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Nonlinear beam focus for a spallation neutron source

#16
	)����� 2019�8�1�7�+: THOH13

�
 ��*1), 
�� �(1), � �1), '�,"1), %� �2)

1) JAEA/J-PARC,  2) KEK/J-PARC

1



��

��

J-PARC MLF�+3-����
�����$���+3-��
l��

l,%0.2*/)1$����


l*0(&2'�"#
����	�

 �!

2



Neutron beam lines (23)

Bird’s eye 
photo
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(Phase II�

Hadron Experiment 

Facility

Neutrino Exp. Facility

(294km to Super KAMIOKANDE)

Materials & Life Science 
Facility (MLF)

3GeV Synchrotron

RCS (25Hz,1MW)

Linac

400MeV(50mA)

JRR-3M

800m to MLF

30GeV Synchrotron

MR (0.75MW)

J-PARC = Japan Proton Accelerator Research Complex

JFY2007 Beam
JFY2008 Beam
JFY2009 Beam

3



æÛ

¶ÈÒ³Ì¸�"A

èÛ

¶ÈÒ
³Ì¸ Ë

°¦

¶ ÈÒ³Ì¸ Ë
°¦

éåÛ

Ý
×
ß
Ú
Ú

«
¾³
Ð
·
Í
å

ìèÛ ìíÛ

ìèÜ

ìíÜ

ìíÝ
ìíÞ

îæÛ

îëÝ

îëÛ îëÜ

îïÛ îïÜ

îçÝ

îçÜ

îëÞ îëß

îæÜ îçÛ

ð
å

b
$
�
#
�

�
�Ë°¦

��
�@

èÝ

êæÛ
ÛØã Ü �

ò óô Ø � ñ ó ø ò

êæÛ

æÛ

ûí
ê
Ö
ã
÷
ü

Û
ß
á
×
ß
Ú
Ú

��6!

�&!

ªÐ¿Î°«Ò!
éèÛ

éæÛ

��PD
ðå

«¾³Ð·Íä

h?3

ß×âÚÚûöÙ÷õøüÔ�=[�Õ

�ãâÚûöÙ÷õøüÔLKh?Õ

�=3

h9!
h9ÇÒ´

62ÇÒ´

¹°½�®Ð¦

¥Ò´ÍU�

NS®Ð¦ÇÒ´

.�G¹°½�®Ð¦

Ö
àØ
Ü

áØ
ÚÓ

ÖãØÚ
ßØÚÓ

�=
dP

PQ4B
PH3

PQ5 PV2

PV1 PQ3B
PQ4A

¶ ÈÒ³Ì¸ Ë
°¦

PQ2B

PQ3A
1 .9 2 d eg

. be n dPD2

PD1

PQ1

1 .9 2 d eg
. be n d

PQ2A

��
PH2 PH1

�t

srvu�
trwz� trvt�

sr||�

uxpsss

xv
ps
ss

ws psss

»ÒÄ_

wxpsss

S
K
JZ

50GeV extraction 
section��|s�

�U4��

��
o|
�

uw
ps
s
s tu pss s

�¼°³
> !

�
¼
°
³
Ü

�
¼
°
³
6
2
!

²
 
¨
¡
Ñ
³
Ð
·
Í

ÇÒ´

FQ
3A

FV
2

FQ
4

FV
1

FQ
3B

FH
2

FQ
2B

FQ
2A

FH
1

FQ
1

éèÜ

çùúøÛ çùúøÜ

éæÜ

h?!

ææÜææÛ

æëÜæëÛ

æìçæìï

ææÝ

æëÝ æëÞ

¬
Æ°
®
Ò

«¾
³Ð
·
Í
�

h?ÇÒ´ h9!

éåÛ

ð
å

b
$
�
#
�

��3


 !�

5. 4��


 !�

5.


 !�

5.


 !�

5.


 !�

5.


 !�

5.


 !�

5.
61�

4��

6
1
�

��

GVWY
=UA


 !�

5. 4��


 !�

5.


 !�

5.


 !�

5.


 !�

5.


 !�

5.


 !�

5.

6
1�

6
1�

6
1�

6
1�

6
1�

61
�

�
"
 
!�

�
"  !
�

4 �
�

4.
2

4
.
2

4
.�

4
.�

4�
2

4
�
2

4
��

4
.
2

4
.2

4
.�

4
.�

4�
2

4
�
2

4��

4.2

4.2

4.�
4.�

4�2

4�2

4�
�

4.2

4.
2

4.�

4.�

4�2

4�2

4�
�

4�
�

4.
2

4
.2

4.
�

4.
�

4�
2

4
�2

4.
2

4.
2

4.
�

4.
�

4�
2

4�
2

4
��

4
� �

4.
2

4.
2

4
.�

4
.�

4
�
2

4
�
2

4 .
2

4
.2

4
.�

4
.�

4
�
2

4 �
2

.�
�

61�

��
1�

��

4.2

4.2

4.�
4.�

4�2

4�2

4.2

4.
2

4.�

4.�

4�2

4�2

6
1
�

��
1�

4.74.54�54.54�74.34.74�6�4.6

� �

4��

� �

� �

� �

� �

3�

4��

4��

4��

4��

���

49


� �

� �

���

� 


��8

� 	
� 	

4
�

� �

� �

49�

4
�

49	

� �

� �

� �

� �

49�

49�

49�

4
�

4��

�1��

4�	

4�


� �
4��

4�� 

� �

� �

4
�

4
�

40�

���

4�


���

���

�� 

�� 

���

���

�0�

���
���

����0�

�0�

40�
40�

40�
40�

4��

4��

4��

4��

4��

4�	

4�	

�������0� ��	��	

4��4��4�� 4�� 4��

�����
��
 ���
���

4�
 4��

�³Ð·Í

4�� 4�� 42�

���
�� �� 

4��� 4���

���

424�424� 41�

41�

������ ���

���

42�

42� 42�

FQCGHei

[c\c`

[]_

mUD2HMQ/>

[_

bb

[]`

]b^

\] b

[_ [_
`a

_`

[Z `a `a

BXB>u\Y

SJ>

ne

UE>

ne

(.N# >

D2HMQ/>

RAQ

OKD>

D-Q>

C?MIN>

HpM,Q

VT>T@

LF>

WR
BXB>u[Y

VT>

��Ô»ÒÄË¡Ð���ovru���o{rsÕ

�
"
 !

�
�
"
 
!�

�
"
 
!
�

�
"
 
!�

�
" 
!
�

�
"
 
!


�
" 
!
	

�"
 
!
�

���&3

ĆĎþĉă Ďč ćď

� 


49�

¦ÎÒÐ\
XQ
�

# ldjlhg

A

P

mk

mk

mk

fj

mk

-��

 � �   

�� PD !

ª ÒÍ´ �� :62 !

h? !

Ce

PD

g8 !

iP D

g8 !


)

�
�
vs
y
s

�
u
uy
sn
u

�
u
uy
sn
u

�
u
uy
sn
u

�
u
uy
sn
u

�
ty
t
xs
�z
�x

�
ty
t
xs
�z
�x

�
ty
t
xs
�z
�x

�
ty
t
xs
�

�
ty
t
xs
q
{s

�
�
vs
y
s

�
�
vs
y
s

�
�
vs
y
s

�
�
vs
y
s

�
�
vs
y
s

�
�
vs
y
s

�
�
vs
y
s

�
�
vs
y
s

�
�
vs
y
s

�
�
vs
y
s

�
�
vs
y
s

�
�
vs
y
s

�
u
uy
sn
u

�h I

¦̄³

� � �� �� � ��

� � vs y s

� u uy sn u

�
vs
y
sn
v

�
vs
y
sn
v

�
vs
y
sn
v

�
u
uy
sn
u

�
u
uy
sn
u

dP¼ ° ³

� �q ws s
dP¼ ° ³

� �q ys s

dP¼ ° ³

� �q ws s

�
uu
y
sn
{

�
uu
y
sn
{

(�YMO0

ºÒ±   ¬Ê Ð

��©Ò³

	YjÅ¶ ®

-�B�Å¶ ®

^	;1HF/�
«ÒÀ¡ ­ÁÒ­

® ÒÃ µÍª Ð ³Ï ÒË

*<�
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MLF

���-<+./

Neutron target

57(;-<+./

Muon target

����'1:)(Proton kinetic energy)= 3 GeV

4<6��(Beam power)= 1 MW

4<6��(Beam current)= 333 μA

8.3x1013 ppp

��"(Repetition)= 25Hz

3:,�(Pulse width): <1 µs

RCS!&��%#$4<6��

��(Total length) 314 m

����$4<6��
�(1MW*8,)

JSNS

MUSE4



Targets placed at MLF
Muon target
l Carbon graphite (IG430)
l 8% beam lost(80 kW loss)
l Highest intensity in the world

Neutron target
l Mercury
l Highest pulse intensity in the  world
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� 3GeV RCS beam dump

horizontal bend
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target

muon target

NM tunnel
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proton beam 
windowcollimators

pulse magnet to 
50-GeV MR

Length 2mWidth 34cm

Mercury target trolley

Proton

Hg

Light Water

Safety shroud
Double wall 
structure

Thick. 2cm
Diam. 30 cm

Rotating target
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For K8>0, 0<f<p/2 For K8>0, p/2<f<p
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x1 → xt

�% –α/β
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F. Meot� PRST AB  3, 103501 (2000) ��� PRST AB 10, 10401(2007)

xts= 4/3s =4/3 (bte)1/2
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xts= 4/3 (bte)1/2 =1.33σtar
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cot f =1 cot f =3

cot f =7 cot f =11

cot f =3

cot f =1

cot f≪3: ��#!
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