First-Order Dispersion

X'+(k, +4°)x=0 First order in x, X’
X'+K [Xx= f1 fl(é) = KO First order in x, xX’, &
X'+K [ X=KkO+ fz(x, X', 5) Second order in x, X', &

— 2 3 Trajectory of a particle that starts as designed,
= + +
X5 (5) Do D25 O (5) but has relative energy deviation d.

(D"+K D)J+(D,"+K D,)d* =kd+ f,(D,D'1)d°

First-order dispersion:

D'+KMD=k = D :f/%\@sin(w—gﬁ)dé
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Second-Order Dispersion

X'+(k, +k°)x=0 First order in x, X’
X'+K [Xx= f1 fl(é) = KO First order in x, xX’, &
X'+K [ X=KkO+ fz(x, X', 5) Second order in x, X', &

— 2 3 Trajectory of a particle that starts as designed,
= + +
X5 (5) Do D25 O (5) but has relative energy deviation d.

(D"+K D)J+(D,"+K D,)d* =kd+ f,(D,D'1)d°

First-order dispersion:

D,"+K D, = f,(D,D']) = Dzszz(ﬁ,ﬁ',l)\@sin(w—c/?)dé
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Second-Order Achromats

X'+KIX=kO0+ f (x X', 0) Second order in x, X', &

f, =—Kk(9° =1 X2k + k*X*) + k X(J — 2kx) = 1 k,x* = f,(X, X', O)
Dominant parts: kD <107°, D'<10™

f,(D,D')) =-k+kDd—-1k,D’

First and second-order dispersion: D = jkm sin@ —¢)ds

Ve N

= [ £,(D, D' D/ BB sing —@)ds

O'-—.U)

In the first and last dipole of an achromat: D, = =D
In the first and last quadrupole: D,"+2k,D, =0
In sextupoles: AD,'=-2K, L,D?
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In the first and last dipole of an achromat: D, = =D
In the first and last quadrupole: D,"+2k,D, =0
In sextupoles: AD,'=-2K, L,D?
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A second order achromat generally '
needs two sextupoles, for making D,=0,D,'=0
In the first and last dipole of an achromat: D, =—D
In the first and last quadrupole: D,"+2k,D, =0
In sextupoles: AD,'=-2K, L,D?
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L I™NATL L I™NATL

X"'= =X (k*+K)+ 0Kk
K

y'=yk , r'=-kX
Time of flight for a particle with energy deviation:

T =Mged+Tye0” = = K(DI+D,0%)d5
0

A second order isochronous achromat _ L
generally needs two sextupoles, for making Dz =0, Dz =0
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Ay = DK () Bsin®(y )

— v
& = energy dependence of betatron phase U(é) =U+ 00 o+...

often called chromaticity = % with o = %

Natural chromaticity &, = energy dependence of phase advance due to k1 only
f, = —Kk(0° =1 X*=2kxI+ K*X*) + k X(J — 2kx) =1 k,x* = kX0 —k,DXO
1 At A i
£o == P Bk (§sin’ (@ ~)as

Particles with energy difference oscillate around the periodic dispersion leading
to a quadrupole effect in sextupoles that also shifts the tune:

1 ¢ - L o
£ =5 —§ B+ Do) sin” (- )8
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% = -0 (9 Bsin2(y - @) BO)= B, +%0+..

00

The energy dependent part of the beta function is often called the chromatic beta
beat.

f, = —Kk(9° =1 X*=2kxI + K*X*) + k X(J — 2kX) = 1 k,x* = kX0 —k,DXd
Chromatic beta beat:

108,
B, 00

=§ B,(k, = D,k,)sin2(y — )5
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Key: 1) injector, 2) north linac, 3)turn-around arc, 4)
beamlines, 6) CESR turn-around, 7) north x-ray beam
beam dump and 10)distributed cryoplant. Tunnel cro
lower right.

south linac, 5) south x-ray
lines, 8) 1 st beam dump, 9) 2 nd
ss-section of 12’ ID shown on
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Multivariable optimization to worlds

highest electron brightness

HIGH BRIGHTNESS, HIGH CURRENT INJECTOR DESIGN FOR THE
CORNELL ERL PROTOTYPE"
2003 Particle Accelerator Conference :Z I G-\l horzontal - |
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Cornell Injector prototype:
Verification of beam production

diagnostics p SC injector
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Cornell — no company could do that today!
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cathode ! power

—+] Time of flight bunching
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Power < 40MW pulsed

beam I(I)‘
P=nU,,.... 7<65%

DC acceleration to several 10kV, 100kV pulsed

Energy modulation with a cavity

Time of flight density modulation

Excitation of a cavity with output coupler

|

absorber current in cavity 2

Y

Only works for
non-relativistic electrons
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s M ° : 300m 400m
3\ 4 B 8B i : : : :
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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