
A
TL

A
S 

B 
Ph

ys
ic
s 

Pe
rf

or
m
an

ce
 U

pd
at

e

Pa
ul
a

Ee
ro

la
 f

or
 t

he
 A

T
LA

S
 C

ol
la
bo

ra
ti
on

Be
au

ty
 2

00
3,

 C
ar

ne
gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3

•D
et

ec
to

r 
an

d 
tr

ig
ge

r

•P
re

ci
si

on
 m

ea
su

re
m

en
ts

•R
ar

e 
de

ca
ys

•B
 p

ro
du

ct
io

n

•S
um

m
ar

y



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
2U

nl
ik
e 

Ba
Ba

r,
 B

el
le
, 

ac
ce

ss
 t

o 
B s

an
d 

Λ
b
de

ca
ys

 
(B

s→
KK

,  
B s

→
D s

K,
  B

s→
J/ψ

φ
(η

) ,
 Λ

b
→

J/ψ
Λ

. .
 .)

M
ix

in
g 

m
ea

su
re

m
en

ts
M

uc
h 

hi
gh

er
 s

ta
ti
st

ic
s 

th
an

 a
t 

th
e 

Te
va

tr
on

A
cc

es
s 

to
 r

ar
e 

b-
de

ca
ys

 
(B

d→
K∗ 

γ,
  B

d→
K∗ µ

µ,
 B

s→
µµ

 . 
. .

)
Pr

ec
is
io
n 

CP
V 

m
ea

su
re

m
en

ts
(B

d
J/

ψ
 K

0 S. 
. .

)

NP
?

NP
?

O
ve

rc
on

st
ra

in
th

e 
un

it
ar

it
y

tr
ia
ng

le
s

Se
ar

ch
 f

or
 N

ew
 P

hy
si
cs

 b
ey

on
d 

SM

b d
db

tt
H
ig
h 

st
at

is
ti
cs

 
is
 a

 r
eq

ui
re

m
en

t

N
ew

 p
ar

ti
cl
es

 m
ay

 s
ho

w 
up

 i
n 

lo
op

 d
ia
gr

am
s,

 
ov

er
co

ns
tr

ai
n 

wi
ll 

al
lo
w 

to
 d

is
en

ta
ng

le
 S

M
 

co
m
po

ne
nt

s 
fr

om
 t

he
 n

ew
-p

hy
si
cs

 o
ne

s

B
d B
s

B 
de

ca
ys

 a
t 

LH
C



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
3

B 
pr

od
uc

ti
on

 a
t 

LH
C

11010
2

-2
0

2
4

6

et
a 

of
 B

-h
ad

ro
n

 pT of B-hadron

A
T

L
A

S/
C

M
S

L
H

C
b

   
   

   
   

   
   

   
   

   
   

   
   

   
   

  L
H

C
 

σ 
to

ta
l  

= 
10

0 
m

b,
 σ

 in
el

as
tic

 =
  8

0 
m

b 
σ 

bb
 =

 5
00

 µ
b 

A
T

L
A

S 
C

en
tr

al
 d

et
ec

to
r 

L
H

C
b 

Fo
rw

ar
d 

de
te

ct
or

 

on
e 

b 
in

 |η
|<

2.
5,

 p
T
>1

0G
eV

 
 σ

 =
 1

00
 µ

b 
on

e 
b 

in
 1

.9
<η

<4
.9

,  
p T

>2
G

eV
 

 σ
 =

 2
30

µb
 

L
 =

 1
-2

 x
  1

033
 c

m
-2

 s-1
 

R
ar

e 
de

ca
ys

  L
= 

10
34

 c
m

-2
 s-1

 
L

 =
 2

 x
 1

032
 c

m
-2

 s-1
 

1 
y@

10
33

 c
m

-2
 s-1

 : 
T

ot
al

 n
um

be
r 

of
 

re
co

ns
tr

uc
te

d 
“p

hy
si

cs
” 

ev
en

ts
 2

.6
 x

 1
06   

• 
do

m
in

at
ed

 b
y 

bb
 →

J/
ψ

 
• 

ha
dr

on
ic

 <
10

 5 
 (a

ll 
µ-

ta
g)

 
 

1 
y@

2x
10

32
 c

m
-2

 s-1
 : 

T
ot

al
 n

um
be

r 
of

 
re

co
ns

tr
uc

te
d 

“p
hy

si
cs

” 
ev

en
ts

 3
.4

 x
 1

06 

• 
1.

7 
x 

10
6 
 b

b 
→

J/
ψ

 
• 

1.
7 

x 
10

6  h
ad

ro
ni

c 
 

 

A
TL

A
S/

CM
S 

an
d 

LH
Cb

 a
re

 c
om

pl
em

en
ta

ry



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
4

Th
e 

A
TL

A
S 

D
et

ec
to

r
Th

e 
In

ne
r 

D
et

ec
to

r 
(I

D
): 

pi
xe

ls
, s

ili
co

n 
Th

e 
In

ne
r 

D
et

ec
to

r 
(I

D
): 

pi
xe

ls
, s

ili
co

n 
de

te
ct

or
s 

an
d 

th
e 

tr
an

si
ti

on
 r

ad
ia

ti
on

 t
ra

ck
er

 
de

te
ct

or
s 

an
d 

th
e 

tr
an

si
ti

on
 r

ad
ia

ti
on

 t
ra

ck
er

 
in

si
de

 a
 

in
si

de
 a

 s
ol

en
oi

da
l

so
le

no
id

al
2T

 f
ie

ld
 (s

ee
 H

. G
. M

os
er

)
2T

 f
ie

ld
 (s

ee
 H

. G
. M

os
er

)
+ 

Go
od

 t
ra

ck
in

g 
+ 

Go
od

 t
ra

ck
in

g 
––

co
m

pl
em

en
ta

ry
 

co
m

pl
em

en
ta

ry
 s

ys
te

m
at

ic
s

sy
st

em
at

ic
s

to
 

to
 

th
e 

th
e 

LH
Cb

LH
Cb

ca
se

ca
se

+ + 
e/e/

ππ
se

pa
ra

ti
on

 in
 T

RT
se

pa
ra

ti
on

 in
 T

RT
--

m
ar

gi
na

l 
m

ar
gi

na
l ππ

/K
 id

en
ti

fi
ca

ti
on

/K
 id

en
ti

fi
ca

ti
on

ID
, c

al
or

im
et

er
s 

an
d 

ID
, c

al
or

im
et

er
s 

an
d 

m
uo

n
m

uo
n

sy
st

em
 c

ov
er

 |
sy

st
em

 c
ov

er
 |

ηη |
<2

.5
 

|<
2.

5 
+ 

A
cc

es
s 

to
 c

en
tr

al
 r

eg
io

n 
go

od
 f

or
 p

ro
du

ct
io

n 
+ 

A
cc

es
s 

to
 c

en
tr

al
 r

eg
io

n 
go

od
 f

or
 p

ro
du

ct
io

n 
st

ud
ie

s
st

ud
ie

s

M
uo

n
M

uo
n

tr
ig

ge
r 

an
d 

re
co

ns
tr

uc
ti

on
 d

ow
n 

tr
ig

ge
r 

an
d 

re
co

ns
tr

uc
ti

on
 d

ow
n 

to
 

to
 pp

TT
=5

 (3
) 

=5
 (3

) 
Ge

V
Ge

V
in

 
in

 m
uo

n
m

uo
n

ch
am

be
rs

, t
ile

 
ch

am
be

rs
, t

ile
 

ca
lo

ri
m

et
er

, I
D

. 
ca

lo
ri

m
et

er
, I

D
. 

El
ec

tr
on

 t
ri

gg
er

 a
nd

 r
ec

on
st

ru
ct

io
n 

El
ec

tr
on

 t
ri

gg
er

 a
nd

 r
ec

on
st

ru
ct

io
n 

do
wn

 t
o 

do
wn

 t
o 

pp TT
=2

 
=2

 G
eV

Ge
V

in
 

in
 L

A
r

LA
r

ca
lo

ri
m

et
er

, 
ca

lo
ri

m
et

er
, 

TR
T 

(s
ee

 S
. G

eo
rg

e)
TR

T 
(s

ee
 S

. G
eo

rg
e)

+ 
Be

tt
er

 s
ta

ti
st

ic
s 

th
an

 
+ 

Be
tt

er
 s

ta
ti

st
ic

s 
th

an
 L

H
Cb

LH
Cb

in
 a

ll 
in

 a
ll 

le
pt

on
ic

le
pt

on
ic

ch
an

ne
ls

ch
an

ne
ls

+ 
Ve

ry
 g

oo
d 

fo
r 

+ 
Ve

ry
 g

oo
d 

fo
r 

le
pt

on
ic

le
pt

on
ic

ra
re

 d
ec

ay
s 

ra
re

 d
ec

ay
s 

(h
ig

h 
lu

m
in

os
it

y 
ru

nn
in

g)
(h

ig
h 

lu
m

in
os

it
y 

ru
nn

in
g)

--
M

us
t 

sh
ar

e 
tr

ig
ge

r 
ba

nd
wi

dt
h 

wi
th

 
M

us
t 

sh
ar

e 
tr

ig
ge

r 
ba

nd
wi

dt
h 

wi
th

 
ot

he
r 

ot
he

r 
ph

ys
ic

s
ph

ys
ic

s
ha

dr
on

ic
ha

dr
on

ic
ch

an
ne

ls
 

ch
an

ne
ls

 
su

ff
er

su
ff

er



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
5

A
TL

A
S 

co
ns

tr
uc

ti
on

In
st

al
la

ti
on

 s
ta

tu
s:

 in
st

al
la

ti
on

 a
ct

iv
it

ie
s 

at
 L

H
C 

Po
in

t 
1 

ha
ve

st
ar

te
d.

 A
pr

il 
20

03
: p

ar
t 

of
 t

he
 u

nd
er

gr
ou

nd
 e

xp
er

im
en

ta
l a

re
a 

(U
X

15
) h

as
 b

ee
n 

de
liv

er
ed

 
to

 A
TL

A
S.

 N
ov

 2
00

3:
 s

ta
rt

 in
st

al
lin

g 
fe

et
 a

nd
 r

ai
ls

. 
A

ll 
su

bd
et

ec
to

rs
ar

e 
un

de
r 

co
ns

tr
uc

ti
on

, s
om

e 
al

re
ad

y 
co

m
pl

et
ed

 (t
ile

 
ca

lo
ri

m
et

er
). 

Ja
n 

20
04

fi
rs

t 
de

te
ct

or
 p

ar
ts

 in
 t

he
 c

av
er

n:
 b

ar
re

l 
ca

lo
ri

m
et

er
, t

ile
 c

al
or

im
et

er
 f

ir
st

, t
he

n 
LA

r.
 M

ar
 2

00
4

ba
rr

el
 t

or
oi

d 
co

ils
. 

Th
e 

“in
it

ia
l” 

de
te

ct
or

 r
ea

dy
 f

or
 g

lo
ba

l c
om

m
is

si
on

in
g 

an
d 

co
sm

ic
s

su
m

m
er

 
20

06
, r

ea
dy

 f
or

 b
ea

m
 in

 A
pr

il 
20

07
. S

om
e 

co
m

po
ne

nt
s 

wi
ll 

be
 s

ta
ge

d 
fo

r 
la

te
r 

in
st

al
la

ti
on

.  

Sh
ie

ld
in

g 
in

st
al

la
ti

on
 in

 
th

e 
un

de
rg

ro
un

d 
ca

ve
rn

, 
st

at
us

 2
00

3.

En
gi

ne
er

in
g 

si
m

ul
at

io
n:

 t
he

 B
ar

re
l 

To
ro

id
an

d 
th

e 
Ba

rr
el

 C
al

or
im

et
er

 
in

st
al

le
d 

in
 p

os
it

io
n 

(O
ct

ob
er

 2
00

4)
. 



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
6

ye
s

ye
s

30
0 

µm
4.

3 
cm

Ph
ys

ic
s 

TD
R 

19
99

m
is

si
ng

ye
s

Pi
xe

l d
is

k 
#

2,
 T

RT
 C

-w
he

el
s

m
is

si
ng

ye
s

M
id

dl
e 

pi
xe

l l
ay

er

40
0 

µm
40

0 
µm

B-
la

ye
r 

pi
xe

l l
en

gt
h 

in
 z

5 
cm

5 
cm

Ra
di

us
 o

f 
B-

la
ye

r

In
it

ia
l

Co
m

pl
et

e
D

et
ec

to
r 

la
yo

ut
s

A
TL

A
S 

in
it
ia
l 
de

te
ct

or

M
as

s 
re

so
lu

ti
on

, s
in

gl
e 

Ga
us

si
an

 f
it

Ch
an

ne
l

19
 M

eV

42
 M

eV

TD
R

21
 M

eV
21

 M
eV

B d
→

J/
ψ

(µ
6µ

3)
K0

46
 M

eV

In
it

ia
l

46
 M

eV
B s

→
D

s(φ
 π

) π

Co
m

pl
et

e

•
Pr

op
er

 t
im

e 
re

so
lu

ti
on

 f
or

 B
s

de
ca

ys
 (T

D
R 

la
yo

ut
): 

co
re

 
re

so
lu

ti
on

 5
2 

fs
. I

ni
ti

al
 la

yo
ut

: c
or

e 
re

so
lu

ti
on

 > 
60

 p
s,

 
cu

ts
 t

o 
be

 o
pt

im
iz

ed
 in

 v
ie

w 
of

 ∆
m

s
m

ea
su

re
m

en
t 

(N
(e

ve
nt

s)
 v

s 
re

so
lu

ti
on

).
•

In
it

ia
l a

nd
 c

om
pl

et
e 

la
yo

ut
s 

ha
ve

 a
pp

r.
 t

he
 s

am
e 

τ−
re

so
lu

ti
on

 (f
ew

er
 d

et
ec

to
r 

la
ye

rs
 ><

 le
ss

 m
at

er
ia

l).

0

10
0

20
0

30
0

40
0

-0
.4

-0
.2

0
0.

2
0.

4

Entries / 0.02 ps

t-
t 0 

[p
s]

In
it

ia
l

T
D

R

D
ec

ay
 t

im
e 

re
so

lu
ti

on
B s

→
D

s(φ
π)

 π



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
7

Th
e 

A
TL

A
S 

Tr
ig

ge
r

wi
ll 

co
ns

is
t 

of
 t

hr
ee

 le
ve

ls
40

 M
H

z 
→

Le
ve

l-1
→

O
(2

0 
kH

z)
 →

Le
ve

l-2
→

O
(1

-5
 k

H
z)

 →
Ev

en
t 

Fi
lt

er
 →

O
(2

00
 H

z)
.

B-
ph

ys
ic

s 
‘cl

as
si

ca
l’ 

sc
en

ar
io

: L
VL

1 
m

uo
n

wi
th

 p
T

> 6
 G

eV
, |

η|
 < 

2.
4,

 
LV

L2
 m

uo
n

co
nf

ir
m

at
io

n,
 I

D
 f

ul
l s

ca
n.

Th
e 

B-
ph

ys
ic

s 
tr

ig
ge

r
st

ra
te

gy
 h

ad
 t

o 
be

 r
ev

is
ed

ch
an

ge
d 

LH
C 

lu
m

in
os

it
y

ta
rg

et
 (1

 →
2×

10
33

cm
-2

s-
1 )

ch
an

ge
s 

in
 d

et
ec

to
r 

ge
om

et
ry

, p
os

si
bl

y 
re

du
ce

d 
de

te
ct

or
at

 s
ta

rt
-u

p
ti

gh
t 

fu
nd

in
g 

co
ns

tr
ai

nt
s

A
lt

er
na

ti
ve

s
to

 r
ed

uc
e 

re
so

ur
ce

 r
eq

ui
re

m
en

ts
 

re
qu

ir
e 

at
 L

VL
1,

 in
 a

dd
it

io
n 

to
 s

in
gl

e-
m

uo
n

tr
ig

ge
r,

 a
se

co
nd

 m
uo

n,
a

Je
t 

or
EM

 R
oI

;r
ec

on
st

ru
ct

 t
ra

ck
s 

at
 L

VL
2 

an
d 

EF
wi

th
in

 R
oI

fl
ex

ib
le

 t
ri

gg
er

 s
tr

at
eg

y:
 s

ta
rt

 w
it

h 
a 

di
-m

uo
n

tr
ig

ge
r 

fo
r 

hi
gh

er
 

lu
m

in
os

it
ie

s,
 a

dd
 f

ur
th

er
 t

ri
gg

er
s 

(h
ad

ro
ni

c
fi

na
l s

ta
te

s,
 f

in
al

 s
ta

te
s 

wi
th

 e
le

ct
ro

ns
 a

nd
 m

uo
ns

) a
nd

/o
r 

lo
we

r 
th

e 
th

re
sh

ol
ds

 la
te

r 
in

 t
he

 
be

am
-c

oa
st

/f
or

 lo
w-

lu
m

in
os

it
y 

fi
lls

.

B-
Ph

ys
ic
s 

Tr
ig
ge

r



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
8N
ew

 S
ce

na
ri

o:
B-

ph
ys

ic
s 

tr
ig

ge
r 

ty
pe

s 
 (a

lw
ay

s 
si

ng
le

 m
uo

n
at

 L
VL

1)
di

-m
uo

n
tr

ig
ge

r:
 a

dd
it

io
na

l m
uo

n
at

 L
VL

1. 
Ef

fe
ct

iv
e 

se
le

ct
io

n
of

ch
an

ne
ls

 w
it

h
J/

ψ
(µ

+ µ
- ),

ra
re

 d
ec

ay
s 

lik
e

B 
→

µ+
µ-

(X
),

et
c.

ha
dr

on
ic

fi
na

l s
ta

te
s 

tr
ig

ge
r 

: R
oI

-g
ui

de
d 

re
co

ns
tr

uc
ti

on
 in

 I
D

 a
t 

LV
L2

, R
oI

fr
om

 L
VL

1 
Je

t 
tr

ig
ge

r.
 S

el
ec

ti
on

 o
f 

ha
dr

on
ic

m
od

es
 e

.g
. B

s
→

D
s

π
el

ec
tr

on
-m

uo
n

fi
na

l s
ta

te
s 

tr
ig

ge
r:

 R
oI

-g
ui

de
d 

re
co

ns
tr

uc
ti

on
 in

 T
RT

 
at

 L
VL

2,
 R

oI
fr

om
 L

VL
1 

EM
 t

ri
gg

er
. S

el
ec

ti
on

 o
f 

el
ec

tr
on

s,
 e

.g
. J

/ψ
→

e+
e-

‘cl
as

si
ca

l’ 
sc

en
ar

io
 a

s 
fa

ll-
ba

ck
Re

su
lt

s 
ar

e 
pr

om
is

in
g

St
ro

ng
 r

ed
uc

ti
on

 in
 p

ro
ce

ss
in

g 
re

qu
ir

em
en

ts
 c

om
pa

re
d 

to
 p

re
vi

ou
s

st
ra

te
gy

 t
ha

t 
in

vo
lv

ed
 f

ul
l s

ca
n 

of
 I

nn
er

 D
et

ec
to

r 
at

 le
ve

l-2
. 

Fu
rt

he
r 

st
ud

ie
s 

ne
ed

ed
.

B-
Ph

ys
ic
s 

Tr
ig
ge

r 
II



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
9

Pr
ec

is
io
n 

m
ea

su
re

m
en

ts
: 
si
n2

β,
 α

3 
ye

ar
s@

10
33

cm
-2

 s-1
 

J/
ψ

(µ
6µ

3)
 

J/
ψ

(µ
6µ

5)
 

J/
ψ

(e
e)

 +
 B

µ6
N

(a
ll 

re
co

ns
tr

uc
te

d 
ev

ts
) 

S/
B

 
49

0k
 

28
 

25
0k

 
32

 
15

k 
16

 
∆s

in
2β

 st
at

is
tic

al
  

L
ep

to
n 

ta
g 

Je
t/c

ha
rg

e 
ta

g 
T

ot
al

 

 0.
02

3 
0.

01
5 

0.
01

26
 

 0.
03

0 
0.

01
9 

0.
01

6 

 0.
01

8 
- 0.

01
8 

To
ta

l 
J/

ψ
(µ

6µ
3)

 +
 

J/
ψ

( e
e)

, B
µ6

 0.
01

0 
 T

ot
al

 
J/

ψ
(µ

6µ
5)

 +
 

J/
ψ

( e
e)

, B
µ6

 

 0.
01

2 

∆s
in

2β
 sy

st
em

at
ic

s  
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 0
.0

05
 

pr
od

. a
sy

m
m

et
ry

, t
ag

gi
ng

, b
ac

kg
ro

un
d 

 

  

si
n2

β
m

ea
su

re
m

en
t 

wi
th

 B
d

J/
ψ

K0
S.

 M
ax

im
um

 li
ke

lih
oo

d 
fi

t 
wi

th
 s

im
ul

at
ed

 
in

pu
ts

: p
ro

pe
r 

ti
m

e 
re

so
lu

ti
on

, t
ag

 p
ro

ba
bi

lit
y,

 w
ro

ng
 t

ag
 f

ra
ct

io
n,

 b
ac

kg
ro

un
d 

co
m

po
si

ti
on

. D
ir

ec
t 

CP
 v

io
la

ti
on

 t
er

m
 n

eg
le

ct
ed

 h
er

e.
TD

R 
la

yo
ut

.

Se
ns

it
iv

it
y

to
 a

ng
le

 α
: f

it
 (A

di
rc

os
(∆

m
 t

) +
 A

m
ix

si
n(

∆m
 t

))
 in

 B
hh

.
A

di
r, 

A
m

ix
in

 S
M

 d
ep

en
d

on
 α

, 
δ

(o
r

α e
ff

), 
O

(|
P/

T|
2 )

. 
A

TL
A

S 
al

on
e:

 σ
(A

di
r)=

0.
16

, σ
(A

m
ix
)=

0.
21

co
m

bi
ne

d 
LH

C 
m

ea
su

re
m

en
t.



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
10

Pr
ec

is
io
n 

m
ea

su
re

m
en

ts
: 

B0
s

-50510

0
10

20
30

40
50

da
ta

 ±
 1

 σ
to

ta
l

1.
64

5 
σ to

ta
l

da
ta

 ±
 1

.6
45

 σ
to

ta
l

da
ta

 ±
 1

.6
45

 σ
st

at

95
%

 C
.L

. s
en

si
ti

vi
ty

 =
 3

4.
5 

ps
-1

Amplitude

∆m
s [

ps
-1

]

∆m
s

m
ea

su
re

d 
fr

om
 f

la
vo

ur
sp

ec
if

ic
 f

in
al

 s
ta

te
s 

B s
→

D
s

π
an

d 
B s

→
D

s
a 1

. 
A

lr
ea

dy
 a

ft
er

 1
 y

ea
r 

(1
0 

fb
-1
) s

en
si

ti
vi

ty
 t

o 
∆m

s
up

 t
o 

36
 p

s-
1

SM
 

al
lo

we
d 

ra
ng

e 
∆m

s
(1

4.
3 

-
26

) p
s-

1
fu

lly
 e

xp
lo

re
d.

 

Pr
ec

is
e 

m
ea

su
re

m
en

ts
 o

f 
B0

s-
an

ti
-B

0 s
sy

st
em

 p
ar

am
et

er
s 

:
∆Γ

s,
  

∆m
s.

Pr
ob

e 
B s

m
ix

in
g 

ph
as

e 
φ s
= 

-2
λ2

η
to

 in
ve

st
ig

at
e 

ne
w 

ph
ys

ic
s.

0246810

0
10

20
30

40
50

 >
 5

σ 
si

gn
al

 9
5%

 C
L

 s
en

si
ti

vi
ty

Significance

∆m
s [

ps
-1

]

L
im

it
s 

[p
s-1

]:
5σ 22

.5

21 16

95
%

 C
L

36 35
.5

34
.5

σ st
at

σpr
oj

ec
te

d

to
ta

l

σac
tu

al

to
ta

l



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
11

L
H

C
 s

en
si

tiv
ity

 to
 w

ea
k 

 p
ha

se
 φ

s 
in

 c
ha

nn
el

 B
s-

J/
Ψ

(Μ
Μ

)Φ

10
-2

10
-1

20
30

40
50

xs

 weak phase φs (multiplied by -1)

N
P-

L
R

SM
 (

95
%

C
L

)

A
T

L
A

S 
3σ

 d
is

c.
 li

ne

L
H

C
b 

 3
σ 

di
sc

. l
in

e

St
an

da
rd

 M
od

el
 r

eg
io

n-
up

da
te

d 
20

03

N
ew

 p
hy

si
cs

 L
ef

t-
ri

gh
t 

sy
m

m
et

ri
c 

m
od

el
 (N

P-
LR

) -
up

da
te

d 
20

00
.

φ s
fr

om
 J

/ψ
φ:

 A
TL

A
S 

(3
 y

ea
rs

). 
TD

R 
de

te
ct

or
.

Sa
m

e 
as

 a
bo

ve
 w

it
h 

co
m

pl
et

e 
de

te
ct

or
 

la
yo

ut
 –

Pr
el

im
in

ar
y.

φ s
fr

om
 J

/ψ
φ:

LH
Cb

(5
 y

ea
rs

). 
Pe

rf
or

m
an

ce
 p

ar
am

et
er

s 
as

 2
00

0

φ s
fr

om
 J

/ψ
η:

 A
TL

A
S 

(3
 y

ea
rs

).

∆Γ
s
an

d 
φ s

fr
om

 B
0 s

J/
ψ

φ 
(η

)
∆Γ

s, 
Γ s

an
d 

φ s
de

te
rm

in
ed

 f
ro

m
 a

ng
ul

ar
 a

na
ly

se
s 

of
 B

s
→

J/
ψ

(µ
µ)

φ(
KK

).
∆Γ

s
ca

n 
be

 d
et

er
m

in
ed

 w
it

h 
a 

re
la

ti
ve

 e
rr

or
 o

f 
12

%
 (s

ta
t)

 w
it

h 
30

 f
b-

1 . 
M

ea
su

re
m

en
t 

pr
ec

is
io

n 
of

 φ
s

de
pe

nd
s 

on
 x

s: 
fo

r 
B s

→
J/

ψ
φ,

se
ns

it
iv

it
y 

in
 t

he
 r

an
ge

 
0.

08
-0

.15
 f

or
 x

s=
20

-4
0 

(S
M

) (
∆m

s
= 

13
.7

-2
7.

3 
ps

-1
)

B s
→

J/
ψ

η:
 s

en
si

ti
vi

ty
 f

or
 φ

s
in

 t
he

 r
an

ge
 0

.2
7-

0.
31

 f
or

 x
s=

20
-3

0 
(∆

m
s

= 
13

.7
-2

0.
5 

ps
-1
)



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
12

Th
e 

ex
pe

ct
ed

la
rg

e 
pr

od
uc

ti
on

 r
at

es
 a

t 
th

e 
LH

C 
wi

ll 
al

lo
w 

fo
r 

pr
ec

is
io

n 
m

ea
su

re
m

en
ts

of
 B

c
pr

op
er

ti
es

re
ce

nt
es

ti
m

at
es

 f
or

 A
TL

A
S

(a
ss

um
in

g 
f(

b 
→

B c
)~

10
-3

, 2
0 

fb
-1

, 
LV

L1
 m

uo
n

wi
th

 p
T

> 6
 G

eV
, |

η|
 < 

2.
4)

~5
60

0 
B c

→
J/

ψ
π

pr
od

uc
ed

 e
ve

nt
s

~1
00

 B
c

→
B s

π
pr

od
uc

ed
 e

ve
nt

s
Ch

an
ne

ls
 s

tu
di

ed
 s

o 
fa

r:
 B

c
→

J/
ψ

π
(m

as
s 

m
ea

su
re

m
en

t)
, 

B c
→

J/
ψ

µν
(c

le
an

 s
ig

na
tu

re
, i

ng
re

di
en

t 
fo

r 
|V

cb
| 

de
te

rm
.)

M
C 

ge
ne

ra
ti

on
of

 B
c

ev
en

ts
 u

si
ng

 s
ta

nd
ar

d 
to

ol
s 

is
 C

PU
 in

te
ns

iv
e.

Im
pl

em
en

ta
ti

on
 o

f 
tw

o 
M

C 
ge

ne
ra

to
rs

in
 P

YT
H

IA
 6

.2
Fr

ag
m

en
ta

ti
on

 A
pp

ro
xi

m
at

io
n

M
od

el
 M

C
Fu

ll 
M

at
ri

x 
El

em
en

t
M

C 
(C

. D
ri

ou
ic

hi
et

 a
l.,

 h
ep

-p
h/

03
09

12
0)

: b
as

ed
 

on
 t

he
 “e

xt
en

de
d 

he
lic

it
y”

 a
pp

ro
ac

h 
(g

ro
up

in
g 

of
 F

ey
nm

an
 d

ia
gr

am
s 

in
to

 g
au

ge
-in

va
ri

an
t 

su
b-

gr
ou

ps
 t

o 
si

m
pl

if
y 

ca
lc

ul
at

io
ns

, n
ev

er
 d

on
e 

fo
r 

gg
→

Q
Q

 b
ef

or
e)

. p
Q

CD
to

 O
(α

s4 )
, 3

6 
di

ag
ra

m
s 

co
nt

ri
bu

ti
ng

.

B c
St

ud
ie
s 

in
 A

TL
A
S



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
13

Re
su

lt
s 

fr
om

 F
M

E 
ge

ne
ra

to
r 

(B
CV

EG
PY

 1
.0

)

B c
St

ud
ie
s 

in
 A

TL
A
S 

II

ps
eu

do
-r

ap
id

it
y

ra
pi

di
ty

B c

B c
*



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
14

Fi
rs

t 
pr

el
im

in
ar

y 
re

su
lt

s 
   

 
fr

om
 f

ul
l d

et
ec

to
r 

si
m

ul
at

io
n 

(G
ea

nt
3)

 a
nd

 
re

co
ns

tr
uc

ti
on

‘in
it

ia
l l

ay
ou

t’
ch

an
ne

l B
c

→
J/

ψ
π

m
as

s 
re

so
lu

ti
on

 σ
B c
= 

74
 M

eV

B c
St

ud
ie
s 

in
 A

TL
A
S 

II
I Fa

st
 si

m
ul

.

m
as

s 
re

so
lu

ti
on

 σ
J/

ψ
= 

41
 M

eV



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
15

Ra
re

 d
ec

ay
s 

B0
s,

d
µ+ µ

−

B s
,d

µµ
:B

R=
3.

5x
10

-9
(B

s) 
an

d 
1.5

x1
0-

10
(B

d)
 (S

M
, “

op
ti

m
is

ti
c”

)
cl

ea
r 

si
gn

at
ur

e,
 t

in
y 

BR
 

id
ea

l f
or

 n
ew

 p
hy

si
cs

 o
bs

er
va

ti
on

.
D

i-m
uo

n
tr

ig
ge

r 
al

lo
ws

 h
ig

h-
lu

m
in

os
it

y 
da

ta
-t

ak
in

g.
 A

ft
er

 1
 y

ea
r 

at
 

hi
gh

 lu
m

in
os

it
y 

(1
00

 f
b-

1 ) 
–
4.

3σ
si
gn

al

 
Si

gn
al

 
B

s-
>µ

µ
Si

gn
al

 
B

d-
>µ

µ 
B

G
 

A
TL

A
S 

92
 

14
 

66
0 

C
M

S 
26

 
- 

<6
.4

 
  

A
ft

er
 1

 y
ea

r 
10

34
cm

-2
s-

1

•T
he

 d
if

fe
re

nc
e 

wi
th

 C
M

S 
ca

n 
be

 a
tt

ri
bu

te
d 

to
 

be
tt

er
 v

er
te

x 
re

co
ns

tr
uc

ti
on

 p
re

ci
si

on
 a

nd
 

se
co

nd
ar

y 
ve

rt
ex

 s
el

ec
ti

on
. 

•T
he

re
 is

 a
n 

in
di

ca
ti

on
 o

f 
po

ss
ib

le
  i

m
pr

ov
em

en
t 

of
 

ba
ck

gr
ou

nd
  c

on
di

ti
on

s 
wi

th
 a

no
th

er
 v

er
te

x 
fi

t 
pr

oc
ed

ur
e.

FC
N

C 
B 

de
ca

ys
 w

it
h 

b
s

or
 b

d
oc

cu
r 

on
ly

 a
t 

lo
op

 le
ve

l i
n 

SM
BR

 < 
10

-5
pr

ob
e 

of
 n

ew
 p

hy
si

cs



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
16

−
+
µ

µ
>

−
*0

d
K

B

SM M
SS

M
 C

7γ
>0

M
SS

M
 C

7γ
<0

Lo
we

st
 m

as
s 

re
gi

on
: 

su
ff

ic
ie

nt
 a

cc
ur

ac
y 

 t
o 

se
pa

ra
te

 S
M

 a
nd

 M
SS

M
 if

 
W

ils
on

 c
oe

ff
ic

ie
nt

 C
7γ

<0

)
co

s(

0 1
)

co
s(

)
co

s(

1 0
)

co
s(

1
)

(
2

2

θ
θ

θ
θ

d
ds
dd

d
ds
dd

ds
d

s
AF

B
∫

∫
−

Γ
−

Γ
Γ

=

Th
re

e 
po

in
ts

: m
ea

n 
va

lu
es

 
of

 A
FB

in
 t

hr
ee

 q
2 /

M
B2

ex
pe

ri
m

en
ta

l r
eg

io
ns

 w
it

h 
er

ro
r 

ba
rs

Ra
re

 d
ec

ay
s 

B0
s,

d
µ+ µ

− X
•

B d
K*

µµ
: s

en
si

ti
ve

 t
o 

|V
ts

| 
. T

he
 

sh
ap

e 
of

 F
-B

 a
sy

m
m

et
ry

 is
 s

en
si

ti
ve

 
to

 n
ew

 p
hy

si
cs

 (M
SS

M
) 

•
N

(B
d

ρµ
µ)

/N
(B

d
K*

µµ
)~

 
|V

td
|2

/|
V t

s|
2

us
ef

ul
 a

ls
o 

fo
r 

∆m
s/

∆m
d

es
ti

m
at

io
n 

–
co

m
pl

em
en

ta
ry

 t
o 

os
ci

ll.
m

ea
s.

14
0

41
1

10
-6

B d
0

φ0 µ
µ

29
0

19
95

1.
5x

10
-6

B d
0

K*
µµ

95
0

22
2

10
-7

B d
0

ρ0 µ
µ

BG
si

gn
al

BR
ch

an
ne

l

St
at

is
ti

cs
 w

it
h 

30
 f

b-
1



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
17

BR
( B

0
→

K0
*

γ
) =

 (4
.2

±0
.4

) 1
0-

5

Se
ns

it
iv

e 
to

 N
ew

 P
hy

si
cs

 e
ff

ec
ts

 
th

ro
ug

h 
th

e 
lo

op
 d

ia
gr

am
 

Ra
re

 d
ec

ay
s 

B0
→

K0
*

γ

2.
8%

 r
ec

. e
ff

ic
ie

nc
y 

(in
cl

. m
uo

n
ef

fi
ci

en
cy

) 
st

at
is

ti
cs

 1
0 

50
0 

ev
en

ts
 p

er
 3

0 
fb

-1
 .

Co
m

bi
na

to
ri

al
 b

ac
kg

ro
un

d 
fr

om
 

bb
µ(

6)
X

 w
as

 c
on

si
de

re
d.

 
Sp

ec
if

ic
 b

ac
kg

ro
un

d 
fr

om
 

B0
→

K*
π0

   
is

 u
nd

er
 in

ve
st

ig
at

io
n.

57
 M

eV
m

as
s

re
so

lu
ti

on

S √B
~ 

5.
7

S B
>

0.
3%

γ

W
b 

   
   

u,
c,

t
s



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
18C

D
F

A
T

L
A

S/
C

M
S

Bj
or

ke
n

x 
 r

eg
io

n:
  o

ne
 o

f 
B’

s
in

 d
et

ec
to

r 
vo

lu
m

e:
LH

Cb
 m

os
t 

se
ns

it
iv

e 
to

kn
ow

le
dg

e 
of

 s
tr

uc
tu

re
 

fu
nc

ti
on

s 
at

 v
er

y 
lo

w 
x

L
H

C
b

CD
F 

an
d 

D
0 

be
au

ty
 c

ro
ss

 s
ec

ti
on

 in
 

ce
nt

ra
l r

eg
io

n 
un

de
re

st
im

at
ed

 b
y 

N
LO

 Q
CD

 b
y 

~2
.4

 

Be
tt

er
 a

gr
ee

m
en

t 
at

 h
ig

he
r 

p T
(D

0 
m

ea
su

re
m

en
t 

wi
th

 b
-j

et
s)

B 
pr

od
uc

ti
on

 a
t 

LH
C



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
19CD

F 
m

ea
su

re
m

en
t 

of
 b

-b
 c

or
re

la
ti

on
s 

us
in

g 
µ

+ 
je

t 
da

ta

Q
C

D

Se
m

ih
ar

d

PY
TH

IA

LH
C 

st
at

is
ti

cs
 w

ill
 a

llo
w 

us
in

g 
ex

cl
us

iv
e 

ch
an

ne
ls

 
in

st
ea

d 
of

 b
-j

et
s

gb
->

gb

PY
TH

IA
 a

ll 

g-
>b

b

gg
->

bb

3 
po

in
ts

  w
he

re
 

th
e 

 m
od

el
 

de
pe

nd
en

t 
ac

ce
pt

an
ce

 
co

rr
ec

tio
n 

w
as

 
us

ed
 to

 c
or

re
ct

 
fo

r i
so

la
tio

n 
cu

t 
be

tw
ee

n 
µ

an
d 

b-
je

t

Py
th

ia
is

 a
bo

ve
 t

he
 d

at
a

N
LO

 Q
CD

 is
 b

el
ow

 t
he

 d
at

a

B 
pr

od
uc

ti
on

 a
t 

LH
C 

II



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
20B
→

µ
B

d
→

J/
ψ

K
s0

B
→

µ
B

s →
J/

ψ
φ

A
TL

A
S 

-
pr

op
os

al
 f

or
 m

ea
su

ri
ng

 b
-b

 p
ro

du
ct

io
n 

co
rr

el
at

io
ns

 u
si

ng
 

ex
cl

us
iv

e 
B-

de
ca

ys
 a

nd
 s

em
ile

pt
on

ic
de

ca
ys

 t
o 

m
uo

ns

N
o 

de
gr

ad
at

io
n 

of
  

ef
fic

ie
nc

y 
as

 b
-b

 c
lo

se
 

in
 sp

ac
e.

 

In
 B

s
ca

se
 –

in
te

re
st

in
g 

sp
ec

ifi
c 

ba
ck

gr
ou

nd
  

K
→

µ
or

ig
in

at
in

g 
fr

om
 

s-
qu

ar
k 

as
so

ci
at

ed
 w

ith
 

B
s p

ro
du

ct
io

n.
 N

ee
d 

B
→

e 
B

s →
J/

ψ
φ

∆φ
=φ

 J/
ψ

-φ
µ

B 
pr

od
uc

ti
on

 a
t 

LH
C 

II
I



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
21In

 p
-p

 c
ol

lis
io

ns
 Λ

b
ba

ry
on

 w
ill

 b
e 

 p
ol

ar
iz

ed
 p

er
pe

nd
ic

ul
ar

ly
 t

o 
pr

od
uc

ti
on

 p
la

ne
. T

he
 p

ol
ar

iz
at

io
n 

va
ni

sh
es

 a
s 

η
→

0 
be

ca
us

e 
 o

f 
p-

p 
sy

m
m

et
ry

.  
A

t 
LH

Cb
 p

ol
ar

iz
at

io
n 

hi
gh

er
 t

ha
n 

A
TL

A
S/

CM
S.

Λ
b

θ 1

θ 2

p
p

π

p

φ 2

n

θ
θ 1

A
ng

ul
ar

 d
is

tr
ib

ut
io

n
Λ

b
→

J/
ψ

(µ
µ)

Λ
(p

π)
  d

ep
en

ds
 o

n 
5 

an
gl

es
 (f

ig
) +

 6
 

pa
ra

m
et

er
s 

of
 4

 h
el

ic
it

y 
am

pl
it

ud
es

 a
nd

 p
ol

ar
iz

at
io

n 
P b

. H
el

ic
it

y 
am

pl
it

ud
es

 a
nd

  P
b

–
si

m
ul

ta
ne

ou
sl

y 
de

te
rm

in
ed

.

75
00

0 
Λ

b
→

J/
ψ

(µ
µ)

Λ
(p

π)
  i

n 
3 

ye
ar

s 
wi

ll 
al

lo
w 

pr
ec

is
io

n
δP

b
= 

0.
01

6.
 

A
ls

o 
st

ud
ie

d

•
Pr

op
er

ti
es

 o
f 

be
au

ty
 b

ar
yo

ns
.

Λ
b
pr

od
uc

ti
on

 p
ol
ar

iz
at

io
n



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
22

Co
nc

lu
si
on

s
A
TL

A
S 

is
 p

re
pa

ri
ng

 a
 m

ul
ti
th

em
at

ic
B-

ph
ys

ic
s 

pr
og

ra
m
. 

In
cl

ud
es

 B
-d

ec
ay

s 
an

d 
B-

pr
od

uc
ti

on
.

A
TL

A
S 

B-
ph

ys
ic
s 

tr
ig
ge

r 
st

ra
te

gy
 r

ev
is
ed

 t
o 

m
ax

im
iz

e 
ph

ys
ic

s 
po

te
nt

ia
l w

it
hi

n 
ti

gh
t 

fu
nd

in
g 

co
ns

tr
ai

nt
s:

 
Re

ly
 o

n
di

m
uo

n
tr

ig
ge

r 
fo

r 
in

it
ia

l l
um

in
os

it
y 

2 
×

10
33

cm
-2

s-
1 ,

ex
te

nd
in

g 
th

e 
se

le
ct

io
n 

wh
en

 t
he

 
lu

m
in

os
it

y 
fa

lls
.

Th
e 

m
ai
n 

em
ph

as
is
 w

ill
 b

e 
on

 u
nd

er
ly
in
g 

m
ec

ha
ni
sm

s 
of

 C
P 

vi
ol
at

io
n 

an
d 

ev
id
en

ce
 o

f 
N
ew

 p
hy

si
cs

. 
A

TL
A

S 
is

 e
sp

ec
ia

lly
 p

re
ci

se
 in

 m
ea

su
re

m
en

t 
of

 a
ng

le
 β

.  
In

 B
s

→
J/

ψ
φ(

η)
la

rg
e 

CP
 v

io
la

ti
on

 w
ou

ld
 in

di
ca

te
 n

ew
 p

hy
si

cs
.

Th
er

e 
is

 s
en

si
ti

vi
ty

 t
o 

∆m
s

be
yo

nd
 S

M
 e

xp
ec

ta
ti

on
s.

Th
e 

ex
pe

ct
ed

 l
ar

ge
 p

ro
du

ct
io
n 

ra
te

s
at

 t
he

 L
H

C 
wi

ll 
al

lo
w 

fo
r
pr

ec
is
io
n 

m
ea

su
re

m
en

ts
 

of
 B

c
pr

op
er

ti
es

: 
e.

g.
~5

60
0 

B c
→

J/
ψ

π
pr

od
uc

ed
 e

ve
nt

s,
~1

00
 B

c
→

B s
π

pr
od

. e
ve

nt
s

Ra
re

 d
ec

ay
s 

B 
→

µµ
(X

) 
ha

ve
 a

 f
av

ou
ra

bl
e

ex
pe

ri
m

en
ta

l s
ig

na
tu

re
, a

llo
wi

ng
 

m
ea

su
re

m
en

ts
 a

ls
o 

at
 t

he
 n

om
in

al
 L

H
C 

lu
m

in
os

it
y 

10
34

 c
m

-2
s-

1 .
W

ill
 m

ea
su

re
 b

ra
nc

hi
ng

 r
at

io
 o

f 
Bs

 →
µµ

wh
ic

h 
is

 in
 S

M
 o

f 
or

de
r 

Br
<(

10
-9

) 
Pr

ec
is

io
n 

m
ea

su
re

m
en

ts
 w

ill
 b

e 
do

ne
 f

or
 B

 →
K*

µµ
.

La
rg

e 
sa

m
pl
e 

of
 B

K*
γ

al
lo

ws
 f

or
pr

ob
in
g 

N
ew

 p
hy

si
cs

 e
ff

ec
ts

.
Be

au
ty

 p
ro

du
ct

io
n 

an
d 

bb
 c

or
re

la
ti
on

s 
in

 c
en

tr
al

 L
H

C 
co

lli
si

on
s 

wi
ll 

be
 m

ea
su

re
d 

fo
r 

Q
CD

 t
es

ts
. 

Co
m

pl
em

en
ta

ry
 p

ha
se

 s
pa

ce
 r

eg
io

n 
to

 L
H

Cb
.



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
23

Ba
ck

up
 s

lid
es



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
24

Re
co

ns
tr

uc
ti
on

 o
f 

m
as

se
s 21

21
19

B d
→

J/
ψ

(µ
6µ

3)
K0

26
25

22
Λ

b 
→

J/
ψ

(µ
µ)

 Λ
(p

π)

17
17

15
B s

→
J/

ψ
(µ

6µ
3)

φ

8046
 

In
it

ia
l

46
42

B s
→

D
s(φ

 π
) π

79
 

69
B 

→
µ 6

µ 6

Co
m

pl
et

e
TD

R
M

as
s 

re
so

lu
ti

on
 

si
ng

le
 G

au
ss

 f
it

σ[
M

eV
/c

2 ]



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
25

A
rm

in
 N

A
IR

Z 
   

   
   

   
   

H
ea

vy
 Q

ua
rk

on
iu

m
W

or
ks

ho
p,

 F
N

A
L,

 S
ep

te
m

be
r 

20
-2

2,
 2

00
3 

   
   

   
   

   
8

D
i-m

uo
n

tr
ig

ge
r 

ef
fe

ct
iv

e 
se

le
ct

io
n

of
ch

an
ne

ls
wi

th
 J

/ψ
(µ

+ µ
- )

,  
ra

re
 d

ec
ay

s 
lik

e 
  

B 
→

µ+
µ-

(X
), 

et
c.

m
in

im
um

 p
os

si
bl

e 
th

re
sh

ol
ds

:  
   

   
 

p T
> 5

 G
eV

(M
uo

n
Ba

rr
el

)  
   

   
   

  
p T

> 3
 G

eV
(M

uo
n

En
d-

Ca
p)

ac
tu

al
 t

hr
es

ho
ld

s
de

te
rm

in
ed

 b
y 

LV
L1

 r
at

e
at

LV
L2

 a
nd

 E
F:

 c
on

fi
rm

at
io

n 
of

 
m

uo
ns

us
in

g 
th

e 
ID

 a
nd

 M
uo

n
Pr

ec
is

io
n 

Ch
am

be
rs

at
 E

F 
m

as
s 

an
d 

de
ca

y-
le

ng
th

 c
ut

s,
  

af
te

r 
ve

rt
ex

 r
ec

on
st

ru
ct

io
n

tr
ig

ge
r 

ra
te

s
(2

×1
03

3
cm

-2
s-

1 )
:  

   
~2

00
 H

z 
af

te
r 

LV
L2

, ~
10

 H
z 

af
te

r 
EF

  

B-
Ph

ys
ic
s 

Tr
ig
ge

r 
II

I

1

1
0

1
0

2

1
0

3

1
0

4

1
0

5

5
7

.5
1

0
1

2
.5

1
5

p
T
(µ

),
 G

eV
/c

Trigger Rate , Hz

si
ng

le
-m

uo
n

di
-m

uo
n

al
l

al
l

h hb bc cJ/
ψ

@
10

33
cm

-2
s-1



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
26

ye
s

ye
s

30
0 

µm
4.

3 
cm

Ph
ys

ic
s 

TD
R 

19
99

m
is

si
ng

ye
s

Pi
xe

l d
is

k 
#

2,
 T

RT
 C

-w
he

el
s

m
is

si
ng

ye
s

M
id

dl
e 

pi
xe

l l
ay

er

40
0 

µm
40

0 
µm

B-
la

ye
r 

pi
xe

l l
en

gt
h 

in
 z

5 
cm

5 
cm

Ra
di

us
 o

f 
B-

la
ye

r

In
it

ia
l

Co
m

pl
et

e
D

et
ec

to
r 

la
yo

ut
s

A
TL

A
S 

in
it
ia
l 
de

te
ct

or

M
as

s 
re

so
lu

ti
on

, s
in

gl
e 

Ga
us

si
an

 f
it

Ch
an

ne
l

22
 M

eV

19
 M

eV

15
 M

eV

69
 M

eV

42
 M

eV

TD
R

21
 M

eV
21

 M
eV

B d
→

J/
ψ

(µ
6µ

3)
K0

26
 M

eV
25

 M
eV

Λ
b 

→
J/

ψ
(µ

µ)
 Λ

(p
π)

17
 M

eV
17

 M
eV

B s
→

J/
ψ

(µ
6µ

3)
φ

80
 M

eV

46
 M

eV

In
it

ia
l

46
 M

eV
B s

→
D

s(φ
 π

) π

79
 M

eV
B 

→
µ 6µ

6

Co
m

pl
et

e



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
27

So
ft

wa
re

 &
 p

hy
si
cs

 c
ha

nn
el
s

B d
→

J/
ψ

(µ
6µ

3)
K0

B s
→

J/
ψ

(µ
6µ

3)
φ

Λ
b

→
J/

ψ
(µ

6µ
3)

 
Λ

0

B 
→

µ 6µ
6

B s
→

D
s(φ

 π
) π

Ph
ys

ic
s 

ch
an

ne
ls

ye
s

ye
s

30
0 

m

4.
3 

cm

TD
R

m
is

si
ng

ye
s

Pi
xe

l d
is

k 
#

2 
an

d 
fo

rw
ar

d 
TR

T 
wh

ee
ls

m
is

si
ng

ye
s

M
id

dl
e 

pi
xe

l l
ay

er

40
0 

m
40

0 
m

Lo
ng

it
ud

in
al

 p
ix

el
 

si
ze

 o
f 

b-
la

ye
r

5 
cm

5 
cm

Ra
di

us
 o

f 
b-

la
ye

r

In
it

ia
l

Co
m

pl
et

e
D

et
ec

to
r 

la
yo

ut
s

CB
N

T,
 C

TV
M

FT
ve

rt
ex

in
g

A
na

ly
se

s 
 

at
re

co
n6

.5
.0

(x
Ka

lm
an

)
at

re
co

n6
.5

.0
(x

Ka
lm

an
)

Re
co

ns
tr

uc
ti

on

at
ls

im
6.

0.
2

at
si

m
6.

0.
2

D
et

ec
to

r 
si

m
ul

at
io

n

In
it

ia
l

Co
m

pl
et

e
So

ft
wa

re



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
28

B-
ha

dr
on

s 
—

pr
op

er
 t

im
e 

re
so

lu
ti
on

69
 f

s
B 

→
µµ

73
 f

s
Λ

b 
→

J/
ψ

(µ
µ)

 Λ
(p

π)

69
 f

s
B d

→
J/

ψ
(µ

6µ
3)

K0

63
 f

s

67
 f

s

TD
R

B s
 →

J/
ψ

(µ
µ)

φ

B s
→

D
s 

π

Si
ng

le
 G

au
ss

fi
t

V.
M

. G
he

te
, E

. B
ou

ho
va

, P
. R

ez
ni

ce
k,

 M
. S

m
iz

an
sk

a,
 

B
. E

pp
, S

. S
iv

ok
lo

ko
v,

 N
. N

ik
iti

ne
, K

. T
om

s



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
29

Th
e 

A
TL

A
S 

Tr
ig

ge
r

wi
ll 

co
ns

is
t 

of
 t

hr
ee

 le
ve

ls
Le

ve
l-1

(4
0 

M
H

z 
→

O
(2

0 
kH

z)
)

m
uo

ns
, R

eg
io

ns
-o

f-
In

te
re

st
 (R

oI
’s)

 in
 t

he
 C

al
or

im
et

er
s

B-
ph

ys
ic

s 
(‘c

la
ss

ic
al

’ s
ce

na
ri

o)
: m

uo
n

wi
th

 p
T

> 6
 G

eV
, |

η|
 < 

2.
4

Le
ve

l-2
(O

(2
0 

kH
z)

 →
O

(1
-5

 k
H

z)
)

Ro
I-

gu
id

ed
, r

un
ni

ng
 d

ed
ic

at
ed

 o
n-

lin
e 

al
go

ri
th

m
s

B-
ph

ys
ic

s 
(‘c

la
ss

ic
al

’ s
ce

na
ri

o)
: m

uo
n

co
nf

ir
m

at
io

n,
 I

D
 f

ul
l s

ca
n 

Ev
en

t 
Fi

lt
er

 (O
(1

-5
 k

H
z)

 →
O

(2
00

 H
z)

)
of

fl
in

e 
al

go
ri

th
m

s,
 a

lig
nm

en
t 

an
d 

ca
lib

ra
ti

on
 d

at
a 

av
ai

la
bl

e

Th
e 

B-
ph

ys
ic

s 
tr

ig
ge

r
st

ra
te

gy
 h

ad
 t

o 
be

 r
ev

is
ed

ch
an

ge
d 

LH
C 

lu
m

in
os

it
y

ta
rg

et
 (1

 →
2×

10
33

cm
-2

s-
1 )

ch
an

ge
s 

in
 d

et
ec

to
r 

ge
om

et
ry

, p
os

si
bl

y 
re

du
ce

d 
de

te
ct

or
at

 
st

ar
t-

up
ti

gh
t 

fu
nd

in
g 

co
ns

tr
ai

nt
s

B-
Ph

ys
ic
s 

Tr
ig
ge

r



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
30

A
lt

er
na

ti
ve

s
to

 r
ed

uc
e 

re
so

ur
ce

 r
eq

ui
re

m
en

ts
re

qu
ir

e 
at

 L
VL

1,
 in

 a
dd

it
io

n 
to

 s
in

gl
e-

m
uo

n
tr

ig
ge

r,
 a

se
co

nd
 m

uo
n,

a
Je

t 
or

EM
 

Ro
I,

re
co

ns
tr

uc
t 

at
 L

VL
2 

an
d 

EF
wi

th
in

 R
oI

re
-a

na
ly

se
th

re
sh

ol
ds

 a
nd

 u
se

fl
ex

ib
le

 t
ri

gg
er

 s
tr

at
eg

y 
st

ar
t 

wi
th

 a
 d

i-m
uo

n
tr

ig
ge

r 
fo

r 
hi

gh
er

 lu
m

in
os

it
ie

s
ad

d 
fu

rt
he

r 
tr

ig
ge

rs
 (h

ad
ro

ni
c

fi
na

l s
ta

te
s,

 f
in

al
 s

ta
te

s 
wi

th
 e

le
ct

ro
ns

 a
nd

 
m

uo
ns

) l
at

er
 in

 t
he

 b
ea

m
-c

oa
st

/f
or

 lo
w-

lu
m

in
os

it
y 

fi
lls

 
B-

ph
ys

ic
s 

tr
ig

ge
r 

ty
pe

s 
 (a

lw
ay

s 
si

ng
le

 m
uo

n
at

 L
VL

1)
di

-m
uo

n
tr

ig
ge

r:
 a

dd
it

io
na

l m
uo

n
at

 L
VL

1. 
Ef

fe
ct

iv
e 

se
le

ct
io

n
of

ch
an

ne
ls

 w
it

h
J/

ψ
(µ

+ µ
- ),

ra
re

 d
ec

ay
s 

lik
e

B 
→

µ+
µ-

(X
),

et
c.

ha
dr

on
ic

fi
na

l s
ta

te
s 

tr
ig

ge
r 

: R
oI

-g
ui

de
d 

re
co

ns
tr

uc
ti

on
 in

 I
D

 a
t 

LV
L2

, R
oI

fr
om

 L
VL

1 
Je

t 
tr

ig
ge

r.
 S

el
ec

ti
on

 o
f 

ha
dr

on
ic

m
od

es
 e

.g
. B

s
→

D
s

π
el

ec
tr

on
-m

uo
n

fi
na

l s
ta

te
s 

tr
ig

ge
r:

 R
oI

-g
ui

de
d 

re
co

ns
tr

uc
ti

on
 in

 T
RT

 a
t 

LV
L2

, 
Ro

I
fr

om
 L

VL
1 

EM
 t

ri
gg

er
. S

el
ec

ti
on

 o
f 

el
ec

tr
on

s,
 e

.g
. J

/ψ
→

e+
e-

‘cl
as

si
ca

l’ 
sc

en
ar

io
 a

s 
fa

ll-
ba

ck
Re

su
lt

s 
ar

e 
pr

om
is

in
g

St
ro

ng
 r

ed
uc

ti
on

 in
 p

ro
ce

ss
in

g 
re

qu
ir

em
en

ts
 c

om
pa

re
d 

to
 p

re
vi

ou
s

st
ra

te
gy

 
th

at
 in

vo
lv

ed
 f

ul
l s

ca
n 

of
 I

nn
er

 D
et

ec
to

r 
at

 le
ve

l-2
. 

Fu
rt

he
r 

st
ud

ie
s 

ne
ed

ed
.

B-
Ph

ys
ic
s 

Tr
ig
ge

r 
II



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
31

α
2

0
50

10
0

15
0

20
0

25
0

30
0

35
0

α σ

02468101214

0%
,3

0%
,1

00
%

±
, |

P
/T

|=
0.

4
°

 =
 2

0
ef

f
α

-2
α

 f
o

r 
2

ασ

%0
|

|
=

T
P

σ

%
30

|
|

=
T

P
σ

Si
gn

al
 y

ie
ld

s  
 

3y
 @

10
33

cm
2 s-1

 
A

tla
s 

LH
C

b 
5y

 
O

ff
lin

e 
2-

bo
dy

 se
le

ct
. 

2.
3k

 
4.

9k
 

M
as

s r
es

ol
 [M

eV
] 

70
 

17
 

Si
gn

al
/2

-b
od

y 
bc

k 
0.

19
 

15
 

Si
gn

al
/o

th
er

 b
ck

 
1.

6 
>1

 
σ A

di
r 

0.
16

 
0.

09
 

σ A
m

ix
 

0.
21

 
0.

07
 

co
rr

el
at

io
n 

0.
25

 
0.

47
 

  

M
ax

.li
ke

lih
oo

d 
co

m
pu

te
d 

fr
om

: *
Pr

op
er

 ti
m

e 
 

   
   

   
 *

In
va

ri
an

t m
as

s  
   

   
   

 *
Fl

av
ou

r 
 a

t p
ro

du
ct

io
n 

   
   

   
 *

Sp
ec

ifi
c 

io
ni

sa
tio

n :
 

 Si
m

ul
at

eo
us

 fi
t o

f 6
 c

on
tr

ib
ut

in
g 

de
ca

ys
 p

ar
am

et
ri

ze
d 

by
 9

 
co

ef
fic

ie
nt

s, 
co

ns
tr

ai
ne

d 
by

 
cu

rr
en

t e
xp

er
im

en
ta

l  
lim

its
.  

   
   

   
   

   
Si

gn
al

 d
ec

ay
 p

ar
am

et
ri

ze
d 

 in
 te

rm
s o

f A
di

r ,
 A

m
ix

:
   

   
   

 
   

   
   

   
   

   
 A

di
r  

co
s(

 ∆
m

 t)
 +

 A
m

ix
 si

n(
 ∆

m
 t)

  
 A

di
r ,

 A
m

ix
   

in
 S

M
 d

ep
en

d 
on

 α
, δ

 ( 
or

 α
 e

ff
 ),

  Ο
(  

|P
/T

 |2 
)  

 
   

   
   

   
   

 w
er

e 
us

ed
 to

 d
er

iv
e 

 se
ns

iti
vi

ty
 to

 α
 

  

Th
e 

cu
rr

en
t 

th
eo

re
ti

ca
l 

un
ce

rt
ai

nt
y 

on
 |

P/
T|

, 
σ|

P/
T|

~3
0%

, d
om

in
at

es
  

ot
he

r 
sy

st
em

at
ic

al
  a

nd
 

st
at

is
ti

ca
l e

rr
or

s 
of

 f
ul

l L
H

C 
po

te
nt

ia
l.

α-
se

ns
it

iv
it

y 
as

 a
 

fu
nc

ti
on

 o
f 

α
an

d
th

eo
re

ti
ca

l u
nc

er
ta

in
ty

 
of

 |
P/

T|
 u

si
ng

 f
ul

l 
LH

C 
po

te
nt

ia
l

Se
ns

it
iv
it
y 

to
 a

ng
le
 α

A
TL

A
S 

co
m

pe
ns

at
e 

la
rg

e 
ba

ck
gr

ou
nd

s 

wi
th

 m
ul

ti
-c

ha
nn

el
 f

it
s.



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
32∆Γ

s
an

d
φ s

m
ea

su
re

d 
fr

om
 B

s
→

J/
ψ

φ,
in

de
p.

 m
ea

su
re

m
en

t 
of

 φ
s

fr
om

B s
→

J/
ψ

η.

∆Γ
s, 

Γ s
an

d 
φ s

ar
e 

de
te

rm
in

ed
 s

im
ul

ta
ne

ou
sl

y 
wi

th
 h

el
ic

it
y

am
pl

it
ud

es
 A

||
(t

=0
), 

A
T(

t=
0)

, A
0(

t=
0)

, δ
1, 

δ 2
fr

om
 a

ng
ul

ar
 a

na
ly

se
s 

of
 B

s
→

J/
ψ

(µ
µ)

φ(
KK

).

∆Γ
s

ca
n 

be
 d

et
er

m
in

ed
 w

it
h 

a 
re

la
ti

ve
 e

rr
or

 o
f 

12
%

 (s
ta

t)
 w

it
h 

30
 f

b-
1. 

φ s
de

pe
nd

s 
on

 x
s: 

fo
r 

B s
→

J/
ψ

φ,
se

ns
it

iv
it

y 
in

 t
he

 r
an

ge
 8

-1
5%

 f
or

 x
s=

20
-4

0 
(S

M
 

ra
ng

e)

B s
→

J/
ψ

η,
 s

en
si

ti
vi

ty
 f

or
 φ

s
in

 t
he

 r
an

ge
 2

7-
31

%
 f

or
 x

s=
20

-3
0

∆Γ
s
an

d 
φ s

fr
om

 B
0 s

J/
ψ

φ 
(η

)



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
33

L
H

C
 s

en
si

tiv
ity

 to
 w

ea
k 

 p
ha

se
 φ

s 
in

 c
ha

nn
el

 B
s-

J/
Ψ

(Μ
Μ

)Φ

10
-2

10
-1

20
30

40
50

xs

 weak phase φs (multiplied by -1)

N
P-

L
R

SM
 (

95
%

C
L

)

A
T

L
A

S 
3σ

 d
is

c.
 li

ne

L
H

C
b 

 3
σ 

di
sc

. l
in

e

St
an

da
rd

 M
od

el
 r

eg
io
n-

up
da

te
d 

20
03

N
ew

 p
hy

si
cs

 L
ef

t-
ri
gh

t 
sy

m
m
et

ri
c 

m
od

el
 (
N
P-

LR
) 
-

up
da

te
d 

20
00

.

A
T
LA

S 
(3

 y
ea

rs
):
 L

VL
1 

1µ
 t
ri
gg

er
 

on
ly
. 
TD

R 
D
et

ec
to

r.

A
TL

A
S 

 -
sa

m
e 

as
 a

bo
ve

 w
it
h 

Fi
na

l 
D
et

ec
to

r 
La

yo
ut

 –
Pr

el
im

in
ar

y

LH
Cb

(5
 y

ea
rs

):
 f

ul
l 
1s

t 
Le

ve
l 
tr

ig
ge

r,
 

pe
rf

or
m
an

ce
 p

ar
am

et
er

s 
as

 g
iv
en

 i
n 

20
00

D
Gs

 a
nd

 f
s 

fr
om

 B
0s

J/
yf

 (
h)



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
34

Ba
ck

gr
ou

nd
,S

ig
na

l (
ne

w 
cu

ts
)

CM
S 

ve
rt

ex
 c

ut
s 

gi
ve

s 
re

je
ct

io
n 

be
tt

er
 t

ha
n 

2.
3×

10
-4

  
Tr

y 
to

 a
pp

ly
 s

im
ila

r 
cu

ts
 f

or
 A

TL
AS

 d
at

a
co

m
pa

re
 t

w
o 

ve
rt

ex
 f

it 
pr

oc
ed

ur
es

 –
CT

VM
FT

 (
CD

F)
an

d 
de

di
ca

te
d 

fit
 p

ro
ce

du
re

 f
ro

m
 x

Ka
lm

an
(p

riv
at

e)
E

ffi
ci

en
ci

es
of

 v
er

te
x 

se
le

ct
io

n 
cu

ts
(1

04
pb

-1
)

(c
ut

s 
ch

os
en

 to
 g

iv
e 

th
e 

sa
m

e 
si

gn
al

 e
ffi

ci
en

cy
)

0.
41

0.
55

Er
ro

r o
n 

th
e 

de
ca

y 
le

ng
th

 L
σ<

60
µm

; σ
<7

0µ
m

24
±9

54
±1

5
N

um
be

r o
f B

G
 e

ve
nt

s 
(w

ith
 

m
as

s 
an

d 
is

ol
at

io
n 

cu
ts

)

(4
.4

±1
.6

)×
10

-3
(0

.9
±0

.2
)×

10
-2

B
ot

h 
cu

ts
 to

ge
th

er
 +

 
C

os
(θ

)>
0.

99
98

7 
(1

°)

0.
33

0.
37

L/
σ 

> 
12
;L

/σ
 >

 1
0

xK
al

m
an

CT
VM

FT
Cu

ts
 (
CT

VM
FT

an
d

xK
al
m
an

)



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
35

D
is

cu
ss

io
n

xK
al

m
an

ve
rt

ex
 f

it 
gi

ve
s 

a 
be

tt
er

 r
ej

ec
tio

n
th

an
 C

TV
M

FT
 o

ne
Th

e 
qu

an
tit

ie
s 

us
ed

 f
or

 c
ut

s 
ca

n 
co

rr
el

at
e

Th
e 

pl
ot

 s
ho

w
s 

th
e 

pr
of

ile
 h

is
to

gr
am

of
 d

ec
ay

 le
ng

th
 L

vs
. e

rr
or

 o
n 

 t
hi

s 
va

lu
e 

σ
fo

r 
th

e 
ba

ck
gr

ou
nd

 e
ve

nt
s.

Fo
r 

xK
al

m
an

it 
is

 c
or

re
la

te
d 

–
i.e

.
la

rg
er

 d
ec

ay
 le

ng
th

 h
as

 la
rg

er
 

er
ro

rs
 (

as
 it

 s
ho

ul
d 

be
 f

or
 B

G
)

Th
is

 e
xp

la
in

 t
he

 b
et

te
r 

re
je

ct
io

n
of

 t
hi

s 
al

go
rit

hm
 –

ev
en

ts
 s

ur
vi

ve
d

L 
>

 L
_c

ut
 w

ill
 b

e 
re

m
ov

ed
 b

y
cu

t 
 σ

>
 σ

_c
ut

xK
al

m
an

CT
VM

FT

<σ
>

<L/σ>



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
36B
→

µ
B

d
→

J/
ψ

K
s0

B
→

µ
B

s →
J/

ψ
φ

A
TL

A
S 

-
pr

op
os

al
 f

or
 m

ea
su

ri
ng

 b
-b

 p
ro

du
ct

io
n 

co
rr

el
at

io
ns

 u
si

ng
 

ex
cl

us
iv

e 
B-

de
ca

ys
 a

nd
 s

em
ile

pt
on

ic
de

ca
ys

 t
o 

m
uo

ns

N
o 

de
gr

ad
at

io
n 

of
  

ef
fic

ie
nc

y 
as

 b
-b

 c
lo

se
 

in
 sp

ac
e.

 

In
 B

s
ca

se
 –

in
te

re
st

in
g 

sp
ec

ifi
c 

ba
ck

gr
ou

nd
  

K
→

µ
or

ig
in

at
in

g 
fr

om
 

s-
qu

ar
k 

as
so

ci
at

ed
 w

ith
 

B
s p

ro
du

ct
io

n.
 N

ee
d 

B
→

e 
B

s →
J/

ψ
φ

∆φ
=φ

 J/
ψ

-φ
µ

B 
pr

od
uc

ti
on

 a
t 

LH
C 

(I
II

)



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
37

B d
→

K*
 γ

fo
r 

2 
fb

-1
wi

th
In

it
ia

l L
ay

ou
t

Le
ve

l 1
:µ

6

Le
ve

l 2
:

γ:
 c

lu
st

er
 E

T
cu

t, 
sh

ow
er

 s
ha

pe
 c

ut
s,

 
γ/

π0
re

je
ct

io
n

K
*:

 2
 c

ha
rg

ed
(o

pp
os

ite
-s

ig
n)

 tr
ac

ks
,

p T
cu

ts

Ev
en

t F
ilt

er
:

γ:
 le

ve
l-2

 c
on

fir
m

at
io

n
K

*:
 v

er
te

xi
ng

, i
m

pa
ct

-p
ar

am
et

er
cu

ts

2.
8%

 r
ec

. 
ef

fi
ci
en

cy
, 
57

 M
eV

m
as

s 
re

so
lu
ti
on

Co
m

bi
na

to
ri

al
 b

ac
kg

ro
un

d 
fr

om
 

bb
µ(

6)
X

 w
as

 c
on

si
de

re
d.

 
Ba

ck
gr

ou
nd

 f
ro

m
 B

0 →
K*

π0
   

is
 

un
de

r 
in

ve
st

ig
at

io
n.



Pa
ul
a 

Ee
ro

la
Be

au
ty

 2
00

3,
 C

ar
ne

gi
e 

M
el
lo
n 

14
-1

8 
O
ct

 2
00

3
38

In
st

al
la
ti
on

 s
ch

ed
ul
e

Th
e 

sc
he

du
le
 c

on
si
st

s 
of

 6
 m

aj
or

 p
ha

se
s 

wh
ic
h 

ar
e 

pa
rt

ia
lly

 o
ve

rl
ap

pi
ng

 +
 5

0 
da

ys
 f

or
 g

lo
ba

l 
co

m
m
is
si
on

in
g 

an
d 

40
 d

ay
s 

fo
r 

co
sm

ic
 t

es
ts

.

N
am

e
PH

A
SE

 1
: I

nf
ra

st
ru

ct
ur

e
PH

A
SE

 2
: B

ar
re

l T
or

oi
d 

&
 B

ar
re

l C
al

or
im

et
er

PH
A

SE
 3

: E
nd

-c
ap

 C
al

or
im

et
er

s 
&

 M
uo

n 
B

ar
re

PH
A

SE
 4

: B
ig

 W
he

el
s 

&
 In

ne
r D

et
ec

to
r

PH
A

SE
 5

: E
nd

-C
ap

 T
or

oi
d 

&
 S

m
al

l W
he

el
s

PH
A

SE
 6

: B
ea

m
 V

ac
uu

m
, E

nd
 w

al
l C

ha
m

be
rs

,
Sh

ie
ld

in
g

G
lo

ba
l C

om
m

is
si

on
in

g
C

os
m

ic
 te

st
s

A
TL

A
S 

R
ea

dy
 F

or
 B

ea
m

s 3 
da

ys
34

3 
da

ys
28

3 
da

ys
16

6 
da

ys 53
 d

ay
s

50
 d

ay
s

40
 d

ay
s

0 
da

ys

20
03

20
04

20
05

20
06


