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CRAFFT (Cosmic Ray Air Fluorescence Fresnel lens Telescope)
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1.4m

1.0m

2.0m

8 in. PMT with UV transmitting filter. 
8° spacial filter for test observation.

Appearance of CRAFFT prototype.

For UHECR observation, we need a huge observatory with 
detectors which can measure Xmax such as FD. 
We need reduce the cost. 

Simple structure, without container 
Easy to deploy 
No obstacle between lens and focus 
Necessity of multiple observation for geometrical 
determination 
Worse S/N compared to multi pixels. 

Componen Product Specification Cost/
Structure MIWA Aluminum 950
Fresnel lens NTKJ, CF1200-B 1m2, f=1.2m 370
UV trans. Hoya, UL330 ~90%,300-360 3,000
PMT Hamamatsu, R5921 8 inch 2,000
FADC TokushuDenshiKairo, 80MHz, 12bit 290
Amplifier Lecroy, 612AM 1,000
HV CAEN, N1470AR 8kV, 3mA 1,600

Total ($) : 9210

F.O.V. 8° x 8° 
originaly 12° x 12° w/o spacial filter 
for 8 inch. PMT at the focus

Shading curtain inside.

Detection efficiency.
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Test Observation at TA FD site
Test observation at TA FD site 
2017 Nov. 9 ~ Nov. 23 
Obs. time : 63.5 h (10 nights) 
Expected events / month : ～8 events 
(above 1017 eV) 
Triggered by TA FD triggering timing 
# of recorded events：556,255
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Deployed detectors next to to 
the TA FD building @ RBM
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Event display of TA FD  
with CRAFFT F.O.V.

Waveform of CRAFFT 
Energy: 1017.7 eV,  Distance: 3.6 km 

 (by TA FD)
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Reconstruction by waveform fitting
• Shower detector plane cannot be determined by single pixel detectors. 
• Waveform recored by FADC (80 MHz) is only available. 
• Least square fit using waveform data and simulated waveform. 
• Parameters are Energy, , zenith, azimuth, , and  

• At least, 4 parameter fitting works to reconstruct shower geometry 
even with monocular measurement.      (Energy and  are fixed here) 

Xmax Xcore Ycore

Xmax

Simulated waveform based on the shower 
parameters reconstructed by TA FD with 
night sky background noise. 

CRAFFT
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Simulation truth

図 4.3 の黄色い四角はテレスコープアレイ (TA) の位置, 原点は CLF の位置を示している. 図 4.3 の赤い
点は図の右下にある TAから CLFの方向に向かって広がっていることが確認できた. 実際の CRAFFTも同
じように右下にある TA の位置から CLF の方向に視野を向けていることから, シミュレーションが実際の
CRAFFTを再現できていることを確認できた. 　

4.5 ノイズの考慮
以下の図 4.5は CRAFFTにより実際に観測された宇宙線の波形, 図 4.6はシミュレーションによって作ら
れた宇宙線の波形であり, どちらも縦軸が光電子数, 横軸は時間を表している. (両者を比べると同じ視野の望
遠鏡で蛍光が観測されており, 信号の幅も同等であることがわかる. 信号の絶対値はシミュレーションの方が
大きく見積もられている印象を受けるが, 光電子増倍管の利得を典型値ではなく実測値を使うことで違いを小
さくできる可能性がある.)

実際に観測された宇宙線の波形に対してシミュレーションによって作られた波形にはノイズが考慮されてい
ないためないため, 信号のふらつきがないことがわかる.

図 4.5 CRAFFTが記録した空気シャワー事象の波形 [3].

図 4.6 図 4.5 の解析結果を CRAFFT シミュレー
ションで再現した波形.

そこでペデスタルの標準偏差を σ = 6.4[3], 各望遠鏡の取りうる誤差を各点の期待値 (CRAFFTシミュレー
ションで得られた値)の平方根として各点の標準偏差を求めた (式 4.2).

標準偏差 =
√

σ2 +光電子数 (4.2)

GSL(GNU Scientific Library)で求めた標準偏差のガウス分布の乱数を発生させることで, 擬似的なノイズ
を作り出した. 各点の標準偏差を計算したノイズ波形を作り (図 4.7), このノイズ波形を図 4.6 のシミュレー
ション波形に付加することで, 実際に観測された波形を再現した (図 4.8) .
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Example fo simulated 
waveform to be compared 
with data.

χ2
min /dof = 0.88

θ = 18.0∘

ϕ = 128.0∘

χ2
min /dof = 0.94

Xcore = 13.8 km
Ycore = − 9.8 km

/d.o.f.χ2/d.o.f.χ2

4

1017.7 eV, θ=14.2°, φ=132.4°,  
Xcore=14.18 km, Ycore=-9.95 km
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Optimization of detector configuration 
• Number of pixels of the 1st prototype is one. 
• Only the waveform is available. 
• Worse S/N than conventional FD. 
• No spatial resolution in F.O.V. 
• Optimizing detector configuration 
• To Improve reconstruction accuracy.  
• To extend F.O.V. per detector. 
• Considering 5 inc. PMT. 
• Number of pixels. 
• Arrangement of pixels.
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Light intensity map as a 
function of incident angle for 
optimized PMT arrangement.

5 inc. PMT 
(Hamamatsu, R877)

Y. Kubota (2021)
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Determination accuracy of arrival direction and core position.
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Automation of operation system
• Endurance test from Mar. 2020. Long term operation test

モニタの導⼊
完全⾃律観測するためには観測環境と装置の状況を把握する必要がある

例) ⾵によるシャッターやレンズ⾯への影響
⾬による観測の中断

□ ⾵速 □ シャッター
□ 降⽔ □ 電⼒
□ 気温 □ 印加電圧
□ 気圧
□ 輝度
□ 湿度

気温・気圧

湿度

輝度

⾵速

降⽔

Environmental monitor
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T. Tomida, ICRC2021

July Aug. Sep. OCt. Nov. Dec. Jan.

00:00 12:00

完全⾃律観測システム

ルーター

FADC

シャッター

光検出器

ラズベリーパイ

リレー

配電盤

シャッター回路

GPS

LOCAL

HOST

LOCAL

MONITOR

ソーラー
パネル

バッテリー

チャージコントローラー

POWER

場所︓信州⼤学屋上
期間︓2020/3/17〜

Raspberry pi Router

Relay

Switch 
board

PMT

Shutter

Shutter ctl.Battery Solar 
panel

Charge ctrl.

Humidity and temperature

Illumination

Power supply

Rain

Wind speed

humidity
humidity(wxt) 
Temperature (wxt)

illumination

Battery 
HV

Rain 
Rain(wxt)

Wind speed 
Max wind speed(wxt)
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Future prospect

7

Confirmation of the concept of detectors 
Succeeded to observe UHECR air showers 
with prototype detector with a 8 inc. PMT

Optimization of detector design 
Planning to use 5 inc. PMT to improve reconstruction 
accuracy, and extend F.O.V. per detector.  
Reconstruction by waveform fitting. 
Automatic DAQ system.

Confirmation of the concept of observation 
Stereo observation 
Deploy 6 + 6 CRAFFT at TA site 
Wide area network 

Large scale deployment 
Array of 360° FD Station 
20km spacing  
500 station ~ 10 TA×4  
400,000 km2  
$150M

Phase 1

Phase 1.5

Phase 2

Phase 3

2020/09/04 15:03Google マップ

1 / 1 ページhttps://www.google.co.jp/maps/@26.9120513,155.5262016,20566487m/data=!3m1!1e3

画像 ©2020 NASA、TerraMetrics、地図データ ©2020 INEGI 2000 km 

400,000 km2  
FD Array

Can be distributed to the world
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Summary
•CRAFFT (Cosmic Ray Air Fluorescence Fresnel lens Telescope) 
• Developing a low cost FD using Fresnel lens and single pixel 
• Deployed four CRAFFT detectors at TA FD site. 
• Test observation : 2017 Nov. 9 ~ Nov. 23 (10 nights, 63.5 h) 
• Succeed to detect 10 UHECR air shower events !! 
• Air shower reconstruction by waveform fitting seems to work even in monocular 
mode.  
• Optimization of detector configuration for better accuracy of reconstruction and 
extension of the F.O.V. per detector. 
• Automation DAQ system is under endurance test.  
• Future prospect 
• We are planning stereo observation at TA site. 
• Our goal is to realize a next generation huge observatory for UHECR 
observation.

8



宇
宙

大阪電気通信大学寝屋川キャンパス

京阪本線寝屋川市駅下車 徒歩7分

京都大阪 
梅田

寝屋川

ここ!!宇
宙

大阪電気通信大学寝屋川キャンパス

京阪本線寝屋川市駅下車 徒歩7分

京都大阪 
梅田

寝屋川

ここ!!

で宇宙(天文)を学ぼう！

工学部　基礎理工学科 

講師　多米田　裕一郎
Y.Tameda “CRAFFT: Concept and Design” GCOS 2022

150− 100− 50− 0 50 100 150
X [mm]

150−

100−

50−

0

50

100

150

Y 
[m

m
]

1

10

Detector simulation
•Detector simulation  
to understand our detector 
•Spot shape is reproduced well.  
•Waveform is well reproduced.

Unique spot shape of  
fresnel lens at focal plane
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Ray trace simulation  
 (ROBSAT : A. Okumura 2016) 

Spot size (95%) : 44 mm 
λ = 280 ~ 400 nm, F = 1100 mm

Angular dependence of  
light collective efficiency.

Shape of simulated spot  
shows good agreement.

Simulated waveform with  
parameters reconstructed by TA FD.

9

Simulation

Detection efficiency.

1017.7 eV, θ=14.2°, φ=132.4°,  
Xcore=14.18 km, Ycore=-9.95 km
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Reconstruction by waveform fitting
• Example of geometry reconstruction 

• Energy and Xmax are fixed. 
• Core diff. = 210 m, opening angle = 3.3° 
• PMT gain and uniformity are not been calibrated. 
• For more precise reconstruction 
• Detector calibration. 
• Stereo reconstruction. 
• Optimization of detector configuration.

Ze
ni
th
 θ

Azimuth ϕ

Y c
or

e
[k

m
]

Xcore [km]

CRAFFT

10

TA FD Waveform fitting
Zenith 14.2° 14°
Azimuth 132.4° 146°
Xcore 14.18 km 14.25 km
Ycore -9.95 km -10.15 km

χ2min / d.o.f. 0.71
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Performance test with TA CLF
• CRAFFT detected CLF laser event. 
• CLF(Central Laser Facility) 
• Nd:YAG pulse laser, λ=355 nm, 5mJ,  
• 20 km apart from CRAFFT detectors. 
• Corresponding to 1020 eV air shower  

11

133 events averagesingle event
CLF laser is crossing the 
F.O.V. of CRAFFT detector 
and TA FD.
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Air shower events observed by CRAFFT
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Air shower event observed by CRAFFT
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