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l An extension of the tunnel could easily conflict with buildings
l But the tunnel sealing is at about 836 ft ASL whereas
l The base of the deepest relevant building’s foundation is at

862ft ASL, yielding about 10m of space.
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Roderick MacKinnon

6\QFKURWURQ�5DGLDWLRQ�#�&RUQHOO
l �������

� �

GHWHFWLRQ�RI�V\QFKURWURQ�OLJKW�DW�*HQHUDO�(OHFWULFV��6RRQ�DGYLVHG�E\�

'�+�7RPERXOLDQ �&RUQHOO�8QLYHUVLW\�

l �������

� �

DFFXUDWH�PHDVXUHPHQW�RI�V\QFKURWURQ�UDGLDWLRQ�SRZHU�E\�'DOH�

&RUVRQ�ZLWK�WKH�&RUQHOO����0H9�V\QFKURWURQ�

l �������

� �

PHDVXUHPHQW�RI�WKH�V\QFKURWURQ�UDGLDWLRQ�VSHFWUXP�E\�3DXO�

+DUWPDQ�ZLWK�WKH�&RUQHOO����0H9�V\QFKURWURQ�

l :RUOGV��

� �

V\QFKURWURQ�UDGLDWLRQ�EHDP�OLQH��&RUQHOO����0H9�V\QFK��

l �������

� �

PHDVXUHPHQW�RI�UDGLDWLRQ�SRODUL]DWLRQ�E\�3HWHU�-RRV ZLWK�WKH�

&RUQHOO����*H9�V\QFKURWURQ�

l ������;�5D\�IDFLOLW\�&+(66�LV�EHLQJ�EXLOG�DW�&(65

l �������

� �

1REHO�SUL]H�ZLWK�&(65�GDWD�JRHV�WR�5�0DF.LQQRQ

'DOH�&RUVRQ

&RUQHOO V��

� �

SUHVLGHQW



Georg.Hoffstaetter@Cornell.edu

03/23/2004Beam size in a linear accelerator
The beam properties are to a very large extend determined by the injector system:

l The horizontal beam size can be made much smaller than in a ring

l While the smallest beams that are possible in rings have almost been reached,
a linear accelerator can take advantage of any future improvement in the
electron source or injector system.

ESRF 6GeV@200mA ERL 5GeV@100mA

courtesy Iv an Bazarov
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6PDOOHU�%HDP�]�PRUH�&RKHUHQFH
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LPDJLQJ�RQ�QRQ�FU\VWDOOLQH�PDWHULDOV�
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for same x-rays, or provide coherence for harder x-rays
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l The bunch length can be made much smaller than in a ring

l While the shortest bunches possible in rings have almost bean reached, a
linear accelerator can take advantage of any future improvement in the source

source or injector system.

ESRF 6GeV@200mA

100fs 2ps16ps

ERL 5GeV@100mA
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(QHUJ\�5HFRYHU\�	�/LQHDU�&ROO�

(QHUJ\�UHFRYHU\�QHHGV�FRQWLQXRXVO\�ILHOGV�LQ�WKH�5)�VWUXFWXUH

¾ 1RUPDO�FRQGXFWLQJ�KLJK�ILHOG�FDYLWLHV�JHW�WRR�KRW�

¾ 6XSHUFRQGXFWLQJ�FDYLWLHV�XVHG�WR�KDYH�WRR�ORZ�ILHOGV�
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3UHYLRXV�(QHUJ\�5HFRYHU\�/LQDFV

“Now, why should that not work?”

Leonardo da Vinci
(1452-1519)
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(5/V�LQ�WKH�:RUOG
After the success of high gradient super-conducting RF,
several laboratories have worked on ERLs:

Upgrades of: TJNAF, JAERI
Light production: Brookhaven, Cornell, Daresbury, KEK, Novosibirsk
Electron Ion colliders: TJNAF
High energy electron cooling for RHIC: Brookhaven

Neither an electron source, nor an injector system, nor an ERL has ever
been built for the required large beam powers and small transverse and
longitudinal emittances.
Ł A prototype at Cornell should verify the functionality
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/LPLWV�WR�(5/V

Limits to Energy :
¾ Length of Linac and power for its cooling to 2K

Limits to Current :
¾ Beam Break Up (BBU) instability
For narrow beams :
¾ Coulomb expulsion of bunched particles (Space Charge)
¾ Radiation back reaction on a bunch (CSR)
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This agreement shows both, the quality of tracking
and that of the theory.
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5HVXOWV�RQ�%%8
Many HOMs in one cavity :
¾ only the most dangerous HOM contributes to the threshold.

HOMs in different cavities :
¾ HOMs in different cavities cannot cancel, but they can be

decoupled by optical choices.

Multi turn recirculation :
¾ The threshold decreases approximately quadratically with the

number of turns.

Closed orbit drift instability :
¾ Allways has a threshold that is larger than the coherent oscillation BBU
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2SWLPL]DWLRQ�UHVXOWV

2SWLPL]DWLRQ�IRU HPLWWDQFHV LQ�FDVH�RI�WUDQVYHUVH�XQLIRUP��ORQJLWXGLQDO

JDXVVLDQ ODVHU �SURILOH�

¾ ������PP�PUDG IRU�� S&�EXQFK

¾ �����PP�PUDG IRU��� S&�EXQFK ILQDO�EXQFK�OHQJWK�������PP

¾ 2QJRLQJ�VLPXODWLRQV�IRU�DQ�LGHDO�JXQ�OHDG�WR�HYHQ�PXFK�VPDOOHU�HPLWWDQFHV

¾ ����PP�PUDG IRU���� Q&�EXQFK

6LPXODWLRQV�VXJJHVW�WKDW�WKHUPDO�HPLWWDQFH�LV�QRW�LPSRUWDQW�IRU�KLJK�

FKDUJH���EXQFK��a Q&���EXW�LV�LPSRUWDQW�IRU�ORZ�FKDUJH�EXQFK��a S&�

%HWWHU�UHVXOWV�LI�ORQJLWXGLQDO�ODVHU�SURILOH�VKDSLQJ�FDQ�EH�HPSOR\HG

1RWH��UHVXOWV�DUH�VLPLODU�WR�WKRVH�RI�5)�JXQV
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(PLWWDQFH�*URZWK�LQ�WKH�0HUJHU
space charge in merger

77 pC, 0.7 mm
coherent synchrotron radiation in merger

SOXV�FRXSOHU�NLFNV�� WUDQVSRUW� LQ�

WKH�OLQDF��PRUH�UDGLDWLRQ� LQ�WKH�

DUFV� �ERWK� FRKHUHQW� DQG�

LQFRKHUHQW��� ZDNHV�� RSWLFDO�

DEHUUDWLRQV� �FKURPDWLF� DQG�

JHRPHWULF�
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(5/�3URWRW\SH�,D�,E

30m

Gun

Buncher

Dump with quadrupole
optic

Bates bends

Main linac Injector
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l Coupling: 50 kW, but only 4% emittance growth due to coupler-focusing

l Flexibility:   Energy gain = 1 to 3 MV, 

l Close to the TTF III coupler but:
62mm (from 40) coax line
multicasting free
larger antenna
travel range increased (15mm)
air-cooled bellows (from 400K)

4 54.6 10 to 4.1 10extQ = ⋅ ⋅
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Injector cryomodule concept
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Ferrite shielded bellows

The bare bellows would lead to a loss factor of 1.2V/pC into the bellows.
The ferrite shielded bellows absorb the HOM power in the cooled ferrite.
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$GYDQWDJHV�RI�(5/#&(65
l 8VH�WKH�WXQQHO�IRU�(5/�3KDVH�,E�

l 2SHUDWLRQ�RI�&(65�DQG�(5/�WHVW�VLPXOWDQHRXVO\�

l 8VH�DOO�RI�WKH�&(65�WXQQHO��ZKLFK�ZRXOG�EH�PRUH�RI�DQ�XSJUDGH�

l 0XFK�PRUH�VSDFH�IRU�XQGXODWRUV�

l 6SDFH�IRU�IXWXUH�XSJUDGHV��OLNH�DQ�)(/�

l )XWXUH�H[WHQVLRQV�DUH�SRVVLEOH�

l 1R�EDVHPHQWV�RI�H[LVWLQJ�EXLOGLQJV�WR�ZRUU\�DERXW�

l 2QO\�RQH�WXQQHO�IRU�WZR OLQDFV�

l /HVV�FU\R OLQHV�QHHGHG�VLQFH�WKHUH�LV�RQO\�RQH�OLQDF�WXQQHO�
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'RXEOH�OLQDF�WXQQHO

Two modified TESLA type cryomodules, two times the 17kW IOTs, etc. in
one tunnel.
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Parameters
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+20�'DPSLQJ�LQ�WKH�(5/�0DLQ�/LQDF

,Q�DYHUDJH�����:�ORVVHV�SHU�FDYLW\�IURP�EHDP�H[FLWHG�PRQRSROH�

PRGHV�

2SSRVLWH�+20�FRXSOHUV�WR�UHGXFH�WUDQVYHUVH�NLFNV�

(QODUJHG�EHDP�WXEH�RQ�RQH�VLGH�WR�SURSDJDWH�DOO�70�PRQRSROH�

PRGHV�DQG�PRVW�GLSROH�PRGHV�

��+20�ORRS�FRXSOHU�SHU�FDYLW\�WR�UHGXFH�SRZHU�SHU�FRXSOHU�DQG�

WR�GDPS TXDGUXSROH PRGHV�UHOLDEOH�

)HUULWH�EURDGEDQG�DEVRUEHUV�DW����.�EHWZHHQ�FDYLWLHV�WR�GDPS�

SURSDJDWLQJ�PRGHV�

7-cell s.c. cavity,
TESLA shaped center cells

small 78 mm
beam tube

large 106 mm
beam tube

2 K
80 K 80 K
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Ferrite shielded bellows

The temperature dependent absorption is being studied up to 40GHz as a 
function of temperature.
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Linac optics

Optimize optics in the Linac 
for the accelerated and the 
decelerated energy.
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Optimization of
Tunnel Layout

Requirements: Fit in
two 2 m undulator,
four 5 m undulators, and
one 25 m undulator and
achromats between the undulators

Achromats
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Dispersion for short bunch operation

Requirements: The large dispersion has advantages:
Can be used to manipulate R56, and with sextupoles also higher chromatic orders.

undulators

02/18/2004
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Length along arc of CESR

Horizontal emittance with coherent synchrotron radiation

Emittance with CSR and nonlinear optics

)0(8.1 xx εε ⋅=

Result:  After suitable nonlinear bunch length manipulation, the emittance growth
can be controlled in all undulators.
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Conclusion
l Possibilities of extending the CESR tunnel to accommodate an ERL have been

investigated.

l First and second order optics have been found for an ERL

¾ which uses the current CESR tunnel and many of its components

¾ which can be used to compress 2ps bunches to 100fs

¾ which leads to less than a factor of 2 in transverse emittance increase due to CSR

¾ Nearly all quadrupoles and sextupoles have a strength which can be achieved in  

CESR today

¾ The BBU limit is at least as large 100 – 200mA

l This upgrade of CESR to an ERL light source would be a demonstration of an upgrade
path that could then be open to many existing X-ray rings.


