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Work description and references

The work flow
@ Field expansion, vector potential.
© Hamiltonian.

© Calculation of tunes, chromaticities in first order of perturbation
theory in action-phase variables.

References

@ Quadrupole fringe: | followed "High Energy Beam Optics" by
Klaus G. Steffen

@ Dipole fringe: K. L. Brown and R. Servranckx, “First And Second
Order Charged Particle Optics,”AIP Conf. Proc. 127, 62 (1985).
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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
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Quadrupole field expansion: First order perturbation

1 0
A = op f a0 i, 8 = cncd taxydy, (1)
1 0
Aljy = Z f ai‘jy <H>¢Xﬂ/}y dS = Oényy + ayXJX ) (12)
. 3 (1 +a)2()2 1 11 2 1 2
D= 6 ]{ ﬂx ds - 327 j{K1 frds + 167 fKaBXdS’

14 aZ)( 2 1 y

Qyx = Oy ,

_ 3 (1—1-@}2,) 1 Q2 2
O‘W_wﬂ]{ 2 ® s %Kﬁydﬁm ?{Keﬂ a.

A. Bogomyagkov (BINP SB RAS) About fringe filed in quadrupole and dipole 6/18




Quadrupole field expansion: Chromaticity

Hamiltonian expended up to 1st order of § averaged over iy
(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: Ky = —6.4 x 1073 m~2, L = 7.685 m,
G=149T/m, from the IP at s =23 m. Atthe IP 8y = 8,0 = 0.1m,
Ex =€y =5X 1019 m x rad, action corresponding to amplitude of one
sigmais Jy = £x/2 =25 x 10719 m.
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Quadrupole field expansion: Estimations for

MQXC.1L5, 150T/m

Kinematic term in the quadrupole
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Kinematic term in the drift from IP to quadrupole
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Quadrupole field expansion: measurements
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Quadrupole field expansion: Estimations for FF

quadrupoles

Name Qixx Oy = Qyx Qyy

MQXC.3L5 |3.7-10% | 88-10% |6.7-10°
MQXC.B2L5 | 6.3-10% | —10-10% | 3.1-10°
MQXC.A2L5 [ 4.1-108| 7-102 [5.6-10°
MQXC.1L5 [ 29-10% | —1.7-10% | 4-107
MQXC.1R5 4.10° | 1.7-10° | 29-10°
MQXC.A2R5 | 5-10° 7-102 [4.1-10°
MQXC.B2R5 | 3.1-10% | 10-10° |6.3-10°
MQXC.3R5 |[6.7-10% | —8.6-10%[3.7-10°
Total 28-10*| 1.6-10° | 2.8-10*
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Quadrupole field expansion: Estimations for FF

quadrupoles

Name Exx Exy = Eyx yy
MQXC.3L5 | —-3.6-10% | —8.7-10% | —6.5-103
MQXC.B2L5 | —6.2-10% | 10-10% | —2.8-103
MQXC.A2L5 | —3.7-10% | —7-10% | —5.6-102
MQXC.1L5 | —25-10% | 1.7-10% | —4-107?
MQXC.1R5 —4.102 | -1.7-10% | —25-108
MQXC.A2R5 | —5-102 | —7-10% | —3.8-10°
MQXC.B2R5 | —2.8-10% | —10-10° | —6.2-103
MQXC.3R5 | -6.5-10%| 8.7-10° | —3.6-103
Total —26-10% | —1.4-10% | —3.1-10*%
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Dipole field expansion: coordinates

Coordinates: u' = {x, s, y}.

s .o - . S eB
The basis: &; = €y, @ = (1 + Kx)€s, a3 = €, K = ——2

PoC’

Covariant: By = By, B, = (1 + Kx)Bs, B3 = By.

. B
Contravariant: B' = B, B? = m B® = B,.
e €
G Cx
€y

A. Bogomyagkov (BINP SB RAS) About fringe filed in quadrupole and dipole



Dipole field expansion: vector potential
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Dipole field expansion: field
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Dipole field expansion: Hamiltonian
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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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