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∆E

E
≈ 10−4.
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� �M�kU � ��T0OQP~A;E<6?6?OQ:<OQ@B6VC��7@B6?N0@BP 2�hkOQ@B=?@	@B6?:<OQ](C.=?OQ[\T~@BP0@B6?:<OQ@%8;]0T)Z;P0:<OQ:¡N0R06?[\T N0OQ@
576?@B[\TvR0P0: N0@B=¢UvC9698;T0_Q=I]#@BOQF ��@BN0OQ@BP �0]#@B6?:D8;P0:02|{ �06!��f<PDC9:<@BP0=VC9698;T0_QR0P0:�OQ=VCIN0@B6
576?@B[\TvR0P0:<=?OQP0N0@¤£ OQP~N0OQ@B=?@BP ��@BN0OQ@BP

n = 1 − δ(Θ) < 1
2lcdOQP0@	57@B=?[\T06?@BOQ]0R0P0:

�)P0N0@GC�=?OQ[\T�OQP � m�� 2)hkOQ@�A;E<6?6?OQ:<OQ@B6VC9@J57698;:<:+LM57@BN0OQP0:<R0P0:¢_�8;R(C9@GC

nλ = 2d · sin(ΘB + ∆ΘIRS)
� ��2 b �

F�O4C
∆ΘIRS = −

8d3

n2
·

δ

λ2
· sin(ΘB).
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∆ΘIRS
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hk@GC9@BADC9E<6��7@B6?N0@BP N0OQ@B=?@ OQP N0@B6 ��@B:<@B_I8;R(�rN0@BF =?E<:<@BP)8;P0PDC9@BP ��E ��_�8;P0N�LM^�6?@BOQ=
8;P0:<@BE<6?N0P0@GC �IN0@B=?=?@BP ��8;N0OQR0=z:<@B698;N0@ N0@BF T)8;_Q]#@BP�^�6��0F�FrR0P0:<=?698;N0OQR0=z��N0@B=
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^�6?OQ=VC\8;_Q_Q=�C96?O��#C �(:<OQ_4C�8;R(�|N0@BFK��E ��_�8;P0N�LM^�6?@BOQ=

yCD = R · sin(ΘB).
� ��2 m �
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∆ΘJoh. =
1

2
·

( b

2R

)2

· cot 2(ΘB).
� ��2�� �

��OQ@B6?OQP.]#@B}B@BOQ[\T0P0@GCk] N0OQ@ �<E<_Q_Q@J576?@BO4C9@�N0@B=k^�6?OQ=VC\8;_Q_Q=B2
��PDC9@B6d57@B6��0[\Av=?OQ[\TDC9OQ:<R0P0:JN0OQ@B=?@B6 :<@BE<F�@GC96?OQ=?[\T0@BP cdOQ:<@BP0=?[\T)8+��CdFrR0=?=d]#@BOQF �kR(��L

])8;R N0@B=!U�>#@BADC96?E<F�@GC9@B6?=I8;R(�l�
�
] R0P0N P)8;[\T ��f<:<_QOQ[\T0A;@BO4CI8;R(�

ΘB ≥
b��� �698;N

:<@%8;[\TDC9@GC �7@B6?N0@BP 2 � F �<E<6?_QOQ@B:<@BP0N0@BP {18;_Q_!:<OQ_4C
R ≈ 3 m

�
b = 100 mm

R0P0N
ΘB ≈ 40 Grad

� =B21^J8;> 20b0243 �¤2
hj8;= 	j6VC9=?=?>#@BADC96?R0F @BPDC9T)Z;_4Ck=?E<F�O4CkN0OQ@ � P(��E<6?FW8+C9OQE<P �0]#@B6kN0OQ@!cdP0@B6?:<OQ@BR0PDC9@B6ML

=?[\T0OQ@BN0@�N0@B6I8;R0=?:<@BT0@BP0N0@BP UvC9698;T0_QR0P0:02�{ �06JN0OQ@¢_QE<A+8;_Q@ hkOQ=?>#@B6?=?OQE<P	��E<_Q:;CI8;R0=JN0@B6
57698;:<:+LM57@BN0OQP0:<R0P0:¢R0P0N�N0@B6�{)E<A+8;_Q]#@BN0OQP0:<R0P0:

dE

dx
=

E

R · sin(ΘB) · tan(ΘB)
.

� ��2 � �

��OQ@B6?OQP	=VC9@BTDCIN0OQ@ ��OQ[\TDC9R0P0:`£ N0@B6J_QE<A+8;_Q@BP hkOQ=?>#@B6?=?OQE<P =?@BP0Av6?@B[\TDC¢8;R(�7N0@B6J��[\T0=?@
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∆Θint ≈ 15 µrad
E�N0@B6 ���43�@ �r2)hkOQ@�F�O4C?C9_Q@B6?@

S;E<T)8;P0P�L � @B6?]06?@BO4C9@B6?R0P0:
�%N0OQ@dOQPJ:<R(C9@B6��kZ;T0@B6?R0P0:�N0R06?[\T
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3

N0@B6�FW8�£(OQFW8;_Q@BP�S;E<T)8;P0P�L
� @B6?=?[\T0OQ@B]0R0P0:r:<@B:<@B]#@BP`OQ=VC � ��� ��]#@GC969Z;:;C

∆ΘJoh. ≈ 40 µrad
� �067] 	¡3 � � F�F �v�

≈X F R0P0N
ΘB = 40◦
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