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BEAM TRACKING FOR J-PARC 3GEV RCSINJECTION
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In the J-PARC 3 GeV RCS injection system, the orbit- . %
bump magnets of large-bore are located closely each other, R /
and the incoming beam passes through the non-linear field = ° : CUP/!
region of the ring quadrupole magnet. Beam behavior un- ;
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der these conditions is analysed by means of the Runge- 8
Kutta method in the three dimensional magnetic field dis-
tribution. The charge exchange foil is inserted between the
bump magnets. Orbit of the stripped electrons from the foil PEL.2 75 20 s %0 3
is also investigated. )
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Figure 2: A schematic view of the RCS injection section.
BEAM INJECTION TO THE J-PARC RCS

The J-PARC acceletator complex shown in Fig. 1 con- ¢ Passage through non-linear field
sists of LINAC, Rapid Cycling Synchrotron (RCS) and e Passage through interfering field
main ring. The RCS ring is designed to have very large * Effective beam emittance under the pulse-to pulse
aperture more than 4@0mm mrad for high intensity pro- field fluctuations
ton beam and a beam painting upto 21Gm mrad is ¢ Mismatched injection
planned for the injection scheme. A schematic view of the ® Large beam size in the dump line
injection section of the RCS is shown in Fig. 2. The RCS e Stripped electrons
injection system consists of four shift-bump magnets, four
paint-bump magnets and three electron stripper. The elef%—I
tron stipper for the incoming H beam is made with a car-
bon foil of 300u:m thick. The primary carbon foil is used e Influence of the interfering and non-linear fields
for the beam injection into the ring orbit. The 2nd and 3rd e Hitting rate of the primary stripping foil
carbon foils are used for the beam dump of unstripped H e Trajectory of stripped electrons
and H~ passed through the primary foil. The shift-bump L ) )
magnets form an injection-bump orbit of 90 mm outside at S Shown in Fig. 3, the incoming beam passes far from
the primary foil. The paint-bump magnets sweep the orb‘Pe Ilnear_ field region of the ring quadr_upole QFL. The
at the foil with the range corresponding to 21&im mrad field gradient decreases by about 27% in the correspond-

beam emittance for the horizontal plane. For the verticérl‘g beam orbit. The beam dist.ribution in phase space is
plane, a steering magnet is utilized for the vertical paipti deformed according to the non-linear field from the QFL.

and the painting size is the same as the horizontal one.

Then, the targets of the simulation are summarized as
lows:
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Figure 1: Overview of the J-PARC site. Figure 3: The incoming beam position at the QFL.

On the simulation of the beam injection, there are six Ring quadrupoles QFL and QDL and shift-bump mag-
topics should be taken in to account as follows: nets are installed in crowded and their iron cores interfere

C. Beam diagnostics, collimation, injection / extraction, and targetry 253



WEBZ02 Proceedings of HB2006, Tsukuba, Japan

2

neibouring magnetic fields each other. In order to treat

the complicated magnetic field, the distributed magnetic 15| o,
field dataset, which consists of distributed three dimen- 1h cutot et
sional vectors defined on the ractangular lattice struasre osk O —

shown in Fig. 4, and the whole system calculation method g J—

are adopted [1][2][3]. The magnetic fields are calculated & | e
by OPERA-3D for the shift-bump area which includes two sy St
ring quadrupoles, paint-bump areas, injection septunsarea -1E

and dump septum areas. 15 | sB1 sB4
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Figure 4: A lattice structure of the magnetic field definitionFigure 5: Calculated magnetic field and the corresponding
The magnetic field at the particle position is interpolategetral beam orbit

from eight vectors around the particle.

Though the calculated field data is generated with the dgainting range are changed in order to accommodate the
sign currents, the field integrations along the design beasifective emittance within the original painting area.
orbit B,! of each magnet components are different from
the required values because of the field interferences. As
shown in Fig. 5, the normalization by using the desigy RESULTS

is necessary in order to represent the design beam orbit.1pe paticle tracking is executed by TRACY-II [4] with
The normalization for the qL_JadrupoIes is also necessary jRe complicated magnetic field datasets using the Runge-
order to correct the tune-shift. Kutta integrator. The central orbit of the incoming beam is
The incoming H beam is horizontally perturbed by the gxamined for the dumped beam as shown in Fig. 7. Un-
time-varying field during passage to the primary carbogiripped component of the incoming-Hbeam is trans-
foil. The stabilities/precisions of the relevant fields a8 ferred to the beam dump. The particle distributions in
sumed in Table 1. On the other hand, vertical errors alhase space are checked about the field quality of dump

septum magnets and aperture margins in the dump line.

Table 1: Perturbations in horizontal phase space e
Source Contribution : N —
Pulsed injection septum 1&2 < £0.5 % S
Ring quadrupole (QFL) < +0.2% woo |\ ezl 1 /
Shift bumps 1-4 in series < +1.0% g / /

* 600 /

00 Inj septum 2 E:F;{‘fn 4
.. . . 200 S Czl/ B .
taken at the entrance of the injection line as: Shiftbunp el e -

0
-12 -8 -4 0 4 8 12
s[m]

e yo = 20.879(1 £ 0.05) mm,Ayy = +£1.04 mm

I J—
* Yo = —0.9055(1 £0.05) mrad,Ayy = £0.045 mrad Figure 7: Inspection of the dump line.

The effective emittance is evaluated@s = 11.37 and

ey, = 8.97 mm mrad as shown in Fig. 6 with the parameters Painting process is simulated without space charge force.
of the linac beam at the foil in the worst case, respectivelBeam footprints at the end of the injection period are shown
In addition, the twiss parameters of incoming Heam are in Fig. 8. No significant dilutions nor emittance growth can
not matched to the ring optics. The ring bump orbit and thbe observed. However, hitting probability of the primary
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Figure 6: Estimated effective beam emittances of the inngrbeam.
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Figure 8: Footprints of the circulating proton bunch.

carbon foil by the circulating beam increases with the mod- ¢ Beam injection process was simulated with the dis-
ified painting range. tributed magnetic field vectors.

The stripped electron tracking is needed for the design of ¢ Beam-dump scheme of unstripped component is ex-
an electron catcher. Electrons return toward the foil frame  pected to work well.
and diffuse vertically due to th8, component from SB2 e Field interference causes the orbit distortion and tune
and SB3 as shown in Fig. 9. In this calculation, the incom-  shift but no emittance growth.

ing beam emittance is assumed slightly wider. e Increase of foil hits by the circulating beam requires
further analysis of loss distributions, foil temperature
450 ¢ A — — and injection parameter optimization.
400 ¢ : e Trajectory of the stripped electrons was also investi-
::2 P ' gated even if they turned back to the upstream direc-
250 137 mm mrad tion. . . . . .
E 0 horoma S e These investigations are still going on.
> 0 L L
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