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Á� �ª��n3p|e� Q-slope îK��p\�FÝ�¼�. ïÄL² 100—150◦C $§

ó�( Bake )éUõ��n� Q-slope k'�Ð��J. �©3�þ��n Bake ¢��Ä:þ, é

Bake ?1
XÚ�ïÄ. ïÄ(Jw«, >�1(EP)��n²L Bake �, ²þ\�FÝÚp Q

�(1×1010)��\�FÝþO\ 3.5MV/m ±þ, ��\�FÝ�� Q ���O\, Q-slope ��U

õ. é Bake §Ý�ïÄL², 3�Z Bake §Ý��S, p� Bake §ÝU���ép� Q �. é'

zÆ�1(BCP)Ú EP ��n��, ���Ð�\�5U, I� 60—80µm � EP. �L 10—15µm �

BCP ¬¦ EP ��n¬�eü. ^�*Ñ�.é Bake �Ñ
)º.

'�c ��n Q-slope Bake >�1

1 Úó

�ª����n±Ù`�5U�5�2�/A

^�\�ì+�. ��n\�FÝ�Jp´�ª�

�ïÄ�Ì�, p\�FÝ�¼�´�cïÄ�8I

��. l 20 V 70 c�Ð�y3, ��n\�FÝ

d�Ð�A MV/m ��
y3� 40MV/m ±þ, Ù

¥ÃõEâ�A^å
'�5��^, �)n.`

z, pØY�W, põÇâõ, zÆ�1, >�1��.

zÆ�1(Buffered Chemical Polishing, BCP)Ú>�

1(Electropolishing, EP)Eâ®²¤Ù, é�ª��

�uÐå
�~��íÄ�^. BCP Ú EP (ÜpØ

Y�W(High Pressure Water Rinsing, HPR), U
k

�/�Ø|�u�, Jp\�FÝ. ,²L BCP Ú

EP ���nÏ~�3 Q-slope y�
[1, 2]

, ��n�¬

�Ïê(Q �)3p|e¬eü. Q ��ü$��¤I

�ªõÇÚ�±�eõÇ�O\, $�Ñy9���.

)ûp|e Q �eü¯K´�ª��+��

c÷9:, CÏ$§ó�(Bake)EâÅìA^�d

ïÄ¥
[3—5]

. �öë\
�I>fÓÚË�¥%

(DESY)�d�ïÄ, æ^$§ó��{é��np

|e� Q-slope ?1
XÚ�©Û, 3 DESY ���

n Bake ¢�Ä:þ, é CEA-CERN-DESY éÜ?1

�ün¢�Ú DESY � 9-cell ��n?1
XÚï

Ä. ïÄL², EP+$§ó�éUõ��n� Q-slope

�J²w.

2 ��n Bake ïÄ

ùp� Bake �3ý�^�e, é��n?1

$§ó�, Bake §Ý��3 100—150◦C, �k�p

200◦C � Bake ïÄ, ��JØ´éÐ. �©ÏLé

50 õ�(g)EP ��nÚ�A�(g)BCP ��n(Ü

Bake �¢�©Û, é$§ Bake ��J?1
�[�

ïÄ.

��n Bake ïÄ���§S´µEP(½BCP);

HPR; R�ÿÁ¼� Q Ú Eacc �'X�; Bake; 2

g�ÿÁ. ÏLé Bake c�ügR�ÿÁ(J?1©

Û, 5Ïé Bake �5Æ. Bake �§Ý� 100—140◦C,

Bake ��mÏ~� 48h, �O�� 24—96h.

Bake �cé��n?1�½§Ý� BCP ½ EP.

�ânL¡��K�þÝÚ^S, �±rù
��n

©�4a:

1) EP+BCP: EP � � q ? 1 
 � u 60µm�
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BCP;

2) BCP+EP: BCP ��q?1
�u 60µm�

EP;

3) X EP: EP �þÝ�u 60µm;

4) X BCP: BCP �þÝ�u 60µm;

ùp�1�þÝþ�3R�ÿÁ�c. e©ïÄ

L², ��n�X EP ?n�, XJN\� BCP �þ

ÝØ�L 10µm, ��n�5U�X EP ��J��

Ø�, Ïd�©rþ¡ 4 «��n©�üa?1ïÄ:

1) EP ��n(�)X EP ��nÚ EP �� BCP

Ø�L 10µm ���n);

2) BCP ��n(�)X BCP ��nÚ BCP �q

k�þ EP ���n).

éþãü«��n� Bake �J?1
�[�©

Û, Ì�©Û�ëêke¡A�:

1) ��\�FÝ Eacc,max 9ÙOÃ Eacc,gain;

2) 3 Q0 = 1×1010 �� Eacc Ú Eacc,gain;

3) ?nõÇ 100W �, 3 100W·n/9 �� Eacc Ú

Eacc,gain, n �n�ü�ê;

4) ØÓ§Ýe, ��\�FÝ��¬�Ïê

Q(Eacc,max);

5) BCP � Bake, EP ��né BCP �=ÉÝ.

¤ÀJ� Bake ��n¥þÑK
É|�u��

�±9õg Bake ��¹, ±B�O(/©Û Bake �

�^.

2.1 EP ��n Bake c�� Eacc

\�FÝ´��n���ëê��, \�FÝ

ã 1 EP ��n Bake c�� Eacc,max(a) 9ÙOÃ (b)

�Jp�± á��\�ì��Ý, ü$Ed. ù

pé EP ��n Bake c��\�FÝ?1
©Û.

ã 1 �Ñ
 2.0K ÿÁ§Ýe Bake c� Eacc,max Ú

Eacc,gain �(J©Ù. Eacc,max d 31.9MV/m O\�

35.6MV/m (Jp
3.7MV/m), Ù¥ 3 ���n\�

FÝ�L
 40MV/m, ��\�FÝ 44.0MV/m ´

dü cell n 1B5 ���. dã 1 ��±wÑ Bake �

Eacc,max �©Ù'�©Ñ(29.5—44.0MV/m), ù´d

ug?>f�O(Multipacting)�AÚå�.

é 3 � Bake ����n�J\
�g Bake, $

§ÿÁ(JL², \�FÝvkUYO�.

2.2 EP ��n Bake c�� Eacc@ Q=1×1010

Eacc@ Q = 1× 1010 ù�ëêL�
��n3

p Q e � 5 U. · � F " � � n 3 p Q � e U

��¦�Up�\�FÝ. ã 2 �Ñ
 Bake c�

Q = 1 × 1010 �� Eacc 9ÙOÃ, 3 2.0K ÿÁ§

Ýe, \�FÝd 27.0MV/m O\� 30.7MV/m (J

p
3.7MV/m), X\þ$u 2.0K §Ý�ÿÁ(J,

\�FÝd 25.7MV/m O\� 29.9MV/m(Jp


4.2MV/m).

ã 2 EP �� Bake c�� Eacc@ Q = 1×1010

(a)9ÙOÃ(b)

2.3 Bake c�� Q0Eacc,max

¬�Ïê Q ´��n�q��ëê, Q ��

p, ���Ó\�FÝ¤I�ªõÇ��. ã 3 �

Ñ
 BCP ��nÚ EP ��n Bake c��Ã1¬

�Ïê Q0 �'�. é EP ��n, Q0(Eacc,max) d



920 p U Ô n � Ø Ô n ( HEP & NP ) 1 29 ò

1.9×109O\� 6.7×109, XJ\þ BCP+Bake �(

J, Q0(Eacc,max) d 2.3×109O\� 6.5×109.

ã 3 ��n Bake c�� Q0(Eacc,max) (a) EP

��n; (b)EP¦BCP ��n

2.4 Bake §Ý�K�

Bake §Ýé Bake �Jk�½K�. ùpïÄ�

Bake �Z§Ý� 100—150◦C. k�L 150◦C �ïÄ

L²
[1, 6]

, §ÝLpéUõ��n� Q-slope vk�

J, $�¬¦��\�FÝ~�.

L 1 Eacc � Bake §Ý�'X

Bake§Ý/ Bakec/ Bake�/ OÃ/
◦C (MV/m) (MV/m) (MV/m)

¤k 31.9 35.6 3.7

100-119 31.9 35.9 4.0

Eacc,max 120-129 32.6 35.8 3.2

130-139 30.8 34.4 3.6

¤k 27.0 30.7 3.7

Eacc 100-119 25.8 30.5 4.7

@Q0 = 1×1010 120-129 27.9 29.4 1.5

130-139 28.1 29.6 1.5

¤k 27.5 31.1 3.6

Eacc 100-119 27.7 30.5 2.8

@100W·n/9 120-129 27.7 31.0 3.3

130-139 26.5 30.5 4.0

� â ¤ ï Ä Bake � � n � § Ý � �, ù p

r Bake § Ý © � 3 |: 100—119◦C, 120—129◦C

Ú130—139◦C, éØÓ Bake §Ýe�(J?1
'

�. L 1 �Ñ
 3 | Bake §Ýe Eacc,max, Eacc@ Q =

1×1010Ú Eacc@ 100W·n/9�(J. Eacc@ 100W·n/9

ù�ëê� Eacc@ Q = 1×1010 aq, �§��±�Ñ

éX�\;�, §éA TESLA ��n3óÀ�ª$

1� 1W ��eõÇ
[7]

. L¥ Eacc =�) EP ��n

�(J. dL 1 �±wÑ, Bake ��\�FÝ� Bake

§Ý�'XØ²w.

L 2 �Ñ
ØÓ§Ýe Bake c� Q0(Eacc,max)

�Cz, Ù¥é EP ��nÚ¤k(EP+BCP)��n

©O?1
ÚO. dL 2 �±wÑ, p� Bake §Ýe,

?n����n²þ Q �'$ Bake §Ýe�p.

L 2 Q �� Bake §Ý�'X

Bake§Ý/ Bakec Bbake� O\
◦C (×109) (×109) �ê

¤k 1.9 6.7 3.5

Q0(Eacc,max) 100-119 2.0 5.3 2.6

(EP��n) 120-129 1.8 9.2 5.0

130-139 1.5 8.0 5.4

¤k 2.3 6.5 2.9

Q0(Eacc,max) 100-119 2.2 5.1 2.3

(¤k��n) 120-129 2.0 7.7 3.8

130-139 2.7 8.9 3.3

2.5 EP ��né BCP �=ÉÝ

�ïÄ EP ��né BCP �=ÉÝ, é EP ��

n?1
 BCP ?n, ïÄ(JL², �X BCP þÝ

�O\, ��n�5Ueü. �L 60µm �, EP ��

J®����, C¤
X BCP ��n�5U, ù�

`²
c¡©a���5. ã 4 �Ñ
ü cell ��

n 1P6 ²L�X� BCP ?n�� Q0 ∼Eacc �, z

g BCP Ñ3 20µm �m, BCP �Ñ?1
 120◦C �

Bake. dã�²wwÑ, �X BCP �O\, ��n�

5UÅìeü. 1 3 g BCP �, éTn?1
 60µm

� EP Ú 120◦C e 54h � Bake, ��n�5U��


Ü©¡E.

ã 4 BCP é EP ��n�K�

3 Bake �J�ÐÚ©Û

'u Bake ��J, �ckõ«)º. �©é

Bake ��J?1
ÐÚ©Û, @� Bake ��^5g
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u Bake ��L¡���*Ñ¤�. ·���, ��n

�L¡>{d±eüÜ©|¤:

Rs = RBCS +Rres

Ù¥ RBCS �§ÝÚªÇk', Rres ¡��{>{, §

����n�L¡G¹!XÝ�k'X. �L¡�z

�é��n�L¡>{kK�
[8]

. Ï~�¹e, �L

¡/¤����� Nb2O5 �, 3ù���z�e, �

¬�¥�¬áN�
il���. EP ¬¦�z��

l, �é¯q¬)¤#� Nb2O5 �, XPS ÿþL²,

L¡� Nb2O5 �é¯)�� 10Å, d�AUS¬úú

O�� 50Å[9]. �L¡���©ÙXã 5 ��¤«.

3 Bake L§¥, áN��ÚL¡�zÔ¥��¬d

L¡�SÜ*Ñ, �ª¬���«²ï�, ²ï��

���©Ùëwã 5.

ã 5 Bake c��¥��©Ù

�¥��lL¡�SÜ*ÑÚå>f²þgd§

l � á, ²þgd§� á¦��Z�Ý~�, d

BCS nØ
[10]

�

RBCS ∝ lλ3 ,

ùp λ �k�Bß�Ý,

λ = λL

√

ξ0

ξ
,

λL ���N�ÔíBß�Ý, ξ0 Ú ξ �X��á�Ú

¢S��á���Z�Ý,

1

ξ
=

1

ξ0

+
1

l
,

d±þ�ª��

RBCS ∝

(

1+
ξ0

l

)3/2

l .

éupX�, l� ξ0, l RBCS ∝ l. Bake �²þgd

§ l  á¦� RBCS ü$, ?L¡>{ü$, Ïd Q

�k¤O\.

Ó�du Bake ��^, �L¡���,�¹þ

~�, ¦��{>{ Rres �k¤~�, l¦���

n� Q �?�ÚO\.

�*Ñ�±½5)ºp� Bake §Ý�)p� Q

�. *Ñ�Ìe¡�5Æ
[11]

µ

x =

√

2 ·D0 ·exp

(

−
EA

R ·T

)

· t ,

Ù ¥, x ´ ² þ * Ñ � Ý, D0 = 0.015cm2/s ´ �

¥ � � * Ñ ~ ê, EA = 112890J/mol ´ - u U,

R = 8.31J/(K ·mol) ´íN~ê, T �ýé§Ý, t

´*Ñ�m. �Ó Bake �me, §Ý�p, �*Ñ�

Ý��. �â��n Bake ëê, ���3�¥�²þ

*Ñ�Ý. ã6�Ñ
ØÓ�*Ñ�Ýe� Q �©Ù

ã. dã 6 �±wÑ, �*Ñ�Ý��, ��n� Q �

�é��p.

ã 6 ØÓ�*Ñ�Ýe� Q0(Eacc,max) ©Ù

Ù¦kõ« Bake �., �ö@���©�ü

a, ^|Or (Magnetic Field Enhancement, MFE)

�.
[12]

Ú.¡���� (Interface Tunnel Exchange,

ITE) �.
[13, 14]

. z«�.ÑØUé Bake ��J�

Ñ�«�{�)º. 8c<��3éd?1�\�

ïÄ.

4 (Ø

EP+Bake ´Jp��n¬���«k��?n

�{. é�þ EP+Bake �¢�ïÄL², ² Bake

?n�� EP ��n, Ù Q-slope ��²wUõ, �

�\�FÝk¤O\, Eacc@ Q = 1× 1010 Ú Eacc@

100W·n/9 �ÑO\ 3.5MV/m ±þ. 3�Z Bake §

Ý��S, p� Bake §ÝéJpp|e� Q ��k

Ã. �c, 'u Bake �)ºkõ«, I�?�Ú�ï

ÄâU���«�õ�nØ.

a��I>fÓÚË�¥% (DESY) �ª��n

| (MHF-SL) Jø¢�^�!�ÏÚ��.
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Researches on Bake Effect on RF Superconducting Cavities

HAO Jian-Kui1) ZHAO Kui ZHU Feng

(MOE Key Laboratory of Heavy Ion Physics, Institute of Heavy Ion Physics, Peking University, Beijing 100871, China)

Abstract The Q-slope at high gradient affects the performance of superconducting cavity greatly. Recent researches

show that low temperature (100—150)◦C heat treatment (bake) has positive effects on the performance of supercon-

ducting cavities. A lot of cavity tests are analyzed based on bake treatment. The average gradient Eacc,max and Eacc

at Q =1×1010 are increased by more than 3.5MV/m. Q at Eacc,max is increased and the Q-slope is improved. Analysis

on bake temperature shows that higher bake temperature leads to higher Q value. Comparison of BCP and EP cavities

shows that at least 60—80µm EP is needed for BCP surface. More than 10—15µm removal of the surface by BCP will

degrade the performance of an EP cavity. Oxygen diffusion model is used to illustrate bake effect.

Key words superconducting cavity, Q-slope, Bake, electropolishing
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