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ERL Concept (1965)

A Possible Apparatus for Electron Clashing-Beam Experiments (*).

M. TiGNER

Laboratory of Nuclear Studies, Cornell University - Ithaca, N. Y.

(ricevuto il 2 Febbraio 1965)
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Without energy recovery . . .
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[Nine Mile Point Nuclear Power Plant, Oswego, NY]
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Cornell ERL (2010)

Lightsource Energy Current Emittance Bunch Length
(GeV) (mA) (pm) (ps)
ESRF 6 200 4000 20
APS 7 100 2514 20
SPring 8 8 100 3000 13
CERL mode A 5 100 31 2
mode B 5 25 8 2
5

METERS
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Cornell Master Plan

[ www.masterplan.cornell.edu |
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Coherent Synchrotron Radiation
Schwinger (1945)

(unpublished)
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CSR Wakefield and Shielding
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Shielding Factor b,
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Estimates for CSR in CERL Modes
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Simulation

Bmad and Tao

www. Lns.cornell.edu/~dcs/bmad/

Revision: 115
uly 14, 2000

Bmad

Reference Manual

David Sagan

OPAL

amas.web.ps1i.ch

Heviion: 7 w(={Jm PAUL SCHERRER INSTITUT

PSLPROS.02

The OPAL Framework
(Object Oriented Parallel Accelerator Library)
Version 1.1.8
User’s Reference Manual

Tao

Manual

By David Sagan
and
Jeffrey C. Smith
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0.4

CSR Simulation

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS, VOLUME 00,

‘method for coherent sy

ayes, and Udom Sac-Ueng
L4853, USh

L~ L) < AL XL - Lg) xa)
(L-L-gn)

PARTICLE INTERA(

“The CSR analysis starts by considering two paricies of
chasge e following the same trajectosy as shown in Fig.

1 © 2009 The American Physical Society

Sagan, Hoffstaetter, Mayes, Sae-Ueng
PRST-AB 12, 040703 (2009)
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Longitudinal phase space for compressed bunches

In first short-pulse undulator (designed for 100 fs)
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CERL Bunch Compression

77 pC
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Exact 1D CSR Model with Shielding

Mayes & Hoffstaetter
PRST-AB 12, 024401 (2009)
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Figure 5.9: The steady-state retarded distribution A, (z’;z) for various test particles z, in Eq. (5.63) using a Gaussian
bunch with standard deviation o = 0.3 mm and energy 1 GeV, in a magnet of bending radius «~' = 10.0 m.
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Exact 1D CSR Model with Shielding

Mayes & Hoffstaetter
PRST-AB 12, 024401 (2009)
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Exact 1D CSR Model with Shielding

Mayes & Hoffstaetter
PRST-AB 12, 024401 (2009)
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Exact 1D CSR: Transient effects
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Figure 3: The average energy loss and energy spread induced, per unit length, of the CSR-wake for a Gaussian bunch
through the length of a bend (left plot) and in the drift region (right plot) following that bend. Solid lines take into account
a previous bend separated by 1 m from the current bend, while dashed lines have no previous bend. The bending radii
are 10 m, and the bunch has a length o = 0.3 mm with an energy of 1 GeV. In this example, shielding by parallel plates

(separated by 2 cm) drastically reduces the energy loss, but only moderately reduces the energy spread, as compared to
the free space calculations.
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Exact 1D CSR: comparison with approximations
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Figure 2: The ratio of the average energy lost by a Gaussian bunch using the exact CSR-wake to that using the ultra-

relativistic, small angle approximation (left plot) described in Ref. [6] and to that using a significantly better approximation
(right plot) described in Ref. [7]. Lower numbers therefore imply an overestimation of the CSR effect.

[6] M. Borland, Phys. Rev. ST-AB 4, 070701 (2001)

[7]1 D.C. Sagan, G.H. Hoffstaetter, C.E. Mayes, and U. Sae-Ueng,
Phys. Rev. ST-AB 12, 040703 (2009)
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[First expansion term: Nodvick & Saxon (1954)]
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Limits of Compression
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Compression with ISR energy spread
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CSR Emittance Growth
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CSR Emittance Growth
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CERL Bunch Compression
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Next Steps

Spectral Brightness
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OPAL & Bmad
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l.V. Bazarov, S.A. Belomestnykh, D.H. Bilderback, M.G. Billing, J.D. Brock, E.P. Chojnacki,
J.A. Crittenden, B.M. Dunham, M.P. Ehrlichman, M.J. Forester, S.M. Gruner,
G.H. Hoffstaetter, C.). Johnstone, Y.Li, M.U. Liepe, F. Loehl, C.E. Mayes, A.A. Mikhailichenko,
H.S. Padamsee, S.B. Peck, D.C. Sagan, V.D. Shemelin, A. Temnykh, M. Tigner, V. Veshcherevich

erl.chess.cornell.edu/papers/papers.htm
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Also at Cornell

Delta Undulator

erl.chess.cornell.edu

SRF Cavities
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