
B
.S

a
ty

a
n

a
ra

ya
n

a
, T

a
ta

 In
st

it
u

te
 o

f 
F

u
n

d
a

m
e

n
ta

l R
e

se
a

rc
h

, M
u

m
b

a
i



�
In

tr
o

d
u

ct
io

n

�
T

h
e

  I
N

O
 Ir

o
n

 C
a

lo
ri

m
e

te
r 

(I
C

A
L

)

�
P

ri
n

ci
p

le
 o

f 
o

p
e

ra
ti

o
n

 o
f 

R
P

C

�
R

e
vi

e
w

 o
f 

R
P

C
 d

e
te

ct
o

r 
d

e
ve

lo
p

m
e

n
ts

D
e

si
g

n
 a

n
d

 s
tu

d
ie

s 
o

f 
 s

m
a

ll 
R

P
C

 p
ro

to
ty

p
e

s
�

D
e

si
g

n
 a

n
d

 s
tu

d
ie

s 
o

f 
 s

m
a

ll 
R

P
C

 p
ro

to
ty

p
e

s

�
D

e
ve

lo
p

m
e

n
t 

o
f 

R
P

C
 m

a
te

ri
a

ls
 a

n
d

 p
ro

ce
d

u
re

s

�
L

a
rg

e
 a

re
a

 R
P

C
 d

e
ve

lo
p

m
e

n
t

�
C

o
n

st
ru

ct
io

n
 o

f 
IC

A
L

 p
ro

to
ty

p
e

 d
e

te
ct

o
r

�
D

a
ta

 a
n

a
ly

si
s 

a
n

d
 r

e
su

lt
s

�
S

u
m

m
a

ry
 a

n
d

 f
u

tu
re

 o
u

tl
o

o
k

�
R

P
C

 a
g

in
g

 (
M

a
y

 b
e

 d
u

ri
n

g
 lu

n
ch

/d
in

n
e

r!
)

2
B

.S
a

ty
a

n
a

ra
y

a
n

a
, T

IF
R

, M
u

m
b

a
i  

   
   

   
   

   
   

   
   

   
   

   
   

   
K

o
d

a
i W

in
te

r 
S

ch
o

o
l  

   
   

   
   

   
   

   
   

   
   

   
 

D
e

ce
m

b
e

r 
7,

 2
0

0
9



In
d

ia
-b

a
se

d
 N

e
u

tr
in

o
 O

b
se

rv
a

to
ry

 (
IN

O
) 

is
 a

 c
o

n
so

rt
iu

m
 o

f 
a

 la
rg

e
 n

u
m

b
e

r 

o
f 

re
se

a
rc

h
 c

e
n

tr
e

s 
a

n
d

 u
n

iv
e

rs
it

ie
s.

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
3



�
S

o
u

rc
e

 o
f 

n
e

u
tr

in
o

s

�
U

se
 a

tm
o

sp
h

e
ri

c 
n

e
u

tr
in

o
s 

a
s 

so
u

rc
e

▪
N

e
e

d
 t

o
 c

o
ve

r 
a

 la
rg

e
 L

/E
 r

a
n

g
e

�
F

ro
m

 n
e

u
tr

in
o

 f
a

ct
o

ry
 in

 lo
n

g
 b

a
se

-l
in

e
 d

e
te

ct
o

r 
co

n
fi

g
u

ra
ti

o
n

�
P

h
y

si
cs

 d
ri

ve
n

 d
e

te
ct

o
r 

re
q

u
ir

e
m

e
n

ts

�
S

h
o

u
ld

 h
a

ve
 la

rg
e

 t
a

rg
e

t 
m

a
ss

 (
50

-1
0

0
 k

T
)

n
p

p
n

+
→

+
+

→
+

+

+
− µ

ν
µ

ν

µµ

�
S

h
o

u
ld

 h
a

ve
 la

rg
e

 t
a

rg
e

t 
m

a
ss

 (
50

-1
0

0
 k

T
)

�
G

o
o

d
 t

ra
ck

in
g

 a
n

d
 e

n
e

rg
y

 r
e

so
lu

ti
o

n
 (

tr
a

ck
in

g
 c

a
lo

ri
m

e
te

r)

�
G

o
o

d
 d

ir
e

ct
io

n
a

lit
y

 (
<

 1
 n

S
e

c 
ti

m
e

 r
e

so
lu

ti
o

n
)

�
C

h
a

rg
e

 id
e

n
ti

fi
ca

ti
o

n
 c

a
p

a
b

ili
ty

 (
m

a
g

n
e

ti
c 

fi
e

ld
)

�
M

o
d

u
la

ri
ty

 a
n

d
 e

a
se

 o
f 

co
n

st
ru

ct
io

n

�
C

o
m

p
lim

e
n

t 
ca

p
a

b
ili

ti
e

s 
o

f 
e

xi
st

in
g

 a
n

d
 p

ro
p

o
se

d
 d

e
te

ct
o

rs
�

U
se

 m
a

g
n

e
ti

se
d

 ir
o

n
 a

s 
ta

rg
e

t 
m

a
ss

 a
n

d
 R

e
si

st
iv

e
 P

la
te

 C
h

a
m

b
e

rs
 

(R
P

C
s)

 a
s 

a
ct

iv
e

 d
e

te
ct

o
r 

m
e

d
iu

m

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
4



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
5



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
6

4
8

m
 

4
8

m
 ××

16
m

 
16

m
 ××

14
.5

m
14

.5
m



N
o

. o
f 

 m
o

d
u

le
s

N
o

. o
f 

 m
o

d
u

le
s

33

M
o

d
u

le
 d

im
e

n
si

o
n

s
M

o
d

u
le

 d
im

e
n

si
o

n
s

16
m

 
16

m
 ××

16
m

 
16

m
 ××

14
.5

m
14

.5
m

D
e

te
ct

o
r 

d
im

e
n

si
o

n
s

D
e

te
ct

o
r 

d
im

e
n

si
o

n
s

4
8

.4
m

 
4

8
.4

m
 ××

16
m

 
16

m
 ××

14
.5

m
14

.5
m

N
o

. o
f 

 la
y

e
rs

N
o

. o
f 

 la
y

e
rs

15
0

15
0

Ir
o

n
 p

la
te

 t
h

ic
k

n
e

ss
Ir

o
n

 p
la

te
 t

h
ic

k
n

e
ss

5
6

m
m

5
6

m
m

G
a

p
 f

o
r 

R
P

C
 t

ra
y

s
G

a
p

 f
o

r 
R

P
C

 t
ra

y
s

4
0

m
m

4
0

m
m

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
7

G
a

p
 f

o
r 

R
P

C
 t

ra
y

s
G

a
p

 f
o

r 
R

P
C

 t
ra

y
s

4
0

m
m

4
0

m
m

M
a

g
n

e
ti

c 
fi

e
ld

M
a

g
n

e
ti

c 
fi

e
ld

1.
3T

e
sl

a
1.

3T
e

sl
a

R
P

C
 d

im
e

n
si

o
n

s
R

P
C

 d
im

e
n

si
o

n
s

1,
8

4
0

m
m

 
1,

8
4

0
m

m
 ××

1,
8

4
0

m
m

 
1,

8
4

0
m

m
 ××

2
4

m
m

2
4

m
m

R
e

a
d

o
u

t 
st

ri
p

 p
it

ch
R

e
a

d
o

u
t 

st
ri

p
 p

it
ch

3 
0

m
m

3 
0

m
m

N
o

. o
f 

 R
P

C
s/

R
o

a
d

/L
a

y
e

r
N

o
. o

f 
 R

P
C

s/
R

o
a

d
/L

a
y

e
r

88

N
o

. o
f 

 R
o

a
d

s/
L

a
y

e
r/

M
o

d
u

le
N

o
. o

f 
 R

o
a

d
s/

L
a

y
e

r/
M

o
d

u
le

88

N
o

. o
f 

 R
P

C
 u

n
it

s/
L

a
y

e
r

N
o

. o
f 

 R
P

C
 u

n
it

s/
L

a
y

e
r

19
2

19
2

N
o

. o
f 

 R
P

C
 u

n
it

s
N

o
. o

f 
 R

P
C

 u
n

it
s

2
8

,8
0

0
 (

9
7,

50
5

m
2

8
,8

0
0

 (
9

7,
50

5
m

22
))

N
o

. o
f 

re
a

d
o

u
t 

st
ri

p
s

N
o

. o
f 

re
a

d
o

u
t 

st
ri

p
s

3,
6

8
6

,4
0

0
3,

6
8

6
,4

0
0



�
L

a
rg

e
 d

e
te

ct
o

r 
a

re
a

 c
o

ve
ra

g
e

, t
h

in
 (

~
10

m
m

),
 s

m
a

ll 
m

a
ss

 t
h

ic
k

n
e

ss
�

F
le

xi
b

le
 d

e
te

ct
o

r 
a

n
d

 r
e

a
d

o
u

t 
g

e
o

m
e

tr
y 

d
e

si
g

n
s 

�
S

o
lu

ti
o

n
 f

o
r 

tr
a

ck
in

g
, c

a
lo

ri
m

e
te

r,
 m

u
o

n
 d

e
te

ct
o

rs
�

T
ri

g
g

e
r,

 t
im

in
g

 a
n

d
 s

p
e

ci
a

l p
u

rp
o

se
 d

e
si

g
n

 v
e

rs
io

n
s

�
B

u
ilt

 f
ro

m
 s

im
p

le
/c

o
m

m
o

n
 m

a
te

ri
a

ls
; l

o
w

 f
a

b
ri

ca
ti

o
n

 c
o

st
�

E
a

se
 o

f 
co

n
st

ru
ct

io
n

 a
n

d
 o

p
e

ra
ti

o
n

�
H

ig
h

ly
 s

u
it

a
b

le
 f

o
r 

in
d

u
st

ri
a

l p
ro

d
u

ct
io

n
�

H
ig

h
ly

 s
u

it
a

b
le

 f
o

r 
in

d
u

st
ri

a
l p

ro
d

u
ct

io
n

�
D

e
te

ct
o

r 
b

ia
s 

a
n

d
 s

ig
n

a
l p

ic
k

u
p

 is
o

la
ti

o
n

�
S

im
p

le
 s

ig
n

a
l p

ic
k

u
p

 a
n

d
 f

ro
n

t-
e

n
d

 e
le

ct
ro

n
ic

s;
 d

ig
it

a
l i

n
fo

rm
a

ti
o

n
 

a
cq

u
is

it
io

n
�

H
ig

h
 s

in
g

le
 p

a
rt

ic
le

 e
ff

ic
ie

n
cy

 (
>

9
5

%
) 

a
n

d
 t

im
e

 r
e

so
lu

ti
o

n
 (

~
1n

S
e

c)
�

P
a

rt
ic

le
 t

ra
ck

in
g

 c
a

p
a

b
ili

ty
; 2

-d
im

e
n

si
o

n
a

l r
e

a
d

o
u

t 
fr

o
m

 t
h

e
 s

a
m

e
 

ch
a

m
b

e
r

�
S

ca
la

b
le

 r
a

te
 c

a
p

a
b

ili
ty

 (
L

o
w

 t
o

 v
e

ry
 h

ig
h

);
 C

o
sm

ic
 r

a
y 

to
 c

o
lli

d
e

r 
d

e
te

ct
o

rs
�

G
o

o
d

 r
e

lia
b

ili
ty

, l
o

n
g

 t
e

rm
 s

ta
b

ili
ty

�
U

n
d

e
r 

la
yi

n
g

 P
h

ys
ic

s 
m

o
st

ly
 u

n
d

e
rs

to
o

d
!

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
8



G
a

se
o

u
s 

d
e

te
ct

o
r 

o
f 

p
la

n
a

r 
g

e
o

m
e

tr
y,

 h
ig

h
 r

e
si

st
iv

e
 e

le
ct

ro
d

e
s,

w
ir

e-
le

ss
si

g
n

a
l p

ic
k

u
p

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
9



3

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
10



�
E

le
ct

ro
n

-i
o

n
 p

a
ir

s 
p

ro
d

u
ce

d
 in

 t
h

e
 

io
n

is
a

ti
o

n
 p

ro
ce

ss
 d

ri
ft

  i
n

 t
h

e
 o

p
p

o
si

te
 

d
ir

e
ct

io
n

s.

�
A

ll 
p

ri
m

a
ry

 e
le

ct
ro

n
 c

lu
st

e
rs

 d
ri

ft
 

to
w

a
rd

s 
th

e
 a

n
o

d
e

 p
la

te
 w

it
h

 v
e

lo
ci

ty
 v

  

a
n

d
 s

im
u

lt
a

n
e

o
u

sl
y

 o
ri

g
in

a
te

 a
va

la
n

ch
e

s
a

n
d

 s
im

u
lt

a
n

e
o

u
sl

y
 o

ri
g

in
a

te
 a

va
la

n
ch

e
s

�
A

 c
lu

st
e

r 
is

 e
lim

in
a

te
d

 a
s 

so
o

n
 a

s 
it

 

re
a

ch
e

s 
th

e
 a

n
o

d
e

 p
la

te

�
T

h
e

 c
h

a
rg

e
 in

d
u

ce
d

 o
n

 t
h

e
 p

ic
k

u
p

 s
tr

ip
s 

is
 q

 =
 (

-e
Δ

x e
+

 e
Δ

x I)/
g

�
T

h
e

 in
d

u
ce

d
 c

u
rr

e
n

t 
d

u
e

 t
o

 a
 s

in
g

le
 p

a
ir

 is
   

i =
 d

q
/d

t 
=

 e
(v

 +
 V

)/
g

 ≈
 e

v/
g

, V
 «

 v

�
P

ro
m

p
t 

ch
a

rg
e

 in
 R

P
C

 is
 d

o
m

in
a

te
d

 b
y

 

th
e

 e
le

ct
ro

n
 d

ri
ft

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
11



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
12



L
e

t,
   

 n
0

=
 N

o
. o

f 
e

le
ct

ro
n

s 
in

 a
 c

lu
st

e
r 

α
=

 T
o

w
n

se
n

d
 c

o
e

ff
ic

ie
n

t 
(N

o
.

o
f 

 io
n

is
a

ti
o

n
s/

u
n

it
 le

n
g

th
)

β
=

 A
tt

a
ch

m
e

n
t 

co
e

ff
ic

ie
n

t 
(N

o
.

o
f 

e
le

ct
ro

n
s 

ca
p

tu
re

d
 b

y
 t

h
e

g
a

s/
u

n
it

 le
n

g
th

)

�
A

 p
la

n
a

r 
d

e
te

ct
o

r 
w

it
h

 r
e

si
st

iv
e

 

e
le

ct
ro

d
e

s 
≈

  S
e

t 
o

f 
in

d
e

p
e

n
d

e
n

t 

d
is

ch
a

rg
e

 c
e

lls

�
E

xp
re

ss
io

n
 f

o
r 

th
e

 c
a

p
a

ci
ta

n
ce

 o
f 

a
 

p
la

n
a

r 
co

n
d

e
n

se
r 
→

A
re

a
 o

f 
su

ch
 c

e
lls

 is
 

p
ro

p
o

rt
io

n
a

l t
o

 t
h

e
 t

o
ta

l a
ve

ra
g

e
 c

h
a

rg
e

, 

Q
 t

h
a

t 
is

 p
ro

d
u

ce
d

 in
 t

h
e

 g
a

s 
g

a
p

.
g

a
s/

u
n

it
 le

n
g

th
)

T
h

e
n

, t
h

e
 n

o
. o

f 
e

le
ct

ro
n

s 
re

a
ch

in
g

th
e

 a
n

o
d

e
,

n
 =

 n
0
e

(α
-
β)

x

W
h

e
re

 x
 =

 D
is

ta
n

ce
 b

e
tw

e
e

n
 a

n
o

d
e

a
n

d
 t

h
e

 p
o

in
t 

w
h

e
re

 t
h

e
 c

lu
st

e
r 

is
 p

ro
d

u
ce

d
.

G
a

in
 o

f 
th

e
 d

e
te

ct
o

r,
 M

 =
 n

 / 
n

0

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
13

Q
 t

h
a

t 
is

 p
ro

d
u

ce
d

 in
 t

h
e

 g
a

s 
g

a
p

.

W
h

e
re

, d
 =

 g
a

p
 t

h
ic

k
n

e
ss

V
 =

 A
p

p
lie

d
 v

o
lt

a
g

e

ε 0
=

 D
ie

le
ct

ri
c 

co
n

st
a

n
t 

o
f 

th
e

 g
a

s
�

L
o

w
e

r 
th

e
 Q

; 
lo

w
e

r 
th

e
 a

re
a

 o
f 

th
e

 c
e

ll 
 

(t
h

a
t 

is
 ‘d

e
a

d
’ d

u
ri

n
g

 a
 h

it
) 

a
n

d
 h

e
n

ce
  

h
ig

h
e

r 
th

e
 r

a
te

 h
a

n
d

lin
g

 c
a

p
a

b
ili

ty
 o

f 
 t

h
e

 

R
P

C

V

Q
d

S
0ε

=



�
R

o
le

 o
f 

R
P

C
 g

a
se

s 
in

 a
va

la
n

ch
e

 c
o

n
tr

o
l

�
A

rg
o

n
 is

 t
h

e
 io

n
is

in
g

 g
a

s

�
R

13
4

a
 t

o
 c

a
p

tu
re

 f
re

e
 e

le
ct

ro
n

s 
a

n
d

 lo
ca

lis
e

 a
va

la
n

ch
e

e
-

+
 X

  �
X

-
+

 h
ν

(E
le

ct
ro

n
 a

tt
a

ch
m

e
n

t)

X
+

+
 e

-
�

X
  +

 h
ν

(R
e

co
m

b
in

a
ti

o
n

)
X

+
+

 e
-
�

X
  +

 h
ν

(R
e

co
m

b
in

a
ti

o
n

)

�
Is

o
b

u
ta

n
e

 t
o

 s
to

p
 p

h
o

to
n

 in
d

u
ce

d
 s

tr
e

a
m

e
rs

�
S

F
6

 
fo

r 
p

re
ve

n
ti

n
g

 s
tr

e
a

m
e

r 
tr

a
n

si
ti

o
n

s
�

G
ro

w
th

 o
f 

th
e

 a
va

la
n

ch
e

 is
 g

o
ve

rn
e

d
 b

y
 d

N
/d

x 
=

 α
N

�
T

h
e

 s
p

a
ce

 c
h

a
rg

e
 p

ro
d

u
ce

d
 b

y
 t

h
e

 a
va

la
n

ch
e

 
sh

ie
ld

s 
(a

t 
a

b
o

u
t 

α
x 

=
 2

0
) 

th
e

 a
p

p
lie

d
 f

ie
ld

 a
n

d
 

a
vo

id
s 

e
xp

o
n

e
n

ti
a

l d
iv

e
rg

e
n

ce
�

T
o

w
n

se
n

d
 e

q
u

a
ti

o
n

 s
h

o
u

ld
 b

e
 d

N
/d

x 
=

 α
(E

)N

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
14



A
v

a
la

n
ch

e
 m

o
d

e
S

tr
e

a
m

e
r 

 m
o

d
e

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
15

•
G

a
in

 o
f 

th
e

 d
e

te
ct

o
r 

 <
<

 1
0

8

•
C

h
a

rg
e

 d
e

ve
lo

p
e

d
  ~

1p
C

•
N

e
e

d
s 

a
 p

re
a

m
p

lif
ie

r

•
L

o
n

g
e

r 
lif

e
•

T
y

p
ic

a
l g

a
s 

m
ix

tu
re

 F
r:

iB
:S

F
6
::

9
4

.5
:4

:0
.5

•
M

o
d

e
ra

te
 p

u
ri

ty
 o

f 
g

a
se

s

•
H

ig
h

e
r 

co
u

n
ti

n
g

 r
a

te
 c

a
p

a
b

ili
ty

•
G

a
in

 o
f 

th
e

 d
e

te
ct

o
r 

 >
  1

0
8

•
C

h
a

rg
e

 d
e

ve
lo

p
e

d
 ~

 1
0

0
p

C

•
N

o
 n

e
e

d
 f

o
r 

a
 p

re
a

m
p

lie
r

•
R

e
la

ti
ve

ly
 s

h
o

rt
e

r 
 li

fe

•
T

y
p

ic
a

l g
a

s 
m

ix
tu

re
 F

r:
iB

:A
r:

:6
2

.8
:3

0

•
H

ig
h

 p
u

ri
ty

 o
f 

g
a

se
s

•
L

o
w

 c
o

u
n

ti
n

g
 r

a
te

 c
a

p
a

b
ili

ty



G
la

ss
 R

P
C

s 
h

a
ve

 a
 d

is
ti

n
ct

iv
e

 a
n

d
 

re
a

d
ily

 u
n

d
e

rs
ta

n
d

a
b

le
 c

u
rr

e
n

t 

ve
rs

u
s 

vo
lt

a
g

e
 r

e
la

ti
o

n
sh

ip
.

G
la

ss
 R

P
C

s 
h

a
ve

 a
 d

is
ti

n
ct

iv
e

 a
n

d
 

re
a

d
ily

 u
n

d
e

rs
ta

n
d

a
b

le
 c

u
rr

e
n

t 

ve
rs

u
s 

vo
lt

a
g

e
 r

e
la

ti
o

n
sh

ip
.

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
16



�
N

o
. o

f 
cl

u
st

e
rs

 in
 a

 d
is

ta
n

ce
 g

fo
llo

w
s 

P
o

is
so

n
 d

is
tr

ib
u

ti
o

n
 

w
it

h
 a

n
 a

ve
ra

g
e

 o
f 

�
P

ro
b

a
b

ili
ty

 t
o

 h
a

ve
 n

cl
u

st
e

rs
 

�
In

tr
in

si
c 

e
ff

ic
ie

n
cy

 
�

ε m
a

x
d

e
p

e
n

d
s 

o
n

ly
 o

n
 g

a
s 

a
n

d
 g

a
p

�
In

tr
in

si
c 

ti
m

e
 r

e
so

lu
ti

o
n

 

λ
g

n
=

(
)

λ

λ

g
n

e
g

n
n

p
−

 
 

=
!1

n
e
−

−
=

∈
1

m
ax

(
) v

η
α

σ
−

=
2
8

.
1

�
In

tr
in

si
c 

ti
m

e
 r

e
so

lu
ti

o
n

 
�

σ
t

d
o

e
sn

’t
 d

e
p

e
n

d
 o

n
 t

h
e

 t
h

re
sh

o
ld

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
17

(
)
D

t
v

η
α

σ
−

=
2
8

.
1

�
G

a
s:

  9
6

.7
/3

/0
.3

�
E

le
ct

ro
d

e
 t

h
ic

k
n

e
ss

: 2
m

m
�

G
a

s 
g

a
p

: 2
m

m
�

R
e

la
ti

ve
 p

e
rm

it
ti

vi
ty

: 1
0

�
M

e
a

n
 f

re
e

 p
a

th
: 0

.1
0

4
m

m
�

A
vg

. n
o

. o
f 

e
le

ct
ro

n
s/

cl
u

st
e

r:
 2

.8
�

C
h

a
rg

e
 t

h
re

sh
o

ld
: 0

.1
p

C

�
H

V
: 1

0
.0

K
V

�
T

o
w

n
se

n
d

 c
o

e
ff

ic
ie

n
t:

 1
3.

3/
m

m
�

A
tt

a
ch

m
e

n
t 

co
e

ff
ic

ie
n

t:
 3

.5
/m

m
�

E
ff

ic
ie

n
cy

: 9
0

%
�

T
im

e
 r

e
so

lu
ti

o
n

: 9
50

p
S

�
T

o
ta

l c
h

a
rg

e
: 2

0
0

p
C

�
In

d
u

ce
d

 c
h

a
rg

e
: 6

p
C



C
re

a
ti

vi
ty

 a
id

e
d

 b
y 

in
tr

in
si

c 
tu

n
a

b
ili

ty
 o

f 
th

e
 R

P
C

 d
e

vi
ce

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
18



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
19



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
2

0

M
u

lt
i g

a
p

 R
P

C

D
o

u
b

le
 g

a
p

 R
P

C M
ic

ro
 R

P
C

H
y

b
ri

d
 R

P
C

S
in

g
le

 g
a

p
 R

P
C



E
x

p
e

ri
m

e
n

t
C

o
v

e
ra

g
e

(m
2
)

E
le

ct
ro

d
e

s
G

a
p

(m
m

)
G

a
p

s
M

o
d

e

B
a

B
a

r
2

0
0

0
B

a
ke

lit
e

2
1

S
tr

e
a

m
e

r

B
e

lle
4

0
0

0
G

la
ss

2
2

S
tr

e
a

m
e

r

A
L

IC
E

 M
u

o
n

14
0

B
a

ke
lit

e
2

1
S

tr
e

a
m

e
r

A
T

L
A

S
6

5
50

B
a

ke
lit

e
2

1
A

va
la

n
ch

e

C
M

S
6

0
0

0
B

a
ke

lit
e

2
2

A
va

la
n

ch
e

S
T

A
R

6
0

G
la

ss
0

.2
2

5
A

va
la

n
ch

e

A
L

IC
E

 T
O

F
15

0
G

la
ss

0
.2

5
10

A
va

la
n

ch
e

O
P

E
R

A
4

6
0

0
B

a
ke

lit
e

2
1

S
tr

e
a

m
e

r

Y
B

J-
A

R
G

O
5

6
0

0
B

a
ke

lit
e

2
1

S
tr

e
a

m
e

r

B
E

S
II

I
12

0
0

B
a

ke
lit

e
2

1
S

tr
e

a
m

e
r

H
A

R
P

10
G

la
ss

0
.3

4
A

va
la

n
ch

e

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
2

1

A
ls

o
 d

e
p

lo
y

e
d

 in
 C

O
V

E
R

_
P

L
A

S
T

E
X

,E
A

S
-T

O
P,

 L
3,

 H
A

D
E

S
, P

H
E

N
IX

, P
O

P
I e

xp
e

ri
m

e
n

ts



T
h

e
 f

ir
st

 R
P

C
 b

u
ilt

 a
t T

IF
R

 w
a

s 
30

cm
 ×

10
cm

!

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
22



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
2

3



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
2

4



�
T

w
o

 R
P

C
s 

o
f 

4
0

cm
 ×

30
cm

 in
 s

iz
e

 w
e

re
 

b
u

ilt
 u

si
n

g
 2

m
m

 g
la

ss
 f

o
r 

e
le

ct
ro

d
e

s
�

R
e

a
d

o
u

t 
b

y
 a

 c
o

m
m

o
n

 G
-1

0
 b

a
se

d
 

si
g

n
a

l p
ic

k
u

p
 p

a
n

e
l s

a
n

d
w

ic
h

e
d

 
b

e
tw

e
e

n
 t

h
e

 R
P

C
s

�
O

p
e

ra
te

d
 in

 a
va

la
n

ch
e

 m
o

d
e

 (
R

13
4

a
: 

9
5

.5
%

 a
n

d
 t

h
e

 r
e

st
 Is

o
b

u
ta

n
e

) 
a

t 
a

 
h

ig
h

 v
o

lt
a

g
e

 o
f 

9
.3

K
V

R
e

la
ti

ve
 h

u
m

id
it

y

9
5

.5
%

 a
n

d
 t

h
e

 r
e

st
 Is

o
b

u
ta

n
e

) 
a

t 
a

 
h

ig
h

 v
o

lt
a

g
e

 o
f 

9
.3

K
V

�
R

o
u

n
d

 t
h

e
 c

lo
ck

 m
o

n
it

o
ri

n
g

 o
f 

R
P

C
 

a
n

d
 a

m
b

ie
n

t 
p

a
ra

m
e

te
rs

  –
te

m
p

e
ra

tu
re

, r
e

la
ti

ve
 h

u
m

id
it

y
 a

n
d

 
b

a
ro

m
e

tr
ic

 p
re

ss
u

re
�

W
e

re
 u

n
d

e
r 

co
n

ti
n

u
o

u
s 

o
p

e
ra

ti
o

n
 f

o
r 

m
o

re
 t

h
a

n
 t

h
re

e
 y

e
a

rs
�

C
h

a
m

b
e

r 
cu

rr
e

n
ts

, n
o

is
e

 r
a

te
, 

co
m

b
in

e
d

 e
ff

ic
ie

n
ci

e
s 

e
tc

. w
e

re
 s

ta
b

le
�

L
o

n
g

-t
e

rm
 s

ta
b

ili
ty

 o
f 

R
P

C
s 

is
 t

h
u

s 
e

st
a

b
lis

h
e

d

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
2

5

P
re

ss
u

re

T
e

m
p

e
ra

tu
re



C
o

n
ti

n
u

o
u

s 
in

te
ra

ct
io

n
 w

it
h

 lo
ca

l i
n

d
u

st
ry

 a
n

d
 q

u
a

lit
y 

co
n

tr
o

l s
ta

n
d

a
rd

s

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
2

6



�
G

ra
p

h
it

e
 p

a
in

t 
p

re
p

a
re

d
 

u
si

n
g

 c
o

llo
id

a
l g

ra
d

e
 

g
ra

p
h

it
e

 p
o

w
d

e
r(

3.
4

g
m

),
 

la
cq

u
e

r(
2

5
g

m
) 

a
n

d
 

th
in

n
e

r(
4

0
m

l)
S

p
ra

ye
d

 o
n

 t
h

e
 g

la
ss

 
th

in
n

e
r(

4
0

m
l)

�
S

p
ra

ye
d

 o
n

 t
h

e
 g

la
ss

 
e

le
ct

ro
d

e
s 

u
si

n
g

 a
n

 
a

u
to

m
o

b
ile

 s
p

ra
y 

g
u

n
.

�
A

 u
n

if
o

rm
 a

n
d

 s
ta

b
le

 
g

ra
p

h
it

e
 c

o
a

t 
o

f 
d

e
si

re
d

 
su

rf
a

ce
 r

e
si

st
iv

it
y 

(1
M
Ω

/�
) 

w
a

s 
o

b
ta

in
e

d
 

b
y 

th
is

 m
e

th
o

d
.

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
2

7



A
u

to
m

a
ti

c 
sp

ra
y

 g
u

n

D
ri

ve
 f

o
r Y

-m
o

ve
m

e
n

t

C
o

n
tr

o
l a

n
d

 d
ri

ve
 p

a
n

e
l

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
2

8

D
ri

ve
 f

o
r 

X
-m

o
ve

m
e

n
t



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
2

9



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
30



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
31

E
le

ct
ri

ca
l b

re
a

kd
o

w
n

 v
o

lt
a

g
e

 

o
f G

a
rw

a
re

’s
 f

ilm
s 

is
 >

 1
4

K
V



Edge  spacer

Schematic  of  an  assembled  gas  volume

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
32

Gas  nozzle Glass  spacer

Schematic  of  an  assembled  gas  volume



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
33



4
8

.2
Ω

F
o

a
m

 p
a

n
e

l

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
34

O
p

e
n

10
0

Ω
5

1Ω
4

7Ω

H
o

n
e

y
co

m
b

 p
a

n
e

l

G
-1

0
 p

a
n

e
l

Z
0
: 
In

je
c
t 
a

 p
u

ls
e

 i
n

to
 t
h

e
 s

tr
ip

; 
tu

n
e

 t
h

e
 t
e

rm
in

a
ti
n

g
 r

e
s
is

ta
n

c
e

 
a

t 
th

e
 f
a

r 
e

n
d

, 
u

n
ti
l 
it
s
 r

e
fl
e

c
ti
o

n
 

d
is

a
p

p
e

a
rs

.



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
35

R
e
c
ip

e
: 
T

u
n
e
 t

e
rm

in
a
ti
n
g
 i
m

p
e
d
a
n
c
e
 f

o
r 

e
a
c
h
 s

tr
ip

 w
id

th
 u

n
ti
l 
th

e
 r

e
fl
e
c
te

d
 s

ig
n
a
l 

fo
r 

in
je

c
te

d
 c

h
a
rg

e
 p

u
ls

e
 d

is
a
p
p
e
a
r.



T
o

ta
l n

u
m

b
e

r 
o

f 
R

P
C

s 
in

 IC
A

L
 =

 3
 ×

15
0

 ×
6

4
 =

 2
8

,8
0

0

T
o

ta
l g

a
s 

vo
lu

m
e

 =
 2

8
,8

0
0

 ×
18

4
cm

 ×
18

4
cm

 ×
0

.2
cm

 =
 1

9
5

,0
10

 li
tr

e
s

F
o

r 
e

x:
 O

n
e

 v
o

lu
m

e
 c

h
a

n
g

e
/d

a
y 

w
it

h
 1

0
%

 g
a

s 
to

p
-u

p
 in

 a
 r

e
-c

ir
cu

la
ti

n
g

 s
ch

e
m

e

A
p

p
ro

xi
m

a
te

 r
u

n
n

in
g

 g
a

s 
co

st
 =

 R
s 

 3
0

,0
0

0
/d

a
y 

(U
si

n
g

 c
h

e
a

p
e

r 
R

13
4

a
)

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
36

G
a

s
A

v
a

la
n

ch
e

(%
)

S
tr

e
a

m
e

r

(%
)

M
a

x
im

u
m

(%
)

V
o

lu
m

e

(L
)

D
e

n
si

ty

(g
/L

)

W
e

ig
h

t

(K
g

)

C
o

st

(R
s/

K
g

)

A
rg

o
n

0
.0

30
.0

30
.0

5
8

,5
0

3
1.

78
4

10
4

.4

R
13

4
a

9
5

.5
6

2
.0

9
5

.5
18

6
,2

34
.6

4
.2

5
79

1.
5

Is
o

b
u

ta
n

e
4

.3
8

.0
8

.0
15

,6
0

0
.8

2
.5

1
39

.1
6

S
F

6
0

.2
0

.0
0

.2
39

0
6

.1
6

4
2

.4
0



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
37



�
16

 p
n

e
u

m
a

ti
ca

lly
 c

o
n

tr
o

lle
d

 o
u

tp
u

ts

�
M

o
le

cu
la

r 
si

e
ve

 b
a

se
d

 in
p

u
t 

fi
lt

e
r 

co
lu

m
n

s

�
N

ip
p

o
n

 T
yl

a
n

 m
a

d
e

 m
o

d
e

l F
C

-7
6

0
 M

F
C

s

�
P

a
rk

e
r 

m
a

d
e

 f
in

e
 f

ilt
e

rs
 o

n
 t

h
e

 m
ix

e
d

 g
a

s
�

P
a

rk
e

r 
m

a
d

e
 f

in
e

 f
ilt

e
rs

 o
n

 t
h

e
 m

ix
e

d
 g

a
s

�
O

n
-l

in
e

 m
o

is
te

r 
re

a
d

o
u

t 
o

n
 m

ix
e

d
 g

a
s

�
O

u
tp

u
t 

fl
o

w
 c

o
n

tr
o

l b
y 

S
S

 0
.3

m
m

 c
a

p
ill

a
ri

e
s

�
B

le
e

d
e

r 
b

u
b

b
le

rs
 f

o
r 

R
P

C
 p

ro
te

ct
io

n

�
F

a
ci

lit
y 

to
 a

d
d

 c
o

n
tr

o
lle

d
 m

o
is

te
r 

in
to

 t
h

e
 m

ix
tu

re

�
C

o
m

p
u

te
r 

in
te

rf
a

ce
 f

o
r 

co
n

tr
o

l a
n

d
 m

o
n

it
o

ri
n

g

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
38



ront view

Internal  view

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
39

Front view

Internal  view

Rear view



R
13

4
a

A
rg

o
n

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

iW
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

   
   

D
e

ce
m

b
e

r 
7,

 2
0

0
9

4
0

Is
o

-b
u

ta
n

e
S

F
6



�
C

a
lib

ra
ti

o
n

 d
o

n
e

 u
si

n
g

 w
a

te
r 

d
is

p
la

ce
m

e
n

t 
m

e
th

o
d

�
C

a
lib

ra
te

d
 a

g
a

in
st

 t
h

e
 M

F
C

 
m

o
n

it
o

r 
vo

lt
a

g
e

�
C

ro
ss

-c
a

lib
ra

ti
o

n
 p

ro
ce

d
u

re
�

G
la

ss
/h

a
rd

 p
la

st
ic

 t
u

b
e

 w
it

h
 

p
re

ci
se

 in
n

e
r 

d
ia

m
e

te
r 

ch
o

se
n

. 
P

la
ce

d
 o

n
 a

 p
e

rf
e

ct
ly

 h
o

ri
zo

n
ta

l 

G
a
s

C
a
li
b
ra
ti
o
n
 e
q
u
a
ti
o
n

A
rg
o
n

y
 =
 1
.0
8
8
6
x
 -
0
.1
7
8
2

Is
o
-b
u
ta
n
e

y
 =
 1
.0
6
x
 -
0
.2
3
1
5

4
1

p
re

ci
se

 in
n

e
r 

d
ia

m
e

te
r 

ch
o

se
n

. 
P

la
ce

d
 o

n
 a

 p
e

rf
e

ct
ly

 h
o

ri
zo

n
ta

l 
su

rf
a

ce
.

�
W

a
te

r 
d

ro
p

le
t 

in
tr

o
d

u
ce

d
 

th
ro

u
g

h
 a

n
 o

p
e

n
in

g
 o

n
 o

n
e

 e
n

d
 

o
f 

th
e

 t
u

b
e

�
G

a
s 

co
n

n
e

ct
e

d
 t

o
 t

h
is

 e
n

d
�

G
a

s 
m

o
ve

s 
th

e
 w

a
te

r 
d

ro
p

le
t 

fo
rw

a
rd

 α
g

a
s 

fl
o

w
�

D
is

ta
n

ce
, t

im
e

 in
te

rv
a

ls
 

m
e

a
su

re
d

�
G

a
s 

vo
lu

m
e

 c
o

m
p

u
te

d
 a

n
d

 
co

m
p

a
re

d
 w

it
h

 d
is

p
la

ye
d

 v
a

lu
e

Is
o
-b
u
ta
n
e

y
 =
 1
.0
6
x
 -
0
.2
3
1
5

S
F
6

y
 =
 1
.5
3
9
x
 +
 0
.0
5
7
8

R
1
3
4
a

y
 =
 1
.0
5
4
1
x
 -
0
.6
0
5
4

x 
=

 A
ct

u
a

l f
lo

w
, y

 =
 S

e
t 

fl
o

w

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

iW
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

   
   

D
e

ce
m

b
e

r 
7,

 2
0

0
9



A
r 

E
X
T
R
A
C
T
IO
N
 

C
O
L
U
M
N

C
A
P
IL
L
A
R
Y
 B
A
S
IC
 

A
C
T
IV
A
T
E
D
 

A
L
U
M
IN
A

V
A
C
U
U
M
 

S
C
R
U
B
B
E
R
 

C
O
L
U
M
N

M
O
L
E
C
U
L
A
R
 

S
IE
V
E
S
 3
A

P
R
E
S
S
U
R
E
 

C
H
A
M
B
E
R

A
C
T
IV
A
T
E
D
 

C
A
R
B
O
N

M
O
L
E
C
U
L
A
R
 

S
IE
V
E
S
 4
A

S
F
6
 S
E
T
T
L
IN
G
 

C
O
L
U
M
N

IN
D
IC
A
T
O
R

B
U
B
B
L
E
R

D
R
Y
 T
Y
P
E
 

D
IA
P
H
R
G
M
 V
A
C
U
U
M
 

P
U
M
P

T
O
 V
E
N
T
 

E
X
H
A
U
S
T

A
C
T
IV
A
T
E
D
 

P
A
L
L
A
D
IU
M
 

C
A
T
A
L
Y
S
T

T
R
A
N
S
F
E
R
 

C
H
A
M
B
E
R
S

T
O
  
A

F
R
O
M
  
B

A
C
T
IV
A
T
E
D
 

C
O
P
P
E
R
 

G
R
A
N
U
L
E
S

N
C
 S
O
L
E
N
O
ID
 

V
A
L
V
E
S

P
R
E
S
S
U
R
E
 

R
E
G
U
L
A
T
O
R
S

E
E

E

+
2
7
C

E

E
E

T
O
  
C

R
E
F
R
IG
E
R
A
T
E
D
 

C
H
A
M
B
E
R

-1
5
C

-2
6
C

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
4

2

O
P
E
N
 L
O
O
P
 G
A
S
 R
E
C
O
V
E
R
Y

P
U
R
IF
Y
E
R
 U
N
IT

C
A
P
IL
L
A
R
Y
 

IM
P
E
D
E
N
C
E

0
.2
 B
ar

@
5
0
 S
C
C
M

R
E
C
E
IV
E
R
 

C
H
A
M
B
E
R

T
O
 S
F
6
 

R
E
C
O
V
E
R
Y

S
A
F
E
T
Y

B
U
B
B
L
E
R

IS
O
L
A
T
IO
N
 

B
U
B
B
L
E
R

F
R
O
M
  
R
P
C
 

E
X
H
A
U
S
T

U
N
C
O
N
D
E
N
S
E
D
 

G
A
S
E
S

T
O
 L
.T
. 

C
O
N
D
E
N
S
E
R

R
E
C
Y
C
L
E
D
  

B
A
C
K
F
L
O
W
 

V
E
N
T
 

E
X
H
A
U
S
T

  
A

0
.5
 B
A
R

B
A
C
K
 P
R
E
S
S
U
R
E
 

C
H
E
C
K
 V
A
L
V
E

C

 B

O
P
E
N
 L
O
O
P
 G
A
S
 R
E
C
O
V
E
R
Y

C
O
N
D
E
N
S
E
R
 U
N
IT

L
IQ
U
IF
IE
D
 

IS
O
B
U
T
A
N
E

S
H
U
T
O
F
F
 

V
A
L
V
E
S

T
O
 F
R
E
O
N
 

L
O
O
P

T
O
 I
S
O
B
U
T
A
N
E

 L
O
O
P

L
IQ
U
IF
IE
D
 

R
1
3
4
A

+
2
0
C



S
ca

lin
g

 u
p

 d
im

e
n

si
o

n
s 

w
it

h
o

u
t 

d
e

te
ri

o
ra

ti
o

n
 o

f 
ch

a
ra

ct
e

ri
st

ic
s 

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
4

3



S
ig

n
a

l r
e

fe
re

n
ce

 p
la

n
e

.1

P
la

st
ic

 h
o

n
e

y
 c

o
m

b
.2

C
o

p
p

e
r 

p
ic

k
u

p
 s

tr
ip

s.
3

G
ra

p
h

it
e

/P
a

in
t.

4

T
o

p
 g

la
ss

.5

B
u

tt
o

n
 s

p
a

ce
r.

6

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
4

4

B
u

tt
o

n
 s

p
a

ce
r.

6

B
o

tt
o

m
 g

la
ss

.7

E
d

g
e

 s
p

a
ce

r.
8

G
a

s 
n

o
zz

le
.9

B
o

tt
o

m
 p

ic
k

u
p

 p
a

n
e

l.
A

1
2

3
4

5
6

7

8 9
A



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
4

5

1m
 ×

1m



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
4

6



C
o

sm
ic

 t
e

st
 s

ta
n

d
C

o
sm

ic
 t

e
st

 s
ta

n
d

F
ro

n
t-

e
n

d
 e

le
ct

ro
n

ic
s

F
ro

n
t-

e
n

d
 e

le
ct

ro
n

ic
s

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
4

7



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
4

8



S
F

6
=

  0
%

S
F

6
=

  0
%

S
F

6
=

  0
.3

2
%

S
F

6
=

  0
.3

2
%

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
4

9



V
-I

 c
h

a
ra

ct
e

ri
st

ic
s

V
-I

 c
h

a
ra

ct
e

ri
st

ic
s

C
h

a
m

b
e

r 
cu

rr
e

n
t

C
h

a
m

b
e

r 
cu

rr
e

n
t

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
50



C
h

a
rg

e
 d

is
tr

ib
u

ti
o

n
s

C
h

a
rg

e
 d

is
tr

ib
u

ti
o

n
s

C
h

a
rg

e
 p

a
ra

m
e

te
rs

C
h

a
rg

e
 p

a
ra

m
e

te
rs

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
5

1



E
ff

ic
ie

n
cy

E
ff

ic
ie

n
cy

N
o

is
e

 r
a

te
N

o
is

e
 r

a
te

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
5

2



T
im

e
 r

e
sp

o
n

se
T

im
e

 r
e

sp
o

n
se

T
im

e
 r

e
so

lu
ti

o
n

T
im

e
 r

e
so

lu
ti

o
n

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
5

3



W
a

n
t 

to
 c

h
e

ck
 if

 e
ve

ry
th

in
g

 w
o

rk
s 

a
s 

p
e

r 
d

e
si

g
n

!

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
5

4



�
13

 la
ye

r 
sa

n
d

w
ic

h
 o

f 
50

m
m

 t
h

ic
k

 lo
w

 c
a

rb
o

n
 ir

o
n

 (
Ta

ta
 A

-g
ra

d
e)

p
la

te
s 

(3
5t

o
n

 a
b

so
rb

e
r)

 
�

E
a

ch
 la

ye
r 

a
ss

e
m

b
le

d
 b

y 
jo

in
in

g
 a

 ‘T
’ a

n
d

 a
 ‘C

’ s
h

a
p

e
d

 ir
o

n
 p

la
te

s.
�

D
e

te
ct

o
r 

is
 m

a
g

n
e

ti
se

d
 t

o
 1

.5
T

e
sl

a
, e

n
a

b
lin

g
 m

o
m

e
n

tu
m

 m
e

a
su

re
m

e
n

t 
o

f 
1-

10
G

e
v 

m
u

o
n

s 

p
ro

d
u

ce
d

 b
y 
ν μ

in
te

ra
ct

io
n

s 
in

 t
h

e
 d

e
te

ct
o

r.
�

4
 s

e
ts

 o
f 

co
p

p
e

r 
co

ils
 o

f 
5 

tu
rn

s 
e

a
ch

, m
a

d
e

 f
ro

m
 e

le
ct

ro
ly

ti
c 

co
p

p
e

r 
co

n
d

u
ct

o
r 

tu
b

in
g

. 
�

C
e

n
tr

a
l b

o
re

 in
 c

o
ils

 f
o

r 
fl

o
w

in
g

 lo
w

 c
o

n
d

u
ct

iv
it

y 
w

a
te

r.
�

T
h

yr
is

to
r 

co
n

tr
o

lle
d

 t
h

re
e

 p
h

a
se

 lo
w

 v
o

lt
a

g
e

 c
o

n
st

a
n

t 
cu

rr
e

n
t 

ty
p

e
 p

o
w

e
r 

su
p

p
ly

.

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
5

5



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
5

6



12
, 1

m
2

R
P

C
 la

y
e

rs
T

w
o

 r
e

a
d

o
u

t 
p

la
n

e
s 

(X
 &

 Y
)

32
 c

h
a

n
n

e
ls

/p
la

n
e

T
o

ta
l 7

6
8

 r
e

a
d

o
u

t 
ch

a
n

n
e

ls
T

ri
g

g
e

r 
o

n
 m

u
o

n
s 

u
si

n
g

:
S

ci
n

ti
lla

to
r 

p
a

d
d

le
 la

y
e

rs
R

P
C

  s
tr

ip
  s

ig
n

a
ls

R
e

co
rd

e
d

 in
fo

rm
a

ti
o

n
:

S
tr

ip
 h

it
s

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
5

7

S
tr

ip
 h

it
s

T
im

in
g

M
o

n
it

o
ri

n
g

 d
a

ta
:

C
h

a
m

b
e

r 
p

a
ra

m
e

te
rs

H
ig

h
 v

o
lt

a
g

e
 a

n
d

 c
u

rr
e

n
t

S
tr

ip
 n

o
is

e
 r

a
te

s
C

o
sm

ic
 m

u
o

n
 e

ff
ic

ie
n

cy
A

m
b

ie
n

t 
p

a
ra

m
e

te
rs

T
e

m
p

e
ra

tu
re

R
e

la
ti

ve
 h

u
m

id
it

y
B

a
ro

m
e

tr
ic

 p
re

ss
u

re
 

M
a

g
n

e
t 

co
n

tr
o

l a
n

d
 m

o
n

it
o

r
G

a
s 

sy
st

e
m

 c
o

n
tr

o
l &

 m
o

n
it

o
r



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
5

8



2
0

0
 b

o
a

rd
s 

o
f 

13
 t

y
p

e
s

C
u

st
o

m
 d

e
si

g
n

e
d

 u
si

n
g

F
P

G
A

,C
P

L
D

,H
M

C
,F

IF
O

,S
M

D
5

9



U
si

n
g

 a
 R

O
O

T
 b

a
se

d
 p

a
ck

a
g

e
 B

ig
S

ta
ck

V
3.

8

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
6

0



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
6

1



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
6

2



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
6

3



R
P
C
 

R
P
C
 

R
P
C
 

R
P
C
 
I
d
 
 
 
H
V
(
K
V
)
 
 
 
M
e
a
n
(
n
S
)
 
 
 
S
i
g
m
a
(
n
S
)
 
 
 
R
e
l
M
e
a
n
(
n
S
)
 
 
 
R
e
l
S
i
g
m
a
(
n
S

I
d
 
 
 
H
V
(
K
V
)
 
 
 
M
e
a
n
(
n
S
)
 
 
 
S
i
g
m
a
(
n
S
)
 
 
 
R
e
l
M
e
a
n
(
n
S
)
 
 
 
R
e
l
S
i
g
m
a
(
n
S

I
d
 
 
 
H
V
(
K
V
)
 
 
 
M
e
a
n
(
n
S
)
 
 
 
S
i
g
m
a
(
n
S
)
 
 
 
R
e
l
M
e
a
n
(
n
S
)
 
 
 
R
e
l
S
i
g
m
a
(
n
S

I
d
 
 
 
H
V
(
K
V
)
 
 
 
M
e
a
n
(
n
S
)
 
 
 
S
i
g
m
a
(
n
S
)
 
 
 
R
e
l
M
e
a
n
(
n
S
)
 
 
 
R
e
l
S
i
g
m
a
(
n
S
) )))

A
B
0
6
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
9
.
5
3
 
 
 
 
 
 
 
 
2
.
0
6
 
 
 
 
 
 
 
 
 

A
B
0
6
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
9
.
5
3
 
 
 
 
 
 
 
 
2
.
0
6
 
 
 
 
 
 
 
 
 

A
B
0
6
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
9
.
5
3
 
 
 
 
 
 
 
 
2
.
0
6
 
 
 
 
 
 
 
 
 

A
B
0
6
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
9
.
5
3
 
 
 
 
 
 
 
 
2
.
0
6
 
 
 
 
 
 
 
 
 
- ---
7
.
6
4
 
 
 
 
 
 
 
 
 
 
 
1
.
4
1

7
.
6
4
 
 
 
 
 
 
 
 
 
 
 
1
.
4
1

7
.
6
4
 
 
 
 
 
 
 
 
 
 
 
1
.
4
1

7
.
6
4
 
 
 
 
 
 
 
 
 
 
 
1
.
4
1

J
B
0
0
 
 
 
 
 
 
0
9
.
6
 
 
 
 
 
 
4
6
.
0
0
 
 
 
 
 
 
 
 
2
.
3
2
 
 
 
 
 
 
 
 
 

J
B
0
0
 
 
 
 
 
 
0
9
.
6
 
 
 
 
 
 
4
6
.
0
0
 
 
 
 
 
 
 
 
2
.
3
2
 
 
 
 
 
 
 
 
 

J
B
0
0
 
 
 
 
 
 
0
9
.
6
 
 
 
 
 
 
4
6
.
0
0
 
 
 
 
 
 
 
 
2
.
3
2
 
 
 
 
 
 
 
 
 

J
B
0
0
 
 
 
 
 
 
0
9
.
6
 
 
 
 
 
 
4
6
.
0
0
 
 
 
 
 
 
 
 
2
.
3
2
 
 
 
 
 
 
 
 
 
- ---
4
.
4
7
 
 
 
 
 
 
 
 
 
 
 
1
.
6
7

4
.
4
7
 
 
 
 
 
 
 
 
 
 
 
1
.
6
7

4
.
4
7
 
 
 
 
 
 
 
 
 
 
 
1
.
6
7

4
.
4
7
 
 
 
 
 
 
 
 
 
 
 
1
.
6
7

I
B
0
1
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
2
.
3
1
 
 
 
 
 
 
 
 
2
.
1
5
 
 
 
 
 
 
 
 
 

I
B
0
1
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
2
.
3
1
 
 
 
 
 
 
 
 
2
.
1
5
 
 
 
 
 
 
 
 
 

I
B
0
1
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
2
.
3
1
 
 
 
 
 
 
 
 
2
.
1
5
 
 
 
 
 
 
 
 
 

I
B
0
1
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
2
.
3
1
 
 
 
 
 
 
 
 
2
.
1
5
 
 
 
 
 
 
 
 
 
- ---
0
.
6
4
 
 
 
 
 
 
 
 
 
 
 
1
.
6
3

0
.
6
4
 
 
 
 
 
 
 
 
 
 
 
1
.
6
3

0
.
6
4
 
 
 
 
 
 
 
 
 
 
 
1
.
6
3

0
.
6
4
 
 
 
 
 
 
 
 
 
 
 
1
.
6
3

J
B
0
1
 
 
 
 
 
 
0
9
.
6
 
 
 
 
 
 
4
2
.
5
5
 
 
 
 
 
 
 
 
2
.
2
8
 
 
 
 
 
 
 
 
 

J
B
0
1
 
 
 
 
 
 
0
9
.
6
 
 
 
 
 
 
4
2
.
5
5
 
 
 
 
 
 
 
 
2
.
2
8
 
 
 
 
 
 
 
 
 

J
B
0
1
 
 
 
 
 
 
0
9
.
6
 
 
 
 
 
 
4
2
.
5
5
 
 
 
 
 
 
 
 
2
.
2
8
 
 
 
 
 
 
 
 
 

J
B
0
1
 
 
 
 
 
 
0
9
.
6
 
 
 
 
 
 
4
2
.
5
5
 
 
 
 
 
 
 
 
2
.
2
8
 
 
 
 
 
 
 
 
 
- ---
0
.
8
7
 
 
 
 
 
 
 
 
 
 
 
1
.
5
8

0
.
8
7
 
 
 
 
 
 
 
 
 
 
 
1
.
5
8

0
.
8
7
 
 
 
 
 
 
 
 
 
 
 
1
.
5
8

0
.
8
7
 
 
 
 
 
 
 
 
 
 
 
1
.
5
8

J
B
0
3
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
3
.
7
5
 
 
 
 
 
 
 
 
2
.
2
6
 
 
 
 
 
 
 
 
 

J
B
0
3
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
3
.
7
5
 
 
 
 
 
 
 
 
2
.
2
6
 
 
 
 
 
 
 
 
 

J
B
0
3
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
3
.
7
5
 
 
 
 
 
 
 
 
2
.
2
6
 
 
 
 
 
 
 
 
 

J
B
0
3
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
3
.
7
5
 
 
 
 
 
 
 
 
2
.
2
6
 
 
 
 
 
 
 
 
 
- ---
2
.
1
8
 
 
 
 
 
 
 
 
 
 
 
1
.
4
4

2
.
1
8
 
 
 
 
 
 
 
 
 
 
 
1
.
4
4

2
.
1
8
 
 
 
 
 
 
 
 
 
 
 
1
.
4
4

2
.
1
8
 
 
 
 
 
 
 
 
 
 
 
1
.
4
4

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
6

4

J
B
0
3
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
3
.
7
5
 
 
 
 
 
 
 
 
2
.
2
6
 
 
 
 
 
 
 
 
 

J
B
0
3
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
3
.
7
5
 
 
 
 
 
 
 
 
2
.
2
6
 
 
 
 
 
 
 
 
 

J
B
0
3
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
3
.
7
5
 
 
 
 
 
 
 
 
2
.
2
6
 
 
 
 
 
 
 
 
 

J
B
0
3
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
3
.
7
5
 
 
 
 
 
 
 
 
2
.
2
6
 
 
 
 
 
 
 
 
 
- ---
2
.
1
8
 
 
 
 
 
 
 
 
 
 
 
1
.
4
4

2
.
1
8
 
 
 
 
 
 
 
 
 
 
 
1
.
4
4

2
.
1
8
 
 
 
 
 
 
 
 
 
 
 
1
.
4
4

2
.
1
8
 
 
 
 
 
 
 
 
 
 
 
1
.
4
4

I
B
0
2
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
3
8
.
4
9
 
 
 
 
 
 
 
 
2
.
3
1
 
 
 
 
 
 
 
 
 
 
3
.
2
7
 
 
 
 
 
 
 
 
 
 
 
1
.
3
8

I
B
0
2
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
3
8
.
4
9
 
 
 
 
 
 
 
 
2
.
3
1
 
 
 
 
 
 
 
 
 
 
3
.
2
7
 
 
 
 
 
 
 
 
 
 
 
1
.
3
8

I
B
0
2
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
3
8
.
4
9
 
 
 
 
 
 
 
 
2
.
3
1
 
 
 
 
 
 
 
 
 
 
3
.
2
7
 
 
 
 
 
 
 
 
 
 
 
1
.
3
8

I
B
0
2
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
3
8
.
4
9
 
 
 
 
 
 
 
 
2
.
3
1
 
 
 
 
 
 
 
 
 
 
3
.
2
7
 
 
 
 
 
 
 
 
 
 
 
1
.
3
8

A
B
0
2
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
2
.
7
7
 
 
 
 
 
 
 
 
2
.
5
3
 
 
 
 
 
 
 
 
 

A
B
0
2
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
2
.
7
7
 
 
 
 
 
 
 
 
2
.
5
3
 
 
 
 
 
 
 
 
 

A
B
0
2
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
2
.
7
7
 
 
 
 
 
 
 
 
2
.
5
3
 
 
 
 
 
 
 
 
 

A
B
0
2
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
2
.
7
7
 
 
 
 
 
 
 
 
2
.
5
3
 
 
 
 
 
 
 
 
 
- ---
1
.
2
1
 
 
 
 
 
 
 
 
 
 
 
1
.
5
1

1
.
2
1
 
 
 
 
 
 
 
 
 
 
 
1
.
5
1

1
.
2
1
 
 
 
 
 
 
 
 
 
 
 
1
.
5
1

1
.
2
1
 
 
 
 
 
 
 
 
 
 
 
1
.
5
1

A
B
0
1
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
3
5
.
3
0
 
 
 
 
 
 
 
 
2
.
1
6
 
 
 
 
 
 
 
 
 
 
6
.
3
3
 
 
 
 
 
 
 
 
 
 
 
1
.
7
1

A
B
0
1
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
3
5
.
3
0
 
 
 
 
 
 
 
 
2
.
1
6
 
 
 
 
 
 
 
 
 
 
6
.
3
3
 
 
 
 
 
 
 
 
 
 
 
1
.
7
1

A
B
0
1
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
3
5
.
3
0
 
 
 
 
 
 
 
 
2
.
1
6
 
 
 
 
 
 
 
 
 
 
6
.
3
3
 
 
 
 
 
 
 
 
 
 
 
1
.
7
1

A
B
0
1
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
3
5
.
3
0
 
 
 
 
 
 
 
 
2
.
1
6
 
 
 
 
 
 
 
 
 
 
6
.
3
3
 
 
 
 
 
 
 
 
 
 
 
1
.
7
1

A
B
0
3
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
5
.
8
2
 
 
 
 
 
 
 
 
3
.
2
3
 
 
 
 
 
 
 
 
 

A
B
0
3
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
5
.
8
2
 
 
 
 
 
 
 
 
3
.
2
3
 
 
 
 
 
 
 
 
 

A
B
0
3
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
5
.
8
2
 
 
 
 
 
 
 
 
3
.
2
3
 
 
 
 
 
 
 
 
 

A
B
0
3
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
5
.
8
2
 
 
 
 
 
 
 
 
3
.
2
3
 
 
 
 
 
 
 
 
 
- ---
4
.
5
5
 
 
 
 
 
 
 
 
 
 
 
1
.
9
9

4
.
5
5
 
 
 
 
 
 
 
 
 
 
 
1
.
9
9

4
.
5
5
 
 
 
 
 
 
 
 
 
 
 
1
.
9
9

4
.
5
5
 
 
 
 
 
 
 
 
 
 
 
1
.
9
9

A
B
0
4
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
1
.
6
6
 
 
 
 
 
 
 
 
2
.
4
2
 
 
 
 
 
 
 
 
 
 
 
 
 
R
e
f
e
r
e
n
c
e
 
R
P
C

A
B
0
4
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
1
.
6
6
 
 
 
 
 
 
 
 
2
.
4
2
 
 
 
 
 
 
 
 
 
 
 
 
 
R
e
f
e
r
e
n
c
e
 
R
P
C

A
B
0
4
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
1
.
6
6
 
 
 
 
 
 
 
 
2
.
4
2
 
 
 
 
 
 
 
 
 
 
 
 
 
R
e
f
e
r
e
n
c
e
 
R
P
C

A
B
0
4
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
1
.
6
6
 
 
 
 
 
 
 
 
2
.
4
2
 
 
 
 
 
 
 
 
 
 
 
 
 
R
e
f
e
r
e
n
c
e
 
R
P
C

A
B
0
7
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
0
.
6
1
 
 
 
 
 
 
 
 
2
.
4
7
 
 
 
 
 
 
 
 
 
 
0
.
9
6
 
 
 
 
 
 
 
 
 
 
 
1
.
3
5

A
B
0
7
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
0
.
6
1
 
 
 
 
 
 
 
 
2
.
4
7
 
 
 
 
 
 
 
 
 
 
0
.
9
6
 
 
 
 
 
 
 
 
 
 
 
1
.
3
5

A
B
0
7
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
0
.
6
1
 
 
 
 
 
 
 
 
2
.
4
7
 
 
 
 
 
 
 
 
 
 
0
.
9
6
 
 
 
 
 
 
 
 
 
 
 
1
.
3
5

A
B
0
7
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
0
.
6
1
 
 
 
 
 
 
 
 
2
.
4
7
 
 
 
 
 
 
 
 
 
 
0
.
9
6
 
 
 
 
 
 
 
 
 
 
 
1
.
3
5

A
B
0
8
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
1
.
5
6
 
 
 
 
 
 
 
 
2
.
8
0
 
 
 
 
 
 
 
 
 
 
0
.
3
1
 
 
 
 
 
 
 
 
 
 
 
1
.
8
2

A
B
0
8
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
1
.
5
6
 
 
 
 
 
 
 
 
2
.
8
0
 
 
 
 
 
 
 
 
 
 
0
.
3
1
 
 
 
 
 
 
 
 
 
 
 
1
.
8
2

A
B
0
8
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
1
.
5
6
 
 
 
 
 
 
 
 
2
.
8
0
 
 
 
 
 
 
 
 
 
 
0
.
3
1
 
 
 
 
 
 
 
 
 
 
 
1
.
8
2

A
B
0
8
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
1
.
5
6
 
 
 
 
 
 
 
 
2
.
8
0
 
 
 
 
 
 
 
 
 
 
0
.
3
1
 
 
 
 
 
 
 
 
 
 
 
1
.
8
2



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
6

5



R
P

C
S

iz
e

A
B

0
1

1.
9

A
B

0
2

1.
9

A
B

0
3

1.
8

A
B

0
4

1.
8

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
6

6

A
B

0
6

1.
2

A
B

0
7

1.
6

A
B

0
8

2
.2

A
B

10
1.

6

IB
0

2
2

.7

JB
0

0
1.

5

JB
0

1
3.

3

JB
0

3
2

.0



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
6

7



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
6

8



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
6

9



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
70

T
e

m
p

e
ra

tu
re



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
71



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
72



�
H

u
g

e
 n

u
m

b
e

r 
o

f 
e

le
ct

ro
n

ic
 d

a
ta

 r
e

a
d

o
u

t 
ch

a
n

n
e

ls
. 

 T
h

is
 n

e
ce

ss
it

a
te

s 
la

rg
e

 s
ca

le
 in

te
g

ra
ti

o
n

 a
n

d
/o

r 
m

u
lt

ip
le

xi
n

g
 o

f 
e

le
ct

ro
n

ic
s.

 T
h

e
 lo

w
 t

o
 m

o
d

e
ra

te
 r

a
te

s 
o

f 
in

d
iv

id
u

a
l c

h
a

n
n

e
ls

 a
llo

w
 t

h
is

 
in

te
g

ra
ti

o
n

/m
u

lt
ip

le
xi

n
g

.
�

L
a

rg
e

 d
im

e
n

si
o

n
s 

o
f 

o
n

e
 u

n
it

 o
f 

R
P

C
. T

h
is

 h
a

s 
b

e
a

ri
n

g
 o

n
 t

h
e

 w
a

y
 t

h
e

 s
ig

n
a

ls
 f

ro
m

 t
h

e
 d

e
te

ct
o

r 
a

re
 

ro
u

te
d

 t
o

 t
h

e
 f

ro
n

t-
e

n
d

 e
le

ct
ro

n
ic

 u
n

it
s 

a
n

d
 m

a
tc

h
in

g
 t

h
e

 t
ra

ck
 le

n
g

th
s 

o
f 

th
e

 s
ig

n
a

ls
, 

ir
re

sp
e

ct
iv

e
 

o
f 

th
e

 g
e

o
g

ra
p

h
ic

a
l p

o
si

ti
o

n
 o

f 
th

e
 s

ig
n

a
l s

o
u

rc
e

.  
W

e
 n

e
e

d
 t

o
 d

o
 t

h
is

 in
 o

rd
e

r 
to

 m
a

in
ta

in
 e

q
u

a
l 

ti
m

in
g

 o
f 

si
g

n
a

ls
 f

ro
m

 in
d

iv
id

u
a

l c
h

a
n

n
e

ls
.

�
L

a
rg

e
 d

im
e

n
si

o
n

s 
o

f 
th

e
 e

n
ti

re
 d

e
te

ct
o

r.
 T

h
is

 w
ill

 p
o

se
 c

o
n

st
ra

in
ts

 o
n

 t
h

e
 c

a
b

le
 r

o
u

ti
n

g
, s

ig
n

a
l 

d
ri

vi
n

g
 a

n
d

 r
e

la
te

d
 c

o
n

si
d

e
ra

ti
o

n
s.

�
R

o
a

d
 s

tr
u

ct
u

re
 f

o
r 

th
e

 m
o

u
n

ti
n

g
 o

f 
R

P
C

s.
 T

h
is

 n
e

ce
ss

a
ri

ly
 im

p
o

se
s 

co
n

st
ra

in
t 

th
a

t 
si

g
n

a
ls

 f
ro

m
 

�
R

o
a

d
 s

tr
u

ct
u

re
 f

o
r 

th
e

 m
o

u
n

ti
n

g
 o

f 
R

P
C

s.
 T

h
is

 n
e

ce
ss

a
ri

ly
 im

p
o

se
s 

co
n

st
ra

in
t 

th
a

t 
si

g
n

a
ls

 f
ro

m
 

b
o

th
 X

 &
 Y

 p
la

n
e

s 
o

f 
th

e
 R

P
C

 u
n

it
, a

lo
n

g
 w

it
h

 o
th

e
r 

se
rv

ic
e

 a
n

d
 p

o
w

e
r 

su
p

p
ly

 li
n

e
s 

a
re

 b
ro

u
g

h
t 

o
u

t 
o

n
ly

 f
ro

m
 t

h
e

 t
ra

n
sv

e
rs

e
 d

ir
e

ct
io

n
 o

f 
th

e
 d

e
te

ct
o

r.
�

E
ig

h
t 

R
P

C
 u

n
it

s 
a

re
 g

o
in

g
 t

o
 b

e
 in

st
a

lle
d

 in
 a

 r
o

a
d

. 
 W

e
 c

a
n

 a
t 

b
e

st
 b

ri
n

g
 o

u
t 

si
g

n
a

l c
a

b
le

s 
fr

o
m

 f
o

u
r 

o
f 

th
e

m
 f

ro
m

 o
n

e
 s

id
e

 o
f 

th
e

 d
e

te
ct

o
r 

a
n

d
 t

h
e

 o
th

e
r 

fo
u

r 
fr

o
m

 o
th

e
r 

d
ir

e
ct

io
n

.
�

A
b

o
u

t 
2

5
cm

s 
g

a
p

 is
 a

va
ila

b
le

 b
e

tw
e

e
n

 t
h

e
 f

a
ce

s 
o

f 
th

e
 d

e
te

ct
o

r 
a

n
d

 t
h

e
 t

ro
lle

y
s.

 A
n

y
 in

st
a

lla
ti

o
n

s 
o

n
 t

h
e

 f
a

ce
 o

f 
th

e
 d

e
te

ct
o

r 
h

a
ve

 t
o

 b
e

 d
e

si
g

n
e

d
 w

it
h

 t
h

is
 c

o
n

si
d

e
ra

ti
o

n
.

�
A

b
o

u
t 

4
0

m
m

 g
a

p
 b

e
tw

e
e

n
 ir

o
n

 la
y

e
rs

 is
 a

va
ila

b
le

 f
o

r 
th

e
 R

P
C

 d
e

te
ct

o
r,

 o
u

t 
o

f 
w

h
ic

h
 t

h
ic

k
n

e
ss

 o
f 

th
e

 R
P

C
 u

n
it

 is
 e

xp
e

ct
e

d
 t

o
 a

t 
le

a
st

 2
4

m
m

. L
e

a
vi

n
g

 a
n

o
th

e
r 

5
-6

m
m

 f
o

r 
va

ri
o

u
s 

to
le

ra
n

ce
s,

  
re

a
lis

ti
ca

lly
 a

b
o

u
t 

10
m

m
 is

 t
h

e
 a

va
ila

b
le

 f
re

e
 s

p
a

ce
 in

 t
h

e
 R

P
C

 s
lo

t 
fo

r 
ro

u
ti

n
g

 o
u

t 
ca

b
le

s 
e

tc
.

�
O

n
 t

h
e

 s
id

e
s 

a
d

ja
ce

n
t 

to
 t

h
e

 R
P

C
 u

n
it

 in
 t

h
e

 g
a

p
, f

re
e

 s
p

a
ce

 is
 a

va
ila

b
le

 f
o

r 
ro

u
ti

n
g

 o
u

t 
p

o
w

e
r 

su
p

p
ly

 c
a

b
le

s,
 g

a
s 

lin
e

s 
e

tc
.

�
T

h
e

 g
a

p
 b

e
tw

e
e

n
 t

h
re

e
 m

o
d

u
le

s 
is

 a
b

o
u

t 
2

0
cm

s.
 It

 is
 n

o
t 

a
d

vi
sa

b
le

 p
la

n
 a

n
y

 in
st

a
lla

ti
o

n
s 

o
n

 t
h

e
se

 
fa

ce
s.

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
73



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
74



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
75

R
P

C

S
ig

n
a

l c
a

b
le

s 
fr

o
m

 R
P

C
s



�
R

P
C

 s
ig

n
a

l’s
 r

is
e

 t
im

e
 is

 o
f 

th
e

 o
rd

e
r 

o
f 

50
0

-8
0

0
n

S
e

c.
 T

h
e

re
fo

re
, 

w
e

 w
ill

 
n

e
e

d
 a

 r
e

so
lu

ti
o

n
 o

f 
a

b
o

u
t 

2
0

0
n

S
e

c 
fo

r 
th

e
 t

im
in

g
 d

e
vi

ce
s 

u
se

d
 f

o
r 

re
co

rd
in

g
 R

P
C

 s
ig

n
a

l a
rr

iv
a

l t
im

e
s 

w
.r

.t
 t

o
 IC

A
L

 t
ri

g
g

e
r.

 
�

T
h

e
 o

p
e

n
in

g
 w

id
th

 o
f 

th
e

 a
m

p
lif

ie
d

 s
ig

n
a

ls
 is

 o
f 

th
e

 o
rd

e
r 

o
f 

2
5

n
S

e
cs

. T
h

e
 

m
in

im
u

m
 w

id
th

 o
f 

th
e

 R
P

C
 p

u
ls

e
 o

ve
r 

th
e

 t
h

re
sh

o
ld

 in
 t

h
e

 a
va

la
n

ch
e

 
m

o
d

e
 is

 a
s 

lo
w

 a
s 

a
 f

e
w

 n
S

e
cs

. T
h

is
 is

 a
n

 im
p

o
rt

a
n

t 
in

p
u

t 
fo

r 
th

e
 f

ro
n

t-
e

n
d

 e
le

ct
ro

n
ic

s 
d

e
si

g
n

.
e

n
d

 e
le

ct
ro

n
ic

s 
d

e
si

g
n

.
�

T
h

e
 a

m
p

lif
ie

r 
in

 t
h

e
 a

va
la

n
ch

e
 m

o
d

e
 p

re
fe

ra
b

ly
 s

h
o

u
ld

 h
a

ve
 a

 f
ix

e
d

 g
a

in
 

in
 t

h
e

 r
a

n
g

e
 1

0
0

-2
0

0
 d

e
p

e
n

d
in

g
 o

n
 t

h
e

 n
o

is
e

 le
ve

ls
 o

b
ta

in
a

b
le

 a
n

d
 h

e
n

ce
 

th
e

 m
in

im
u

m
 d

is
cr

im
in

a
to

r 
le

ve
ls

 s
e

tt
a

b
le

. 
�

D
is

cr
im

in
a

to
r 

o
ve

rh
e

a
d

 (
ra

ti
o

 o
f 

a
ve

ra
g

e
 p

e
a

k
 p

u
ls

e
 h

e
ig

h
t 

to
 

d
is

cr
im

in
a

to
r 

le
ve

l)
 o

f 
3-

4
 is

 p
re

fe
ra

b
le

 f
o

r 
re

lia
b

le
 p

e
rf

o
rm

a
n

ce
. V

a
ri

a
b

le
 

(b
u

t 
co

m
m

o
n

) 
th

re
sh

o
ld

 in
 t

h
e

 r
a

n
g

e
 o

f 
±1

0
 t

o
 ±

50
m

V
 f

o
r 

th
e

 
d

is
cr

im
in

a
to

rs
 s

h
o

u
ld

 b
e

 s
u

p
p

o
rt

e
d

.
�

T
h

e
 p

u
ls

e
 s

h
a

p
in

g
 o

f 
th

e
 d

is
cr

im
in

a
to

r 
o

u
tp

u
t 

p
u

ls
e

 s
h

o
u

ld
 b

e
 in

 t
h

e
 

ra
n

g
e

 o
f 

50
-1

0
0

n
S

e
c 

(b
u

t 
fi

xe
d

).
 H

o
w

e
ve

r,
 if

 t
h

e
 f

a
ci

lit
y

 o
f 

p
u

ls
e

 w
id

th
 

m
o

n
it

o
ri

n
g

 h
a

s 
to

 b
e

 s
u

p
p

o
rt

e
d

, t
h

is
 s

p
e

ci
fi

ca
ti

o
n

 h
a

s 
to

 b
e

 r
e

lo
o

ke
d

.

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
76



�
In

fo
rm

a
ti

o
n

 t
o

 r
e

co
rd

 o
n

 t
ri

g
g

e
r

�
S

tr
ip

 h
it

�
T

im
in

g

�
R

a
te

s
�

R
a

te
s

�
In

d
iv

id
u

a
l s

tr
ip

 b
a

ck
g

ro
u

n
d

 r
a

te
s 

~
10

0
H

z

�
E

ve
n

t 
ra

te
 ~

10
H

z

�
O

n
-l

in
e

 m
o

n
it

o
r

�
R

P
C

 p
a

ra
m

e
te

rs

�
A

m
b

ie
n

t 
p

a
ra

m
e

te
rs

�
S

e
rv

ic
e

s,
 s

u
p

p
lie

s

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
77



�
R

P
C

 s
tr

ip
 s

ig
n

a
l r

a
te

s 
m

a
in

ly
 c

o
n

tr
ib

u
te

d
 b

y
 t

h
e

 s
u

rr
o

u
n

d
in

g
 lo

w
 e

n
e

rg
y

 

a
ct

iv
it

ie
s 

su
ch

 a
s 

st
ra

y
 r

a
d

io
a

ct
iv

it
y,

 lo
ca

l e
le

ct
ri

ca
l d

is
ch

a
rg

e
s,

 d
a

rk
 

cu
rr

e
n

ts
 o

f 
th

e
 d

e
te

ct
o

r 
a

n
d

 o
th

e
r 

e
le

ct
ri

ca
l/

e
le

ct
ro

n
ic

 d
is

tu
rb

a
n

ce
s.

 

�
F

o
r 

a
 g

iv
e

n
 R

P
C

, i
n

st
a

lle
d

 a
t 

p
a

rt
ic

u
la

r 
lo

ca
ti

o
n

, o
p

e
ra

ti
n

g
 a

t 
a

 p
a

rt
ic

u
la

r 

h
ig

h
 v

o
lt

a
g

e
, a

n
d

 a
 g

a
s 

m
ix

tu
re

, t
h

e
 a

ve
ra

g
e

 c
o

u
n

ti
n

g
 r

a
te

 o
r 

n
o

is
e 

ra
te

is
 f

a
ir

ly
 c

o
n

st
a

n
t 

a
n

d
 is

 in
 f

a
ct

 c
o

m
m

o
n

ly
 u

se
d

 t
o

 m
o

n
it

o
r 

th
e

 s
ta

b
ili

ty
 o

f 
is

 f
a

ir
ly

 c
o

n
st

a
n

t 
a

n
d

 is
 in

 f
a

ct
 c

o
m

m
o

n
ly

 u
se

d
 t

o
 m

o
n

it
o

r 
th

e
 s

ta
b

ili
ty

 o
f 

th
e

 a
b

o
ve

 m
e

n
ti

o
n

e
d

 R
P

C
 o

p
e

ra
ti

n
g

 p
a

ra
m

e
te

rs
. 

�
O

n
e

 o
f 

th
e

 m
a

in
 b

a
ck

g
ro

u
n

d
 t

a
sk

s 
(w

h
ile

 n
o

t 
co

lle
ct

in
g

 e
ve

n
t 

d
a

ta
) 

o
f 

th
e

 IC
A

L
 D

A
Q

 s
y

st
e

m
 is

 t
o

 s
e

q
u

e
n

ti
a

lly
 m

o
n

it
o

r 
in

d
iv

id
u

a
l s

tr
ip

 r
a

te
s 

o
f 

a
ll 

th
e

 R
P

C
s 

in
 t

h
e

 d
e

te
ct

o
r,

 w
it

h
 a

 r
e

a
so

n
a

b
le

 (
o

f 
th

e
 o

rd
e

r 
o

f 
1 

h
o

u
r 

cy
cl

e
 t

im
e

 f
o

r 
a

 s
tr

ip
) 

fr
e

q
u

e
n

cy
. 

�
T

h
e

 n
o

is
e

 r
a

te
 h

a
s 

co
n

se
q

u
e

n
ce

s 
o

n
 t

h
e

 d
e

si
g

n
 o

f 
tr

ig
g

e
r 

sy
st

e
m

. T
h

e
 

th
re

sh
o

ld
 o

f 
th

e
 t

ri
g

g
e

r 
sy

st
e

m
 is

 s
u

ch
 t

h
a

t 
it

 s
h

o
u

ld
n

’t
 g

e
n

e
ra

te
 t

ri
g

g
e

rs
 

d
u

e
 t

o
 c

h
a

n
ce

 c
o

in
ci

d
e

n
ce

 o
f 

n
o

is
e

 r
a

te
s.

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
78



�
F

ro
n

t-
e

n
d

s
�

L
a

tc
h

 a
n

d
 t

im
in

g
 u

n
it

s
�

P
ip

e
lin

e
s 

a
n

d
 f

ib
e

r 
�

B
a

ck
e

n
d

 (
V

M
E

) 
d

a
ta

 c
o

lle
ct

o
rs

�
T

ri
g

g
e

r 
sy

st
e

m
�

C
e

n
tr

a
l c

lo
ck

�
C

e
n

tr
a

l c
lo

ck
�

S
lo

w
 c

o
n

tr
o

l a
n

d
 m

o
n

it
o

ri
n

g
�

G
a

s,
 m

a
g

n
e

t,
 p

o
w

e
r 

su
p

p
lie

s

�
A

m
b

ie
n

t 
p

a
ra

m
e

te
rs

�
S

a
fe

ty
 a

n
d

 in
te

rl
o

ck
s

�
C

o
m

p
u

te
r,

 n
e

tw
o

rk
in

g
 a

n
d

 s
e

cu
ri

ty
 is

su
e

s
�

O
n

-l
in

e
 d

a
ta

 q
u

a
lit

y
 m

o
n

it
o

rs
�

V
o

ic
e

 a
n

d
 v

id
e

o
 c

o
m

m
u

n
ic

a
ti

o
n

s
�

R
e

m
o

te
 a

cc
e

ss
 t

o
 d

e
te

ct
o

r 
su

b
-s

y
st

e
m

s 
a

n
d

 d
a

ta
B

.S
a

ty
a

n
a

ra
y

a
n

a
, T

IF
R

, M
u

m
b

a
i  

   
   

   
   

   
   

   
   

   
   

   
   

   
K

o
d

a
i W

in
te

r 
S

ch
o

o
l  

   
   

   
   

   
   

   
   

   
   

   
 

D
e

ce
m

b
e

r 
7,

 2
0

0
9

79



�
R

P
C

 s
tr

ip
 p

it
ch

 v
e

rs
u

s 
fr

o
n

t-
e

n
d

 p
a

ck
a

g
in

g

�
n

-i
n

-1
 A

S
IC

 o
r 

P
C

B
: R

o
u

ti
n

g
 o

f 
tr

a
ck

s

�
1-

in
-1

 A
S

IC
: M

o
u

n
te

d
 o

n
 p

ic
k

u
p

 p
a

n
e

ls

L
o

w
 v

o
lt

a
g

e
 d

is
tr

ib
u

ti
o

n
�

L
o

w
 v

o
lt

a
g

e
 d

is
tr

ib
u

ti
o

n

�
D

C
-D

C
 c

o
n

ve
rt

e
rs

, o
n

e
 p

e
r 

R
P

C
 t

o
 g

e
n

e
ra

te
 

h
ig

h
 v

o
lt

a
g

e
 s

u
p

p
ly

�
O

u
tp

u
t 

si
g

n
a

l r
o

u
ti

n
g

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
8

0



�
C

o
n

ve
n

ti
o

n
a

la
rc

h
it

e
ct

u
re

�
D

e
d

ic
a

te
d

 s
u

b
-s

y
st

e
m

 

b
lo

ck
s 

fo
r 

p
e

rf
o

rm
in

g
 

R
P

C
 , 

a
 u

n
it

 f
o

r 
fr

o
n

t-
e

n
d

 

p
ro

ce
ss

in
g

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
8

1

b
lo

ck
s 

fo
r 

p
e

rf
o

rm
in

g
 

va
ri

o
u

s 
d

a
ta

 r
e

a
d

o
u

t 
ta

sk
s

�
N

e
e

d
 f

o
r 

H
a

rd
w

a
re

b
a

se
d

 

o
n

-l
in

e
tr

ig
g

e
r 

sy
st

e
m

�
T

ri
g

g
e

r 
la

te
n

cy
 is

su
e

s 
a

n
d

 

h
o

w
 d

o
 w

e
 t

a
ke

 c
a

re
 in

 

im
p

le
m

e
n

ta
ti

o
n

�
S

y
n

ch
ro

n
is

a
ti

o
n

 o
f 

 

tr
ig

g
e

r/
g

lo
b

a
l c

lo
ck

 s
ig

n
a

ls



S
u

it
a

b
le

 f
o

r 
lo

w
 e

ve
n

t 

ra
te

 a
n

d
 lo

w
 

b
a

ck
g

ro
u

n
d

/n
o

is
e

 r
a

te
s

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
8

2

O
n

-o
ff

 c
o

n
tr

o
l a

n
d

 V
th

co
n

tr
o

l t
o

 d
is

a
b

le
 n

o
is

y
 

ch
a

n
n

e
ls

C
lo

ck
 f

re
q

u
e

n
cy

 

co
n

si
d

e
ra

ti
o

n
s



�
P

re
-t

ri
g

g
e

r 
si

g
n

a
ls

 (
1F

, 2
F,

 3
F,

 …
) 

g
e

n
e

ra
te

d
 

o
n

 t
h

e
 R

P
C

 u
n

it
  (

L
e

ve
l-

0
)

�
S

ig
n

a
l d

ri
vi

n
g

 is
su

es
 p

er
m

it
ti

n
g

,e
ig

h
t 

lo
ca

l 

tr
ig

g
e

r 
g

e
n

e
ra

ti
n

g
 s

ta
ti

o
n

s 
(L

e
ve

l-
1)

. C
o

u
ld

 
tr

ig
g

e
r 

g
e

n
e

ra
ti

n
g

 s
ta

ti
o

n
s 

(L
e

ve
l-

1)
. C

o
u

ld
 

b
e

 m
o

re
; t

ra
d

e
-o

ff
 w

it
h

 s
e

g
m

e
n

t 
o

ve
rl

a
p

p
in

g
 

is
su

e
s.

�
L

e
ve

l-
1 

tr
ig

g
e

r 
u

se
d

 f
o

r 
d

a
ta

 a
cq

u
is

it
io

n

�
F

in
a

l d
a

ta
 v

a
lid

a
ti

n
g

 u
si

n
g

 L
e

ve
l-

2
g

lo
b

a
l 

tr
ig

g
e

r

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
8

3



�
E

ve
n

t 
ra

te
s:

�
In

p
u

t 
fr

o
m

 s
im

u
la

ti
o

n
s:

 1
.5

H
z 

fo
r 

fu
ll 

IC
A

L

�
C

o
m

p
a

ra
b

le
 c

h
a

n
ce

 c
o

in
ci

d
e

n
ce

 r
a

te
s 

if
 t

h
e

 

cu
rr

e
n

t 
tr

ig
g

e
r 

sc
h

e
m

e
 is

 u
se

d
cu

rr
e

n
t 

tr
ig

g
e

r 
sc

h
e

m
e

 is
 u

se
d

�
E

ve
n

t 
d

a
ta

 s
iz

e
s:

�
V

e
ry

 lo
w

 o
cc

u
p

a
n

cy

�
N

u
m

b
e

r 
o

f 
ch

a
n

n
e

ls
 g

ro
u

p
e

d
 f

o
r 

ti
m

in
g

, 

e
ss

e
n

ti
a

lly
 d

e
ci

d
e

s 
th

e
 d

a
ta

 s
iz

e

�
D

a
ta

 r
e

d
u

ct
io

n
 a

t 
th

e
 f

ro
n

t-
e

n
d

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
8

4



�
P

o
w

e
r 

re
q

u
ir

e
m

e
n

t 
a

n
d

 t
h

e
rm

a
l 

m
a

n
a

g
e

m
e

n
t

�
2

5
m

W
/c

h
a

n
n

e
l →

10
0

K
W

/d
e

te
ct

o
r

�
M

a
g

n
e

t 
p

o
w

e
r

�
M

a
g

n
e

t 
p

o
w

e
r

�
F

ro
n

t-
e

n
d

 p
o

si
ti

o
n

in
g

; u
se

 a
b

so
rb

e
r 

to
 g

o
o

d
 u

se
!

�
D

o
 w

e
 n

e
e

d
 f

o
rc

e
d

, w
a

te
r 

co
o

le
d

 v
e

n
ti

la
ti

o
n

?

�
S

u
g

g
e

st
e

d
 c

a
ve

rn
 c

o
n

d
it

io
n

s

�
T

e
m

p
e

ra
tu

re
: 2

0
±

2
o
C

�
R

e
la

ti
ve

 h
u

m
id

it
y

: 5
0

±
5

%

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
8

5



R
P

C
: I

s 
it

 t
h

e
 b

e
st

 t
h

in
g

 h
a

p
p

e
n

e
d

 a
ft

e
r 

M
W

P
C

?

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
8

6



�
S

ta
rt

in
g

 f
ro

m
 m

o
d

e
st

 3
0

cm
×

30
cm

 c
h

a
m

b
e

rs
 …

�
N

o
w

, 2
0

0
cm

 ×
2

0
0

cm
 R

P
C

s 
a

re
 b

e
in

g
 r

o
u

ti
n

e
ly

 
fa

b
ri

ca
te

d
 a

n
d

 c
h

a
ra

ct
e

ri
se

d
 in

 d
e

ta
il

�
L

o
n

g
-t

e
rm

 s
ta

b
ili

ty
 o

f 
th

e
se

 c
h

a
m

b
e

rs
 is

 e
st

a
b

lis
h

e
d

�
IC

A
L

 p
ro

to
ty

p
e

 d
e

te
ct

o
r 

is
 b

e
in

g
 a

ss
e

m
b

le
d

�
IC

A
L

 p
ro

to
ty

p
e

 d
e

te
ct

o
r 

is
 b

e
in

g
 a

ss
e

m
b

le
d

�
A

ll 
th

e
 r

e
q

u
ir

e
d

 m
a

te
ri

a
ls

 a
n

d
 p

ro
ce

d
u

re
s 

d
e

si
g

n
e

d
 

a
n

d
 o

p
ti

m
is

e
d

 f
o

r 
p

ro
d

u
ct

io
n

�
D

e
ta

ile
d

 s
tu

d
ie

s 
u

si
n

g
 t

h
e

 p
ro

to
ty

p
e

 d
e

te
ct

o
r 

st
a

ck
 

w
ill

 c
o

n
ti

n
u

e
�

D
e

si
g

n
 a

n
d

 o
p

ti
m

is
a

ti
o

n
 o

f 
g

a
s 

re
ci

rc
u

la
ti

o
n

 s
y

st
e

m
�

D
e

vi
ce

 le
ve

l s
im

u
la

ti
o

n
s 

o
f 

th
e

 R
P

C
 w

ill
 b

e
g

in
�

D
e

si
g

n
 o

f 
IC

A
L

 e
le

ct
ro

n
ic

s 
in

 p
ro

g
re

ss

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
8

7



�
In

co
rp

o
ra

ti
n

g
 a

n
d

 o
p

ti
m

is
a

ti
o

n
 o

f 
IC

A
L

 
sp

e
ci

fi
c 

p
a

ra
m

e
te

rs
 a

n
d

 c
o

n
st

ra
in

ts
 in

 t
h

e
 

p
ro

d
u

ct
io

n
 d

e
si

g
n

s
�

L
a

rg
e

 s
ca

le
 p

ro
d

u
ct

io
n

 o
f 

R
P

C
s 

is
 b

e
in

g
 

�
L

a
rg

e
 s

ca
le

 p
ro

d
u

ct
io

n
 o

f 
R

P
C

s 
is

 b
e

in
g

 
th

o
u

g
h

t 
a

b
o

u
t

�
E

D
R

 p
re

p
a

ra
ti

o
n

 f
o

r 
R

P
C

 p
ro

d
u

ct
io

n
 is

 in
 

p
ro

g
re

ss
�

P
a

ra
lle

l p
ro

d
u

ct
io

n
 o

f 
ch

a
m

b
e

rs
 a

t 
m

u
lt

ip
le

 
a

ss
e

m
b

ly
 c

e
n

tr
e

s 
w

it
h

 c
o

m
m

o
n

 q
u

a
lit

y 
co

n
tr

o
l s

ta
n

d
a

rd
s

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
8

8



G
ro

w
th

 is
 n

e
ce

ss
a

ri
ly

 b
u

ilt
 a

ro
u

n
d

 p
e

o
p

le
 …

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
8

9



A
n

it
a

 B
e

h
e

re
, 

M
.S

.B
h

a
ti

a
, 

V
.B

.C
h

a
n

d
ra

tr
e

, 
V

.M
.D

a
ta

r,
 M

.D
.G

h
o

d
g

a
o

n
k

a
r,

 S
.K

.M
o

h
a

m
m

e
d

, 

S
.K

.K
a

ta
ri

a
, 

P
.K

.M
u

k
h

o
p

a
d

h
y

a
y

, 
S

.M
.R

a
u

t,
 R

.S
.S

h
a

st
ra

k
a

r,
 V

a
is

h
a

li
 S

h
e

d
a

m

B
h

a
b

h
a

 A
to

m
ic

 R
e

se
a

rc
h

 C
e

n
tr

e
, 

M
u

m
b

a
i

A
m

it
a

v
a

 R
a

y
ch

a
u

d
h

u
ri

H
a

ri
sh

-C
h

a
n

d
ra

 R
e

se
a

rc
h

 I
n

st
it

u
te

, 
A

ll
a

h
a

b
a

d

S
a

ty
a

ji
t 

Je
n

a
, 

B
a

sa
n

ta
 N

a
n

d
i,

 S
.U

m
a

 S
a

n
k

a
r,

 R
a

g
h

a
v

a
 V

a
rm

a

In
d

ia
n

 In
st

it
u

te
 o

f T
e

ch
n

o
lo

g
y

 B
o

m
b

a
y,

 M
u

m
b

a
i

D
.I

n
d

u
m

a
th

i,
 M

.V
.N

.M
u

rt
h

y,
 G

.R
a

ja
se

k
a

ra
n

, 
D

.R
a

m
a

k
ri

sh
n

a

In
st

it
u

te
 o

f 
M

a
th

e
m

a
ti

ca
l S

ci
e

n
ce

s,
 C

h
e

n
n

a
i

Y
.P

.V
iy

o
g

i

In
st

it
u

te
 o

f 
P

h
y

si
cs

, 
B

h
u

b
a

n
e

sw
a

r

S
u

d
e

b
 B

h
a

tt
a

ch
a

ry
a

, 
S

u
v

e
n

d
u

 B
o

se
, 

S
a

ty
a

ji
t 

S
a

h
a

, 
M

a
n

o
j S

a
ra

n
, 

S
a

n
d

ip
 S

a
rk

a
r,

 S
w

a
p

a
n

 S
e

n
S

u
d

e
b

 B
h

a
tt

a
ch

a
ry

a
, 

S
u

v
e

n
d

u
 B

o
se

, 
S

a
ty

a
ji

t 
S

a
h

a
, 

M
a

n
o

j S
a

ra
n

, 
S

a
n

d
ip

 S
a

rk
a

r,
 S

w
a

p
a

n
 S

e
n

S
a

h
a

 In
st

it
u

te
 o

f 
N

u
cl

e
a

r 
P

h
y

si
cs

, 
K

o
lk

a
ta

B
.S

.A
ch

a
ry

a
, V

.V
.A

sg
o

lk
a

r,
 S

a
ri

k
a

 B
h

id
e

, 
M

a
n

a
s 

B
h

u
y

a
n

, 
S

a
n

to
sh

 C
h

a
v

a
n

, 
A

m
o

l D
ig

h
e

, 

M
.E

la
n

g
o

v
a

n
, 

G
.K

.G
h

o
d

k
e

, 
P

.R
.J

o
se

p
h

, V
.S

.J
e

e
v

a
, 

S
.R

.J
o

sh
i,

 S
.D

.K
a

lm
a

n
i,

 D
a

rs
h

a
n

a
 K

o
li

,

S
h

e
k

h
a

r 
L

a
h

a
m

g
e

, 
V

id
h

y
a

 L
o

ta
n

k
a

r,
 G

.M
a

ju
m

d
e

r,
 N

.K
.M

o
n

d
a

l,
 P

.N
a

g
a

ra
j,

 B
.K

.N
a

g
e

sh
, 

G
.K

.P
a

d
m

a
sh

re
e

, 
S

u
b

h
e

n
d

u
 R

a
k

sh
it

, 
K

.V
.R

a
m

a
k

ri
sh

n
a

n
, 

S
h

o
b

h
a

 R
a

o
, 

L
.V

.R
e

d
d

y,
 A

sm
it

a
 R

e
d

ij
,

D
e

e
p

a
k

 S
a

m
u

e
l,

  M
a

n
d

a
r 

S
a

ra
f,

 S
.B

.S
h

e
ty

e
, 

R
.R

.S
h

in
d

e
, 

N
o

o
p

u
r 

S
ri

v
a

st
a

v
a

, 
S

.U
p

a
d

h
y

a
,

P
iy

u
sh

 V
e

rm
a

, 
 C

e
n

tr
a

l S
e

rv
ic

e
s,

 C
e

n
tr

a
l W

o
rk

sh
o

p
, 

 V
is

it
in

g
 S

tu
d

e
n

ts

T
a

ta
 In

st
it

u
te

 o
f 

F
u

n
d

a
m

e
n

ta
l R

e
se

a
rc

h
, 

M
u

m
b

a
i

S
a

ik
a

t 
B

is
w

a
s,

 S
u

b
h

a
si

sh
 C

h
a

tt
o

p
a

d
h

y
a

y

V
a

ri
a

b
le

 E
n

e
rg

y
 C

y
cl

o
tr

o
n

 C
e

n
tr

e
, 

K
o

lk
a

ta

U
IC

T
, 

M
u

m
b

a
i &

 L
o

ca
l 

In
d

u
st

ri
e

s



Ia
n

 C
ro

tt
y

, 
C

h
ri

st
ia

n
 L

ip
p

m
a

n
n

, 
A

rc
h

a
n

a
 S

h
a

rm
a

, 
Ig

o
r 

S
m

ir
n

o
v,

 R
o

b
 V

e
e

n
h

o
f

C
E

R
N

, S
w

it
ze

rl
a

n
d

A
d

a
m

 P
a

ra
, 

M
a

k
e

e
v

 V
a

le
ri

F
e

rm
il

a
b

, U
S

A

C
a

rl
o

 G
u

st
a

v
in

o
, M

.C
.S

.W
il

li
a

m
s

IN
F

N
, 

It
a

ly

K
a

zu
o

 A
b

e
, 

D
a

n
ie

l M
a

rl
o

w

B
e

ll
e

 E
x

p
e

ri
m

e
n

t,
 J

a
p

a
n

Ji
a

n
x

in
 C

a
i 

P
e

k
in

g
 U

n
iv

e
rs

it
y,

 C
h

in
a

R
in

a
ld

o
 S

a
n

to
n

ic
o

U
n

iv
e

rs
it

y
 o

f 
R

o
m

a
, 

It
a

ly



F
o

r 
fu

rt
h

e
r 

in
fo

rm
a

ti
o

n

IN
O

 h
o

m
e

p
a

g
e

: h
tt

p
:/

/w
w

w
.i

m
sc

.r
es

.i
n

/~
in

o

T
IF

R
 IN

O
  h

o
m

e
p

a
g

e
: h

tt
p

:/
/w

w
w

.i
n

o
.t

if
r.

re
s.

in

M
y 

IN
O

 h
o

m
e

p
a

g
e

: h
tt

p
:/

/w
w

w
.h

ec
r.

ti
fr

.r
es

.i
n

/~
b

sn
/i

n
o



Y
o

u
 c

a
n

’t
 g

e
t 

a
w

a
y 

w
it

h
o

u
t 

it
!

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
9

3



6
0
.0

0

7
0
.0

0

8
0
.0

0

9
0
.0

0

1
0
0
.0

0

Efficiency B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
9

4

0
0
.0

0

1
0
.0

0

2
0
.0

0

3
0
.0

0

4
0
.0

0

5
0
.0

0 0
0
:0

0
4
8
:0

0
9
6
:0

0
1
4
4
:0

0
1
9
2
:0

0
2
4
0
:0

0
2
8
8
:0

0

R
u
n
 t
im

e
, 
H
o
u
rs

Efficiency



AFM

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
9

5

SEM



E
le
m
e
n
t

A
to
m
ic
%

O
x
y
g

e
n

2
8

.4
5

F
lu

o
ri

n
e

4
0

.3
1

S
o

d
iu

m
1
1

.8
2

E
le
m
e
n
t

A
to
m
ic
%

O
x
y
g

e
n

6
4

.1
9

F
lu

o
ri

n
e

4
.1

7

S
o

d
iu

m
6

.2
9

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
9

6

S
o

d
iu

m
1
1

.8
2

M
a

g
n

e
s
iu

m
2

.0
0

S
ili

c
o

n
1

7
.4

1

S
o

d
iu

m
6

.2
9

M
a

g
n

e
s
iu

m
2

.1
1

S
ili

c
o

n
2

3
.2

5

D
a

m
a

g
e

d
 g

la
ss

R
a

w
 g

la
ss



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
9

7



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
9

8

T
ra
n
sm

it
ta
n
ce
 t
es
t

R
ef
le
ct
an
ce
 t
es
t



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
9

9



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
10

0



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
10

1



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
10

2



T
e

m
p

e
ra

tu
re

R
.H

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
10

3

C
u

rr
e

n
t



�
C

o
n

ti
n

u
o

u
s 

e
n

e
rg

y
 

sp
e

ct
ru

m
 o

f 
th

e
 is

 β
-

νν +
+

→

+
+

→
+−

e
n

p

e
p

n sp
e

ct
ru

m
 o

f 
th

e
 is

 β
-

p
a

rt
ic

le
�

A
va

ila
b

le
 e

n
e

rg
y

 f
o

r 
th

e
 d

e
ca

y
 is

 s
h

a
re

d
 

b
e

tw
e

e
n

 t
h

e
 β

-p
a

rt
ic

le
 

a
n

d
 t

h
e

 (
a

n
ti

-)
n

e
u

tr
in

o
 

w
h

ic
h

 g
o

e
s 

u
n

d
e

te
ct

e
d

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
10

4



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
10

5



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
10

6

14.5m



�
R

P
C

  v
o

lu
m

e

�
2

m
m

 g
la

ss
 r

e
si

st
iv

e
 p

la
te

s

�
2

m
m

 g
a

p

�
G

a
s 

m
ix

tu
re

�
C

2
F

4
H

2
(9

7%
)

�
iC

H
(2

.5
%

) 

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
10

7

�
iC

4
H

10
(2

.5
%

) 

�
S

F
6

(0
.5

%
)

�
H

V
 a

p
p

lie
d

�
10

.0
k

V
 

C
re

d
it

: C
h

ri
st

ia
n

 L
ip

p
m

a
n

n

P
a

rt
ic

le
 le

g
e

n
d

R
e

d
: P

o
si

ti
ve

 io
n

s

B
lu

e
: N

e
g

a
ti

ve
 io

n
s

B
la

ck
: E

le
ct

ro
n

s



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
10

8



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
10

9



w

h
ε r

R
ea
d
o
u
t 
st
ri
p
s

G
ro
u
n
d
 p
la
n
e

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
11

0

G
ro
u
n
d
 p
la
n
e

(
)21

1
0

1
2

1

2

1
'

−
+

−
+

+
=

x
r

r
r

ε
ε

ε
h

w
x

/
≡

1
  :

  
 

'

 
/4
)

 
 

8
/

 
ln
(

 x
 

6
0

 
 
Z

r

<
+

=
x

x
x ε

1
  :  

1
.4
4
4
))

ln
(

 
0
.6
6
7

 
 

1
.3
9
3

 
 

( '

3
7
7

 
 
Z

r

≥
+

+
+

=
x

x
x

ε



G
a

s
M

o
l.

W
t.

(g
/m

o
l)

D
e

n
si

ty

(g
/L

)

S
p

e
ci

fi
c 

H
t.

(C
a

l/
g

o
C

)

Io
n

.
P

o
t.

(e
V

)

V
is

co
si

ty

(P
o

is
e

)
G

W
P

A
rg

o
n

39
.9

5
1.

78
4

0
.1

2
5

15
.7

5
2

.0
9

9
×1

0
-4

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
11

1

R
13

4
a

10
2

.0
4

.2
5

0
.2

0
13

0
0

Is
o

b
u

ta
n

e
5

8
.1

2
2

.5
1

0
.3

8
9

6
.8

9
×1

0
-5

S
F

6
14

6
.0

5
6

.1
6

4
1.

4
2

 ×
10

-4
2

4
9

0
0



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
11

2

C
re

d
it

: 

A
d

va
n

ce
d

 

E
n

e
rg

y
 

In
d

u
st

ri
e

s,
 

In
c.



�
T

h
e

 c
a

p
ill

a
ri

e
s 

a
llo

w
 t

h
e

 g
a

s 
to

 
m

ix
 t

h
o

ro
u

g
h

ly
 b

y 
p

ro
vi

d
in

g
 

lo
n

g
 r

e
si

d
e

n
ce

 t
im

e
. T

h
e

 f
lo

w
 

ra
te

 t
h

ro
u

g
h

 t
h

e
 c

a
p

ill
a

ry
 is

 
ca

lc
u

la
te

d
 u

si
n

g
 H

a
g

e
n

-
P

o
is

e
u

ill
e

 e
q

u
a

ti
o

n
 g

iv
e

n
 b

y

Φ
=

 π
R

4
∆

P
 /

 8
η

L
,

�
W

h
e

re
, Φ

is
 t

h
e

 v
o

lu
m

in
a

l g
a

s 
fl

o
w

 r
a

te
 (

cu
-m

e
te

rs
/s

e
co

n
d

),
 R

 
is

 t
h

e
 c

a
p

ill
a

ry
 r

a
d

iu
s 

(m
e

te
rs

),
 

∆
P

 is
 t

h
e

 d
if

fe
re

n
ti

a
l p

re
ss

u
re

 
(P

a
sc

a
l)

, η
is

 t
h

e
 d

yn
a

m
ic

 f
lu

id
 

vi
sc

o
si

ty
 o

f 
g

a
s 

(P
a

sc
a

l-
S

e
co

n
d

) 
a

n
d

 L
 is

 t
h

e
 t

o
ta

l l
e

n
g

th
 o

f 
th

e
 

ca
p

ill
a

ry
 t

u
b

e
 in

 t
h

e
 x

-d
ir

e
ct

io
n

 
(m

e
te

rs
).

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
11

3



G
ra

p
h

it
e

 p
a

in
t 

p
re

p
a

re
d

 u
si

n
g

 c
o

llo
id

a
l g

ra
d

e
 g

ra
p

h
it

e
 p

o
w

d
e

r(
3.

4
g

m
),

 
la

cq
u

e
r(

2
5

g
m

) 
a

n
d

 t
h

in
n

e
r(

4
0

m
l)

 is
 s

p
ra

ye
d

 o
n

 t
h

e
 g

la
ss

 e
le

ct
ro

d
e

s 
u

si
n

g
 a

n
 

a
u

to
m

o
b

ile
 s

p
ra

y 
g

u
n

. A
 u

n
if

o
rm

, s
ta

b
le

 g
ra

p
h

it
e

 c
o

a
t 

o
f 

d
e

si
re

d
 s

u
rf

a
ce

 
re

si
st

iv
it

y 
(1

0
0

-2
0

0
K
Ω

/�
) 

w
a

s 
o

b
ta

in
e

d
 b

y 
th

is
 m

e
th

o
d

.

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
11

4



A
u

to
m

a
ti

c 
sp

ra
y

 g
u

n

D
ri

ve
 f

o
r Y

-m
o

ve
m

e
n

t

C
o

n
tr

o
l a

n
d

 d
ri

ve
 p

a
n

e
l

Nerolac Paints Limited

�

D
ri

ve
 f

o
r 

X
-m

o
ve

m
e

n
t

C
o

n
tr

o
l a

n
d

 d
ri

ve
 p

a
n

e
l

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
11

5

M/s Kansai-Nerolac Paints Limited

�



M/s Dozen Tech, Korea

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
11

6

M/s Dozen Tech, Korea



�
13

 la
y

e
r 

sa
n

d
w

ic
h

 o
f 

50
m

m
 t

h
ic

k
 lo

w
 c

a
rb

o
n

 ir
o

n
 (

Ta
ta

 A
-g

ra
d

e)

p
la

te
s 

(3
5

to
n

 a
b

so
rb

e
r)

 

�
D

e
te

ct
o

r 
is

 m
a

g
n

e
ti

se
d

 t
o

 1
.5

T
e

sl
a

, e
n

a
b

lin
g

 m
o

m
e

n
tu

m
 

m
e

a
su

re
m

e
n

t 
o

f 
1-

10
G

e
v 

m
u

o
n

s 
p

ro
d

u
ce

d
 b

y
 ν

μ
in

te
ra

ct
io

n
s 

in
 

th
e

 d
e

te
ct

o
r.

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
11

7



D
e

c
a

y
 c

o
n

s
ta

n
t

E
n

tr
ie

s
 

 2
4

9

M
e

a
n

  
  

1
0

.7
9

R
M

S
  

 
  

2
.3

1
1

 /
 n

d
f 

2
χ

 3
1

.1
9

 /
 1

1

C
o

n
s

ta
n

t 
 6

.1
0

±
 5

5
.7

6
 

M
e

a
n

  
  

 
 0

.0
9

0
±

 9
.9

8
9

 
S

ig
m

a
  

  
 0

.0
8

7
±

 1
.1

0
7

 

1
0

2
0

3
0

4
0

5
0

6
0

D
e

c
a

y
 c

o
n

s
ta

n
t

E
n

tr
ie

s
 

 2
4

9

M
e

a
n

  
  

1
0

.7
9

R
M

S
  

 
  

2
.3

1
1

 /
 n

d
f 

2
χ

 3
1

.1
9

 /
 1

1

C
o

n
s

ta
n

t 
 6

.1
0

±
 5

5
.7

6
 

M
e

a
n

  
  

 
 0

.0
9

0
±

 9
.9

8
9

 
S

ig
m

a
  

  
 0

.0
8

7
±

 1
.1

0
7

 

D
e

c
a

y
 c

o
n

s
ta

n
t

E
n

tr
ie

s
 

 2
4

9

M
e

a
n

  
  

1
0

.7
9

R
M

S
  

 
  

2
.3

1
1

 /
 n

d
f 

2
χ

 3
1

.1
9

 /
 1

1

C
o

n
s

ta
n

t 
 6

.1
0

±
 5

5
.7

6
 

M
e

a
n

  
  

 
 0

.0
9

0
±

 9
.9

8
9

 
S

ig
m

a
  

  
 0

.0
8

7
±

 1
.1

0
7

 

1
0

2
0

3
0

4
0

5
0

6
0

D
e

c
a

y
 c

o
n

s
ta

n
t

E
n

tr
ie

s
 

 2
4

9

M
e

a
n

  
  

1
0

.7
9

R
M

S
  

 
  

2
.3

1
1

 /
 n

d
f 

2
χ

 3
1

.1
9

 /
 1

1

C
o

n
s

ta
n

t 
 6

.1
0

±
 5

5
.7

6
 

M
e

a
n

  
  

 
 0

.0
9

0
±

 9
.9

8
9

 
S

ig
m

a
  

  
 0

.0
8

7
±

 1
.1

0
7

 

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
11

8

T
im

e
, 
n

S
2

4
6

8
1
0

1
2

1
4

1
6

1
8

0

1
0

T
im

e
, 
n

S
2

4
6

8
1
0

1
2

1
4

1
6

1
8

0

1
0

y
 =
 -
1
.8
8
1
4
x
 +
 1
2
8
.0
3

-1
8
0

-1
6
0

-1
4
0

-1
2
0

-1
0
0

-8
0

-6
0

-4
0

-2
00

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

C
h
a
rg
e
, 
Q
D
C
 b
in
s

Pulse height, mV

9
.9
K
V

1
0
.0
K
V

9
.5
K
V

L
in
e
a
r 
(9
.9
K
V
)

02468

1
0

1
2

1
4

1
6

1
8

2
0

-1
8
0

-1
3
0

-8
0

-3
0

2
0

P
u
ls
e
 h
e
ig
h
t,
 m

V

Pulse width, Bins

9
.9
K
V

1
0
.0
K
V

9
.5
K
V



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
11

9



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
12

0



R
P
C
 
I
d
 
 
 
H
V
(
K
V
)
 
 
 
M
e
a
n
(
n
S
)
 
 
 
S
i
g
m
a
(
n
S
)
 
 
 
R
e
l
M
e
a
n
(
n
S
)
 
 
 
R
e
l
S
i
g
m
a
(
n
S
)

A
B
0
6
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
9
.
5
3
 
 
 
 
 
 
 
 
2
.
0
6
 
 
 
 
 
 
 
 
 
-
7
.
6
4
 
 
 
 
 
 
 
 
 
 
 
1
.
4
1

J
B
0
0
 
 
 
 
 
 
0
9
.
6
 
 
 
 
 
 
4
6
.
0
0
 
 
 
 
 
 
 
 
2
.
3
2
 
 
 
 
 
 
 
 
 
-
4
.
4
7
 
 
 
 
 
 
 
 
 
 
 
1
.
6
7

I
B
0
1
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
2
.
3
1
 
 
 
 
 
 
 
 
2
.
1
5
 
 
 
 
 
 
 
 
 
-
0
.
6
4
 
 
 
 
 
 
 
 
 
 
 
1
.
6
3

J
B
0
1
 
 
 
 
 
 
0
9
.
6
 
 
 
 
 
 
4
2
.
5
5
 
 
 
 
 
 
 
 
2
.
2
8
 
 
 
 
 
 
 
 
 
-
0
.
8
7
 
 
 
 
 
 
 
 
 
 
 
1
.
5
8

J
B
0
3
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
3
.
7
5
 
 
 
 
 
 
 
 
2
.
2
6
 
 
 
 
 
 
 
 
 
-
2
.
1
8
 
 
 
 
 
 
 
 
 
 
 
1
.
4
4

I
B
0
2
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
3
8
.
4
9
 
 
 
 
 
 
 
 
2
.
3
1
 
 
 
 
 
 
 
 
 
 
3
.
2
7
 
 
 
 
 
 
 
 
 
 
 
1
.
3
8

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
12

1

I
B
0
2
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
3
8
.
4
9
 
 
 
 
 
 
 
 
2
.
3
1
 
 
 
 
 
 
 
 
 
 
3
.
2
7
 
 
 
 
 
 
 
 
 
 
 
1
.
3
8

A
B
0
2
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
2
.
7
7
 
 
 
 
 
 
 
 
2
.
5
3
 
 
 
 
 
 
 
 
 
-
1
.
2
1
 
 
 
 
 
 
 
 
 
 
 
1
.
5
1

A
B
0
1
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
3
5
.
3
0
 
 
 
 
 
 
 
 
2
.
1
6
 
 
 
 
 
 
 
 
 
 
6
.
3
3
 
 
 
 
 
 
 
 
 
 
 
1
.
7
1

A
B
0
3
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
5
.
8
2
 
 
 
 
 
 
 
 
3
.
2
3
 
 
 
 
 
 
 
 
 
-
4
.
5
5
 
 
 
 
 
 
 
 
 
 
 
1
.
9
9

A
B
0
4
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
1
.
6
6
 
 
 
 
 
 
 
 
2
.
4
2
 
 
 
 
 
 
 
 
 
 
 
 
 
R
e
f
e
r
e
n
c
e
 
R
P
C

A
B
0
7
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
0
.
6
1
 
 
 
 
 
 
 
 
2
.
4
7
 
 
 
 
 
 
 
 
 
 
0
.
9
6
 
 
 
 
 
 
 
 
 
 
 
1
.
3
5

A
B
0
8
 
 
 
 
 
 
0
9
.
8
 
 
 
 
 
 
4
1
.
5
6
 
 
 
 
 
 
 
 
2
.
8
0
 
 
 
 
 
 
 
 
 
 
0
.
3
1
 
 
 
 
 
 
 
 
 
 
 
1
.
8
2



R
P

C
S

iz
e

A
B

0
1

1.
9

A
B

0
2

1.
9

A
B

0
3

1.
8

A
B

0
4

1.
8

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
12

2

A
B

0
6

1.
2

A
B

0
7

1.
6

A
B

0
8

2
.2

A
B

10
1.

6

IB
0

2
2

.7

JB
0

0
1.

5

JB
0

1
3.

3

JB
0

3
2

.0



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
12

3

D
a

rk
 c

u
rr

e
n

t 
=

 C
u

rr
e

n
t 

d
ra

w
n

 f
ro

m
 t

h
e

 n
e

g
a

ti
ve

 s
u

p
p

ly
 –

C
u

rr
e

n
t 

th
ro

u
g

h
 t

h
e

 s
h

u
n

t



If
 t

h
e

 a
p

p
lie

d
 v

o
lt

a
g

e
 a

t 
ro

o
m

 t
e

m
p

e
ra

tu
re

 

T
0

a
n

d
 b

a
ro

m
e

tr
ic

 p
re

ss
u

re
 P

0
is

 V
0
, t

h
e

n
 t

h
e

 

vo
lt

a
g

e
 V

 t
o

 b
e

 a
p

p
lie

d
 a

t 
a

n
y

 t
e

m
p

e
ra

tu
re

 

T
 a

n
d

 p
re

ss
u

re
 P

 =
 

O
r 

w
h

a
t 

is
 t

h
e

 e
ff

e
ct

iv
e

 a
p

p
lie

d
 v

o
lt

a
g

e
?

N
.B

: T
h

is
 a

cc
o

u
n

ts
 f

o
r 

g
a

s 
b

e
h

a
vi

o
u

r 
o

n
ly

.

 
 

×  
 

×
0

0
0

PP

TT
V

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
12

4



R
P

C
 R

&
D

  w
a

s 
m

o
ti

va
te

d
 b

y 
it

s 
ch

o
ic

e
 f

o
r 

IN
O

’s
 n

e
u

tr
in

o
 e

xp
e

ri
m

e
n

t.

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
12

5



�
P

ro
p

o
se

d
 b

y
 W

o
lf

g
a

n
g

 P
a

u
li 

 in
 

19
30

 t
o

 e
xp

la
in

 b
e

ta
 d

e
ca

y.
�

N
a

m
e

d
 b

y
 E

n
ri

co
 F

e
rm

i i
n

 
19

31
.

�
D

is
co

ve
re

d
 b

y
 F

.R
e

in
e

s 
a

n
d

 
C

.L
.C

o
w

a
n

 in
 1

9
5

6
.

C
.L

.C
o

w
a

n
 in

 1
9

5
6

.
�

C
re

a
te

d
 d

u
ri

n
g

 t
h

e
 B

ig
 B

a
n

g
, 

S
u

p
e

rn
o

va
, i

n
 t

h
e

S
u

n
 , 

fr
o

m
 

co
sm

ic
 r

a
y

s,
 in

n
u

cl
e

a
r 

re
a

ct
o

rs
,  

in
  p

a
rt

ic
le

 
a

cc
e

le
ra

to
rs

 e
tc

.
�

In
te

ra
ct

io
n

s 
in

vo
lv

in
g

 
n

e
u

tr
in

o
s 

a
re

 m
e

d
ia

te
d

 b
y

 
th

e
w

e
a

k
 f

o
rc

e
.

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
12

6µ
µ

µ
ν

ν
ν

ν
µ

π
ν

α
νν

+
+

+
→

+
→

+
+

+
→

+
+

→
+

+
→

+
+

+

+

+−

e

e

e

M
eV

e
p

e
n

p

e
p

n

2
5

2
2

4



B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
12

7

<
2

.2
e

V

<
1

7
0

k
e

V
<

1
5

.5
M

e
V



�
It

 is
 n

o
w

 k
n

o
w

n
 t

h
a

t 
n

e
u

tr
in

o
s 

o
f 

o
n

e
 f

la
vo

u
r 

o
sc

ill
a

te
 t

o
 t

h
o

se
 o

f 
a

n
o

th
e

r 
fl

a
vo

u
r.

�
T

h
e

 o
sc

ill
a

ti
o

n
 m

e
ch

a
n

is
m

 
is

 p
o

ss
ib

le
 o

n
ly

 if
 t

h
e

 
n

e
u

tr
in

o
s 

a
re

 m
a

ss
iv

e
.

�
E

le
ct

ro
n

 a
n

d
 m

u
o

n
 n

e
u

tr
in

o
s 

(ν
e

a
n

d
 ν

µ
) 

a
re

 t
h

e
 f

la
vo

u
r 

e
ig

e
n

 s
ta

te
s.

 
T

h
e

y
 a

re
 s

u
p

e
r 

p
o

si
ti

o
n

s 
o

f 
th

e
 

m
a

ss
 e

ig
e

n
 s

ta
te

s 
(ν

1
a

n
d

 ν
2
).

.

θ
ν

θ
ν

ν
θ

ν
θ

ν
ν

µe

co
s

si
n

si
n

co
s

2
1

2
1

+
−

=
+

=
n

e
u

tr
in

o
s 

a
re

 m
a

ss
iv

e
.

�
N

e
u

tr
in

o
 e

xp
e

ri
m

e
n

ts
 a

re
 

se
tt

in
g

 t
h

e
 s

ta
g

e
 f

o
r 

e
xt

e
n

si
o

n
 o

f 
S

ta
n

d
a

rd
 

M
o

d
e

l i
ts

e
lf

.
�

M
a

ss
iv

e
 n

e
u

tr
in

o
s 

h
a

ve
 

ra
m

if
ic

a
ti

o
n

s 
o

n
 n

u
cl

e
a

r 
p

h
y

si
cs

, a
st

ro
 p

h
y

si
cs

 
co

sm
o

lo
g

y,
 g

e
o

 p
h

y
si

cs
 

a
p

a
rt

 f
ro

m
 p

a
rt

ic
le

 p
h

y
si

cs

�
If

 a
t 

t 
=

 0
, a

n
 e

ig
e

n
 s

ta
te

 ν
(0

) 
=

 ν
e

,
th

e
n

 a
n

y
 t

im
e

 t
 

�
T

h
e

n
 t

h
e

 o
sc

ill
a

ti
o

n
 p

ro
b

a
b

ili
ty

 is

�
A

n
d

 t
h

e
 o

sc
ill

a
ti

o
n

 le
n

g
th

 is

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
12

8

θ
ν

θ
ν

ν
µ

co
s

si
n

2
1

+
−

=

θ
e

ν
θ

e
ν

ν(
t)

t
iE

t
iE

si
n

co
s

2
1

2
1

−
−

+
=

E
L

m
L

P
f

e

2
2

2
2
7

.
1

si
n

2
si
n

)
;

(
∆

=
→

θ
ν

ν

(
) (

)
2

2
4
7

.
2

m
eV

M
eV

E
m

∆
=

λ



�
R

e
co

n
fi

rm
 a

tm
o

sp
h

e
ri

c 
n

e
u

tr
in

o
 o

sc
ill

a
ti

o
n

�
Im

p
ro

ve
d

 m
e

a
su

re
m

e
n

t 
o

f 
o

sc
ill

a
ti

o
n

 p
a

ra
m

e
te

rs

�
S

e
a

rc
h

 f
o

r 
p

o
te

n
ti

a
l m

a
tt

e
r 

e
ff

e
ct

 in
 n

e
u

tr
in

o
 

o
sc

ill
a

ti
o

n
o

sc
ill

a
ti

o
n

�
D

e
te

rm
in

in
g

 t
h

e
 m

a
ss

 h
ie

ra
rc

h
y 

u
si

n
g

 m
a

tt
e

r 

e
ff

e
ct

�
S

tu
d

y 
o

f 
u

lt
ra

 h
ig

h
 e

n
e

rg
y 

n
e

u
tr

in
o

s 
a

n
d

 m
u

o
n

s

�
L

o
n

g
 b

a
se

lin
e

 t
a

rg
e

t 
fo

r 
n

e
u

tr
in

o
 f

a
ct

o
ri

e
s

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
12

9



�
A

tm
o

sp
h

e
ri

c 
n

e
u

tr
in

o
 e

n
e

rg
y

 >
 1

.3
G

e
V

   
  

∆
m

2
~

2
-3
×1

0
-3

e
V

2

�
D

o
w

n
w

a
rd

 m
u

o
n

 n
e

u
tr

in
o

 a
re

 n
o

t 

a
ff

e
ct

e
d

 b
y

 o
sc

ill
a

ti
o

n

�
T

h
e

y
 m

a
y

 c
o

n
st

it
u

te
 a

 n
ea

r
re

fe
re

n
ce

 

so
u

rc
e

so
u

rc
e

�
U

p
w

a
rd

 n
e

u
tr

in
o

 a
re

 in
st

e
a

d
 a

ff
e

ct
e

d
 

b
y

 o
sc

ill
a

ti
o

n
 s

in
ce

 t
h

e
 L

/E
 r

a
ti

o
  r

a
n

g
e

s 

u
p

 t
o

 1
04

 K
m

/G
e

V
�

T
h

e
y

 m
a

y
 c

o
n

st
it

u
te

 a
 f

a
r

so
u

rc
e

�
T

h
u

s,
 o

sc
ill

a
ti

o
n

 s
tu

d
ie

s 
w

it
h

 a
 s

in
g

le
 

d
e

te
ct

o
r 

a
n

d
 t

w
o

 s
o

u
rc

e
s

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
13

0L
/E
)

 
m

 
(1
.2
7

 
si
n

 )
(2 

si
n

 - 1
)

/
(

)
/'

(

)
/

(
2

2
2

∆
Θ

=
=

E
L

P
E

L
�

E
L

� D
o
w
n

U
p



�
M

a
tt

e
r 

e
ff

e
ct

s 
h

e
lp

 t
o

 
cl

e
a

n
ly

 d
e

te
rm

in
e

 t
h

e
 s

ig
n

 
o

f 
th

e
 Δ

m
2

�
N

e
u

tr
in

o
s 

a
n

d
 a

n
ti

-
n

e
u

tr
in

o
s 

in
te

ra
ct

 
d

if
fe

re
n

tl
y 

w
it

h
 m

a
tt

e
r

n
e

u
tr

in
o

s 
in

te
ra

ct
 

d
if

fe
re

n
tl

y 
w

it
h

 m
a

tt
e

r
�

IC
A

L
 c

a
n

 d
is

ti
n

g
u

is
h

 t
h

is
 b

y 
d

e
te

ct
in

g
 c

h
a

rg
e

 o
f 

th
e

 
p

ro
d

u
ce

d
 m

u
o

n
s,

 d
u

e
 t

o
 it

s 
m

a
g

n
e

ti
c 

fi
e

ld
�

H
e

lp
s 

in
 m

o
d

e
l b

u
ild

in
g

 f
o

r 
n

e
u

tr
in

o
 o

sc
ill

a
ti

o
n

s

B
.S

a
ty

a
n

a
ra

y
a

n
a

, T
IF

R
, M

u
m

b
a

i  
   

   
   

   
   

   
   

   
   

   
   

   
   

K
o

d
a

i W
in

te
r 

S
ch

o
o

l  
   

   
   

   
   

   
   

   
   

   
   

 
D

e
ce

m
b

e
r 

7,
 2

0
0

9
13

1


