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J-PARC K1.8BR
ビームラインスペクトロメータの性能評価
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• K1.8BRビームライン

• K1.8BRビームラインスペクトロメータ

• TOF測定との比較による評価
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J-PARCハドロンホール K1.8BRビームラインでは K中間子ビームを用いて K̄N, K̄-

nuleus相互作用を調べる実験が計画されている。E15実験では 3He(K−, n)反応を用いて
K−pp束縛状態を探索 [1]、E31実験では d(K−, n)反応を用いてΛ (1405)を生成し、かつ
崩壊モードを識別することでΛ (1405)の性質を調べる [2]。また E17実験ではK中間子
を液体He標的中に止めてK中間子原子を生成しその脱励起X線を精密に測定する [3]。

1 GeV/cのビームを用いる in-flightの実験、E15/E31ではMissing Massを導出するの
にビーム運動量の情報は不可欠になる。また E17では 0.9GeV/cのビームを約 1 g/cm2

と薄い液体 3He標的に止めるので、ビームの中心運動量を正確に知る必要がある。
K1.8BRビームスペクトロメータは 1つの双極子磁石とそれを挟むように設置された

２組のMWDCからなる。1次のビームトランスポートマトリクスと多重散乱の見積も
りからこのスペクトロメータの運動量分解能は 0.1%であると推定され、これは反応に
より放出される粒子の分解能に比べて十分に良い分解能である。
我々は 2012年 2月のビームタイムにおいて、1 GeV/c設定でのビームスペクトロメー

タを評価するための測定を行った。この測定ではスペクトロメータ下流で約 17mの飛
行距離を用いたTOF測定を行いビーム運動量の指標として用いた。本講演では主にこ
のデータを用いてのスペクトロメータの性能評価を報告する。
[1] M. Iwasaki , et al., Proposal of J-PARC 50-GeV PS

“A search for deeply-bound kaonic nuclear states by in-flight 3He(K−,n) reaction”, (2006).

[2] H. Noumi , et al., Proposal of J-PARC 50-GeV PS

“Spectroscopic study of hyperon resonances below K̄N threshold via the (K−,n) reaction on Deuteron”,

(2009).

[3] R.S. Hayano, et al., Proposal of J-PARC 50-GeV PS

“ Precision spectroscopy of Kaonic Helium 3 3d → 2p X-rays”,(2006).
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Neutron TOF counter
榎本 11pSC-3

CDS: 佐田 11pSC-2
BPD&BPC: 井上 11pSC-4

BeamLine
Spectrometer
この講演！

3He target
(D2  target: 川崎 14aSA-10)

K1.8BR @ J-PARC ハドロンホール
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J-PARC K1.8BRにおける実験

• E15: Search for deeply bound kaonic nuclei
• 1.0 GeV/c K- beam

• 3He(K-, n) K-pp,  K-pp → Λp  

• E17: Kaonic helium atom X-ray
• 0.9 GeV/c K- beam

• stop K- on 3He/4He

• E31: Spectroscopic study of Λ(1405)
• 1.0 GeV/c K- beam

• d(K-, n) Λ(1405),  Λ(1405) → Σπ

閾値近辺でのKN(K-nucleus)相互作用に関連した実験
0.9/1.0 GeV/c のK-ビームを使用
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Figure 2: Total cross section of Kaon
Nucleon reaction

Figure 3: Beam intensity per pulse as a function
of incident kaon momentum.

3.2 Beam Line Spectrometer

A part of beam line magnets together with beam tracker, kaon identification detector
and time zero detector will be a components of the beam line spectrometer.

3.2.1 Beam Line Tracker

Trajectory of the incident kaon beam will be tracked with beam line tracker. The
momentum of the kaon will be analyzed with this tracking information together with
beam optics of beam line magnet. The momentum for the incident kaon will use
for the proposed experiment is 1.0 GeV/c so that thickness of the material in beam
line tracker will be minimized, because multiple scattering of 1.0 GeV/c koan is not
negligible to analyze momentum with good precision. Moreover, beam intensity where
we would like to install our tracker upstream of the beam line is estimated to be around
2.5 M particles per pulse (0.7s) with proton energy and intensity in J-PARC proton
synchrotron as 30 GeV/9µ A. It corresponds to 3.5 MHz hits rate. Once this intensity
and energy recovery of the J-PARC happened, this number will be increased about
factor three higher. Therefore tracking chamber must satisfy two requirements. One
is the tracker thickness in term of material budget must be minimize. The other is
it should be handle up to 10 MHz event rate, including some safety margin. One
possible candidate of the detector is very fine pitch wire chamber, the other possibility
is tracking detector using Gas Electron Muiliplier (GEM) technique. For example,
thickness of the one tracking detector made with GEM is estimated to be 1.0x10−3 %
radiation length per tracking plain. For the momentum analysis, we need to measure
direction of the beam before and after the dipole magnet, so that we need at least 4
tracking planes. Finally, coulomb multiple scattering angle is calculated as 0.7 mrad

5
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ビームスペクトロメータへの要求

• E15/E31
• Missing Mass分解能は主に前方TOF分解能が決める。

• ビーム運動量分解能は0.3%@1GeV/c程度で十分

• 絶対値は最終的に反応を用いて決定

• E17
• Kビームを止めるためにビーム運動量の絶対値を知りたい。

• 3He標的(1 g/cm2)に止められる運動量幅は ±0.3%程度 @ 900 MeV/c

3He(K- ,n)K-pp 3He(K- ,p)K-pn 3He(K- ,d)Λ∗

散乱粒子運動量
TOF分解能
運動量分解能
MissingMass分解能

1.3 GeV/c 1.3 GeV/c 1.6 GeV/c
150ps? 100ps? 100ps?
9 MeV/c 6 MeV/c 4 MeV/c
9 MeV/c 6 MeV/c 5 MeV/c

前方散乱粒子の分解能のみを考慮
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ビームラインスペクトロメータ8 K. Agari, et al.

Fig. 3. Schematic view of the beam-line spectrometer, which consists of the trigger counters, the
beam line chambers, and the kaon identification counter.

vertex beam-line drift chamber (VBDC) are used in the stopped-K− experiment E17.
In order to stop the kaons in the target, the kaon beam of 0.9 GeV/c is degraded by
carbon and copper blocks placed after T0. The degraded kaon is transferred into the
target through E0 and the VBDC, and stopped inside the target. The reaction vertex
is obtained from an incident kaon and an outgoing secondary charged particle track
reconstructed by the VBDC and the CDC, respectively. By applying a correlation
cut between the reaction vertex in the beam direction and the energy loss in E0,
in-flight kaon decay/reaction events are rejected and continuum background events
are drastically reduced as a result.

3.1. Trigger counters
The BHD and T0 are segmented plastic scintillation counters located down-

stream of the D3 and the D5 magnet, respectively. The T0 signal is used as the
event time-zero signal.

The BHD has an effective area of 400 mm (horizontal) × 160 mm (vertical)
segmented into 20 units horizontally, and T0 is 160 mm (horizontal) × 160 mm
(vertical) segmented into 5 units horizontally. To avoid over concentration of the
beam on one segment, T0 is rotated by 45 degrees. The BHD scintillator is made of
Saint-Gobain BC412 whose unit size is 160 mm (height) × 20 mm (width) × 5 mm
(thickness). The unit size of the Saint-Gobain BC420 scintillator in T0 is 160 mm

• D5電磁石

• 磁場  ~1.63 T @ 1 GeV/c
常にモニター
(Lakeshore 475,分解能0.1G)

• bending angle 55 degrees

• 有効長 1959 mm (実測値ではない)

• D5前後にMWDCを設置

• UU’VV’UU’VV’(±45 deg) ×2, 間隔~40 cm

• typical resolution ~ 200 um

• 散乱を減らすためヘリウムバッグをD5に設置

• 38um Mylar window+He(2.2m) 
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予想される性能

• Transportによる1次の転送行列

• δ = [(θ'-θ) + 3.75 (x' + x) - 0.11 (x' - x) ]/12.5
→ Δδ~ (Δθ+3.75Δx+0.11Δx) /12.5
~  0.12 % @ 1GeV/c

• MWDCの角度分解能 Δθ ~ 0.7 mrad

• 散乱による Δθ ~ 0.7 mrad,  Δx ~ 0.2 cm

x[cm] θ[mrad] y[cm] Φ[mrad] I[cm] δ[%]
x’[cm] 0.19678 0.20554 0 0 0 -1.33079
θ’[mrad] -4.6338 0.24164 0 0 0 -7.67738
y’[cm] 0 0 1.23585 0.32661 0 0
Φ’[mrad] 0 0 1.55747 1.22077 0 0

I’[cm] 0.76774 0.12565 0 0 1 -0.28727
δ’[%] 0 0 0 0 0 1
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TOF測定との比較による性能評価
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評価方法

２つの手法の比較でビーム運動量の分解能、絶対値を評価
　①17m TOFから決めたビーム運動量
　②ビームスペクトロメータでのトラッキング

D5
PDC

BLC

T0

TOFstop

②Beam Spectrometer
①TOF length ~ 17m

as of  Feb. 2012, before NC installation

GC
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評価方法

• 遅い反陽子を利用

• BHD-T0 online TOFによる p/pbar trigger

• CMはproton設定

• TOF による運動量の絶対値決定のためT0-TOFstop
間の物質量を最小に押さえた。(GCのみ)

• 電子(β=1)によるタイムオフセット調整

• GCを用いてelectron trigger を生成

• X方向のスリット全開(mom bite ±3%)

• Run40 (2012年2月) にデータ取得

��
��������
�

�

�	�

��������
��	���� Proton TOF trigger

T0 

BHD (delayed)
p π 

4ns 

The arrangement picture about 
down-stream side from D5 

Gas Cherenkov
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ビームスペクトロメータ
• TMinuit Fitting

• 2次の転送行列でPDC-BLCを接続

• parameter: x, θ, y, φ, δp (at PDC)

Layer Number
1 2 3 4 5 6 7 8
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66 CHAPTER 3. DATA ANALYSIS

Figure 3.17: Scatter plot between the horizontal scattering angle measured by SDC1·2
and the flight time between BH2 and TOF. The selected region for K was indicated in
the figure.

3.3.2 Momentum reconstruction of scattered particles

Overview

The momentum of a scattered particle was calculated from the SDC data as follows. At
first, local straight tracks were determined at the entrance and the exit of the SKS magnet
by SDC1·2 and SDC3·4 using the least square method, respectively. For both SDC1·2
and SDC3·4 trackings, all combinations of hit positions on the plane were examined with
a pre-tracking routine to reduce the number of the combination. This analysis procedure
is the same as that of the BC3·4 tracking.

Next, the momentum of the scattered particle was determined by reconstructing a
trajectory from the hit positions. The reconstruction was carried out with the Runge-
Kutta method [58] for each particle using a calculated magnetic field map. The magnetic
field map was calculated by the ANSYS code using the finite element method. The
calculation and accuracy of the field map is described in Appendix A. The trajectory
and the momentum were optimized by minimizing the following χ2 values iteratively. The
fitting parameters were the momentum (p), the horizontal (x) and vertical (y) positions
and their derivatives (dx/dz, dy/dz) at the target position. The χ2 value of each track
is defined as

χ2
SKS≡

1

n− 5

n∑

i=1

(
xtracking
i − xdata

i

wi

)2

,

where n is the number of the chamber planes with a hit, xtracking
i and xdata

i are the hit
position on the i-th plane in the tracking in and the data, and wi is the position resolution
of the i-th plane. The convergence criterion in the iteration is δχ2 = (χ2

k+1 − χ2
k)/χ

2
k <

resolution

運動量 δp/p~±3%

anti-proton
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Momentum by D5 (MeV/c)
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TOF測定との比較

• 正しい相関が
細く見えている！

T0-TOFstop TOF [ns]
55 56 57 58 59 600
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T0-TOFstop 1/beta
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resolution
~ 130 ps

resolution~ 0.0023

~ 3.6 MeV/c
for 1GeV/c proton

anti-proton
e-

e-
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エネルギー損失の補正

• Geant4でエネルギー損失&多重散乱の影響を見積もる
• T0(CH) ~ 1g/cm2, 空気 ~ 2g/ cm2, GCは考慮せず

• 実際のビームプロファイルと仮定した運動量で粒子を発生

• 実データと同様の解析を行いTOFから運動量を求めた。
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X at BHD [cm]
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運動量分解能
2.2 ± 0.2 MeV/c

（TOF分解能 ~3.6MeV/cを考慮）

中心運動量
1005 ± 3 MeV/c
要systematic study

anti-proton

設計値:R12~0, R16~4cm/%@BHD

データ: -2.478 MeV/c / cm
~ 4 cm/%
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まとめ

• J-PARCハドロンホールK1.8BRビームラインでは
0.9 ~ 1.0 GeV/c のK中間子ビームを用いた実験を行う。

• TOF測定との比較を行い、ビームラインスペクトロメータ
が十分なビーム運動量分解能を持つことを確認した。
 0.22 ± 0.02 % @ 1.0 GeV/c

• ビーム中心運動量の絶対値を(暫定的に)決めた。
1005 ± 3 MeV/c @ 1.0 GeV/c
反応できちんと確認したい。
stop-K調整のinputとするには 0.9 GeV/cにスケールする必要がある。
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K1.8BR beam optics
Momentum

analyzer

WSD?
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K1.1D1, K1.8D5

• K1.1D1の干渉→K1.8D1をKビームがFFで中心にく
るように調整 (Run#43)

• Run#40 ではK1.8D1固定でK1.8D5でKビームの中心
をあわせていた。

D5 current setting (A)
1642 1644 1646 1648 1650 1652 1654 1656 1658 1660 1662 1664

 C
en

tra
l M

om
en

tu
m

 (G
eV

/c
)

1006.5

1007.0

1007.5

1008.0

1008.5

1009.0

1009.5

K1.1 Momemtum (GeV/c)
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

 C
en

tra
l M

om
en

tu
m

 (G
eV

/c
)

1008.0

1008.5

1009.0

1009.5

1010.0

1010.5

17


