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by

th
eir

static
prop

erties:
m

ass,
sp

in
,
life

tim
e,

d
ecay

m
o
d
es

In
prin

cip
le,

on
ly

stab
le

an
d

lon
g

lived
p
articles

(τ
>

10
−

1
3

s)
n
eed

ed
in

th
e

sim
u
lation

to
olkit.

T
h
e

rem
ain

in
g

p
articles

n
eed

n
ot

b
e

created
in

p
article-m

ed
iu

m
in

teraction
.

T
h
is,

h
ow

ever,
sets

som
e

lim
itation

on
th

e
h
ad

ron
p
h
ysics

m
o
d
el

M
arch

2
0
0
6

E
ve

n
t

S
im

u
la

tio
n

(p
a
g
e

8
6
)

S
u
n
a
n
d
a

B
a
n
e
rje

e

T
IF

R



G
E
A

N
T

4

➢
M

ost
com

m
on

ly
u
sed

p
articles

are
som

ew
h
at

u
n
iq

u
e

an
d

each
su

ch
p
article

is
d
escrib

ed
by

a
static

ob
ject

G
4G

am
m

a::G
am

m
aD

efi
n
ition

();

G
4G

am
m

a::G
am

m
a();

➢
S
everal

p
articles

are
d
escrib

ed
th

rou
gh

n
am

e,
P
D

G
co

d
e.

eg.
G

lu
on

s,
Q

u
arks,

D
i-Q

u
arks,

L
ep

ton
s,

M
eson

s,
B

aryon
s,
···.

T
h
ese

are
in

voked
th

rou
gh

G
4P

articleT
ab

le::F
in

d
P
article(co

d
e/n

am
e);

➢
S
om

e
ion

s
or

sh
ort

lived
p
articles

are
created

by
th

e
pro

cess.
T

h
ey

are
activated

also
th

rou
gh

sp
ecial

m
eth

o
d
s

of
G

4P
articleT

ab
le

P
articles

are
to

b
e

in
itiated

at
th

e
sam

e
tim

e
as

th
e

p
h
ysics

pro
cess

in
itiation

M
arch

2
0
0
6

E
ve

n
t

S
im

u
la

tio
n

(p
a
g
e

8
9
)

S
u
n
a
n
d
a

B
a
n
e
rje

e

T
IF

R



In
terface

to
E
ven

t
G

en
erators

A
t

th
e

start
of

th
e

even
t

u
ser

h
as

to
provid

e
th

e
com

p
lete

kin
em

atical
in

form
ation

of
an

E
ven

t:

➢
In

G
E
A

N
T

3
su

brou
tin

e
G
U

K
IN

E
h
as

to
take

care
of

th
is

➢
In

G
E
A

N
T

4
u
ser

h
as

to
d
eclare

a
P
rim

aryG
en

eratorA
ctio

n
as

an
u
ser

action
of

th
e

R
u
n
M

an
ag

er.
T

h
is

h
as

to
provid

e
th

e
in

terface
in

on
e

of
its

m
eth

o
d

G
en

erateP
rim

aries

G
E
A

N
T

3

O
n
e

n
eed

s
to

pro
d
u
ce

a
strin

g
of

vertices
an

d
tracks.

V
ertex

cou
ld

refer
to

th
e

b
egin

n
in

g
or

th
e

en
d

of
a

track
(m

ovin
g

p
article)

an
d

track
is

a
p
article

w
ith

th
e

ad
d
ed

in
form

ation
of

its
kin

em
atics

G
S
V

E
R
T

(V
E
R
T

,B
E
A

M
,T

A
R
G
E
T

,U
B

U
F
,N

W
,N

V
T

X
)

creates
a

vertex
N

V
T

X
at

V
E
R
T

(1
·
·
·

3
)

to
b
e

th
e

collision
of

tw
o

tracks
B

E
A

M
an

d
T
A

R
G
E
T

M
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n
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a
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G
S
K

IN
E

(P
L
A

B
,P

A
R
T

IC
L
E
,N

V
T

X
,U

B
U

F
,N

W
,N

T
R
K

)

creates
a

track
N

T
R
K

origin
atin

g
from

vertex
N

V
T

X
of

p
article

co
d
e

P
A

R
T

IC
L
E

an
d

of
3-m

om
en

tu
m

P
L
A

B

G
E
A

N
T

4

M
eth

o
d

G
en

erateP
rim

aries
creates

prim
ary

vertics
an

d
prim

ary
p
articles

n
ew

G
4
P
rim

aryV
ertex(p

articleP
o
sitio

n
,
p
articleT

im
e);

creates
a

vertex
at

a
given

p
osition

(3-vector)
an

d
at

a
tim

e

G
4
P
rim

aryP
article*

p
article

=
n
ew

G
4
P
rim

aryP
article

(p
articleD

efi
n
itio

n
,p

x,p
y,p

z);

p
article

→
setP

o
larizatio

n
(p

o
larizatio

n
);

p
article

→
setM

ass(m
ass);

p
article

→
setC

h
arg

e(ch
arg

e);

vertex
→

setP
rim

ary(p
article);

creates
a

prim
ary

p
article,

sets
u
p

its
m

ass,
ch

arge,
···

an
d

asso
ciates

it
to

its
origin
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P
ro

cesses

W
h
en

a
p
article

starts
its

jou
rn

ey
th

rou
gh

th
e

d
etector,

th
ere

w
ill

b
e

several
com

p
etin

g
pro

cesses
th

e
p
article

can
go

th
rou

gh
.

T
h
ey

are
broad

ly
d
ivid

ed
in

to
3

categories:

T
ra

n
sp

o
rta

tio
n
:

M
ovin

g
alon

g
a

straigh
t

lin
e

(n
eu

tral
or

m
ed

ia
w

ith
n
o

em
fi
eld

)
or

alon
g

a
cu

rve
(ch

arged
in

m
agn

etic
fi
eld

)
crossin

g
volu

m
e

b
ou

n
d
aries

C
o
n
tin

u
o
u
s

P
ro

ce
ss:

P
article

kin
em

atics
get

m
o
d
ifi

ed
b
u
t

th
e

p
article

retain
s

its
id

en
tity

(con
tin

u
ou

s
en

ergy
loss,

m
u
ltip

le
scatterin

g,
···)

D
iscre

te
P
ro

ce
ss:

P
article

u
n
d
ergo

es
in

teraction
or

d
ecay

pro
d
u
cin

g
n
ew

p
articles

an
d

m
ay

lose
its

ow
n

id
en

tity

T
h
ese

pro
cesses

are
treated

d
iff

eren
tly

in
a

sim
u
lation

to
olkit.

T
h
e

con
trol

is
d
on

e
th

rou
gh

G
E
A
N

T
3
:

A
ctivated

or
d
e-activated

glob
ally

or
lo

cally
in

selected
m

ed
ia

th
rou

gh
d
ata

card
con

trol

G
E
A
N

T
4
:

P
ro

cesses
n
eed

to
b
e

registered
at

in
itialisation

tim
e

an
d

activated
d
u
rin

g
trackin

g
p
articles

M
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T
ran

sp
ortation

It
can

n
ot

b
e

sw
itch

ed
off

in
G

E
A

N
T

3.
H

ere
th

e
S
tep

size
is

com
p
u
ted

an
d

u
ser

rou
tin

e
G
U

S
W

IM
is

called
w

h
ich

can
provid

e
lin

ear
tran

sp
ort

or
tran

sp
ortation

in
a

m
agn

etic
fi
eld

(alon
g

a
h
elix

or
R
u
n
ge-K

u
tta

in
tegration

for
in

h
om

ogen
eou

s
fi
eld

)

In
G

E
A

N
T

4
tran

sp
ortation

is
n
ot

treated
an

y
d
iff

eren
t

from
oth

er
pro

cesses.
T

h
is

pro
cess

h
as

to
b
e

registered
d
u
rin

g
in

itialisation
an

d
p
articles

sh
ou

ld
kn

ow
h
ow

to
b
e

tran
sp

orted

D
iscrete

P
ro

cesses

T
h
ere

are
m

an
y

d
iscrete

pro
cesses

in
electrom

agn
etic,

w
eak

an
d

stron
g

in
teraction

s.
S
om

e
of

th
ese

are
im

p
lem

en
ted

in
th

e
d
iff

eren
t

version
s

of
G

E
A

N
T

.
Im

p
lem

en
tation

in
sid

e
G

E
A

N
T

4
is

m
ore

com
p
lete

In
G

E
A

N
T

3
in

corp
oration

of
a

pro
cess

is
con

trolled
by

exp
licit

fl
ag

w
ith

valu
es

0,
1

or
2

sign
ifyin

g
th

e
pro

cess
to

b
e

ign
ored

,
to

b
e

active
w

ith
gen

eration
of

secon
d
aries

or
to

b
e

active
w

ith
n
o

secon
d
ary

gen
eration
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T
rackin

g
in

G
E
A
N

T
4

❐
H

ere
a

S
tep

h
as

tw
o

p
oin

ts
an

d
also

‘d
elta’

in
form

ation
of

a
p
ar-

ticle
(en

ergy
loss

in
th

at
step

,
tim

e
sp

en
t

in
th

e
step

,
···)

❐
E
ach

p
oin

t
kn

ow
s

th
e

volu
m

e.
In

case
a

step
is

lim
ited

by
a

volu
m

e
b
ou

n
d
ary,

th
e

en
d

p
oin

t
p
h
ysically

stan
d
s

on
th

e
b
ou

n
d
ary,

an
d

it
logically

b
elon

gs
to

th
e

n
ext

volu
m

e

❐
It

d
o
es

n
ot

m
ake

tw
o

step
s

at
a

b
ou

n
d
ary

❐
A
t

each
en

d
of

step
a

con
trol

is
given

to
th

e
m

eth
o
d

U
serS

tep
p
in

gA
ction

of
an

ob
ject

G
4U

serS
tep

p
in

gA
ction

(or
a

class
d
erived

from
it

an
d

registered
to

th
e

A
ction

M
an

ager)

❐
If

it
is

a
sen

sitive
d
etector,

a
con

trol
is

given
to

th
e

m
eth

o
d

P
ro

cessH
its

of
th

e
ap

propriate
sen

sitive
d
etector

(for
th

e
logical

volu
m

e)

❐
A

n
y

pro
cess

(in
clu

d
in

g
pro

cesses
su

p
p
lied

by
u
ser)

w
ill

b
e

asked
to

take
ap

propriate
action

A
lon

gS
tep

,
P
ostS

tep
,
A
tR

est

M
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n
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❐
U

ser
can

also
take

action
on

a
track

eith
er

at
th

e
start

of
trackin

g
or

at
th

e
en

d

G
E
A

N
T

4
provid

es
a

m
ore

carefu
l
an

d
d
etailed

ap
proach

in
sw

im
m

in
g

p
articles

in
an

electrom
agn

etic
fi
eld

❒
T

h
e

eq
u
ation

of
m

otion
is

in
tegrated

over
a

p
ath

len
gth

u
sin

g
a

R
u
n
ge-K

u
tta

m
eth

o
d

or
som

e
variation

s
of

th
is.

❒
In

a
u
n
iform

fi
eld

,
an

alytical
solu

tion
exists

an
d

are
u
sed

.
In

a
n
early

u
n
iform

fi
eld

,
p
ertu

rb
ation

is
ap

p
lied

❒
T

h
e

p
ath

is
calcu

lated
u
sin

g
a

ch
osen

in
tegration

m
eth

o
d

an
d

th
en

it
is

broken
in

to
lin

ear
ch

ord
segm

en
ts

th
at

closely
ap

proxim
ate

th
e

cu
rved

p
ath

❒
T

h
e

ch
ord

s
are

u
sed

to
in

terrogate
th

e
n
avigator

to
fi
n
d

ou
t

w
h
eth

er
th

e
track

h
as

crossed
a

volu
m

e
b
ou

n
d
ary
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U
ser

A
ction

A
p
art

from
d
escrib

in
g

th
e

d
etector

in
term

s
of

p
assive

an
d

active
elem

en
ts,

th
e

u
ser

h
as

to
take

care
of

certain
th

in
gs

d
u
rin

g
sim

u
lation

at
th

e
tim

e
of

trackin
g

an
d

p
ost

trackin
g:

❑
T
ake

care
of

th
e

secon
d
aries

pro
d
u
ced

in
th

e
d
iscrete

pro
cesses

❑
S
tore

tran
sien

t
H

its
at

th
e

tim
e

of
trackin

g
w

ith
in

form
ation

to
b
e

u
sed

for
pro

d
u
cin

g
d
etector

resp
on

se
later

❑
C
om

p
u
ter

d
etector

resp
on

se
in

all
sen

sitive
d
etectors

startin
g

from
th

e
H

its
stored

in
th

e
even

t
✧

g
ro

u
p

h
its

for
in

d
ivid

u
al

read
o
u
t

ch
an

n
el

✧
co

n
vert

en
erg

y
lo

ss
to

p
u
lse

h
eig

h
t;

p
o
sitio

n
an

d
tim

e
to

d
rift

tim
e,
·
·
·

✧
p
artitio

n
sig

n
al

in
to

a
n
u
m

b
er

o
f
read

o
u
t

ch
an

n
els;

g
en

erate
w

ire
#

/
p
ad

#
/
strip

#

✧
take

care
o
f
sp

ecial
eff

ects;
n
o
n
-u

n
iform

ity,
atten

u
atio

n
,
·
·
·

✧
see

eff
ect

d
u
e

to
m

erg
in

g
:

satu
ratio

n
,
m

u
lti-h

it
cap

ab
ility,

·
·
·

✧
ad

d
b
ack

g
ro

u
n
d

d
u
e

to
o
th

er
p
h
ysical

p
ro

cess:
electro

n
ic

n
o
ise,

rad
io

-activity,
b
eam

in
d
u
ced

,
·
·
·

✧
p
u
t

in
d
etector

effi
cien

cy,
in

trin
sic

reso
lu

tio
n
,
·
·
·
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U
ser

A
ction

in
G

E
A
N

T
4

➤
D

u
rin

g
trackin

g,
u
ser

gets
con

trol
at

several
p
laces:

✧
F
or

seco
n
d
aries

p
ro

d
u
ced

in
d
iscrete

p
ro

cesses,
ap

p
ro

p
riate

actio
n

is
to

b
e

taken
in

G
4
U

serS
tack

in
g
A

ctio
n

✧
F
or

step
s

in
sid

e
a

sen
sitive

d
etector

store
h
its

u
sin

g
in

form
atio

n
fro

m
S
tep

an
d

T
o
u
ch

ab
leH

istory
in

th
e

m
eth

o
d

P
ro

cessH
it

✧
F
or

d
ecid

in
g

to
store

track
in

form
atio

n
for

fu
tu

re
u
se

u
se

th
e

m
eth

o
d
s

P
reU

serT
rack

in
g
A

ctio
n

an
d

P
o
stU

serT
rack

in
g
A

ctio
n

o
f

G
4
U

serT
rack

in
g
A

ctio
n

✧
F
or

step
s

in
sid

e
an

y
m

ed
iu

m
,
sen

sitive
or

n
o
t,

u
ser

can
take

actio
n

in
U

serS
tep

A
ctio

n

➤
T

h
e

u
ser

h
as

to
d
o

pretty
m

u
ch

th
e

sam
e

th
in

g
after

th
e

com
p
letion

of
trackin

g
as

in
G
E
A

N
T

3
an

d
th

is
can

b
e

in
terfaced

in
G
4
U

serA
ctio

n

th
rou

gh
th

e
m

eth
o
d
s

B
eg

in
O

fE
ven

tA
ctio

n
an

d
E
n
d
O

fE
ven

tA
ctio

n
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O
p
tim

isation

❑
L
arge

fraction
of

d
etector

sim
u
lation

tim
e

is
sp

en
t

in
trackin

g
of

p
articles

in
th

e
d
etector

❑
B

ig
p
art

of
th

e
trackin

g
tim

e
go

es
in

geom
etry

to
fi
n
d

ou
t

m
in

im
u
m

d
istan

ce
alon

g
a

d
irection

to
th

e
volu

m
e

b
ou

n
d
ary

⇒
U

se
tricks

to
op

tim
ise

th
is

F
rom

G
E
A

N
T

sid
e

S
A

F
E
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p
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d
ary

o
n
e

n
eed

s
to

co
m

p
u
te:

❑
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d
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❑
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d
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p
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➢
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p
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d
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A
M
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im
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E
xam

p
le

#
i
n
c
l
u
d
e
"
G
4
R
u
n
M
a
n
a
g
e
r
.
h
h
"

#
i
n
c
l
u
d
e
"
G
4
U
I
m
a
n
a
g
e
r
.
h
h
"

#
i
n
c
l
u
d
e
"
E
x
N
0
1
D
e
t
e
c
t
o
r
C
o
n
s
t
r
u
c
t
i
o
n
.
h
h
"

#
i
n
c
l
u
d
e
"
E
x
N
0
1
P
h
y
s
i
c
s
L
i
s
t
.
h
h
"

#
i
n
c
l
u
d
e
"
E
x
N
0
1
P
r
i
m
a
r
y
G
e
n
e
r
a
t
o
r
A
c
t
i
o
n
.
h
h
"

i
n
t
m
a
i
n
(
)
{

/
/

C
o
n
s
t
r
u
c
t
t
h
e
d
e
f
a
u
l
t
r
u
n
m
a
n
a
g
e
r

G
4
R
u
n
M
a
n
a
g
e
r
*
r
u
n
M
a
n
a
g
e
r
=
n
e
w
G
4
R
u
n
M
a
n
a
g
e
r
;

/
/

s
e
t
m
a
n
d
a
t
o
r
y
i
n
i
t
i
a
l
i
z
a
t
i
o
n
c
l
a
s
s
e
s

r
u
n
M
a
n
a
g
e
r
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>
S
e
t
U
s
e
r
I
n
i
t
i
a
l
i
z
a
t
i
o
n
(
n
e
w
E
x
N
0
1
D
e
t
e
c
t
o
r
C
o
n
s
t
r
u
c
t
i
o
n
)
;

r
u
n
M
a
n
a
g
e
r
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>
S
e
t
U
s
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r
I
n
i
t
i
a
l
i
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a
t
i
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n
(
n
e
w
E
x
N
0
1
P
h
y
s
i
c
s
L
i
s
t
)
;

/
/

s
e
t
m
a
n
d
a
t
o
r
y
u
s
e
r
a
c
t
i
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n
c
l
a
s
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r
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P
r
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G
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n
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r
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;

/
/

I
n
i
t
i
a
l
i
z
e
G
4
k
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r
n
e
l

r
u
n
M
a
n
a
g
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>
I
n
i
t
i
a
l
i
z
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/
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g
e
t
t
h
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p
o
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n
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e
U
I
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r
a
n
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i
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i
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G
4
U
I
m
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n
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g
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=

G
4
U
I
m
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n
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:
G
e
t
U
I
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p
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m
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b
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p
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b
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p
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c
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b
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b
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r
n
0
;
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e
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c
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b
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c
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c
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c
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p
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c
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;
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u
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c
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p
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t
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i
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B
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c
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h
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r
a
c
k
e
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p
h
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E
x
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1
D
e
t
e
c
t
o
r
C
o
n
s
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r
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c
t
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o
n
:
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E
x
N
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D
e
t
e
c
t
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r
C
o
n
s
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c
t
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n
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}
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V
P
h
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i
c
a
l
V
o
l
u
m
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*
E
x
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D
e
t
e
c
t
o
r
C
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n
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u
c
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n
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c
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b
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c
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c
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b
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b
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t
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a
l
*
A
r

=
n
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M
a
t
e
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a
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=
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.
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c
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4
M
a
t
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r
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a
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*
A
l

=
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e
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G
4
M
a
t
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i
a
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"
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l
u
m
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n
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=

1
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.
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*
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l
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,
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c
m
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;
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=
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=
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=

2
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u
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4
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u
b
l
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e
x
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=
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.
0
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m
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4
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o
u
b
l
e
e
x
p
H
a
l
l
_
y
=
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.
0
*
m
;

G
4
d
o
u
b
l
e
e
x
p
H
a
l
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0
*
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p
e
r
i
m
e
n
t
a
l
H
a
l
l
_
b
o
x
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=
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w
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4
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o
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p
H
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e
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H
a
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e
x
p
H
a
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p
H
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;

e
x
p
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r
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=
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g
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p
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p
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P
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c
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m
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T
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c
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p
e
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;
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c
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b
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b
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b
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h
e
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u
b
e
=
6
0
.
*
c
m
;

G
4
d
o
u
b
l
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i
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b
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m
;

G
4
d
o
u
b
l
e
s
t
a
r
t
A
n
g
l
e
O
f
T
h
e
T
u
b
e
=
0
.
*
d
e
g
;

G
4
d
o
u
b
l
e
s
p
a
n
n
i
n
g
A
n
g
l
e
O
f
T
h
e
T
u
b
e
=

3
6
0
.
*
d
e
g
;

G
4
T
u
b
s
*
t
r
a
c
k
e
r
_
t
u
b
e
=
n
e
w
G
4
T
u
b
s
(
"
t
r
a
c
k
e
r
_
t
u
b
e
"
,
i
n
n
e
r
R
a
d
i
u
s
O
f
T
h
e
T
u
b
e
,

o
u
t
e
r
R
a
d
i
u
s
O
f
T
h
e
T
u
b
e
,
h
i
g
h
t
O
f
T
h
e
T
u
b
e
,

s
t
a
r
t
A
n
g
l
e
O
f
T
h
e
T
u
b
e
,
s
p
a
n
n
i
n
g
A
n
g
l
e
O
f
T
h
e
T
u
b
e
)
;

t
r
a
c
k
e
r
_
l
o
g
=

n
e
w
G
4
L
o
g
i
c
a
l
V
o
l
u
m
e
(
t
r
a
c
k
e
r
_
t
u
b
e
,
A
l
,
"
t
r
a
c
k
e
r
_
l
o
g
"
,
0
,
0
,
0
)
;

G
4
d
o
u
b
l
e
t
r
a
c
k
e
r
P
o
s
_
x
=
-
1
.
0
*
m
;

G
4
d
o
u
b
l
e
t
r
a
c
k
e
r
P
o
s
_
y
=
0
.
*
m
;

G
4
d
o
u
b
l
e
t
r
a
c
k
e
r
P
o
s
_
z
=
0
.
*
m
;

t
r
a
c
k
e
r
_
p
h
y
s
=

n
e
w
G
4
P
V
P
l
a
c
e
m
e
n
t
(
0
,

G
4
T
h
r
e
e
V
e
c
t
o
r
(
t
r
a
c
k
e
r
P
o
s
_
x
,
t
r
a
c
k
e
r
P
o
s
_
y
,
t
r
a
c
k
e
r
P
o
s
_
z
)
,

t
r
a
c
k
e
r
_
l
o
g
,
"
t
r
a
c
k
e
r
"
,
e
x
p
e
r
i
m
e
n
t
a
l
H
a
l
l
_
l
o
g
,
f
a
l
s
e
,
0
)
;

/
/
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
a
c
a
l
o
r
i
m
e
t
e
r
b
l
o
c
k

G
4
d
o
u
b
l
e
b
l
o
c
k
_
x
=
1
.
0
*
m
;

G
4
d
o
u
b
l
e
b
l
o
c
k
_
y
=
5
0
.
0
*
c
m
;

G
4
d
o
u
b
l
e
b
l
o
c
k
_
z
=
5
0
.
0
*
c
m
;

G
4
B
o
x
*
c
a
l
o
r
i
m
e
t
e
r
B
l
o
c
k
_
b
o
x
=

n
e
w
G
4
B
o
x
(
"
c
a
l
B
l
o
c
k
_
b
o
x
"
,
b
l
o
c
k
_
x
,

b
l
o
c
k
_
y
,
b
l
o
c
k
_
z
)
;

c
a
l
o
r
i
m
e
t
e
r
B
l
o
c
k
_
l
o
g
=
n
e
w
G
4
L
o
g
i
c
a
l
V
o
l
u
m
e
(
c
a
l
o
r
i
m
e
t
e
r
B
l
o
c
k
_
b
o
x
,

P
b
,
"
c
a
l
o
B
l
o
c
k
_
l
o
g
"
,
0
,
0
,
0
)
;

G
4
d
o
u
b
l
e
b
l
o
c
k
P
o
s
_
x
=

1
.
0
*
m
;

G
4
d
o
u
b
l
e
b
l
o
c
k
P
o
s
_
y
=

0
.
0
*
m
;

G
4
d
o
u
b
l
e
b
l
o
c
k
P
o
s
_
z
=

0
.
0
*
m
;

c
a
l
o
r
i
m
e
t
e
r
B
l
o
c
k
_
p
h
y
s
=
n
e
w
G
4
P
V
P
l
a
c
e
m
e
n
t
(
0
,

G
4
T
h
r
e
e
V
e
c
t
o
r
(
b
l
o
c
k
P
o
s
_
x
,
b
l
o
c
k
P
o
s
_
y
,
b
l
o
c
k
P
o
s
_
z
)
,

c
a
l
o
r
i
m
e
t
e
r
B
l
o
c
k
_
l
o
g
,
"
c
a
l
o
B
l
o
c
k
"
,
e
x
p
e
r
i
m
e
n
t
a
l
H
a
l
l
_
l
o
g
,
f
a
l
s
e
,
0
)
;

/
/
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
c
a
l
o
r
i
m
e
t
e
r
l
a
y
e
r
s
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G
4
d
o
u
b
l
e
c
a
l
o
_
x
=

1
.
*
c
m
;

G
4
d
o
u
b
l
e
c
a
l
o
_
y
=

4
0
.
*
c
m
;

G
4
d
o
u
b
l
e
c
a
l
o
_
z
=

4
0
.
*
c
m
;

G
4
B
o
x
*
c
a
l
o
r
i
m
e
t
e
r
L
a
y
e
r
_
b
o
x
=

n
e
w
G
4
B
o
x
(
"
c
a
l
o
L
a
y
e
r
_
b
o
x
"
,

c
a
l
o
_
x
,
c
a
l
o
_
y
,
c
a
l
o
_
z
)
;

c
a
l
o
r
i
m
e
t
e
r
L
a
y
e
r
_
l
o
g
=
n
e
w
G
4
L
o
g
i
c
a
l
V
o
l
u
m
e
(
c
a
l
o
r
i
m
e
t
e
r
L
a
y
e
r
_
b
o
x
,

A
l
,
"
c
a
l
o
L
a
y
e
r
_
l
o
g
"
,
0
,
0
,
0
)
;

f
o
r
(
G
4
i
n
t
i
=
0
;
i
<
1
9
;
i
+
+
)
{
/
/
l
o
o
p
f
o
r
1
9
l
a
y
e
r
s

G
4
d
o
u
b
l
e
c
a
l
o
P
o
s
_
x
=
(
i
-
9
)
*
1
0
.
*
c
m
;

G
4
d
o
u
b
l
e
c
a
l
o
P
o
s
_
y
=
0
.
0
*
m
;

G
4
d
o
u
b
l
e
c
a
l
o
P
o
s
_
z
=
0
.
0
*
m
;

c
a
l
o
r
i
m
e
t
e
r
L
a
y
e
r
_
p
h
y
s
=

n
e
w
G
4
P
V
P
l
a
c
e
m
e
n
t
(
0
,

G
4
T
h
r
e
e
V
e
c
t
o
r
(
c
a
l
o
P
o
s
_
x
,
c
a
l
o
P
o
s
_
y
,
c
a
l
o
P
o
s
_
z
)
,

c
a
l
o
r
i
m
e
t
e
r
L
a
y
e
r
_
l
o
g
,
"
c
a
l
o
L
a
y
e
r
"
,
c
a
l
o
r
i
m
e
t
e
r
B
l
o
c
k
_
l
o
g
,
f
a
l
s
e
,
i
)
;

}/
/
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

r
e
t
u
r
n
e
x
p
e
r
i
m
e
n
t
a
l
H
a
l
l
_
p
h
y
s
;
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#
i
f
n
d
e
f
E
x
N
0
1
P
h
y
s
i
c
s
L
i
s
t
_
h

#
d
e
f
i
n
e
E
x
N
0
1
P
h
y
s
i
c
s
L
i
s
t
_
h
1

#
i
n
c
l
u
d
e
"
G
4
V
U
s
e
r
P
h
y
s
i
c
s
L
i
s
t
.
h
h
"

#
i
n
c
l
u
d
e
"
g
l
o
b
a
l
s
.
h
h
"

c
l
a
s
s
E
x
N
0
1
P
h
y
s
i
c
s
L
i
s
t
:
p
u
b
l
i
c
G
4
V
U
s
e
r
P
h
y
s
i
c
s
L
i
s
t
{

p
u
b
l
i
c
:

E
x
N
0
1
P
h
y
s
i
c
s
L
i
s
t
(
)
;

~
E
x
N
0
1
P
h
y
s
i
c
s
L
i
s
t
(
)
;

p
r
o
t
e
c
t
e
d
:

/
/
C
o
n
s
t
r
u
c
t
p
a
r
t
i
c
l
e
a
n
d
p
h
y
s
i
c
s
p
r
o
c
e
s
s

v
o
i
d
C
o
n
s
t
r
u
c
t
P
a
r
t
i
c
l
e
(
)
;

v
o
i
d
C
o
n
s
t
r
u
c
t
P
r
o
c
e
s
s
(
)
;

v
o
i
d
S
e
t
C
u
t
s
(
)
;

}
;
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#
i
n
c
l
u
d
e
"
E
x
N
0
1
P
h
y
s
i
c
s
L
i
s
t
.
h
h
"

#
i
n
c
l
u
d
e
"
G
4
P
a
r
t
i
c
l
e
T
y
p
e
s
.
h
h
"

E
x
N
0
1
P
h
y
s
i
c
s
L
i
s
t
:
:
E
x
N
0
1
P
h
y
s
i
c
s
L
i
s
t
(
)
{
;
}

E
x
N
0
1
P
h
y
s
i
c
s
L
i
s
t
:
:
~
E
x
N
0
1
P
h
y
s
i
c
s
L
i
s
t
(
)
{
;
}

v
o
i
d
E
x
N
0
1
P
h
y
s
i
c
s
L
i
s
t
:
:
C
o
n
s
t
r
u
c
t
P
a
r
t
i
c
l
e
(
)
{

/
/

I
n
t
h
i
s
m
e
t
h
o
d
,
s
t
a
t
i
c
m
e
m
b
e
r
f
u
n
c
t
i
o
n
s
s
h
o
u
l
d
b
e

c
a
l
l
e
d

/
/

f
o
r
a
l
l
p
a
r
t
i
c
l
e
s
w
h
i
c
h
y
o
u
w
a
n
t
t
o
u
s
e
.

/
/

T
h
i
s
e
n
s
u
r
e
s
t
h
a
t
o
b
j
e
c
t
s
o
f
t
h
e
s
e
p
a
r
t
i
c
l
e
t
y
p
e
s
w
i
l
l
b
e

/
/

c
r
e
a
t
e
d
i
n
t
h
e
p
r
o
g
r
a
m
.

G
4
G
e
a
n
t
i
n
o
:
:
G
e
a
n
t
i
n
o
D
e
f
i
n
i
t
i
o
n
(
)
;

}v
o
i
d
E
x
N
0
1
P
h
y
s
i
c
s
L
i
s
t
:
:
C
o
n
s
t
r
u
c
t
P
r
o
c
e
s
s
(
)
{

/
/

D
e
f
i
n
e
t
r
a
n
s
p
o
r
t
a
t
i
o
n
p
r
o
c
e
s
s

A
d
d
T
r
a
n
s
p
o
r
t
a
t
i
o
n
(
)
;

}v
o
i
d
E
x
N
0
1
P
h
y
s
i
c
s
L
i
s
t
:
:
S
e
t
C
u
t
s
(
)
{

/
/

u
p
p
r
e
s
s
e
r
r
o
r
m
e
s
s
a
g
e
s
e
v
e
n
i
n

c
a
s
e
e
/
g
a
m
m
a
/
p
r
o
t
o
n
d
o
n
o
t

e
x
i
s
t

G
4
i
n
t
t
e
m
p
=
G
e
t
V
e
r
b
o
s
e
L
e
v
e
l
(
)
;

S
e
t
V
e
r
b
o
s
e
L
e
v
e
l
(
0
)
;

/
/

"
G
4
V
U
s
e
r
P
h
y
s
i
c
s
L
i
s
t
:
:
S
e
t
C
u
t
s
W
i
t
h
D
e
f
a
u
l
t
"
m
e
t
h
o
d
s
e
t
s

/
/

t
h
e
d
e
f
a
u
l
t
c
u
t
v
a
l
u
e
f
o
r
a
l
l
p
a
r
t
i
c
l
e
t
y
p
e
s

S
e
t
C
u
t
s
W
i
t
h
D
e
f
a
u
l
t
(
)
;

/
/

R
e
t
r
i
e
v
e
v
e
r
b
o
s
e
l
e
v
e
l

S
e
t
V
e
r
b
o
s
e
L
e
v
e
l
(
t
e
m
p
)
;
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#
i
f
n
d
e
f
E
x
N
0
1
P
r
i
m
a
r
y
G
e
n
e
r
a
t
o
r
A
c
t
i
o
n
_
h

#
d
e
f
i
n
e
E
x
N
0
1
P
r
i
m
a
r
y
G
e
n
e
r
a
t
o
r
A
c
t
i
o
n
_
h
1

#
i
n
c
l
u
d
e
"
G
4
V
U
s
e
r
P
r
i
m
a
r
y
G
e
n
e
r
a
t
o
r
A
c
t
i
o
n
.
h
h
"

c
l
a
s
s
G
4
P
a
r
t
i
c
l
e
G
u
n
;

c
l
a
s
s
G
4
E
v
e
n
t
;

c
l
a
s
s
E
x
N
0
1
P
r
i
m
a
r
y
G
e
n
e
r
a
t
o
r
A
c
t
i
o
n
:

p
u
b
l
i
c
G
4
V
U
s
e
r
P
r
i
m
a
r
y
G
e
n
e
r
a
t
o
r
A
c
t
i
o
n
{

p
u
b
l
i
c
:

E
x
N
0
1
P
r
i
m
a
r
y
G
e
n
e
r
a
t
o
r
A
c
t
i
o
n
(
)
;

~
E
x
N
0
1
P
r
i
m
a
r
y
G
e
n
e
r
a
t
o
r
A
c
t
i
o
n
(
)
;

p
u
b
l
i
c
:

v
o
i
d
G
e
n
e
r
a
t
e
P
r
i
m
a
r
i
e
s
(
G
4
E
v
e
n
t
*
a
n
E
v
e
n
t
)
;

p
r
i
v
a
t
e
:

G
4
P
a
r
t
i
c
l
e
G
u
n
*
p
a
r
t
i
c
l
e
G
u
n
;

}
;
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#
i
n
c
l
u
d
e
"
E
x
N
0
1
P
r
i
m
a
r
y
G
e
n
e
r
a
t
o
r
A
c
t
i
o
n
.
h
h
"

#
i
n
c
l
u
d
e
"
G
4
E
v
e
n
t
.
h
h
"

#
i
n
c
l
u
d
e
"
G
4
P
a
r
t
i
c
l
e
G
u
n
.
h
h
"

#
i
n
c
l
u
d
e
"
G
4
P
a
r
t
i
c
l
e
T
a
b
l
e
.
h
h
"

#
i
n
c
l
u
d
e
"
G
4
P
a
r
t
i
c
l
e
D
e
f
i
n
i
t
i
o
n
.
h
h
"

#
i
n
c
l
u
d
e
"
g
l
o
b
a
l
s
.
h
h
"

E
x
N
0
1
P
r
i
m
a
r
y
G
e
n
e
r
a
t
o
r
A
c
t
i
o
n
:
:
E
x
N
0
1
P
r
i
m
a
r
y
G
e
n
e
r
a
t
o
r
A
c
t
i
o
n
(
)
{

G
4
i
n
t
n
_
p
a
r
t
i
c
l
e
=
1
;

p
a
r
t
i
c
l
e
G
u
n
=

n
e
w
G
4
P
a
r
t
i
c
l
e
G
u
n
(
n
_
p
a
r
t
i
c
l
e
)
;

G
4
P
a
r
t
i
c
l
e
T
a
b
l
e
*
p
a
r
t
i
c
l
e
T
a
b
l
e
=

G
4
P
a
r
t
i
c
l
e
T
a
b
l
e
:
:
G
e
t
P
a
r
t
i
c
l
e
T
a
b
l
e
(
)
;

G
4
S
t
r
i
n
g
p
a
r
t
i
c
l
e
N
a
m
e
;

p
a
r
t
i
c
l
e
G
u
n
-
>
S
e
t
P
a
r
t
i
c
l
e
D
e
f
i
n
i
t
i
o
n
(
p
a
r
t
i
c
l
e
T
a
b
l
e
-
>
F
i
n
d
P
a
r
t
i
c
l
e
(
p
a
r
t
i
c
l
e
N
a
m
e
=
"
g
e
a
n
t
i
n
o
"
)
)
;

p
a
r
t
i
c
l
e
G
u
n
-
>
S
e
t
P
a
r
t
i
c
l
e
E
n
e
r
g
y
(
1
.
0
*
G
e
V
)
;

p
a
r
t
i
c
l
e
G
u
n
-
>
S
e
t
P
a
r
t
i
c
l
e
P
o
s
i
t
i
o
n
(
G
4
T
h
r
e
e
V
e
c
t
o
r
(
-
2
.
0
*
m
,
0
.
0
,
0
.
0
)
)
;
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