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M
issio
n
a
n
d
h
isto
ry

O
n
e
o
f
th
e
R
D
44
ob
jectives:
p
rov
id
e
a
p
ackage
of
electrom
ag
n
etic

p
h
y
sics
a
t
least
eq
u
ivalen
t
to
g
e
a
n
t
3
.

T
h
e
W
o
rk
in
g
G
rou
p
started
w
ith
tw
o
p
h
y
sicists
com
in
g
from
th
e

g
e
a
n
t
3

team
,
p
lu
s
on
e
p
h
y
sicist
in
ch
arge
of
th
e
ligh
t
p
rop
aga
tio
n

p
ro
cesses.
L
ater
on
,
a
n
ex
p
ert
o
f
th
e
h
igh
en
ergy
m
u
on
p
h
y
sics

join
ed
u
s.

T
h
e
R
D
4
4
ob
jective
w
as
reach
ed
in
tim
e.

N
ew
co
n
cep
ts
h
ave
em
erged
an
d
h
ave
b
een
im
p
lem
en
ted
:

�

th
e
d
istin
ction
b
etw
een
tra
c
k
in
g
c
u
t
an
d
p
ro
d
u
c
tio
n
th
re
sh
o
ld

�

th
e
id
ea
to
ex
p
ress
th
is
later
in
ra
n
g
e
rath
er
th
an
in
en
ergy

�

th
e
n
o
tion
of
cou
p
lin
g
th
e
e�
ective
p
ro
d
u
ction
th
resh
old
to
th
e

d
ista
n
ce
to
th
e
n
ea
re
st
g
eo
m
e
trica
l
bo
u
n
d
a
ry

G
e
a
n
t
4
E
x
t
e
r
n
a
l
R
e
v
ie
w

M
.M
a
ir
e
(
L
a
p
p
)
J
u
n
e
1
8
,
2
0
0
1



E
le
c
tro
m
a
g
n
e
tic
p
h
y
sic
s
(sta
n
d
a
rd
)

3

'&

$%

T
o
d
ay
th
e
grou
p
is
�

8
p
h
y
sicists,
rep
resen
tin
g
�

3
fte.

It
is
resp
o
n
sib
le
to
m
ain
tain
,
d
evelop
an
d
p
rom
ote
all
th
e

electro
m
a
g
n
etic
p
h
y
sics
p
ackages,
oth
er
th
an
th
e
low
en
ergy

ex
ten
sio
n
s.

T
h
e
a
ctiv
ities
o
f
th
e
grou
p
can
b
e
classi�
ed
as
follow
:

�

co
m
p
a
rison
s,
tests
an
d
ex
am
p
les

�

d
ev
elo
p
m
en
ts
an
d
re�
n
em
en
ts
of
m
o
d
els

�

d
o
cu
m
en
tation

�

Q
A
an
d
D
esign
related
m
atters
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1. Common to all charged particles

� ionization (� keV �!)

� Coulomb scattering from nuclei (� keV �!)

� Cerenkov e�ect

� Scintillation

� transition radiation

2. Muons

� (e+,e-) pair production (� 100GeV �!)

� bremsstrahlung (� 100GeV �!)

� nuclear interaction (� 1TeV �!)

3. Electrons and positrons

� bremsstrahlung (� 10MeV �!)

� e+ annihilation
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4. Photons

� gamma conversion (� 10MeV �!)

� incoherent scattering (� 100keV �!� 10MeV )

� photo electric e�ect ( �� 100keV )

� coherent scattering ( �� 100keV )

5. Optical photons

� re
ection and refraction

� absorption

� Rayleigh scattering

Total :� 15 processes �! � 40 classes

+ � 10 classes for the materials category
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T
e
sts
a
n
d
co
m
p
a
riso
n
s

P
rim
a
ry
an
d
d
aily
task
s
of
th
e
grou
p
.

T
h
e
set
of
tests
u
sed
d
u
rin
g
R
D
44
w
as
ex
p
an
d
ed
,
an
d
n
ew
sets
of

co
m
p
a
riso
n
s
w
ith
d
ata
w
ere
u
n
d
ertaken
,
an
d
h
ave
b
een
m
ad
e

p
u
b
lic,
to
g
eth
er
w
ith
th
eir
eq
u
ivalen
t
g
e
a
n
t
3

p
rogram
s.

g
e
a
n
t
4
/
e
x
a
m
p
l
e
s
/
e
x
t
e
n
d
e
d
/
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c

T
h
ey
co
n
stitu
te
ou
r
b
asic
in
tern
al
b
en
ch
m
ark
sy
stem
.

R
eg
u
la
r
b
o
ok
keep
in
g
of
resu
lts
u
n
d
er
C
V
S
rep
ository.

T
h
ey
a
re
also
in
clu
d
ed
in
th
e
gen
eral
G
e
a
n
t
4

sy
stem
tests.

T
h
e
g
ro
u
p
w
ill
p
articip
ate
in
th
e
creation
of
th
e
regression
su
ite,

fo
reseen
b
y
th
e
G
e
a
n
t
4

sy
stem
testin
g
w
ork
in
g
grou
p
.
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T
h
eir
resu
lts
are
p
u
b
lish
ed
on
a
W
eb
gallery
accessib
le
from
th
e

G
e
a
n
t
4

h
om
e
p
age.

M
a
k
in
g
resu
lts
an
d
co
d
e
p
u
b
lic
h
as
a
trip
le
ob
jective:

�

serv
e
as
referen
ce
resu
lts

�

p
rov
id
e
ad
d
ition
al,
sim
p
le
b
u
t
real
ex
am
p
les

�

en
a
b
le
th
e
u
ser
to
rep
ro
d
u
ce
th
ese
resu
lts
b
y
h
im
self
or
h
erself
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V
a
lid
a
tio
n
P
ro
je
cts

F
o
rm
a
l
co
m
m
itm
en
ts
h
ave
b
een
agreed
on
a
few
p
ro
jects
w
ith

d
i�
eren
t
ex
p
erim
en
ts
(see
gen
eral
G
e
a
n
t
4

m
ileston
es).
T
h
ey
are

g
o
in
g
to
com
p
are
th
eir
p
ast
a
n
d
fu
tu
re
b
eam
test
d
ata
w
ith

G
e
a
n
t
4

a
n
d
g
e
a
n
t
3

sim
u
lation
s.

T
h
e
E
M

w
ork
in
g
grou
p
is
on
�
rst
lin
e
in
th
ese
V
alid
a
tion
P
ro
jects.

In
2
0
0
0
several
regu
lar
m
eetin
gs
w
ere
h
eld
w
ith
A
tlas
an
d
B
aB
ar.

A
tla
s
:

T
racker,
T
R
D
,
E
cal,
F
cal,
H
E
C
,
T
ileC
al,
M
u
on
sy
stem

C
m
s
:

T
racker,
E
cal

B
a
B
a
r
:

glob
al
d
etector

G
e
a
n
t
4
E
x
t
e
r
n
a
l
R
e
v
ie
w

M
.M
a
ir
e
(
L
a
p
p
)
J
u
n
e
1
8
,
2
0
0
1



E
le
c
tro
m
a
g
n
e
tic
p
h
y
sic
s
(sta
n
d
a
rd
)

9

'&

$%

D
e
v
e
lo
p
m
e
n
ts

In
1
9
9
9
/
2
0
00
d
evelop
m
en
ts
an
d
re�
n
em
en
ts
of
m
o
d
els
in
clu
d
e:

�

co
n
tin
u
ou
s
re�
n
em
en
t
of
th
e
M
u
ltip
le
S
catterin
g
m
o
d
el;
th
is

m
o
d
el
is
origin
al
to
G
e
a
n
t
4
.

�

rev
isio
n
of
th
e
p
arm
etrisation
in
B
rem
sstrah
lu
n
g
to
en
su
re

valid
ity
d
ow
n
to
1
keV
.

�

re-im
p
lem
en
tation
of
th
e
L
P
M
e�
ect.

�

ex
ten
sion
o
f
Ion
ization
p
ro
cess
for
ion
s.

�

g
en
era
tion
of
su
b
-c
u
to
�
d
e
lta
ra
y
s
:
if
a
d
elta
ray
can
rea
ch
a

b
o
u
n
d
ary,
it
is
em
itted
,
even
if
it
is
b
elow
th
e
p
ro
d
u
ction

th
resh
old
.

�

d
ev
elo
p
m
en
t
of
th
e
P
h
oto-A
b
sorp
tion
Ion
isation
(P
A
I)
m
o
d
el

(1
p
u
b
lication
to
N
IM
).
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�

d
ev
elo
p
m
en
t
of
several
m
o
d
els
of
X
-ray
s
tran
sition
rad
ia
tio
n

ra
d
ia
tors
(1
p
u
b
lication
to
C
P
C
).

�

va
rio
u
s
(m
in
or)
re�
n
em
en
ts
in
op
tical
p
ro
cesses.
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D
o
cu
m
e
n
ta
tio
n
a
n
d
tu
to
ria
ls

K
eep
u
p
to
d
ate
th
e
p
h
y
sics
d
escrib
ed
in
th
e
P
h
y
sics
R
eferen
ce

M
a
n
u
a
l.
In
2000,
m
a
jor
rev
ision
h
as
b
een
m
ad
e
in
th
e
m
u
on

p
h
y
sics
section
.

A
C
ern
p
rep
rin
t
d
escrib
es
th
e
m
ech
an
ism
of
p
ro
d
u
ction
of

su
b
-cu
to
�
d
elta
ray
s

S
em
in
a
rs
o
n
E
M

p
h
y
sics
h
av
e
b
een
giv
en
in
A
tlas
an
d
C
M
S

co
lla
b
o
ra
tion
s

T
h
e
ex
a
m
p
les
in
g
e
a
n
t
4
/
e
x
a
m
p
l
e
s
/
e
x
t
e
n
d
e
d
/
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c

a
re
p
erm
a
n
en
tly
u
p
d
ated
an
d
d
o
cu
m
en
ted
;
th
ey
rep
resen
t
ou
r

referen
ce
for
ed
u
cation
a
b
o
u
t
E
M

p
h
y
sics

A
s
a
b
y
-p
ro
d
u
ct
o
f
th
e
tu
torial
given
a
t
c
a
l
o
r
2
0
0
0
,
a
set
of

ex
ercises
d
evoted
to
E
M

p
h
y
sics
h
as
b
een
in
corp
o
rated
to
th
e

g
en
era
l
G
e
a
n
t
4
to
olk
it
tu
torial

G
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a
n
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Q
A
a
n
d
D
e
sig
n

M
in
o
r
reo
rgan
isation
s
of
d
irectories
an
d
co
d
e,
in
ord
er
to
allow

in
d
ep
en
d
en
t
d
evelop
m
en
t
of
L
ow
E
n
ergy
an
d
S
p
ace
A
p
p
lication
s

a
ctiv
ities.
T
h
is
h
as
n
ot
a�
ected
th
e
b
asic
d
esign
o
f
th
e
p
ro
cesses

m
a
n
a
g
em
en
t,
w
h
ich
h
as
b
een
stab
le.

M
ig
ra
tio
n
to
IS
O
C
+
+
an
d
S
T
L
,
as
p
art
of
th
e
gen
era
l
G
e
a
n
t
4

m
ig
ra
tio
n
.

S
p
ecia
l
ca
re
is
taken
in
th
e
w
ork
in
g
grou
p
to
retain
th
e

in
d
ep
en
d
en
ce
from
th
e
sy
stem
of
u
n
its
u
tilized
.
A
s
a
con
seq
u
en
ce

th
e
E
M
p
h
y
sics
resu
lts
h
as
b
een
d
em
on
strated
to
b
e
in
d
ep
en
d
en
t
o
f

th
e
u
n
its,
w
h
ich
is
a
con
trib
u
tion
to
th
e
co
d
e
q
u
ality
a
ssu
ran
ce.
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pro�les of the energy deposit by 30 GeV electrons in iron

longit energy profile (% of E inc)

Fe  e- 30 GeV   G4-G3-Egs4 comparison
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sampling: LAr(4mm) Pb(4mm). Protons 500 MeV. GEANT3

left: cut = 2MeV; right: cut = 450keV

worl
EVENT NR     23
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR     24
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR     25
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR     26
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR     27
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR     28
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR     29
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR     30
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR     31
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR     32
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    612
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    613
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    614
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    615
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    616
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    617
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    618
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    619
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    620
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    621
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    622
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    623
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    624
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    625
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    626
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    627
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    628
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    629
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    630
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    631
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    632
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    633
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    634
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    635
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    636
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    637
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    638
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    639
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    640
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    641
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    642
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    643
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    644
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    645
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    646
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    647
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    648
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    649
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    650
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    651
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    652
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    653
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    654
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    655
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    656
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    657
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    658
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    659
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    660
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    661
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    662
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    663
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    664
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    665
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    666
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    667
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    668
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    669
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    670
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    671
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    672
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    673
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    674
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    675
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    676
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    677
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    678
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    679
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    680
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    681
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    682
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    683
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    684
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    685
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    686
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    687
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    688
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    689
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    690
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    691
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    692
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    693
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    694
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    695
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    696
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    697
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    698
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    699
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    700
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    701
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    702
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    703
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    704
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    705
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    706
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    707
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    708
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    709
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    710
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    711
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    712
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    713
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    714
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    715
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    716
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    717
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    718
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    719
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    720
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    721
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    722
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    723
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    724
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    725
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    726
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    727
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    728
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    729
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    730
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    731
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    732
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    733
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    734
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    735
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    736
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    737
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    738
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    739
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    740
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    741
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    742
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    743
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    744
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    745
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    746
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    747
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    748
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    749
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    750
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    751
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    752
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    753
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    754
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    755
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    756
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    757
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    758
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    759
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    760
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    761
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    762
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    763
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    764
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    765
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    766
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    767
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    768
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    769
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    770
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    771
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    772
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    773
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    774
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    775
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    776
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    777
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    778
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    779
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    780
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    781
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    782
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    783
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    784
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    785
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    786
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    787
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    788
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    789
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    790
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    791
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    792
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    793
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    794
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    795
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    796
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    797
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    798
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    799
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    800
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    801
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    802
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    803
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    804
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    805
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    806
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    807
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    808
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    809
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    810
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    811
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    812
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    813
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    814
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    815
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    816
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    817
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    818
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    819
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    820
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    821
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    822
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    823
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    824
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    825
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    826
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    827
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    828
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    829
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    830
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    831
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    832
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    833
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    834
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    835
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    836
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    837
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    838
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    839
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    840
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    841
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    842
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    843
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    844
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    845
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    846
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    847
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    848
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    849
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    850
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    851
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    852
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    853
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    854
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    855
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    856
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    857
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    858
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    859
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    860
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    861
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    862
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    863
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    864
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    865
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    866
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    867
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    868
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    869
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    870
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    871
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    872
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    873
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    874
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    875
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    876
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    877
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    878
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    879
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    880
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    881
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    882
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    883
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    884
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    885
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    886
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    887
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    888
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    889
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    890
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    891
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    892
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    893
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    894
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    895
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    896
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    897
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    898
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    899
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    900
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    901
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    902
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    903
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    904
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    905
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    906
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    907
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    908
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    909
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    910
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    911
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    912
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    913
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    914
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    915
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    916
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    917
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    918
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    919
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    920
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    921
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    922
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    923
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    924
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    925
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    926
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    927
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    928
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    929
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    930
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    931
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    932
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    933
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    934
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    935
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    936
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    937
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    938
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    939
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    940
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    941
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    942
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    943
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    944
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    945
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    946
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    947
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    948
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    949
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    950
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    951
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    952
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    953
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    954
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    955
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    956
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    957
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    958
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    959
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    960
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    961
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    962
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    963
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    964
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    965
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    966
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    967
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    968
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    969
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    970
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    971
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    972
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    973
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    974
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    975
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    976
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    977
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    978
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    979
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    980
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    981
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    982
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    983
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    984
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    985
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    986
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    987
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    988
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    989
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    990
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    991
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    992
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    993
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    994
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    995
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    996
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    997
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    998
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR    999
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1000
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1001
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1002
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1003
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1004
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1005
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1006
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1007
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1008
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1009
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1010
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1011
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1012
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1013
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1014
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1015
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1016
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1017
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1018
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1019
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1020
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1021
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1022
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1023
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1024
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1025
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1026
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1027
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1028
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1029
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1030
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1031
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1032
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1033
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1034
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1035
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1036
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1037
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1038
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1039
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1040
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1041
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1042
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1043
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1044
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1045
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1046
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1047
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1048
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1049
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1050
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1051
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1052
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1053
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1054
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1055
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1056
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1057
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1058
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1059
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1060
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1061
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1062
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1063
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1064
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1065
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1066
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1067
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1068
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1069
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1070
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1071
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1072
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1073
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1074
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1075
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1076
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1077
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1078
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1079
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1080
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1081
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1082
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1083
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1084
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1085
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1086
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1087
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1088
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1089
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1090
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1091
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1092
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1093
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1094
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1095
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1096
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1097
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1098
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1099
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1100
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1101
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1102
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1103
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1104
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1105
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1106
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1107
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1108
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1109
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1110
RUN NR      1 18/06/01

0.1cm 

worl
EVENT NR   1111
RUN NR      1 18/06/01

0.1cm 
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visible energy in sampling calorimeter
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Distribution of energy deposit by1 MeV electrons in Al-Au-Al slab :

45 mg/cm2 - 45 mg/cm2 - 315 mg/cm2 (cut: 1 micron)

worl
EVENT NR     39
RUN NR      1 10/04/01

100 µ

worl
EVENT NR     40
RUN NR      1 10/04/01

100 µ

worl
EVENT NR     41
RUN NR      1 10/04/01

100 µ

worl
EVENT NR     42
RUN NR      1 10/04/01

100 µ

worl
EVENT NR     43
RUN NR      1 10/04/01

100 µ

worl
EVENT NR     44
RUN NR      1 10/04/01

100 µ

worl
EVENT NR     45
RUN NR      1 10/04/01

100 µ

worl
EVENT NR     46
RUN NR      1 10/04/01

100 µ

worl
EVENT NR     47
RUN NR      1 10/04/01

100 µ

worl
EVENT NR     48
RUN NR      1 10/04/01

100 µ
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6.56 MeV protons through 93 micron of silicon : angle distribution

angle distribution at exit(deg)

6.56 MeV proton, 92.6 micrometer silicon
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albedo : The incident beam is 10 electrons of 600 keV entering in

50 �m of Tungsten.

4 electrons are transmitted, 2 are backscattered.

WORL
EVENT NR      1
RUN NR      1 24/ 9/ 0

10 µ 

WORL
EVENT NR      2
RUN NR      1 24/ 9/ 0

10 µ 

WORL
EVENT NR      3
RUN NR      1 24/ 9/ 0

10 µ 

WORL
EVENT NR      4
RUN NR      1 24/ 9/ 0

10 µ 

WORL
EVENT NR      5
RUN NR      1 24/ 9/ 0

10 µ 

WORL
EVENT NR      6
RUN NR      1 24/ 9/ 0

10 µ 

WORL
EVENT NR      7
RUN NR      1 24/ 9/ 0

10 µ 

WORL
EVENT NR      8
RUN NR      1 24/ 9/ 0

10 µ 

WORL
EVENT NR      9
RUN NR      1 24/ 9/ 0

10 µ 

WORL
EVENT NR     10
RUN NR      1 24/ 9/ 0

10 µ 
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Fluctuations on �E lead to 
uctuations on the actual range

(straggling).

penetration of e
� (16 MeV) and proton (105 MeV) in 10 cm of water.

WORL
EVENT NR      1
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR      2
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR      3
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR      4
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR      5
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR      6
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR      7
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR      8
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR      9
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR     10
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR     11
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR     12
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR     13
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR     14
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR     15
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR     16
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR     17
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR     18
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR     19
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR     20
RUN NR      1 18/ 9/ 0

 1 cm 

e−

WORL
EVENT NR      1
RUN NR      1 18/ 9/ 0

 1 cm 

p

WORL
EVENT NR      2
RUN NR      1 18/ 9/ 0

 1 cm 

p

WORL
EVENT NR      3
RUN NR      1 18/ 9/ 0

 1 cm 

p

WORL
EVENT NR      4
RUN NR      1 18/ 9/ 0

 1 cm 

p

WORL
EVENT NR      5
RUN NR      1 18/ 9/ 0

 1 cm 

p

WORL
EVENT NR      6
RUN NR      1 18/ 9/ 0

 1 cm 

p

WORL
EVENT NR      7
RUN NR      1 18/ 9/ 0

 1 cm 

p

WORL
EVENT NR      8
RUN NR      1 18/ 9/ 0

 1 cm 

p

WORL
EVENT NR      9
RUN NR      1 18/ 9/ 0

 1 cm 

p

WORL
EVENT NR     10
RUN NR      1 18/ 9/ 0

 1 cm 

p

WORL
EVENT NR     11
RUN NR      1 18/ 9/ 0

 1 cm 

p

WORL
EVENT NR     12
RUN NR      1 18/ 9/ 0

 1 cm 

p

WORL
EVENT NR     13
RUN NR      1 18/ 9/ 0

 1 cm 

p

WORL
EVENT NR     14
RUN NR      1 18/ 9/ 0

 1 cm 

p

WORL
EVENT NR     15
RUN NR      1 18/ 9/ 0

 1 cm 

p

WORL
EVENT NR     16
RUN NR      1 18/ 9/ 0

 1 cm 

p

WORL
EVENT NR     17
RUN NR      1 18/ 9/ 0

 1 cm 

p

WORL
EVENT NR     18
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Bragg curve. More energy per unit length are deposit towards

the end of trajectory rather at its beginning.

Edep along X(MeV/bin)

proton 105 MeV in water: Bragg peak
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e- 10 Gev in Pb.  Bremsstrahlung: gamma spectrum
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At high enough energies, the LPM e�ect can cause signi�ant elongation

of electromagnetic cascades ...

apparently, not yet at 10 TeV ...

longit energy profile (% of E inc)

Fe  e- 10 TeV  LPM - no LPM comparison
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10 meter of Fe : muons 100 GeV, 1 TeV, 5 TeV.

left : brems only

right : brems + direct pair creation
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energy deposited by high energy muons in a bloc of Iron

Muon in 2x2x2 m Iron
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energy spectrum of 1 TeV muons after 3 m of iron

3m iron.  muon 1TeV/c

1 TeV muon in 3x3x3 m iron
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gamma conversion in (e+; e�)

this is the gamma conversion into (e+; e
�), within a given material

WORL
EVENT NR      2
RUN NR      1 12/ 9/ 0

 1 cm 

γ

e−

e+
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Bremsstrahlung

emission of photons bremsstrahlung by an incident e
� in a given

material, with two di�erent production cuts.

WORL
EVENT NR      2
RUN NR      1 11/ 9/ 0

 1 cm 

WORL
EVENT NR      2
RUN NR      1 11/ 9/ 0

 1 cm 
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shower pro�les: independence from the system of units

longit energy profile (% of E inc)
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