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One-pion production

E.Christy, Nulnt04 —‘
Yy ” | +

g 0s |- *_LI‘]_ b
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% 06 Quasi-elastic . ¥

N, p* o |
Threshold energy 0.3 GeV e T
elasticity

R Mg, GeV I‘R(tot)a GeV FR(R - 7T]\[)/FR(tot)
P33(1232) (AT, AT AY A7) 1.232 0.114 0.995
P11(1440)(P1+1, PP)) 1.440 0.350(250 — 450) 0.6(0.6 — 0.7)
D13(1520)(Df3, DY,) 1.520 0.125(110 — 135) 0.5(0.5 — 0.6)
S11(1535)(Sf1, S9)) 1.535 0.150(100 — 250) 0.4(0.35 — 0.55)
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One-pion production

electroproduction

neutrinoproduction (ANL)
Krusche, Schadmand,

Radecky et al. PR D25 (1982)

Progr. Part. Nucl. Phys. 51 (2003) > 150 —— 11—
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i neutrinoproduction (BNL)
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Rein—Sehgal model am. prys. 123 106y

-

based on relativistic quark model Feynman, Kislinger, Ravndal, PR D3 (1971),

complete set of formulas for cross sections, including pion angular

distributions
difficulty: not clear, what is the way to modify and "fine tune” it

recent updates from K.kuzmin et al (Dubna), K.Hagiwara et al (KEK) (including
effects from non-zero mass of the outgoing leptons), investigation of

duality K.Graczyk et al (Wroclaw)
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/A\—resonance

-

Adler model Adier, Ann. Phys. 50 (1968) , based on multipole expansion

® isobar model introduces A — N transition form factors Alvright,Liu, PRL 13,14

(1964); Llewellin Smith, Phys. Rep. 3 (1972), also earlier articles on

electroproduction in these notation

(AlYINY =98 | =2 (4™ — )+ = (a- g™ — @ pY) +—2(q- '™ — P | vsui
my my; mN
CA CA CA
+o 0 | 22 (40 — )+ =2 (q g™ — PpY) + CLPN + =S —5-a*q" | ue)
myn ™M MmN

® complete set of formulas for cross sections, including pion angular

distributions schreiner, von Hippel, Nucl Phys B58 (1973)
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Vector A — N form factors

Paschos, Sakuda, Yu, PR D69 (2004)

3 ——————————————————————
m% o Galster et al,
magnetic dipole dominance predicted by % = L TSom
quark model CV — mWNC?‘)/’ CE‘)/ _ O %U 2 d--.._";}'._‘.‘ ..... 1():g3v(0)=2.1
215 R
comparison with electroproduction cross sec- N% | } "‘.:;::‘
o ok
tion (1968 - 1971) CY (0) = 2.05 & 0.04 =05
= s T
R TR EL L prooonoT gt
1.1 1.15 1.2 1.25 1.3 1.35
W(GeV)
. - Cy(0) 1
FF fall down with Q2 faster than dipole 0z (PSY parametrization)
Dy 1+

— Q% \2 oo
Dy =(1+ )2, My = 0.84 GeV

My, 2

other parametrizations are possible, but describe qualitatively the same behaviour
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Axial A — NN form factors

- A . N

PCAC iAfgH [054 - %(f] uN,= —i éq?jfng Afgaghun.

I'(A — 7N) = g4 - kinematics

Comparison with neutrinoproduction cross
Paschos, Sakuda, Yu, PR D69 (2004)

section Cit = —C&t/4, C4 =0 S
[ W+p+m
120 e bnl
As Q? increases, axial form factors also fall 0 i

xR
=]
T

down steeper than dipole.

CA 2
C3H(Q) = 572 - gy PSV)

2
Dy = (1 + Aj?;) with M 4 ~ 1.05 GeV

EVENTS/(0.05 GeV?)
5 2
T

o]
]
T

; R+
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0 025 05 075 1 125 15 175 2 225
2 2
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other parametrizations are possible, but de-

scribe qualitatively the same behaviour
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Nuclear corrections

-

there are several models, which are mainly for QE scattering and A—production; use

are important for nuclear targets

the isobar parametrization of the A — N vertex (within magnetic dominance

approximation) or the Rein—Sehgal model as input

|
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fWhy to try another approach, different from Schreiner—von Hippel formula?

©

©

-

not clear, how to extend this approach for other resonances

difficulty: the mass of the outgoing lepton was neglected; not clear,

how to include it in calculations

? beauty: one cannot easily see, for example, that vector contribution

vanishes for Q2 — 0

|
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Statement of problem

-

To develop an approach to the resonance cross sections

® Dbased on the isobar model and uses vector and axial form factors

® formulas for cross sections are as simple as possible; complete set of

formulas can be presented in one paper

® to compare results with Schreiner—von Hippel cross section

numerically and analytically for a simple case (Q? — 0, I'a — 0);

® to calculate cross sections (= to express via form factors) for the

second resonance region

® to use some "reasonable” form factors and to estimate cross sections

for different neutrino energies

o |
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Cross section via structure functions

Formulas from Paschos, O.L., PRD 71 (2005) give the cross section in a form close to DIS and
include the terms with nonzero mass of the outgoing lepton (muon). The cross section in

this form is the same for all the resonances

do G* W W 1
dQ2dW  4n cos” e {Wl(QQ +m) m—?j 2(pk) (pk') — Smin (@7 +mi)} +
2
25 [Q20k) — )@+ )| + Dot (L 2T0 _gﬁmu(pk)}
mN N mN

and the hadronic structure functions are defined as usual

WHY = —ghv Wy + php? D2 jervodrp gy W3 + qF‘ v+ Ws (prg¥ + p¥gt)
my; 2m N
The functional dependence of the structure functlons on the form factors vary with

resonance.

$ W, W, W3 give main contribution; W; in terms of C; are given in our paper
® s describe the vector-axial interference

» W, Ws contribute to the Xsec proportional to the lepton mass

.
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-

Structure functions

1

Wi(QZJ D) = m_NVi(QzJ V)R(W’ MR)

(81 )2 (82 )2

Vv, =

[2(pg)*

Q*[(pq + m}, + myMg)] +

+ Q*(m% = myMg — q - p)]

818
+ = 32 20°[(pg) (Mg = my) + myQ?]

+ (g1)*(m3} = myMg + q - p) (4.25)

V2 = 2m2 |:(g )2 Q4

(87)° )2
w w?

0%+ ( A)z} (4.26)

g1g1

v, = 4m [ 0+ ng(MR mN)} @27)

OL, Paschos, Piranishvili, PRD74 (2006) 014009

These are the formulas for the spin-

1/2 resonances

+ signs here correspond to /1 and

S'11 resonances, respectively

Formulas for spin-3/2 resonances

are more cumbersome

|
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Cross section for v,p — p~ A" — p pr”

RN T T T T T
w
Hm

o fn) 5639 ANL casé(Z)
S 120 || T

> 100 |1 | % 6e39 |

o o

S ©  4e-39

s ©0 ©

Ny S

% 40 ¢ o 239

o 20 +

©
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Q2% GeV? Q? GeV?
(E,) ~ 1 GeV (E,) ~ 1 GeV
1.2e-38 |, ‘ " SKATwvp —e— |
A

N 1e38 | | C£(0 1

2 case (1): C?(QQ) — 29 (0) : 5
2 8e-39 [ 1 D 4 1+ Q@

E \

N; 6e-39 | }% 3M 42
5 A

= 4e-39 + A 2 C (O) 1

S case (2): Ci(Q?) = =2 : 5

2e-39 | Da 14+ 2Q
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Paschos, OL PRD 71 (2005) 074003

L(E,,) ~ 7 Gev | . J
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Cross section for v,p — p~ A" — p pr”

-

1e-38 |

d o/ dQ?, cm?GeV?

2e-39 ¢

8e-39 | !
6e-39 | |

4e-39 r

case(l)

FNAL-15ft vp o

Q?, GeV?

E, ~ 15— 40 GeV

140

daol/ sz, events/0.1 GeV?

120
100
80 | l“; ]
60| -
40 |
20 |

" BEBC-86 vp

1.1<W<1.4 (GeV)

case(l)

case(2) 222

0 05 1 15 2 25 3 35
Q?, GeV?

(E,) ~ 54 GeV

4

1e-38 |

d o/ dQ?, cm?GeV?

2e-39 r

The low Q2 region still to be determined and understood precisely.

Factors, which decrease the cross section are: 1) Pauli blocking Paschos, Sakuda, Yu PRD 69

(2004) 014013 2) muon mass effects Paschos, O.L., PRD 71 (2005) 074003

For the do /dQ? lepton mass effects are noticable at low Q2 for small neutrino energies.

8e-39 | |

6e-39 |

4e-39

case(2\)\\**~\m,

BEBC-90vp —=— |
1.1<W<1.4 (GeV)

0 05 1 15 2 25 3 35

|
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T-production: v.p — 7 ATT — 77 pw"

Taking into account nonzero mass if the final lepton reduces the cross section in two ways:
1) due to the kinematical restrictions on the phase space available

2) due to the "small” structure functions YV, and W5

6e-39 W4, W5 and phase space —=" | W, W and phsp
phase space-ofily - P phsp only -
5e-39 ¢ W4, W5-from DIS -+ - 5e-40 [ W, W, from DIS and phsp 1
-~ (o] i \
> P
(0]
4e-39 o 4e40
= 3e39 © 3e40 7
=1 ‘©
2e-39 g 2e-40
©
1e-39 le-40
12 | ! ! 0 i | . ) Stiaal
4 6 8 10 12 0 1 2 3 4 5
E, GeV Q?, GeV?

red line: both effects are taken into account
green line: only the reduction of the phase space is taken into account; (W4 = W5 = 0)
blue line: structure functions in the DIS limit: W, = 0, W5 = W5 /2x
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What are "reasonable” form factors

fThe approach based on multipole expansion was further developed for electroproduction —‘
reactions, the results of resonance analysis are presented in the form of multipole
amplitudes or helicity amplitudes
For Ps3(1232) the magnetic dipole dominance is used in all neutrinoproduction
calculations, which appears to be a good approximation at low Q?
2001: unambigious evidences from JLAB for the contribution of the electric £2 ~ —2.5%,

of scalar multipoles S2 ~ —5%.
Idea to extract the form factors from the helicity amplitudes OL, Paschos, Piranishvilli, PRD74;

thus all multipoles are taken into account

o |
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Helicity amplitudes for Ps3(1232)

‘ Helicity amplitudes evaluated from the electroproduction data on proton at W = M i Tiator et al., EPJA 19 \
(2004);  Burkert, Li, IJMP 13 (2004);  Aznauryan (talk at NStar 2005) The relations to C,L.V are calculated by
our group at arbitrary Q2 and W

A3/2 - mN(@?QeTm?\rﬂR’—'_%Jem '€(R>|N’+%> -
- (em) (em) (em)
. g Cq C4 N2 Cs
— Np/0+MR [ g (my + MR) + mZ (myv — Q%) + mZ le/:|
_ Tlem R 4
A1/2 — mN(WQ—m?V) <R ‘|‘ ‘Jem 6( )‘N >
/ 41 C(em) mpy (.10 cie™) 2 oL
_ 0T (mN+MR_2MR(p —|—MR))—|— 5 (mNV—Q)+ m%\
S — Ra""_ Jem -+ € N,"‘— =
v \/mN<W2 R V@ )
N (em) (em) (em)
2N 71° Cs Cy 2, s
V. 3 Mg(p'°+Mpg) { ~ Mr+ =2 m2; mz WO m?, my (my + >]

. T&em /70
LN_ mN(W2—m%V)2mN(p +MR) \
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Beyond the magnetic dominance

-

Magnetic dominance for low Q?: A3 /5 ~ V344 /5

QCD asymptotics for Q2 — co: QCD asymptotics for Q2 — oo:
1 1 1 oV~ oVe~ZL V< L
A3/2 ~J @’ A1/2 ~J @’ 51/2 ~J @ 3 Q6 4 QS 5 ~ QS

+ logarithmic corections to be updated !

10— _ C14+QF/AME
A .
I\ TR A A A A A A A e | -1 56 D
“.'> Or - ] CX — 2 / V2 29
® -50 | - P e
: : ] —0.83/D
= -100 ¢ .,.A,.."'. ¢ l - Cg/ — 1 5 / ]\‘;2 )
»n -150 ¢ .,,l"- ) () (n)
& [ : ] VvV _ p) __ n
< 200 | . (p) ; i =0 =0,
py S Asr2 o !
S 250y Allz(p) " For Q2 < 3 GeV? these form fac-
Sy - . . .
-300 i ————rr———————— tors coincide with the "magnetic dom-
0 0.5 1 1.5 2 2.5 3
Q? inance” values with 4% accuracy

helicity amplitudes at W = Mpq939,
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.

D15(1520): JP =3/27,1 =1/2

The formulas for this resonance are similar to that for P33 with the 5
changing the place: the are 3 independent vector form factors and

3 independent axial form factors

cy cV
(D13|VY|N) = Y [ (49™ — )+ =5 (q-pg™ — ¢*p")
my m3,
CV
+—3(q-p'g™ — ') | ww
My
_ | c4 cA ors
(D13 AY|N) = 9y [—B(ég“—qu”)Jr —5(a-pg™ =P + C5'0™ + —-q’q ]mw(
mnN U, My
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D13(1520): Vector form factors

QCD asymptotics for Q2 — oo:
Az~ g5y Arja~ gs, Sip~ g

200 [
. Asgy ]
< 150 | S ) R
> 1/2
o Lo
O 100 [ -
? L m
S s0p
o ! - e
(/)H O _ ............... A _______ A ________ E __________ E ........ N :::.%::.—.—. .......
§| 50 ‘_ A‘ .................................. P o L
< e ¢
&
£ 100§ |
-150 I T R T T S TN T ]
0 05 1 15 2 25 3 35 4
2
Q

Helicity amplitudes for proton for W = M p1590,
Data points from Aznauryan, talk at NStar 2005

are shown, updated points are coming ...

QCD asymptotics for Q2 — oo:

CS ~ C’4 ~ &7 05 ~ é
to be updated !

3T 14Q2%/8MZ

(p) _ _ —1.17/Dy

1
Qv

4 (14+Q2/17M2 )"’
(p) _ _ —0.49/Dy
g (1+Q2/37M2)"

S 14Q2%/8M3

(n) _ 0.46 /Dy

4 (1+Q2/17M‘2/)2’
(n) — —0.18/DV
g (1+Q2/37M2)"

where Dy = (1 + Q?/M3)?, M7 =
0.71 GeV?

oot |
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D13(1520): Axial form factors
- o -

C
From PCAC C£(Q?%) = m3, —5 iLQan C(D13) [9wNRfD13 = —

NO model for other axial form factors

The @ dependence cannot be determined from experiment because of the lack of the
data.

Instead, we consider two cases: (i) “fast fall-off”, in which the Q2 dependence is choosen
the same as for the P33 resonance, and (ii) “slow fall-off”, in which the Q2 dependence is

flatter and is taken to be the same as for the vector form factors for each resonace.

D13(1520) : CA = 14_2@12//211‘\‘4% (“fast fall-off”)

A I 21/DA 11 7
Ct = 70?802 (“slow fall-off”) .
with the axial mass common for all the resonances M 4 = 1.05 GeV

We take for simplicity C4'(Q?) = 0, C1(Q?) = 0.

o |
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Py1(1440), J¥ = L7 and S1,(1535), J© = 1
|fFor the spin-1/2 resonances all formulas are simpler _‘
14 =] gV 14 v gV - VP
(P11 JY|IN) = u(p') [(mN J:MR)QjQQV + 4q") + mNjMRw a
—g1'7" 5 — i—?’Nq”%] u(p),
where 0¥? = L[y¥ ],
v — ! g}/ 2 v ;/ 1%
(S11|J”|N) ZU(p)[(mN+MR) (@' + 49" )vs + e ?qp7s
A_v 9554 v
917" — =—¢q ]u(p),
mn
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S11(1535): Vector form factors

QCD asymptotics for Q2 — oo:

1 1
A1/2 ~ 03 51/2 S 0%
+logarithmic corrections

120

100 ;
60 r

Agjp Syjpr 107 GeV 2

-40

Helicity amplit. for proton for W = Mg1535

40
20 |
0
-20 +

| S
$a% 2] ©
[ .. ® 4] ©
O T o . 1/2 T
K [1] L
& 2] @
B R
. LA A
e
L
V4
1 A 1 1 1
0 1 2 3 5
QZ

[1] Tiator et al., EPJA 19 (2004);
[2] Burkert, Li, IJIMP 13 (2004);

[3] Aznauryan (talk at NStar 2005)
[4] Armstrong et al., PRD 60 (2000)

-

QCD asymptotics for Q2 — oo:

(em) = 1
91 05 92 ~ Q8
to be updated!

(p) _ 1.87/D Q2
9 = 15z 1aE [1 +7.07In (1 T Tqe

(p) 0.64/D Q
92" = Q[T [1 100 (1 e

neutron: ¢! = —g») — neglecting
iIsoscalar contribution (makes sense within
the accuracy of the data available)

N s [

<o.1ﬁ < 5
L i .
B ?1 ° }

0.05 ¢ o o

. I
© S,,(1535) —0.11- S°4(1535)

0 Loy ! ! [
0 2 4 0 1 2
Q*(GeV?) Q*(GeV?)

Burkert, Li, IIMP 13 (2004)
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P11(1440): Vector form factors

o N

QCD asymptotics for Q? — oo: QCD asymptotics for Q% — oo:
1 1 em 1 1

Al/QN@, S1/2~@ g§ )N@7 ggmfi@,

80 s A1
A "6 4 0 S to be updated!
a.> 40 | y;i e o o @i (p) 2-2/DV |: ( Q2
(& A 4 Sypp qg = 1+097In( 1+
m: 20 | g ol ? © ! 1+ Q2%/1.2M32 1 Ge\g
= 0F o e M A —0.76/D

& 20_;@ O A AT S ] gép): /Dy 2[1—2.811@(14— Q1

A oo (14 Q2%/40M32) 1 Ge
<; -40 ' 1

-60 I—

-80 : - : : :

0 1 2 3 4 5 6 neutron: g§”> — —ggp) — neglecting
Q° . i .
Helicity amplit. for proton, W = M p1440 isoscalar contribution (which makes sense
[1] Tiator et al., EPJA 19 (2004); within the accuracy of the data available)
[2] Burkert, Li, IIMP 13 (2004);
CV . C(n) o C(p)

[3] Aznauryan (talk at NStar 2005) T T )

o |
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Axial form factors

o N

Axial form factors are related by PCAC to the strong m/N R couplings gp11 and gg11,

which in turn are determined from the elastic resonance width

M +mN) 2 gpi1fn
P (1440) : A (Q?) = "N (MR g 40)=—4/= = —0.51
11 ( ) 93 (QY) Q2 + m2 1(@%), g1 (0) 3 Mp + my

Mgr —mp) 2 gsiifw
511(1535) . gA(02) = "™NWMR=MN) 402y gy~ /)2 =-021
11 ( ) 95 (Q7) Q2 + m2 91:(Q%), 91 (0) 3Mr —mp

The Q2 dependence for gf‘ is not known, so we again consider “fast fall-off” and “slow

fall-off” cases:

Pi1(1440) . ¢(Q?) = 110 (521 //??MQ (“fast fall-off”)
91 (Q%) = 5 ;gg}igw (“slow fall-off") ,
S11(1535):  ¢M(Q?) = 1;0 521 //3DM2 ("fast fall-off")
| 91 (Q%) = 5 ;2;%2;‘42 1 +7.2In (1 + é?:\ﬂ)] ("s@ﬂ-'
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do/d W, 1038cm?/Gev

Neutrinoproduction at different £,

=
o
T

05 r

do/d W, events/(0.04 GeV)

0 1 1 1 1
1 1.1 1.2 1.3 1.4 15 1.6

W, GeV

70

60
50
40
30
20

10

-

"BEBC: vn->W R ¢
‘ E,=54 GeV
*
1 1.2 1.4 16 1.8 2

W, GeV

At £, < 1 GeV the second resonance region is negligible in neutrino scattering. It

will not be seen in K2ZK and MiniBOONE.

At F, ~ 50 GeV the two peaks are clearly seen. However, BEBC experiment Allasia

et al, NPB 343 (1990) 285 didn’t resolve them.

|
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vn — RT — pn¥,vn — RT — nn™
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3V [ ]
e i
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5 04t
for 777 channel our curve is a little low than 2 03l ]
: : : N S W<2.0 GeV
experimental points: either contributions from 2 02}
higher resonances or a smooth isospin-1/2 in- 0.1} W16 GeV
o I I I
coherent background, for example 0 2 4 6
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Adler sum rule

f[ﬂﬁm}a [9§3E)}2+ [953]3)}2 O+ [dv [Wy™(Q?,v) — W3P(Q%v)| = ﬂ

Adler sum Rule is satisfied with a 10% accuracy

.

25 —mm—mMmmmMm
~—
- Il BN DIS
x
£ 1r
5 0.5 QE
=
05 & RES
[ S S S T R
0 0.5 1 1.5 2
2 2
Q°, GeV

)
4mN

|
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Duality for electron scattering: FQBN

. . o 21 .
The use of the Nachtman scaling variable £ = TF(1da2m2, JQ2)1/2 includes some of
the target mass corrections

As (Q? increases, the resonance curves should slide along the DIS curve

15

GRV ——
CTEQ
MRST
3 -3 S
vale_nge..----»:-:_‘jf_'.'.'-'—':—"-'-—"'"'
" total
LN I L 05 L I I
0 0.2 0.4 0.6 0.8 1 0 0.5 1 1.5 2
1 Q?, GeV?
OL, E.A. Paschos, W. Melnitchouk, hep-ph/0608058 £f N (res) 2
- NG — el dg FEN Y (6,Q%)
Similar results for P33(1232) are in Matsui, 2 — 3 N (LT )
33( ) ul fﬁif de¢ F2€ ( )(€,Q2)

Sato, Lee, PRC 72 (2005) 025204 & =W = 1.6 GeV, Q?),

L £ =&(W =1.1GeV, Q?) J
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Duality neutrino Charge Current reaction

‘ OL, E.A. Paschos, W. Melnitchouk, hep-ph/0608058 \

Duality does NOT work for protons and neutrons separately

3.5

3t VR :
j i ] Resonances:
S 25 | ] vp vn
S z Firps)>Fi(rEs)
- 20 A ]
= i :
15 o .
> - z
- N § DIS:
05 | . ]
; | Fiprs)y<Fi(b1s)
ol _
0 1

L |

Olga Lalakulich, Fermilab, 5 Sep 2006 -pauss



-

Duality for CC neutrino scattering: FQVN

h GRV ——
2 | 0.2 CTEQ --mmnn |

fo5

- 1 | valence
0.5
0 | \, T 1
0 0.2 0.4 0.6 0.8 1
3

OL, E.A. Paschos, W. Melnitchouk, hep-ph/0608058

Similar results for P33(1232) are in Matsui,

Sato, Lee, PRC 72 (2005) 025204
Analysis for Rein—Sehgal model is in

Graczyk, Juszczak, Sobczyk, hep-ph/0512015

-

1.6
1.4 t CTEQ -

1.2 1 \valence

0.2 |
0 1 1 !
0 0.5 1 15 2
Q? GeV?
$f 2
7 FRes (£, Q%) de
I5(res/DIS) = J i 2

Je FP1S(¢,Q2)de

& = fz(W = 1.6 GeV, QQ),

ff = £f(W = 1.1 GeV, Qz)

The discrepancy will be eleiminated by in-

cluding other resonances, or background,

or modifying the FF at large Q?.
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Duality for 2z F'*" and 2z F7

DIS: 2z F = (1 -+ 4”5%3”2) F5 — F;, DIS Callan-Gross: 2xF; = Foy
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target mass corrections are more significant in this©ageLalakulich, Fermilab, 5 Sep 2006 - pssrso
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Problems and further directions

® Background

a) noninterfering — possibility to extract the background from F2e P structure function
b) interfering with the resonant part

— Benhar—Sakuda: electroproduction on carbon, background amplitude and phase
shift are from MAID analysis (for A resonance)

— Sato-Lee model with explicite calculation of background diagrams and meson

"dressing” of resonance verticies (for A resonance)
® Resonance interference
A(vn — nm+) = \/gA?’/Q -+ \/gAl/Q
2 1
A(vn — pr®) = —\/;AS/Q + \/;AW

® Angular distribution for pions

a) following Rein—Sehgal approach ("factorized approximation”)

‘AVN—>R‘2 ) |AR—>7TN‘2

b) "full calculations” | A, n .k - Ar—rn|?
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Summary

Double differential cross section for the resonance neutrinoproduction can be written
in a form close to DIS with the structure functions expressed via phenomenological

form factors

Vector form factors can be determined from electroproduction helicity amplitudes,

some of the axial form factors — from PCAC

A-resonance is understood better than others, but still requires investigation in low

Q? region
Second resonance region must be seen in neutrino experiments for £, > 2 GeV

More questions than answers for further development

|
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Angular distr
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Cross section In Sato—Lee model

1.6 .
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Conclusion: ANL data show a steeper Q?—dependence than BNL data

o |
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Possible techniques for calculations:

o, N

"multipole expansion” technique, which seems to give excellent results for

electroproduction (Mainz and JLADb groups)

— original paper Adler, Ann.Phys50 (1968), 123 pages: the most of formulas for both el-m
and weak interactions;

— further development for electroproduction and changing of notations
— for electroproduction formulas are implemented and used by MAID group (Tiator)

and JLab group(Burkert, Lee, Aznauryan); many years of experience

® using "full calculation” — analytical formular for do /dQ?dW dS2 is cumbersome,
done! C++ code, generated by MATHEMATICA for /733 for m,, = 0 is ~5000 lines

o |
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