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Á� Oy¥�IS��éEÅ({¡ILC), ®(½æ^$§��Eâ. ïÄL², ILC��NEd�

��n�\�FÝ���', Ïd#.pFÝ��n�ï�, ®¤�8c ILC�9��K. 8c��n

\�FÝ�JpÉ�u��N�ª�.^| (Hrf
c ), F"ÏLn/�`z�O, 5~���nL¡¸�

^|�\�FÝ�'� (Hp/Eacc), ?Jp��n�\�FÝ, ±÷v ILC��¦. 8c, äk�L

5�pFÝ��n#n/kü«, =$�Ñ��n(LLSCC)Ú\ª��n(RESCC). LLSCC�éu

RESCCó, äk�$�Hp/Eacc, Ïd3nØþLLSCC�´u���p�FÝ. �öé1.3GHzü

cellpFÝ$�Ñ��n�n/?1
�[�ïÄ, �Ñ
�A$�Ñ��nn/, ¿éù��O(J

?1
©Û'�.

'�c ��n $�Ñ��n \ª��n IS��éEÅ

1 Úó

Oy¥�IS��éEÅ(International Linear

Collider {¡ ILC), ´Uî³ØfïÄ¥% (CERN)

�3ïE��.rféEÅ (LHC)���e��p

U\�ì. IS��éEÅ�Ø%Eâ´âf\�

Eâ, IS�5\�ì�
¬²L�[Øy, �ªò

ILC�âf\��Y(½�$§��\��Y. ù

��û½, �IS��éEÅ'�Eâ�ïÄ(

½
��. 2004 c11 �, 3F�ðm�Ä3IS�

�éEÅï?¬þ (1st ILC Workshop), �I�¬;

[Ò ILC��NEd���n\�FÝ��'5�


¿©/ïÄ?Ø. ïÄL², XJUr��n�

\�FÝEacc l23.4MV/m(TESLA-500�Oó�F

Ý)Jp�35MV/m(TESLA-800�OFÝ), 3�Ý

�¦ØCÚ���ÝØC��¹e, ILC��NEd

�±eü11%�õ, �NEd��$:KÑy3�

p�\�FÝ40MV/mNC
[1]

. Ïdï��pFÝ�

#.��néISpUÔn.´���©äkáÚå

�8I, ù�8I´�"���. 8c��n\�

FÝ�JpÉ�u��N�ª�.^| (Hrf
c ), �<�

�±ÏLn/�`z�O, 5~���nL¡¸�^

|�\�FÝ�'� (Hp/Eacc), ?Jp��n�

\�FÝ. �âù�g´, <�JÑ
ü«äk�L

5�#.pFÝ��n, =$�Ñ��n (LLSCC)Ú

\ª��n (RESCC). duLLSCC�éuRESCC

óäk�$�Hp/Eacc, 3nØþLLSCC�´u�

��p�\�FÝ. Ïd`kÀJ$�Ñ��n��

�©�ïÄé�.

�©ò�[Øã1.3GHzücellpFÝ$�Ñ�

�n��O, �Ñ�A$�Ñ��n�n/, ¿éù

�(J?1?�Ú�©Û'�.

2 ��N�ª�.^|éu��n\�

FÝ���

ã1
[2]
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�nL¡?nL§¥, æ^
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��n3p|r«�|�u� (FE); ,, l1995c

�8�C10cS, ¦+�I;[æ^
ØÓ�L¡?

nó², ���n�\�FÝ%©ªþ}340MV/m

�m, ¿vk²w�Jp.

ã 1 LÅãβ=1ücell��n\�FÝuÐ{§

<�Åìuy, 8c����nFÝJp�Ì�

Ï�, 3u��nL¡¸�^| (Hp)ØUpu��N

�ª�.^| (Hrf
c ), =Hp 6Hrf

c , ÄK��nò��.

éuLÅãβ = 1����nó, 40MV/m�\�F

Ý, éAu��n�L¡¸�^| (Hp)��1750Oe.

þã¢�(JL², 8c��nL¡¸�^| (Hp)®

²���á��ª�.^| (Hrf
c ), Ù�A31750Oe

�m. ù�(Ø��β = 0.45��fn
[3]

!X�Ã¿

��nÚNb/CuEÜ��n
[4]

¤y¢.

²;Bean�.
[5]

�Ñ����.�ª^| (Hrf
c ),

�þã¢�(JØUéÐ/ÎÜ. ÏdI��ï#�

nØ�.
[1]

, �úª(1):

Hrf
c (T )=

√
2

ξ(T )

λ(T )
Hc(T )=

√
2
Hc(T )

κ(T )
, (1)

ª¥�Hc ´��N9åÆ�.^|, ξ ´�Z�Ý,

λ´Bß�Ý, κ´Ginzburg-Landauëþ,
√

2L«


�ª�6�¹e�k��. úª(1)¥�Ãëêþ�§

Ý�', �âAbrikosovnØ, úª(1)�±��

Hrf
c (T )=

√
2
Hc(0)

κ(0)

[

1−
(

T

Tc

)4
]

, (2)

ª¥Tc ´��N�.§Ý. úª(2)�Cornell Univer-

sityÚKEK©O3ØÓ§Ýe, éØÓ��á� (�

)�3S)��ª�.^|�ÿÁ(J�©�Î, (

JXã2¤«. lúª(2)¥ØJ�Ñ, �3T = 1.5—

1.8K�, Hrf
c =1750±50Oe.

ã 2 ØÓá�Hrf
c �¢�ÿþ(J

3 ü«#n/�'�

du��N�ª�.^|éu��n\�F

Ý���´J±�Ñ�, �´�±ÏLUC��

n�/G, 5~���nL¡¸�^|�\ �F

Ý�'� (Hp/Eacc), ?���p�\�FÝ. 8

c, JÑ�pFÝ#n/��nkü«Ä��n

.: (1) dJ.SekutowiczJÑ�$�Ñ.��n (Low

Loss Superconducting Cavity{¡LLSCC)
[6]

; (2) d

H.Padamsee�JÑ�\ª��n (Re-Entrant Su-

perconducting Cavity{¡RESCC)
[7]

. þãü«n

/�'�, LLSCCäk�$�Hp/Eacc, Ó�äk�

p�A5{| (R/Q)ÚA5{|�AÛÏf�¦

È ((R/Q) •G)
[8]

. R/Q p¿�X3�Ó\�FÝ�

e, LLSCCäk�$�;U,  (R/Q) •Gp¿�X

LLSCCäk�$�$§�Ñ, ù�´$�Ñ��n

¶¡�d5. 3��n\ó�E�¡, LLSCC��

RESCC¤I�ä{ü, �k�Ð�Å�½5, ¿´

uL¡?nÚ�W, ÏdnØþLLSCC�´u���

p�\�FÝ. RESCCKäk�é�$�Ep/Eacc,

±9�±ÀJ���nmÍÜXê (Kcc)
[8]

.

^B�Ñ, J.SekutowiczJÑ�1.5GHz$�Ñ�

�n��O8I, ´���p¬�Ïê(Q0)���n,

±÷vCEBAF,?�8��¦.

4 $�Ñ��n��OïÄ

4.1 �O�¦

X þ ©Û, � � n � \ � F Ý É � � ª � .

^| (Hrf
c )���, ��n�pL¡¸�^| (Hp)

A ÷ v Hp 6 Hrf
c =1750±50Oe, Ï d�
 � � \

�FÝ�45MV/m±þ���n, Hp/Eacc A�u

37Oe/(MV/m). ±y�ã��nL¡?nó², �±

k�/�Ñ��n3p|«�|�u�(FE), ¤±Ø
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7L©ú%�p���nL¡¸�>| (Ep ), ���

�é�$�Ep/Eacc, E´�O��n�¤J¦�8

I��. ��@���nEp �þ�3100MV/m�m,

ù�éu�¦\�FÝ�45MV/m�õcell��n5

`, Ep/Eacc A��32.3�m.

�
���\k��\�, �¦õcell��n�

cellm\�FÝ�²�Ý (flatness)AÐu95%. �cell

m\�FÝ�²�Ýd(3)ª�Ñ
[1]

∆Eacc ∝
N 2∆f

Kcc

, (3)

ª¥N�õcell��n�cellêþ, ∆f ´cell�m�

ªÇ�. ±y3��n��EY², �±ò��n�

cellm�ªÇ�∆f N��v
��, éu9cell���

n, ��nmÍÜXêKcc > 1.5%, Ù\�FÝ�²

�Ý=�Ðu95%. �ó�, é9cell���nÙ\�

FÝ²�ÝX�¦��95%, KÙnmÍÜXêKcc

A�Ø�u1.5%.

nþ¤ã, éu�^uILC�1.3GHzpFÝ9cell

$�ÑX���n, Ùn/�O�¦�: Hp/Eacc A�

u37Oe/(MV/m); Ó�¦�U~�Ep/Eacc, A32.3

�m; nmÍÜXêAØ�u1.5%.

4.2 n/�O

��nn/�ã3. ã¥n/�AÛëþ©O�:

ü�n�Lc, n�»D, ¶��»Ri, n9���α,

nºý��¶A, B, n¶ý��¶a, b.

ã 3 ��nAÛëþ(1/4n/)

�â± ��O²���
[9]

, nºý�?u��

n�^|�r«�, ÏdÏLÀJÜ·�nºý��

¶AÚB, �k�/~�L¡¸�^|�\�FÝ�

'� (Hp/Eacc). 3�O�, ¦þO���n^|«�

�NÈ, ù��±k�~�nL¡^Ï�Ý, l~

�Hp/Eacc, =3�±B/AØC��¹e, O�A�

±k�/~�Hp/Eacc. 3(½A��, éB/A?1

`z, �B/A < 1�Hp/Eacc ¬?�Ú~�. n¶

ý�?u��n>|�r?, ÏLn¶ý��¶aÚb

�ÀJ, �k�/��L¡¸�>|�\�FÝ�'

� (Ep/Eacc), 3�±b/aØC��¹e, �Xa�~�

Hp/Eacc ¬Ñ�~�, Ep/Eacc K¬O�. 3a(½

�, `z b/a�?�Ú~�Ep/Eacc,  b/a�Czé

uHp/Eacc K�4�. Ïd3ÀJaÚ b/a�, A��

âþãéu>|'���O�¦5ÀJ, ¦�¦þ~

�Hp/Eacc, qòEp/Eacc ��32.3�m. �,Ï

L~�¶��»Ri, ��~�Hp/Eacc ÚEp/Eacc, �

nmÍÜXê (Kcc)�ò�Ri �~�~�. ùÒ�

¦3Ri �ÀJ�, A�ÀJ��·¥�Ri �, =3�

Ä
v
nmÍÜ��¦�, ÀJ¦�U��Ri, ±

ü$Hp/Eacc ÚEp/Eacc. ��ÏLN�n�»D ¦

n�ó�ªÇ��1.3GHz.

w,, 3���O`zL§¥, I��þE/

Ñ\n/ëê, �
JpO��Ç, ¦^VB�ó?�


CavityDesign§S, §�¹3�Ä��¬µc?n

�¬!¦)�¬Ú�?n�¬, Ù¥¦)�¬æ^>

^|�[^�SUPERFISH§S, ù´Ï�SUPER-

FISH§S�éu± �URMEL§Säk�p�°

Ý; c?n�¬�±òn/ëê=��n/AÛ�

IÑ\SUPERFISH§S, �?n�¬KKIlSU-

PERFISH§S¥gÄJ�(J¿?1O�?n, ?

��¤I�(J. ²�O`z�, 1.3GHzücellp

FÝ$�Ñ��n�n/AÛëþÚ>^A5XL1

¤«.

L 1 1.3GHzücellpFÝ$�Ñ��n�O(J

1.3GHzücellpFÝ õcell¥ �å+

$�Ñ��n�O(J mn/ ücelln/

ó��ª π�ª 0�ª

cell�ÝLc/mm 115.38

n9���α/(◦) 1

¶��»Ri/mm 30

n�»D/mm 196.66

n¶ý�á�¶a/mm 7.25

n¶ý���¶b/mm 9.05

nºý���¶A/mm 50.00

nºý�á�¶B/mm 34.50

å+�/mm — 110

ªÇf0/MHz 1300 1289.34

G = Rs
•Q/Ohm 285 283

(R/Q)/Ohm 133.1 138.2

Ep/Eacc 2.3 2.1

(Hp/Eacc)/(Oe/(MV/m)) 36.06 35.47

ÍÜXêKcc(%) 1.54 —

5 n/�O(J©Û9'�

l L 1 ¥ � ± w � õ cell $ � Ñ � � n � ¥

mn/�Hp/Eacc�36.06Oe/(MV/m), ÏdnØþ

Ù \ � F Ý � ± � � 48MV/m ± þ, ù�¢ S �
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E 3 e 
 � ½ � { /;  Ep/Eacc = 2.3, X � ¦

Eacc = 45MV/m, Ep ��100MV/m; nmÍÜXê

Kcc = 1.54%, ±þ(Jþ÷v�O�¦. þã¥m

n/\þå+, Ò´�©¤�ïÄ�1.3GHzücellp

FÝ$�Ñ��n��O(J (L1¥��å+ücell

n/��), ^n�±ã^�=���Ùn�ã�(ã

4), �TESLA-800.9cell��n�', LLSCCÙcell

�/Gw�“�÷”éõ.

ã 4 1.3GHzücellpFÝ$�Ñ��nn�ã

A�5¿�éu�©ïÄ�1.3GHzü cellpF

Ý$�Ñ��n, ÙHp/Eacc �Ep/Eacc ��õcelln

k¤ü$, Ù¥Ep/Eacc =�2.1, eü
C9%. ù


é¢S�E��ücellpFÝ$�Ñ��nÑ´�©

k|�.

y ò þ ã ` z � O � ( J Ú I S	Ø Ó n

. (TESLA-800[10], Cornell RESCC[7], DESY/KEK

LLSCC
[8]

)�5U��'�, �uL2.

'�L2¥�A«n/, ·��O�$�Ñ��

nÚDESY/KEKéÜ�O�LLSCCn/�©�C,

äk�é�$�Hp/Eacc, k|u���p�FÝ; 

Ep/Eacc �éu\ª��n��ÃA, ¿Ø�¤J

Ý; �,LLSCC�nmÍÜXêKcc, �éuTESLA

ÚRESCC�$�$, �ÑpuDESY/KEK ��O,

�Xc¤ã, éu9cell��n5`, ±yk�Eâ

Y², ���±¦Ù\�FÝ²�ÝÐu95%. ��

¤I�J��´, l\óÚL¡?n��Ýw, $�

Ñ��nþ�`u\ª��n, �=¦´ù�, 3

õcellA^��¹e, ¦^\r5 (Stiffening Ring)5

~�âÔ[åE¤���E´�©7��.

L 2 (J'�

TESLA-800 RESCC LLSCC LLSCC

(DESY) (CORNELL)(IHEP)(DESY/KEK)

ªÇf0/MHz 1300 1300 1300 1300

G = (Rs • Q)/

(Ohm)
271 278 285 284

(R/Q)/(Ohm) 113.8 126.8 133.1 134

(Hp/Eacc)/

(Oe/(MV/m))
42.6 37.8 36.06 36.1

Ep/Eacc 2.0 2.2 2.3 2.36

ÍÜXê

Kcc(%)
1.89 2.38 1.54 1.52

((R/Q) • G)/

(Ohm2)
30840 35250 37934 37970

6 (Ø

��n�\�FÝÉ�u��N�.�ª^|

(Hrf
c ). UC��n�n/, �±~���nL¡¸�

^|�\�FÝ�'� (Hp/Eacc), ?Jp��n

�\�FÝ. $�Ñ��n´8cäk�L5�pF

Ý#n/��n��. �©�Ñ�1.3GHzpFÝ$

�Ñ��nn/, Hp/Eacc =�36.06Oe/(MV/m), 

Ep/Eacc�2.3, nmÍÜXêKcc ��1.54%, þ��

�±÷v ILCJp��n\�FÝ��¦.
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Design Study on 1.3GHz Mono-cell High Gradient Low Loss

Superconducting Cavity *

GE Ming-Qi1) ZHAO Sheng-Chu SUN Hong GAO Jie

(Institute of High Energy Physics, CAS, Beijing 100049, China)

Abstract Superconducting (SC) RF technology is an excellent choice for International Linear Collider (ILC), and the

whole cost of ILC is closely related to the gradient of SC cavity. However, the gradient of Nb SC cavity is limited

by SRF critical magnetic field at present. So it is very necessary to optimize the cavity shape to decrease the ratio

of surface peak magnetic field and accelerating gradient (Hp/Eacc). A serial of new cavity shapes have been proposed

including Low Loss shape and Re-Entrant shape etc. Low Loss shape has lower Hp/Eacc than Re-Entrant shape, so

theoretically Low Loss shape can reach higher gradient. In this paper, an optimal design is illustrated. Then a Low

Loss SC Cavity shape and its calculation results are presented, and finally these results are compared with TESLA 800

cavity and Re-Entrant Cavity.

Key words superconducting cavity, LLSCC, RESCC, international linear collider
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