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Dynamic Aperture

J-PARC MR has a three fold symmetry.

Non structure resonances would be caused by magnet errors.

SAD simulation with magnet errors, multipole components and

alignment errors.

Track 10 test particles for 1000 turns and count the number of particles

within the aperture of 81t mmmrad for each set of tune.
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Linear Coupling Resonance Correction
with Skew Quac rupole Magnets
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FX Septum Leak Field

FX septum magnets makes undesirable Q fields for circulating beam with the leak fields.
Leak field of 8 FX septum magnets corresponds to ~3% of K1 of the main Q magnet.

Trim coils of 3 Q magnets have been
used to correct the leak field of FX
septum magnets.

Optics before Correction at (22.19, 20.54)
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Correction of the Resonance 3v, = 677

Search the tune around (22.34, 20.75) for the condition of worse beam survival.
Low intensity beam of SE11ppp
3 GeV DC mode

Search the trim coil current setting for the recovery of beam survival. SFA048 +0.3 A, SFA055 0 A.

The beam survival recovered with the trim coil current setting for the correction of both 3vx = 67
and vx+2vy = 64 (SFA048 +1.11 A, 055 -0.69 A, 062 +0.81 A, 069 -069 A).

Beam Intensity during Injection (22.34, 20.75)
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Correction of the Resonance v, +2v =64

Search the tune around (22.34, 20.75) for the condition of worse beam survival.

Low intensity beam of 8E11ppp

3 GeV DC mode

Search the trim coil current setting for the recovery of beam survival. SFA048 +1.1 A, SFA055 0 A.

The beam survival recovered with the trim coil current setting for the correction of both 3vx = 67
and vx+2vy = 64 (SFA048 +1.11 A, 055 -0.69 A, 062 +0.81 A, 069 -069 A).

Beam Intensity during Injection (22.42,20.78)

0.12 — 00—
Trim coil SFA048 0 A,0550 A,0620 A,069 0 A

011 | SFA048 +1.1A,0520A,0620A,0690 A
SFA048 +1.11 A, 052 -0.69 A, 062 +0.81 A, 069 -0.69

0.1 -

0.09 -

Tune Y

) NN NN N N NN N NN AN N NN NN YN NN NN N NN NN N N N N A

008 |

0.07

0~5.III{]III}I].‘:II;IIII:IIIl !

00 01 02 03 D4 0S5 006 [
Tune X
\/5 0.05
1/2 . i
‘Gl,2,64‘ = gﬁx ﬁykZ expli(¢, + 2¢y)] =0.17 i . ‘ | :

0.04 0 200 400 600 800 1000 7

Time (ms)



4
j=1
4

j=1

Correction of the 3™ Order Resonances of
both vx+2vy = 64 and 3vx = 67

Equations for canceling both resonances, for k,(1), k,(2), k,(3), k,(4).
1 = SFA048, 2 = SFA055, 3 = SFA062, 4 = SFA069
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Remanent Field of Resonance Sextupole Magnet
for Slow Extraction

Eight magnets are used for the
slow extraction.

Remanent field was measured at
the pole tip to be 5.2 gauss.

K2 =0.0123 m-2
We degaussed the RSX magnets
before the FX operation.
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Resonance Amplitude of 3vx = 67 and vx+2vy = 64
before and after the degaussing of RSX
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Correction of the 3™ Order Resonances of
both vx+2vy = 64 and 3vx = 67 (or 64)

Beam losses were reduced with the correction during injection and the beginning of
acceleration for high intensity beam of 380 kW equivalent.

Correction of both v +2v. =64 and 3v,=67 for tune of (22.40, 20.75)
Correction of both v +2v. =64 and 3v,=64 for tune of (21.36, 21.43)
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Estimate of Resonance Amplitudes
with Magnet Errors of B Q S

Variation of main
components from field
measurements

Variation of multipole
components from field
measurements

Alignment errors ¢ 0.14 mm
Rotation errors ¢ 0.14 mrad

SAD calculation
Resonance Amplitude
G3,+0,67 = 0.039 (calc.)
G3,+0,67 = 0.049 (meas.)
G1,+2,64 =0.061 (calc.)
G1,+2,64 = 0.079 (meas.)
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Resonance Amplitude with
magnet errors of B Q S

* Beta and phase modulation from the variation of main magnets would cause the third order

resonances.

* Variation of sextupole magnet itself is probably not the main cause.

Beta Modulation with Magnet Errors (22.41, 20.80)
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Betatron Phase Modulation with Magnet Errors
vx vy without magnet error (22 41, 20 80)
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Summary

Magnet errors cause non-structure resonances and
reduce the dynamic aperture.

The linear coupling resonance was corrected with skew
quadrupole mangets.

The half integer resonance and beta modulation caused
by the FX septum magnets were corrected with the
excitation of the trim coils of quadrupole magnets.

Third order resonances have been corrected with the
excitation of the trim coils of sextupole magnets.

The beam survival was improved with the resonance
corrections.



