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pU>fñÂý�ì��4L¡ò¬�)�
A�Uþ�È, ùÜ©>f�ÄUòÌ�=z�9
U, l
���4L¡�\9. 3>f�È�Ý�
�/�ò3á�mS�)p§, éì�L¡E¤»
�. Ó�, ��4L¡§Ý�L 400 ◦C � [1−3], �
�áN3ÙL¡�,�íN©f¬�)ì��9
$Ä, øl�4L¡, ¿3�4L¡>l¤��>
�lf, éóÀõÇý�ì��ó��Ç�)K¡
K�. Ïd, Cc5épU>f�È3�4L¡�
)�§ÝCz�ïÄ, ��´<�a,���K.
�du�4�«�Uþ�Èþ�O�Ié���
�ñÂT«�>f9Ù¤ä��ÄU?1\\, ¤
±=ÏLnØO�éJ¢y. ê��[K3���
mÚP¹
�mz�âf�Äþ!�I�&E, Ï
dUO(O�Ñâf3�N>.�«� �9Ù
¤äk�ÄU, ?
O��4L¡��«�z��
��>fUþ�Èþ9§Ý,p�¹.

�©lê��[O���ÝÑu, ­:ïÄ

pU>f3�4L¡�Uþ�È9Ù���§Ý
Cz�O�3ê��[¥XÛ¢y, ¿À�
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2.1 ���444LLL¡¡¡>>>fff���ÈÈÈUUUþþþ¡¡¡���ÝÝÝ���OOO���

Xã 1 ¤«, �4L¡Uìâf (PIC) ê��
[�{y©��, ?�Ù¥����¡, -T��
¡�å©�I� (xl, ym, zn). ?��[¥����
mÚ, 3T�mÚ¥, ��>f±�Ý v \�T�
�¤3��4L¡. éu��éØ>f, ÙÄU�
L«�

Ei =
1
2
mev

2, (1)

éu�éØ>f, ÙÄU�L«� [4]

Ei = mec
2

/√
1 − v2

c2
− mec

2, (2)

Ù¥, me �>f�þ, c �1�, Ei L«d�mÚ
¥1 i �\�T��¡�>f¤ä��ÄU.

Ó�, d®��T��¡�o�º:�I�¦
ÑÙ¡È Slmn. @oéu�[¥�?¿���m
ÚS, Ù¥����¡þ�È�Uþ¡�Ý�L«
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Ù¥, n L«d�mÚST��¡þ�È�>fo
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ã 1 >f\��4L¡«¿ã
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Xã 2 ¤«, pU>f±Ð©ÄU E ?\�
N, Ù��NL¡�Y�� θ′. dupU>f3�
NS�@����$Ä, Ïd�ß\�Ý� ∆l �,
Ù$Äål� ∆l/ sin θ, ÄU��þ� ∆E. Ó�,
�Ù¤\� �¤?��¡�¡È��� Slmn, K
éu Vlmn = Slmn × ∆l ù���NÈ����N
þ, T>f�È
 ∆E �Uþ, ¿=z¤
9U. ,
	, éupõÇóÀì�, duÙó��m4á, X
^ý�DÑ�zgó��m�k�� 200 ns[1,2,5],
Ïd, ·��±b�3Ùó��mS, �Èu�4
L¡�9þ�u)9D�, @oéu?¿���m
ÚS, �þ�>f�È3T��þ���§Ý,p
þ�L«� [5]

∆T =
q

SlmnρCv sin θ′
dE

dx
, (4)

Ù¥, q ��È�>Ö¡�Ý,Slmn ���¡�¡
È, ρ ��N��Ý, Cv ��N�'9, dE/dx �
>fß�ü �Ý���Uþ (stopping power). é
upU>f, Ï~� dE/dx = 11.5 MV/cm.
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θ ϕ

θ ϕ

ã 2 >f?\�N�)�Uþ��
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3.1 ÐÐÐÚÚÚ���[[[���yyy

�©�â±þO��{, 3 CHIPIC-3D ê��
[^�¥\\Uþ�È�§ÝO��¬, ¿æ^X
ã 3 ¤«�ê��[�., éUþ�ÈO��¬?
1ÐÚ�[�y. ã 3 �.¥÷ Z ��u��å
>f, >f�ÄU�âfå�ÄU, � 10 keV, u�
�m� 0.02 ns, >6��� 6.4 × 10−4 A, u�¡
È� 64 mm2. dnØO���, >f3Â84L
¡�È�Uþ¡�Ý� 2 × 10−6 J/m2. �[O�
�(JXã 4 ¤«, Â84L¡�È�Uþ¡�Ý
� 1.99 × 10−6 J/m2. �[(J�nØO����,
y²
�[��(5.
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�4L¡>fUþ�È9§ÝCz�¹?1
�
[, äN�[ëê���ë�
©z [6], ¿ò�[
(J�©z [6] �(Ø?1
é'. Ó�, �é�[
(J?1
©Û, y²
�[�O(5.

^ý�DÑ�¥%®6«�(�Xã 5 ¤«,
À��[«�� R = 140 mm, Z = 200 mm, ��
���±Ï, = ϕ = 30◦ [7]. K1�>{� 0.55 Ω,
�[���Ò�4>Ø���½� 9.3 MV �, m
©u�>f. >fu��^ý�DÑ�D�o>6
� 13.7 MA, Ó�>Øü� 7.5 MV[6]. �[æ^

� �{ÈØpªD( [8], �[O�
>fu��
�4L¡Uþ�È9§Ý,p�¹.
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ã 5 ^ý�DÑ��[(�«¿ã

Z

ã 6 θ = 0◦ ?>fUþ�È�Ý� ã

ã 6 w«�´>fu� 6 ns �, θ = 0◦ ?�
4Î¤3«m�4L¡>fUþ�È�¹. du
T«��3n�^|ªu"� ‘"^ «’[1,2], ù

«�^|þª�u". Ïd, �þ�>f3 ‘"
^ «’ 9Ù�C«�, òØÉ^|å��å�È
��4þ, l
�� ‘"^ «’ NC��4L¡>
fUþ�È�Ý��uÙ¦�4L¡, Ïd·�ò

ù
«�¡�� ‘9:’[6]. lã 6 �±wÑ, 3 ‘9
:’ ¤3�«�, �[O�¤��>fUþ�È�
Ý��A/,p
. ã 7 w«�´>fu� 6 ns �,
θ = 15◦ ?�4L¡>fUþ�È�¹. lã 7 �
±wÑ, T«m ‘9:’ ¤3NCÓ�Ñy
�r�
>fUþ�È.

Z

ã 7 θ = 15◦ ?>fUþ�È�Ý� ã

ã 8 �>fu� 6 ns �, Z = 107 mm ?>f
Uþ�È�Ý3 ‘R-θ’ ¡þ�©Ù�¹. lã 8 �
±wÑ, >fUþ�È�Ý± ‘"^ «’ �¥m�
4�:�¸�¤3:, Ù¸�� 401 J/cm2. Ó�,
Ù����¤�ÈUþ�Ý×�~�� 281 J/cm2.
ùL²>fÌ�÷ ‘"^ �’ $Ä��4, ¿3d
�)�þ9þéÙE¤»�.

ã 8 Z = 107 mm ?>fUþ�È�Ý� ã

ã 9 �>fu� 6 ns �, Z = 149 mm ?>
fUþ�È�Ý3 ‘R-θ’ ¡þ�©Ù�¹. du
� R < 65 mm ?Ò�4mYC�, >f3d?ØU
/¤^ý�, Ïdk�þ>f�È��4L¡, O
�L²d?(¢�3X��î­�9�Èy�. Ó
���±uy, �X�»�~�, �È�9þC�
��. ùÌ�´d±eü��ÏÚå: Äk, 3Ò�
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4måØC��¹e, �»��DÑ��ý�{|
��, >f6�)�µ6y���î­ [9,10], $Ä
��4L¡�>f�Ò�õ; Ùg, �X�»�~
�, >f6��ÝC��5��, Ïdü ¡È�
È�>f�ÒéAOõ.

ã 9 Z = 149 mm ?>fUþ�È�Ý� ã

Z

ã 10 θ = 0◦ ?�4L¡§Ý,pþ� ã

ã 11 θ = 15◦ ?�4L¡§Ý,pþ� ã

ã 10—13 ©OL«>fu� 6 ns �, θ = 0◦,

θ = 15◦, Z = 107 mm, Z = 149 mm ?�4L¡�
§Ý,p� ã. lo�ã¥�±wÑ, §Ý�p
?��,p
 44.3 ◦C. Ù©Ùª³�w«>fU
þ�È�Ýã 6—9 Ä���, ��ö�m�´�
3�½��O. ù�ÏLé' (3) ªÚ (4) ª��.
Äk, 3O�§ÝCz�, �Ä
>f�\���
��N�Y� θ′ é>fß\�N�Uþ���K
�; Ùg, d (4) ª��§ÝCz�O���>Ö�
�È�Ýk', �T��þo�Uþ�È��vk
'X. Ïd, ¿Ø´>fUþ�È�Ý��/�§
ÝÒ�½�p.

ã 12 Z = 107 mm ?�4L¡§Ý,pþ� ã

ã 13 Z = 149 mm ?�4L¡§Ý,pþ� ã
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The numerical simulation of the electronic energy
deposition and temperature variation in post-hole
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Abstract
In this paper, we introduce the numerical simulation theory and method to achieve the energy deposition and temperature variation

produced by the high-energy electron bombarding the anode surface. A simple beam launch model is developed. The accuracy
of the numerical calculation of the anode surface electronic energy deposition is primarily validated. Then, selecting the magnetically
insulated transmission line in post-hole convolute as a model, the energy deposition and the temperature variation in the anode produced
in the process are simulated. Also by comparing the simulation results with the results given in the literature, the simulation accuracy
is further proved. Finally, the simulation results are analyzed and the physical mechanism produced by the simulation results is also
discussed.
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