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Comparison of Measured and Simulated Dispersive Orbits

all quadrupoles set to zero: nominal quadrupole settings:

dx/dp +  dx/dp

e e e e

theoretical expectations = lines, measurements = dots and crosses

green curve and crosses — RF-variation in the booster
red curve and circles — variation of the extraction time

display starts with the last quadrupole in the synchrotron seen by the extracted beam
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Issue with Quadrupole Scans in the Vertical Plane

assuming a finite resolution of the beam size monitors results in a single set of results:
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dots are experimental results, thick line predicted dependance, thin line — true beam size

Date  B/m ______Ja________le/nimrad ___|Comment |

13.3.2017 5.68(0.6) -1.25(0.12) 0.146(0.02) late extraction
6./7.3.2017 5.90(0.5) -0.84(0.05) 1.32(0.1) early extraction

6./7.3.2017 6.03(0.5) -0.97(0.10) 41.4(5.0) late extraction,
on coupl. reson.

6./7.3.2017 5.84(0.4) -1.40(0.1) 3.3(0.3) early extraction
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I1I. 2 Analysis of Quadrupole Scans in the Horizontal Plane

determination of 3, a,, &, D,, D,’ und o, requires more than one quadrupole scan and
dipole in between to change dispersion
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energy spread: 0.~6-104, independent on extraction time
emittance - g, ~70220 nm-rad or g,~50210 nm-rad, for late and early extraction
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Comparison of Measured and Simulated Dispersive Orbits

and Twiss Parameters — all Quadrupole Magnets Zero

I1= B.888 12Z= B.B88 I3= B.888 4= B.ABA I5= H.BHA b= B.8E8,

I7= H.BHH I8= H.BHE [9= H.HHH I1H= H.HBHH [11=- H.HHHA [1Z2= H. HH8
dQ1T= 8.888 n"-2 defoc./ in [MPT
dlS1= 8.888 n"-Z defoc; jn PSEK1S1ZB

T GHm dS2= 8.888 n"-2 defog.” in PSEKZS12B

Bx By 18=Dx

- dlm

no agreement

:

i 4

- —ZBn Z0dd . BHP
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V.1 Orbit of the Extracted Beam in the Extraction Septa

due to entrance angle of extracted beam and displaced septa the actual orbit differs

significantly from the design orbit:

o

L~" psems1zs

PSERZS1ZB FSEEZ512E

inj. angle: 15 mrad
sinple rectangular dipole:

1.6686888 ©.699198 8.835118
0.660068 1.80606088 6.188452
analytical matrix:

1.6688648 ©.69919?7 0.635113
0.808688 8.999732 8.188486
edge_out X sector dipole X edge_in :
1.881587 8.699197 8.835118
0.608862 ©.998496 0.18a377

in: 3.734437° out: 2.817843"
5.751488° rho=6.978866n

in: 3.732957° out: 2rgreeez.BHp
5.789725° rho=6.978866n

- beam orbit before extraction ——

(= PSEK1S1ZR o

inj. angle: 28 mrad

sinple rectangular dipole:

1.BHEBHE H.698758 H.846531
H.BHBBHE 1.BHBBHE B, 133183
analytical matrix:

8.999784 ©.698456 B8.846482
H.0888EE 1.8A3452 8. 133592
edge_out X sector dipole X edge_in
1.888493 ©.6598594 B.846589
H.8HEE11  B.999515 H©.133119

in: 4.028916° out: 3.6086894"
7.6Z16889° rho=5. Z69876n

in: 2.149986° out: ZrhoBBAS. BHP
4. 2872847  rha=9. 643418n

extracted beam passes very close to

the septum blade where field deviates
from a pure dipole —to first order this
corresponds to a defocusing gradient
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V.2

Comparison of Measured and Simulated Parameters — with

Defocusing Gradient in First Septum Magnet
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V. 3

Comparison of Measured and Simulated Parameters — with

Defocusing Gradient in Both Septum Magnets

I1= H.B80 2= H.888 13-
I?7= H.HH8 IB= H.888 [9-=
dJ1T= B.888 n"-Z defoc.
diS1= 8.118 n"-2 defoc.
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- 2Hm
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VI. 1 Slow Bump and Orbit of the Extracted Beam in Synchrotron

in green: orbit due to slow bump
In blue: kicked beam on its way to the septum magnet

bumpl= Z2.258 mrad bumpZ= 4.758 mrad bumnp3=-8.114 nmrad
bumpl= 2.258 mrad bumpZ= 4.758 mrad bump3=-8.114 mrad extrkK= 2.8 nrad

r

fast kicker

slow bumpe
slow bumpe
slow bumpe

)

\

10 mm/div
b

Il
Il
Il
Il
Il
Il

large orbit offset in focusing quadrupole QF where gradient levels off —
reduced gradient equivalent to defocusing quadrupole,
much smaller defocusing effect in sextupole magnet due to slow bump
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Comparison of Measured and Simulated Parameters — with

Reduced Focusing in Last QF

H.BB8 I4= B.HAB I5= H.BHA b= B.H8H,
H.BH44 118= H.HH8 [11- H.8BH [12= H.HBH
in Q1PT
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in P3EKZ51Z2B +

.|I|.—|
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d1T= B.888 n"-Z defoc.
diS1= 8.888 n"-2 defoc.
+ 68m di532= B.888 n"-Z defoc.
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20% saturation — eddy current effect? 10 Hz White-circuits
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Comparison of Measured and Simulated Parameters — with

Distributed Defocusing in QF and Septa

I1= ©.BH8 IZ= H.HHH 13= H.HHH 1I4= B.HHH I5= HB.HHEH I6= H.HHH
I7= ©.BHB I8= H.HHH 19= H.HHH [1H= HB.HHH I11=- H.HEH [12= H.HHEH
dQ1T= 8.218 n"-2 defoc. in Q1PT

d0S1= 9.878 n"-2 defoc. in PSEK1S12B all Qs zero
+ 68m  dOSZ= B.878 n"-2 defoc. in PSEKZS1ZB +
B By 18D &
+ +
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Comparison of Measured and Simulated Dispersive Orbits

Bx=11.286m ax=—8.644 pBy= 4.867 ay=—2.263 Dx= B.887m Dx’'= B.118 B
1= 41.318 IZ= @.BH8 13= -37.423 1I4= -Z23.423 1I5= 38.368 Ib= H.HHH
IY= ®.8B88 I8= -67.938 19= 55.465 I18= 43.847 I11=- B.H8H [12= -53.25H

dQ1T= 8.218 n"-2 defoc. in O1PT
T 3m dlS1= 8.878 n"-2 defoc. in PSEK1S12B
ddSZ2= 8.878 n"-2 defoc. in PSEKZS1ZB

nominal Q-settings

3013. BHP
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VIII. Summary

Take care with dispersive orbits — change of energy by:
varying the extraction time

varying the RF in the synchrotron (assuming longitudinal damping is complete)

Careful analysis of quadrupole scans — finite resolution of beam size monitor
energy spread and emittance in agreement with expectations

initially complete disagreement of measured and expected lattice parameters

Satisfactory modelling of the transfer line required:
additional defocusing effects at the beginning of the transfer line — how?
extracted beam with large offset in the last Qf of the synchrotron and eddy current effect?

extracted beam very close to the septum blade

Vertical emittance very small — reduction of horizontal emittance of the injected beam by an emittance
exchange with the vertical plane

Would likely allow for omitting the injection optics with a 20% emittance improvement in the SR
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any questions?
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