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格⼦QCD計算によるQCD相転移・相構造の研究
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2023年度 構成員会議より
秋⼭さん、⼤野さん



元素合成の研究

重元素合成仮説(Rプロセス)

不安定核の質量測定が必須！

検証には

稀少RIリング@RIBF

− ２１世紀に解決すべき科学上の１１⼤問題
３番⽬：重元素はいかにして造られたのか？

核図表

Ni領域 質量 2018年11⽉実験
2021年4⽉実験

• ⽇本初の不安定核⽤蓄積リング
• 筑波⼤中⼼で約10年かけて製作
• 2015年、3⽉完成
• 2018年、11⽉質量測定実験（Ni、Sn領域）
• 2021年、4⽉Ni領域の２度⽬の実験
• 2022年、12⽉100Snの実験採択
• 2023年、12⽉Pb領域の実験採択

Sn領域 質量
2018年11⽉実験

100Sn 質量
2022年12⽉ 実験採択

Pb領域 質量
2023年12⽉ 実験採択
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2023年度の研究活動 （元素合成）

• 2021年度の実験で故障したキッカー磁⽯のアップグレード（放電箇所の補修、
TDKコンデンサーに交換など）を⾏なった。11⽉に⻑期試験を⾏なった。

• 稀少RIリングの輸送効率向上のために垂直⽅向ステアラー電磁⽯を準備中
（3⽉末までに完了予定）。

2024年6⽉にマシンスタディを予定

• 12⽉のRIBFのPACに中性⼦過剰Pb領域の質量測定プロポーザルを提出し採択
された。

2024年度以降、実施予定

Operation test of kicker system with new PFN capacitors

Y. Yamaguchi,∗1 T. Ohnishi,∗1 G. Hudson-Chang,∗1,∗2 M. Kanda,∗3 Y. Koizumi,∗3 D. Nagae,∗1,∗4 K. Okubo,∗3

K. Sasaki,∗3 N. Shinozaki,∗3 A. Yano,∗5 A. Ozawa,∗1,∗5 T. Yamaguchi,∗1,∗3,∗5 and M. Wakasugi∗1,∗6

In the rare-RI ring (R3) facility, the kicker system
is a key device for injecting and extracting particles
one-by-one. Recently, we have succeeded in magnetic
field flattening during injection duration and extend-
ing the extraction duration, thereby improving the ex-
perimental efficiency1). However, the ceramic capaci-
tors used in the pulse forming network (PFN) of the
kicker power supply were broken several times due to
insulation breakdown after 1 day of operation with a
charging voltage of 45 kV to 55 kV in the 2021 mass
measurement experiments2,3). This failure, which in-
terferes with the execution of the experiment, must be
repaired quickly. We report the progress of the repair
work.

The PFN, consisting of sixteen capacitor and induc-
tor sections, forms a high-voltage unit together with a
thyratron and other components4). The high-voltage
unit is installed in a tank filled with insulating oil.
The capacitor HP40-H132-00 we have used so far is
made by the former AVX corporation (Kyocera AVX
now). It has a three-layer structure and is insulated
with molded resin. The outer diameter is 38 mm, the
length is 47 mm, the rated voltage is 80 kV, and the
capacitance is 375 pF.

A failure analysis was performed by Kyocera. The
central part of the three-layer structure was found to
be particularly damaged (see Fig. 1(b)). The dam-
age was so severe that it is difficult to pinpoint the
cause, but the following are possible causes: 1) due
to the part of dielectric layer is slightly weak, 2) due
to the stacked element structure, the central element
overheated, and then the increase in dielectric loss and
further overheating caused an electron avalanche, or

Fig. 1. (a) shows broken AVX capacitor, and (b) shows

internal damage revealed by Kyocera.
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Fig. 2. (a) shows installed new capacitors. (b) indicates

output signals from current monitor (details in text).

3) due to electric field concentration on the washer
between the elements. Thus, it is thought that the
stacked elements structure could not withstand our use
of the repetition of the high-voltage charging within
200 µs and the instantaneous discharging by thyra-
tron. Then we decided to replace it with a single-layer
structure capacitor, a commercially available product
with proven track record.

Figure 2(a) shows a new capacitor FHV-10AN made
by TDK corporation. The outer diameter is 38 mm,
the length is 33 mm, the rated voltage is 50 kV, and
the capacitance is 700 pF. Two TDK capacitors are
connected in series to make almost the same capaci-
tance as the AVX one. Figure 2(b) indicates the out-
put currents when operated at a charging voltage of
55 kV. It can be seen that the waveform (blue-line)
obtained with TDK capacitors is almost the same as
that (black-line) obtained with AVX capacitors.

There are eight high-voltage units in total. Cur-
rently, the two high-voltage units for one twin-type
kicker magnet have been replaced with TDK capac-
itors. Recently, we conducted 5-days continuous op-
eration test for all units with a charging voltage of
around 50 kV. As a result, five of the six units with
AVX capacitors failed again. On the other hand, the
two units with TDK capacitors had no problems. We
concluded that the use of TDK capacitors would solve
the above three concerns and enable stable continuous
operation. Therefore, the remaining six high-voltage
units will also be replaced with new capacitors soon.
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ALICE Run3 
and beyond

Quark Gluon Plasma/QCD相構造研究
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2023年度
構成員会議より
Rachidさん



ALICE-Focal
for RUN4

ALICE3 
proposal
for RUN5-
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ALICE-ITS3 
for RUN4



Beam Energy Scan at RHIC-STAR

固定標的実験モード
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PRL 112 (2014) 162301
⾼温⾼密度相の
状態⽅程式の変化、
１次相転移
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PRL130 (2023) 202301

(pnn * p) / (pn * pn)
中性⼦密度のゆらぎ

PRL 128 (2022) 202303

磁場

換算
温度

秩序変数の４次ゆらぎ（尖度 k4）

PRL107
(2011) 
052301

バリオン数の
（正味陽⼦数）
⾼次ゆらぎ測定

臨界点付近で
相関⻑の発散
を予測



ドイツ
GSI/FAIR-CBM

中国
HIAF/HIRFL-CSR

原研・東海村 J-PARC重イオン

さらに⾼密度領域へ
臨界点の向こう側へ

STAR実験
前⽅アップグレード

2022年~

sPHENIX実験
2023年~

RHIC → eICへ
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Y-layer
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X-
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beam
direction (z)

数GeV~数10GeV領域の固定標的重イオン衝突における
Net-Baryon測定のために中性⼦検出器の開発

RHIC-PHENIX TOF (re-used) 
~0.5 panel ~100PMT

東海村 KEK/J-PARC HI
ドイツ GSI/FAIR-CBM
中国 HIAF/HIRFL-CSR

中⼼衝突度・反応平⾯
測定⽤ZDC検出器の開発

CBM (GSI-FAIR) participant-spectator detector

HIAF (中国) ZDC

STAR (BNL-RHIC)
event plane detectorone Y-layer


