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:KDW�LV�DFFHOHUDWRU�SK\VLFV
$FFHOHUDWRU�3K\VLFV KDV�DSSOLFDWLRQV�LQ�SDUWLFOH�DFFHOHUDWRUV�IRU�KLJK�HQHUJ\�

SK\VLFV�RU�IRU�[�UD\�VFLHQFH��LQ�VSHFWURPHWHUV��LQ�HOHFWURQ�PLFURVFRSHV��DQG�LQ�
OLWKRJUDSKLF�GHYLFHV��7KHVH�LQVWUXPHQWV�KDYH�EHFRPH�VR�FRPSOH[�WKDW�DQ�
HPSLULFDO�DSSURDFK�WR�SURSHUWLHV�RI�WKH�SDUWLFOH�EHDPV�LV�E\�QR�PHDQV�
VXIILFLHQW�DQG�D�GHWDLOHG�WKHRUHWLFDO�XQGHUVWDQGLQJ�LV�QHFHVVDU\�� 7KLV�FRXUVH�
ZLOO�FRYHU�WKHRUHWLFDO�DVSHFWV�RI�FKDUJHG�SDUWLFOH�EHDPV�DQG�WKHLU�SUDFWLFDO�
UHOHYDQFH��

● 3K\VLFV�RI�EHDPV��QRQOLQHDU�G\QDPLFV��PDQ\�SDUWLFOH�V\VWHPV�
● 3K\VLFV�RI�QRQ�QHXWUDO�SODVPDV��GLVWULEXWLRQ�G\QDPLFV�
● 3K\VLFV�LQYROYHG�LQ�WKH�WHFKQRORJ\�

● 6XSHUFRQGXFWLYLW\�LQ�PDJQHWV�DQG�UDGLRIUHTXHQF\��5)��GHYLFHV
● 6XUIDFH�SK\VLFV�LQ�SDUWLFOH�VRXUFHV��YDFXXP�WHFKQRORJ\��5)�GHYLFHV
● 0DWHULDO�VFLHQFH�LQ�FROOLPDWRUV��EHDP�GXPSV��VXSHUFRQGXFWLQJ�PDWHULDOV

08/30/04
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/LQHDU�DQG�FLUFXODU�DFFHOHUDWRUV 08/30/04

/LQHDU�&ROOLGHUV
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7KUHH�KLVWRULF�OLQHV�RI�DFFHOHUDWRUV 08/30/04

'LUHFW�9ROWDJH�$FFHOHUDWRUV 5HVRQDQW�$FFHOHUDWRUV 7UDQVIRUPHU�$FFHOHUDWRU

7KH�HQHUJ\�OLPLW�LV�JLYHQ�E\�WKH�PD[LPXP�SRVVLEOH�YROWDJH���$W�WKH�OLPLWLQJ�YROWDJH��
HOHFWURQV�DQG�LRQV�DUH�DFFHOHUDWHG�WR�VXFK�ODUJH�HQHUJLHV�WKDW�WKH\�KLW�WKH�VXUIDFH�
DQG�SURGXFH�QHZ�LRQV���$Q�DYDODQFKH�RI�FKDUJH�FDUULHV�FDXVHV�D�ODUJH�FXUUHQW�DQG�
WKHUHIRUH�D�EUHDNGRZQ�RI�WKH�YROWDJH�

9ROWDJH��09
&KDUJH�=H
(QHUJ\�=�0H9

● ������YDQ�GH *UDDII EXLOGV�WKH�ILUVW����09�KLJK�YROWDJH�JHQHUDWRU
● ����� &RFNFURIW DQG�:DOWRQ�����NH9�FDVFDGH�JHQHUDWRU��SODQQHG�IRU����NH9�

DQG�XVH�LQLWLDOO\����NH9�SURWRQV�IRU� �/L���S���

�+H��� �+H�DQG� �/L���S�� �%H���Q
● ������0DU[�*HQHUDWRU�DFKLHYHV��09�DW�*HQHUDO�(OHFWULFV
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7KUHH�KLVWRULF�OLQHV�RI�DFFHOHUDWRUV 08/30/04

'LUHFW�9ROWDJH�$FFHOHUDWRUV 5HVRQDQW�$FFHOHUDWRUV 7UDQVIRUPHU�$FFHOHUDWRU

● ������/DZUHQFH�DQG�/LYLQJVWRQ��VW�F\FORWURQ�LQ�%HUNHOH\
● ������&RUQHOO�LV�WKH�� � � ODE�ZLWK�&\FORWURQ��E\�/LYLQJVWRQ�LQ�URRP�5I�%���
● 0LFURWURQV
● ����� :LGHURH EXLOGV�WKH�ILUVW�GULIW�WXEH�OLQHDU�DFFHOHUDWRU�IRU�1D � DQG�. �

● ������-�:��%HDPV�XVHV�UHVRQDQW�FDYLWLHV�IRU�DFFHOHUDWLRQ
● $OYDUH]�EXLOGV�WKH�ILUVW�$OYDUH]�/LQHDU�$FFHOHUDWRU
● ����� .DSFKLQVNLL DQG�7HSO\DNRY EXLOW�WKH�ILUVW�5)4
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'LUHFW�9ROWDJH�$FFHOHUDWRUV 5HVRQDQW�$FFHOHUDWRUV 7UDQVIRUPHU�$FFHOHUDWRU

● ������.HUVW�DQG�6HUEHU�EXLOG�D�
EHWDWURQ�IRU����0H9�HOHFWURQV�DQG�
XQGHUVWDQG�EHWDWURQ �WUDQVYHUVH��
IRFXVLQJ��LQ���������0H9�

● ������*RZDUG�DQG�%DUQHV�EXLOG�WKH�ILUVW�V\QFKURWURQ��XVLQJ�D�EHWDWURQ�PDJQHW�
● ������:LOVRQ�HW�DO��DW�&RUQHOO�DUH�ILUVW�WR�VWRUH�EHDP�LQ�D�V\QFKURWURQ

�ODWHU����0H9��PDJQHW�RI����7RQV�
● ������:LOVRQ�HW�DO��EXLOG�ILUVW�V\QFKURWURQ�ZLWK�VWURQJ�IRFXVLQJ IRU����*H9�

HOHFWURQV�DW�&RUQHOO���FP�EHDP�SLSH�KHLJKW��RQO\����7RQV�RI�PDJQHWV�
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5REHUW�5�:LOVRQ��$UFKLWHFWXUH 08/30/04

:LOVRQ�+DOO��)1$/

6FLHQFH�(G�&HQWHU��)1$/�������

5REHUW�5�:LOVRQ
86$����������
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08/30/04

%URNHQ�V\PPHWU\ 0RELXV�VWULS

7UDFWULFLRXV +\SHUEROLF�REHOLVNS OLQHV

5REHUW�5�:LOVRQ��6FXOSWXUH
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(OHFWURQ�EHDP�ZLWK�S� ���� 7H9�F�LQ�&(51 V����NP�/(3�WXQQHO�UDGLDWHG����0:
(DFK�HOHFWURQ�ORVW�DERXW��*H9�SHU�WXUQ��UHTXLULQJ�PDQ\�5)�DFFHOHUDWLQJ�VHFWLRQV�

⇒=
qB

pρ 7KH�ULQJV�EHFRPH�WRR�ORQJ

3URWRQV�ZLWK�S� ����7H9�F����%� �����7�ZRXOG�UHTXLUH�D����NP�66&�WXQQHO
3URWRQV�ZLWK�S� ���7H9�F������%� �����7�UHTXLUH�&(51 V����NP�/+&�WXQQHO

⇓= 4
2

2

6radiation 0
γ

ρπε
q

NP c

(QHUJ\�QHHGHG�WR�FRPSHQVDWH
5DGLDWLRQ�EHFRPHV�WRR�ODUJH
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(OHPHQWV�RI�D�&ROOLGHU 08/30/04

&KDOHQJHV�
¾6DYLQJ�RQH�EHDP�ZKLOH�LQMHFWLRQ�DQRWKHU
¾$YRLGLQJ�FROOLVLRQV�RXWVLGH�WKH�GHWHFWRUV�
¾&RPSHQVDWLQJ�WKH�IRUFHV�EHWZHHQ�H � DQG�H � EHDPV
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$YDLODEOH�(QHUJ\ 09/01/04

2SHUDWLRQ�RI�V\QFKURWURQV��IL[HG�WDUJHW�H[SHULPHQWV�
ZKHUH�VRPH�HQHUJ\�LV�LQ�WKH�PRWLRQ�RI�WKH�FHQWHU�RII�
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7KH�/LYLQJVWRQ�&KDUW 09/01/04

H9

(QHUJ\�WKDW�ZRXOG�EH�QHHGHG�LQ�D�
IL[HG�WDUJHW�H[SHULPHQW�YHUVXV�WKH�
\HDU�RI�DFKLHYHPHQW
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��*HQHUDWLRQV�RI�/LJKW�6RXUFHV 09/01/04

● � � � *HQHUDWLRQ������V���0DQ\�+(3�ULQJV�DUH�SDUDVLWLFDOO\�XVHG�IRU�;�UD\�
SURGXFWLRQ

● � � � *HQHUDWLRQ �����V���0DQ\�GHGLFDWHG�;�UD\�VRXUFHV��OLJKW�VRXUFHV�
● � � � *HQHUDWLRQ �����V���6HYHUDO�

ULQJV�ZLWK�GHGLFDWHG�UDGLDWLRQ�
GHYLFHV��ZLJJOHUV�DQG�XQGXODWRUV�

● ��� � � *HQHUDWLRQ��&RQVWUXFWLRQ�RI�
(QHUJ\�5HFRYHU\�/LQDF �(5/��ZLWK�
8QGXODWRUV

● � � � *HQHUDWLRQ��&RQVWUXFWLRQ�RI�)UHH�
(OHFWURQ�/DVHUV��)(/V��GULYHQ�E\
/,1$&V

● ������)LUVW�DFFXUDWH�PHDVXUHPHQW�RI�V\QFKURWURQ�UDGLDWLRQ�SRZHU�E\�'DOH�
&RUVRQ�ZLWK�WKH�&RUQHOO����0H9�V\QFKURWURQ��/DWHU�DOVR�ILUVW�PHDVXUHPHQWV�RI�
VSHFWUXP�DQG�SRODUL]DWLRQ�ZLWK�ZRUOGV�� � � 65�EHDP�OLQH�
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%HDPOLQHV 09/01/04

([DPSOH��7KH�/RPD�/LQGD�SURWRQ�WKHUDS\�IDFLOLW\
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$FFHOHUDWRUV�RI�WKH�:RUOG 09/01/04
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$FFHOHUDWRUV�RI�WKH�:RUOG 09/01/04
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$FFHOHUDWRUV�RI�WKH�:RUOG 09/01/04
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0DFURVFRSLF�)LHOGV�LQ�$FFHOHUDWRUV 09/01/04
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0DJQHWLF�)LHOGV�LQ�$FFHOHUDWRUV 09/01/04
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&RPSOH[�3RWHQWLDOV 09/01/04

222222 4)()(

)(,

,

zwwzwwwwzyx

wwwwywwx iii

iyxwiyxw

∂+∂∂=∂+∂−∂−∂+∂=∂+∂+∂=∇

∂−∂=∂−∂=∂∂+∂=∂
−=+=

&

�+Ψ−Ψ+Ψ= ∑
∞

=
wwwr ’’

04
1

0
1

}Im{),(
ν

ν
νϕψ

,Q�WKH�PDLQ�ILHOG�

0DLQ�ILHOG

%

���
	 ���
	

)ULQJH�ILHOG



24

Georg.Hoffstaetter@Cornell.edu

0DLQ�)LHOG�3RWHQWLDO 09/06/04
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0XOWLSROHV�LQ�$FFHOHUDWRUV
09/06/04
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7KH�&(65�7XQQHO 09/06/04



27

Georg.Hoffstaetter@Cornell.edu

5HDO�4XDGUXSROHV

3(75$�7XQQHO

7KH�FRLOV�VKRZ�WKDW�WKLV�LV�DQ�
XSULJKW�TXDGUXSROH QRW�D�URWDWHG�
RU�VNHZ�TXDGUXSROH�

6/$&

09/06/04
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5HDO�6H[WXSROHV 09/06/04
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+LJKHU�RUGHU�0XOWLSROHV
09/08/04

+LJKHU�RUGHU�PXOWLSROHV�FRPH�IURP
● )LHOG�HUURUV�LQ�PDJQHWV
● 0DJQHWL]HG�PDWHULDOV
● )URP�PXOWLSROH PDJQHWV�WKDW�FRPSHQVDWH�VXFK�HUURQHRXV�ILHOGV
● 7R�FRPSHQVDWH�QRQOLQHDU�HIIHFWV�RI�RWKHU�PDJQHWV
● 7R�VWDELOL]H�WKH�PRWLRQ�RI�PDQ\�SDUWLFOH�V\VWHPV
● 7R�VWDELOL]H�WKH�QRQOLQHDU�PRWLRQ�RI�LQGLYLGXDO�SDUWLFOHV
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7KH�FRPRYLQJ &RRUGLQDWH�6\VWHP 09/08/04
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7KH��'�(TXDWLRQ�RI�0RWLRQ 09/08/04
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7KH��'�(TXDWLRQ�RI�0RWLRQ 09/08/04

8VXDOO\�RQH�SUHIHUV�WR�FRPSXWH�WKH�WUDMHFWRU\�DV�D�IXQFWLRQ�RI� V �DORQJ�WKH�
DFFHOHUDWRU�HYHQ�ZKHQ�WKH�HQHUJ\�LV�QRW�FRQVHUYHG��DV�ZKHQ�
DFFHOHUDWLQJ�FDYLWLHV�DUH�LQ�WKH�DFFHOHUDWRU�

7KHQ�WKH�HQHUJ\� ( �DQG�WKH�WLPH� W �DW�ZKLFK�D�SDUWLFOH�DUULYHV DW�WKH�FDYLWLHV�
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11/15/036LPSOLILFDWLRQ�RI�OLQHDU�PRWLRQ
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11/22/04'LVSHUVLRQ�UHODWLRQ�LQ�ZDYHJXLGHV
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1RUPDO�FRQGXFWLQJ�FDYLWLHV
6LJQLILFDQW�ZDOO�ORVVHV�
&DQQRW�RSHUDWH�FRQWLQXRXVO\�ZLWK�
DSSUHFLDEOH�ILHOGV�
(QHUJ\�UHFRYHU\�ZDV�WKHUHIRUH�QRW�
SRVVLEOH�

9HU\�ORZ�ZDOO�ORVVHV�
7KHUHIRUH�FRQWLQXRXV�RSHUDWLRQ�
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Q = 1010

E = 20MV/m

A bell with this Q
would ring for a year.

6XSHUFRQGXFWLQJ�&DYLWLHV 11/22/04
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