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H
istory

•
N

U
X

 w
as born in D

ecem
ber 1998, w

hen one of us
(A

.R
.) realized that the neutrino generator used in

N
O

M
A

D
 based on L

E
P

T
O

 and JE
T

SE
T

 could not be
easily ported to the low

 incom
ing neutrino energy

environm
ent. G

oing to low
 energies w

ould have
necessitates rew

riting m
any parts of the old N

O
M

A
D

generator.
•

N
U

X
 has been w

idely used w
ithin IC

A
R

U
S to perform

all the sim
ulation studies presented in the various

docum
ents, proposals, etc. N

U
X

-F
L

U
K

A
 is the official

M
C

 program
 of IC

A
R

U
S.

•
It has been « cross-checked » w

ith the N
O

M
A

D
 data.
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F
eatures of N

U
X

•
W

ide incom
ing neutrino energy range: 10 M

eV
 < E

nn nn  < 10 T
eV

•
A

ll incom
ing neutrino flavor: electron, m

uon, and tau, neutrino
and anti-neutrinos

•
N

eutral and charged currents
•

M
asses of lepton and of target fully included

•
O

ptim
ized also for low

 Q
2 and low

 W
2

•
N

eutrino processes in leading order (no gluon em
ission, no P

S)
•

C
harm

 production (slow
 rescaling w

ith m
c  and m

ass of target,
only C

C
 m

ode)
•

P
olarized tau production and decays

•
N

uclear target of any Z
 or A

•
F

ully exclusive event generation
•

F
ully em

beeded in F
L

U
K

A
 nuclear m

odel (N
U

X
-F

L
U

K
A

 w
ork

by A
. F

errari, A
. R

ubbia, P
. Sala) for accurate treatm

ent of
nuclear target.
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K
inem

atics (I)
•

W
e adopted a consistent use of lepton m

 and nucleon m
ass M

 in kinem
atics

•
A

t event generation, the incom
ing neutrino and target nucleon system

 is
boosted/rotated so that the neutrino travels in z-direction and the target
nucleon is at rest. T

he event is generated in this fram
e.

•
T

he generated event is boosted/rotated back to original system
 (ff ff rotation is

trivial). A
fter the generation of each event, energy-m

om
entum

 conservation
is explicitely checked and traced (rounding errors, etc…

)
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K
inem

atics (II)

•
K

inem
atical boundaries also include nucleon m

ass M
 and

outgoint lepton m
ass m

:

m

s
M

x
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B
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E
ffects m

ostly im
portant for nn nn

tt tt  but also for m
uon and electron near

threshold.
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D
ynam

ics (I)
•

C
om

bining the different « bits and pieces » of the neutrino cross-sections has
been traditionally difficult due to the requirem

ent to extent the kinem
atical

region to

•
Subdivided into 3 m

ain processes:

–
Q

uasi-elastic (x=
1) nN

Æ
lN

 or nN
Æ

nN

–
Inelastic

k
A

t least one pion produced

–
C

harm
•

R
em

arks

–
« R

esonances final states » produced in ad-hoc w
ay, but not yet treated

specially (see later)
–

C
oherent production to be included

–
Q

uasi-elastic « charm
 production » im

plem
ented, being debugged

Q
and

or
W

M
2

0
Æ

Æ
    

/
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D
ynam

ics (II) - inelastic
•

D
efinition of inelastic

–
A

nything that produces at least a pion
•

F
orm

alism
–

B
ased on parton m

odel (e.g. D
IS

)
•

Input
–

D
efault structure functions G

R
V

 94 H
O

 (D
IS

,N
LL)

–
E

volution of pdf stopped below
 Q

2=
0.4 G

eV
2

•
K

inem
atical boundaries

–
N

o cut on Q
2 , i.e. Q

2>
0 G

eV
2

–
Invariant m

ass range W
 > M

+m
pp pp +ee ee     w

here e=
10 M

eV

•
D

ifferential cross-section (m
ass included, no higher tw

ist)

ddxdy
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F
ragm

entation

•
R

elies on a m
odified version of JE

T
SE

T
 7.4 and use L

U
N

D

fragm
entation

•
U

sed only to determ
ine exclusive final state for    W

 > M
+2m

pp pp

•
T

uning

–
P

A
R

J(2)=
ssbar suppression =

 0.21

–
G

aussian P
t 2 distribution P

A
R

J(21)=
0.44, P

A
R

J(23)=
0.01

–
R

em
aining energy cutoff P

A
R

J(33)=
0.2 G

eV

•
F

or M
+m

pp pp  < W
 < M

+2m
pp pp  use phase space into baryon+pion, via DD DD

resonance.

•
Special treatm

ent of charm
 fragm

entation (see later)
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D
ynam

ics - C
harm

•
L

O
 slow

-rescaling cross-section, m
c  = 1.3 G

eV
•

O
nly charged current process (N

C
 under investigation)

•
C

abbibbo-suppressed and allow
ed contributions

•
F

ragm
entation of charm

 hadrons treated specially to reproduce
z and P

t 2 data
•

B
aryon and m

eson fractions tuned by proper m
ixing of quark

lines in final state

c
d

c
s

s

n
n
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C
harm

 fragm
entation

T
. B

olton
hep-ex/9708014
E

531 data

N
U

X
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C
harm

ed hadron fractions
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N
uclear m

odel
•

N
uclear effects play an im

portant role in m
odifying

–
T

he total cross-section
–

T
he visible event kinem

atics
–

T
he exclusive final states

•
T

he sim
plest effects:

–
F

erm
i m

otion of the hit nucleon
–

P
auli-blocking

•
M

ore « tricky » effects
–

R
einteraction of the produced hadrons

k
C

an introduce significant  change in energy, num
ber and identity

of hadrons (e.g. pion absorption, charge exchange, inelastic)
–

M
otion through nuclear m

ean field and C
oulom

b field, w
hich

m
odifiy energy and m

om
entum

 (m
agnitude and direction)

R
ely on w

ell-proven F
L

U
K

A
 code
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E
ffect on Q

E
 cross-section
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 scattering on A
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om
parison w

ith N
O

M
A

D
 data

•
C

oncentrate on dom
inant

nn nn
mm mm  charged current sam

ple

•
A

 relatively high energy
beam

, events peaked
around 20 G

eV
, 40 G

eV
 on

average
•

N
O

M
A

D
 can m

easure all
final state particles
independently; use energy-
flow

 algorithm
 developped

for oscillation analyses.
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N
O
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 E

vent:
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C
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•
O

dd/even structure
rem

iniscent of
interactions on
neutrons/protons

•
V

ery sensitive to
nuclear effects, due
to charge exchange,
inelastic processes,
nuclear evaporation,
w

hich can produce
soft tracks around
the prim

ary vertex.
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In N
O

M
A

D
, w

e did not have the possibility to easily resolve « resonances »!
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IC
A

R
U

S M
C

 study
•

W
hile w

aiting for data, study perform
ance at

low
 energy, aim

ed at atm
ospheric neutrino

studies.
•

W
e define a « Q

E
 » event as an event w

ith
–

O
ne lepton

–
O

ne proton w
ith T

p >
150 M

eV
–

N
o pion w

ith T
p >

15 M
eV

•
T

hese cuts are aim
ed at suppressing

« evaporation » nucleons.
•

Sim
ilar cuts can be im

posed to select proton-
pion, neutron-pion final states.
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E

 events

•
A

dditional protons and neutrons from
 nuclear

evaporation and reinteractions.
•

F
ew

 pions created.
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K
inem

atics in Q
E

 events

•
P

rotons directly m
ostly affected by F

erm
i m

otion, but also m
ean

nuclear potential and possible reinteractions.

« backw
ard »

protons

E
vaporation

protons
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inem
atical closure of Q

E
 events

•
R

elevant for
kinem

atical searches
of tau neutrino

•
F

erm
i m

otion and
reinteractions

•
Introduce apparent
transverse m

om
entum

since recoil nucleus not
seen.
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E
xclusive baryon-m

eson (DD DD
) final state

•
Study generated DD DD

++ÆÆ ÆÆ
ppp pp

+, DD DD
+ÆÆ ÆÆ

ppp pp
0, and DD DD

+ÆÆ ÆÆ
npp pp

+ final states
before nuclear reinteractions

•
A

s expected, these exclusive final states are highly affected by
nuclear effects.
–

D
ifficulty in « com

paring » w
ith final state in actual experim

ent,
unless on free nucleon target.
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F
inal state « m

ixing »
A

ctual « free nucleon » state

B
ound nucleon final states

W
e are hoping for m

ore theoretical input (e.g. how
 to treat DD DD

-resonance in nuclear
m

atter) and experim
ental input (possibly on different targets) to clarify situation of

resonances.
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C
onclusion

•
N

U
X

 has so far been very successful at reproducing
N

O
M

A
D

 data.
•

N
U

X
 clearly suffers from

 lack of experim
ental data

–
H

ow
 could K

2K
 and F

N
A

L B
ooster data benefit

us?
–

It could be possible to generate N
U

X
-files for O

, p,
or other targets.

–
A

 new
 experim

ent w
ith different targets in a w

ell
controlled neutrino flux w

ould be m
ost w

elcom
e.

•
D

epending on the outcom
e of this w

orkshop, one could
create a N

U
X

-W
eb-page if retained useful.


