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CTAの性能、狙うサイエンス
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従来の望遠鏡より
u一桁高い感度
u一桁広い帯域(20 GeV-300 TeV)
u角度分解能～2倍(2分角@10TeV)

n 検出天体 約230個(現行)
⇒1000個以上

n 最遠方 ｚ～1.1(GRB201216C)
⇒ z～4 GRB等

ローレンツ不変性検証

ブラックホール
物理・ジェット
形成

宇宙線起源 ブラックホール
物理・ジェット
形成

銀河面

赤外・可視背景放射→宇宙の星形成史 暗黒物質対消滅γ線探索



CTA南サイト チリ・パラナル (0-4LST, 14-25MST, 37-70SST)
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2016年～ LST1建設、2020年～ 定常観測、2025年～ フルLSTアレイ

MAGIC(稼働中)

LST1(稼働中)

2023年～ 建設、2030年～ フルアレイ LST 23m口径  
20 GeV - 3 TeV

MST 12m口径  
80 GeV - 50 TeV

SST 4m口径  
1 TeV - 300 TeV

CTA北サイト スペイン・ラパルマ (4LST, 9-15MST) 



大口径望遠鏡（LST）

• 2021年：年初の雪嵐への対処（例：鏡シーリングを追加） 
制御ソフト改善、コロナ下の半リモート観測シフトを安定運用
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ITコンテナ ＠LST1 
2000 core、3PB disk 
日本の大きな貢献 

・望遠鏡制御 
・取得データ解析 
（リアルタイム解析） 
・MCデータ生成 
データはヨーロッパ 
本土に転送、各国へ

, DE



LST1データ取得状況
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• LST1は既に科学データを合計 
500時間以上順調に取得 

• 昨年7月にLST1として初めての 
物理成果を発表（次の野崎講演：
BL Lacからの20 GeVガンマ線） 

• 8月LATが検出した新星へびつか 
い座RS（CTA報告190 by 小林） 

• HESS (ATel #14844, 2202.08201) 
• MAGIC (a-ph/2202.07681) 

RS OphBL Lac

2020年 2021年

物理解析成果が出始めている

https://arxiv.org/abs/2202.08201
https://arxiv.org/abs/2202.07681


LST physics coordination
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Daniel Mazin LST general meeting, November 2021

Organigram
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CTA-Japanから3名（Mazin (Coord.)、Hütten (FP)、野田 (MW/MM)）

G. Ceribella

A. Donini



観測・解析手法の改善
• 大天頂角観測 

– E閾値が上がり、>TeVの感度が向上 
性能評価詳細はCTA報告191 by 阿部(正) 

– 北から銀河中心観測が可能 → 暗黒物質探索 

– Crab >100TeVガンマ（cf. Tibet・LHAASO） 

• LST1とMAGICの3台による同時観測 

– オフラインで時刻情報からシャワーを同定、 
クロス解析（CTA報告192 by大谷） 

– ハードウェアトリガーを追加設置し、 
E閾値を下げる（CTA報告193 by Baxter）
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日本の学生の貢献大、エキスパートに
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IACT observation is highly subject to the "zenith angle". The large-zenith-
angle observation enlarges the effective area in the higher energies.

‣PROS: Large effective area 
- the atmospherics showers are initiated in almost the same altitude 
- the light pool is geometrically expanded on the ground 

‣CONS: High energy threshold 
- Long transverse disseminates the Cherenkov light, 

because of the scattering and the atmospheric absorption.

Large-zenith-angle Observation

2. THE IMAGING ATMOSPHERIC CHERENKOV TECHNIQUE AND THE
IACTS MAGIC AND CTA

Figure 2.9: Example of an image of a �-ray (left panel) and hadron (right panel) showers.

at high Zd, the collection area increases.

Figure 2.10: Di↵erence in the shower development between low Zd (left telescope) and high Zd (right
telescope) observations. We can see that the distance from the camera to the point in the atmosphere where
the showers start to develop is smaller for low Zd observation (L) than for high Zd observations (L0). The
diameter of the Cherenkov light pool in the plane perpendicular to the reflector is also larger for high Zd
observations (l0 ' l/ cos(Zd)).
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M. L. Ahnen et al.: MAGIC observations of the Galactic center region

Table 1. Summary of MAGIC GC observations by year.

Year 2012 2013 2014 2015
Obs. time [h] 3.0 25.9 27.2 11.2
Zd range [deg] 59–66 59–70 59–70 58–70

Notes. The listed observational times correspond to data surviving
quality-selection cuts, as described in Sect. 2.3.

levels), the observational dataset accumulated by MAGIC still
warrants a variability search in the VHE flux of the GC on a
multi-year time scale.

In the following sections, we report on the results of this 4-yr
observational campaign, covering the time period of the closest
encounter between Sgr A* and G2.

2. The MAGIC observation campaign

2.1. The MAGIC Telescopes

The MAGIC (Major Atmospheric Gamma Imaging Cherenkov)
telescopes are two 17 m diameter IACTs, located at an altitude
of 2200 m a.s.l. at the Roque de los Muchachos Observatory on
the Canary Island of La Palma, Spain (28�N, 18�W).

The telescopes are used to record flashes of Cherenkov
light produced by Extensive Air Showers (EAS) initiated in
the upper atmosphere by gamma-ray photons with energies
&50 GeV. Both telescopes are nominally operated together
in a so-called stereoscopic mode, in which only events si-
multaneously triggering both telescopes are recorded and ana-
lyzed (Aleksić et al. 2016). For low zenith distance (Zd) obser-
vations and for E > 220 GeV, the integral sensitivity of MAGIC
is (0.66 ± 0.03)% in units of the Crab Nebula flux (C.U.) for
50 h of observations (Aleksić et al. 2016).

2.2. Observations

The GC region has been observed between April 2012 and
July 2015, with 67 h of good-quality data collected. When ob-
served from the MAGIC site, the GC culminates at a zenith dis-
tance of Zd = 58� and the time frame for observing the GC
with MAGIC at Zd < 70� is from mid-February until the end of
September. A breakdown of the observation time per year, along
with the relevant Zd range is shown in Table 1.

Observing at such large zenith distances (58� to 70� Zd)
increases the energy threshold (defined as the peak in the
distribution of detected gamma-ray events binned in energy, es-
timated using Monte Carlo simulations) of MAGIC to a range
between ⇠360 GeV and ⇠1.2 TeV (in general it varies with
the zenith distance as Eth,MAGIC ⇠ cos�2.3 (Zd), Aleksić et al.
2016), but at the same time it also increases the e↵ective col-
lection area for gamma rays by nearly one order of magnitude.
Figure 1 shows the comparison of two collection areas (post
analysis-cuts) versus energy obtained from Monte Carlo sim-
ulations; corresponding to the zenith distance distribution cov-
ered by the MAGIC GC observations, and to a typical low-Zd
(5��35�) observation.

The observations of the GC have been conducted in the
False-Source tracking mode (also known as “Wobble” mode;
Fomin et al. 1994), meaning that the telescopes were pointed
to four di↵erent symmetric positions at a distance of 0.4� from
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Fig. 1. E↵ective collection area computed from Monte Carlo simulated
events matching the zenith and azimuth distribution of the presented
GC observation and after all cuts that were applied for computing the
energy spectrum and light-curve (blue). The collection area for a typical
low zenith angle (5��35�) observation is shown in red for comparison.
One can clearly note the e↵ect on the energy threshold and e↵ective
area due to the larger Zd.

Sgr A*. With this observation technique, the background can be
estimated from regions with the same camera acceptance.

2.3. Data analysis

The data have been analyzed with the MAGIC standard anal-
ysis chain MARS (MAGIC Analysis and Reconstruction Soft-
ware, Zanin et al. 2013). This chain includes the quality selec-
tion of the accumulated observations. During this step, the data
are cleaned by removing events detected during periods of bad
weather and/or during known temporary hardware issues. This
basic data selection is performed based on several measured
quantities, such as the mean photomultiplier currents, the event
trigger rate, a measure of the amount of clouds in the field of
view (based on measurements with an infra-red pyrometer and
the LIDAR system, Gaug et al. 2014; Fruck et al. 2014) and the
number of stars detected by the MAGIC star-guider cameras dur-
ing the observations.

Due to the nature of the large-Zd observations of the GC (i.e.
longer light path through the atmosphere), there is a larger im-
pact on the quality of the recorded data due to a corresponding
increase in the scattering of star light and decrease in the opti-
cal transmission of the atmosphere. To minimize these e↵ects,
strong quality cuts have been applied to the data. We have ex-
cluded periods of data taking when the photomultiplier currents
were above twice the typical dark-night levels and also periods
of data taking when the star-count reported by the star guider
dropped below 70% of the median value. A cut on the data ac-
quisition rate (dominated by the background cosmic-ray events)
at ±30% of the typical value was applied as well, so that any
data-taking periods when the event rates fluctuated substantially
from the calculated mean rate were discarded.

The remaining events were cleaned to remove the contribu-
tions of the night sky background and electronic noise. After
that, the resulting shower images were parametrized in terms of
the so-called Hillas (Hillas 1985) and stereo parameters (disp,
shower height). Based on the MC simulated gamma rays and
real background events, recorded in a sky region free of gamma-
ray sources, the Random Forest technique (Aleksić et al. 2012;
Albert et al. 2008) was used for event classification in order to
substantially reduce the contribution of hadronic air-showers.
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typical zenith angle
(5 deg to 35 deg)

(58 deg to 70 deg)
large zenith angle

R. Lopéz-Coto, 2015.

M. L. Ahnen, et al, A&A, 2017
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stretches out the light pool!

low zenith angle high zenith angle
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Combined analysis - Data analysis flow

1/Mar./2022,  LST-1 + MAGIC analysis

• We have developed the combined analysis pipeline, magic-cta-pipe
• After the independent analysis in each telescope, the event coincidence 

with timestamps and the stereo reconstruction are performed
• The higher-level parameters such as energy, arrival direction are 

reconstructed with the Random Forests trained by MC data

MAGIC-I & II
Low level

LST-1
Low level LST-1 + MAGIC 

Coincident events
Data level 1 + Stereo 
(Hillas +  Geometry)

Random Forests
(energy, direction, classifier)

train RFsGamma/Proton MC 
Low level 

Gamma/Proton MC
Data level 1 + Stereo
(Hillas + Geometry)

LST-1
Data level 1 

(Hillas)

MAGIC-I & II
Data level 1

(Hillas)

event coincidence
+ stereo reconstruction

LST-1 + MAGIC 
Coincident events

Data level 2
(energy, direction, 

gammaness) 

apply RFs
MC data analysis:

Real data analysis:

charge extraction
image cleaning

charge extraction
image cleaning

stereo 
reconstruction

LST-1

M-I M-II

lstchain
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Cumbre Vieja噴火（2021年9月19日～12月13日）

Last two years we suffered very much from Nature

Our status:  Oh, my God!!
• Covid-19

• Volcano Eruption (19.Sep-14.Dec)
20km Eruption at Cumbre 

Vieja
(600m a.s.l.)

MAGIC, CTA, ORM
(2200m a.s.l.)

Copernicus

We are very sorry for the local people who evacuated 
from their living places and lost heir properties.
Fortunately the ORM is located 20km from the volcano, 
so far there is no damage to MAGIC and CTA LST.

85

Not only corona... 



Cumbre Vieja噴火

• 50年ぶり、1400年以降で8回目
85日間は（記録上）最長 

• ~3000の建物が焼失、死傷者なし 

• 観測所は距離・高度が離れており
大きな問題なし。主な心配は 
– 地震：最大M=5.1、>15km 

– SO2ガスが高めの日は外出禁止 

– 火山灰（風向き次第） 

• 機械的：ギア部グリースの塗り
直し、フィルタ洗浄 etc． 

• 化学的：鏡反射率に問題なし

Last two years we suffered very much from Nature

Our status:  Oh, my God!!
• Covid-19

• Volcano Eruption (19.Sep-14.Dec)
20km Eruption at Cumbre 

Vieja
(600m a.s.l.)

MAGIC, CTA, ORM
(2200m a.s.l.)

Copernicus

We are very sorry for the local people who evacuated 
from their living places and lost heir properties.
Fortunately the ORM is located 20km from the volcano, 
so far there is no damage to MAGIC and CTA LST.
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2022年1月 チェック完了（＋悪天候） 2月 観測再開



今後

• LST1での物理成果（特にガンマ線バースト） 

• 1−2年：北サイトの残りLST2-4号基の建設 

– 今年5月(?)：建設許可、年内：コンクリート土台 
来年から順次ハードウェア設置を開始 

• 反射鏡などハードウェア準備はほぼ完了（次ページ） 

• カメラモジュール準備：午前後半 CTA報告194 by阿部(日)  

–その他カメラ関連　CTA報告195: カメラPMTの磁場依存性 by立石 
　アナログメモリDRS4スパイク特性 by岡（素粒子実験領域） 

• ~5年：SiPM開発（北LSTアップグレード、南の各種望遠鏡） 

– LST用SiPMモジュール開発（午後後半 CTA報告196 by橋山） 

– LST&MST用SiPM集光器（CTA報告197 by 芳賀） 

– SST用SiPMでの月光BG評価（CTA報告198 by 若園）
11

LST2カメラ
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LST2-4

QC of PMT clusters
at IAC Tenerife, T.Saito et al.

Camera production 
at Arquimea, Madrid

Camera Supporting Structure
at Annecy France

Actuators at MPPCentral Pin at MPP

Rail System

Camera Access TowerAzimuth Lock

Cable Carousel

Central Control building
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LST アップグレード
• LST1のデザインは15年以上前
に決まったもの。アップグレー
ドを考える時期

• 高画素化+SiPM採用を検討中。
日本とスイスのチームが主導し
て開発中

• DeepLearning (CNN)技術の
採用と合わせて、高感度化が期
待される。

• LST Northのアップグレードお
よびLST Southを視野

15

75um x 75um
x 6400

詳細は橋山講演参照

by 齋藤et al.

Development of SiPM camera, 
EU-Call INFRA-TECH

Federico’s talk

LST SiPM



中口径望遠鏡（MST） 
小口径望遠鏡（SST）

14

MST 
l Davies-Cotton型 MST(欧州) 

PMT～1800本

l Schwarzschild-Couder型

主鏡9.7m＋副鏡5.4m

SiPM～1.1万素子

カメラ

2.4 m

0.8 m

カメラ

口径11.5m

＠USA(2019～)

昨年5月 かに星雲を検出

＠USA(2015～)

(SiPM1536素子)

12
13pW2-1

q アナログカメラ
• 多数のLSTと共通要素
• analog trigger 
• capacitor array + ADC
• 来年度北サイト初号機

q デジタルカメラ
• トリガ前にdigitize
• 250 MHz sampling
• HESS-IIに搭載し、かに星雲検出
(2019年10月)
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SST
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Ø Schwarzschild-Couder型（主鏡4.3m+副鏡1.8m）
Ø SiPMカメラ(2048素子)

2018年12月
プロトタイプ機で
かに星雲検出済み
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まとめ
• LST1号基では科学データを計500時間以上順調に取得中 

• コロナ禍やラパルマ噴火の影響は最小限に抑えられている 

• 物理データ解析・出版グループ、観測・解析手法の新規開発 
においてCTA日本グループの貢献大。詳細は以降の講演で 

• LST2-4号基建設準備完了、今年開始。アップグレード・南向けの
SiPMや他の望遠鏡の開発も進み、2025年にはアレイ観測を予定
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