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NPORQ�Q�SUTWVYX�VJO[Z]\�TW^�_U^�`a_Ub�cJd�T%bJQ9VJTeZ]\�_f^hgDTeZ;bji�VJTH\hTW^9TWVJ`]khleZ]i�bJTH\�Xmk

γ
VnZek�bpo0VJO;g*gDOrq�_f^�`s^�i9lWSfTH_

t d�_fl7duZ;VjT�ORX�bjTWVjq;TW\vi�bJ_U^�`wZxbjc7Z�cn_fO;^�Z;Vjky\�TCcnTWlCcnORVHzh{.d�T|TH}~TWlCc�`RTHcJb t ORVjbJT t d�TH^ucJd�ThqRTHSfO�lW_Uc�k�O;o
cnd�T/^�i9lWSfTHi�b�_f^�lHVJTWZ;bJTHb�Z;^�\�Z;bacJd�T�\�THcJTWlCcnORV�bj_f�WT��0ORQ�TW^�_U^�`xZ;^�`;SfThbjTWTW^�X[k3^mi�lHSfTHi�b7�a_fbP_f^�lHVJTeZ]bJTW\�z
NPORQ�Q9SfTWV�X�VjO[Z;\�TH^�_f^�`/leZ;^�X�TPlHORVJVjTWlCcnTW\u�0TW�mi�Z]cJ_fOR^��
�C��X�i9c�cnOh\�O/bJO/cJd�TaZ;^9`RSfT#X~TCc t THTW^xcnd9TaORVJ_U`R_f^
O;o�cnd�T

γ
VnZek�bPZ;^9\wcJd�T�\�THcJTWlCcn_fO;^yQ�OR_f^[c.bjd�ORi�SU\yX�T��m^�O t ^�z

���mi�Z�cn_fO;^wo0O;V.VJTWSfZ]cn_=q�_fbjcJ_flPNPORQ�Q�SUTWV�bJd9_Uo�c�TH}~TWlCce�

E =
E0

γ
· 1

1− β · cos Θ
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��^�Z;\�\9_Ucn_UOR^wcnd�THVJTh_UbPZ;S t Zek�b�Z;^�i�^�lWTHVjcnZ;_f^[c�ky_f^ycJd�T�q;TWSUO�lH_Uc�kwq]Z;Sfi�T�O;o@cJd�Th^mi�lWSUTWi�b�� ∆β �#Z;^9\�Z;^i�^�lHTWVjcnZ;_f^[c�kwZ]X~ORi�c.cnd�T�\�_UVJTWlCcn_UOR^xO;oYbJORi�VjlWT'�
∆Θr

��z�{.d�_fb�_fb.^9TW`RSUTWlHcJTW\�_f^xcnd9_fb.Q�Z;Q�TWVHz
�s^�lHTWVjcnZ;_f^[c�k t d�_Ul7d�_fb�lHOR^�^�THlHcnTH\'cnO�\�ORQ�Q9SfTWV�X�VjO[Z;\�TH^�_f^9`|��_Ub�VJTWSfZ]cnTH\DcJO/ORQ�TW^9_f^�`�Z;^�`RSUT�O;o�cJd�T

\�THcJTWlCcnORV
∆Θ

∆E∆Θ =

∫ Θ+∆Θ

Θ−∆Θ

δE

δΘ
dΘ =

E0

γ
· 2 · β sin(Θ) sin(∆Θ)

1− 2 · β cos(Theta) cos(∆Θ) + β2 cos(Θ−∆Θ) cos(Θ + ∆Θ)�5�;�
{YOhl7d9TWl7� t d�Z�c�q]Z;Sfi9TPO;o�O;Q~TH^�_f^�`hZ;^�`RSUT t _USfS�SfTWZ;\'cnO/lWOR^�b�c7Z;^[c ∆E

E

��o0ORV�q]Z;VJ_UORi�b
Θ
�mo0i�^�lCcn_UOR^�O;o

f(Θ) = ∆Θ
ORX�c7Z;_U^�TW\xo0VJO;g�TW�mi�Z�cn_fO;^���X[kxbJO;g�T�Z;Q9Q�VJOe �_fg�Z]cn_UOR^�� t Z;b�i�bjTW\��

∆Θ = arcsin(
k · γ · (β · cos (Θ)− 1)2

2 · β sin (Θ)
)
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t d�TWVjT E
E0

= k t Z;b�lHOR^�bjcnZ;^[c#_f^xo0i�SfS�VnZ;^�`;T�O;o Θ
z

£ ^w¤�`Ri9VJTWb���Z;^�\���cJd�TWVjT/Z;VjT�lWi�V�qRTWb#o0ORV
β ¥ �r¦R§¨i�QwcnO�©R¦[§ªo0ORV.VjTWbjQ~THlHcn_=qRTHSUk�� ¥ ¡'§¨Z;^�\�Rz¬«�§�zw­�_f^�_Ug'Z;S�q]Z;Sfi�THb�O;o

∆θ
o0ORV�TeZ;l7dvO;o�cJd�TWg®Z;VjT|_f^�c7Z;X�SUT

1
z���^vcnd9T�bJZ;g�T�cnZ;X�SfThcJd�TWVjT'Z]VJT

bJORSU_f\�Z;^�`RSUTWb
Ω
lWOrqRTHVJTH\vX[k3O;^�Th\�TCcnTWlCcnORV t d9_fl7d�d�Z;bagD_fgD_fg�Z;S ∆Θ

ORQ�TW^�_U^�`wZ;^�`;SfT�¯%c7Z;�]TW^�o0VJORg
TW�mi�Z]cJ_fOR^v°�zw±si9ghX~THV�O]o.\�THcJTWlCcnORVjbW�po0ORV�\�_=}�THVJTW^[c�q]Z;Sfi�THb/O;o

β
�pORX9cnZ;_f^9TW\�X[ku\�_=q�_U\�_f^9`

4π/Ω
Z;VJT

Q�VJTHbJTHg/cnTH\y_U^wcnZ;X�SUT��R��Z;^�\�Q�SUO;c._f^wSUOR`[Z;Vj_Ucnd9g�_UlsbjleZ;SUT�OR^�¤�`Ri�VJT�¡9z
{.d�T'lHOR^�lWSUi�bJ_UOR^u_fb�cnd�Z]c�VjTeZ;SU_fbjcJ_fl�^mi�ghX�TWV�O;o.\9THcnTHlHcJORVJb ≈ 800 t O;i�Sf\vX~TDbJi9²DlH_fTW^[c�cnO�lHOrqRTWVVJTWZ;lHcJ_fOR^�b�i�QDcnO

β = 20%
zp³s^�\'d�Zrq�_U^�`/_U^�^�TWV�VJZ;\�_fi9b�O]o´�;¦�lWg t _USfS�VjTW�mi�_fVjTsi9bJT#O;o�\�TCcnTHlHcnO;VJb t _=cnd

�mµa\�_¶Z]g�TCcnTWVHz
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{pZ]X�SfTÛ�;� ±si�ghX�TWVxO]o/\�TCcnTHlHcnO;VJb t d�_fl7dÜlWOrq;TWVJb 4π t d�TH^Ý\9THcnTHlHcJORVwORQ~TH^�_f^9`ÞZ]^�`RSfT�_fbxTW�mi�Z]SacnOg�_U^�_fg�Z;S
∆θ
��o0ORV.\9_U}~TWVJTH^[csX�THcnZ|Z;^�\��

β ß §/à � ¥ ∆E
E
ß §/à gD_f^9_fg�Z;S ∆Θ ß \9TW`RVjTWTHà Ω

^mi�g/X~THV#O]op\�TCcnTHlHcnO;VJb
�r¦D§ �Rz¬«|§ °�zá� ¦9zÚ¦9�r©Râ ã]°[¡
�;¦D§ �Rz¬«R§ � ¦9zÚ¦R¦R¡RäR¡ ¡[�;äR¡
¡R¦D§ �Rz¬«|§ �;zá�R« ¦9zÚ¦R¦9�e°[â ä;°[¦;°
°[¦D§ �Rz¬«|§ ¦�z¬ä;° ¦9zÚ¦R¦R¦R©[ã;« �eäR©9�r¦
«;¦D§ �Rz¬«|§ ¦�zá«;â ¦9zÚ¦R¦R¦R¡R¡;¡ ¡RãRãR�;¡
©R¦D§ �Rz¬«|§ ¦9zÚ° ¦9zÚ¦R¦R¦9�
«]¡ äR�;¦[ã;¦
�r¦D§ ¡�§ ä9zá« ¦9zÚ¦R©RâR¦ �rä[�
�;¦D§ ¡�§ ° ¦9zÚ¦9�
«;¡ ä[���
¡R¦D§ ¡�§ ��zá« ¦9zÚ¦R¦[«;âRä ���r¦9�
°[¦D§ ¡�§ �;z¬©Râ ¦9zÚ¦R¦[�Rã;¡ °m«;âRä
«;¦D§ ¡�§ �;zU�
ã ¦9zÚ¦R¦9�r¡9� â[«;âR¡
©R¦D§ ¡�§ ¦�z¬ä9� ¦9zÚ¦R¦R¦R©[�]ä �]¦R¦9�e°

Ω =
4π

2
(1−

√
1− sin2(∆Θ))
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åp_f`;i�VJTD�R�#����i�Z]cn_UOR^�¡�Q�SUO;cnTH\�o0ORVPX�THcnZ ¥ �r¦[§æi�Q3cJOx©R¦[§çZ;^�\�TH^�TWVj`;kybJgDTeZ;Vj_f^�`�� ¥ ¡[§�z�è�SfZ;l7�x¯X~TCc7Zx�r¦[§��9k;TWSUSfO t ¯��;¦R§x�9X�Sfi�TP¯�¡;¦[§���`RVJTHTW^x¯�°[¦[§���VJTH\w¯�«]¦[§���Q�_f^��|¯�©R¦[§�z

åp_f`;i�VJT��������mi�Z]cJ_fOR^y¡DQ9SfO;cJTW\xo0ORV�X~TCc7Z ¥ �r¦R§¨i�QwcnO�©R¦D§æZ;^�\�TW^�THVJ`;kwbjg�TWZ;VJ_U^�`|� ¥ �Rz¬«R§�z�è�S¶Z;l7�¯�X~TCc7Zx�r¦[§��9k;TWSUSfO t ¯��;¦R§x�9X�Sfi�TP¯�¡;¦[§���`RVJTHTW^x¯�°[¦[§���VJTH\w¯�«]¦[§���Q�_f^��|¯�©R¦[§�z
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åp_f`;i�VJT�¡9�#±si�g/X~THVaO;o�\�TCcnTWlCcnORVjb t d�_Ul7d�bJd�ORi9Sf\�X�Thi�bJTH\3cnO�lHOrqRTWV 4π t d�TW^ ∆E/E
_UbP^�O;c t O;VJbJTcnd�TH^�¡R§ªORV��Rz¬«R§
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