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Abstract. The K1.8 beam line of the J-PARC Hadron facility has been constructed for the
experimental activities on hadrons and nuclei using secondary particles, especially kaon. On
October 22nd 2009, the first beam was successfully extracted and the commissioning of the
beam line and the experimental apparatus was started. Although the beam line was not tuned
optimally, the yields of the beam kaon were measured to be at least 40 k for K* and 5.1 k
for K, respectively, with the primary intensity of 2.5 x 10'? protons. These values agreed
with the designed ones within a few factors and will be improved after the fine tune. The
momentum resolution of the beam spectrometer was estimated to be dp/p < 2.1 x 1072 by
the beam through run. Though it includes contributions from the spectrometers for scattered
particles, it is satisfactory for the experiment.

1. Introduction

Various types of experiments related to strangeness nuclear physics are planned at the J-PARC
[1]. In particular, the experimental studies of strangeness S = —2 system, such as H dibaryon
search, double A hypernuclear spectroscopy and = hypernuclear spectroscopy, are important to
investigate less known channel in Baryon-Baryon interaction based on SU(3) fiqvor. In order to
create the S = —2 system, the = production via the (K~, K1) reaction is one of the suitable
way. Thus, the K1.8 beam line was designed and has been constructed to provide high intensity
of larger than 10° /sec and high purity of K/ of more than unity.

2. K1.8 beam line and beam spectrometer

The K1.8 beam line is located at the north-side of the J-PARC Hadron facility. The layout
of the K1.8 is shown in Figure 1 and the design paremters are listed in Table 1. This beam
line has two sets of electrostatic separators [2], which lead to a high purity K~ beam with a
K~ /(m~ +u~) ratio of 3.5. A high intensity K~ of 1.4x10°% ppp can be obtaiend on the reaction
target with a primary beam of 2.0 x 10 ppp and 54 mm long Ni production target. While the
main purpose of the K1.8 is to provide 1.8 GeV /¢ K~ beam, this beam line can deliver charged
particles of up to 2.0 GeV/c.

At the most downstream part of the beam line, a high resolution beam spectrometer is
located. Figure 2 shows a schematic view of the K1.8 beam spectromter. It is comprised
QQDQQ magnets, 4 sets of wire chambers and trigger counters. Optics of the beam analyzer
was calculated to utilize point-to-point focus condition so as to reduce multiple scattering effects.
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Figure 1. K1.8 beam line in the J-PARC Hadron facility.

In additoin, the wire chambers were made as thin as possible in substance.The momentum
resolution expected from the 1st order optics is 1.4x1074 (RMS) when the position resolution of
the trackers is 200 pm. Considering the singles rate more than 8 MHz at the upstream part of
the spectromter, we adopted two sets of a multi-wire propotional chamber (MWPC) with 1 mm
wire pitch. As for the downstream part, the two sets of a multi-wire drift chamber (MWDC)
with 3 mm anode-anode spacing are prepared. Design parameters of wire chambers are shown
in Table 2. Segmented plastic scintillator hodoscopes, BH1 at the entrance and BH2 at the exit
of QQDQQ, respectively, are used for both the trigger and the time of flight for offline particle
identification. A gas Cherenkov counter to reject electrons (or positorns) is inserted into between
the second mass slit (MS2) and BH1. An aerogel Cherenkov counters with the refractive index
of 1.03 are employed to veto pions in the kaon beam. Specifications of trigger counters are
given in Table 3. As for the spectrometer for the scattered particles, the Superconducting Kaon
Spectrometer system (SKS) is used. The detail of the SKS and the commissioning run with
some reactions are described in Ref.[3].
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Table 1. Design specifications of the K1.8 beamline at Phase-1 (30 GeV, 9 uA).

Primary proton beam 2.0x10'" ppp

Length 45.97 m
Acceptance 1.4 msr %
Maximum momentum 2.0 GeV/e

Electrostatic separators 750 kV /10 cm, 6 mx2
K~ intensity
QFF 1.8 GeV/c  1.4x10° ppp
Singles rate
@MS2 1.8 GeV/c > 8.0 x 10° ppp
K~ /(n~+p~) QFF 3.5
Xims/Yims size @ FF 19.8 mm /3.2 mm

Target ,
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Figure 2. Schematice view of the K1.8 beam spectrometer.

3. Commissioning status

On October 22nd 2009, the first beam was extracted to the K1.8 beam line. In order to evaluate
the performance of the beam line, K™ and K~ counts in the beam were measured, respectively.
In those measuement, the two electrostatic separators (ESS1, ESS2) were in operation with the
electric field strength of 40 kV/cm. The kaon beam trigger condition is defined as follows:

BEAMpg = BH1 ® BH2 ® BGC ® BAC.

In November 2009, the K+ beam yield was measured with the primary proton intensity of
1.18x10" ppp. Figure 3 shows the Time-Of-Flight spectra of 1.8 GeV/c beam with the K+
triggered events. An enhancement of the kaon component can clealy be seen as the separators



International Nuclear Physics Conference 2010 (INPC2010) IOP Publishing
Journal of Physics: Conference Series 312 (2011) 052026 doi:10.1088/1742-6596/312/5/052026

Table 2. Design specifications of the beam line trackers. Wires in the z, v and v plane are
tilted from the vertical direction by 0°, —15° and +15°, respectively. The primed planes are
displaced by a half-cell.

name sensitive area  sense wire wires gas mixture
[mm] spacing [mm]|

MWPC

BC1 256" x 1007 1 zuvzuv  Ar 77%, iC4Hig 19% , Methylal 4%
BC2 256" x 1007 1 wwzuvr  Ar 77%, iC4Hyig 19% , Methylal 4%
MWDC

BC3 192% x 1507 3 zx'uuw'vv’  Ar 7T7%, iC4Hig 19% , Methylal 4%
BC4 192W x 1507 3 wu'vv'za’  Ar 7T7%, iC4Hig 19% , Methylal 4%

Table 3. Specification of trigger counters in the K1.8 beam spectrometer.

name sensitive area [mm|] PMT notes

BH1 170" x 667 x 57 R1450 x 22 11 segments, 3-stage booster
BH2 133" x 667 x 57  R1450 x 14 7 segments, 3-stage booster
BGC ¢300 x 2107 R1250-03 x 1 i-C4Hyg (~0.15 MPa), n = 1.002

BAC 160" x 607 x 667 H6614-70UV x 4 silica aerogel, 2 layers, n = 1.03
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Figure 3. Time of flight spectra of 1.8 GeV/c beam with " KT triggered events”. 7T peak is
set to be zero. Peaks around -1 nsec and -4 nsec correspond to K+ and proton, respectively.

were applied. The number of K+ per spill was estimated by fitting with 2 gaussians in K, 7
region of each spectrum; 0.74 k/spill for "ESS1/ESS2 = off/off”, 0.71 k/spill for "ESS1/ESS2
= on/off” and 0.61 k/spill for "ESS1/ESS2 = on/on”, respectively. In Feburary 2010, the K~
amount was counted with the primary proton intensity of 2.5x10'? ppp. In this measurement,
horizontal slits were fully opend. Figure 4 shows the measured TOF spectrum with the aerogel
Cherenkov cut in offline analysis. From this data, K~ yield was computed as 5.1 k/spill.

Table 4 shows the comparison of the measured kaon yields and the calculated ones. In this
comparison, the numbers were normalized to the beam condition in Feb. 2010. The measured
K™ yield was not only scaled with the primary beam intensity but also multiplied by a factor of
around 3 which came from the difference of the opening in the horizontal slits. The result was
well reproduced within a few factors with the values calculated by the Sanford-Wang’s empirical
formula and an optics simulation by Decay-TURTLE.



International Nuclear Physics Conference 2010 (INPC2010) IOP Publishing
Journal of Physics: Conference Series 312 (2011) 052026 doi:10.1088/1742-6596/312/5/052026

700

600

500

400

300

BRI
L

‘—L:_‘T‘T‘—\—fﬁ—m—-—ﬂl'““‘\.‘\‘\.‘m

-4 -3 -2 -1 0 2

200

100

QUTTTT T T[T T T T[T T T T[T T T T[T T T T[T TTT 77T
L (-

1
TOF [nsec]

Figure 4. Time of flight spectrum of 1.8 GeV /c beam with " K~ triggered events”. 7~ peak is
set to be zero. Peaks around -1 nsec and -4 nsec correspond to K~ and anti-proton, respectively.

Table 4. Comparison of the kaon yield per spill.

20
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primary beam 1.18 x 10! 2.5 x 1012
full open simulation
K+ 0.61 k (measured) 40 k 62 k
K~ 5.1 k (measured) 17.5k
h1
70— Entries 2367
soi Mean 2.448
g RMS 1.8
e X2/ ndf 64.48 /50
a0 Constant 58.75+1.75
305_ Mean 2.11+ 0.02
- Sigma  0.647+0.018

i S PR T P L P PP
6 8 10
dP=pK18-pSks (MeVic)

Figure 5. Momentum difference between the beam spectrometer and the SKS.

The momentum resolution of the beam spectrometer was evaluated by the beam through
data, in which a beam with the momentum of around 0.75 GeV/c had passed through both
the beam spectrometer and the SKS. For the beam spectrometer, third order transfer matrix
parametrization was used to calculate the beam momentum. As for the SKS, tracks were
reconstructed by the Runge-Kutta method and fitted. The momentum difference measured by
both spectrometers is shown in Figure 5. The width of 1.6 MeV /¢ (FWHM), which corresponds
to dp/p = 2.1 x 1073, was obtained. This result is satisfactory for the experimental requirement
and is thought to be mainly determined by the SKS.
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4. Summary

The K1.8 beam line will provide high intensity and purity K~ beam for the hypernuclear studies,
especially on S = —2 system. The commissioning of the J-PARC K1.8 beam line and the beam
spectromter was performed. When the double stage electrostatic separators were turned on,
kaon enhancement was confirmed in the K triggerd events. We can obtain at least 40 k/spill
for K+ and 5.1 k/spill for K~, respectively, with the primary beam intensity of 2.5 x 10'2 /spill
which is 1/100 of the Phase-1 goal. It is important to note that this is the very preliminary result.
The kaon yield will be improved after the fine tune of the beam line magnets. The momentum
resolution was estimated by the beam through data. The obtained width of the momentum
difference between the beam spectrometer and the SKS was dp/p = 2.1 x 1072 (FWHM), which
satisfied the experimental requirement.
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