
N
.d

e 
G

ro
ot

 -
R

AL

Q
ua

rk
 C

ha
rg

e 
Id

en
ti

fi
ca

ti
on

N
ic

ol
o 

de
 G

ro
ot

 (R
A

L)

EC
FA

-D
ES

Y
 

St
ud

y,
 A

m
st

er
da

m
 

20
03



N
.d

e 
G

ro
ot

 -
R

AL

O
ve

rv
ie

w

•
Re

m
in

de
r 

D
et

ec
to

r 
co

nf
ig

ur
at

io
ns

•
Im

pr
ov

e 
ve

rt
ex

 c
ha

rg
e 

fo
r 

B’
s

•
Ve

rt
ex

 c
ha

rg
e 

fo
r 

D
’s

•
D

ip
ol

e
•

Pl
an

s



N
.d

e 
G

ro
ot

 -
R

AL

D
et

ec
to

r 
Co

nf
ig

ur
at

io
ns

•
2 

co
nf

ig
ur

at
io

ns
, 5

 la
ye

r 
si

ng
le

 t
hi

ck
ne

ss
 a

nd
 4

 
la

ye
r 

do
ub

le
 t

hi
ck

ne
ss

•
M

ak
e 

si
ng

le
 m

uo
n 

an
d 

pi
on

 t
ra

ck
s 

fo
r 

al
l p

’s 
an

d 
θ’s

 in
 B

ra
hm

s.
 F

it
 

th
e 

di
st

ri
bu

ti
on

s
•

In
cl

ud
e 

th
e 

pa
ra

m
et

ri
za

ti
on

s 
in

 
Si

m
de

t
•

Bi
gg

es
t 

ef
fe

ct
 f

ro
m

 
re

m
ov

al
 o

f 
th

e 
in

ne
r 

la
ye

r.



N
.d

e 
G

ro
ot

 -
R

AL

Ta
gg

in
g

5l
ay

er
s

4 
la

ye
rs

,
do

ub
le

•C
le

ar
 d

if
fe

re
nc

e 
be

tw
ee

n 
th

e 
co

nf
ig

s
•C

ha
rm

 s
uf

fe
rs

 m
os

t
•B

 t
ag

gi
ng

 is
 e

as
y,

 
ch

ar
m

 is
 h

ar
d

•G
oo

d 
ag

re
em

en
t 

be
tw

ee
n 

Br
ah

m
s 

an
d 

Si
m

de
t



N
.d

e 
G

ro
ot

 -
R

AL

B±
Ve

rt
ex

 c
ha

rg
e

•
D

if
fe

re
nt

 a
pp

ro
ac

h 
fr

om
 

SL
D

, e
xa

m
in

e 
al

l t
ra

ck
s 

(S
LD

 u
na

tt
ac

he
d 

on
ly

)
•

Fo
r 

ch
ar

ge
d 

B’
s 

th
at

 h
av

e 
a 

se
co

nd
ar

y 
ve

rt
ex

, u
p 

to
 

90
%

gi
ve

 t
he

 c
or

re
ct

 
ch

ar
ge

•
Th

is
 d

ro
ps

 b
y 

6-
8%

 f
or

 
th

e 
4 

la
ye

r 
do

ub
le

 
th

ic
kn

es
s 

co
nf

ig
•

N
ot

e:
 q

vt
x 

= 
0 

co
un

ts
 a

s 
wr

on
g 

ch
ar

ge
 a

ss
ig

nm
en

t
•

χ e
ff

= 
0.

06
9

•4
la

ye
r d

ou
bl

e
°5

 la
ye

r s
in

gl
e



N
.d

e 
G

ro
ot

 -
R

AL

Ch
ar

ge
d 

D
 v

er
te

x 
ch

ar
ge

•
Ex

ce
lle

nt
 p

ur
it

y 
!

•
Le

ss
 o

f 
a 

di
ff

er
en

ce
 

be
tw

ee
n 

co
nf

ig
s

•
B 

vt
x 

ch
ar

ge
 is

 
ha

rd
, D

 is
 e

as
y



N
.d

e 
G

ro
ot

 -
R

AL

Ve
rt

ex
 D

ip
ol

e 
in

 S
LD

•
U

se
 d

ec
ay

 c
ha

in
 f

or
 B

0

an
d 

B s

0

50
0

10
00

15
00

-1
-0

.7
5

-0
.5

-0
.2

5
0

0.
25

0.
5

0.
75

1
C

ha
rg

e 
D

ip
ol

e

  D
at

a

  M
C

  b
 q

ua
rk

  b
-b

ar
 q

ua
rk

•T
yp

ic
al

ly
 7

8%
 c

or
re

ct

•S
iz

e 
of

 d
ip

ol
e 

is
 

m
ea

su
re

 o
f t

he
 p

ur
ity



N
.d

e 
G

ro
ot

 -
R

AL

D
ip

ol
e 

M
et

ho
d

•
N

eu
ra

l N
et

wo
rk

 
(w

ww
.s

la
c.

st
an

fo
rd

.e
du

/~
ni

co
lo

/T
M

lp
N

et
)

•
SL

D
 D

ip
ol

e 
lik

e 
va

ri
ab

le
s 

(L
/D

 w
ei

gh
te

d 
ch

ar
ge

)
•

Je
t 

ch
ar

ge
 li

ke
 v

ar
ia

bl
es

  (
Lo

ng
it

ud
in

al
 m

om
en

tu
m

 
we

ig
ht

ed
 c

ha
rg

e)
•

A
nd

 c
om

bi
na

ti
on

s
•

O
nl

y 
us

e 
tr

ac
ks

 t
ha

t 
ar

e 
at

ta
ch

ed
 t

o 
th

e 
se

co
nd

ar
y 

ve
rt

ex
 b

y 
th

e 
ve

rt
ex

 c
ha

rg
e 

pr
oc

ed
ur

e



N
.d

e 
G

ro
ot

 -
R

AL

B0
 d

ip
ol

e

0
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

05101520253035

N
N

 o
u

tp
u

t 
B

0



N
.d

e 
G

ro
ot

 -
R

AL

B0
 d

ip
ol

e 
Ef

f 
vs

 P
ur

0
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
91

D
ip

o
le

 E
ff

 v
s 

P
u

r

χ
= 

0.
18

2



N
.d

e 
G

ro
ot

 -
R

AL

A
ll 

ne
ut

ra
l v

er
ti

ce
s

0
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

0102030405060708090

N
N

 o
u

tp
u

t 
B

N
N

 o
u

tp
u

t

B B
-b

ar



N
.d

e 
G

ro
ot

 -
R

AL

D
ip

ol
e

Ef
f 

vs
 P

ur

0
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
91

D
ip

o
le

 E
ff

 v
s 

P
u

r

E
ff

Pur χ e
ff

= 
0.

20
1



N
.d

e 
G

ro
ot

 -
R

AL

Pl
an

s,
 c

on
cl

us
io

ns

•
Ve

rt
ex

 c
ha

rg
e,

 5
0%

 e
ff

ic
ie

nt
, 8

8%
 p

ur
e.

•
D

ip
ol

e 
fo

r 
th

e 
re

st
, u

p 
to

 7
0%

 p
ur

e 
(m

ax
 8

0%
)

•
Le

pt
on

s 
?

•
Sl

ow
-π

’s 
?

•
W

ri
te

-u
p 

?
•

Pa
ck

ag
e 

?


