
S
ta

tu
s 

of
 A

g
m

ea
su

re
m

en
t i

n 
N

A
48

/2
S

pa
si

m
ir 

B
al

ev

K
ao

n
M

in
i W

or
ks

ho
p

C
E

R
N

05
.0

5.
20

04



S
ta

tu
s 

of
 A

g 
m

ea
su

re
m

en
t,

S
pa

si
m

ir 
B

al
ev

05
.0

5.
20

04

M
ai

n 
go

al
 a

nd
 D

at
a 

ov
er

vi
ew

S
ea

rc
h 

fo
r d

ire
ct

 C
P

 v
io

la
tio

n 
in

:

K
±

π± π
+ π

-

K
±

π± π
0 π

0

D
at

a 
fo

r p
re

se
nt

 a
na

ly
si

s:
co

lle
ct

ed
 fr

om
 A

ug
us

t 6
 to

 S
ep

te
m

be
r 7

, 2
00

3
di

vi
de

d 
by

 3
 s

up
er

sa
m

pl
es

(s
el

f-c
om

pl
et

e 
da

ta
 s

et
 ~

 tw
o 

w
ee

k 
pe

rio
d)

…
or

 2
8 

da
y-

sa
m

pl
es

 w
ith

 d
iff

er
en

t m
ag

ne
tic

 fi
el

d 
or

ie
nt

at
io

n 
an

d 
ac

hr
om

at
po

si
tio

n

A
dd

iti
on

al
 d

at
a 

(n
ot

 in
cl

ud
ed

 in
 th

e 
an

al
ys

is
):

2 
tra

ck
s 

ev
en

ts
 (K

3π
w

ith
 lo

st
pi

on
)

Ju
ly

 2
00

3 
da

ta
 w

ith
 d

iff
er

en
t s

ys
te

m
at

ic
 e

ffe
ct

s



S
ta

tu
s 

of
 A

g 
m

ea
su

re
m

en
t,

S
pa

si
m

ir 
B

al
ev

05
.0

5.
20

04

E
xp

er
im

en
ta

l s
et

up

11
4 

m
z

S
im

ul
ta

ne
ou

s 
K

+ 
an

d 
K

-f
oc

us
ed

 b
ea

m
s 

w
ith

 e
ne

rg
y 

60
±3

G
eV

/c



S
ta

tu
s 

of
 A

g 
m

ea
su

re
m

en
t,

S
pa

si
m

ir 
B

al
ev

05
.0

5.
20

04

(
)

[
]

N
u

g
g

N
u

g
N

u
R

≈
−

+
≈

+
=

−
+

+
1

1
)

(

−
+

−
+

+−
=

g
g

g
g

A g

kv
hu

ku
v

u
M

+
+

+
∝

−
2

2
1

)
,

(
|Th

e 
m

et
ho

d
Th

e 
m

at
rix

 e
le

m
en

t o
f K

3π
de

ca
y:

C
P

-v
io

la
tio

n:

U
 s

pe
ct

ra
 ra

tio
:

2
2

2
1

|)
,

(
|

kv
hu

gu
v

u
M

+
+

+
∝

2
0

3

π−
=

m
s

s
u

2
1

2

π−
=

m
s

s
v

3,2,1
,

)
(

2
=

−
=

π
i

P
P

s
i

K
i

3
3

2
1

0
s

s
s

s
+

+
=

−
+

−
+

+−
=

g
g

g
g

A g

(
)

[
]

(
) u

A
g

N
u

g
g

N
u

g
u

g
N

u
R

g
+

−
+

−+
+

≈
−

+
≈

++
=

2
1

1
11

)
(

•n
eg

le
ct

in
g 

qu
ad

ra
tic

 s
lo

pe
s 

h
an

d 
k

•|
A g|<

<1
•g

+
 =

 −
0.

21
54

 ±
0.

00
35

 (K
+

π+
π+

π-
)

•g
+

 =
 

0.
65

2 
  ±

0.
03

1 
  (

K
+

π+
π0

π0
)

Fr
ee

 p
ar

am
et

er
s 

of
 li

ne
ar

 fi
t:

•N
–

no
rm

al
iz

at
io

n 
pa

ra
m

et
er

•∆
g=

2g
+
A g

–
C

P
 v

io
la

tio
n 

pa
ra

m
et

er



S
ta

tu
s 

of
 A

g 
m

ea
su

re
m

en
t,

S
pa

si
m

ir 
B

al
ev

05
.0

5.
20

04

Tr
ac

k 
m

om
en

tu
m

 c
or

re
ct

io
ns

α
an

d 
β

co
rr

ec
tio

ns
 a

pp
lie

d

P=
p(

1+
β)

(1
+q

bα
p)

P
–

re
al

 tr
ac

k 
m

om
en

tu
m

p
–

ob
se

rv
ed

 tr
ac

k 
m

om
en

tu
m

q
–

ch
ar

ge
 o

f t
he

 tr
ac

k
b

–
si

gn
 o

f t
he

 m
ag

ne
tic

 fi
el

d

β
co

rre
ct

s 
th

e 
m

ag
ne

tic
 fi

el
d 

by
 

pu
tti

ng
 th

e 
va

lu
e 

(M
+

3π
+M

− 3π
)/2

to
 

P
D

G
 v

al
ue

 o
f K

 m
as

s

α
co

rre
ct

s 
th

e 
m

is
al

ig
nm

en
t (

D
C

H
 

m
ov

em
en

t) 
by

 p
ut

tin
g 

th
e 

di
ffe

re
nc

e 
be

tw
ee

n 
M

+
3π

an
d 

M
− 3π

to
 z

er
o

D
ay

-s
am

pl
e

b(
M

− 3π
-M

+ 3π
), 

ke
V 70

 µ
m

D
C

H
 s

hi
ft



S
ta

tu
s 

of
 A

g 
m

ea
su

re
m

en
t,

S
pa

si
m

ir 
B

al
ev

05
.0

5.
20

04

B
ea

m
 m

ov
em

en
t i

n 
tim

e

x,
 c

m

x,
 c

m

y,
 c

m
y,

 c
m

D
C

H
1

D
C

H
4

R
=2

,5
 m

m

R
=2

,5
 m

m

R
=2

,5
 m

m
K

+
K

+

K
-

K
-



S
ta

tu
s 

of
 A

g 
m

ea
su

re
m

en
t,

S
pa

si
m

ir 
B

al
ev

05
.0

5.
20

04

B
ea

m
 p

os
iti

on
 v

s.
 k

ao
n

m
om

en
tu

m

A-
K+

A+
K-

A-
K-

A+
K+

55
65

55

65

x,
 c

m

y,
 c

m
D

C
H

1
D

C
H

4

x,
 c

m

y,
 c

m

A
-B

-K
+

A+
B+

K-

A
-B

-K
-

A+
B+

K+

A-
B+

K+
A

+B
-K

-

A-
B+

K-
A

+B
-K

+

55
65

55

65

55

65

55
65

 G
eV

x,
 c

m

y,
 c

m
S

pl
it 

by
 th

e
m

ag
ne

tic
 fi

el
d

A
ll 

ge
om

et
ric

al
 c

ut
s 

ar
e 

sy
m

m
et

riz
ed

,
ac

co
rd

in
g 

to
 b

ea
m

 m
ov

em
en

t i
n 

tim
e

(p
re

vi
ou

s 
sl

id
e)

 a
nd

 m
om

en
tu

m
 d

ep
en

de
nc

e
of

 th
e 

be
am

 p
os

iti
on

.

A
ll 

ge
om

et
ric

al
 c

ut
s 

ar
e 

sy
m

m
et

riz
ed

,
ac

co
rd

in
g 

to
 b

ea
m

 m
ov

em
en

t i
n 

tim
e

(p
re

vi
ou

s 
sl

id
e)

 a
nd

 m
om

en
tu

m
 d

ep
en

de
nc

e
of

 th
e 

be
am

 p
os

iti
on

.



S
ta

tu
s 

of
 A

g 
m

ea
su

re
m

en
t,

S
pa

si
m

ir 
B

al
ev

05
.0

5.
20

04

C
ut

s 
an

d 
S

ta
tis

tic
s

3 
tra

ck
s 

fro
m

 th
e 

ve
rte

x 
w

ith
 s

m
al

le
st

 χ
2

ve
rte

x 
ch

ar
ge

: +
1 

or
 -1

|t t
ra

ck
-<

t tr
ac

k>
| <

 1
5 

ns
z v

er
te

x
< 

85
 m

54
 <

 P
K

< 
66

G
eV

P t
< 

30
 M

eV
|m

3π
–

M
K
| <

 9
 M

eV
 

|r C
O

G
-<

r C
O

G
>|

 <
 3

 c
m

at
 D

C
H

1 
an

d 
D

C
H

4
|r t

ra
ck

-<
r C

O
G
>|

 >
 1

1,
5 

cm
at

 D
C

H
1

|r t
ra

ck
-<

r C
O

G
>|

 >
 1

3,
5 

cm
at

 D
C

H
4

A
LL

K
-

K
+

72
0

12
0

29
0

31
0

11
20

40
0

A
LL

19
0

70
S

S
3

45
0

16
0

S
S

2

48
0

17
0

S
S

1

E
ve

nt
s 

pe
r s

up
er

sa
m

pl
e 

(in
 m

ill
io

ns
)

K
±

π±
π+

π-



S
ta

tu
s 

of
 A

g 
m

ea
su

re
m

en
t,

S
pa

si
m

ir 
B

al
ev

05
.0

5.
20

04

K
ao

n
m

as
s 

sp
ec

tra

M
3π

, G
eV

M
3π

, G
eV

Events

Events

K
+

K
-

Th
e 

m
as

s 
re

so
lu

tio
n:

   
1,

7 
M

eV
Th

e 
m

as
s 

re
so

lu
tio

n:
   

1,
7 

M
eV

K
±

π±
π+

π-



S
ta

tu
s 

of
 A

g 
m

ea
su

re
m

en
t,

S
pa

si
m

ir 
B

al
ev

05
.0

5.
20

04

D
ef

in
iti

on
s

C
al

cu
la

tio
n 

of
 U

:  
   

   
   

   
   

   
   

   
   

 m
K

–
m

as
s 

of
 th

e 
ka

on

m
π

–
m

as
s 

of
 th

e
pi

on
E*

πo
dd

–
en

er
gy

 o
f t

he
 “o

dd
”

pi
on

in
 C

M
S

A S
sl

op
e 

of
 n

or
m

al
iz

ed
 li

ne
ar

 fi
t o

f r
at

io
 U

(B
+K

+)
/U

(B
-K

-)
A J

sl
op

e 
of

 n
or

m
al

iz
ed

 li
ne

ar
 fi

t o
f r

at
io

 U
(B

-K
+)

/U
(B

+K
-)

A +
sl

op
e 

of
 n

or
m

al
iz

ed
 li

ne
ar

 fi
t o

f r
at

io
 U

(B
+K

+)
/U

(B
-K

+)
A -

sl
op

e 
of

 n
or

m
al

iz
ed

 li
ne

ar
 fi

t o
f r

at
io

 U
(B

+K
-)/

U
(B

-K
-)

A S
J 
= 

(A
S+

A J
)/2

 ≈
∆g

A ±
= 

(A
++

A -
)/2

 =
 (A

S-
A J

)/2
 ≈

0
in

di
ca

to
r 

fo
r a

sy
m

m
et

rie
s 

in
du

ce
d 

by
 e

xp
er

im
en

ta
l s

et
up

A S
an

d 
A J

ar
e 

w
ith

 o
ffs

et
, w

hi
ch

 p
ut

s 
A S

J
to

 z
er

o 


bl
in

d 
an

al
ys

is

 
 

−
=

π
π

*
2

3
2

od
d

K
K

E
m

mm
U

Z 
ax

is
 (b

ea
m

 d
ire

ct
io

n)

S
A

LE
V

E
S

A
LE

V
E

JU
R

A
JU

R
A



S
ta

tu
s 

of
 A

g 
m

ea
su

re
m

en
t,

S
pa

si
m

ir 
B

al
ev

05
.0

5.
20

04

A
sy

m
m

et
ry

 v
s.

 K
 m

om
en

tu
m

St
at

is
tic

al
 e

rr
or

 o
f A

 :
 2

,7
.1

0-4
St

at
is

tic
al

 e
rr

or
 o

f A
g: 

2,
7.

10
-4

χ2 /n
df

6/
11

A S
J

+ 
of

fs
et

 =
 0

 ±
0,

11
7.

10
-3

χ2 /n
df

6,
7/

11
A ±

= 
(0

,1
31

 ±
0,

11
7)

.1
0-3

K
±

π±
π+

π-

P K,
 G

eV
/c

P K,
 G

eV
/c

A S+
of

fs
et

A J+
of

fs
et

A + A -

(A
S+

A J)/
2

+
 o

ffs
et

(A
+
+

A -)/
2



S
ta

tu
s 

of
 A

g 
m

ea
su

re
m

en
t,

S
pa

si
m

ir 
B

al
ev

05
.0

5.
20

04

A
sy

m
m

et
ry

 v
s.

 K
 m

om
en

tu
m

A
ch

ro
m

at
“u

p”
A

ch
ro

m
at

“d
ow

n”K
±

π±
π+

π-

(A
S+

A J)/
2

+
 o

ffs
et

(A
S+

A J)/
2

+
 o

ffs
et

(A
+
+

A -)/
2

(A
+
+

A -)/
2

P K,
 G

eV
/c

P K,
 G

eV
/c



S
ta

tu
s 

of
 A

g 
m

ea
su

re
m

en
t,

S
pa

si
m

ir 
B

al
ev

05
.0

5.
20

04

A
sy

m
m

et
ry

 v
s.

 ti
m

e

χ2 /n
df

5,
6/

12

χ2 /n
df

13
,5

/1
2K
±

π±
π+

π-

A S+
of

fs
et

A J+
of

fs
et

A + A -

(A
S+

A J)/
2

+
 o

ffs
et

(A
+
+

A -)/
2

D
ay

-s
am

pl
e 

pa
ir

D
ay

-s
am

pl
e 

pa
ir

D
ay

-s
am

pl
e 

pa
ir

D
ay

-s
am

pl
e 

pa
ir



S
ta

tu
s 

of
 A

g 
m

ea
su

re
m

en
t,

S
pa

si
m

ir 
B

al
ev

05
.0

5.
20

04

C
ut

s 
an

d 
S

ta
tis

tic
s

Th
e 

an
al

ys
is

 is
 n

ot
 a

s 
ad

va
nc

ed
 a

s 
th

e 
st

ud
y 

of
 a

sy
m

m
et

ry
 in

 “c
ha

rg
ed

” m
od

e
Th

e 
cu

ts
 fo

rK
±

π±
π0

π0
ar

e 
ba

si
ca

lly
 

si
m

ila
r t

o 
K

±
π±

π+
π-

Th
e 

in
va

ria
nt

 m
as

s 
is

 re
co

ns
tru

ct
ed

 b
y 

us
in

g 
th

e 
in

fo
rm

at
io

n 
fro

m
 L

iq
ui

d 
K

ry
pt

on
 C

al
or

im
et

er
Th

er
e 

m
us

t b
e 

in
ve

st
ig

at
ed

 c
om

pl
et

el
y 

di
ffe

re
nt

 s
ou

rc
es

 o
f s

ys
te

m
at

ic
s

S
ta

tis
tic

al
 e

rr
or

 o
f ∆

g
= 

6,
5.

10
-4

C
or

re
sp

on
di

ng
 δ

A g=
5.

10
-4

A
LL

K
-

K
+

23
,2

5,
2

9,
8

8,
2

36
,1

12
,9

A
LL

8,
1

2,
9

S
S

3

15
,3

5,
5

S
S

2

12
,7

4,
6

S
S

1

E
ve

nt
s 

pe
r s

up
er

sa
m

pl
e 

(in
 m

ill
io

ns
)K

±
π±

π0
π0



S
ta

tu
s 

of
 A

g 
m

ea
su

re
m

en
t,

S
pa

si
m

ir 
B

al
ev

05
.0

5.
20

04

C
on

cl
us

io
ns

A
bo

ut
 1

09
K

±
π± π

+ π
-
de

ca
ys

 (a
bo

ut
 1

 m
on

th
) a

re
 u

se
d 

to
 p

er
fo

rm
 a

 
m

ea
su

re
m

en
t o

f C
P

-v
io

la
tio

n 
pa

ra
m

et
er

 A
g

Th
e 

st
at

is
tic

al
 e

rro
r o

f A
g

at
 th

is
 le

ve
l o

f a
na

ly
si

s 
is

 2
,7

.1
0-4

Th
e 

as
ym

m
et

ry
 in

du
ce

d 
by

 e
xp

er
im

en
ta

l s
et

up
 is

 n
ot

 v
is

ib
le

.
Th

e 
as

ym
m

et
ry

 is
 s

ta
bl

e 
in

 b
in

s 
of

 k
ao

n
m

om
en

tu
m

 a
nd

 d
ur

in
g 

st
ud

ie
d 

tim
e 

pe
rio

d 
of

 d
at

a 
ta

ki
ng

.

A
bo

ut
 4

.1
07

K
±

π± π
0 π

0
de

ca
ys

 a
re

 c
ol

le
ct

ed
 a

t v
er

y 
ea

rly
 s

ta
ge

 o
f 

an
al

ys
is

 o
f t

he
 C

P
-v

io
la

tio
n 

in
 th

is
 m

od
e

Th
e 

st
at

is
tic

al
 e

rro
r o

f A
g

is
 a

bo
ut

 5
.1

0-4

K
±

π±
π+

π-

K
±

π±
π0

π0


