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V (s) = V0(s) =
(n+ 1)(n+ 3)[

8 (|s| + 1)2
] − n+ 1

2
δ(s), P4R

� I� + � ". � ) & 	2<� . �� � � "9# � � p� & � � E & 7� 0� �� � � �� + m � + , �� #- 	E = m2/2k2 9
� % 9 2<� � @/ A�"t� &� . D -#�- 
 � � � � 2 I�? ]� U� � . D 2<� , �� P4R � � �3 &� � � � -#� � #-

� ".��E& #- �� � "���6 � 0���� 0�$ ���9# .% ,�� 	-���� �-�- φ(s) =
√
n/2(1 + |s|)−(n+1)/2

� r�X�� 
&����� ,�� 9 -#�-�� ��5& #9- .��� 7� �# #�-��+ � "� 0���� P4R � ��3&��� 	2<� "
�%#�S1

� "��% 9 2<� .�<��� E � o�> .��I� 	!���
�
& �# "#�-��+ � 0���� 79 #�� .% �� �� ��1 .D 
��% �%�*

��



.D !��D b�� 
��% 
��% ����!
1 � �%�G ���G�9 .��� .% #�-��+ � "� 0���� ,�� � �&7 �&�� .D06
	2<� =
� � ��<#- � "�-9
Y� �% "
�G ^G�9 #- ,�� .D m� k

	2<� #�-��+ � 0���� � 
�I�� � ���� .% (� $; .D -
&����� V�G9 .% ��� -�-m# ! .��� � "9# ���

� �[� ��� Q���76 #- 9 
&���� .�*��� .&��0��7 � "7��� � 0���� � ��I �% ��Q�% � 0���� ,��
P4R � ��3&��� 7� 0-7 �&�� �% 
�&����� � 0���� ,�� 	
&���� 
�I�� 09���7�� H 09��)I� � 897 � "-�%�&
0��D� 	
&#�45% "�+ .% P38R � ".<
� 7� "7�<#�)�6 � �%�G � �s� ]� 9 
�%��% 09��% .% .��� 7�

� 
? ���� � "� �-�- 	2<� 0���+ #- ���&9 ���7�� � �����9 #- �s� ,�� � "7�<#�)�6 � �< �% ��%�G#
	
&#�4��� n = 2 � b�� �% k � ����#�� �% TeV 
�1 � ".���� 7� ������

	2<� �
� -�S&Q�� ��� #- .D -#�- -�+9 ������ � 
? ,��1 � 0-�D �
�� � "��% ! "�5�- � ��# ���
��^��< 
��% � �#��< ���06 
�&C% �&�� .��� 7� 09��% .% 
�&���% � 0���� ��� .D -���� .+�� A9# ,�� #-
�����7 .% .I��� ,�� � 0���
�3��& 	
&�� ]�* -���� ���%Q�� �I�$�� � "� =
� #- .D .106 7�

�-���� l(/� ��7 � �)� .% P4R � ��3&��� �$<(� ]� #- .D 
&��-�- 0�
&

V (s) = V0(s) +
m2

nk2
δ(s), P5R

�% 9 � �#��< 7� "�.�<- 0
� ]�* � x� 6 #- ��3&��� ,�� #- �&7�&�� � !S< � ".�<�Y� �% Je<

� x� 6 � ".�<�Y� � "��% .D 0�<����#��< � �I�$�� � "
�%#�S1 � "� =
� � 0-�% 
�6#�D �% .�)�
	2<� �-#96 2<- .% k � "��% ��#C% ���G�9 � "� ,���� � 
? �-9#�� #�D .% � �#��< � 0
� ]�*
�.D 2<� �
� .���� .���& ����� � Q
*#- 7� Q�� m�< � "� =�W .% y�%�� � '�;(>� 7�

k > 1.4 × 1021 TeV, (n = 1),

k > 5 × 106 TeV, (n = 2),

k > 60 TeV, (n = 3),

P6R

�.D 2<� �
� .���� .���& SN 1987A � ��*��&�%� .% y�%�� � '�;(>� 7� �� 9

k > 6 × 1014 TeV, (n = 1),

k > 7 × 104 TeV, (n = 2),

k > 27 TeV, (n = 3).

P7R

� 2%� s � 	� = 1 = c 06 #- .D 
&��
� �-�- P����>R -�-�
* � "� 
?�9 � ���2<- #- -�
;� ,��
E = mc2 � ".c%�# �% .D "t�&� 9 ��+ � 
�%n �� 
?�9 � ���2<- ,�� #- 	2<� #�& � 2;�< c 9 ]&(�

� 
�% ���I�+ 06 7� 	-���� 0��% �eV �2I9 09��)I� � �3?�% ���I�W .D 2<� �)� 
�>�%�� �5�-]� .%
.D 
��D .+�� .�)& ,�� � 0
�- � "��% 	-����0��% eV−1 2I9 09��)I� � J); �% .D 2<� 0��7 9 =�>
7� 9 
�D�� ��
�� "t�&� � 
�% .% �# �0��7 � J); ���� �
��3% � 
�% E = 2π�ν ]&(� � ".c%�#
#- .D 
�- -���� 0�<6 � ".�<�Y� ]� �% 	2<� �)� 0��7 9 =�> � 
�% .D -���� ����� ! c = 1

	2<� 5 GeV −1 � 7 #�! ���� ��� P1F= 10−15mR ���� ]� �-�-�
* � ���2<-

��



(� [� 7� !�3���% exp(− |z| /z0) � '#�/ .% �# P38R � ".I-��� #- exp(−2k |z|) � ���; ��� J�
06 P7R 9 P6R � "� �-�- � �<#�% � ��# ,���.% 
��� 	z0 < 10−9F .D -���� ����� k > 106 TeV

	2<� ]&(� � =�> � J); � 7#�! .D !��D .3���� 1016TeV ]&(� � "t�&� �% �# � 06 .D 
��%

� ".<
� ]� #- ,)$� � "��S&� � V��� ,���]1�D 2<� 10−34m .% ]�-C& .D ]&(� � =�>
	2<� ,�)��&

����

[1] A. Friedland and M. Giannoti, “Astrophysical Bounds on Photon Escaping into

Extra Dimensions”, Physical Review Letters, vol. 100, 031602 (2008).

�" � O��D 	23�& -���� .���& ]�C�� �" � O��D #- .D #�> 06 ��� ]�C�� �N�#��
���� �
&#�- ]�C�� �" .���7 06 7� " O�* �" � ��6 .D 
�3��&�� " 0�3D �# ]�C��

�1 �" ��% 	23�& 2<#- 9 ���D 'K��Y� �" ��G�9 � ��< 7� �
� ; ,�� �'�;(>� ���

�0�$ �(a ,3n )+ �" .I��� 	2<� �
�6 � �7 #- .D �� � . I��� . % 
� �D V�+# .&�$ &
#- " �I�+ '� �)& �" "9�? �2<� `9��� A ]���� �-9��)I� �O��D .D " ,3n )+
x�-� I .D �� � #�D 7� " m�% .D ,�� .�$+ 7� 	2<� ]��� � �-9��) I� �N�#� � � -#��
]�#
� ���& .% � O��D #- ��-�% �-�- ���&� ]�����-9��)I� #- �D#�$&�- � (b C&�� In ,����I�9�
! .�)& ,�� �
���� � .I��� ,�� .% " ��5& 	2<� �
� `9��� "
�� �(c J�&�� In 0��&6

�0��� #- �+ 9 23+ �.�3
&7� % �" � .
��]�C�� �" ��% O�* � #�D ]� .D 23 

�&����� "�.��? �0�#�5&N�#�� 7� ��.% �
� ; ,�� ���7 �2<� ]�C�� �" �f�#�� 9 .��4�

	
�$S@% �# .��4� �" � .
��]�C�� �" � #�D
�)�&�e�Dn �O(�&� �-#�� #- " �I�+ #��3% �'�)& �" "9�? ! (d ��S5��< �" .I���

	
&���� ��& .&9 #�9 K� �$�� .D " '�)& w2<�
a) J. D. Jackson, “Examples of the Zeroth Theorem of the History of

Science”, arXiv:0708.4249v2, b) Ludwig Valentine Lorenz (1829-1891),

c) Hendrik Antoon Lorentz (1853-1928), d) Mano Singham, “The Coperni-

can myths”, Physics Today, Dec 2007, pp. 48-52,

��


