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Work description and references

The work flow
1 Field expansion, vector potential.
2 Hamiltonian.
3 Calculation of tunes, chromaticities in first order of perturbation

theory in action-phase variables.
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Quadrupole field expansion up to 5th order
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Quadrupole field expansion: Hamiltonian
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Quadrupole field expansion: First order perturbation

x =
√
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Quadrupole field expansion: First order perturbation
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Quadrupole field expansion: Chromaticity

Hamiltonian expended up to 1st order of δ averaged over ψx ,y
(assuming that there is no dispersion)
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Quadrupole field expansion: Chromaticity
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Quadrupole field expansion: Estimations for
MQXC.1L5, 150T/m

The following optics of LHC was used "opt_150_0100_0100.madx".

MQXC.1L5 is FF quadrupole: K1 = −6.4× 10−3 m−2, L = 7.685 m,
G = 149 T/m, from the IP at s0 = 23 m. At the IP βx ,0 = βy ,0 = 0.1 m,
εx = εy = 5× 10−10 m× rad , action corresponding to amplitude of one
sigma is Jx = εx/2 = 2.5× 10−10 m.
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Quadrupole field expansion: Estimations for
MQXC.1L5, 150T/m

Kinematic term in the quadrupole
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3
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∮
(1 + α2

x )2
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αxx ,kin,dr =
3

16π

∮
(1 + α2

x )2

β2
x

ds =
3

16π
s0

β2
x ,0
≈ 1.4× 102m−1 ,(24)

αyy ,kin,dr =
3

16π

∮
(1 + α2

y )2

β2
y

ds =
3

16π
s0

β2
y ,0
≈ 1.4× 102m−1 .(25)
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Quadrupole field expansion: measurements
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Quadrupole field expansion: Estimations for FF
quadrupoles

Name αxx αxy = αyx αyy

MQXC.3L5 3.7 · 103 8.8 · 103 6.7 · 103

MQXC.B2L5 6.3 · 103 −10 · 103 3.1 · 103

MQXC.A2L5 4.1 · 103 7 · 102 5.6 · 102

MQXC.1L5 2.9 · 103 −1.7 · 103 4 · 102

MQXC.1R5 4 · 102 1.7 · 103 2.9 · 103

MQXC.A2R5 5 · 102 7 · 102 4.1 · 103

MQXC.B2R5 3.1 · 103 10 · 103 6.3 · 103

MQXC.3R5 6.7 · 103 −8.6 · 103 3.7 · 103

Total 2.8 · 104 1.6 · 103 2.8 · 104
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Quadrupole field expansion: Estimations for FF
quadrupoles

Name ξxx ξxy = ξyx ξyy

MQXC.3L5 −3.6 · 103 −8.7 · 103 −6.5 · 103

MQXC.B2L5 −6.2 · 103 10 · 103 −2.8 · 103

MQXC.A2L5 −3.7 · 103 −7 · 102 −5.6 · 102

MQXC.1L5 −2.5 · 103 1.7 · 103 −4 · 102

MQXC.1R5 −4 · 102 −1.7 · 103 −2.5 · 103

MQXC.A2R5 −5 · 102 −7 · 102 −3.8 · 103

MQXC.B2R5 −2.8 · 103 −10 · 103 −6.2 · 103

MQXC.3R5 −6.5 · 103 8.7 · 103 −3.6 · 103

Total −2.6 · 104 −1.4 · 103 −3.1 · 104
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Dipole field expansion: coordinates

Coordinates: ui = {x , s, y}.

The basis: ~a1 = ~ex , ~a2 = (1 + Kx) ~es, ~a3 = ~ey , K = −eB0

p0c
.

Covariant: B1 = Bx , B2 = (1 + Kx)Bs, B3 = By .

Contravariant: B1 = Bx , B2 =
Bs

(1 + Kx)
, B3 = By .

ex 

ey 

es e- 
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Dipole field expansion: vector potential

A1(s) = B′0
y2
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A2(s) = B0x + KB0
x2

2
− B′′0

xy2

4
+ (K ′B′0 + KB′′0)

x2y2

8
−

− (2KB′′0 + K ′B′0)
y4

24
+ O(5) ,

A3(s) = −B′0
xy
2

+ KB′0
x2y
4
− K 2B′0

x3y
6

+ B′′′0
xy3

12
+ O(5) .
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A. Bogomyagkov (BINP SB RAS) About fringe filed in quadrupole and dipole 15 / 18



Dipole field expansion: field
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Dipole field expansion: Hamiltonian

H∗∗ = − e
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Conclusion

Nonlinear tune shifts from the quadrupole fringe are estimated in
the first order of perturbation theory.
If one considers final focus quadrupole fringe he has to pay
attention to the kinematic term in vicinity of the IP.
Dipole fringe effects are proportional K and its derivatives, most
likely very small.
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