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&RQWHQW
1. A History of Particle Accelerators 
2. E & M in Particle Accelerators 
3. Linear Beam Optics in Straight Systems 
4. Linear Beam Optics in Circular Systems 
5. Nonlinear Beam Optics in Straight Systems 
6. Nonlinear Beam Optics in Circular Systems 
7. Injection and Extraction 
8. Accelerator Measurements
9. RF Systems for Particle Acceleration 
10. Luminosity
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/LWHUDWXUH

5HTXLUHG�

7KH�3K\VLFV�RI�3DUWLFOH�$FFHOHUDWRUV��.ODXV :LOOH��2[IRUG�8QLYHUVLW\�3UHVV��

������,6%1��������������

2SWLRQDO�

3DUWLFOH�$FFHOHUDWRU�3K\VLFV�,��+HOPXW :LHGHPDQQ��6SULQJHU���QG�HGLWLRQ��

������,6%1�������������[�

5HODWHG�PDWHULDO�

+DQGERRN�RI�$FFHOHUDWRU�3K\VLFV�DQG�(QJLQHHULQJ��$OH[DQGHU�:X &KDR DQG�

0DXU\ 7LJQHU���QG�HGLWLRQ��������:RUOG�6FLHQWLILF��,6%1���������������

3DUWLFOH�$FFHOHUDWRU�3K\VLFV�,,��+HOPXW :LHGHPDQQ��6SULQJHU���QG�HGLWLRQ��

������,6%1��������������

08/28/03
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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�LQWURGXFH�LQWR�WKHRUHWLFDO�DVSHFWV�RI�FKDUJHG�SDUWLFOH�EHDPV�DQG�LQWR�WKH�

WHFKQRORJ\�XVHG�IRU�WKHLU�DFFHOHUDWLRQ��

l 3K\VLFV�RI�EHDPV

l 3K\VLFV�RI�QRQ�QHXWUDO�SODVPDV

l 3K\VLFV�RI�LQYROYHG�LQ�WKH�WHFKQRORJ\�

l 6XSHUFRQGXFWLYLW\�LQ�PDJQHWV�DQG�UDGLRIUHTXHQF\��5)��GHYLFHV

l 6XUIDFH�SK\VLFV�LQ�SDUWLFOH�VRXUFHV��YDFXXP�WHFKQRORJ\��5)�GHYLFHV

l 0DWHULDO�VFLHQFH�LQ�FROOLPDWRUV��EHDP�GXPSV��VXSHUFRQGXFWLQJ�PDWHULDOV

08/28/03
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'LIIHUHQW�DFFHOHUDWRUV
08/28/03

Source

Condenser lenses

Condenser aperture

Sample
Objective lens

Objective aperture

Intermediate lens

Projector lens

Main screen
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l ������0D[ZHOO�WKHRU\�RI�HOHFWURPDJQHWLVP

l ������+HUW]�GLVFRYHU\�RI�WKH�HOHFWURPDJQHWLF�ZDYH

l ������*ROGVWHLQ�GLVFRYHUV�SRVLWLYHO\�FKDUJHG�UD\V��LRQ�EHDPV�

l ������*3�7KRPVRQ�VKRZV�WKDW�WKH�HOHFWURQ�LV�D�ZDYH

�����������LQ�&RUQHOO��13�LQ������

$�VKRUW�KLVWRU\�RI�DFFHOHUDWRUV
08/28/03

l ������/HQDUG�H[WUDFWV�FDWKRGH�UD\V��ZLWK�D�����XP�$O�/HQDUG ZLQGRZ�

13�����

3KLOLSS (�$��YRQ�/HQDUG

*HUPDQ\����������

l ������--�7KRPVRQ�VKRZV�WKDW�FDWKRGH�UD\V�DUH�SDUWLFOHV�VLQFH�WKH\�IROORZHG�

WKH�FODVVLFDO /RUHQW] IRUFH� LQ�DQ�HOHFWURPDJQHWLF�ILHOG)( BvEeam
*&&& ×+=

13�����

-RVHSK�-��7KRPVRQ

8.����������
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$�VKRUW�KLVWRU\�RI�DFFHOHUDWRUV
08/28/03

l ������5RHQWJHQ�GLVFRYHUV�[�UD\V�ZLWK�FDWKRGH�UD\V

l 5XWKHUIRUG�LV�FRQYLQFHG�WKDW�VHYHUDO����0H9 DUH�LQ�JHQHUDO�QHHGHG�IRU�

QXFOHDU�UHDFWLRQV���+H�WKHUHIRUH�JDYH�XS�WKH�WKRXJKW�RI�DFFHOHUDWLQJ�

SDUWLFOHV�

l ������5XWKHUIRUG�SURGXFHV�ILUVW�QXFOHDU�UHDFWLRQV�ZLWK�QDWXUDO�
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l ������5XWKHUIRUG�GLVFRYHUV�WKH�QXFOHXV�ZLWK����0H9�

�

+H�IURP�
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3R�DOSKD�

GHFD\�PHDVXULQJ�WKH�HODVWLF�FURVVHFWLRQ�RI�
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$X���
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+H��

� � �

$X���
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l ����� *UHLQDFKHU LQYHQWV�WKH�FDVFDGH�JHQHUDWRU�IRU�VHYHUDO�����NH9
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7XQQHOLQJ�DOORZV�ORZ�HQHUJLHV
08/28/03

7KH�WUDQVPLVVLRQ�SUREDELOLW\�7�IRU�DQ�DOSKD�SDUWLFOH�WUDYHOLQJ�IURP�WKH�LQVLGH�

WRZDUGV�WKH�SRWHQWLDO�ZHOO�WKDW�NHHSV�WKH�QXFOHXV�WRJHWKHU�GHWHUPLQHV�WKH�

OLIHWLPH�IRU�DOSKD�GHFD\�
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���NH9�SURWRQV�PLJKW�VXIILFH�IRU�QXFOHDU�UHDFWLRQV

]2exp[ ])([2 drT
L

R

ErVm∫ −−≈ �

E
CAT −≈ln

2

2

)0(

)(
,)(])([)( 22

2

u

Lu
TruErVru m

r
=−=

∂
∂

�6FKURHGLQJHU�HTXDWLRQ�

GYearss 31017 ≈

ss µ310 6 ≈−

/
R
J

�
�>/

LI
H
WL
P
H

�
� �V

�
� �@RLVrV E

V
r
R 0,)( 0 ==

)(
1
MeVE



8

Georg.Hoffstaetter@Cornell.edu

7KUHH�KLVWRULF�OLQHV�RI�DFFHOHUDWRUV
08/28/03

'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
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7KH�9DQ�GH�*UDDII�$FFHOHUDWRU 08/28/03

l ������YDQ�GH *UDDII EXLOGV�WKH�ILUVW����09�KLJK�YROWDJH�JHQHUDWRU

9DQ�GH *UDDII

l 7RGD\ 3HOHWURQV �ZLWK�FKDLQV��RU�/DGGHUWURQ�

�ZLWK�VWULSHV��WKDW�DUH�FKDUJHG�E\�LQIOXHQFH�DUH�

FRPPHUFLDOO\�DYDLODEOH�

l 8VHG�DV�LQMHFWRUV��IRU�HOHFWURQ�FRROLQJ��IRU�

PHGLFDO�DQG�WHFKQLFDO�Q�VRXUFH�YLD

G���W�� Q���D

l 8S�WR������09�ZLWK�LQVXODWLQJ�JDV���03D�6) ��
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l 7KH�7DQGHP�9DQ�GH�*UDDII��KLJKHVW�HQHUJ\���0H9

7KH�7DQGHP�$FFHOHUDWRU
08/28/03

l ([WHQVLRQ�

l 7ZR�9DQ�GH�*UDDIIV��RQH���RQH�

l ������%UDVFK DQG�/DQJH�XVH�SRWHQWLDO�IURP�OLJKWHQLQJ��LQ�WKH�6ZLVV�$OSV��

/DQJH�LV�IDWDOO\�HOHFWURFXWHG
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7KH *UHLQDFNHU FLUFXLW

7KH�&RFNFURIW�:DOWRQ�$FFHOHUDWRU
08/28/03

13�����

6LU�-RKQ�'�&RFNFURI

(UQHVW�7�6�:DOWRQ

l ����� &RFNFURIW DQG�:DOWRQ����������NH9 FDVFDWH JHQHUDWRU��SODQHG�IRU����NH9�

DQG�XVH�LQLWLDOO\����NH9�SURWRQV�IRU�
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7KH�0DU[�*HQHUDWRU
08/28/03

l ������0DU[�*HQHUDWRU�DFKLHYHV��09�DW�*HQHUDO�(OHFWULFV

$IWHU�FDSDFLWRUV�RI�DURXQG��X)�DUH�ILOOHG�WR�DERXW���N9��WKH�VSDUN�JDSV�RU�VZLWFKHV�

FORVH�DV�IDVW�DV���QV��DOORZLQJ�XS�WR����N$�

7RGD\�

7KH�=�PDFKLQH��3K\VLFV�7RGD\�-XO\�������IRU�]�SLQFK�LQLWLDO�FRQILQHPHQW�IXVLRQ

KDV���7:�IRU����QV�IURP����0DU[�JHQHUDWRUV

Spark gaps or fast switches 
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7KUHH�KLVWRULF�OLQHV�RI�DFFHOHUDWRUV
08/28/03

'LUHFW�9ROWDJH�$FFHOHUDWRUV
5HVRQDQW�$FFHOHUDWRUV

7UDQVIRUPHU�$FFHOHUDWRU

3DUWLFOHV�PXVW�KDYH�WKH�FRUUHFW�

SKDVH�UHODWLRQ�WR�WKH�

DFFHOHUDWLQJ�YROWDJH�



14

Georg.Hoffstaetter@Cornell.edu

7KH�&\FORWURQ
08/28/03

13�����

(UQHVW�2�/DZUHQFH

86$�����������

l ������/DZUHQFH�SURSRVHV�WKH�&\FORWURQ

�EHIRUH�KH�GHYHORSV�D�ZRUNDEOH�FRORU�79�VFUHHQ�

l ������/DZUHQFH�DQG�/LYLQJVWRQ�XVH�D�F\FORWURQ�IRU�

����0H9�SURWRQV�DQG�PHQWLRQ�ORQJLWXGLQDO

�SKDVH��IRFXVLQJ

0�6WDQOH\�/LYLQJVWRQ

86$����������

l ������/LYLQJVWRQ�EXLOGV�WKH�ILUVW�&\FORWURQ

DZD\�IURP�%HUNHO\ ��0H9�SURWRQV�

DW�&RUQHOO��LQ�URRP�%���
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l ������7KRPDV�SURSRVHV�VWURQJ

�WUDQVYHUVH��IRFXVLQJ�IRU�D�F\FORWURQ

zRF ωω =

Dee

&RQGLWLRQ��1RQ�UHODWLYLVWLF�SDUWLFOHV�

7KHUHIRUH�QRW�IRU�HOHFWURQV�

l7KH�V\QFKURF\FORWURQ�

$FFHOHUDWLRQ�RI�EXQFKHV�ZLWK�GHFUHDVLQJ

l7KH�LVRF\FORWURQ�ZLWK�FRQVWDQW

8S�WR����0H9�EXW

WKLV�YHUWLFDOO\�GHIRFXVHV�WKH�EHDP

7KH�F\FORWURQ�IUHTXHQF\
08/28/03
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)LUVW�0HGLFDO�$SSOLFDWLRQV
09/02/03

l ������/DZUHQFH�XVHV��� �F\FORWURQ�IRU��0H9�SURWRQV����0H9�GHXWHURQV��DQG�

��0H9��+H���)LUVW�WHVWV�RI�WXPRU�WKHUDS\�ZLWK�QHXWURQV�YLD�G���W � Q���D

:LWK��������NH9�G�WR�JHW���0H9�QHXWURQV�
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0RGHUQ�1XFOHDU�7KHUDS\
09/02/03

7KH�/RPD�/LQGD�SURWRQ�WKHUDS\�IDFLOLW\
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7KH�PLFURWURQ
09/02/03

l(OHFWURQV�DUH�TXLFNO\�UHODWLYLVWLF�DQG�FDQQRW�EH�DFFHOHUDWHG�LQ�D�F\FORWURQ�

l ,Q�D�PLFURWURQ�WKH�UHYROXWLRQ�IUHTXHQF\�FKDQJHV��EXW�HDFK�HOHFWURQ�PLVVHV�DQ�
LQWHJHU�QXPEHU�RI�5)�ZDYHV�

l7RGD\��8VHG�IRU�PHGLFDO�DSSOLFDWLRQV�ZLWK�RQH�PDJQHW�DQG���0H9�

l1XFOHDU�SK\VLFV��0$0,�GHVLJQHG�IRU����0H9�DV�UDFH�WUDFN�PLFURWURQ�
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7KH�PLFURWURQ�FRQGLWLRQ
09/02/03

l 7KH�H[WUD�WLPH�WKDW�HDFK�WXUQ�WDNHV

PXVW�EH�D�PXOWLSOH�RI�WKH�5)�SHULRG�
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:LGHURH�OLQHDU�DFFHOHUDWRU
09/02/03

:LGHURH�

l ����� ,VLQJ SURSRVHV�D�GULIW�WXEH�OLQHDU�DFFHOHUDWRU

l ����� :LGHURH EXLOGV�WKH�ILUVW�GULIW�WXEH�OLQHDU�DFFHOHUDWRU�IRU�1D
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(Faraday cage) 
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$FFHOHUDWLQJ�FDYLWLHV
09/02/03

S�RU�WKH ���EOPRGH

l ������-�:��%HDPV�XVHV�UHVRQDQW�FDYLWLHV�IRU�DFFHOHUDWLRQ

7UDYHOLQJ�ZDYH�FDYLW\�

6WDQGLQJ�ZDYH�FDYLW\�

)sin(),( max kstEstE −≈ ω

)sin()sin(),( max kstEstE ω≈

particlephase v
k

v == ω

7UDQVLW�IDFWRU��IRU�WKLV�H[DPSOH�� max2
1

0

),(
1

particle
EdssEE

RF

v
s

RF

== ∫
λ

λ

particlev
k

=ω

)(sin),( 2
maxparticle

ksEsE v
s ≈

+HUH�Y F�IRU�HOHFWURQV



22

Georg.Hoffstaetter@Cornell.edu

7KH�$OYDUH]�/LQHDU�$FFHOHUDWRU
09/02/03

�S�RU�WKH EOPRGH

� � � � �� � � � �

1HHGV�RQO\�RQH�SRZHU�LQSXW�FRXSOHU�DQG�ZDOOV�GR�QRW�GLVVLSDWH�HQHUJ\�
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l ������9HNVOHU��8'665��DQG�0F0LOODQ��86$��UHDOL]H�WKH�LPSRUWDQFH�RI�SKDVH�

IRFXVLQJ

3KDVH�IRFXVLQJ
09/02/03

/RQJLWXGLQDO�SRVLWLRQ�LQ�WKH�EXQFK�
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7KH�5)�TXDGUXSROH��5)4�
09/02/03

l ����� .DSFKLQVNLL DQG�7HSO\DNRY

LQYHQW�WKH�5)4
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7KUHH�KLVWRULF�OLQHV�RI�DFFHOHUDWRUV
09/02/03

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

l ������:LGHURH LQYHQWV�WKH�EHWDWURQ

l ������.HUVW�DQG�6HUEHU�EXLOG�D�EHWDWURQ�IRU����0H9�HOHFWURQV�DQG�XQGHUVWDQG�

EHWDWURQ �WUDQVYHUVH��IRFXVLQJ��LQ���������0H9�

%HWDWURQ�

5 FRQVW��% %�W�

:KHUHDV�IRU�D�F\FORWURQ�

5�W���% FRQVW

1R�DFFHOHUDWLRQ�VHFWLRQ�LV

QHHGHG�VLQFH

∫ ∫∫
∂

⋅−=⋅
A A

dt
d adBsdE

&&&&



26

Georg.Hoffstaetter@Cornell.edu

7KH�%HWDWURQ &RQGLWLRQ
09/02/03
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7KH�6\QFKURWURQ
09/02/03

const.
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l ������9HNVOHU��8'665��DQG�0F0LOODQ��86$��LQYHQW�WKH�V\QFKURWURQ

l ������*RZDUG�DQG�%DUQHV�EXLOG�WKH�ILUVW�V\QFURWURQ��XVLQJ�D�EHWDWURQ�PDJQHW�

l ������:LOVRQ�HW�DO��DW�&RUQHOO�DUH�ILUVW�WR�VWRUH�EHDP�LQ�D�V\QFKWRWURQ

�ODWHU����0H9��PDJQHW�RI����7RQV��

l ������0F0LOODQ�EXLOGV�D����0H9�HOHFWURQ�V\QFKURWURQ

¾ 0DQ\�VPDOOHU�PDJQHWV�LQVWHDG�RI

RQH�ODUJH�PDJQHW

¾ 2QO\�RQH�DFFHOHUDWLRQ�VHFWLRQ�LV

QHHGHG��ZLWK
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IRU�DQ�LQWHJHU�Q�FDOOHG�WKH�

KDUPRQLF�QXPEHU
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5REHU�5�:LOVRQ��$UFKLWHFWXUH
09/02/03

:LOVRQ�+DOO��)1$/

6FLHQFH�(G�&HQWHU��)1$/�������

5REHUW�5�:LOVRQ

86$����������
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5REHU�5�:LOVRQ��&RUQHOO�	�)1$/
09/02/03

%URNHQ�V\PPHWU\ 0RELXV�VWULS

7UDFWULFLRXV
+\SHUEROLF�REHOLVN

S OLQHV
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1DWXUDO�ULQJ�IRFXVLQJ�

l ������2SHUDWLRQ�RI�WKH�&RVPRWURQ������*H9 SURWRQ�V\QFKURWURQ�DW�%URRNKDYHQ

%HDP�SLSH�KHLJKW����FP�

9HUWLFDO�IRFXVLQJ
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H[FLWDWLRQV�WKH�LQMHFWLRQ�HQHUJ\�LV�������0H9�IURP�D�OLQDF�RU�D�PLFURWURQ�

7UDQVYHUVH�ILHOGV�GHIRFXV�LQ�RQH�SODQH�LI�WKH\�IRFXV�LQ�WKH�RWKHU�SODQH�
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l ������63($5�HOHFWURQ�SRVLWURQ FROOLGHU DW��*H9���'LVFRYHU\�RI�WKH�-�3VL DW�

�����*H9�E\�5LFKWHU��63($5��DQG�7LQJ��$*6��VWDUWV�WKH�1RYHPEHU�UHYROXWLRQ�

DQG�ZDV�HVVHQWLDO�IRU�WKH TXDUNPRGHO DQG FKURPRG\QDPLFV�
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l ������6WDUW�RI�DV\PPHWULF�WZR�ULQJ�HOHFWURQ�SRVLWURQ FROOLGHUV .(.�%���3(3�,,
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:RUNLQJ�3RLQW�
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,QMHFWLRQ�DQG�([WUDFWLRQ

3DUWLFOH�WUDQVIHU�IURP�RQH�DFFHOHUDWRU�WR�WKH�RWKHU�PXVW�KDYH�DV

IHZ�SDUWLFOH�ORVVHV�DV�SRVVLEOH�

+LJK�HQHUJ\�DFFHOHUDWRUV�DUH�IHG�E\�D�SUH�DFFHOHUDWRU�FKDLQ��)RU�HDFK�HQHUJ\�

VWDJH�WKHUH�LV�DQ�DSSURSULDWH�DFFHOHUDWRU�
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7KH�3,*�,RQ�6RXUFH

3HQQLQJ�3ULQFLSOH

�RI�WKH�3KLOLSV�,RQ�*DJH�

l0DJQHWLF�ILHOG�RI�DERXW�����7�

l3UHVVXUL]HG�JDV�LV�LQVHUWHG

DW�����3D������$WP�

l*DV�LV�LRQL]HG�DQG�UHPDLQV

LRQL]HG�VLQFH�HOHFWURQV�DUH

DFFHOHUDWHG�LQ�WKH�(�DQG�

FLUFOH

LQ�WKH�%�ILHOG�

l3RVLWLYH�LRQV�DUH�DFFHOHUDWHG

WKURXJK�D�KROH�LQ�WKH�

FDWKRGH

WR�VHYHUDO����9�
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'LRGH�(OHFWURQ�6RXUFH

l $�WKHUPLRQLF�FDWKRGH�SURGXFHV�IUHH�HOHFWURQV�

l $Q�HDUWKHG�DQRGH�DFFHOHUDWHV�WKHP�WKURXJK�DQ�DSHUWXUH�LQWR�D OLQDF�

l 7KH�FDWKRGH�LV�QRW�IODW�EXW�FXUYHG��3LHUFH�&DWKRGH��WR�SURGXFH�D�IRUFH�WKDW

FRXQWHUV�&RXORPE�H[SXOVLRQ��WKH�6SDFH�&KDUJH�)RUFH�

l 7\SLFDO�YROWDJHV�DUH��������N9��W\SLFDO�SHDN�FXUUHQWV�DUH�D�IHZ�$PSHUH�

l 'XH�WR�SRZHU�OLPLWV��RQO\�VKRUW�SXOVHV�FDQ�EH�SURGXFHG��!�D�IHZ�PV�ORQJ�

l $�WK\UDWURQ�LV�XVHG�DV�IDVW�KLJK�FXUUHQW�VZLWFK�DQG�FDSDFLWRUV�SURYLGH�WKH�VKRUW

SXOVH�

l 7KH�SXOVH�IURP�WKH�FDSDFLWRUV�LV�PDJQLILHG��E\�DERXW�����LQ�D�WUDQVIRUPHU�WR

UHDFK�WKH��������N9�
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7ULRGH�(OHFWURQ�6RXUFH
l 7KHUH�LV�QR�WUDQVIRUPHU�DQG�

WKHUHIRUH�SXOVHV�FDQ�EH�VKRUWHU

�!���QV�ORQJ�

l $�WKHUPLRQLF�FDWKRGH�SURGXFHV

IUHH�HOHFWURQV�

l $���9�EDUULHU�JULG�SURKLELWV

HOHFWURQV�IURP�OHDYLQJ�WKH�FDWKRGH�

l $Q�HDUWKHG�DQRGH�DFFHOHUDWHV

WKHP�WKURXJK�DQ�DSHUWXUH�LQWR�D

OLQDF�

l 7\SLFDO�YROWDJHV�DUH���N9��W\SLFDO

SHDN�FXUUHQWV�DUH�D�IHZ�$PSHUH�

l 7KH�VKRUW�SXOVH�DPSOLILHU�LV�LQ�D

)DUDGD\�FDJH�DW�KLJK�SRWHQWLDO�

l$OLJKW�JXLGH�WUDQVSRUWV�D�VKRUW�WULJJHU�SXOVH�WR�KLJK�SRWHQWLDO�

l 7KH�DPSOLILHG�SXOVH�WKHQ�RQO\�KDV�WR�VZLWFK�WKH���9�RI�WKH�JULG�
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2WKHU�(OHFWURQ�DQG�3RVLWURQ�*XQV
3KRWR�&DWKRGH�6RXUFHV

l$�ODVHU�VKLQHV�RQ�D�KLJK�YROWDJH�FDWKRGH�

ZKLFK�HPLWV�SKRWR�HOHFWURQV�

l7KHVH�DUH�DFFHOHUDWHG�HLWKHU�WKURXJK�DQ�DSHUWXUH�LQ�DQ�DQRGH

�'&�VRXUFH���RU�LQ�DQ�5)�ILHOG��5)�SKRWR�FDWKRGH�VRXUFH��

l:LWK�*D$V�DV�FDWKRGH�DQG�ZLWK�D�SRODUL]HG�ODVHU�

SRODUL]HG�HOHFWURQV DUH�SURGXFHG�

l%XQFKHV�FDQ�EH�DV�VKRUW�DV�D�IHZ�SV�

l3HDN�FXUUHQWV�RI�D�IHZ����$�FDQ�EH�DFKLHYHG�

3RVLWURQ�6RXUFH

l(OHFWURQV�DUH�DFFHOHUDWHG�WR�DERXW����0H9�LQ�D�OLQDF�DQG�KLW�D�WXQJVWHQ�WDUJHW�

l3DLU�SURGXFWLRQ�OHDGV�WR�H��H� SDLUV�

l$�IROORZLQJ�OLQDF�KDV�WKH�FRUUHFW�SKDVH�WR�DFFHOHUDWH�H��DQG�GHFHOHUDWH�H��

l'XH�WR�PXOWLSOH�FROOLVLRQV�LQ�WKH�WDUJHW��WKH�HQHUJ\�VSUHDG�LV�XS�WR���0H9�DQG

l7KH�EHDP�LV�YHU\�ZLGH��$�IROORZLQJ�GDPSLQJ�ULQJ�LV�QHHGHG�WR�SURGXFH�QDUURZ

EHDPV�
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&UHDWLRQ�RI�EHDP�SURSHUWLHV�LQ�D�ULQJ

tune
emittance

damped
emittance

1) Energy emission:
Damping of the beam size

2) Stochastic emission:
Excitation of the beam size

11/18/03
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Generation of the emittance

Path for design energy

Path for smaller energy

Photon

Dispersion:
closed path for an
off-energy particle

Smaller dispersion Smaller emittance

11/18/03
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,QMHFWLRQ�DQG�([WUDFWLRQ

Aperture’’2 22
inj >++= aaaaJ βαγ

$�IDVW�NLFNHU�PDJQHW�LV�QHHGHG�WR�EULQJ�D�LQMHFWHG�EXQFK�RQWR�WKH�FORVHG�RUELW�

l ,Q�RUGHU�QRW�WR�GLVWXUE�WKH�VHFRQG�WXUQ��WKH�GXUDWLRQ�RI�WKH�NLFN�PXVW�EH�OHVV�WKDQ

��FLUFXODWLRQ�WLPHV���PV�IRU�D����P�ULQJ��

l ,I�WKH�NLFNHU�PDJQHW�KDV�IDVW�HQRXJK�ULVH�WLPH��RQH�FDQ�LQMHFW�PDQ\�EXQFKHV��
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,QMHFWLRQ�DQG�/LRYLOOH V�7KHRUHP
,W�LV�QRW�SRVVLEOH�WR�LQMHFW�SDUWLFOHV�LQWR�DQ�DOUHDG\�

RFFXSLHG�YROXPH�RI�SKDVH�VSDFH�ZLWKRXW�ORVLQJ�

WKH�SDUWLFOHV�DOUHDG\�SUHVHQW�

)RU�+DPLOWRQLDQ�PRWLRQ��WZR�EXQFKHV�RI�LGHQWLFDO

SDUWLFOHV�FDQQRW�PHUJH�LQ�SKDVH�VSDFH��VLQFH�WKH

SKDVH�VSDFH�GHQVLW\�LV�FRQVHUYHG�

,QMHFWLRQ�RI�GLIIHUHQW�W\SHV�RI�EXQFKHV� 3KDVH�VSDFH�SDLQWLQJ�E\�D

YDULDEOH�LQMHFWLRQ�EXPS�RU�HQHUJ\�
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3KDVH�6SDFH�3DLQWLQJ
7KH�LQMHFWLRQ�EXPS�LV�UHGXFHG�ZLWK�WLPH�

(DFK�QHZ�LQMHFWLRQ�ILOOV��DQ�HPSW\�SKDVH�VSDFH�DUHD�
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,QMHFWLRQ�IRU�(OHFWURQV
'DPSLQJ�OHDGV�WR�QRQ�+DPLOWRQLDQ�PRWLRQ��VR�WKDW�/LRYLOOH V�WKHRUHP�GRHV�QRW�WROG�

$Q�LQMHFWLRQ�EXPS�EULQJV�WKH�FORVHG�RUELW��DQG�SRVVLEO\�DQ�H[LVWLQJ�EHDP��FORVH

7R�WKH�VHSWXP�PDJQHW��VR�WKDW�WKH�QHZ�EXQFK�LV�LQMHFWHG�QH[W�WR�WKH�H[LVWLQJ�EHDP�

7KH�LQMHFWLRQ�RVFLOODWLRQV�RI�WKH�QHZ�EXQFK�GDPS�LQ�D�IHZ�����WXUQV

GXH�WR�WKH�HPLVVLRQ�RI�V\QFKURWURQ�UDGLDWLRQ��7KHUH�VKRXOG�EH�QR�LVODQG�WR�GDPS�WR�

�V�DSHUWXUH�LV

1HHGHG�WR�QRW

ORRVH�VWRUHG

HOHFWURQV�
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5)�V\VWHPV�IRU�DFFHOHUDWRUV
/�DQG�&��GHWHUPLQHG�E\�WKH�FDYLW\�JHRPHWU\

5������������GHWHUPLQHG�E\�WKH�VXUIDFH�UHVLVWDQFH
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5)�V\VWHPV�IRU�DFFHOHUDWRUV
/�DQG�&��GHWHUPLQHG�E\�WKH�FDYLW\�JHRPHWU\
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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�

LV�SRVVLEOH��

(QHUJ\�UHFRYHU\�EHFRPHV�

SRVVLEOH�

Q = 1010

E = 20MV/m

A bell with this Q
would ring for a year.

6XSHUFRQGXFWLQJ�&DYLWLHV
12/02/03
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0XOWLFHOO�&DYLWLHV
7KH�ILOHG�LQ�PDQ\�FHOOV�FDQ�EH�H[FLWHG�E\�D�VLQJOH�SRZHU�VRXUFH�DQG�D�VLQJOH�LQSXW

FRXSOHU�LQ�RUGHU�WR�KDYH�WKH�YROWDJH�RI�VHYHUDO�FDYLWLHV�DYDLODEOH�

:LWKRXW�WKH�ZDOOV��/RQJ�VLQJOH�FDYLW\�ZLWK�WRR�ODUJH�ZDYH�YHORFLW\�

7KLFN�ZDOOV��VKLHOG�WKH�SDUWLFOHV�IURP�UHJLRQV�ZLWK�GHFHOHUDWLQJ�SKDVH�

k
v

ω=ph
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MV12.2kW125

100.18R

MHz500
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→
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=resf([DPSOH��3(75$�&DYLW\
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'LVF�/RDGHG�:DYHJXLGHV
7KH�LULV�VL]H�LV�FKRVHQ�WR�OHW�WKH�SKDVH�YHORFLW\�HTXDO�WKH�SDUWLFOH�YHORFLW\�

6WDQGLQJ�ZDYH�FDYLW\� 7UDYHOLQJ�ZDYH�FDYLW\��ZDYH�JXLGH��

modek/RVV�IUHH�SURSHUJDWLRQ� dnk π2=

d
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0RGHV�LQ�:DYHJXLGHV
7KH�LULV�VL]H�LV�FKRVHQ�WR�OHW�WKH�SKDVH�YHORVLW\ HTXDO�WKH�SDUWLFOH�YHORFLW\�

/RQJ�LQLWLDO�VHWWOLQJ�RU�ILOOLQJ�WLPH�

QRW�JRRG�IRU�SXOVHG�RSHUDWLRQ�

6PDOO�VKXQW�LPSHGDQFH�SHU�OHQJWK�

&RPPRQ�FRPSURPLVH�

λ
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7KH�.O\VWURQ�DV�3RZHU�6RXUFH

l'&�DFFHOHUDWLRQ�WR�VHYHUDO���N9�����N9�SXOVHG

l(QHUJ\�PRGXODWLRQ�ZLWK�D�FDYLW\

l7LPH�RI�IOLJKW�GHQVLW\�PRGXODWLRQ

l([FLWDWLRQ�RI�D�FDYLW\�ZLWK�RXWSXW�FRXSOHU

7LPH�RI�IOLJKW�EXQFKLQJ

2QO\�ZRUNV�IRU

QRQ�UHODWLYLVWLF�HOHFWURQV

3RZHU������0:

,�XS�WR�!���$

%65,beam0 ≤= ηη IUP

3RZHU�����0:�SXOVHG
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5HODWLYLVWLF�.O\VWURQ

%XQFK�FRPSUHVVRU�ZLWK�

GLVSHUVLRQ�

$�PRGXODWRU SXOVHV�WKH�.O\VWURQ�LQ

ZLWK�WKH�UHTXLUHG�UHSHWLWLRQ�UDWH�

'H4LQJ�FLUFXLW�SUHFLVHO\�GHILQHV�WKH�

YROWDJH�

l ,QGXFWLRQ�OLQDF�IRU�KLJK�FXUUHQWV�DQG�ORZ�

HQHUJLHV�

l $�KLJK�FXUUHQW�ORZ�HQHUJ\�EHDP�FUHDWHV�WKH�

5)�SRZHU�IRU�D�ORZ�FXUUHQW�KLJK�HQHUJ\�EHDP�

l(�D�IHZ�0H9

l ,�D�IHZ�����$
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,QWHUDFWLRQ�5DWH
:KHQ�WKH�FURVV�VHFWLRQ�IRU�D�SURFHVV�LV�NQRZQ��WKH�QXPEHU�RI�HYHQWV�SHU�WLPH�LV

ZKHUH�WKH�OXPLQRVLW\�/ LV�LQGHSHQGHQW�RI�WKH�SURFHVV�sectioncrossevents σ⋅= LN�

*DXVVLDQ�EHDPV�

]
1

[10]
scm

1
[ 33

2 snb
LL =

,QWHJUDWHG�/XPLQRVLW\� sectioncrossevents /σNdtL =∫



205

Georg.Hoffstaetter@Cornell.edu

12/02/03

/XPLQRVLW\
:KHQ�WKH�FURVV�VHFWLRQ�IRU�D�SURFHVV�LV�NQRZQ��WKH�QXPEHU�RI�HYHQWV�SHU�WLPH�LV

ZKHUH�WKH�OXPLQRVLW\�/ LV�LQGHSHQGHQW�RI�WKH�SURFHVV�sectioncrossevents σ⋅= LN�
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7KH�%HDP�%HDP�)RUFH
7KH�IRUFH�WKDW�DFWV�IURP�RQH�EHDP�WR�WKH�RWKHU�GXULQJ�FROOLVLRQV LV�IRFXVLQJ�RU

GHIRFXVLQJ�LQ�ERWK�SODQHV�IRU�VPDOO�GLVWDQFHV�

)RU�ODUJH�GLVWDQFHV�LW�LV�YHU\�QRQOLQHDU�DQG�FRQWULEXWHV�WR�WKH�G\QDPLF�DSHUWXUH�

7KH�HIIHFWV�RI�(�DQG�%�IRUFHV�DGG�

:KHUHDV�WKH\�VXEWUDFW�IRU

FR�PRYLQJ�SDUWLFOHV�
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/LPLWV�WR�WKH�/XPLQRVLW\
,I�RQH�VWD\V�DW�WKH�EHDP�EHDP�WXQH�VKLIW�OLPLW��WKH�OXPLQRVLW\�

JURZV�ZLWK�WKH��

� �

SRZHU�RI�(��XQWLO�IRU�H[DPSOH�WKH�5)�

EHFRPHV�WRR�ZHDN�
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7KH�'HWHFWRU�DQG�WKH�,5
7KH�LQWHUDFWLRQ�UHJLRQ�,5�FRQQHFWV�WKH�DFFHOHUDWRU�LQWLPDWHO\�ZLWK�WKH�GHWHFWRU�


