the reaction.
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Prediction for the density matrix elements 20,1 and 2Rep;_1 from 7~ p — v*n
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L Pyq, Ub/sr p, ,, Wb/sr (o,,,)
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The analysis of the simulated data (photoproduction and the case with a longitudinal

couplings)
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