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DESIGN OF SLOW EXTRACTION FROM 50-GeV PROTON
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KEK, 1-1 Oho, Tsukuba, Ibaraki 305-0801, Japan

Abstract e The LSS has short straight sections with almost zero

The high intensity 50-GeV main ring of the JAERI/KEK o between two focusing quadrupole 'magnets.. The
: . ) ESS are placed at one of the short straight sections.
Joint Project has three fold symmetry lattice. Slow ex- \ .
) . . e Then, andn’ are zeroin the LSS.
traction system has been designed for the main ring. The z

key issue for the slow extraction is to reduce the beam The horizontal betatron t . hed f b
loss to 1% level from the point of view of radiation safety. € horizontal betatron tun€g, is approached from be-

Beam simulations for a new lattice version have been dor#%w O.f the resonance 67/3 fo the resonance by famping
to study the beam loss at the electrostatic septum wir cusing quadrupole magnets (QFNS) in the arc sections.

This result shows the beam hit rate on the septum wires he horizontal and vertical chromaticities are set to zero by

~1%. Present status of septa design and a radiation stu tse)ituP%Ig magnetst_ln 2 fam|llesgt$2 seﬁtu?r? le mag-
by MARS are also reported. nets placed in arc sections are used to excite the resonance.

These sextupole magnets are classified into two families in
order to be able to rotate the separatrix. They does not ex-
1 INTRODUCTION cite the Oth harmonic component for any current.

The 50 GeV main ring in JAERI/KEK Joint Project[1] The beam optics functions at the entrance of the ESS

has an imaginary transitiopand three fold symmetry lat- &€8= = 39.0 m, andx, = —0.001. The ESS wires are
tice. The main ring provides a beam of A8 protons to Positioned so that = —58 mm at the entrance end; the ex-
Nuclear and Particle Physics Facility (K-arena) by a slo/facted beam is kicked inward by0.2 mrad. The betatron
extraction. The beam is debunched after acceleration, aRf}aS€ between the ESS and the 1st SM is 245.5 degree,
is extracted over a period of 0.7 s for an acceleration cy¥nich makes a separation of 3.6 mm between kicked and
cle of 3.64 s. In a design of the slow extraction, beanyOt kicked particles at the ESS. The arrangement of septa
loss must be less than 1% level, which is required from th@1d bump magnets and beam envelopes in the LSS for the
radiation safety. A third-integer slow extraction has beefiloW extraction are shown in Fig. 1.

adopted for the 50-GeV main ring. The beam loss in the
slow extraction is due to 1) particles’ hit on electrostatic-
septum (ESS) wires, 2) particles’ hit on magnetic septa,

and 3) particles which are not extracted and remained in 100
the ring. Main beam loss is caused by 1). To reduce it, the
step size should be chosen to be as large as possible within
the gap length of the ESS. The angular spread of the parti-
cles should be also small in order to reduce the beam loss
at the ESS wires and the next septum. On the basis of these
points, the slow extraction system has been designed. Fer
a new lattice version, the beam loss at an electrostatic se
tum were examined by the tracking simulation. The radia-
tion issues due to the beam loss at the ESS wires have been )
studied by MARS. Present status of the ESS and magnetic -50
septa (SMs) is also reported. i
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2 SLOW EXTRACTION SCHEME oo Lo
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Characteristics of the 50-GeV ring from the point of s(m)
view of slow extraction are as followed,;

] ) . Figure 1: Layout of the LSS for the slow extraction
e The long straight section (LSS) for the slow extraction,,4 peam envelopes. Dotted line:injection beam, blue

has 116 m. The ESS, SMs and bump magnets can BRe:heam just before extraction, red one:beam kicked by
placed in this LSS. the septa.
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3 BEAM-LOSS CALCULATIONS

AT THE ESS WIRES Table 1: Beam loss at the ESS wires

beam-hit rate
The computer code to simulate the slow-extraction Nno multipole field in Q and D mag.
process executes multi-particle tracking inzac’-y-y'- fixed bump 1.3%
Ap/p phase space using transfer matrices of the lowest or-  dynamic bump 0.56%
der. A thin lens approximation is used for sextupole and multipole field in Q and D mag.
higher order fields. The initial beam distributions are as-  fixed bump 1.3%
sumed to be a uniform one in a four-dimensional ellipse _dynamic bump 0.81%

(z,2',y,y") and a parabolic one faAp/p. In an initial
condition of the beam, the horizontal and vertical emit-
tances are 6. mm-mrad, and the momentum spread is .
+0.31%, in which 2000 particles are distributed. The resnaximum step size of 20 mm for the extracted beam. The
onant sextupole strength is chosen so as to be the step dieguired cathode voltage is 170 kV. In order to achieve the
less than~20 mm for the ESS-gap length of 25 mm. Whengd0al, we have constructed an ESS model f&fR5]. The
we calculate beam-hit rate at the ESS wires, the ESS lend@fdthrough has a ceramics cylinder filled with Fluorinert
is assumed to be 1.5 m and the wire thickness to be 0.1 mA$ an insulating material. The septum wires of&0in di-
Minimum beam-hit rate can be found by changing the ES8Meter arranged with a 1.25 mm spacing. The cathode ma-
angle as shown in Fig. 2. The angular spread of the e,?enal is stainless steel. The cathode Iength is 0.7 m which
tracted beam can be reduced by changing the bump orlsrabout half I_ength of the real one. In thg high voltage test,
during extraction (dynamic bump) instead of fixed bumpWe have achieved 237 kV over the design voltage for the
The angular spread is drastically reduced by the dynam@@P Of 25 mm. At this voltage, the ceramics feedthrough
bump. As a result, the beam hit-rate on the wires is dé/A479) was broken by discharge. A SEM examination for
creased. broken area suggests this trouble was caused by a stain-
The beam-hit rates calculated by the tracking simulatiol¢Ss Steel fragment sticked on the ceramics surface. A new
are summarized in Table 1. When the multipole field i§eramics feedthrough (KP-999) has been prepared. High
included in the Q- and D-magnets, the beam loss at tn@ltgge test will start soon. 50m wires can be available
ESS wires is less than 1% for the dynamic bump case. THeVire frame to fix the wires is replaced from SUS to alu-
influence of the multipole fields in the magnets on the beafinum. If such thin wires are used, alignment errors of

loss seems to be smaller than that of the four-fold symmet{j?fa wires are very important to reduce effective thickness.
lattice in the previous version[2, 3, 4]. lignment error of a test model has been measured by a

laser focus displacement meter[6]. Measured alignment er-

ror was+15«m. One less thas:10um will be possible by
e we e o a careful machining on the surface to determine the align-
. ment.

Table 2: Parameters of the electrostatic septum

beam loss at ESS (%)
(0]
I

[ ] length 1.5m
4r p deflection angle —0.2 mrad

I ] electric field 6.79 MV/m
_I 7] gap (wire-cathode) 25 mm

' | | el | | voltage 0.170 MV

-2 -18 —-16 —-14 -1.2 —1
ESS angle (mrad)

5 MAGNETIC SEPTA

Four type of magnetic septa are placed downstream from

the ESS in the LSS. Parameters of these SMs are listed in

Table 3. The SM1 and SM2 are housed in vacuum cham-

4 ELECTROSTATIC SEPTUM bers. On the other hand, the chambers are installed in the
The electrostatic septum is one of the crucial hardwargaps for the SM3-1 and SM3-2 Magnetic field of the SM3-
components for the slow extraction. Basic parameters dfis rather mitigated comparing previous parameters[7]. A
the ESS are listed in Table 2. The kick angle of the ESS ispposite field type is proposed for the SM3-1 [8]. Since a
designed to be 0.2 mrad for the 50 GeV proton beam. Thaolarity of magnetic field in this magnet becomes reverse
required electric field strength is 6.8 MV/m for the lengthin the septum coil, electromagnetic force cancels for the

of 1.5 m. The gap is chosen to be 25 mm to obtain theeptum coils. Therefore large aperture and pulse operation

Figure 2: Beam hit rate as a function of the ESS angle.
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scattered protons is kicked out by the ESS. After 8 turns, no
beam loss occurs in the ring. In next step, simulation study
for scattered protons kicked by the ESS will be performed.

can be possible.

Table 3: Parameters of magnetic septa

septum magnet SM1 SM2 SM3-1 SMS3-2 7 CONCLUDING REMARKS

number 2 3 1 2

Okick (Mrad) +1.0 +3.3 4183 4222 We have designed a scheme of the third-integer extrac-
B (tesla) 0.114 0.374 1.35 1.64 tion from the 50-GeV ring of the JAERI/KEK Joint Project.
length (m) 15 15 2.3 2.3 The beam loss at the ESS wires was calculated by the track-
V-gap (mm) 45 60 60 50 ing simulation. The simulation including the multipole
H-gap (mm) 60 60 110 110 fields in the Q- and D-magnets shows that the loss can be
tseptum (MM) 1.0 5.0 30.0 >30.0 reduced to less than 1% by changing the bump orbit dur-

ing the extraction. At an RD electrostatic septum, we
achieved the design voltage. After ceramics cylinder was
broken by discharge, it was replaced a new one. High volt-
6 RADIATION STUDY IN THE SLOW age test will start soon. From the point of view of machine
maintenance, some radiation issues due to beam loss at the

EXTRACTION ESS have been studied using MARS code.

As mentioned above, though the beam hit rate on the
ESS wires is suppressed to about 1%, it corresponds to 8 ACKNOWLEDGMENT
huge beam loss power (7.5 kW). From the point of view of )
machine maintenance, some radiation issues due to bean] "€ authors thank S. Onuma and C. Steinbach for valu-
loss at the ESS have been studied using MARS code[sﬂ_.ble suggestions and discussions in early stage of the de-

1200 wires of 1.5m long ESS are replaced by a thin bulR'9"™:

with corresponding density for modeling of the MARS.
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