
O
ve

rv
ie

w
 o

f t
he

 A
R

C
S 

C
on

ce
pt

D
ou

g 
A

be
rn

at
hy

AR
C

S 
In

st
ru

m
en

t S
ci

en
tis

t

AR
C

S 
D

O
E 

B
as

el
in

e 
R

ev
ie

w
   

   
Pa

sa
de

na
, C

A 
   

   
   

  M
ar

ch
 1

4,
 2

00
2

SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

SN
S 

U
se

r F
ee

db
ac

k 
-

In
el

as
tic

 S
ca

tte
rin

g 
W

or
ks

ho
p 

11
/1

/9
9

Ta
bl

e 
I :

 In
st

ru
m

en
ts

 D
is

cu
ss

ed

C
at

eg
or

y
In

st
ru

m
en

t
A

.1
In

di
re

ct
 g

eo
m

et
ry

 sp
ec

tro
m

et
er

, (
ba

ck
sc

at
te

rin
g)

, r
es

ol
ut

io
n 

2 
µe

V
(e

la
st

ic
 p

os
iti

on
)

A
.2

D
ire

ct
 g

eo
m

et
ry

 sp
ec

tro
m

et
er

 (c
ho

pp
er

), 
re

so
lu

tio
n 

∆E
/E

 ~
 1

%
 (e

la
st

ic
po

si
tio

n)
, E

 ~
10

 –
 1

00
0 

m
eV

, c
on

tin
uo

us
 a

ng
ul

ar
 c

ov
er

ag
e

A
.3

Sp
ec

tro
m

et
er

 w
ith

 1
0 

– 
10

0 
µe

V
 re

so
lu

tio
n

B
.1

C
ho

pp
er

 , 
∆E

/E
 ~

 5
%

 (e
la

st
ic

 p
os

iti
on

), 
la

rg
e 

an
gu

la
r c

ov
er

ag
e

B
.2

In
ve

rs
e 

ge
om

et
ry

 sp
ec

tro
m

et
er

, t
im

e 
fo

cu
ss

ed
, ∆

E/
E 

~ 
1%

B
.3

Tr
ip

le
 a

xi
s-

lik
e 

in
st

ru
m

en
t w

ith
 h

ig
h 

si
gn

al
 to

 n
oi

se
B

.4
H

ig
h 

Q
 c

ho
pp

er
 sp

ec
tro

m
et

er
 w

ith
 sm

al
l ∆

E/
E

C
.1

Sp
in

 e
ch

o 
sp

ec
tro

m
et

er
 ∆

E 
~ 

1 
ne

V
 to

 2
 µ

eV
C

.2
B

ril
lo

ui
n 

sc
at

te
rin

g 
sp

ec
tro

m
et

er
, s

m
al

l Q
, i

nt
er

m
ed

ia
te

 E
C

.3
PR

IS
M

A
-li

ke
 sp

ec
tro

m
et

er



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

C
ho

pp
er

 S
pe

ct
ro

m
et

er
 B

as
ic

s

m
od

er
at

or
ch

op
pe

r

sa
m

pl
e

de
te

ct
or

θ m

L 1
L 2

L 3

Pa
ra

m
et

er
s

L 1
M

od
er

at
or

-C
ho

pp
er

 d
is

ta
nc

e
L 2

C
ho

pp
er

-S
am

pl
e 

di
st

an
ce

L 3
Sa

m
pl

e-
D

et
ec

to
r d

is
ta

nc
e

mt∆
M

od
er

at
or

 p
ul

se
 w

id
th

 (F
W

H
M

)
cht∆

C
ho

pp
er

 p
ul

se
 w

id
th

 (F
W

H
M

)

1t
M

od
er

at
or

-C
ho

pp
er

 fl
ig

ht
 ti

m
e



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

C
ho

pp
er

 R
es

ol
ut

io
n 

an
d 

Fl
ux

2/1
2

1

2

2/1

2 1

2
2

2/3

3

2
1

2 1

2
2

2/3

32

2

1
1

2

  

  
 

 
+

 
 

=
∆

  

  
∆

 

 
 

   
 

+
+

+
∆

 

 
 

   
 

+
=

∆

LW
rd

t

tt
EE

L
L

L
tt

EE
LL

E

m
c

c

if
m

if

i

ω
ω

ε

3 1

)
(

Ld
s

d
d

E
I

i
 

 
+

∝

R
es

ol
ut

io
n

Fl
ux



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

G
eo

m
et

ric
 c

on
st

ra
in

ts

X
Ψ

m

2θ

L i
L f

BL
18

:  
   

 X
 =

 5
 m

   
   

Ψ
m

 =
 3

5°
 

Fo
r 2

θ
>1

25
° &

  L
f =

 2
.5

 m
 , 

L i
=1

3.
0 

m

Fo
r 2

θ
= 

60
°  

& 
 L

f =
 6

.0
 m

 , 
L i

=1
3.

1 
m

 

BL
9:

   
   

X 
= 

6.
5 

m
   

   
Ψ

m
 =

 3
5°

 

Fo
r 2

θ
>1

25
° &

  L
f =

 2
.5

 m
 , 

L i
=1

5.
7 

m

Fo
r 2

θ
= 

60
° &

   
L f

 =
 6

.0
 m

 , 
L i

=1
5.

8 
m

 

(
)

m
 f

m
 i

2
si

n
L

si
n

L 
X

Ψ
−

−
Ψ

=
θ

Ac
ce

ss
ib

le
 re

gi
on

s 
in

 L
f
lie

 b
el

ow
 a

 
st

ra
ig

ht
 li

ne
 in

 (L
i,L

f) 
pl

an
e



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

Fl
ux

 o
n 

sa
m

pl
e 

at
 2

00
m

eV
 -

1%
 e

la
st

ic
 re

so
lu

tio
n

C
an

 o
pt

im
iz

e 
flu

x 
fo

r a
 g

iv
en

 L
3 

 th
at

 is
 n

ot
 to

o 
la

rg
e

BL
18

  
1%

 e
la

st
ic

 re
so

lu
tio

n

0.
0E

+0
0

1.
0E

+0
4

2.
0E

+0
4

3.
0E

+0
4

4.
0E

+0
4

5.
0E

+0
4

6.
0E

+0
4

7.
0E

+0
4

8.
0E

+0
4

9.
0E

+0
4

1.
0E

+0
5

0
10

20
30

40

So
ur

ce
-S

am
pl

e 
di

st
an

ce
 (m

)

Flux on sample (n/cm2/s)

L3
 =

 6
m

L3
 =

 5
m

L3
 =

 4
m



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

Fl
ux

 o
n 

sa
m

pl
e 

at
 2

00
m

eV
 -

5%
 e

la
st

ic
 re

so
lu

tio
n

O
pt

im
um

 fl
ux

 n
ot

 a
cc

es
si

bl
e 

fo
r a

ny
 L

3

BL
18

 C
on

st
ra

in
ed

 
5%

 e
la

st
ic

 re
so

lu
tio

n

0.
0E

+0
0

1.
0E

+0
5

2.
0E

+0
5

3.
0E

+0
5

4.
0E

+0
5

5.
0E

+0
5

6.
0E

+0
5

7.
0E

+0
5

0
10

20
30

40
50

60

So
ur

ce
-S

am
pl

e 
di

st
an

ce
 (m

)

Flux on sample (n/cm2/s)

 1
00

0m
eV

  2
00

m
eV

   
 5

0m
eV





SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

Su
m

m
ar

y 
an

d 
op

tio
ns

   
 (p

re
se

nt
ed

 to
 E

FA
C

 6
/2

00
0)

Ba
si

c 
co

nc
lu

si
on

s:

Tw
o 

w
or

ld
 c

la
ss

 c
ho

pp
er

 s
pe

ct
ro

m
et

er
s 

ca
n 

be
 b

ui
lt 

at
 th

e 
SN

S,
 

ro
ug

hl
y 

co
rre

sp
on

di
ng

 to
 th

e 
de

si
re

s 
of

 th
e 

us
er

 c
om

m
un

ity
.  

G
eo

m
et

ric
 c

on
st

ra
in

ts
 li

m
it 

th
e 

pl
ac

em
en

t o
f i

ns
tru

m
en

ts
 fo

r 
op

tim
iz

in
g 

fo
r h

ig
h 

flu
x 

an
d 

lo
w

 re
so

lu
tio

n.

O
pt

io
n 

1:
  B

ui
ld

 tw
o!

  

O
pt

io
n 

2:
  T

ry
 to

 fo
rc

e 
on

e 
in

st
ru

m
en

t t
o 

ac
co

m
m

od
at

e 
al

l u
se

r 
de

si
re

s.

O
pt

io
n 

3:
  B

ui
ld

 o
ne

, p
la

n 
fo

r s
ec

on
d.

EF
AC

: C
on

ce
pt

s 
va

lid
, p

re
fe

r h
ig

h-
re

so
lu

tio
n 

in
st

ru
m

en
t f

irs
t



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

–
A

 m
ed

iu
m

-R
es

ol
ut

io
n 

C
ho

pp
er

 S
pe

ct
ro

m
et

er
–

A
ng

ul
ar

-R
an

ge
 C

ho
pp

er
 S

pe
ct

ro
m

et
er

In
te

nd
ed

 fo
r s

tu
dy

 o
f a

to
m

ic
-s

ca
le

 d
yn

am
ic

s 
in

 th
e 

th
er

m
al

 a
nd

 e
pi

th
er

m
al

 
ra

ng
e 

w
ith

 s
in

gl
e 

cr
ys

ta
l c

ap
ab

ilit
y.

ID
T 

he
ad

ed
 b

y 
Br

en
t F

ul
tz

 
Sc

ie
nt

is
t :

 D
ou

g 
Ab

er
na

th
y

M
od

er
at

or
de

co
up

le
d 

po
is

on
ed

 w
at

er
Be

am
 li

ne
18

So
ur

ce
-s

am
pl

e
13

.6
 m

Sa
m

pl
e-

de
te

ct
or

3.
0m

La
tti

ce
 d

yn
am

ic
s

•E
nt

ro
py

 a
nd

 th
e 

ef
fe

ct
s 

of
vi

br
at

io
na

lm
od

es
 o

n 
st

ab
ilit

y 
an

d 
ph

as
e 

tra
ns

iti
on

s 
of

 s
ol

id
s

•E
xc

ita
tio

ns
 in

 d
is

or
de

re
d 

m
at

er
ia

ls
; e

ffe
ct

s 
of

na
no

sc
al

e
fe

at
ur

es
 o

n
vi

br
at

io
na

le
nt

ro
py

 a
nd

 th
er

m
od

yn
am

ic
 s

ta
bi

lit
y

•E
qu

at
io

ns
 o

f s
ta

te
 fr

om
 m

ea
su

re
m

en
ts

 o
f t

he
 p

ho
no

n 
de

ns
ity

 o
f s

ta
te

s 
as

 a
 fu

nc
tio

n 
of

 te
m

pe
ra

tu
re

 a
nd

 p
re

ss
ur

e
•P

ho
no

ns
 in

 c
or

re
la

te
d-

el
ec

tro
n 

m
at

er
ia

ls
; c

ou
pl

in
g 

of
 la

tti
ce

 a
nd

 e
le

ct
ro

ni
c 

de
gr

ee
s 

of
 fr

ee
do

m
 in

 h
ig

h
T c

, h
ea

vy
-fe

rm
io

n
an

d 
m

ix
ed

 v
al

en
ce

 m
at

er
ia

ls

M
ag

ne
tic

 d
yn

am
ic

s
•H

ig
h 

te
m

pe
ra

tu
re

 s
up

er
co

nd
uc

tiv
ity

 
•C

ry
st

al
 fi

el
d 

sp
ec

tro
sc

op
y

•L
ow

 d
im

en
si

on
al

 s
ys

te
m

s;
 1

D
 q

ua
nt

um
 m

ag
ne

ts
 a

nd
 lo

w
-d

im
en

si
on

al
 c

on
du

ct
or

s
•M

ag
ne

tis
m

 in
 a

ct
in

id
e 

m
at

er
ia

ls
•H

ea
vy

fe
rm

io
n

m
ag

ne
tis

m
 a

nd
 s

up
er

co
nd

uc
tiv

ity
•M

et
al

-in
su

la
to

r t
ra

ns
iti

on
s 

in
 o

xi
de

s

C
he

m
ic

al
 P

hy
si

cs
•D

ee
p 

in
el

as
tic

 n
eu

tro
n 

sc
at

te
rin

g 
st

ud
ie

s 
of

 h
yd

ro
ge

n
•C

ha
ra

ct
er

iz
at

io
n 

of
 n

ov
el

 m
at

er
ia

ls



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

A
R

C
S 

In
st

ru
m

en
t O

ve
rv

ie
w

M
od

er
at

or

Sh
ut

te
r G

ui
de

s

C
ho

pp
er

s
Sa

m
pl

e

D
et

ec
to

r 
A

rr
ay



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

In
st

ru
m

en
t p

ar
am

et
er

s

Sp
ec

tr
om

et
er

A
R

C
S

H
ig

h 
R

es
ol

ut
io

n
A

m
bi

en
t H

2O
 d

ec
ou

pl
ed

 p
oi

so
ne

d 
 1

8B
U

   
10

0m
m

(H
) x

 1
20

m
m

(V
)

M
od

er
at

or
 a

nd
di

m
en

si
on

s
A

ng
le

13
.7

5°
 (p

os
si

bl
e 

27
.5

°)
0°

 (p
os

sib
le

 1
3.

75
°)

G
eo

m
et

ry
So

ur
ce

-c
ho

pp
er

  (
L 1

)
C

ho
pp

er
-s

am
pl

e 
(L

2)
Sa

m
pl

e-
de

te
ct

or
  (

L 3
)

11
.6

m
2.

0m
3.

0m

15
.5

m
2m 6m

C
ho

pp
er

s
T0

 h
or

iz
on

ta
l a

xi
s

D
is

k
E0

 (F
er

m
i) 

ve
rti

ca
l a

xi
s

M
ec

ha
ni

ca
l 6

0 
H

z 
 @

 9
.0

m
M

ec
ha

ni
ca

l 6
0 

H
z 

@
 9

.5
m

M
ag

ne
tic

 6
00

 H
z 

@
 1

2.
0m

M
ec

ha
ni

ca
l 6

0 
H

z 
 @

 1
0.

0m
M

ec
ha

ni
ca

l 6
0 

H
z 

@
 1

0.
5m

M
ag

ne
tic

 6
00

 H
z 

@
 1

5.
5m

G
ui

de
Ty

pe
Le

ng
th

Ta
pe

re
d 

su
pe

rm
irr

or
 3

.6
 θ

c
~8

.1
 m

Ta
pe

re
d 

su
pe

rm
irr

or
 3

.6
 θ

c
~1

1m
A

pe
rt

ur
es

 a
nd

 c
ol

lim
at

or
s

A
fte

r E
0 

(F
er

m
i) 

ch
op

pe
r

2-
4 

V
ar

ia
bl

e
So

lle
r c

ol
lim

at
or

2-
4 

V
ar

ia
bl

e
So

lle
r c

ol
lim

at
or

M
ax

. s
am

pl
e 

siz
e

50
m

m
(H

) x
 5

0m
m

(V
)

50
m

m
(H

) x
 5

0m
m

(V
)



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

In
st

ru
m

en
t p

ar
am

et
er

s 
Sp

ec
tr

om
et

er
A

R
C

S
H

ig
h 

R
es

ol
ut

io
n

Sc
at

te
ri

ng
/sa

m
pl

e 
ch

am
be

r
R

ad
iu

s s
am

pl
e-

de
te

ct
or

H
ei

gh
t

V
ac

uu
m

 a
t s

am
pl

e
V

ac
uu

m
 fl

ig
ht

pa
th

C
ol

lim
at

io
n

Sh
ie

ld
in

g,
 in

ne
r

Sh
ie

ld
in

g,
 o

ut
er

3m 3m < 
10

-6
 to

rr
< 

10
-6

 to
rr

O
sc

ill
at

in
g 

ra
di

al
 c

ol
lim

at
or

B
4C

, 1
00

m
2

~0
.5

 m
 (T

B
D

) t
hi

ck
, 2

00
m

2

6m 6m < 
10

-6
 to

rr
< 

10
-2

 to
rr

O
sc

ill
at

in
g 

ra
di

al
 c

ol
lim

at
or

B
4C

, 2
00

m
2

~0
.5

 m
 (T

B
D

) t
hi

ck
, 4

00
m

2

L
in

ea
r 

PS
D

s
N

um
be

r
Ty

pe
D

ia
m

et
er

Le
ng

th
R

es
ol

ut
io

n
To

ta
l p

ix
el

s
A

ng
ul

ar
 ra

ng
e,

 h
or

iz
on

ta
l

   
   

V
er

tic
al

, l
ow

 b
an

k
   

   
V

er
tic

al
, h

ig
h 

ba
nk

Lo
w

 b
an

k 
so

lid
 a

ng
le

/a
re

a
H

ig
h 

ba
nk

 so
lid

 a
ng

le
/a

re
a

To
ta

l a
re

a

90
0

3 H
e 

10
 a

tm
25

m
m

96
5m

m
 (a

ct
iv

e)
25

m
m

35
,0

00
-3

0°
 to

 -3
°,

 3
°-

15
0°

± 
30

°

2.
95

 sr
 / 

26
.7

 m
2

26
.7

 m
2

12
00

3 H
e 

10
 a

tm
25

m
m

96
5m

m
 (a

ct
iv

e)
25

m
m

50
,4

00
-3

0°
 to

 -2
°, 

2°
-3

0°
 (l

ow
), 

30
°-

60
°(

hi
gh

)
± 

30
°

± 
10

°
0.

70
 sr

 / 
26

 m
2

0.
12

 sr
 / 

4 
m

2
30

 m
2



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

C
om

pa
ris

on
 to

 c
ur

re
nt

 c
ho

pp
er

 s
pe

ct
ro

m
et

er
s

In
st

ru
m

en
t 

L 1
 (m

) 
L 2

 (m
) 

L 3
 (m

) 
M

od
er

at
or

, 
Ti

lt 
%

 e
ne

rg
y 

 
re

so
lu

tio
n 

A
ng

ul
ar

 
R

an
ge

 
(H

or
) 

D
et

ec
to

r 
So

lid
 

A
ng

le
 (s

r)
 

LR
M

EC
S 

AN
L 

6.
2 

0.
8 

2.
5 

C
H

4  
 

2.
5 

– 
7 

 %
 

3°
 - 

12
0°

 
0.

3 

H
R

M
EC

S 
AN

L  
12

.7
 

1.
1 

4 
C

H
4 

2 
– 

4 
%

 
3°

 - 
14

0°
 

0.
5 

H
ET

 
IS

IS
 

10
 

1.
8 

2.
5/

4 
H

2O
,  

27
° 

2 
– 

4 
%

 
3°

 - 
30

° 
11

0°
 - 

13
5°

 
0.

1 

M
A

R
I 

IS
IS

 
10

 
1.

7 
4 

C
H

4,
  1

3 °
 

1 
– 

3 
%

 
3 °

 - 
13

2 °
 

0.
1 

M
A

PS
 

IS
IS

 
10

 
2 

6 
H

2O
,  

14
° 

1 
– 

3 
%

 
3 °

 - 
60

° 
0.

45
 

PH
A

R
O

S 
LA

N
SC

E 
18

 
2 

4 
H

2O
 , 

15
° 

1.
5 

- 3
%

  
1°

 - 
14

0°
 

0.
65

 

M
ER

LI
N

 IS
IS

 
(H

ET
 u

pg
ra

de
) 

12
 

1.
8 

2.
5 

H
2O

,  
27

° 
2 

– 
4 

%
 

3°
 - 

15
0°

 
3.

1 

A
R

C
S 

11
.6

 
2 

3 
H

2O
,  

14
° 

2 
– 

4 
%

  
3°

 - 
15

0°
 

2.
9 

SN
S 

H
ig

h 
re

s. 
15

.5
 

2 
6 

H
2O

,  
0°

 
1 

– 
1.

5 
%

  
2°

 - 
60

° 
0.

82
 

 



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

A
R

C
S

–
Pe

rf
or

m
an

ce

M
od

e
ra

to
r

Sh
ut

te
r

G
ui

de
s

C
ho

p
pe

rs
Sa

m
pl

e

D
et

ec
t

or
 

A
rr

ay

63
 m

eV

0.
0E

+0
0

2.
0E

+0
5

4.
0E

+0
5

6.
0E

+0
5

8.
0E

+0
5

1.
0E

+0
6

1.
2E

+0
6

0
1

2
3

4

El
as

ti
c 

R
es

ol
ut

io
n 

(%
)

Flux on sample (n/cm2/s)

3.
0m

 (J
C

)

5.
5m

 (J
C

)

3.
0m

 (T
P)

5.
5m

 (T
P)

3%
 e

la
st

ic
 re

so
lu

tio
n

0.
0E

+0
0

1.
0E

+0
5

2.
0E

+0
5

3.
0E

+0
5

4.
0E

+0
5

5.
0E

+0
5

6.
0E

+0
5

7.
0E

+0
5

8.
0E

+0
5

9.
0E

+0
5

10
10

0
10

00
En

er
gy

 (m
eV

)

Flux on sample (n/cm2/s)

3.
0m

 (T
P)

5.
5m

 (T
P)



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

SN
S 

Sp
ec

tr
om

et
er

s 
Su

m
m

ar
y 

–
Q

 v
s 

ω

M
od

e
ra

to
r

Sh
ut

te
r

G
ui

de
s

C
ho

p
pe

rs
Sa

m
pl

e

D
et

ec
t

or
 

A
rr

ay
Q

 (Å
-1

)
0.

01
0.

1
1

10
10

0

ω (meV)

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

d 
(Å

)
0.

1
1

10
10

0

t (sec)

10
-1

6

10
-1

5

10
-1

4

10
-1

3

10
-1

2

10
-1

1

10
-1

0

10
-9

10
-8

AR
C

S 
Fe

rm
iC

ho
pp

er

Ba
ck

sc
at

te
rin

g

M
ul

ti-
C

ho
pp

er
 

Sp
ec

tro
m

et
er

Q
 (Å

-1
)

0.
01

0.
1

1
10

10
0

ω (meV)

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

d 
(Å

)
0.

1
1

10
10

0

t (sec)

10
-1

6

10
-1

5

10
-1

4

10
-1

3

10
-1

2

10
-1

1

10
-1

0

10
-9

10
-8

AR
C

S 
Fe

rm
iC

ho
pp

er

Ba
ck

sc
at

te
rin

g

M
ul

ti-
C

ho
pp

er
 

Sp
ec

tro
m

et
er

AR
C

S 
Fe

rm
iC

ho
pp

er

Ba
ck

sc
at

te
rin

g

M
ul

ti-
C

ho
pp

er
 

Sp
ec

tro
m

et
er

At
te

m
pt

s 
to

 p
ro

vi
de

 
co

ve
ra

ge
 o

f a
 b

ro
ad

 
ar

ea
 w

ith
 fl

ex
ib

le
 

in
st

ru
m

en
ts

 a
nd

 v
ar

ie
ty

 
of

 re
so

lu
tio

ns



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

D
es

ig
n 

go
al

s 
fo

r v
ac

uu
m

 v
es

se
l

•
Pr

ov
id

e 
cr

yo
ge

ni
c 

va
cu

um
 fo

r s
am

pl
e 

w
ith

 q
ui

ck
 (<

 1
 h

r) 
ch

an
ge

ou
t 

an
d 

go
od

 a
cc

es
s 

fo
r s

pe
ci

al
 e

qu
ip

m
en

t
•

M
in

im
iz

e/
el

im
in

at
e 

ne
ut

ro
n 

w
in

do
w

s 
(th

in
 A

l),
 p

ar
tic

ul
ar

ly
 n

ea
r s

am
pl

e
•

M
ou

nt
 a

nd
 p

ro
vi

de
 a

cc
es

s 
to

 n
eu

tro
n 

de
te

ct
or

s 
( t

ur
na

ro
un

d 
~ 

se
ve

ra
l 

ho
ur

s)
•

Ac
ce

pt
 a

dd
iti

on
al

 c
om

po
ne

nt
s 

–
va

ria
bl

e 
ap

er
tu

re
, o

sc
illa

tin
g 

ra
di

al
 

co
llim

at
or

•
In

cl
ud

e 
in

te
rn

al
 n

eu
tro

n 
sh

ie
ld

in
g 

(“c
ris

py
 m

ix
”)

•
Al

lo
w

 fo
r e

xt
er

na
l n

eu
tro

n 
sh

ie
ld

in
g 

to
 b

lo
ck

 b
ac

kg
ro

un
d



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

C
ho

ic
e:

 d
et

ec
to

rs
 o

ut
si

de
 o

r i
ns

id
e 

va
cu

um

•
O

ut
si

de
:

–
Pr

o:
  G

oo
d 

ac
ce

ss
; p

ro
ve

n 
ap

pr
oa

ch
–

C
on

: V
er

y 
la

rg
e 

w
in

do
w

 a
re

a;
 

im
pl

os
io

n 
ris

k;
 v

en
tin

g 
fo

r a
ll 

sa
m

pl
e 

or
 d

et
ec

to
r c

ha
ng

es
; 

tig
ht

 to
le

ra
nc

e 
on

 ta
nk

 
de

fle
ct

io
ns

•
In

si
de

:
–

Pr
o:

 N
o 

la
rg

e 
w

in
do

w
s;

 b
et

te
r 

de
te

ct
or

 c
ov

er
ag

e;
 m

or
e 

to
le

ra
nc

e 
fo

r d
ef

le
ct

io
ns

–
C

on
: N

ot
 p

ro
ve

n 
de

te
ct

or
 

op
er

at
io

n;
 p

os
si

bl
y 

m
or

e 
di

ffi
cu

lt 
de

te
ct

or
 a

cc
es

s



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

G
ui

de
 c

al
cu

la
tio

ns

λ
γ

ta
pe

r
E
ne
rg
y

s s
ou

rc
e (

cm
)

s s
am

pl
e (

cm
)

3.
00

1.
40

9.
09

12
.0

0
5.

00
C

om
po

ne
nt

l  
(c

m
)
s i

n (
cm

)
s o

ut
 (c

m
)

n
ch

an
ne

ls
c g

ui
de

(m
ra

di
an

/Å
)n

se
gm

en
t
St
ar
t

F
in
is
h

S'
in

S'
ou
t

So
ur

ce
 T

ub
e

15
0.

00
12

.0
00

11
.5

80
1

0.
00

1
0.

00
15

0.
00

12
.0

0
11

.4
0

Co
re

 V
es

se
l I

ns
er

t
10

0.
00

11
.5

80
11

.3
00

1
0.

00
1

15
0.

00
25

0.
00

11
.4

0
11

.0
0

Sh
ut

te
r

20
0.

00
11

.3
00

10
.7

40
1

6.
23

1
25

0.
00

45
0.

00
11

.0
0

10
.2

0
Pr

e-
T0

 G
ui

de
45

0.
00

10
.7

40
9.

48
0

1
6.

23
1

45
0.

00
90

0.
00

10
.2

0
8.

40
T0

 
15

0.
00

9.
48

0
9.

06
0

1
0.

00
1

90
0.

00
10

50
.0

0
8.

40
7.

80
T0

-E
0 

Gu
id

e
50

0.
00

9.
06

0
7.

66
0

1
6.

23
1

10
50

.0
0

15
50

.0
0

7.
80

5.
80

E0
50

.0
0

7.
66

0
7.

52
0

1
0.

00
1

15
50

.0
0

16
00

.0
0

5.
80

5.
60

Sa
m

pl
e

15
0.

00
7.

52
0

5.
00

0
1

0.
00

1
16

00
.0

0
17

50
.0

0
5.

60
5.

00

U
si

ng
 a

cc
ep

ta
nc

e 
di

ag
ra

m
 a

pp
ro

ac
h 

( 1
 -

D
 )

γ
ta

pe
r

(4
) C

or
e 

ve
ss

el
 in

se
rt 

 (3
) S

hu
tte

r  
(2

) P
re

-T
0 

G
ui

de
   

   
   

   
(1

) T
0-

E0
 G

ui
de

So
ur

ce
Sa

m
pl

e



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

G
ai

n 
ve

rs
us

 L
en

gt
h

Se
ct

io
n 

1 
 T

0-
E0

 G
ui

de
5m

Se
ct

io
n 

2 
 P

re
-T

0 
G

ui
de

4.
5m

Se
ct

io
n 

3 
 S

hu
tte

r
2m

Se
ct

io
n 

4 
 C

or
e 

V
es

se
l I

ns
er

t
1m

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

1
10

10
0

10
00

10
00

0
En

er
gy

 (m
eV

)

Guide Gain

"1
+2

+3
+4

"

"1
+2

+3
"

"1
+2

"

"1
"

"0
"

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

1
10

10
0

10
00

10
00

0
En

er
gy

 (m
eV

)

Divergence RMS (deg)

"1
+2

+3
+4

"

"1
+2

+3
"

"1
+2

"

"1
"

"0
"

So
ur

ce
 =

 1
2 

cm
  S

am
pl

e 
= 

5c
m

γ 
ta

pe
r=

 2
 m

ra
d 

(li
ne

-o
f-s

ig
ht

)



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

0.
00

0.
20

0.
40

0.
60

0.
80

1.
00

1.
20

-3
0

-2
0

-1
0

0
10

20
30

γ 
(m

ra
di

an
)

X (cm-mradian)

0.
00

0.
20

0.
40

0.
60

0.
80

1.
00

1.
20

-3
0

-2
0

-1
0

0
10

20
30

γ 
(m

ra
di

an
)

X (cm-mradian)

D
iv

er
ge

nc
e:

  S
ec

tio
ns

 1
, 2

 a
nd

 3
 v

er
su

s 
1

So
ur

ce
 =

 1
2 

cm
  S

am
pl

e 
= 

5c
m

γ 
ta

pe
r=

 2
 m

ra
d 

(li
ne

-o
f-s

ig
ht

)

λ
= 

1 
A

λ
= 

1 
A



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

To
ta

l G
ai

n:
 5

x5
 c

m
2

an
d 

1x
1 

cm
2

sa
m

pl
e

0.
0

2.
0

4.
0

6.
0

8.
0

10
.0

12
.0

14
.0

16
.0

18
.0

20
.0

1
10

10
0

10
00

10
00

0
En

er
gy

 (m
eV

)

Total Gain

5x
5 

H
: 1

.4
 m

ra
d 

V
:2

.0
m

ra
d

5x
5 

H
: 1

.0
5m

ra
d 

V
: 1

.5
m

ra
d

1x
1 

H
: 1

.4
 m

ra
d 

V
: 2

.0
 m

ra
d

1x
1 

H
: 1

.0
5m

ra
d 

V
: 1

.5
m

ra
d



SN
S 

In
st

ru
m

en
t S

ys
te

m
s

A
rg

on
ne

/O
ak

 R
id

ge

M
aj

or
 is

su
es

 / 
ris

ks
 fo

r A
R

C
S

•
D

et
ec

to
r m

ou
nt

in
g 

in
 v

ac
uu

m
–

Pr
ot

ot
yp

e 
te

st
in

g 
pl

an
s 

un
de

rw
ay

•
Va

cu
um

 v
es

se
l d

es
ig

n
–

C
om

pl
et

e 
de

te
ct

or
 p

ro
to

ty
pi

ng
 e

ar
ly

–
U

se
 e

xp
er

ie
nc

ed
 d

es
ig

n 
an

d 
m

an
uf

ac
tu

re
 fi

rm
•

G
ui

de
 d

es
ig

n 
an

d 
sh

ie
ld

in
g 

-e
ffe

ct
s 

on
 b

ac
kg

ro
un

d
–

C
al

cu
la

tio
ns

 a
nd

 e
xp

er
ie

nc
e 

fro
m

 o
th

er
s

•
Sa

m
pl

e 
en

vi
ro

nm
en

t -
al

lo
w

 fo
r l

ar
ge

 s
ys

te
m

s,
 h

ig
h 

fie
ld

s,
 p

re
ss

ur
e

–
N

ee
d 

m
or

e 
m

od
el

in
g 

of
 s

am
pl

e 
ar

ea
 to

 d
et

er
m

in
e 

sp
ac

e 
co

ns
tra

in
ts

•
Sa

m
pl

e 
m

an
ip

ul
at

io
n 

-o
n 

sp
ec

tro
m

et
er

 o
r b

ui
lt 

in
to

 s
am

pl
e 

eq
ui

pm
en

t
–

M
od

el
in

g 
of

 s
in

gl
e 

cr
ys

ta
l e

xp
er

im
en

ts
; d

at
a 

an
al

ys
is

 a
nd

 v
is

ua
liz

at
io

n 
so

ftw
ar

e 
to

 e
va

lu
at

e 
ne

ed


