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form factors for the vector and axial currents. The vector form factor is a modified dipole,

while the axial one is a dipole [10]. For the Py and Sy, resonances we use the form factors

from [11].
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Figure 2: Exact predictions of the muon energy spectra for the (a) Nearby and (b) SK detectors
of the K2K experiment. The Quasi-Elastic and the 1-Pion production cross-sections are shown 13?

along with the A contribution to the latter.
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FIG. 2: (a) The correlation between the prompt and delayed event
energies after cuts., The three events with Egpyea ~ 5MeV are
consistent with neutron capture on carbon. (b) Prompt event energy
spectrum of ¥, candidate events with associated background spectra.
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FIG. 3: Ratio of the observed 77, spectrum to the expectation for no-
oscillation versus Lo/E. The curves show the expectation for the best-
fit oscillation, best-fit decay and best-fit decoherence models taking
into account the individual time-dependent flux variations of all re-
actors and detector effects. The data points and models are ploted
with Lo=180 km, as if all anti-neutrinos detected in KamLAND were
due to a single reactor at this distance.
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FIG. 4: (a) Neutrino oscillation parameter allowed region from KamLAND anti-neutrino data (shaded regions) and solar neutrino experiments
(lines) [12]. (b) Result of a combined two-neutrino oscillation analysis of KamLAND and the observed solar nentrino fluxes under the

assumption of CPT invariance. The fit gives Am?=7.970¢x107°eV? and tan? §=04070 12
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Newlrimo nucleon recchions
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[ Factorization '

e Reactions

1O, =

e,+T-»e'+T'+‘W*
v4+T = 1+T 4+ %0

— T: nuclear target (3O, 138 Ar0, 56 Fe%%)

— T": final nuclear state
e Two step process

v l

<~

7.r:t‘. ,U

"random walk’”’

Step 1.
PR ANAS
1. single pion production in ¥ N scattering
— Pauli Principle, Fermi motion
2. multiple scattering of pions

— Charge exchange, absorption, Pauli Principle

e step 2 is described by the charge exchange matrix M
A,

— only depends on properties of the target
— charge density profile p(r)

e basic assumption: two steps independent — predictive power

15



‘ The charge exchange matrix M '

e Differential cross sections for leptonic pion production on
free nucleon targets — cross sections on nuclear targets:

/ do(zT#;7 ") \ [ do(Np;n™)
dQ2dwW dQ2dw
do(zT4;7") M do(Np;n°)
dQ2dw dQ?2dwW
do(zT4;77) do(Np;n")
aQzaw __ / aQzaw_ /
tlLI(‘.l(:‘.ﬂ.Ttﬂl‘g(?t free n::cleon
where
Nr; . d ;
do(Nt; £0) = Zdor(p, 10) +(A-2) o(n; +0)
dQ2dwW dQ2dw dQ2dw

e charge exchange matrix M for isoscalar targets
(M =M",3, M;; = Ap, M40 = M_o — 3 param. Ay, d, c)

1 ‘—C‘—d d i s*\'u&*u\r&
M=A, d 1-—2d d o ic takeo
c d 1—c—d oy
c.hmr‘e -sﬂmml\g

e Factorization assumption (two step process) — predicitve power

=5 ¢ M(T;Q? W) (i.e. Ap,d, c) to be measured experimentally
neutrino-prod., electro-prod. — Test of Factorization

= e ...tobe predicted theoretically — for example ANP model |!]

[1] Adler, Nussinov, Paschos, Phys. Rev. D9, 2125 (1974)

Ae (@5 W)= $, (1,w) 3(iw)
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k=04 d@?dWwW

Z o a (Nr,“%)
jro4~- dQ¥dw

IN MODEL CALCULATI\ON

e

F\e 2 4 = %-L Po q-'“s(w)

L is tue dewsity profile = 4. q®m

3
fFo O\G
R= L2383 §m : ? = 0.44 ¥W\'3

STEP 9 ; G lye PROPAGATION of BT, B B

This wetwods has similavities between
?Mk\c.‘e. — ko\@. ( os Q_t, Sg,q C.QAO bs*\rﬂ{ﬁ“&nh
Mosel e, Mavkean) amd shochastic pvegagading
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S. GALSTER et al.

TABLE V. Cross sections for electroproduction of pions. The errors contain a systematic and normalization epyc
of 3%. E;=3200 MeV, ¢=21°, ¢*(1236)=-1.0 (GeV/c)?, (1236)=0.89.

1 d
T, d9,dE; (o)
Ey K w N {pﬂ‘ o =
(MeV) (MeV) (MeV) etp—e+ ST etp—~egtpiw e+p—pg+pint
2470 171 1096 15243 1.5+1.5 13.7.46
2460 183 1106 16.3+3 5415 10.9+6
2450 195 1116 22.2:+3 13.045 9246
2440 208 1127 32,743 15345 11456
2430 220 1137 45523 19.145 26,4 46
2420 232 1147 49.0+3 27,545 21,546
2410 246 1157 60.1+4 29845 30326
2400 257 1167 67.7:4 35245 32,546
2390 269 1177 79.4:4 429:5 36.546'
2380 281 1186 100 4 +4 53.9:6 465417
2370 293 1196 114,444 63.9:6 50.5+7
2360 306 i206 136.545 80.726 55,848
2350 318 1215 140.0+5 81526 58548
2340 331 1225 144.7+5 8647 58.3+0
2330 343 1234 133.045 B
2320 355 1243 123.745 700 + 7 TE
2310 367 1252 114.444 76546 3707
2300 380 1262 101.5+4 57.046 44,547
2290 392 1271 94.5+4 57.0%6 87547
2280 404 1280 82943 47445 3556
2270 417 1289 74743 44745 30,06
2260 429 1298 72.3:3 44745 27646
2250 440 1306 66.523 37.145 29446
2240 453 1315 66.5+3 39345 27246
2230 465 1324 57.213 3605 21,246
2220 478 1833 57.243 38.245 19.0 46
2210 490 1541 53.743 3065 23,146
2200 502 1350 58.313 45945 12446
T T T h P T T I
ol Wl 11 ;= 3200Me
4 =2700 Me¥ d
w0} 7 TAE, :1‘".' L 100f I} ddEy g =21° -
z e
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FIG. 5. Same as Fig. 4, except the pa® and nx* channels are separated.
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Figure 2: Double differential cross sections per nucleon for single-pion electroproduction for different
target materials. W-spectra for 7% and #+ production are shown for Q? = 0.4 GeV? using an electron
energy E. = 2.7 GeV. The pion rescattering corrections have been calculated in the double-averaging
approximation (2.6) using the ANP matrices in (2.7) and App. A. For comparison, the fre nucleon
cross section (2.3) is shown.
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Figure 3: Double differential cross sections per nucleon for single-pion electroproduction for oxygen with
20% (dashed line), 25% (solid line) and 30% (dotted line) pion absorption. Furthermore, Q% = 0.8 GeV?
and E, =2.7 GeV. ' .
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Moset U. "&ifglure 4: The fraction of absorbed pions, Abs(Q?, W), in dependence of W for oxygen and iron
targets for Q2 = 0.3 GeV2. Also shown is the cross section gabs(W) (model B) multiplied by free
normalization factors (dashed lines). The dotted lines are the result for Abs(Q?, W) in the averaging

approximation.



22

CoOWERENT ScATTERING

(Diﬁg\rqcti\lf_ ) Rein +Se\\aﬂ..q

Many weukvimo experiwments Aave
obsenved o -ve.n.\c ot (k| € 0.0¢ Gg\(_z

1% is pvoduce.a\ Ra gxg\\q“ze, of 2{%\:&. mesown §
plus conhevewnce. ,

» Y
t =@-+0°

R&actLOV\

Does THS REAcCTION TAkE PLAcCE

IN ELEcTRoPRoDUCTION ?

1. Obsexvokiown .4 veak

2.

3.

q.

Ev & ge.?tm ng\ce

A -Deg. o pt gt @



®. K\rusdue_ ek of. (MM'H*)
Colerent w2 ghoto pvod uekiow
from Atowmie Nueleo

PL 5268 (2009) 297

daws

o (Ey:0z) =

|}'2(E‘,8 )| smz(G') (2)

2 k‘
0% &
10 5r ; -'ﬁ-b\.-‘.u' ';."‘H““ .““
Lk (W% Pb
=10 C T e I
w " -
e #7 I
=S T A |
.Gwr*‘ Ll
Q_ '. ".,..f-'"""'-a.-__.v. ] Ca
8 10 2_f ,,""m""'"m%'b' "ﬂ" f#
| '“““""'ﬂ""" C 4
10 ' ",'o,.,,”lt
1 ' X 1 I i '1
0 100 200 300 400

momentum transfer q, [MeV]

Fig. 2. Differential cross sections for A(y,n%)A averaged over
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