
1 31 ò 1 7 Ï

2007 c 7 �

p U Ô n � Ø Ô n
HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS

Vol. 31, No. 7

Jul., 2007

=²��5å6�þ�ÝÀJì�

�O�E9ÐÚNÁ *

�Uï
1,2;1)

���
1

M�é
1

É©9
1

xA
1,2

ÙÆð
1,2

��I
1,2

��f
1

H§ó
1

�I�
1

Ü÷R
1

��u
1,2

oÅ
1,2

�eL
1,2

�aH
1,2

M£I
1

G¥
1,2

�©Æ
1

�T
1,2

[2I
1

±�ù
1

Ü�m
1

1 (¥I�Æ�C�ÔnïÄ¤ =² 730000)

2 (¥I�Æ�ïÄ)� �® 100049)

Á� £ã
��3=²��5g?å6� (RIBLL)càSC��ÝÀJìXÚ, TXÚd2�n|

Üo4ßº|Ú1����>^||¤, ò^uLÜ�u{Ø�ïÄ. 0�
T����Og´!Ä�

ëêÚ�.³�Uå!DÑ�Ç!�Ý�ÂÝ±9Äþ�ÂÝ�ÿþ(J. (JL²TXÚ���O

�¦, ?1·�UE��^uZ 6 110��Ø��ïÄÚ¥Ø«%�Ø�ïÄ.

'�c RIBLL �Ø �ÀØ©lì �ÝÀJì

1 Úó

g20V80c�±5, �XØÔnïÄÚ\�

ìEâ�uÐ, ��5g?å6 (RIB)34àÓ ^

gdÝeØ��(�!5��ïÄ¥��
2��

A^. ��ù�ïÄó��Ä:, ��5Ø���

)!©lÚ�OEâ���
¯��uÐ, .þ

�
Ì��ØÔn¢�¿k�ïáå�äAÚ��

�5lfg?å6�C�, �±�ØÔnïÄJø

«a�õ���5��, ¦¢�ïÄU
ÿ2�¥

f%�Ú�f%�«�. ÓÙ¦RIB�)�{�'

�, �Ø���{ (PF)äk©l�má�`:, A

O·^u�)%�«�áÆ·Ø�, Ï�ÊHæ

^, XGANIL�LISE
[1]

, MSU�A1200
[2]

, RIKEN�

RIPS
[3]

, GSI�FRS
[4]

±9=²lf\�ìI[¢

�¿�RIBLL
[5]

.

=²��5g?å6� (RIBLL)g1998c1��

ªÝ\$1±5, ©ª�±X½�ó�G�, k�

��1¢�ïÄ�8Jø
¤I�õ«g?å6, �

Ñ
Ø�ÑÚ�ó�¿��
�½�¤1. ,, É

�uPF.å6�A:, üXæ^^©lEâRIBLL

�5U®ØU÷vØäÿÐ�lfØÔnïÄ��

¦, AO´Cc5, �Ø��Ü¤ÚØ5��ï

ÄÅì¤��clfØÔnïÄ9:��, Ïé

å6�.³�UåJÑ
�p��¦, ½�I�éy

kå6�?1U?.

é�Ø�Ü¤ÚØ5��ïÄó�Ì�´

ÏLLÜ�A5?1�. du�A$ÄÆÚÄåÆ

�A:, LÜ�A�Ô, AO´Ø, äk�°�Uþ

©ÙÚ>Ö©Ù, Ï3ØÓ�A��Ô�m, ±9

�Ô��u)�A��Ø�m, 3^fÝþäké�

�U. ù«U��üXæ^^©l�PF�{J

±¢yéÐ��Ô©l, ¤I�ïÄ�D�¯��ì

v3�þ��.�¥. ¢�L², 3ØLÜ�A¥

RIBLLéå6�.�³�Uå�k106—107, �ØU

÷v�Ø¢�ÿþp�1010—1013��¦.

Ïd, �
÷vØÔnïÄ�I�, íÄ·I�

'+�ïÄó�3RIBLLþ�mÐ, ���Ý/u

2006 – 10 – 26 Âv

* I[g,�ÆÄ7 (10221003, 10235020, 10305015), ¥I�Æ��£M#ó§����8 (CKJCX2-SW-No18), ¥I�Æ�z

<Oy]Ï�8Ú�EÜ��8cÏïÄ;�Ä7]Ï�8 (2001CCB01200)]Ï

1) E-mail: huangth@impcas.ac.cn

669 — 673



670 p U Ô n � Ø Ô n ( HEP & NP ) 1 31 ò

�RIBLLUå, éRIBLL?1U?¤���½��

?Ö.

ã1´UEcRIBLL(�{ã, du�m(��

;n, éuRIBLLyk�å6DÑ(�J±?1U

Ä, Ïd, ·��U?�YXúuÏLN\�õU�

¬¢yRIBLLõU�J,. ù�J,�¦3ØK�

RIBLLþg?åÔn¢�ïÄ�~mÐ�cJe, ¦

�RIBLLéLÜ�A�)�Ú�Ø�äkÐ�

©lUå9�p�DÑ�Ç, Ó�qäk�á�©l

�m, ¦��^uáÆ·Ø� (Æ·�µs)ÿþ. d	,

��¦äkp��.³�Uå, U
���Ý/~�

å6âféÿþ�Z6.

ã 1 UEcRIBLL(�{ã

2 RIBLL�ÝÀJì��O�E

ÏLé8cISþéLÜ�Ô�¯�3�©l

�{�¿©NïÚ?Ø, Ó��Ä�RIBLL�;n(

�±9ØUK�RIBLL3�pU«��5åÔnï

Äó��mÐ, ·�ÀJ
��>^|©l�{��

RIBLLU?�Ä��Y.

�ÝÀJì (Wien Filter)�Ä��n´: ±�½

�Ýv $Ä��>âf3p�R��>^|¥Ó�

É�>|åÚ^|å�^: F = q •(E +v×B), 3(

½�>^|��ÚrÝe, äk(½�Ýv=E/B �

R�\�âf, Ù¤É>|å�^|å�±p�-

�, $Ä;,òØÉ�>^|�K�. Äuù��n

�E�©l��¤ÀJ�âfäk(½��Ý, 

�âf¤��>Ö�Ã'. éuLÜ�A, LÜ�

Ô��Ý�'Ð?å6âfk���«O, Xé�A

40Ar+208Pb→ 245Fm, 3�Z\�Uþe, BL�A

q� 40Arlf�Ý�3.03cm/ns, LÜ�Ô 245Fm

�k0.45cm/ns. Ïd, �ÝÀJìéuLÜ�A�Ô

Úå6m©l�Ð, U
��p��.³�Uå. Ä

uù��n���kSHIP
[6]

, LISE0
[7, 8]

�.

2.1 å6DÑXÚ

�XHIRFLU?ó���¤, ªàå$XÚ?

1
#ÙÛ. �SC�ÝÀJì, 3RIBLLÐ?q

T0cO\
�ã�5m����m, ��mEÎ;Ü,

�ÝÀJì�SC�UÏLéùã�m�ÜnÙÛ5

¢y.

e38cRIBLL\��c�O\���ÝÀJ

ìã, �A/^uLÜ�A¢�ïÄ�q  (Ts )��

Jc�Tã�c. Ïd, 3HIRFL�å�ªà =^

c�RIBLL�kq T0 �m7Lïá��#�å�

 �. ù� ��¦¦�U�lT0 , �#O\�Ü©

ý3v
��m. �dÓ�RIBLL�k�å61ÆA

57L�±, =T0 ?���±å� �, ÏdØ�Ý

ÀJì	, �7L\\#�å61Æ��, ±¢yTs

ÓT0 må6����DÑ.

ã2´UE�RIBLLcã�(�{ã. SC3�

ÝÀJìc��n|Üo4ßº|Ø¢yTs�T0 �

å6���DÑ	, �O¥�I��Ä��
~��

ÝÀJì����OÚ\óJÝ, �¦å63�ÝÀ

JìSäk���å6�äÚuÑ�. Ó��
J

p�Ô��Â�Ç, �¦å6DÑXÚk����m

�ÂÝ. nÜ±þ�Ä, ²Lå61ÆO�Ú`z, (

½Ts �T0 må4.35m, 3�ÝÀJìc�Ñæ^n

|Üo4ßºà�XÚ, �m�ÂÝ�±3◦. då6

1ÆO�§STRANSPORTO����å6�äX

ã3(a)Ú (b)¤«.

ã 2 UE�RIBLLcã(�{ã

éuRIBLLÏ~�g?åÔn¢�, duå6

Uþ�p, ^gÝ��, d�#O\ßº|�4Þ|

r®ØU�yTs �T0 m����DÑ. ÏdIëÓ

HIRFL�å�å61Æ���NN!, ±�yT0 �

å�A5 (ã3(c)).



1 7 Ï �Uï�µ=²��5å6�þ�ÝÀJì��O�E9ÐÚNÁ 671

ã 3 å61ÆO�

2.2 �ÝÀJì��O

3 � � > ^ | ¥, é u � Ý Ø � u ë � � Ý

v=E/B �âf, ��^ål�½�, >^|�r, â

f$Ä;,Óë�;,� ���. Ïdp�>^|

kÏu��Ð�©EUåÚp��.³�Uå. ��

X|r�Jp, ��¡�E¤�ÚEâJÝÑ��O

�, ,��¡, du�A�Ôäk��ëY�Uþ©

Ù, p�©EUå�¿�X���Ý�Â��Ú$�

�Â�Ç. duâf3²L�ÝÀJì�, o�©l

Uå�ûu¤É>^|3´»þ�È©. Ïd\��

ÝÀJì�k��Ý, �±3�$�|re��Ó�

�©lUå. nÜ±þ�Ä, �ÝÀJì���>|

rÝ�O�10kV/cm, �^«����Ý�70cm.

duLÜ�A�Ô��äk�$�ÄU, ¤±�

�>|XÚ7Ló�3ý��¸e. �âå61ÆO

����å6�äº�, (½>4�må70mm, °Ý

80mm, Ù¥e4�æ^.j(�, ±�B� =�Ð

?å6âfBL. þe4�\±����!45��

�>Ø, �yå�¥%?u"> . >|?u^c4

ÞmYS, �Ä�pØý�9ý�XÚ�I�, (½

�A^c4Þmå�150mm, éA4Þ��^|rÝ

�0.5T.

du^c4ÞmY��u>|, Ïd^|©Ù�

�Ñ°Ý�°u>|©Ù. du�ÝÀJìéu>|

Ú^|���k�p�¦, e©Ù/GØ�Î, K3

�½«�S, �>âf¤É��>|!^|åØUp

�-�, âf$Ä;,òu)UC. Ïd, �O�I

�é�m>^|©Ù?1°[�O�. O�¦^
Ï

^�>^|k��O�§SMAFIA. �
�Ø>�

|�Ø|K�, �K>4�mÏL�X�þØ�, �

Ø>4�>��A9ý�>0�é|©Ù�K�, 3

�^«S���Ð�>|þ!Ý. Ó�÷å6��,

3>4��üà, �á
�X�º�9>Ø�Ø�

�þØ�, ±\�>|�Ñ, ¦ÙÓ^|©Ùmk�

Ð��Ü. ù��O���5dÄuî³Øf¥%

(CERN)�GEANT4
[9]

§S��Monte-Carlo�[�

�
�y.

3 �ÝÀJì�5UÿÁ

�ÝÀJìãSC�¤�, |^ 239Pu αÚ3

�å6é§��
Ä�ëê?1
ÐÚÿþ, ¿Ó�

O?1
'�.

3.1 �ÂáN�ÚDÑ�Ç

ã4´|^ 239Puu�Ñ�αâféXÚ��

ÂáN�ÿþ�(J, ÿþ�αd1<���Cq

:, �ÝÀJì�>^|Ñ���". ã¥�î�

I�αâfl¥�Ñ�Ü�, ´d3c����

X�1<5û½�. p�I´éA�αâfDÑ�Ç

ε. lã¥�wÑ, 3Ü��u3◦ �, XÚEk�20%

�DÑ�Ç. éuÜ��u4◦�Ñ�âf, DÑ�

ÇªCu0, ù��O�¦�Î, ddO�����X

Ú��ÂáN���1.5msr.



672 p U Ô n � Ø Ô n ( HEP & NP ) 1 31 ò

ã 4 |^αéXÚáN�ÿÁ�(J

3Ó�ÿÁ^�e, ��?\XÚ�αâfÜ�

��u±3◦, ��XÚ��NDÑ�Ç�44.6%. é

�A�Ôó, du�3���Äþ©Ñ, XÚ�D

Ñ�Ç��uþã�. ·�ÀJ
�A� 197Au(14N,

5n) 206Rn5ÿþXÚ�DÑ�Ç, \� 14Nå6Uþ

�88MeV, �)��A�Ô 206RnÏLÿþÙαPC

5�@. ã5��½�ÝÀJì>|rÝ (±10kV), N

!^|±ÀJØÓ�Ý�A�Ô�ÿþ(J. lã¥

�±wÑ, �XÚÀJ�âf�Ýv �0.198cm/ns�,

XÚ�DÑ�Çε���p. ùÓnØO�²L�q

þÝ?�� 206Rn��ÝÎÜ�éÐ, �d�XÚD

Ñ�Ç��k�22%, �uαâfÿþ(J.

ã 5 �½�ÝÀJìÀJØÓ�Ý� 206Rnâf

���XÚDÑ�Çε (Ts—T0)

3.2 Äþ�ÂÝ

Äþ�ÂÝ´�ÝÀJì�����I, æ^

αéd?1
ÿþ. ÀJαÌ�´�Ä�u��

αâfäk�Ð�üÚ5, ÏL3c��ØÓþÝ

�C�, �±��ØÓUþ�αâf. ã6´3�½�

ÝÀJì¤ÀJ�âf�Ý�1.5554cm/ns�^�e,

���äkØÓ�Ý�αâf�ÿÁ(J. ÿþL²,

��½�ÝÀJìó�>Ø�±10kV�, âf�Ýv

z~�0.01cm/ns, XÚ�DÑ�Çε²þeü10.6%.

dd���αâf�DÑ�Çε~�����éA�

�Ý, l��XÚ��Â�âfÄþ�ÂÝ�±3%.

d	, lãþ½�±wÑ, ��ÝÀJì�ó�>Ø

,p�, XÚ��NDÑ�ÇÑkeü, �Äþ�Â

ÝÄ�ØC.

ã 6 |^αÿþXÚ�Äþ�ÂÝ

◦, N Ú � ©O�L�ÝÀJìó�>Ø�±5, ±10Ú

±15kV��ÿþ(J.

3.3 �.³�Uå

�.³�Uå´�ÝÀJì�,��'��I,

éu�A�¡é���Ø�½%�ØÜ¤¢��

'�. duXÚ��.³�Uå�äN�¢��A

�!�q|Ü�', éuØÓ��A, ù��I�U

��1—2þ?. ·��é7.09MeV/u 12C+197Au�

A?1
3åÿþ. ã7�Ñ
�½¤Àâf�Ý,

UC�ÝÀJìó�>ØV ÿþ����.³�'

γ. lãþ�±wÑ, ��ÝÀJì�ó�>Ø�L

±15kV�, XÚ��.³�Uå®ªu�Ú, éù�

�A����109. ù�³�Uå®²��
·��

�O�¦.

ã 7 XÚ�.³�'

4 (J�?Ø

�©0�
��SCuRIBLLcà�>^�À

Ø©lì�ÝÀJì��OïE9éÙ5UÐÚÿ

Á�(J. (JL²XÚ��.³�Uå�108—109,

éu88MeV 14N+197Au→ 206Rn+5n�A, XÚ�D

Ñ�Ç320%�m. TXÚ�^uäkαPC5!Æ

·3µsþ?±þ�)¤�¡�uA�pb�LÜ�u

{Ø�ïÄ. ÐÚÿÁL², �ÝÀJì��.³�

UåÚDÑ�Çþ��
�O��¦. �Ò8c��

N�.ó, X(Ü�YRIBLL�©Û^c, �.³



1 7 Ï �Uï�µ=²��5å6�þ�ÝÀJì��O�E9ÐÚNÁ 673

�Uåò¬Jp103 ±þ, �DÑ�Ç¬duRIBLL

�?^c�ÚÑ���ÌÝeü. �d, ·�3Ø

È�ò5, Oyò�ÝÀJìã£���#�å6�

 �, 3Ù�O\���7◦ =��?^c, |¤�

�Õá��ÀØ©lì. 3�, TXÚòØ=�^u

Z 6110��Ø��ïÄ, ���^u¥Ø«%

�Ø�ïÄ.

ë�©z(References)

1 Anne R, Bazin D, Mueller A C et al. Nucl. Instrum. Meth-

ods, 1987, A257: 215—232

2 Sherrill B M, Morrissey D J, Nolen J A et al. Nucl. Instrum.

Methods, 1991, B56/57: 1106—1110

3 Kubo T, Ishihara M, Inabe N et al. Nucl. Instrum. Meth-

ods, 1992, B70: 309—319

4 Geissel H, Armbruster P, Behr K H et al. Nucl. Instrum.

Methods, 1992, B70: 286—297

5 SUN Zhi-Yu, ZHAN Wen-Long, GUO Zhong-Yan et al.

Nucl. Instrum. Methods, 2003, A503: 496—503

6 Münzenberg G, Faust W, Hofmann S et al. Nucl. Instrum.

Methods, 1979, 161: 65—82
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Abstract A recoil separator Wien-filter which was developed for the Radioactive Ion Beam Line in Lanzhou (RIBLL)

as an extension is described. It consists of 2 quadruple triplets and a standard Wien-filter. It was designed for study of

the fusion-evaporation reactions. The overall design, background suppression, the transmission efficiency, the angular

acceptance and the momentum acceptance have been described. All the performances fulfil the designed requirements.

Based on the test results, with some modifications the investigations of the nuclei with Z 6 110 and the drip-line nuclei

in the medium-heavy mass region can be carried out with this facility.

Key words RIBLL, supper-heavy nucleus, recoil separator, Wien-filter
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