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7KH�7(6/$�PDFKLQH��SDUDPHWHUV 5HSHWLWLRQ�UDWH��
��+]�
[������EXQFKHV�
[���×���� HOHFWURQV

Parameter 
 
• C.M . Energy [GeV] 
• Luminosity [cm ��/s] 
• Beam size σ x [nm] 
• Beam size σ y [nm] 
• Bunch length [mm] 
• Particles per bunch 
• Bunches / train 
• Bunch interspacing [ns] 
• Repetition rate [Hz] 
• Beamstrahlung [% ] 

TESLA 
 

500 
3.4 x 10+34 

����
��
����

 

2 x 10+10 
2820 
337 

5 
4 

LEP200 
 

209 
6.0 x 10+31 

300 000 
8 000 

10 
 

4.5 x 10+10 
4 

22 000 
45 500 

SLC 
 

92 
3.0 x 10+30 

1 500 
650 

1 
 

4 x 10+10 
1 

8 360 000 
120 
0.03 

�



0XRQ�GHWHFWRU

&RLO
%� ���7HVOD

&DORULPHWHU
� ILQH��'�JUDQXODULW\
� YHU\�JRRG�HQHUJ\�IORZ

7LPH�3URMHFWLRQ�&KDPEHU
� /RZ�DPRXQW�RI�PDWHULDO�>JDV@
� /DUJH�QXPEHU�RI��'�SRLQWV

→ SUHFLVH�WUDFNLQJ
→ H[FHOOHQW�PRPHQWXP�UHVROXWLRQ

9HUWH[�GHWHFWRU
� FORVH�WR�WKH�EHDP
� UHFRQVWUXFWLRQ�RI�VHFRQGDU\�
YHUWLFHV�RI�E�DQG�F�TXDUN�GHFD\V

7KH�7(6/$�GHWHFWRU��JHQHUDO�OD\RXW �'HVLJQ�SURSRVHG�IRU�WKH�7(6/$�7'5�



½ +LJJV�HV��VHDUFKHV
� GLOHSWRQ UHFRLO�PDVV�IRU�=�+�HYHQWV

½ 6HDUFKHV�IRU�QHZ�SDUWLFOHV�
� NLQN�WUDFNV
� ORQJ�OLYHG�FKDUJHG�SDUWLFOHV
� HQG�SRLQW�PHDVXUHPHQWV�IRU�686<�GHFD\
FKDLQV

,PSRVH�VHYHUDO�UHTXLUHPHQWV�
� KLJK�PRPHQWXP�UHVROXWLRQ�

δ���SW�������î����� � *H9
δ ���S7�� ���[����� � *H9 >$/(3+�#�/(3@

� KLJK�WUDFNLQJ�HIILFLHQF\�ZLWK�HIILFLHQW�SDWWHUQ�
UHFRJQLWLRQ�GHVSLWH�WKH�KLJK�WUDFN��MHWV�
GHQVLW\�HQYLURQPHQW�

ε !������� >�S�!�� *H9@
� D� ODUJH 73&�VHQVLWLYH�YROXPH
� D�JRRG G(�G[ UHVROXWLRQ

δ�ORJ>G(�G[@���������

5KDGURQ VLJQDO�

60�VLJQDO

73&�DV�WKH�FHQWUDO�WUDFNHU�DW�7(6/$��SK\VLFV�UHTXLUHPHQWV

5HFRLO�� PDVV�>*H9@



)LHOG�FDJH

3DGV
)URQW�HQG�(OHFWURQLFV

3ULPDU\�HOHFWURQV

FD
W K
RG
H

JDWH $QRGH

,RQ�IHHGEDFN&KDUJHG�SDUWLFOH

7LPH�3URMHFWLRQ�&KDPEHU�
� LRQL]DWLRQ�E\�D�FKDUJHG�SDUWLFOH
� HOHFWURQV�DYDODQFKH�
� VLJQDO�LQGXFHG�RQ�WKH�UHDGRXW
SDGV

� PLQLPL]DWLRQ�RI��PDWHULDO�EXGJHW��;���IRU�ILHOG�FDJH�DQG�HQG�FDSV
� LRQV�UHWXUQ�LQ�WKH�GULIW�YROXPH�DQG�FDXVH�ILHOG�GLVWRUWLRQV
� (�;�%�HIIHFWV�KDYH�WR�EH�PLQLPL]HG�
� JDV�FKRLFH�LV�D�FUXFLDO�LVVXH��

FRPSURPLVH�EHWZHHQ�DJLQJ�SURSHUWLHV��σQ� (PD[� YGULIW DQG '�/�7�
� DW�7(6/$��FRQWLQXRXV�UHDGRXW�DQG�EXQFK�WLPH LQWHUYDOOH VPDOO

3UREOHPV�DGGUHVVHG�E\�WKH�7LPH�3URMHFWLRQ�&KDPEHU

7LPH�3URMHFWLRQ�&KDPEHU�FRQFHSW



/HQJWK�����[���� FP
,QQHU�UDGLXV����� FP
2XWHU�UDGLXV������FP

(&$/

73&

� /DUJH�73&�VHQVLWLYH�YROXPH�

% ��7
δ%�%������±�

73&�DV�WKH�FHQWUDO�WUDFNHU�DW�7(6/$��WKH�7'5�FKRLFH

� *DV�PL[WXUH�
� $U ± &+� ± &2� �����± ��± �� σQ  ����EDUQ
� YGULIW  ������FP�µV�
� (PD[  �����9�FP� '�/�7� ��������µP���/����

� %DFNJURXQG�LQ�73&���������KLWV
�PDLQO\�QHXWURQV a�����Q�%;��EXW�RFFXSDQF\������
� ODUJH�QXPEHU�RI�VSDWLDO�SRLQWV�

��� �]��U��ϕ���SHU�WUDFN �G(�G[��SW�
� YHU\ ILQH�JUDQXODULW\�

a�����PLOOLRQV�SDGV���[���PP�



3ULQFLSOH
� SULPDU\ HOHFWURQV
� DPSOLILFDWLRQ
� VLJQDO��LQGXFHG�RQ�WKH�SDGV
� JDWLQJ SODQH�IRU�LRQ�IHHGEDFN UHGXFWLRQ

$GYDQWDJHV
� NQRZQ�WHFKQRORJ\��H�J��723$=��$/(3+��'(/3+,��HWF����
%XW

� KLJK�PDJQHWLF�ILHOG
� LRQ�IHHGEDFN�QHHGV�JDWLQJ�DIWHU�HYHU\�EXQFK�FURVVLQJ"
� (�[�%�HIIHFWV�

73&�DV�WKH�FHQWUDO�WUDFNHU�DW�7(6/$��*DV�DPSOLILFDWLRQ��ZLUHV
)RU�WKH�GULIWLQJ�HOHFWURQ�DPSOLILFDWLRQ�VHYHUDO�VROXWLRQV�DUH�FRQVLGHUHG�
:LUHV



½ DOPRVW�QR�(�[�%�HIIHFWV��a����µP�
½ QDWXUDO�VXSSUHVVLRQ�RI�LRQ�IHHGEDFN
½ ORZ�PDWHULDO�EXGJHW�
½ ��'�V\PPHWU\
½ KLJK�JDLQ�DQG�SRVVLELOLW\�WR�XVH�PXOWL�*(0�VWUXFWXUH
½ IDVW�VLJQDO�FROOHFWLRQ�
½ VLPSOH�GHVLJQ��QR�PHFKDQLFDO�WHQVLRQ�

*DV�(OHFWURQ�0XOWLSOLHU �)� 6DXOL HW�DO��������

� WKLQ�SRO\PHU�EDVH��a�� µP�
� FRDWHG�RQ�HDFK�VLGH�E\�a�� µP�FRSSHU��
� SHUIRUDWHG�E\�D�KLJK�GHQVLW\�RI�VPDOO�KROHV

� ���µP�KROHV������µP�SLWFK
� 6WURQJ�ILHOG��a����N9�FP��EHWZHHQ�WKH
WZR��FRQGXFWLYH�VLGHV�

$GYDQWDJHV�RI�*(0�

73&�DV�WKH�FHQWUDO�WUDFNHU�DW�7(6/$��*DV�DPSOLILFDWLRQ��*(0

&DSWRQ�IRLO



� WKLQ�PHWDOOLF�PHVK�KHOG�E\�GLHOHFWULF�
VXSSRUW�
� DPSOLILFDWLRQ�JDSa�����µP
� KLJK�ILHOG�LQ�WKH�JDS�a����N9�FP

6DPH�DGYDQWDJHV�DV�*(0
� ODUJH�JDLQV����������
� )XQQHO�HIIHFW�→ HIILFLHQW�LRQ
FROOHFWLRQ

6��6��a (DPSOLI � (GULIW
,RQV�DUH�XQOLNHO\�WR�IROORZ�WKH�ILHOG�OLQHV
DQG�UHWXUQ�WR�WKH�GULIW�YROXPH�
,RQV�UHWXUQ�WR�WKH�JULG

6�

6�

(GULIW

(DPSOLI

'ULIW�VSDFH

��[����µP

0LFUR0HJDV �<� *LRPDWDULV HW�DO��������
73&�DV�WKH�FHQWUDO�WUDFNHU�DW�7(6/$��*DV�DPSOLILFDWLRQ��0LFUR0HJDV



� *DV�DPSOLILFDWLRQ�V\VWHP�
± *(0�RU��DQG� 0LFUR0HJDV RU�ZLUHV�
± ,RQ�IHHGEDFN

� 5HDGRXW�SDG�VKDSH�
± 3DG�JHRPHWU\�VWXGLHV��FKHYURQV� VTXDUHV��HWF«��
� 6SDWLDO��WZR�WUDFN�DQG G(�G[ UHVROXWLRQ

� *DV�PL[WXUH�
± 'ULIW�YHORFLW\�
± $JLQJ�DQG�HIIHFWV�RQ�WKH�ILHOG�FDJH�GHVLJQ

� %HKDYLRU�LQ�PDJQHWLF�ILHOG��� HIIHFW�RQ HOHFWURQ�WUDQVSDUHQF\��HWF�����

� (OHFWURQLFV��
� VDPSOLQJ�DQG�GLJLWL]DWLRQ�RQ�HQGSODWHV��HWF���

� 6LPXODWLRQ�DQG�VRIWZDUH�GHYHORSPHQW

73&���RQJRLQJ�5	'�DFWLYLWLHV
�)RU�PRUH�GHWDLOV�VHH�QRWH /&�'(7�����������KWWS���ZZZ�GHV\�GH�aOFQRWHV�

3DUWLFLSDWLQJ�LQVWLWXWHV�WR�WKH�/&�73&�5	'�SURJUDP�
$DFKHQ��&DUOHWRQ��'(6<� .DUOVUXKH��.UDNRZ��/%1/��0,7��03,�0XQLFK��
1,.+()� 1RYRVLELUVN� 2UVD\ �/$/��,31�� 5RVWRFN� 6DFOD\��9LFWRULD�

ωτ ≈ �� ���7HVOD�



*DLQ�VWDELOLW\
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R
el

at
iv

e 
G

ai
n



0.9


0.925


0.95


0.975


1


1.025


1.05


1.075


1.1


20
 30
 40
 50
 60


73&���RQJRLQJ�5	'�DFWLYLWLHV��JDLQ�VWDELOLW\ �'(6<�73&�VHWXS�

6WDELOLW\�ZLWKLQ���
:LWKRXW�DWPRVSKHULF
SUHVVXUH�FRUUHFWLRQV

$�W\SLFDO�73&�VHWXS�H�J��'(6<�
� 8VH�RI�FRVPLF PXRQV
� WZR VFLQWLOODWRUV DV�WULJJHULQJ�VLJQDO
� PD[LPDO�GULIW�OHQJWK���P�
� GRXEOH�*(0�VWUXFWXUH
� JDV�PL[WXUH� $U�&+��&2�  �������� HOHFWURQLFV�j OD�$/(3+��

�)DVWEXV WHFKQRORJ\�73'�)96%,�
� UHDGRXW�VDPSOLQJ�DW����0+]�
� ���UHDGRXW�FKDQQHOV
� VLJQDO���QRLVH�!���

*RDO��WR�UHDFK�D G(�G[ PHDVXUHPHQW�ZLWK����
SUHFLVLRQ�D�JDLQ�VWDELOLW\�KRPRJHQHLW\�DW��
���OHYHO



'ULIW�ILHOG�>N9�FP@
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*DLQ�>��*(0�VWUXFWXUH@

73&���RQJRLQJ�5	'�DFWLYLWLHV��LRQ�IHHGEDFN�VWXGLHV *(0��1RYRVLELUVN�

(DPSOLI � (GULIW

,R
Q�I
HH
GE
DF
N

0LFUR0HJDV �6DFOD\�2UVD\� ZLWK�%

� 6RXUFH��;�5D\�JXQ
� $U����� ,VREXWDQH�����

7ZR�VRXUFHV RI�LRQV�LQ�D�73&�
� LRQV�FUHDWHG�LQ�WKH�73&�GULIW�YROXPH�E\�
SULPDU\�LRQL]DWLRQ
� LRQV�FUHDWHG�GXULQJ�WKH�DYDODQFKH

,RQ�IHHGEDFN�LV�D�FUXFLDO�LVVXH�DW�7(6/$�
� WR�ZKLFK�OHYHO�FDQ�LW�EH�VXSSUHVVHG�"
� +RZ�GRHV�WKH�LRQ�IHHGEDFN�HYROYH�ZLWK
KLJK�PDJQHWLF�ILHOG�"



�6DFOD\�*D
LQ

*DS�>FP@

� $�QHHG�WR�EHWWHU�XQGHUVWDQG�VHYHUDO�DVSHFWV�RI�03*'�
� 6LPXODWLRQ�RI�D�*(0�ZLWK�DQG�ZLWKRXW
PDJQHWLF�ILHOG�
6\VWHPDWLF�VWXGLHV�OLNH�H�J��H� FROOHFWLRQ�
HIILFLHQF\

� $PSOLILFDWLRQ�SURSHUWLHV�VLPXODWLRQ�
� JDV�FKRLFH �FDUULHU��HIIHFW RI�TXHQFKHU�
� RSWLPDO�JDS

�$DFKHQ�

$SSOLHG�ILHOG �'ULIW�,QGXFWLRQ� >9�FP@

&R
OOH
FWL
RQ
�HI
ILF
LHQ
F\

�$DFKHQ��*DUILHOG�VLPXODWLRQ
RI�D�*(0�KROH�

6HYHUDO�JDV�
&KRLFHV

73&���RQJRLQJ�5	'�DFWLYLWLHV��VLPXODWLRQV



6HYHUDO�GUDZEDFNV�IRU�HOHFWURQ�FROOHFWLRQ�XVLQJ�03*'���*(0�RU 0LFUR0HJDV��
� IRU�VPDOO�GULIW�GLVWDQFHV��FKDUJH�FORXG�PD\�EH�FROOHFWHG�RQ�D�VLQJOH�SDG�
VLQFH�UHGXFWLRQ�RI�WUDQVYHUVH�GLIIXVLRQ�GXH�WR�KLJK�PDJQHWLF�ILHOG�
� FHQWHU�RI�JUDYLW\�PHWKRG�QRW�HIILFLHQW

6TXDUH�SDGV &KHYURQ�SDGV

73&���RQJRLQJ�5	'�DFWLYLWLHV��SDG�JHRPHWULHV�	�UHVROXWLRQ

� VPDOOHU�SDG�VL]H�
� XVH VSHFLDOO\�VKDSHG�SDGV�L�H��RWKHU�JHRPHWULHV�OLNH�FKHYURQV IRU�D
EHWWHU�FKDUJH�VKDULQJ�EHWZHHQ�QHLJKERU�SDGV�
� LQFUHDVH�VL]H�RI�FKDUJH�FORXG�XVLQJ�UHVLVWLYH�IRLOV�EHIRUH�WKH�SDGV�

6ROXWLRQ��EHWWHU�FKDUJH�VKDULQJ



73&���RQJRLQJ�5	'�DFWLYLWLHV��SDG�JHRPHWULHV�DQG�UHVROXWLRQ
�'(6<�+DPEXUJ�

� 5HVROXWLRQ YV GULIW�OHQJWK�
� EHWWHU�FKDUJH�VKDULQJ�IRU�FKHYURQV
� DW�VPDOO�GULIW�GLVWDQFHV��FKHYURQV�JLYH�
D�EHWWHU�UHVROXWLRQ�WKDQ�VTXDUH�SDGV�
� QHHGV�D�EHWWHU�XQGHUVWDQGLQJ
�ZRUN�LQ�SURJUHVV�

3UHOLPLQDU\

�&DUOHWRQ�

� $U�&+��&2� ��������� ���PP�[����PP�%� ���7

� 5HDGRXW�SDG��
/HIW� 0HDVXUHG��VSDWLDO�UHVROXWLRQ

XVLQJ�$U&2� JDV�
�SDGV ����PP�[���PP�

� &KDUJH�VKDULQJ�HQKDQFHPHQW�
5LJKW���VLJQDO�VSUHDG�VWXGLHV�XVLQJ�

UHVLVWLYH�IRLOV

σ �� �� � a�����µP



73&�5	'�ZRUNLQJ�JURXS��IXWXUH�SODQV �03,�0XQLFK�

� 2QJRLQJ�5	'�VWXGLHV�IRU��
� 03*'�VWXGLHV��*(0� 0LFUR0HJDV�
� WHVW�*(0�IURP�GLIIHUHQW�YHQGRUV
� JDV�SURSHUW\�VWXGLHV
� FKDUJH�VKDULQJ��JDLQ��HWF���
� VLPXODWLRQ

� 7HVW�EHDP�ZLWK�DQ�HOHFWURQ�EHDP�IDFLOLW\�DW�'(6<
� 6HYHUDO�QHZ�73&�SURWRW\SHV�DUH�EHLQJ�EXLOW�

� &DUOHWRQ
� '(6<�+DPEXUJ
� 03, 0XQLFK
� 9LFWRULD

6WXG\�PDJQHWLF�ILHOG�HIIHFWV�XVLQJ�
½ D�'(6<��VXSHUFRQGXFWLQJ PDJQHW����7HVOD�
½ D�6DFOD\ PDJQHW����7HVOD�

/ ����FP��� ���FP

'(6<�PDJQHW



&RQFOXVLRQV

$�OLQHDU�FROOLGHU LV�FOHDUO\�WKH�QH[W�ELJJHVW�SURMHFW�DIWHU�/+&�
6WURQJ�5	'�DFWLYLWLHV�WR�GHYHORS�D�7LPH�3URMHFWLRQ�&KDPEHU�DV
WKH�PDLQ�7UDFNHU�DW�WKH�IXWXUH�OLQHDU�FROOLGHU�

� 6HYHUDO�LQVWLWXWHV�DUH�MRLQLQJ�WKHLU�HIIRUWV�WR�DFKLHYH�WKH
GLIIHUHQW�PLOHVWRQHV��VHH�H�J��/&�'(7�����������

3DUWLFLSDWLQJ�LQVWLWXWHV�WR�WKH�/&�73&�5	'�SURJUDP�
$DFKHQ��&DUOHWRQ��'(6<� .DUOVUXKH��.UDNRZ��/%1/��0,7��03,�0XQLFK��
1,.+()� 1RYRVLELUVN� 2UVD\ �/$/��,31�� 5RVWRFN� 6DFOD\��9LFWRULD�
0RUH LQIRUPDWLRQV DERXW�

� 7(6/$�
KWWS���WHVOD�GHV\�GH�WGU

� 73&�5	'�ZRUNLQJ�JURXS�
KWWS���ZZZ�GHV\�GH�FRQIHUHQFHV�HFID�GHV\�OFH[W�KWPO

6OLGHV�DYDLODEOH�RQ�KWWS���ZZZ�GHV\�GH�aJKRGEDQH


