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Modern Challenges to Ultra Cold Neutron Detector Technology
Ultra Cold Neutrons (UCN) have developed during the past decades to be popular probes for experiments of the low 
energy, precision type, targeting fundamental physics interactions. New, modern measurements have been 
proposed, which all rely upon very high density, modern UCN-sources with up to 1000 UCN/cm3. Once such sources 
with fifty- to one hundred-fold higher density than current highest intensity source (ILL, PF2) will be available, modern 
detection devices with the respective rate-capabilities as well as 2-dimensional resolution will be needed.
With a future EDM-experiment at PSI in mind, we adapted the CASCADE neutron detector for the application as an 
UCN-detector (CASCADE-U). In spite of the fact that UCN sources provide a beam of unusually large divergence 
and any experimental data is expected to show quite little spatial structure (the beam-line could rather be seen as a 
tube emitting UCN gas), detection with spatial resolution can and will be a valuable tool in UCN experiments and was 
thus included. It will allow to analyze data with respect to beam homogeneity as well as beam divergence and to 
discriminate against halo-effects. Likewise in ultra low intensity applications, spatial information will further allow to 
realize in-situ background and border effect analysis.
For detailed information about the detector principle: please look at our homepage under www.n-cascade.com. 

CASCADE-U detector concept
It is a hybrid, solid converter gas detector. The detector has the conceptual advantage of inherent high count-rate 
capability, insensitivity to magnetic fields, minimal sensitivity to thermal neutron- as well as gamma-background 
(always present at UCN-sources), high robustness and finally a charge detection mechanism independent of the 
neutron converter, giving an overall low operating pressure and thus allowing to minimize detector window 
thickness. UCN-detection efficiency (meaning the probability that an incoming UCN will traverse the window and 
be detected) can thus be found as high as 90%. 
The detector was layed-out for a sensitive area of 100x100 mm2. It is contained in a detector housing filled with 
counting gas. UCN enter through a thin entrance window made of pure Aluminum, which is actually employed as 
drift electrode also. An enhanced detection efficiency for UCN is thus achieved, as the material load as well as 
the number of humidity coated surfaces and interfaces, that may cause severe up-scattering or UCN absorption, 
is greatly reduced. The drift electrode is coated with a layer of 10B, the solid neutron converter. It is followed by the 
converter gap of 2-8 mm width, a GEM-foil, the transfer gap and finally a readout electrode, pixilated into 8 x 8 
square fields of 12 mm width each. The entire detector is filled with a counting gas adapted to minimizing UCN-
interaction.

GEM-Technology

www.n-cascade.com
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•Competitive Efficiency of up to 90% for ultra cold neutrons (4-8 m/s). 

•High count rate capacity up to 107 n/cm2s due to the micro-structured GEM-foils.

•No γ-background: Low Z converter material 10B, high energy of α can easy be detected.

•Long term stability due to continuous purge of cheap counting gas through detector.

•Potential for 10μs time resolution.
•Position sensitive readout with 1.2 x 1.2 cm2 pixel size, variable for customized solutions. 

PHA

2D position sensitive

Features

TOF simultaneously
on all

channels

Design

Bottom-flange with shielding of the readout electronics Top-flange with Teflon insulating ring and special Wilson-flange 
designed to fit the test beam at PF2/ILL, Grenoble 

0 200 400 600 800 1000 1200

1

10

100

1000

2 3

10

12

13

14

15 16

17

18
19

20

21

22

23

24

25

26

27

28

29

30

31 32

33

34

35 36
37

38
39

40

41

42

43

44

45

46

47

48

49

50 51 52

53

56

57 58

59 60

62

63

64 68

71

73

74 76

77

80 81

82

83

85

86 87 88 89 92 93

94

95 98 100101102103

104

105

111

114115

116

118

A

B

C

D

E

F
G

H
I

J

K

L

M

N

O

P

Q

R

S

T U

V W
X Y Z

AAAB
AC

AD
AE

AF
AG

AH

AI
AJ

AKAL
AM

AN
AO

AP

AQ
AR

AS

AT
AU

AV

AW
AX

AY

AZ

BA

BBBCBD
BE

BF

BG

BHBI
BJBK

BL

BM

BN

BO

BP

BQ

BR
BSBT

BU

BV

BW

BX

BY
BZ

CA

CB
CC

CDCE

CFCG

CH
CI

CJ

CK

CL
CM

CN

CO

CP

CQ

CR

CS

CT

CU

CV

CW

CX

CYCZDA
DB

DC

DD
DE

DF

DG

DHDI DJDK
DL

DM

DN

DO

D

a
b

c

d e
f

g h i

j

k

l

m

n

o

p

q

r

s
t

u v
w x y z

aa ab
ac

ad
ae af

ag
ah

ai

aj
ak

al

am

an
ao

ap

aq ar

as

at
au

av
aw

ax
ay

az ba

bb
bc

bd

be
bf

bg

bh

bi

bj

bk
bl

bm
bn bo bp

bq

br bs

bt

bu
bv

bw

bx

by

bz ca

cb

cc
cd

ce

cf

cg ch ci cj ck
cl cm

cn

co

cp
cq

cr
cs

ct

cu
cv

cw

cx
cy cz

da

db

dc

dd de
df

dg dh
di

dj dk
dl

dm
dn do

dp

1 2 3

4 5
6

7

8

9

10

11

12

13

14

15

16

17

18

19

20
21

22 23 24 25 26 27
28

29
30 31

32
33

34

35
36

37

38

39

40

41

42

43

44

45

46
47

48

49

50
51

52
53

54

55

56 57 58 59

60 61

62

63
64

65

66 67 68

69 70 71
72

73

74

75

76

77

78

79
80

81

82

83

84
85

86

87

88 89
90

91
92

93
94

95
96 97 98 99

100
101

102

103

104
105

106
107

108
109

110
111

112113114115116117
11811912

A

B
C

D

E

F

G

H

I

J

K

L

M

N

O

P

Q

R

S

T
U

V
W X Y Z AA

AB
ACAD

AE
AF

AG
AH

AI

AJ

AK

AL

AM

AN

AO

AP

AQ

AR

AS

ATAU

AV

AW

AXAYAZ

BA
BB

BCBDBE

BF

BG
BH

BI

BJBK

BL

BMBNBOBP
BQ

BR

BS

BTBU
BVBWBX

BY

BZ
CA

CB

CC

CDCE

CFCG
CHCI CJ

CKCLCM
CN

CO
CPCQ

CR

CS

CTCU

CVCW

CX
CY

CZ
DADB

DC
DD

DEDFDG

DH

DI

DJ

DK

DL

DM
DN

DOD

a
b c

d e

f

g
h

i

j

k

l

m

n

o

p

q

r

s
t

u v
w x y z aa

ab
ac

ad ae

af

ag

ah
ai

aj

ak
al

am

an

ao

ap
aq

ar

as

at
au

av

aw

ax
ay az

ba
bb bc bd

be
bf bg bh

bi

bj bk

bl

bm

bn
bo

bp bq

br

bs

bt

bu bv

bwbx by
bz ca cb

cc

cd

ce
cf

cg
ch

ci

cj ck

cl

cm

cn
co

cp
cq

cr cs

ct
cu

cvcw
cx

cy cz
da

db

dc
dd

de

df

dg

dh
di

dj

dk
dl dm

dn
do dp

1

2

5 6

7 8

9

10

11

12

13

14

15

16
17

18

19

20 21

22
23 24

25
26 27 28

29 30
31

32
33

34
35 36

37

38

39 40 41

42
43

44

45

46

47
48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

65

66

67 68

69

70

71

72

73

74

75 76

77

78

79

80 81

82

83

84

85

86 87

88

89 90

91

92

93

94 95 97

98

99

100

101102

103

104

105

106

107

109110

111

112

113

114

115

116

117

118

119

12

A

C

D

F

I J

K L

M N

O

P Q

R

S

T

U

V W

X

Y Z

AA
AB

AC

AD

AE

AF

AGAH

AI
AJ

AK

AL

AM

AN

AO

AP

AQ

AR

AS

AT

AU

AWAXAY

AZBABB

BC

BDBEBF

BI

BK

BN

BO

BP

BV

BX

BY CA

CF

CG

CJ

CK CM CO CQ

CR

CT

CU

CV

CW

CX

CY

CZDADB

DDDE

DF

DG

DH

DI DK

DL

DM

DN

D

a

d f h

i

j k l

m

n

o

p q r

s

t

u

v

w x

y

z

aa

ab ac

ad

ae

af

ag

ah

ai

aj

ak

al

am

an ao

ap aq

ar

at

au avaw

ax

az bb

bc

bd

be

bf

bg bm bo bp br

bs bv

ca ce

ch

ci

ck

cl cm co

cp

cs ct cu cv cy cz da db dc

de

df

dg

dh

di

dj

dk

dl

dm

dn do

UCN's reflected between the 
detector entrance window
and at the chopper disc

C
ou

nt
s

time of flight [ms]

Efficiency
2 4 6 8 10

2

4

6

8

10

X Axis

Y 
A

xi
s

0

6,67E3

1,33E4

2,00E4

2,67E4

3,33E4

4,00E4

4,67E4

5,33E4

6,00E4

6,67E4

7,33E4

8,00E4

8,67E4

9,33E4

1,00E5

fie
ld

 li
ne

s
in

 a
 G

E
M

 h
ol

e,
 

pi
ct

ur
es

 b
y 

S
au

li
(C

E
R

N
)

GAS Electron Multiplier (GEM) invented by CERN: http://cern.ch/gem
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