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First-order dispersion:

FirstFirstFirstFirst----Order DispersionOrder DispersionOrder DispersionOrder Dispersion
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Trajectory of a particle that starts as designed, 
but has relative energy deviation δδδδ.
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First-order dispersion:

SecondSecondSecondSecond----Order DispersionOrder DispersionOrder DispersionOrder Dispersion
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First order in x, x’, δδδδ

∫ −=⇒=⋅+
s

sdDDfDDDfDKD
0

22222 ˆ)ˆsin(ˆ)1,'ˆ,ˆ(ˆ)1,',('' ψψββ

)()( 32
2 δδδδδ ODDx ++=

Second order in x, x’, δδδδ),',('' 2 δκδ xxfxKx +=⋅+

2
2

2
22 )1,',()''()''( δκδδδ DDfDKDDKD +=⋅++⋅+

Trajectory of a particle that starts as designed, 
but has relative energy deviation δδδδ.
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First and second-order dispersion:

SecondSecondSecondSecond----Order Order Order Order AchromatsAchromatsAchromatsAchromats
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Dominant parts:
13 10',10 −− ≤≤ DDκ

In the first and last dipole of an achromat: DD −=2
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In the first and last quadrupole: 02'' 212 ≈+ DkD

In sextupoles: 2
222

1
2 ' DLkD −≈∆
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Example of 2Example of 2Example of 2Example of 2ndndndnd Order Order Order Order AchromatAchromatAchromatAchromat DesignDesignDesignDesign

In the first and last dipole of an achromat: DD −=2

In the first and last quadrupole: 02'' 212 ≈+ DkD

In sextupoles: 2
222

1
2 ' DLkD −≈∆

D

DD −=2
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Example of 2Example of 2Example of 2Example of 2ndndndnd Order Order Order Order AchromatAchromatAchromatAchromat DesignDesignDesignDesign

In the first and last dipole of an achromat: DD −=2

In the first and last quadrupole: 02'' 212 ≈+ DkD

In sextupoles: 2
222

1
2 ' DLkD −≈∆

DD −=2

D

A second order achromat generally 
needs two sextupoles, for making 0',0 22 == DD
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2222ndndndnd Order Isochronous Order Isochronous Order Isochronous Order Isochronous AchromatsAchromatsAchromatsAchromats

Time of flight for a particle with energy deviation:
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DD −=2

D

A second order isochronous achromat
generally needs two sextupoles, for making 0',0 22 == DD
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Phase space transport without Phase space transport without Phase space transport without Phase space transport without achromatachromatachromatachromat
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Phase space transport with Phase space transport with Phase space transport with Phase space transport with achromatachromatachromatachromat
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ξξξξ = energy dependence of betatron phase
often called chromaticity
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Natural chromaticity ξξξξ0000 = energy dependence of phase advance due to k1 only
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Particles with energy difference oscillate around the periodic dispersion leading
to a quadrupole effect in sextupoles that also shifts the tune:
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K++= ∂
∂ δβδβ δ
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Chromatic beta beat:
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The energy dependent part of the beta function is often called the chromatic beta 
beat.
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………… leading to an xleading to an xleading to an xleading to an x----Ray ERLRay ERLRay ERLRay ERL

Key: 1) injector, 2) north linac, 3)turn-around arc, 4) south linac, 5) south x-ray 
beamlines, 6) CESR turn-around, 7) north x-ray beam lines, 8) 1 st beam dump, 9) 2 nd

beam dump and 10)distributed cryoplant.  Tunnel cro ss-section of 12’ ID shown on 
lower right.
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244 Multivariable optimization to worlds Multivariable optimization to worlds Multivariable optimization to worlds Multivariable optimization to worlds 
highest electron brightnesshighest electron brightnesshighest electron brightnesshighest electron brightness

CSR emittance
growth

Space charge
emittance

growth

µm1.0=∆ε

µm1.0=∆ε
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245 Cornell Injector prototype:Cornell Injector prototype:Cornell Injector prototype:Cornell Injector prototype:
Verification of beam productionVerification of beam productionVerification of beam productionVerification of beam production

Photo emitterPhoto emitterPhoto emitterPhoto emitterPower sup.Power sup.Power sup.Power sup. CathodeCathodeCathodeCathode gungungungun

SC injectorSC injectorSC injectorSC injectordumpdumpdumpdump diagnosticsdiagnosticsdiagnosticsdiagnostics gungungungun
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Assembly of the injector acceleratorAssembly of the injector acceleratorAssembly of the injector acceleratorAssembly of the injector accelerator

Done at Cornell – no company could do that today!
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�DC acceleration to several 10kV, 100kV pulsed
�Energy modulation with a cavity
�Time of flight density modulation
�Excitation of a cavity with output coupler

Time of flight bunching

Only works for
non-relativistic electrons

Power < 1.5MW

I up to > 10A

%65,beam0 ≤= ηη IUP

Power < 40MW pulsed

The Klystron as Power SourceThe Klystron as Power SourceThe Klystron as Power SourceThe Klystron as Power Source



Georg.Hoffstaetter@Cornell.edu Class Phys 488/688 Cornell University        04/30/2008

CHESS & LEPPCHESS & LEPPCHESS & LEPPCHESS & LEPPCHESS & LEPPCHESS & LEPPCHESS & LEPPCHESS & LEPP

248
Good Luck to you and to the ERL ProjectGood Luck to you and to the ERL ProjectGood Luck to you and to the ERL ProjectGood Luck to you and to the ERL Project

Key: 1) injector, 2) north linac, 3)turn-around arc, 4) south linac, 5) south x-ray 
beamlines, 6) CESR turn-around, 7) north x-ray beam lines, 8) 1 st beam dump, 9) 2 nd

beam dump and 10)distributed cryoplant.  Tunnel cro ss-section of 12’ ID shown on 
lower right.


