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Introduction

Momentum acceptance is needed for
synchrotron radiation source to provide long beam life time,
colliders with extremely small IP beta.

Two examples
FCC-ee with dedicated local chromaticity correction sections,
imaginary collider with distributed chromaticity correction.
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Example 1: FCC-ee parameters for crab waist

Z W H tt
Energy [GeV] 45 80 120 175
Perimeter [km] 100
Crossing angle [mrad] 30
Particles per bunch [1011] 1 4 4.7 4
Number of bunches 29791 739 127 33
Energy spread [10−3] 1.1 2.1 2.4 2.6
Emittance hor. [nm] 0.14 0.44 1 2.1
Emittance ver. [pm] 1 2 2 4.3
β∗x/β

∗
y [m] 0.5 / 0.001

Luminosity / IP
[1034 cm−2s−1] 212 36 9 1.3
Energy loss / turn [GeV] 0.03 0.3 1.7 7.7
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Parameters of one quarter of the ring

tt
Energy [GeV] 175
Perimeter [m] 24655.9
Momentum compaction 5.7 · 10−6

Emittance hor. [nm] 1.3
Energy spread [10−3] 1.6
β∗x/β

∗
y [m] 0.5 / 0.001

Qx/Qy 124.54 / 84.57
Q′x/Q′y -152 / -816
Energy loss / turn [GeV] 2.12
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Interaction Region optical functions
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Arc cell optical functions: µx = π/2, µy = π/3
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One quarter ring optical functions
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Energy acceptance I: [-1.9%;+0.8%]
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Value ∆Q(2%)

Qx 124.54
Q′x 0 0
Q′′x 170 0.034
Q′′′x −4.5 · 104 −0.059
Q′′′′x −5.3 · 106 −0.035
Qy 84.57
Q′y 0 0
Q′′y 387 0.077
Q′′′y −5.3 · 105 −0.7
Q′′′′y −4.3 · 106 −0.029
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Energy acceptance II: [-3.1%;+1.9%]
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Value ∆Q(2%)

Qx 124.54
Q′x 0 0
Q′′x 170 0.034
Q′′′x −5.1 · 104 −0.068
Q′′′′x −4.8 · 106 −0.032
Qy 84.57
Q′y 0 0
Q′′y 387 0.077
Q′′′y −1.4 · 105 −0.182
Q′′′′y 1.9 · 106 −0.013

A. Bogomyagkov (BINP) 9 / 27



How does it work (chromaticity estimations)?

Montague functions first and second order

by ,1 =
1
βy

∂βy

∂δ
, by ,2 =

1
βy

∂2βy

∂δ2 ,
d2bi

dφ2 + 4bi = fi ,

ay ,1 =
∂αy

∂δ
−
αy

βy

∂βy

∂δ
, ay ,2 =

∂2αy

∂δ2 −
αy

βy

∂2βy

∂δ2 ,
d2ai

dφ2 + 4ai = gi .

Dispersion

x = η0δ + η1δ
2 + η2δ

3 ,

η = η0 + η1δ + η2δ
2 .
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How does it work (chromaticity estimations)?

Chromaticity
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Beta chromaticity
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Beta chromaticity
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Final Focus Telescope: beta chromaticity
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Example 2: 80 m collider

Energy [GeV] 1
Perimeter [m] 83
Crossing angle [mrad] 100
Current [A] 2.3
Number of bunches 80
Particles per bunch [1010] 4.97
Emittance hor. [nm] 9(IBS)/4.35
Emittance ver. [pm] 90
β∗x [m]/β∗y [m] 0.1/0.004
Luminosity [1034cm−2s−1] 1.5
Momentum compaction 2.3 × 10−3

Qx/Qy 12.543
/

12.574
Q′x/Q′y −24

/
−35.6
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Interaction Region optical functions
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Arc cell optical functions: µx = 5π/4, µy = 5π/4

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

                               s (m)

cell 1

0.0

0.55

1.10

1.65

2.20

2.75

3.30

3.85

4.40

4.95

5.50

0.0

0.05

0.10

0.15

0.20

0.25

0.30

0.35

D
x
(m

)

β x β y Dx

β
x,

y
(m

)

A.Bogomyagkov,
E.Levichev,
P.Piminov,
S.Sinyatkin

“Ultimate
synchrotron
radiation source
with horizontal
field wigglers”

Low Emittance
Rings 2014
Workshop

A. Bogomyagkov (BINP) 17 / 27



Ring optical functions
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Four -I families of sextupoles
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Energy acceptance I: two families [-0.4%;+0.5%]
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Qx 12.543
Q′x 0 0
Q′′x 25 0.005
Q′′′x 5.3 · 104 0.07
Q′′′′x 2 · 107 0.13
Qy 12.575
Q′y 0 0
Q′′y −3.4 · 103 −0.67
Q′′′y 4.2 · 105 0.57
Q′′′′y −2.8 · 108 −1.9
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Energy acceptance II: four families [-2.5%;+1.9%]
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Qx 12.543
Q′x 0 0
Q′′x 4.5 0.001
Q′′′x −1.9 · 103 −0.003
Q′′′′x −3 · 105 −0.002
Qy 12.575
Q′y 0 0
Q′′y 0 0
Q′′′y 0 0
Q′′′′y −5 · 105 −0.003
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Energy acceptance III: four families [-3%;+2.5%]
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Qx 12.543
Q′x 0 0
Q′′x 90 0.018
Q′′′x −4.9 · 103 −0.006
Q′′′′x 2.8 · 105 0.002
Qy 12.575
Q′y 0 0
Q′′y 0 0
Q′′′y 6 · 104 0.08
Q′′′′y 6.6 · 104 0.0004
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Beta chromaticity I: two families [-0.4%;+0.5%]
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Beta chromaticity II: four families [-2.5%;+1.9%]
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Beta chromaticity III: four families [-3%;+2.5%]

S, m0 10 20 30 40 50 60 70 80

, m yβ

0
2

4

6
8

10
12

14

16
y

β
Y sextupoles

S, m0 10 20 30 40 50 60 70 80

, m y
*b

1
yβ

-600

-400

-200

0

200

400
y*b1

y
β
Y sextupoles

S, m0 10 20 30 40 50 60 70 80

, m y
*b

2
yβ

-60
-40
-20

0
20
40
60
80

100

310×
y*b2

y
β
Y sextupoles

A. Bogomyagkov (BINP) 25 / 27



Dynamic aperture: on momentum, PTC

βx = 0.1 m
βy = 0.004 m
Rx = 5.3 · 10−4 m
Ry = 1.6 · 10−4 m
σx = 3 · 10−5 m
σy = 6 · 10−7 m

ksy1 = −330 T/m2

ksx1 = 495 T/m2

ksy2 = −2695 T/m2

ksx2 = 1161 T/m2

ksy3 = −2886 T/m2

ksx3 = 1414 T/m2

ksy4 = −3754 T/m2

ksx4 = 916 T/m2

Ls = 0.1 m
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Conclusion

Presented two examples of colliders, where nonlinear chromaticity
up to fourth order is corrected by sextupoles.
In the first example correction is performed by using local
chromaticity section and additional sextupole with second order
beta chromaticity.
In the second example correction is performed by using four -I
pairs of interleaved of sextupoles with phase advance between
sextupoles of 5π/4.
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