
T
IK
D
A
96
/1
3-rev

h
ep
-p
h
/
960
745
4-rev

Ju
ly
199
6
(ex
p
an
d
ed
S
ep
tem
b
er
1
996
)

K
Ðr
k
h
V
ersio
n
1
.0
2
�
:

B
eam
S
p
ectra
for
S
im
u
latin
g
L
in
ear
C
o
llid
er
P
h
ysics
�

T
h
o
rsten
O
h
l y

T
ech
n
ica
l
U
n
iv
ersity
o
f
D
a
rm
sta
d
t

S
ch
lo
�
g
a
rten
str.
9

D
-6
4
2
8
9
D
a
rm
sta
d
t

G
erm
a
n
y

A
bstract

I
d
escrib
e
p
aram
eterization
s
of
realistic
e
�

-
an
d

-b
eam
sp
ectra
at
fu
tu
re
lin
ear
e
+

e
-

-collid
ers.
E
m
p
h
asis
is
p
u
t
o
n
sim
p
licity
an
d
rep
ro
d
u
cib
ility

of
th
e
p
aram
eterization
s,
su
p
p
ortin
g
rep
ro
d
u
cib
le
p
h
y
sics
sim
u
lation
s.
T
h
e
p
aram
eterization
s
are
im
p
lem
en
ted
in
a
lib
rary
o
f
d
istrib
u
tion

fu
n
ction
s
an
d
even
t
gen
erators.

�
S
u
p
p
o
rted
b
y
B
u
n
d
esm
in
isteriu
m
f�u
r
B
ild
u
n
g
,
W
issen
sch
a
ft,
F
o
rsch
u
n
g
u
n
d
T
ech
n
o
lo
g
ie,
G
erm
an
y.

y
e-m
a
il:
T
h
o
r
s
t
e
n
.
O
h
l
@
P
h
y
s
i
k
.
T
H
-
D
a
r
m
s
t
a
d
t
.
d
e



P
ro
g
ram
S
u
m
m
ary:

�

T
itle
of
program
:
K
Ðrk
h
,
V
ersion
1.02
�
(S
ep
tem
b
er
1
99
6
)

�

P
rogram
obtainable
b
y
an
on
y
m
ou
s
f
t
p
from
th
e
h
ost

c
r
u
n
c
h
.
i
k
p
.
p
h
y
s
i
k
.
t
h
-
d
a
r
m
s
t
a
d
t
.
d
e
in
th
e
d
irectory
p
u
b
/
o
h
l
/
c
i
r
c
e
.

�

L
icensing
provisions:
F
ree
so
ftw
are
u
n
d
er
th
e
G
N
U
G
en
eral
P
u
b
lic
L
icen
se.

�

P
rogram
m
ing
language
used:
F
ortran
77

�

N
um
b
er
of
program
lines
in
distributed
program
,
including
test
data,
etc.:
�
1100

(ex
clu
d
in
g
com
m
en
ts)

�

C
om
puter/O
p
erating
S
ystem
:
A
n
y
w
ith
a
F
ortran
77
p
rogram
m
in
g
en
v
iron
m
en
t.

�

M
em
ory
required
to
execute
w
ith
typical
data:
N
egligib
le
on
th
e
scale
of
ty
p
ical

ap
p
lication
s
callin
g
th
e
lib
rary.

�

T
ypical
running
tim
e:
A
sm
all
fraction
(ty
p
ically
a
few
p
ercen
t)
of
th
e
ru
n
n
in
g

tim
e
of
ap
p
lication
s
callin
g
th
e
lib
rary.

�

P
urp
ose
o
f
pro
g
ram
:
P
rov
id
e
sim
p
le
an
d
rep
ro
d
u
cib
le,
yet
realistic,
p
aram
eteri-

zation
s
of
th
e
e
�

-
an
d

-b
eam
sp
ectra
for
lin
ear
collid
ers.

�

N
ature
of
physical
problem
:
T
h
e
in
tricate
b
eam

d
y
n
am
ics
in
th
e
in
teraction
re-

gion
of
a
h
igh
lu
m
in
osity
lin
ear
collid
er
at p
s
=
5
0
0
G
eV
resu
lt
in
n
on
-triv
ial

en
ergy
sp
ectra
of
th
e
scatterin
g
electron
s,
p
ositron
s
an
d
p
h
oton
s.
P
h
y
sics
sim
u
-

lation
s
req
u
ire
sim
p
le
an
d
rep
ro
d
u
cib
le,
yet
realistic,
p
aram
eterization
s
of
th
ese

sp
ectra.

�

M
etho
d
of
solution:
P
aram
eterization
,
cu
rve
�
ttin
g,
M
on
te
C
arlo
even
t
gen
era-

tion
.

�

K
eyw
ords:
E
v
en
t
gen
eration
,
b
eam
strah
lu
n
g,
lin
ear
collid
ers.

2

êrx
eo
nÜ
n
s
u
f
eì
nde,
m
et�
�
l
l
w
n
l
èco
áta
Ðro
n.

B
l
o
o
m
:
(w
ith
sin
ew
s
sem
i
ex
ed
)
M
agm
ag
n
i�
cen
ce!

1

In
tro
d
u
ctio
n

D
esp
ite
th
e
en
orm
ou
s
q
u
an
titativ
e
su
ccess
o
f
th
e
electro
-w
eak
stan
d
ard
m
o
d
el
u
p
to

en
ergies
of
2
0
0G
eV
,
n
eith
er
th
e
n
atu
re
of
electro-w
eak
sy
m
m
etry
b
reak
in
g
(E
W
S
B
)

n
or
th
e
origin
of
m
ass
are
u
n
d
ersto
o
d
.

F
rom
th
eoretical
con
sid
eration
s,
w
e
k
n
ow
th
at
clu
es
to
th
e
an
sw
er
o
f
th
ese
op
en

q
u
estion
s
are
h
id
d
en
in
th
e
en
ergy
ran
ge
b
elow
�
E
W
S
B

=

4
�
v
�
3
:1
T
eV
.
E
ith
er

w
e
w
ill
d
iscover
a
H
iggs
p
article
in
th
is
en
erg
y
ran
g
e
or
sig
n
atu
res
for
a
stro
n
gly

in
teractin
g
E
W
S
B
secto
r
w
ill
b
e
fou
n
d
.
E
x
p
erim
en
ts
at
C
E
R
N
's
L
arge
H
ad
ron
C
o
l-

lid
er
(L
H
C
)
w
ill
sh
ed
a
�
rst
ligh
t
on
th
is
regim
e
in
th
e
n
ex
t
d
ecad
e.
In
th
e
p
ast
is
h
as

b
een
very
fru
itfu
l
to
com
p
lem
en
t
ex
p
erim
en
ts
at
h
igh
en
ergy
h
ad
ro
n
collid
ers
w
ith

ex
p
erim
en
ts
at
e
+

e
-

-collid
ers.
T
h
e
sim
p
ler
in
itial
state
allow
s
m
ore
p
recise
m
easu
re-

m
en
ts
w
ith
sm
aller
th
eoretical
errors.
L
u
cid
ex
p
osition
s
of
th
e
p
h
y
sics
op
p
ortu
n
ities

of
h
igh
en
ergy
e
+

e
-

collid
ers
w
ith
referen
ces
to
th
e
literatu
re
can
b
e
fou
n
d
in
[1
].

H
ow
ever,
th
e
p
ow
er
em
itted
b
y
circu
lar
storage
rin
g
s
in
form
of
sy
n
ch
ro
tron
rad
i-

ation
scales
like
(E
=
m
)
4
=
R
2

w
ith
th
e
en
ergy
an
d
m
ass
of
th
e
p
article
an
d
th
e
rad
iu
s

of
th
e
rin
g.
T
h
is
cost
b
eco
m
es
p
roh
ib
itive
after
L
E
P
2
an
d
a
L
in
ear
C
o
llid
er
(L
C
)

h
as
to
b
e
b
u
ilt
in
stead
.

U
n
fortu
n
ately,
th
e
\in
terestin
g"
h
ard
cross
section
s
scale
lik
e
1
=
s
w
ith
th
e
sq
u
are

of
th
e
cen
ter
o
f
m
ass
en
ergy
an
d
a
L
C
w
ill
h
ave
to
op
erate
at
ex
trem
ely
h
ig
h
lu
m
in
o
si-

ties
in
ex
cess
of
1
0
3
3cm
-

2
s
-

1.
T
o
ach
ieve
su
ch
lu
m
in
o
sities,
th
e
b
u
n
ch
es
o
f
electron
s

an
d
p
ositron
s
h
ave
to
b
e
very
d
en
se.
U
n
d
er
th
ese
con
d
ition
s,
th
e
electron
s
u
n
d
ergo

acceleration
from
stro
n
g
electro
m
ag
n
etic
forces
from
th
e
p
o
sitron
b
u
n
ch
(an
d
v
ice

versa).
T
h
e
resu
ltin
g
sy
n
ch
rotro
n
rad
iation
is
called
bea
m
stra
h
lu
n
g
[2
]
an
d
h
as
a

stron
g
e�
ect
on
th
e
en
erg
y
sp
ectru
m
D
(x
1
;x
2
)
of
th
e
collid
in
g
p
articles.
T
h
is
ch
an
ges

th
e
ob
servab
le
e
+

e
-

cro
ss
sectio
n
s

d
�
e
+

e
-

0d



(s)!
d
�
e
+

e
-

d



(s)
= Z

10
d
x
1
d
x
2
D
e
+

e
-

(x
1
;x
2 ; p
s)J(

0;

)
d
�
e
+

e
-

0
d


0

(x
1
x
2
s)

(1a)

3



an
d
p
ro
d
u
ces
lu
m
in
osity
fo
r
e
�


an
d


collision
s:

d
�
e
�



d



(s)
= Z

10
d
x
1
d
x
2
D
e
�


(x
1
;x
2 ; p
s)J(

0;

)
d
�
e
�



0
d


0

(x
1
x
2
s)(1b

)

d
�



d



(s)
= Z

10
d
x
1
d
x
2
D


(x
1
;x
2 ; p
s)J(

0;

)
d
�



0

d


0
(x
1
x
2
s)

(1c)

T
h
erefore,
sim
u
lation
s
of
th
e
p
h
y
sics
ex
p
ected
at
a
L
C
n
eed
to
k
n
ow
th
e
sp
ectra
of

th
e
e
�

an
d

b
eam
s
p
recisely.

M
icroscop
ic
sim
u
lation
s
of
th
e
b
eam
d
y
n
am
ics
are
availab
le
(e.g.
A
B
E
L
[3],
C
A
I
N
[4]

an
d
G
u
i
n
e
a
-
P
i
g
[5])
an
d
th
eir
p
red
iction
s
are
com
p
atib
le
w
ith
each
oth
er.
B
u
t
th
ey

req
u
ire
to
o
m
u
ch
com
p
u
ter
tim
e
an
d
m
em
ory
for
d
irect
u
se
in
p
h
y
sics
p
rogram
s.

K
Ðrk
h
p
rov
id
es
a
fast
an
d
sim
p
le
p
aram
eterization
of
th
e
resu
lts
from
th
ese
sim
u
-

lation
s.
F
u
rth
erm
ore,
even
if
th
e
com
p
u
tation
al
cost
of
th
e
sim
u
lation
s
w
ou
ld
b
e

n
egligib
le,
th
e
in
p
u
t
p
aram
eters
for
m
icroscop
ic
sim
u
lation
s
are
n
ot
con
ven
ien
t
for

p
article
p
h
y
sics
ap
p
lication
s.
D
u
e
to
th
e
h
igh
ly
n
on
-lin
ear
b
eam
d
y
n
am
ics,
th
e
o
p
ti-

m
ization
of
L
C
d
esign
s
is
a
su
b
tle
art
[6],
th
at
is
b
est
p
racticed
b
y
th
e
ex
p
erts.
F
u
r-

th
erm
ore,
p
article
p
h
y
sics
ap
p
lication
s
n
eed
b
en
ch
m
ark
in
g
an
d
easily
rep
ro
d
u
cib
le

p
aram
eterization
s
are
req
u
ired
for
th
is
p
u
rp
ose.

T
h
e
p
aram
eterization
s
in
K
Ðrk
h
are
n
ot
b
ased
on
ap
p
rox
im
ate
solu
tion
s
(cf.
[7])

of
th
e
b
eam
strah
lu
n
g
d
y
n
am
ics.
In
stead
,
th
ey
p
rov
id
e
a
\p
h
en
om
en
ological"
d
e-

scrip
tion
of
th
e
resu
lts
from
fu
ll
sim
u
lation
s.
T
h
e
p
aram
eterization
s
are
as
sim
p
le
as

p
o
ssib
le
w
h
ile
rem
ain
in
g
con
sisten
t
w
ith
b
asic
p
h
y
sical
p
rin
cip
les:

1.
po
sitivity
:
th
e
d
istrib
u
tion
fu
n
ction
s
D
(x
1
;
x
2 )
m
u
st
n
o
t
b
e
n
egative
in
th
e

p
h
y
sical
region
[0
;1
]�
[0
;1
].

2.
in
teg
ra
b
ility
:
th
e
d
e�
n
ite
in
tegral
o
f
th
e
d
istrib
u
tion
fu
n
ction
s
over
th
e
p
h
y
s-

ical
region
[0
;1
]�
[0
;
1
]
m
u
st
ex
ist,
even
th
ou
gh
th
e
d
istrib
u
tion
s
can
h
ave

sin
gu
larities.

T
h
is
p
ap
er
is
organ
ized
as
follow
s:
I
start
in
section
2
w
ith
a
d
iscu
ssion
of
th
e

in
p
u
t
for
th
e
m
icroscop
ic
sim
u
lation
s.
In
section
3
I
d
escrib
e
th
e
u
sage
of
th
e
K
Ðrk
h

lib
rary
an
d
in
section
4
I
d
iscu
ss
som
e
tech
n
ical
d
etails
of
th
e
im
p
lem
en
tation
.
A
fter

d
iscu
ssin
g
th
e
p
aram
eterization
s
availab
le
in
version
1.02
�
in
section
5,
I
con
clu
d
e
in

section
6.

4

S
B
A
N
D

T
E
S
L
A

X
B
A
N
D

S
B
A
N
D

T
E
S
L
A

X
B
A
N
D

E
=G
eV

2
5
0

250

25
0

500

5
00

5
00

N
p
a
rtic
le
s =
1
0
1
0

1.1

3.6
3

0
.6
5

2.9

1
.8

0.95

�
x
=
1
0
-

6m
rad

5

14

5

10

14

5

�
y
=
1
0
-

6m
rad

0.25

0.2
5

0
.0
8

0.1

0.0
6

0.1

�
�x
=
m
m

1
0.98

24.95

8
.0
0

32

25

1
0.00

�
�y
=m
m

0.45

0.7
0

0
.1
3

0.8

0
.7

0.12

�
x
=n
m

3
3
5

845

28
6

57
1.87

598.0
8

2
26

�
y
=n
m

15.1

18
.9

4
.5
2

9
.0
4

6.5
5

3.57

�
z =
�
m

3
0
0

700

10
0

500

5
00

1
25

f
re
p

5
0

5

18
0

50

5

1
80

n
b
u
n
c
h

3
3
3

1
135

90

125

22
70

9
0

T
ab
le
1:
A
ccelerator
p
aram
eters
for
th
ree
ty
p
ical
d
esign
s
at p
s
=
5
0
0
G
eV
an
d
p

s
=

1T
eV
.
T
h
e
resu
ltin
g
d
istrib
u
tion
s
are
sh
ow
n
in
�
g
u
re
1
.
T
h
e
d
esig
n
e�
orts
are

cu
rren
tly
con
cen
trated
on
a
3
5
0G
eV
-8
0
0G
eV
L
C
.
T
h
erefore
th
e
T
esla
p
aram
eters

for
1T
eV
are
sligh
tly
ou
t
o
f
d
ate.

5



S
-B
an
d

T
esla

X-Band

0.001

0
.0
1

0.1

1

10
�

4

0
.0
1 1

100

1�
x
e
�

p
s
=
500G
eV

de�(x)

S
-B
an
d

T
esla

X
-B
an
d

0.001

0.01

0.1

10
�

4

0
.0
1 1

100

x


p
s
=
5
00G
eV

d(x)

S
-B
an
d

T
esla

X-Band

0.001

0.01

0.1

1

10
�

4

0
.0
1 1

1�
x
e
�

p
s
=
1T
eV

de�(x)

S
-B
an
dT

esla

X-Band

0.001

0.01

0.1

1

10
�

4

0
.0
1 1

100

x


p
s
=
1T
eV

d(x)

F
igu
re
1:
V
ersion
1,
rev
ision
1996
09
02
of
th
e
factorized
e
�
-
an
d

-d
istrib
u
tion
s

at p
s
=

5
0
0
G
eV
an
d
p

s
=

1T
eV
in
a
d
ou
b
ly
logarith
m
ic
p
lot.
T
h
e
accelerator

p
aram
eters
are
taken
from
tab
le
1.

6

T
E
S
L
A

T
E
S
L
A

T
E
S
L
A

E
=G
eV

17
5

25
0

40
0

N
p
a
rtic
le
s =
1
0
1
0

3
.63

3.6
3

3.63

�
x
=
1
0
-

6m
rad

14

1
4

1
4

�
y
=
1
0
-

6m
rad

0
.25

0.2
5

0.1

�
�x
=
m
m

25.00

2
4.95

1
5.00

�
�y
=m
m

0
.70

0.7
0

0.70

�
x
=
n
m

1010.9
4

84
5

6
68.6
7

�
y
=
n
m

2
2.6

18.9

9.46

�
z =
�
m

70
0

70
0

70
0

f
re
p

5

5

5

n
b
u
n
c
h

11
3
5

11
35

11
35

T
ab
le
2:
A
ccelerato
r
p
aram
eters
fo
r
th
e
T
esla
d
esig
n
at
th
ree
p
lan
n
ed
[8]
en
ergies.

T
h
e
resu
ltin
g
d
istrib
u
tio
n
s
are
sh
ow
n
in
�
g
u
re
2
.

35
0
G
eV

800 GeV

0.00
1

0
.01

0.1

10
�

4

0.01 1
1
0
0

1�
x
e
�

T
esla

de�(x)

350
G
eV

800GeV

0.00
1

0.01

0
.1

10
�

4

0
.01 1

10
0

x


T
esla

d(x)

F
igu
re
2
:
V
ersion
1,
rev
isio
n
1
996
09
02
o
f
th
e
factorized
e
�
-
an
d

-d
istrib
u
tion
s

for
T
esla
in
a
d
ou
b
ly
lo
garith
m
ic
p
lot.
T
h
e
accelerator
p
aram
eters
are
taken
fro
m

tab
le
2.
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H
igh
-L

L
ow
-L

L
ow
-�
y

E
=G
eV

4
0
0

4
0
0

400

N
p
a
rtic
le
s =
1
0
1
0

3.63

3.63

1.800

�
x
=
1
0
-

6m
rad

1
4

14

12

�
y
=
1
0
-

6m
rad

0.1

0.25

0.025

�
�x
=m
m

15.00

25.00

25.00

�
�y
=m
m

0.70

0.70

0.50

�
x
=
n
m

6
6
8
.6
7

700.00

�
y
=
n
m

9.46

�
z
=
�
m

7
0
0

7
0
0

500

f
re
p

5

5

3

n
b
u
n
c
h

1135

1135

2260

T
ab
le
3:
V
arian
t
accelerator
p
aram
eters
for
th
e
T
esla
d
esign
at
800
G
ev
.

500
G
eV

8
0
0
G
eV

0.001

0.01

0.1

10
�

4

0
.0
1 1

1�
x
e
�

T
esla

de�(x)

500
G
eV

800
G
eV

0
.0
0
1

0.01

0.1

10
�

4

0.01 1

x


T
esla

d(x)

F
igu
re
3:
V
ersion
5,
rev
ision
1998
0
5
05
of
th
e
factorized
e
�
-
an
d

-d
istrib
u
tion
s
for

a
h
igh
lu
m
in
osity
T
esla
in
a
d
ou
b
ly
logarith
m
ic
p
lot.
T
h
e
accelerator
p
aram
eters
are

taken
from
tab
le
4
.

8

T
E
S
L
A

T
E
S
L
A

E
=
G
eV

250

400

N
p
a
rtic
le
s =
1
0
1
0

2

1.4
0

�
x
=
1
0
-

6m
rad

1
0

8

�
y
=
1
0
-

6m
rad

0.03

0.0
1

�
�x
=
m
m

15.0
0

15.00

�
�y
=m
m

0.40

0.3
0

�
x
=
n
m

553

391

�
y
=
n
m

5

2

�
z
=
�
m

400

300

f
re
p

5

3

n
b
u
n
c
h

2
82
0

4
500

T
ab
le
4:
A
ccelerato
r
p
aram
eters
for
a
h
igh
lu
m
in
osity
T
esla
d
esig
n
at
tw
o
p
lan
n
ed
[8]

en
ergies.
T
h
e
resu
ltin
g
d
istrib
u
tion
s
are
sh
ow
n
in
�
gu
re
3.
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e
+
e
�

e
�

e
�

0.001

0.01

0
.1

10
�

4

0
.0
1 1

100

1�
x
e
�

p
s
=
5
00G
eV

de�(x)

e
+
e
�

e
�

e
�

0.001

0.01

0.1

10
�

4

0
.0
1 1

100

x


p
s
=
5
00G
eV

d(x)

e
+
e
�

e
�

e
�

0.001

0.01

0
.1

0.001

0.01
0.1 1 10

1�
x
e
�

p
s
=
500G
eV

de�(x)

e
+
e
�

e
�

e
�

0.001

0
.0
1

0.1

0.001

0.01
0.1 1 1

0

x


p
s
=
5
0
0
G
eV

d(x)

F
igu
re
4:

E
xperim
en
ta
l:

V
ersion
1,
rev
ision
0
of
th
e
factorized
e
-

-
an
d

-

d
istrib
u
tion
s
for
T
esla-e
-

e
-

in
a
d
ou
b
ly
logarith
m
ic
p
lot.
T
h
e
accelerator
p
aram
eters

are
taken
fro
m
tab
le
2
an
d
h
ave
n
o
t
b
een
en
d
orsed
for
u
se
in
an
e
-

e
-

-m
ach
in
e
yet!.

10

2

P
aram
eters

T
h
e
m
icroscop
ic
sim
u
latio
n
p
rogram
G
u
i
n
e
a
-
P
i
g
[5]
u
sed
for
th
e
cu
rren
t
v
ersion
of

th
e
p
aram
eterization
s
in
K
Ðrk
h
sim
u
lates
th
e
p
assag
e
of
electron
s
th
ro
u
g
h
a
b
u
n
ch

of
electron
s
(an
d
v
ice
versa).
It
tak
es
th
e
fo
llow
in
g
accelerator
p
aram
eters
as
in
p
u
t:

E
:
th
e
en
ergy
of
th
e
p
articles
b
efore
th
e
b
eam
-b
eam
in
teraction
.

N
p
articles

:
th
e
n
u
m
b
er
of
p
articles
p
er
b
u
n
ch
.

�
x
;y

:
th
e
n
orm
alized
h
orizo
n
tal
an
d
vertical
em
ittan
ces.

�
�x

;y

:
th
e
h
orizon
tal
an
d
v
ertical
b
eta
fu
n
ction
s.

�
x
;y
;z

:
th
e
h
orizo
n
tal,
v
ertical
an
d
lon
gitu
d
in
al
b
eam

size.
A
G
au
ssian
sh
ap
e
is

u
sed
for
th
e
ch
arg
e
d
istrib
u
tion
in
th
e
b
u
n
ch
es.

f
rep

:
th
e
rep
etitio
n
rate.

n
b
u
n
ch

:
th
e
n
u
m
b
er
of
b
u
n
ch
es
p
er
train
.

T
h
e
tran
sv
ersal
b
eam
sizes,
b
eta
fu
n
ctio
n
s
an
d
n
o
rm
alized
em
ittan
ces
for
relativ
istic

p
articles
are
related
b
y

�
�x

;y

=
�
2x

;y

�
x
;y

Em
e

(2
)

T
h
e
p
aram
eters
u
sed
in
th
e
m
ost
recen
t
rev
ision
o
f
th
e
p
aram
eterization
s
are
collected

in
tab
les
1
an
d
2.
T
h
e
resu
ltin
g
factorized
electron
/
p
ositron
an
d
p
h
oto
n
d
istrib
u
tion
s

in
version
1
of
th
e
p
aram
eterizatio
n
s
are
d
ep
icted
in
�
gu
res
1
an
d
2
.

T
h
e
m
ost
im
p
o
rtan
t
p
u
rp
o
se
of
K
Ðrk
h
is
to
m
ap
th
e
m
an
ifold
of
p
ossib
le
b
eam

sp
ectra
for
th
e
N
L
C
to
a
�
n
ite
n
u
m
b
er
of
rep
rod
u
cible
p
aram
eterizatio
n
s.
T
h
e

d
istrib
u
tion
s

D
�
�
�

p
1
p
2
(x
1
;x
2
; p
s)

(3)

p
rov
id
ed
b
y
K
Ðrk
h
are
in
d
ex
ed
b
y
th
ree
in
tegers

�

:
th
e
a
ccelera
to
r
d
e
sig
n
cla
ss:
cu
rren
tly
th
ere
are
th
ree
op
tio
n
s:
S
-b
an
d
[9],

T
esla
[8],
X
-b
an
d
[10,
11].
M
ore
variety
w
ill
b
e
ad
d
ed
later,
in
p
articu
lar

th
e
e
-

e
-

m
o
d
e
an
d
th
e
e
-


an
d


laser
b
ack
scatterin
g
m
o
d
es
of
th
ese
d
esign
s.
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�
:
th
e
versio
n
o
f
th
e
pa
ra
m
eteriza
tio
n
:
over
th
e
years,
th
e
form
of
th
e
p
aram
eter-

ization
s
can
ch
an
ge,
eith
er
b
ecau
se
b
etter
ap
p
rox
im
ation
s
are
fou
n
d
or
b
ecau
se

n
ew
sim
u
lation
p
rogram
s
b
ecom
e
availab
le.
A
ll
version
s
w
ill
rem
ain
availab
le

in
ord
er
to
b
e
ab
le
to
rep
ro
d
u
ce
calcu
lation
s.

�
:
th
e
revisio
n
d
a
te
fo
r
th
e
p
a
ra
m
eteriza
tio
n
:
a
p
articu
lar
p
aram
eterization
can

con
tain
b
u
gs,
w
h
ich
w
ill
b
e
�
x
ed
in
su
b
seq
u
en
t
rev
ision
s.
W
h
ile
on
ly
th
e
m
ost

recen
t
rev
ision
sh
ou
ld
b
e
u
sed
for
n
ew
calcu
lation
s,
o
ld
rev
ision
s
w
ill
rem
ain

availab
le
in
ord
er
to
b
e
ab
le
to
rep
ro
d
u
ce
calcu
lation
s.

T
h
e
con
tin
u
ou
s
p
aram
eter p
s
in
(3)
is
m
islead
in
g,
b
ecau
se
accelerator
p
aram
eters

h
ave
b
een
op
tim
ized
for
d
iscrete
valu
es
o
f
th
e
en
ergy.
T
h
erefore
th
e
d
istrib
u
tion
s
are

n
ot
availab
le
for
all
valu
es
o
f p
s.

T
h
e
u
sage
of
th
e
d
istrib
u
tion
s
in
ap
p
lication
p
rogram
s
is
d
iscu
ssed
in
section
3.1.

K
Ðrk
h
p
rov
id
es
for
each
of
th
e
d
istrib
u
tion
s
a
n
on
-u
n
iform
ran
d
om
variate
gen
erator,

th
at
gen
erates
en
ergy
fraction
s
accord
in
g
to
th
e
d
istrib
u
tion
s.
T
h
e
u
sage
of
th
ese

gen
erators
is
d
iscu
ssed
in
section
3.2.

3

U
sag
e

3
.1

D
istrib
u
tio
n
s

A
gen
eric
in
terface
to
all
d
istrib
u
tion
s
D
p
1
p
2
(x
1
;x
2 )
is
given
b
y
th
e
c
i
r
c
e
fu
n
ction

1
2
a

hA
P
I
d
ocu
m
en
ta
tio
n
1
2
ai�

1
3
.

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
c
i
r
c
e
,
d
,
x
1
,
x
2

i
n
t
e
g
e
r
p
1
,
p
2

d
=
c
i
r
c
e
(
x
1
,
x
2
,
p
1
,
p
2
)

w
h
ere
th
e
en
ergy
fraction
s
are
sp
eci�
ed
b
y
x
1
;2

an
d
th
e
p
articles
p
1
;2

are
id
en
ti�
ed

b
y
th
eir
stan
d
ard
M
on
te
C
arlo
co
d
es:[13]

1
2
b

hP
a
rticle
co
d
es
1
2
bi�

i
n
t
e
g
e
r
E
L
E
C
T
R
,
P
O
S
I
T
R
,
P
H
O
T
O
N

p
a
r
a
m
e
t
e
r
(
E
L
E
C
T
R
=

1
1
)

p
a
r
a
m
e
t
e
r
(
P
O
S
I
T
R
=
-
1
1
)

p
a
r
a
m
e
t
e
r
(
P
H
O
T
O
N
=

2
2
)

12

T
h
e
d
istrib
u
tion
s
can
h
av
e
in
tegrab
le
sin
gu
larities
at
th
e
en
d
p
o
in
ts,
th
erefore
th
e

callin
g
fu
n
ction
s
m
u
st
n
o
t
evalu
ate
th
em
at
th
e
en
d
p
oin
ts
0
an
d
1
.
T
h
is
is
u
su
ally
n
ot

a
p
rob
lem
,
sin
ce
stan
d
ard
m
ap
p
in
g
tech
n
iq
u
es
(cf.
(10)
b
elow
)
w
ill
h
ave
to
b
e
u
sed
to

take
care
of
th
e
sin
g
u
larity
an
y
w
ay.
N
ev
erth
eless,
all
ap
p
lication
s
sh
ou
ld
favor
o
p
en

q
u
ad
ratu
re
form
u
lae
(i.e.
form
u
lae
n
ot
in
v
olv
in
g
th
e
en
d
p
o
in
ts)
over
clo
sed
form
u
lae.

T
h
e
d
istrib
u
tion
s
are
gu
aran
teed
to
van
ish
u
n
less
0
<
x
1
;2
<
1,
w
ith
tw
o
ex
cep
tion
s.

F
irstly,
th
e
valu
e
-
1
allow
s
to
p
ick
u
p
th
e
in
teg
ral
of
th
e
co
n
tin
u
u
m
co
n
trib
u
tio
n
:

D
p
1
p
2
(-
1
;x
2
)
=

lim
�
!

+

0 Z
1
-

�

�

d
x
1
D
p
1
p
2
(x
1
;
x
2
)

(4a)

D
p
1
p
2
(x
1
;-
1
)
=

lim
�
!

+

0 Z
1
-

�

�

d
x
2
D
p
1
p
2
(x
1
;
x
2
)

(4b
)

D
p
1
p
2
(-
1
;-
1
)
=

lim
�
!

+

0 Z
1
-

�

�

d
x
1
d
x
2
D
p
1
p
2
(x
1
;x
2
)

(4c)

T
h
e
oth
er
ex
cep
tio
n
is
th
at
th
e
stren
g
th
o
f
�-fu
n
ction
con
trib
u
tion
s
at
th
e
en
d
p
o
in
t

can
b
e
p
icked
u
p
from
th
e
valu
e
at
th
is
en
d
p
oin
t:

D
e
+

e
-

(x
1
;x
2
)
=
D
e
+

e
-

(1
;1
)�
(1
-
x
1
)�
(1
-
x
2
)
+
sm
o
o
th
an
d
sin
g
le
�

(5
a)

D
e
�


(x
1
;x
2
)
=
D
e
�


(1
;x
2
)�
(1
-
x
1
)
+
sm
o
o
th

(5b
)

D

e
�

(x
1
;x
2
)
=
D

e
�

(x
1
;1
)�
(1
-
x
2
)
+
sm
o
o
th

(5c)

T
h
e
u
se
of
th
ese
sp
ecial
valu
es
is
d
em
o
n
strated
in
an
ex
am
p
le
in
section
3.1.1
b
elow
.

T
h
e
d
istrib
u
tio
n
s
are
n
orm
alized
su
ch
th
at

lim
�
!

+

0 Z
1
+

�

-

�

d
x
1
d
x
2
D
e
+

e
-

(x
1
;
x
2 )
=
1
:

(6)

an
d
th
e
n
om
in
al
e
+

e
-

-lu
m
in
o
sity
of
th
e
cu
rren
tly
activ
e
accelerator
d
esign
can
b
e

retrieved
from
th
e
d
atab
ase
w
ith
th
e
su
b
rou
tin
e
c
i
r
c
e
l
.
T
h
e
valu
e
is
giv
en
in
u
n
its

of

fb
-

1
�
-

1
=
1
0
3
2cm
-

2sec
-

1

(7)

w
h
ere
�
=
1
0
7sec�
year=
�
is
an
\e�
ectiv
e
y
ear"
of
ru
n
n
in
g
w
ith
ab
ou
t
3
0%
u
p
-tim
e.

1
3

hA
P
I
d
ocu
m
en
ta
tio
n
1
2
ai+�

/

1
2
a
1
4
a
.

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
l
u
m
i

c
a
l
l
c
i
r
c
e
l
(
l
u
m
i
)

1
3



A
p
articu
lar
p
aram
eterization
is
selected
b
y
th
e
c
i
r
c
e
s
fu
n
ction
:

1
4
a

hA
P
I
d
ocu
m
en
ta
tio
n
1
2
ai+�

/

1
3
1
5
.

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
x
1
m
,
x
2
m
,
r
o
o
t
s

i
n
t
e
g
e
r
a
c
c
,
v
e
r
,
r
e
v
,
c
h
a
t

c
a
l
l
c
i
r
c
e
s
(
x
1
m
,
x
2
m
,
r
o
o
t
s
,
a
c
c
,
v
e
r
,
r
e
v
,
c
h
a
t
)

T
h
e
p
aram
eter
r
o
o
t
s
corresp
o
n
d
s
to
th
e
n
om
in
al
cen
ter
of
m
ass
en
ergy
p

s=
G
eV

of
th
e
collid
er.
C
u
rren
tly
p

s
=
3
5
0G
eV
;5
0
0
G
eV
;8
0
0G
eV
;1T
eV
(i.e.
3
5
0
D
0
,
5
0
0
D
0
,

8
0
0
D
0
an
d
1
0
0
0
D
0
)
are
su
p
p
orted
.
A
p
p
lication
p
rogram
s
can
n
o
t
assu
m
e
th
at
en
ergy

valu
es
are
in
terp
olated
.
F
or
con
ven
ien
ce,
e.g.
in
top
th
resh
old
scan
s
arou
n
d
3
5
0G
eV
,

a
sm
all
in
terval
arou
n
d
th
e
su
p
p
orted
valu
es
w
ill
b
e
accep
ted
as
sy
n
on
y
m
ou
s
w
ith

th
e
cen
tral
valu
e,
b
u
t
a
w
arn
in
g
w
ill
b
e
p
rin
ted
.
S
ection
5
sh
ou
ld
b
e
con
su
lted
for
th
e

d
iscrete
valu
es
su
p
p
orted
b
y
a
p
articu
lar
version
of
th
e
p
aram
eterization
s.
N
egative

valu
es
o
f
r
o
o
t
s
w
ill
keep
th
e
cu
rren
tly
active
valu
e
for p
s.

T
h
e
p
aram
eters
x
1
m
an
d
x
2
m
w
ill
set
th
resh
old
s
x
1
;m
in

an
d
x
2
;m
in

for
th
e
even
t

gen
eration
in
th
e
rou
tin
es
d
escrib
ed
in
section
3.2.

T
h
e
p
aram
eter
a
c
c
selects
th
e
accelerator
d
esign
.
C
u
rren
tly
th
e
follow
in
g
accel-

erator
co
d
es
are
recogn
ized
:

1
4
b

hA
ccelera
to
r
co
d
es
1
4
bi�

(1
8
b
)

i
n
t
e
g
e
r
S
B
A
N
D
,
T
E
S
L
A
,
X
B
A
N
D

p
a
r
a
m
e
t
e
r
(
S
B
A
N
D

=

1
,
T
E
S
L
A

=

2
,
X
B
A
N
D

=

3
)

i
n
t
e
g
e
r
S
B
N
D
E
E
,
T
E
S
L
E
E
,
X
B
N
D
E
E

p
a
r
a
m
e
t
e
r
(
S
B
N
D
E
E
=

4
,
T
E
S
L
E
E
=

5
,
X
B
N
D
E
E
=

6
)

i
n
t
e
g
e
r
N
A
C
C

p
a
r
a
m
e
t
e
r
(
N
A
C
C
=
6
)

N
egative
valu
es
w
ill
k
eep
th
e
cu
rren
tly
active
accelerator.
L
ater
I
w
ill
ad
d
th
e
e
-

e
-

m
o
d
e
an
d
th
e
e
-


an
d


laser
b
ack
scatterin
g
m
o
d
es
of
th
ese
d
esign
s:

1
4
c

hF
u
tu
re
A
P
I
d
ocu
m
en
ta
tio
n
1
4
ci�

i
n
t
e
g
e
r
S
B
A
N
D
,
T
E
S
L
A
,
X
B
A
N
D

p
a
r
a
m
e
t
e
r
(
S
B
A
N
D

=

1
,
T
E
S
L
A

=

2
,
X
B
A
N
D

=

3
)

i
n
t
e
g
e
r
S
B
N
D
E
E
,
T
E
S
L
E
E
,
X
B
N
D
E
E

p
a
r
a
m
e
t
e
r
(
S
B
N
D
E
E
=

4
,
T
E
S
L
E
E
=

5
,
X
B
N
D
E
E
=

6
)

i
n
t
e
g
e
r
S
B
N
D
E
G
,
T
E
S
L
E
G
,
X
B
N
D
E
G

p
a
r
a
m
e
t
e
r
(
S
B
N
D
E
G
=

7
,
T
E
S
L
E
G
=

8
,
X
B
N
D
E
G
=

9
)

i
n
t
e
g
e
r
S
B
N
D
G
G
,
T
E
S
L
G
G
,
X
B
N
D
G
G

p
a
r
a
m
e
t
e
r
(
S
B
N
D
G
G
=
1
0
,
T
E
S
L
G
G
=
1
1
,
X
B
N
D
G
G
=
1
2
)

i
n
t
e
g
e
r
N
A
C
C

p
a
r
a
m
e
t
e
r
(
N
A
C
C
=
1
2
)
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T
h
e
v
e
r
p
aram
eter
is
u
sed
to
d
eterm
in
e
th
e
version
as
follow
s:

v
e
r
>
0
:
a
frozen
version
w
h
ich
is
d
o
cu
m
en
ted
in
sectio
n
5.
F
or
ex
am
p
le,
version
1

is
a
fam
ily
of
factorized
B
eta
d
istrib
u
tio
n
s:
D
(x
1
;x
2
)/
x
a
1

1

(1
-
x
1
)
b
1
x
a
2

2

(1
-

x
2
)
b
2.

v
e
r
=
0
:
th
e
latest
ex
p
erim
en
tal
version
,
w
h
ich
is
u
su
ally
n
o
t
d
o
cu
m
en
ted
an
d
can

ch
an
ge
at
an
y
tim
e
w
ith
ou
t
an
n
ou
n
cem
en
t.

v
e
r
<
0
:
keep
th
e
cu
rren
tly
activ
e
v
ersio
n
.

T
h
e
r
e
v
p
aram
eter
is
u
sed
to
d
eterm
in
e
th
e
rev
ision
of
a
v
ersion
as
follow
s:

r
e
v
>
0
:
a
frozen
rev
ision
w
h
ich
is
d
o
cu
m
en
ted
in
section
5.
T
h
e
in
teger
r
e
v
is

con
stru
cted
from
th
e
d
ate
as
fo
llow
s:
r
e
v
=

1
0
4�
year
+
1
0
2�
m
o
n
th
+
d
ay
,

w
h
ere
th
e
y
ear
is
g
reater
th
an
1995.
S
in
ce
F
ortran
77
ign
ores
w
h
itesp
ace,
it
can

b
e
w
ritten
like
1
9
9
6
0
7
1
1
for
read
ab
ility.
If
th
ere
is
n
o
ex
act
m
atch
,
th
e
m
ost

recen
t
rev
ision
b
efore
th
e
sp
eci�
ed
d
ate
is
ch
o
sen
.

r
e
v
=
0
:
th
e
m
ost
recen
t
rev
isio
n
.

r
e
v
<
0
:
keep
th
e
cu
rren
tly
activ
e
rev
isio
n
.

F
in
ally,
th
e
p
aram
eter
c
h
a
t
con
trols
th
e
\ch
attin
ess"
of
c
i
r
c
e
.
If
it
is
0,
o
n
ly
erro
r

m
essages
are
p
rin
ted
.
If
it
is
1
,
th
e
p
aram
eters
in
u
se
are
p
rin
ted
w
h
en
ev
er
th
ey

ch
an
ge.
H
igh
er
valu
es
o
f
c
h
a
t
can
p
ro
d
u
ce
even
m
ore
d
iagn
o
stics.

In
ad
d
ition
to
th
e
gen
eric
in
terface
c
i
r
c
e
,
th
ere
are
sp
ecialized
fu
n
ctio
n
s
for

p
articu
lar
p
article
d
istrib
u
tion
s.
O
b
v
io
u
sly

D
�
�
�

e
�


(x
1
;x
2
;s)
=
D
�
�
�


e
�

(x
2
;
x
1
;s)

(8)

an
d
th
ere
are
th
ree
in
d
ep
en
d
en
t
fu
n
ction
s
D
e
-

e
+

,
D
e
-



an
d
D



for
th
e
e
+

e
-

collid
ers
w
ith
reason
ab
le
m
n
em
o
n
ics:

1
5

hA
P
I
d
ocu
m
en
ta
tio
n
1
2
ai+�

/

1
4
a
2
2
a
.

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
c
i
r
c
e
e
,
c
i
r
c
e
g
,
c
i
r
c
g
g

d
=
c
i
r
c
e
e
(
x
1
,
x
2
)

d
=
c
i
r
c
e
g
(
x
1
,
x
2
)

d
=
c
i
r
c
g
g
(
x
1
,
x
2
)

C
allin
g
th
e
latter
th
ree
fu
n
ctio
n
s
is
m
argin
ally
faster
in
th
e
cu
rren
t
im
p
lem
en
tation
,

b
u
t
th
is
can
ch
an
ge
in
th
e
fu
tu
re.
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3.1.1

E
xam
ple

F
or
clari�
cation
,
let
m
e
give
a
sim
p
le
ex
am
p
le.
Im
agin
e
w
e
w
an
t
to
calcu
late
th
e

in
tegrated
p
ro
d
u
ction
cross
section

�
X
(s)
= Z
d
x
1
d
x
2
�
e
+

e
-

!

X
(x
1
x
2
s)D
e
+

e
-

(x
1
;x
2 ;s)

(9)

S
in
ce
th
e
d
istrib
u
tion
s
are
sin
gu
lar
in
th
e
x
1
;2 !
1
lim
it,
w
e
h
ave
to
m
ap
aw
ay
th
is

sin
gu
larity
w
ith

x!
t
=
(1
-
x
)
1
=
�

(10a)

T
h
erefore

Z
10

d
x
f(x
)
= Z

10
d
t
�
t
�
-

1
f(1
-
t
�
)

(10b
)

w
ith
�
su
�
cien
tly
large
to
give
th
e
in
tegran
d
a
�
n
ite
lim
it
at
x!
1.
If
f
d
iv
erges

lik
e
a
p
ow
er
f(x
)/
1
=
(1
-
x
)
�
,
th
is
m
ean
s
�
>
1
=
(1
-
�
).

A
s
a
sp
eci�
c
ex
am
p
le,
let
u
s
\m
easu
re"
a
on
e
p
article
s-ch
an
n
el
ex
ch
an
ge
cross

section

�
(s)/
1s

(11)

1
6
a

hs
a
m
p
l
e
.
f
1
6
ai�

1
7
a
.

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
f
u
n
c
t
i
o
n
s
i
g
m
a
(
s
)

i
m
p
l
i
c
i
t
n
o
n
e

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
s

s
i
g
m
a
=
1
d
0
/
s

e
n
d

I
w
ill
p
resen
t
th
e
ex
am
p
le
co
d
e
in
a
b
o
ttom
-u
p
fash
ion
,
w
h
ich
sh
ou
ld
b
e
in
tu
itive

an
d
is
d
escrib
ed
in
som
e
m
ore
d
etail
in
ap
p
en
d
ix
A
.
A
ssu
m
in
g
th
e
ex
isten
ce
of
a

on
e-
an
d
a
tw
o-d
im
en
sion
al
G
au
ssian
in
tegration
fu
n
ction
g
a
u
s
s
1
an
d
g
a
u
s
s
2
, 1
w
e

can
p
erform
th
e
in
tegral
as
follow
s:

1
6
b

hG
a
u
ss
in
tegra
tio
n
1
6
bi�

(1
8
b
)

s
=
s
i
g
m
a
(
1
d
0
)
*
c
i
r
c
e
e
(
1
d
0
,
1
d
0
)

$

+
g
a
u
s
s
1
(
d
1
,
0
d
0
,
1
d
0
,
E
P
S
)

$

+
g
a
u
s
s
1
(
d
2
,
0
d
0
,
1
d
0
,
E
P
S
)

1
T
h
ey
a
re
p
rov
id
ed
in
th
e
ex
a
m
p
le
p
ro
g
ra
m
s
a
m
p
l
e
.
f
.
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$

+
g
a
u
s
s
2
(
d
1
2
,
0
d
0
,
1
d
0
,
0
d
0
,
1
d
0
,
E
P
S
)

w
r
i
t
e
(
*
,
1
0
0
0
)
'
d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=
'
,
(
s
-
1
d
0
)
*
1
0
0
d
0

1
0
0
0
f
o
r
m
a
t
(
1
X
,
A
2
2
,
1
X
,
F
5
.
2
,
'
%
'
)

N
ote
h
ow
th
e
fou
r
co
m
b
in
ation
s
of
con
tin
u
u
m
an
d
�-p
eak
are
in
tegrated
sep
arately,

w
h
ere
you
h
ave
to
u
se
th
ree
au
x
iliary
fu
n
ction
s
d
1
,
d
2
an
d
d
1
2
.
T
h
e
con
tin
u
u
m

con
trib
u
tion
,
in
clu
d
in
g
th
e
J
acob
ian
:

1
7
a

hs
a
m
p
l
e
.
f
1
6
ai+�

/

1
6
a
1
7
b
.

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
f
u
n
c
t
i
o
n
d
1
2
(
t
1
,
t
2
)

i
m
p
l
i
c
i
t
n
o
n
e

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
t
1
,
t
2
,
x
1
,
x
2
,
s
i
g
m
a
,
c
i
r
c
e
e

hE
P
S
&
P
W
R
1
8
ai

x
1
=
1
d
0
-
t
1
*
*
P
W
R

x
2
=
1
d
0
-
t
2
*
*
P
W
R

d
1
2
=
P
W
R
*
P
W
R
*
(
t
1
*
t
2
)
*
*
(
P
W
R
-
1
d
0
)

$

*
s
i
g
m
a
(
x
1
*
x
2
)
*
c
i
r
c
e
e
(
x
1
,
x
2
)

e
n
d

th
e
�
rst
p
ro
d
u
ct
of
co
n
tin
u
u
m
an
d
�-p
eak
:

1
7
b

hs
a
m
p
l
e
.
f
1
6
ai+�

/

1
7
a
1
7
c
.

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
f
u
n
c
t
i
o
n
d
1
(
t
1
)

i
m
p
l
i
c
i
t
n
o
n
e

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
t
1
,
x
1
,
s
i
g
m
a
,
c
i
r
c
e
e

hE
P
S
&
P
W
R
1
8
ai

x
1
=
1
d
0
-
t
1
*
*
P
W
R

d
1
=
P
W
R
*
t
1
*
*
(
P
W
R
-
1
d
0
)
*
s
i
g
m
a
(
x
1
)
*
c
i
r
c
e
e
(
x
1
,
1
d
0
)

e
n
d

an
d
th
e
secon
d
on
e:

1
7
c

hs
a
m
p
l
e
.
f
1
6
ai+�

/

1
7
b
1
8
b
.

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
f
u
n
c
t
i
o
n
d
2
(
t
2
)

i
m
p
l
i
c
i
t
n
o
n
e

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
t
2
,
x
2
,
s
i
g
m
a
,
c
i
r
c
e
e

hE
P
S
&
P
W
R
1
8
ai

x
2
=
1
d
0
-
t
2
*
*
P
W
R

d
2
=
P
W
R
*
t
2
*
*
(
P
W
R
-
1
d
0
)
*
s
i
g
m
a
(
x
2
)
*
c
i
r
c
e
e
(
1
d
0
,
x
2
)

e
n
d

B
elow
you
w
illsee
th
at
th
e
p
ow
er
o
f
th
e
sin
gu
larity
o
f
th
e
e
+

e
-

d
istrib
u
tion
s
at
x!
1

is�
-
2
=
3.
T
o
b
e
on
th
e
safe
sid
e,
w
e
ch
o
ose
th
e
p
ow
er
�
in
(10)
as
5.
It
is
kep
t
in
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th
e
p
aram
eter
P
W
R
,
w
h
ile
E
P
S
is
th
e
d
esired
accu
racy
of
th
e
G
au
ssian
in
tegration
:

1
8
a

hE
P
S
&
P
W
R
1
8
ai�

(1
7
1
8
b
)

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
E
P
S
,
P
W
R

p
a
r
a
m
e
t
e
r
(
E
P
S
=
1
d
-
6
,
P
W
R
=
5
d
0
)

T
h
ese
co
d
e
fragm
en
ts
can
n
ow
b
e
u
sed
in
a
m
ain
p
rogram
th
at
lo
op
s
over
en
ergies

an
d
accelerator
d
esign
s

1
8
b

hs
a
m
p
l
e
.
f
1
6
ai+�

/

1
7
c
2
3
b
.

p
r
o
g
r
a
m
s
a
m
p
l
e

i
m
p
l
i
c
i
t
n
o
n
e

hA
ccelera
to
r
cod
es
1
4
bi

hE
P
S
&
P
W
R
1
8
ai

hO
th
er
va
ria
bles
in
s
a
m
p
l
e
2
1i

i
n
t
e
g
e
r
a
c
c
,
v
e
r
,
i

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
r
o
o
t
s
(
5
)

d
a
t
a
r
o
o
t
s
/
3
5
0
D
0
,
5
0
0
D
0
,
8
0
0
D
0
,
1
0
0
0
D
0
,
1
6
0
0
D
0
/

c
c
c

d
o
1
0
a
c
c
=
1
,
N
A
C
C

d
o
1
0
a
c
c
=
1
,
3

d
o
1
1
v
e
r
=
1
,
5

i
f
(
v
e
r
.
e
q
.
2
)
g
o
t
o
1
3

d
o
1
2
i
=
1
,
5

i
f
(
(
v
e
r
.
e
q
.
3
)
.
o
r
.
(
v
e
r
.
e
q
.
4
)
)
t
h
e
n

i
f
(
(
a
c
c
.
n
e
.
T
E
S
L
A
)
.
o
r
.
(
r
o
o
t
s
(
i
)
.
n
e
.
8
0
0
d
0
)
)
t
h
e
n

g
o
t
o
1
4

e
n
d
i
f

e
l
s
e
i
f
(
v
e
r
.
e
q
.
5
)
t
h
e
n

i
f
(
(
a
c
c
.
n
e
.
T
E
S
L
A
)

$

.
o
r
.
(
r
o
o
t
s
(
i
)
.
l
t
.
4
5
0
d
0
)

$

.
o
r
.
(
r
o
o
t
s
(
i
)
.
g
t
.
8
5
0
d
0
)
)
t
h
e
n

g
o
t
o
1
4

e
n
d
i
f

e
n
d
i
f

c
a
l
l
c
i
r
c
e
s
(
0
d
0
,
0
d
0
,
r
o
o
t
s
(
i
)
,
a
c
c
,
v
e
r
,
1
9
9
8
0
5
0
5
,
1
)

hG
a
u
ss
in
tegra
tio
n
1
6
bi

hM
o
n
te
C
a
rlo
in
tegra
tio
n
2
2
di

1
4

c
o
n
t
i
n
u
e

1
2

c
o
n
t
i
n
u
e

1
3

c
o
n
t
i
n
u
e
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1
1

c
o
n
t
i
n
u
e

1
0

c
o
n
t
i
n
u
e

e
n
d

w
ith
th
e
follow
in
g
resu
lt

1
9

hS
a
m
p
le
o
u
tp
u
t
1
9i�

c
i
r
c
e
:
m
e
s
s
a
g
e
:
s
t
a
r
t
i
n
g
u
p
.
.
.

c
i
r
c
e
:
m
e
s
s
a
g
e
:
$
I
d
:
p
r
e
l
u
d
e
.
n
w
,
v
1
.
3
8
1
9
9
8
/
0
5
/
0
5
1
0
:
3
7
:
3
3
o
h
l
E
x
p
$

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o

3
5
0
.
0

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
a
c
c
'
t
o
S
B
A
N
D

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
v
e
r
'
t
o

1

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
e
v
'
t
o
1
9
9
8
0
5
0
5

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=

1
.
6
4
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=

1
.
6
4
%

+
/
-

0
.
0
3
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o

5
0
0
.
0

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=

3
.
2
2
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=

3
.
2
2
%

+
/
-

0
.
0
6
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o

8
0
0
.
0

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=

7
.
2
7
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=

7
.
2
4
%

+
/
-

0
.
1
4
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o
1
0
0
0
.
0

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=
1
0
.
5
8
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=
1
0
.
1
2
%

+
/
-

0
.
2
0
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o
1
6
0
0
.
0

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=
1
0
.
5
8
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=
1
0
.
3
9
%

+
/
-

0
.
2
0
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o

3
5
0
.
0

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
a
c
c
'
t
o
T
E
S
L
A

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=

2
.
7
4
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=

2
.
7
2
%

+
/
-

0
.
0
5
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o

5
0
0
.
0

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=

2
.
8
9
%
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d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=

2
.
8
3
%

+
/
-

0
.
0
5
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o

8
0
0
.
0

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=

6
.
9
2
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=

6
.
8
1
%

+
/
-

0
.
1
1
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o
1
0
0
0
.
0

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=
1
0
.
2
7
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=
1
0
.
1
5
%

+
/
-

0
.
1
7
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o
1
6
0
0
.
0

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=

7
.
8
4
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=

7
.
7
9
%

+
/
-

0
.
1
6
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o

8
0
0
.
0

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
v
e
r
'
t
o

3

c
i
r
c
e
:
w
a
r
n
i
n
g
:
v
e
r
s
i
o
n
3
r
e
t
i
r
e
d
a
f
t
e
r
9
7
/
0
4
/
1
7

c
i
r
c
e
:
m
e
s
s
a
g
e
:
f
a
l
l
i
n
g
b
a
c
k
t
o
v
e
r
s
i
o
n
4

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=

2
.
2
4
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=

2
.
2
5
%

+
/
-

0
.
0
5
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
v
e
r
'
t
o

4

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=

2
.
2
4
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=

2
.
2
5
%

+
/
-

0
.
0
5
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o

5
0
0
.
0

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
v
e
r
'
t
o

5

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=

3
.
0
6
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=

3
.
0
3
%

+
/
-

0
.
0
6
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o

8
0
0
.
0

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=

6
.
9
2
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=

6
.
8
3
%

+
/
-

0
.
1
1
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o

3
5
0
.
0

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
a
c
c
'
t
o
X
B
A
N
D

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
v
e
r
'
t
o

1
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d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=

2
.
6
4
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=

2
.
6
4
%

+
/
-

0
.
0
6
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o

5
0
0
.
0

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=

3
.
5
8
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=

3
.
6
3
%

+
/
-

0
.
0
9
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o

8
0
0
.
0

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=
1
3
.
3
2
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=
1
3
.
1
8
%

+
/
-

0
.
3
1
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o
1
0
0
0
.
0

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=
1
5
.
2
1
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=
1
5
.
5
0
%

+
/
-

0
.
3
9
%

c
i
r
c
e
:
m
e
s
s
a
g
e
:
u
p
d
a
t
i
n
g
`
r
o
o
t
s
'
t
o
1
6
0
0
.
0

d
e
l
t
a
(
s
i
g
m
a
)
(
G
a
u
s
s
)
=
2
1
.
8
7
%

d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=
2
2
.
4
0
%

+
/
-

0
.
9
1
%

W
e
alm
ost
forgot
to
d
eclare
th
e
variab
les
in
th
e
m
ain
p
ro
gram

2
1

hO
th
er
va
ria
bles
in
s
a
m
p
l
e
2
1i�

(1
8
b
)
2
3
a
.

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
s

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
g
a
u
s
s
1
,
g
a
u
s
s
2
,
c
i
r
c
e
e
,
s
i
g
m
a
,
d
1
,
d
2
,
d
1
2

e
x
t
e
r
n
a
l
d
1
,
d
2
,
d
1
2

T
h
is
con
clu
d
es
th
e
in
teg
ratio
n
ex
am
p
le.
It
sh
o
u
ld
h
av
e
m
ad
e
it
ob
v
io
u
s
h
ow
to

p
ro
ceed
in
a
realistic
ap
p
licatio
n
.

In
section
3.2.1
b
elow
,
I
w
ill
d
escrib
e
a
M
on
te
C
arlo
m
eth
o
d
fo
r
calcu
latin
g
su
ch

in
tegrals
e�
cien
tly.

3
.2

G
en
erato
rs

T
h
e
fu
n
ction
c
i
r
c
e
an
d
its
co
m
p
an
ion
s
are
op
aq
u
e
to
th
e
u
ser.
S
in
ce
th
ey
w
ill
in

gen
eral
con
tain
sin
g
u
larities,
ap
p
lication
s
w
ill
n
o
t
b
e
ab
le
to
gen
erate
corresp
on
d
in
g

sam
p
les
of
ran
d
om
n
u
m
b
ers
e�
cien
tly.
T
o
�
ll
th
is
gap
,
fou
r
ran
d
o
m
n
u
m
b
er
gen
-

erators
are
p
rov
id
ed
.
T
h
e
su
b
ro
u
tin
e
g
i
r
c
e
w
ill
gen
erate
p
article
ty
p
es
p
1
;2

an
d
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en
ergy
fraction
s
x
1
;2
in
on
e
step
,
accord
in
g
to
th
e
selected
d
istrib
u
tion
. 2
P
article
p
1

w
ill
b
e
eith
er
a
p
ositron
o
r
a
p
h
oton
an
d
p
2

w
ill
b
e
eith
er
an
electron
or
a
p
h
o-

ton
.
T
h
e
en
ergy
fraction
s
are
gu
aran
teed
to
b
e
ab
ove
th
e
cu
rren
tly
active
th
resh
old
s:

x
i �
x
i
;m
in .
T
h
is
can
b
e
u
sed
to
cu
t
on
soft
even
ts|
th
e
p
h
oton
d
istrib
u
tion
s
are

rath
er
soft|
w
h
ich
m
igh
t
n
ot
b
e
in
terestin
g
in
m
ost
sim
u
lation
s.

2
2
a

hA
P
I
d
ocu
m
en
ta
tio
n
1
2
ai+�

/

1
5
2
2
b
.

c
a
l
l
g
i
r
c
e

(
x
1
,
x
2
,
p
1
,
p
2
,
r
n
g
)

T
h
e
o
u
tp
u
t
p
aram
eters
of
g
i
r
c
e
are
id
en
tical
to
th
e
in
p
u
t
p
aram
eters
of
c
i
r
c
e
,

w
ith
th
e
ex
cep
tion
of
r
n
g
.
T
h
e
latter
is
a
su
b
rou
tin
e
w
ith
a
sin
gle
d
ou
b
le
p
recision

argu
m
en
t,
w
h
ich
w
ill
b
e
assign
ed
a
u
n
iform
d
ev
iate
from
th
e
in
terval
[0
;1
]
after
each

call:

2
2
b

hA
P
I
d
ocu
m
en
ta
tio
n
1
2
ai+�

/

2
2
a
2
2
c
.

s
u
b
r
o
u
t
i
n
e
r
n
g
(
r
)

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
r

r
=
hu
n
ifo
rm
d
evia
te
o
n
[0
;1
]
(n
ev
er
d
e�
n
ed
)i

e
n
d

T
y
p
ically,
it
w
ill
b
e
ju
st
a
w
rap
p
er
arou
n
d
th
e
stan
d
ard
ran
d
om
n
u
m
b
er
gen
erator

of
th
e
ap
p
lication
p
rogram
.
F
or
stu
d
ies
w
ith
a
d
e�
n
ite
in
itial
state,
th
ree
gen
erator

fu
n
ction
s
are
availab
le.

2
2
c

hA
P
I
d
ocu
m
en
ta
tio
n
1
2
ai+�

/

2
2
b

c
a
l
l
g
i
r
c
e
e
(
x
1
,
x
2
,
r
n
g
)

c
a
l
l
g
i
r
c
e
g
(
x
1
,
x
2
,
r
n
g
)

c
a
l
l
g
i
r
c
g
g
(
x
1
,
x
2
,
r
n
g
)

3.2.1

E
xam
ple

R
etu
rn
in
g
to
th
e
ex
am
p
le
from
section
3.2.1,
I
p
resen
t
a
con
cise
M
on
te
C
arlo
algo-

rith
m
for
calcu
latin
g
th
e
sam
e
in
tegral:

2
2
d

hM
o
n
te
C
a
rlo
in
teg
ra
tio
n
2
2
di�

(1
8
b
)

s
=
0
d
0

s
2
=
0
d
0

d
o
1
0
0
n
=
1
,
N
E
V
E
N
T

c
a
l
l
g
i
r
c
e
e
(
x
1
,
x
2
,
r
a
n
d
o
m
)

w
=
s
i
g
m
a
(
x
1
*
x
2
)

2
T
h
e
im
p
lem
en
ta
tio
n
o
f
th
e

av
o
r
selectio
n
w
ith
n
o
n
-va
n
ish
in
g
th
resh
o
ld
s
x
1
;
m

in

a
n
d
x
2
;
m

in

is

m
o
d
era
tely
in
e�
cien
t
a
t
th
e
m
o
m
en
t.
It
ca
n
b
e
im
p
ro
v
ed
b
y
a
fa
cto
r
o
f
tw
o
.
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s
=
s
+
w

s
2
=
s
2
+
w
*
w

1
0
0

c
o
n
t
i
n
u
e

s
=
s
/
d
b
l
e
(
N
E
V
E
N
T
)

s
2
=
s
2
/
d
b
l
e
(
N
E
V
E
N
T
)

w
r
i
t
e
(
*
,
1
0
0
0
)
'
d
e
l
t
a
(
s
i
g
m
a
)
(
M
C
)

=
'
,
(
s
-
1
d
0
)
*
1
0
0
d
0

w
r
i
t
e
(
*
,
1
0
0
0
)
'

+
/
-
'
,

$

s
q
r
t
(
(
s
2
-
s
*
s
)
/
d
b
l
e
(
N
E
V
E
N
T
)
)
*
1
0
0
d
0

2
3
a

hO
th
er
va
ria
bles
in
s
a
m
p
l
e
2
1i+�

(1
8
b
)
/

2
1

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
w
,
s
2
,
x
1
,
x
2

e
x
t
e
r
n
a
l
r
a
n
d
o
m

i
n
t
e
g
e
r
N
E
V
E
N
T
,
n

p
a
r
a
m
e
t
e
r
(
N
E
V
E
N
T
=
1
0
0
0
0
)

H
ere
is
a
sim
p
le
lin
ear
co
n
gru
en
tial
ran
d
om
n
u
m
b
er
gen
erator
for
th
e
sam
p
le
p
rogram
.

R
eal
ap
p
lication
s
w
ill
u
se
th
eir
m
ore
sop
h
isticated
g
en
erators
in
stead
.

2
3
b

hs
a
m
p
l
e
.
f
1
6
ai+�

/

1
8
b

s
u
b
r
o
u
t
i
n
e
r
a
n
d
o
m
(
r
)

i
m
p
l
i
c
i
t
n
o
n
e

d
o
u
b
l
e
p
r
e
c
i
s
i
o
n
r

i
n
t
e
g
e
r
m
,
a
,
c

p
a
r
a
m
e
t
e
r
(
M
=
2
5
9
2
0
0
,
A
=
7
1
4
1
,
C
=
5
4
7
7
3
)

i
n
t
e
g
e
r
n

s
a
v
e
n

d
a
t
a
n
/
0
/

n
=
m
o
d
(
n
*
a
+
c
,
m
)

r
=
d
b
l
e
(
n
)
/
d
b
l
e
(
m
)

e
n
d

If
th
e
cross
section
is
slow
ly
vary
in
g
o
n
th
e
ran
ge
w
h
ere
th
e
x
1
;2

d
istrib
u
tio
n
s
are

n
on
-zero,
th
is
algorith
m
is
v
ery
e�
cien
t.

H
ow
ever,
if
th
is
con
d
itio
n
is
n
ot
m
et,
th
e
ex
p
licit
form
o
f
th
e
p
aram
eterization
s
in

section
5
sh
ou
ld
b
e
co
n
su
lted
an
d
ap
p
rop
riate
m
ap
p
in
g
tech
n
iq
u
es
sh
ou
ld
b
e
ap
p
lied
.

T
h
e
ty
p
ical
ex
am
p
le
fo
r
th
is
p
ro
b
lem
is
a
n
arrow
reson
an
ce
ju
st
b
elow
th
e
n
om
in
al

b
eam
en
ergy.
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3.2.2

E
vent
G
enerators

F
o
r
M
o
n
te
C
arlo
even
t
g
en
erators
th
at
u
se
th
e
stan
d
ard
/
h
e
p
e
v
t
/
com
m
on
b
lo
ck
[14],

th
e
ad
d
ition
of
th
e
K
Ðrk
h
lib
rary
is
triv
ial.
D
u
rin
g
th
e
in
itialization
of
th
e
even
t

gen
erator,
th
e
c
i
r
c
e
s
su
b
rou
tin
e
is
called
to
set
u
p
K
Ðrk
h's
in
tern
al
state.
F
or

ex
am
p
le:

2
4
a

hIn
itia
lize
even
t
gen
era
to
r
2
4
ai�

c
a
l
l
c
i
r
c
e
s
(
0
d
0
,
0
d
0
,
r
o
o
t
s
,
a
c
c
,
v
e
r
,
1
9
9
6
0
7
1
1
,
1
)

D
u
rin
g
even
t
gen
eration
,
b
efore
settin
g
u
p
th
e
e
+

e
-

in
itial
state,
th
e
g
i
r
c
e
e
su
b
-

rou
tin
e
is
called
w
ith
th
e
even
t
gen
erator's
ran
d
om
n
u
m
b
er
gen
erator:

2
4
b

hE
ven
t
gen
era
tio
n
2
4
bi�

2
4
c
.

c
a
l
l
g
i
r
c
e
e
(
x
1
,
x
2
,
r
a
n
d
o
m
)

T
h
e
resu
ltin
g
en
ergy
fraction
s
x
1

an
d
x
2

are
n
ow
availab
le
for
d
e�
n
in
g
th
e
in
itial

state
electron

2
4
c

hE
ven
t
gen
era
tio
n
2
4
bi+�

/

2
4
b
2
4
d
.

i
s
t
h
e
p
(
1
)
=
1
0
1

i
d
h
e
p
(
1
)
=
E
L
E
C
T
R

p
h
e
p
(
1
,
1
)
=
0
d
0

p
h
e
p
(
2
,
1
)
=
0
d
0

p
h
e
p
(
3
,
1
)
=
x
1
*
e
b
e
a
m

p
h
e
p
(
4
,
1
)
=
x
1
*
e
b
e
a
m

p
h
e
p
(
5
,
1
)
=
0
d
0

an
d
p
ositron
.

2
4
d

hE
ven
t
gen
era
tio
n
2
4
bi+�

/

2
4
c

i
s
t
h
e
p
(
2
)
=
1
0
2

i
d
h
e
p
(
2
)
=
P
O
S
I
T
R

p
h
e
p
(
1
,
2
)
=
0
d
0

p
h
e
p
(
2
,
2
)
=
0
d
0

p
h
e
p
(
3
,
2
)
=
-
x
2
*
e
b
e
a
m

p
h
e
p
(
4
,
2
)
=
x
2
*
e
b
e
a
m

p
h
e
p
(
5
,
2
)
=
0
d
0

U
sin
g
K
Ðrk
h
w
ith
oth
er
even
t
g
en
erators
sh
ou
ld
b
e
straigh
tforw
ard
as
w
ell.
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r
o
o
t
s
,
a
c
c
,
v
e
r
,
r
e
v

c
a
l
l
c
i
r
c
e
s
(
)

p
1
;p
2
;x
1
;x
2

d
=
c
i
r
c
e
(
)

R
N
G

c
a
l
l
g
i
r
c
e
(
)

d
a
t
a
statem
en
ts
in

c
i
r
c
e
s,
form
in
g
a

d
atab
ase
of

p
aram
eterizatio
n
s.

/
c
i
r
c
e
c
/
com
m
o
n

b
lo
ck
:
accelerator,

en
ergy,
version
,

rev
ision
a
n
d

op
tio
n
a
lly
a

p
reloa
d
ed

p
a
ra
m
eterization
.

d
istrib
u
tion

D
(x
1
;x
2 )

ran
d
o
m

variab
les:

x
1
;x
2

F
igu
re
5
:
A
rch
itectu
re
o
f
K
Ðrk
h
:
c
i
r
c
e
s
(
)
selects
en
ergy
an
d
accelerator
an
d
lo
ad
s

th
e
p
aram
eterizatio
n
.
T
h
e
fu
n
ctio
n
c
i
r
c
e
(
)
calcu
lates
th
e
valu
es
o
f
th
e
selected

d
istrib
u
tion
fu
n
ctio
n
at
th
e
g
iv
en
en
ergy
fraction
s.
T
h
e
su
b
rou
tin
e
g
i
r
c
e
(
)
gen
erates

en
ergy
fraction
s
u
sin
g
a
sp
eci�
ed
ran
d
om
n
u
m
b
er
gen
erator
in
acco
rd
an
ce
w
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T
ech
n
ical
N
o
tes

T
h
e
stru
ctu
re
of
K
Ðrk
h
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trem
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sim
p
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(cf.
�
gu
re
5)
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d
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m
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a
b
o
o
k
keep
in
g

ex
cercise.
A
ll
th
at
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eed
s
to
b
e
d
on
e
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to
m
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a
d
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p
aram
eter-
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s
an
d
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e
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d
in
g
fu
n
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s.
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h
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d
ev
iates.
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av
oid
ed
th
e
u
se
o
f
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n
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o
c
k
d
a
t
a
su
b
rou
tin
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b
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th
e
F
ortran
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stan
d
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d
o
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n
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p
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e
a
po
rta
ble
w
ay
of
en
su
rin
g
th
at

b
l
o
c
k
d
a
t
a
su
b
rou
tin
es
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actu
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ecu
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at
load
in
g
tim
e.
In
stead
,
th
e
/
c
i
r
c
o
m
/

com
m
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y
a
\m
agic
n
u
m
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er"
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ch
eck
for
in
itialization
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d
its

m
em
b
ers
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�
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b
y
th
e
c
i
r
c
e
s
su
b
rou
tin
e
w
h
en
n
ecessary.

A
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o
d
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ld
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e
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a
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g
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�
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h
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cau
ses
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I
w
ou
ld

h
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m
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th
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th
e
n
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es
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e
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al
�
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are
valid
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�
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s
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e
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g
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M
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sign
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t
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b
e
kep
t
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d
i�
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e
�
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.
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n
b
lo
ck
s,
h
as
b
een
d
ism
issed
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b
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e
b
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m
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g
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,
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y
com
p
licatin
g
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con
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d
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p
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g
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m
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e�
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t

im
p
lem
en
tation
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ab
le
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E
xperim
e
n
ta
l
V
ersio
n
1,
rev
ision
0
of
th
e
b
eam
sp
ectra
at
5
00
G
eV
.
T
h
e

row
s
corresp
on
d
to
th
e
lu
m
in
o
sity
p
er
e�
ectiv
e
year,
th
e
in
tegral
over
th
e
con
tin
u
u
m

an
d
th
e
p
ow
ers
in
th
e
facto
rized
B
eta
d
istrib
u
tion
s
(1
2).

w
h
ere
th
e
d
istrib
u
tion
s
are
sim
p
le
B
eta
d
istrib
u
tion
s:

d
�
1
�

e
�

(x
)
=
a
�
�

0

�
(1
-
x
)
+
a
�
�

1

x
a
�
�

2

(1
-
x
)
a
�
�

3

(12b
)

d
�
1
�



(x
)
=
a
�
�

4

x
a
�
�

5

(1
-
x
)
a
�
�

6

(12
c)

T
h
is
form
of
th
e
d
istrib
u
tion
s
is
m
otivated
b
y
th
e
ob
servation
[2]
th
at
th
e
e
�

d
istri-

b
u
tion
s
d
iverge
like
a
p
ow
er
fo
r
x!
1
an
d
van
ish
at
x!
0.
T
h
e
b
eh
av
ior
o
f
th
e


d
istrib
u
tion
s
is
sim
ilar
w
ith
th
e
b
ord
ers
ex
ch
an
ged
.

5.1.1

F
itting

T
h
e
p
aram
eters
a
i
in
(1
2)
h
ave
b
een
ob
tain
ed
b
y
a
least-sq
u
are
�
t
of
(1
2)
to
h
is-

togram
s
of
sim
u
latio
n
resu
lts
from
G
u
i
n
e
a
-
P
i
g
.
S
om
e
care
h
as
to
taken
w
h
en
�
t-

tin
g
sin
gu
lar
d
istrib
u
tion
s
to
h
istogram
m
ed
d
ata.
O
b
v
iou
sly
eq
u
id
istan
t
b
in
s
are

n
ot
a
g
o
o
d
id
ea,
b
ecau
se
m
ost
b
in
s
w
ill
b
e
alm
ost
em
p
ty
(cf.
�
gu
res
1
an
d
2)
an
d

con
seq
u
en
tly
a
lot
of
in
form
atio
n
w
ill
b
e
w
asted
.
O
n
e
solu
tio
n
to
th
is
p
ro
b
lem

is

th
e
u
se
of
logarith
m
ic
b
in
s.
T
h
is,
h
ow
ever,
m
ap
s
th
e
com
p
act
region
[0
;1
]�
[0
;1
]

to
[-1
;0
]�
[-1
;0
],
w
h
ich
is
in
co
n
ven
ien
t
b
ecau
se
of
th
e
m
issin
g
low
er
b
o
u
n
d
s.

T
h
e
m
ore
ap
p
rop
riate
so
lu
tion
is
to
u
se
tw
o
m
ap
s

�
:
[0
;1
]!
[0
;
1
]

x7!
y
=
x
1
=
�

(13
)
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w
h
ere
x
=

x


or
x
=

1
-
x
e
�

,
an
d
to
b
in
th
e
resu
lt
eq
u
id
istan
tly.
If
�
is
ch
osen

p
rop
erly
(cf.
(10)),
th
e
b
in
con
ten
ts
w
ill
th
en
fall
o�
at
th
e
sin
gu
larity.
T
h
e
�
ts
in

tab
les
5,
6,
an
d
7
h
av
e
b
een
p
erform
ed
w
ith
�
=
5
an
d
th
e
resu
ltin
g
b
in
co
n
ten
ts
can

b
e
read
o�
from
�
g
u
res
6
{
9.

U
sin
g
th
is
p
ro
ced
u
re
for
b
in
n
in
g
th
e
resu
lts
of
th
e
sim
u
latio
n
s,
th
e
p
o
p
u
lar
�
ttin
g

p
ackage
M
I
N
U
I
T
[15]
co
n
verg
es
q
u
ick
ly
in
all
cases
co
n
sid
ered
.
T
h
e
resu
ltin
g
p
aram
e-

ters
are
given
in
tab
les
5,
6
,
an
d
7.
P
lo
ts
of
th
e
co
rresp
on
d
in
g
d
istrib
u
tion
s
h
ave
b
een

sh
ow
n
in
�
gu
res
1
an
d
2
.
It
is
o
b
v
iou
s
th
at
an
a
n
sa
tz
like
(12
)
is
ab
le
to
d
istin
gu
ish

am
on
g
th
e
accelerator
d
esig
n
s.
T
h
u
s
it
can
p
rov
id
e
a
so
lid
b
asis
for
p
h
y
sics
stu
d
ies.

In
�
gu
res
6{9
I
g
ive
a
g
rap
h
ical
im
p
ressio
n
of
th
e
q
u
ality
of
th
e
�
t,
w
h
ich
ap
p
ears

to
b
e
as
go
o
d
as
on
e
co
u
ld
reason
ab
ly
ex
p
ect
fo
r
a
sim
p
le
a
n
sa
tz
lik
e
(12).
N
ote
th
at

th
e
h
istogram
s
h
av
e
n
o
n
-eq
u
id
istan
t
b
in
s
an
d
th
at
th
e
resu
ltin
g
J
acob
ian
s
h
av
e
n
ot

b
een
rem
oved
.
T
h
erefo
re
th
e
b
in
con
ten
ts
falls
o�
at
th
e
sin
gu
larities,
as
d
iscu
ssed

ab
ove.

T
h
e
errors
u
sed
for
th
e
least-sq
u
are
�
t
h
ad
to
b
e
tak
en
from
a
M
on
te
C
arlo
(M
C
)

stu
d
y.
G
u
i
n
e
a
-
P
i
g
on
ly
p
rov
id
es
th
e
p

n
from

P
oisson
ian
statistics
for
each
b
in
,

b
u
t
th
e
error
accu
m
u
lation
d
u
rin
g
track
in
g
th
e
p
articles
th
rou
gh
p
h
ase
sp
ace
is
n
ot

availab
le.
T
h
e
M
C
stu
d
ies
sh
ow
s
th
at
th
e
latter
erro
r
d
om
in
ates
th
e
form
er,
b
u
t

ap
p
ears
to
b
e
reason
ab
ly
G
au
ssian
.
A
com
p
lete
M
C
stu
d
y
of
all
p
aram
eter
sets

is
com
p
u
tation
ally
ex
p
en
siv
e
(m
ore
th
an
a
w
eek
of
p
ro
cessor
tim
e
on
a
fast
S
G
I).

F
rom
an
ex
em
p
lary
M
C
stu
d
y
of
a
few
p
aram
eter
sets,
it
ap
p
ears
th
at
th
e
erro
rs

can
b
e
d
escrib
ed
reason
ab
ly
w
ell
b
y
rescalin
g
th
e
P
oisso
n
ian
error
in
each
b
in
w
ith

ap
p
rop
riate
factors
fo
r
electro
n
s/p
ositron
s
an
d
p
h
oton
s
an
d
for
co
n
tin
u
u
m
an
d
d
elta.

T
h
is
p
ro
ced
u
re
h
as
b
een
ad
o
p
ted
.

T
h
e
�
2
=d
.o.f.'s
of
th
e
�
ts
are
less
th
an
O
(1
0
).
T
h
e
sim
p
le
a
n
sa
tz
(12)
is
th
erefore

very
satisfactory.
In
fact,
try
in
g
to
im
p
rov
e
th
e
ad
-h
o
c
factorized
B
eta
d
istrib
u
tion
s

b
y
th
e
b
etter
m
o
tivated
ap
p
rox
im
ation
s
from
[7]
o
r
[1
6],
it
tu
rn
s
ou
t
[1
7]
th
at
(1
2)

p
rov
id
es
a
sign
i�
can
tly
b
etter
�
t
of
th
e
resu
lts
of
th
e
sim
u
lation
s.
T
h
e
p
rice
to
p
ay

is
th
at
th
e
p
aram
eters
in
(12
)
h
av
e
n
o
d
irect
p
h
y
sical
in
terp
retation
.

5.1.2

G
enerators

F
or
th
is
version
of
th
e
p
aram
eterization
s
w
e
n
eed
a
fast
gen
erato
r
o
f
B
eta
d
istrib
u
-

tion
s:

�
a
;b
(x
)/
x
a
-

1
(1
-
x
)
b
-

1

(1
4)

T
h
is
p
rob
lem
h
as
b
een
stu
d
ied
ex
ten
siv
ely
an
d
w
e
can
u
se
a
p
u
b
lish
ed
alg
orith
m
[18]

th
at
is
gu
aran
teed
to
b
e
very
fast
fo
r
all
a
,
b
su
ch
th
at
0
<
a
�
1�
b
,
w
h
ich
tu
rn
s
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ou
t
to
b
e
alw
ay
s
th
e
case
(cf.
tab
les
5,
6,
an
d
7
).

5
.2

F
u
tu
re
V
ersio
n
s

T
h
ere
are
tw
o
w
ay
s
in
w
h
ich
th
e
p
aram
eterization
s
can
b
e
im
p
roved
:

m
ore
com
plicated
functions:
th
e
factorized
�
ts
can
on
ly
b
e
im
p
roved
m
argin
ally
b
y

ad
d
in
g
m
ore
p
ositive
sem
i-d
e�
n
ite
factors
to
(12).
M
ore
im
p
rovem
en
t
is
p
os-

sib
le
b
y
u
sin
g
su
m
s
of
fu
n
ction
s,
b
u
t
in
th
is
case,
th
e
b
est
�
ts
v
iolate
th
e

p
o
sitiv
ity
req
u
irem
en
t
an
d
h
ave
to
b
e
d
iscard
ed
.

correlations:
th
e
p
aram
eterization
in
section
5
.1
is
factorized
.
W
h
ile
th
is
is
a
go
o
d

ap
p
rox
im
ation
,th
e
sim
u
lation
s
n
everth
eless
sh
ow
correlation
s
am
on
g
x
1
an
d
x
2 .

T
h
ese
correlation
s
can
b
e
in
clu
d
ed
in
a
fu
tu
re
version
.

interp
olation:
th
e
p
aram
eterization
in
section
5.1
is
b
ased
on
�
ttin
g
th
e
sim
u
lation

resu
lts
b
y
sim
p
le
fu
n
ction
s.
A
gain
,
th
is
ap
p
ears
to
b
e
a
go
o
d
ap
p
rox
im
ation
.

B
u
t
su
ch
�
ts
can
n
ot
u
n
cov
er
an
y
�
n
e
stru
ctu
re
of
th
e
d
istrib
u
tion
s.
T
h
erefore

it
w
ill
b
e
w
orth
w
h
ile
to
stu
d
y
in
terp
olation
s
of
th
e
sim
u
lation
resu
lts
in
th
e

fu
tu
re.
A
p
rop
er
in
terp
olation
of
resu
lts
w
ith
statistical
errors
is
h
ow
ever
far

from
triv
ial:
straigh
tforw
ard
p
oly
n
om
ial
or
sp
lin
e
in
terp
olation
s
w
ill
b
e
oscilla-

tory
an
d
v
iolate
th
e
p
ositiv
ity
req
u
irem
en
t.
S
m
o
oth
in
g
algorith
m
s
h
ave
to
b
e

in
vestigated
in
d
ep
th
b
efore
su
ch
a
p
aram
eterization
can
b
e
released
.

other
sim
ulatio
n
s:
b
esid
es
[5],
oth
er
sim
u
lation
co
d
es
are
in
v
ited
to
con
trib
u
te
th
eir

resu
lts
for
in
clu
sion
in
th
e
K
Ðrk
h
lib
rary.

6

C
o
n
clu
sio
n
s

I
h
ave
p
resen
ted
a
lib
rary
of
sim
p
le
p
aram
eterization
s
of
realistic
e
�

-
an
d

-b
eam

sp
ectra
at
fu
tu
re
lin
ear
e
+

e
-

-collid
ers.
T
h
e
lib
rary
can
b
e
u
sed
for
in
tegration
an
d

even
t
gen
eration
.
E
m
p
h
asis
is
p
u
t
on
sim
p
licity
an
d
rep
ro
d
u
cib
ility
of
th
e
p
aram
e-

terization
s
for
su
p
p
ortin
g
rep
ro
d
u
cib
le
p
h
y
sics
sim
u
lation
s.

A
ck
n
o
w
led
g
em
en
ts

D
an
iel
S
ch
u
lte
m
ad
e
h
is
sim
u
lation
co
d
e
G
u
i
n
e
a
-
P
i
g
availab
le
an
d
an
sw
ered
q
u
es-

tion
s.
H
arald
A
n
lau
f
an
d
T
orb
j�orn
S
j�ostran
d
h
ave
con
trib
u
ted
u
sefu
l
su
ggestion
s.
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T
h
e
T
esla
grou
p
at
D
E
S
Y
/
Z
eu
th
en
m
ad
e
error
estim
ates
feasib
le
b
y
d
o
n
atin
g
tim
e

on
th
e
m
u
lti-h
ead
ed
n
u
m
b
er
cru
n
ch
er
�
U
dra.
T
h
e
1996
E
C
F
A
/
D
esy
L
in
ear
C
ollid
er

W
ork
sh
op
got
m
e
started
an
d
p
rov
id
ed
su
p
p
ort.
T
h
an
k
s
to
all
o
f
th
em
.

R
eferen
ces

[1]
H
.
M
u
rayam
a
an
d
M
.
E
.
P
esk
in
,
S
L
A
C
-P
U
B
-71
49,to
ap
p
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b
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b
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J
acob
an
d
T
.
T
.

W
u
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h
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3
8
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N
.
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d
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M
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k
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N
u
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h
y
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3
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R
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B
lan
k
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b
ecler,
S
.
D
.
D
rell,
an
d

N
.
K
roll,
P
h
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.
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d
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h
y
s.
R
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.
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.
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D
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.
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n
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D
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p
rep
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.
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R
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.
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N
L
C
Z
D
R
D
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4.

[12]
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.
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.
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R
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F
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d
M
.R
o
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M
IN
U
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,
F
u
n
ctio
n
M
in
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iza
tio
n
a
n
d
E
rro
r
A
n
a
ly
sis,

R
e
lea
se
8
9
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2
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C
E
R
N
,
G
en
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1989.
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H
.
A
n
lau
f,
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D
A
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H
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A
n
lau
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p
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m
u
n
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A
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A
tk
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d
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W
h
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A
p
p
l.
S
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28,
90
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[19]
D
.
E
.
K
n
u
th
,
L
itera
te
P
rogra
m
m
in
g,
V
o
l.
2
7
o
f
C
S
L
I
L
ectu
re
N
o
tes
(C
en
ter

for
th
e
S
tu
d
y
of
L
an
gu
age
an
d
In
form
ation
,
L
elan
d
S
tan
ford
Ju
n
ior
U
n
iversity,

S
tan
ford
,
C
A
,
1991).

[20]
D
.
E
.
K
n
u
th
,
T
E
X
:

T
h
e
P
rogra
m
,
V
ol.
B

of
C
o
m
p
u
ters
&

T
y
pesettin
g

(A
d
d
ison
-W
esley,
R
ead
in
g,
M
ass.,
1986).

[21]
D
.
E
.
K
n
u
th
,
M

E
T
A
F
O
N
T
:
T
h
e
P
rog
ra
m
,
V
ol.
D
o
f
C
o
m
p
u
ters
&
T
y
pesettin
g

(A
d
d
ison
-W
esley,
R
ead
in
g,
M
ass.,
1986).

[22]
N
.
R
am
sey,
IE
E
E
S
oftw
are
11,
9
7
(1994).

A

L
iterate
P
ro
g
ram
m
in
g

A
.1

P
ara
d
ig
m

I
h
av
e
p
resen
ted
th
e
sam
p
le
co
d
e
in
th
is
p
ap
er
u
sin
g
th
e
litera
te
p
rogra
m
m
in
g

p
arad
igm
.
T
h
is
p
arad
igm
h
as
b
een
in
tro
d
u
ced
b
y
D
on
ald
K
n
u
th
[19]
an
d
h
is
p
ro-

gram
s
T
E
X
[20]
an
d
M

E
T
A
F
O
N
T

[21]
p
rov
id
e
ex
cellen
t
ex
am
p
les
of
th
e
v
irtu
es
of

literate
p
rogram
m
in
g.
K
n
u
th
su
m
m
arized
h
is
in
ten
tion
as
follow
s
([19],
p
.
99)

\L
et
u
s
ch
an
ge
ou
r
trad
ition
al
attitu
d
e
to
th
e
con
stru
ction
of
p
rogram
s.

In
stead
of
im
agin
in
g
th
at
ou
r
m
ain
task
is
to
in
stru
ct
a
co
m
p
u
ter
w
h
at

to
d
o
,
let
u
s
co
n
cen
trate
rath
er
on
ex
p
lain
in
g
to
h
u
m
a
n
bein
gs
w
h
at
w
e

w
an
t
a
com
p
u
ter
to
d
o."

U
su
ally,
literate
p
rogram
m
in
g
u
ses
tw
o
u
tility
p
rogram
s
to
p
ro
d
u
ce
tw
o
k
in
d
s
of
�
les

from
th
e
sou
rce

t
a
n
g
l
e
p
ro
d
u
ces
th
e
com
p
u
ter
p
rogram

th
at
is
accep
tab
le
to
an
\illiterate"
(F
or-

tran
,
C
,
etc.)
com
p
iler.
T
h
is
p
ro
cess
con
sists
of
strip
p
in
g
d
o
cu
m
en
tation
an
d

reord
erin
g
co
d
e.
T
h
erefore
it
frees
th
e
au
th
or
from
h
av
in
g
to
p
resen
t
th
e
co
d
e

in
th
e
p
articu
lar
o
rd
er
en
forced
b
y
a
com
p
iler
for
p
u
rely
tech
n
ical
reason
s.
In
-

stead
,
th
e
au
th
or
can
p
resen
t
th
e
co
d
e
in
th
e
ord
er
th
at
is
m
ost
com
p
reh
en
sib
le.
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w
e
a
v
e
p
ro
d
u
ces
a
d
o
cu
m
en
ts
th
at
d
escrib
es
th
e
p
rogram
.
E
x
ten
siv
e
cross
referen
c-

in
g
of
th
e
co
d
e
section
s
is
u
su
ally
p
rov
id
ed
,
w
h
ich
h
as
b
een
su
p
p
ressed
in
th
is

p
ap
er.
If
a
p
ow
erfu
l
ty
p
esettin
g
sy
stem

(su
ch
a
T
E
X
)
is
u
sed
,
th
e
d
o
cu
m
en
t

can
p
resen
t
th
e
algo
rith
m
s
in
clear
m
ath
em
atical
n
o
tation
alon
gsid
e
th
e
co
d
e.

T
h
ese
featu
res
im
p
rov
e
read
ab
ility
an
d
m
ain
tain
ab
ility
o
f
scien
ti�
c
co
d
e
im
-

m
en
sely.

A
.2

P
ractice

K
Ðrk
h
u
ses
th
e
n
o
w
e
b
[2
2]
sy
stem
.
T
h
is
sy
stem

h
as
th
e
ad
van
tage
to
w
ork
w
ith

an
y
trad
ition
al
p
rog
ram
m
in
g
lan
g
u
age
an
d
su
p
p
ort
th
e
essen
tial
featu
res
d
escrib
ed

in
section
A
.1
w
ith
m
in
im
al
e�
o
rt.
n
o
w
e
b
's
t
a
n
g
l
e
p
rogram
o
n
ly
reord
ers
th
e
co
d
e

section
s,
b
u
t
d
o
es
n
o
t
reform
at
th
em
.
T
h
erefore
its
ou
tp
u
t
can
b
e
u
sed
ju
st
lik
e
an
y

oth
er
\illiterate"
p
rogram
.

T
h
e
ex
am
p
les
ab
ov
e
sh
o
u
ld
b
e
alm
o
st
self-ex
p
lain
in
g,
b
u
t
in
ord
er
to
avoid
an
y

am
b
igu
ities,
I
give
an
o
th
er
ex
am
p
le:

3
7
a

hL
itera
te
p
rogra
m
m
in
g
e
xa
m
p
le
3
7
ai�

hC
od
e
th
a
t
h
a
s
to
be
a
t
th
e
to
p
3
7
ci

hO
th
er
cod
e
3
7
bi

I
can
start
th
e
p
resen
tation
w
ith
th
e
�
rst
lin
e
of
th
e
\oth
er
co
d
e":

3
7
b

hO
th
er
cod
e
3
7
bi�

(3
7
a)
3
7
d
.

l
i
n
e
1
o
f
t
h
e
o
t
h
e
r
c
o
d
e

If
ap
p
rop
riate,
th
e
�
rst
lin
e
o
f
th
e
co
d
e
th
at
h
as
to
ap
p
ear
befo
re
th
e
o
th
er
co
d
e
can

b
e
p
resen
ted
later:

3
7
c

hC
od
e
th
a
t
h
a
s
to
be
a
t
th
e
to
p
3
7
ci�

(3
7
a)
3
7
e
.

l
i
n
e
1
o
f
t
h
e
c
o
d
e
a
t
t
h
e
t
o
p

N
ow
I
can
au
gm
en
t
th
e
sectio
n
s:

3
7
d

hO
th
er
cod
e
3
7
bi+�

(3
7
a)
/

3
7
b

l
i
n
e
2
o
f
t
h
e
o
t
h
e
r
c
o
d
e

3
7
e

hC
od
e
th
a
t
h
a
s
to
be
a
t
th
e
to
p
3
7
ci+�

(3
7
a)
/

3
7
c

l
i
n
e
2
o
f
t
h
e
c
o
d
e
a
t
t
h
e
t
o
p

T
h
e
com
p
lete
\p
rogram
"
w
ill
b
e
p
resen
ted
to
th
e
com
p
iler
as

l
i
n
e
1
o
f
t
h
e
c
o
d
e
a
t
t
h
e
t
o
p

l
i
n
e
2
o
f
t
h
e
c
o
d
e
a
t
t
h
e
t
o
p

l
i
n
e
1
o
f
t
h
e
o
t
h
e
r
c
o
d
e

l
i
n
e
2
o
f
t
h
e
o
t
h
e
r
c
o
d
e
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T
h
e
ex
am
p
les
in
section
3.1.1
sh
ow
th
at
th
is
reord
erin
g
is
p
articu
larly
u
sefu
l
for

d
eclarin
g
variab
les
w
h
en
th
ey
are
�
rst
u
sed
(rath
er
th
an
at
th
e
b
egin
n
in
g)
an
d
for

zo
om
in
g
in
o
n
co
d
e
in
sid
e
of
lo
op
s.

B

F
ortran
N
am
e
S
p
ace

In
ad
d
ition
to
th
e
ten
p
ro
ced
u
res
an
d
o
n
e
c
o
m
m
o
n
b
lo
ck
d
iscu
ssed
in
section
3

�

c
i
r
c
e
,
c
i
r
c
e
e
,
c
i
r
c
e
g
,
c
i
r
c
g
g
,

�

g
i
r
c
e
,
g
i
r
c
e
e
,
g
i
r
c
e
g
,
g
i
r
c
g
g
,

�

c
i
r
c
e
s
,
c
i
r
c
e
l
,
/
c
i
r
c
o
m
/
,

th
ere
are
tw
o
m
ore
glob
ally
v
isib
le
fu
n
ction
s
w
h
ich
are
u
sed
in
tern
ally
:

�

c
i
r
c
e
m
:
error
m
essage
h
an
d
ler,

�

g
i
r
c
e
b
:
e�
cien
t
B
eta
d
istrib
u
tion
gen
erator.

E
v
en
if
th
e
/
c
i
r
c
o
m
/
is
glob
ally
v
isib
le,
ap
p
lication
p
rogram
s
m
u
st
n
o
t
m
an
ip
u
late

it
d
irectly.
T
h
e
c
i
r
c
e
s
,
su
b
rou
tin
e
is
p
rov
id
ed
for
th
is
p
u
rp
ose
an
d
u
p
d
ates
som
e

in
tern
al
p
aram
eters
as
w
ell.

W
ith
featu
res
from
th
e
cu
rren
t
F
ortran
stan
d
ard
(F
ortran
90),
I
cou
ld
h
ave
kep
t

th
e
last
tw
o
fu
n
ction
s
an
d
th
e
c
o
m
m
o
n
b
lo
ck
p
rivate.
B
u
t
sin
ce
F
ortran
90
h
as
on
ly

b
een
ad
op
ted
b
y
a
sm
allfraction
of
th
e
h
igh
en
ergy
p
h
y
sics
com
m
u
n
ity,I
h
av
e
d
ecid
ed

to
rem
ain
in
th
e
con
�
n
es
of
F
ortran
77
(ex
cep
t
for
th
e
u
b
iq
u
itou
s
i
m
p
l
i
c
i
t
n
o
n
e
).

A
p
p
lication
p
rogram
s
w
ish
in
g
to
rem
ain
com
p
atib
le
w
ith
fu
tu
re
version
s
o
f
K
Ðrk
h

m
u
st
n
ot
u
se
c
o
m
m
o
n
b
lo
ck
s
or
p
ro
ced
u
res
startin
g
w
ith
c
i
r
c
e
or
g
i
r
c
e
.

C

U
p
d
ates

In
form
ation
ab
ou
t
u
p
d
ates
can
b
e
ob
tain
ed

�

on
th
e
W
orld
W
id
e
W
eb
:

h
t
t
p
:
/
/
c
r
u
n
c
h
.
i
k
p
.
p
h
y
s
i
k
.
t
h
-
d
a
r
m
s
t
a
d
t
.
d
e
/
n
l
c
/
b
e
a
m
.
h
t
m
l

�

b
y
in
tern
et
F
T
P
:

h
ost:
c
r
u
n
c
h
.
i
k
p
.
p
h
y
s
i
k
.
t
h
-
d
a
r
m
s
t
a
d
t
.
d
e
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u
ser:
a
n
o
n
y
m
o
u
s

p
assw
ord
:
y
ou
r
em
ail
ad
d
ress

d
irectory
:
p
u
b
/
o
h
l
/
c
i
r
c
e

�

from
m
ailin
g
lists:

c
i
r
c
e
-
a
n
n
o
u
n
c
e
@
c
r
u
n
c
h
.
i
k
p
.
p
h
y
s
i
k
.
t
h
-
d
a
r
m
s
t
a
d
t
.
d
e

c
i
r
c
e
-
b
u
g
s
@
c
r
u
n
c
h
.
i
k
p
.
p
h
y
s
i
k
.
t
h
-
d
a
r
m
s
t
a
d
t
.
d
e

c
i
r
c
e
-
d
i
s
c
u
s
s
@
c
r
u
n
c
h
.
i
k
p
.
p
h
y
s
i
k
.
t
h
-
d
a
r
m
s
t
a
d
t
.
d
e

S
u
b
scrip
tion
s
are
availab
le
from

m
a
j
o
r
d
o
m
o
@
c
r
u
n
c
h
.
i
k
p
.
p
h
y
s
i
k
.
t
h
-
d
a
r
m
s
t
a
d
t
.
d
e

C
on
trib
u
tion
s
of
resu
lts
from

o
th
er
sim
u
lation
p
ro
gram
s
an
d
u
p
d
ated
accelerator

d
esign
s
are
w
elcom
e
at

T
h
o
r
s
t
e
n
.
O
h
l
@
P
h
y
s
i
k
.
T
H
-
D
a
r
m
s
t
a
d
t
.
d
e
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