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Á� >fe%C�¥, >fåp�§Ý´O�e%å�Ì�ëþ��. �>f��e%lf��é�

Ýé��, p�e%å�lf�Ý¥�5'X, ¿��5«��°Ý�>fåp�§Ýk'. ÏL©Û

K�>fåp�§Ý�Ì�Ï�, ��
=²­lfe%;��¢�� (CSRe)>fe%C�¥>få

p�§Ý���.

'�c >fe% p�§Ý �m>Ö�A åSÑ�

1 Úó

>fe%´G.Budkeru1966cJÑ�Jp­l

få6¬���{
[1]

, ÏL±�Ó²þ�Ý$Ä�l

få�püÚ5!O�5�r6>få�m�¥Õ

-E, òlfå�î����p���Uþ=£�>

få, l
ü$;��½éEÅ¥lfå�î�u

�ÝÚp�ÄþÑÝ. e%nØL²
[2]

, �lf�Ý

νi < ∆P �, p�e%å�lf�Ý¥�5'X, 
3

∆P < νi < ∆⊥ «�SCq�~ê, Ù¥∆P , ∆⊥ ©O

�>få�p�Úî��Ý©þ, νi �lf�Ý. §

Ý´ïþâf�Ý©Ñ�Ônþ
[3]

, ��, >fåp�

§Ý´O�e%å�Ì�ëþ��.

E¤p�§ÝCz�Ì�Ï��)µ·>\�!

Ò4>Ø«Å!>få��m>Ö�A!>f3^

|¥�$Ä±9åSÑ��A. �©ÏL©ÛÚO�

±þÏ�E¤�>fåp�§ÝCz, ��
CSRe

300keV>fe%C�3;.ëê�e (L1)�>få

p�§Ý.

L 1 CSRe>fe%C�ëê

Uþ >6rÝ Ò4§Ý S» 	»

300keV 3A 0.1eV 10mm 25mm

2 p�>få§Ý

2.1 ·>\�Úå�.²©Ù�A

�
��e%8�, >få3>flSI�·>

\���lfäk�Ó�²þ�Ý, ddE¤>få

p�§Ý~�, 3��mS¥A²Maxwell©Ù, =>

få�.²©Ù�A
[4].

3>flÒ4Ñ�, >f�§Ý�uÒ4§Ý:

kT =
1

2
k(Tp +T⊥)= kTcathode . (1)

Ð©ÄU�Winit �>f, ²L>ØU \���, p�

ÄU=C�

W0 = W init+e •U , (2)

�Ñ\�>Ø�«Å, K>få�p�ÄU©Ù°Ý

�

∆W0 = ∆W init = kT cathode , (3)

>få�p�§Ý�

kTp = meβ
2c2

(

∆p

p0

)

, (4)



∆p

p0

=
γ

γ +1

∆W

W0

, K\���>f�p�§Ý�±

L«�

kTp =
1

(γ +1)

(kT cathode)
2

W0

. (5)

dª (5)��, >fåUþ�p, p�§Ý�$.

éAuL1¥�ëê, ·>\�¦�>fåp�§Ý

~��1.29×10−8eV.
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2.2 Ò4>Ø«ÅÚå�>fåp�§Ý

>fl�Ò4��ë�3pØ>
þ, >Ø«Å

δU Úå�>fåp�Uþ�©Ù°Ý�

δEe = eδU , (6)

éA�p�§Ý�

kTp =
1

(γ +1)

(δEe)
2

Ee

=
Ee

(γ +1)

(

δU

U

)2

. (7)

CSR¢��>fe%C�Ò4pØ>
ÿÁ(J

�
δU

U
= 10−5, Ïd«ÅÚå�>fåp�§Ý�

1.16×10−5eV.

2.3 �m>Ö�AÚå�>fåp�§Ý

�
~�>få�m>Ö|E¤�lf�>f

�Ø­½5, ü$lfÐ¼>f¤�)�lf��
[5]

,

CSR>fe%C�æ^
AÏ�O�>fl, U
�

)�%>fåe%lfå6.

�>få�%Ü©��»�r0 , >få�»�a,

ý�¿�»� b, �%>få��Ý�ne, �3«�S

þ!©Ù. ±ý�¿+9�"> , dpd½n��

>fåS?�:?�å6¥% �?�>³��µ

∆ϕ(r)=
e •ne

4ε0

[

r2
−r2

0

(

1+2ln
r

r0

)]

(r0 6 r 6 a) .

(8)

Ø�Ä>fl\�>ØE¤��Ý©Ñ, Kd�

m>Ö>³E¤�>fåp�§Ý�O\��

kT1 =
1

(γ +1)W0

(

eI

4πε0βc

)2
1

(α2
−r2

0)2
×

[r2
−r2

0(1+2ln
r

r0

)]2(eV) r0 6 r 6 α. (9)

O��%>få3ØÓS»e�p�§Ý, X

ã1¤«. �±wÑ, �%>fåS, >fp�§Ý

�X�»�O�
O�, �%>fåS»��, d�

m>Ö�AÚå��	�>fp�§Ý�O\��

�, Ïd, æ^�%>få��O, �±~�>få

�p�§Ý. L1ëêe�	�>fåp�§Ý��

7.3×10−3eV.

���ªe
[6]

, CSR>fe%C�?��ä¼ê

�12.5/16m, ÚÑ�0, éAuu�Ý�15πmm·mrad

��¹, Ùå6�»��15.5mm, IUCFe%C��

ÿþL²
[7]

, ÏLO�N!, �±�Ñlf�>f�m

�å¶Y�, �â (9)ª�O�(J, 3r = 16mm?

>få�p�§Ý�2.4×10−4eV.

ã 1 ØÓS»e�>fåp�§Ý

2.4 >fåSÑ�Úå�p�§Ý

2.4.1 î–ptµ

.²©Ù�A��>få�p�§Ý��uî

�§Ý, 3ù«�¹e, >f�m�õg¥ÕÑ� (=

åSÑ�)ò¦�>få�p��î�§Ýªu²ï,

p�§ÝO\, ¡�î–ptµ
[8].

Ø�3	Ü^|�^�e, î–ptµÚå�p

�§Ý�>fåÏL�ål4Oµ

d(kTp)

dz
=

0.87πe2Le

(4πε)2cEe

√

mec2

kT⊥

Je , (10)

Je �>f>6�Ý.

3kp�Ú�+^|�3��¹e, �^|v


r, ¦�>f�m�²þål�u>f�7p�^å

��£^�»�

se[m] =

[

eπ(α2
−r2

0)βc

1[A]

] 1

3

> rL[m] =

3.372×102

√

kT⊥[eV]

B[T]
. (11)

î–ptµ�³�. �âO�, 3L1ëê�e, �>f

å�î�§Ý�0.2eV
[9]

, þã^��¦p�Ú�+^

|8.1×10−2T, 
CSR¢��>fe%C��p�Ú

�+^|�½30.12—0.5T�m, Ïdî–ptµ�

³�.

2.4.2 p–ptµ

>fåDÑL§¥, >fm�·>ü½Úå>f

��é$Ä, ·>³U=C¤p�ÄU, ��>få

p�§ÝO\, O\þ��u>f�m�²þ·>³

U
[6]

µ

∆(kTp)=
e2

4πε

1

s
=

e

4πε

[

eπ(a2
−r2

0)βc

I

]−
1

3

(eV),

(12)
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p–ptµµþ�m�u>f�lfN���±Ïµ

τ = π

√

e

rec

(a2
−r2

0)β

I
≈ 1.365×10−6

√

(a2
−r2

0)β

I
(s).

(13)

�>fåDÑ�m�uµþ�m�, p–ptµ�)

�p�§Ý��²ï.

3CSR¢��>fe%C�>flS, >få3

Ú�+¥$Ä��m��6.0×10−8s, 
Ùp–ptµ

µþ�m�1.59×10−8s, ¤±>få�ª�p�§Ý

�u

kTp =
1

(γ +1)

(kT cathode)
2

W0

+
e

4πε

[

eπ(a2
−r2

0)βc

I

]−
1

3

≈

7.69×10−5eV. (14)

3 (Ø

0�
p�§Ý�e%å�'X, ©Û
��

p�§ÝCz�Ì�Ï�. 8Bå5, 3CSR¢��

>fe%C�þ, éAuL1�;.>få, Ò4p

Ø>
«ÅÚå�p�§Ý�1.16× 10−5eV, >f

å�m>Ö�A�)�p�§Ý��2.4× 10−4eV,

î–p t µ � ³ �, p–p t µ � � � p � § Ý �

7.69× 10−5eV, 3e%ã\�?, o�>fåp�

§ÝØ�L3.3×10−4eV, Ì�d>få��m>Ö�

AÚå. �âª (9)�±wÑ, d�m>Ö�AÚå�

>fåp�§Ý�>få�»�²�Cq¤�'. �

e%�^m©?1�, �e%�lfå×�Âñu>

få�¥

[7]

, Ïd�±íä, �lfå�p�^�>

fåp�§Ý�$�õ.
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Electron Beam Longitudinal Temperature of

Electron Cooler on the CSR *
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Abstract Electron beam longitudinal temperature is an important parameter on electron cooling devise. In this paper,

electron beam longitudinal temperature on the HIRFL-CSR electron cooling devise is deduced from four important

factors—flattened distribution, electrostatic accelerate, space charge effect and beam scattering.
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