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Pierwotny

wierzchotek

» Kwazi-elastyczne dla CC
oraz elastyczne dla NC

* Rezonansowe
(A oraz pojedyncza produkcja pionu)

* Gteboko nieelastyczne

* Koherentna produkcja pionéw



NuWro

Pierwotny piony i nukleony >

Kaskada

wierzchotek

» Kwazi-elastyczne dla CC * Nukleony:
oraz elastyczne dla NC * Elastyczne
* Pojedyncza produkcja pionu
* Rezonansowe * Podwojna produkcja pionu
(A oraz pojedyncza produkcja pionu) * Piony:
* Elastyczne
* Gteboko nieelastyczne * CEX
* Pojedyncza produkcja pionu
* Koherentna produkcja pionéw * Podwojna produkcja pionu

* Absorpcja
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Metropolis.h

O; > TP lub TT-N
GIJ - TE+-n lub TC_-p

G.o0=(c++G_)/2

TaBLE I. Total cross sectionc used in cascade calculation. The
quantities o, 64, and o ;(aps are defined in the text.

.+ Nucleons Pions
Kinetic Kinetic
epsrgy it oi® energy aii® oij¢ Oij(abs)d
Mev) (mb) (mb) (Mev) (mb) (mb) mb)
335 24.5 33.0 49 16 15 20
G;; =~ P-p lub N-N 410 264 340 8 50 21 32
510 30.4 351 128 114 43 45
G.. — D-N 660 412  36.5 184 200 66 36
| P 840  47.2 379 250 110 44 18
1160 48.0 40.2 350 51 23 0
1780 442 42.7 540 20 22 0

3900 41.0 42.0 1300 30 30 0




produkcja pionow

(1-1,)

produkcja dwoch pionow:

* 80% 1m0 lub

Metropolis.h

produkcja — 11% n° dlaii
pojedynczego pionu > 43% n® dla ij

TAwi® I1. Parameters used in iaelastic nucleon-nucleon

collisions.
Energy range
(Mev) Type fine1® Ab Bb Ix®
335-410 12 0.07 0.1 0 1.0
¥ 0.04 2.2 —1.0 1.0
410-510 77 0.20 0.9 0 1.0
1] 0.07 1.8 —1.1 1.0
510-660 i 0.31 2.7 0 1.0
17 0.15 2.3 —0.7 1.0
660—-840 i1 0.43 9.0 0 1.0
1] 0.27 8.8 —0.2 1.0
840-1160 ) 0.58 14.3 0 0.97
1] 0.37 15.0 0 0.97
1160-1780 77 0.65 19.2 0 0.80 -
1] 0.36 29.4 0 0.80
>1780 17 0.69 00 0 0.44
1] 0.35 0 0 0.44




Metropolis.h

TaBLE III. Parameters used in pion-nucleon collisions.
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Eksperymenty vs. NuWro



Abbott

VOLUME B0, NUMBER 23 PHYSICAL REVIEW LETTERS

B June 1908

Quasifree (e.e'p) Reactions and Proton Propagation in Nuclei

D. Abbott et al.
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Ashery

D. ASHERY et al.

23

TABLE I. Values of N 4, total pion nucleus cross sections (Ref. 1) and cross sections for true absorption, inelastic
scattering, elastic scattering (calculated—see Appendix) and charge exchange (estimated—see Sec., IV B) reactions.

a

b

c

Ey Oabs + O cx Oex Tabs Ctot Ty Oinel
MeV) Nucl. N gt (mb) (mb) (mb) {mb) (mb) (mb)
85 Li 2.53 75+ 13 31+ 15 44 + 20 260+ 4 111+ 11 74+ 18
n* C 3.67 144 + 15 35+ 12 109 + 20 465 + 12 178 + 18 143+ 26
Al 4.88 307 + 29 55+ 27 252+ 40 1010+ 30 372+ 37 331+ 56
Fe 6.79 500+ 55 79+ 40 421 + 70 1900+ 80 616 + 61 784 +115
Nb 8.29 905 =100 100+ 50 805 +143 2570 + 300 817 +160 848 + 350
Bi 10.81 1800 + 650 141+ 70 1659 + 655 4200 + 600 1220 + 240 1180 +£920
o—>
o '
—>
) -’ / .
0— ) * 0 T+ absorpcja
J 0
J i \ *t° I CEX
v @ ) 0 —
- - . -
@ —> J - > DCX
[ J
» @ R nieelastyczne

0—
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FRACTION OF wE/[0.1GeV])

Merenyi

PHYSICAL REVIEW D YOLUME 45, NUMBER 3 I FEBRUARY 1942

Determination of pion intranuclear rescattering rates in vF-Ne
versus v,-D interactions for the atmospheric v flux

E. Merenyi,®* W. A, Mann, T. Kafka, W._ Leeson, B. E.aiu:a,f and J, Schneps
Turfes Lniversity, Medford, Massackusetts (2135

M. Derrick and B. Musgrave
Argonne National Laboratory, Argenne, [linois 60439
[Recsived 4 April 1991; revised manuscript received 23 QOctober 1991)

TABLE I. The v,I»and v, Ne samples, weighted to an atmospheric E, spectrum. The neutring ener-
gies span the range 0.4 = E, = 6.0 GeV. Values without the correction for unobserved neutral pions are

e —————— e v —

Fractional population

0.4 0.8 1.2 LB
FION MOMENTUM [GeVY/c]

Reaction Deuterium Meon
Vi —e 0.49:40,03 0.57£0.04
(0.61+0.04)
wp—p wtp 0.19+0.02 0.14+0.02
i — T p 0.00+0.01 0.05£0.02
0.03=0.01)
Vi woH 0,140,020 0.08£0.02
vt m w e 0,020,010 0.03£0.01
vt —e i " 0.01:40,01 0.04£0.02
0.02+0.01)
vp—epe w (Ia g 021 0.01£0.01 0.02+0.01
vt —ept " M, 2 0 0.01+0.01
! vp—-y'ﬂ"w"[mi.—ﬂln,m =0 0.01£0.01 0.02=0.01
2 W ey 1 E I )N 0.03:£0,03
v —u~+ strange particles 0.011£0.01 00=x0.01
vp—epu w g 0 0.01+0.01

f‘ri_"_i{_ +(Q ={)__—|-_3_:+4] 0 0.03:40.01
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K2K

Measurement of single 7° production in neutral current neutrino interactions with
water by a 1.3 GeV wide band muon neutrino beam

(The K2K Collaboration) arXiv:hep-ex/0408134v1 26 Aug 2004

1200 -
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b o— L v—>
800 - @ } neutrino N 7°
0.9584 A
600 |- 5

Number of interactions

=
200 | ] 1 By taking the ratio, the relative cross section for

@ ﬁ% { NC1z" interactions to the total ©,CC cross section

is measured to be 0.064 £ 0.001 (stat.) £ 0.007 (sys.).
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K2K

K2K beam
NC 1Pi0 production on H20

November 25, 2009 |

K2K 11°NC/CC = 0.064 + 0.001+ 0.007
NuWro 1n°NC/CC = 0.061

Za duzo absorpc;ji?
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SciBooNE

Measurement of Inclusive Neutral Current 7° Production on Carbon in a Few-GeV
Neutrino Beam

(The SciBooNE Collaboration)
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The ratio of the NCr"
production to total CC cross sections is measured to
be (7.7 £ 0.5(stat.) = 0.5(sys.)) x 1072 at mean neu-
trino energy 1.1 GeV.
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SciBooNE
NC Pi0 production on Ca!-i8

November 25, 2009 I
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MiniBooNE

Measurement of v, and 7, induced neutral current single 7" production cross sections
on mineral oil at E, ~ O(1 GeV)

(The MiniBooNE Collaboration)

arXiv:0911.2063v1 [hep-ex] 11 Nov 2009

to a prior measurement. These cross sections were found
to be (5.71 £ 0.08,,, £0.76,,,) % 10~ em? /nucleon for

)
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do/dp . [cm*/MeV/nucleon]
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MiniBooNE integrated cross section:
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NuWro integrated cross section:
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do/dp_, [cm*/MeV/nucleon]

MiniBooNE

MiniBooNE (anti-neutrino
NC 1Pi0 production on CH,

MiniBooNE integrated cross section:
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arbitrary units
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A study of nuclear effects in v interactions with the NOMAD detector
M. Veltri®*



Formation Zone

A study of nuclear effects in v interactions with the NOMAD detector

M. Veltri®*
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Formation Zone

A study of nuclear effects in v interactions with the NOMAD detector

M. Veltri®*
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Formation Zone Description in Multiproduction

L. Stodolsky

Talk at the VII™ International Colloquium on Multiparticle Reactions,
Oxford, July 1975.

Efekt Landaua - Pomeranchuka
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Formation Zone

Formation Zone Description in Multiproduction

L. Stodolsky

Talk at the VII™ International Colloquium on Multiparticle Reactions,
Oxford, July 1975,

Efekt Landaua - Pomeranchuka
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Formation Zone

Farmaﬁidn Zone Description in Multiproduction

L. Stodolsky

Talk at the ?IItfh International Colloguium on !Imlti..pa.rt'icle Rea&tinn;?-.,

Oxford, July 1975.
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Formation Zone
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K2K beam

NC 1Pi0 production on Hzo

Without formation zone
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arbitrary units
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MiniBooNE (neutrino) - shape only!
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Formation Zone

* Wyniki z FZ sg zdecydowanie blizsze rzeczywistosci
* Model jest zgodny z intuicjg — im wieksza energia
tym wiekszy formation length



Formation Zone

* Wyniki z FZ sg zdecydowanie blizsze rzeczywistosci
* Model jest zgodny z intuicjg — im wieksza energia
tym wiekszy formation length

... a co dla bardzo duzych energii?
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Podsumowanie

* NuWro przyzwoicie odtwarza dane doswiadczalne

* Majac dobry pierwotny wierzchotek (produkcja piondw — Merenyi?),
mozna fatwo dostosowac parametry kaskady

* Formation zone?
e efekt Landaua-Pomeranchuka

* co dla oddziatywan nieelastycznych? rezonansowych?
* co dla bardzo duzych energii?



Dziekuje za uwage!



