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Projects to be covered

2



Daniel Mazin Kyodou Riyou report December 2019

Introduction: perspective

3

γ rays provide greatest 
amount of direct information 
Sketch by R. Ong



Daniel Mazin 36th International Cosmic Ray Conference - Madison, WI, USA (2019)

Introduction: physics topics

4Sketch by R. Ong

Science with CherenkovTelescope Array 
doi:10.1142/10986, arXiv:1709.07997

Key Science Topics
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CTA Consortium
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as of June 2019
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CTA layout
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4 LSTs 
15 MSTs

4 LSTs 
25 MSTs 
70 SSTs

La Palma, Spain Paranal, Chile
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CTA telescope prototypes
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CTA telescope prototypes
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ASTRI-CHEC

LST?
?
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Motivation

• LST is optimised for 

• low energy gamma rays (increasing accessible volume of the universe) 

• rapid slewing speed (for transients like GRBs) 

• SST is optimized for very high energies: Cosmic Rays and PeVatrons!

9

energy flux sensitivity sensitivity versus time



FlyWheels (2x300kW)  
energy storage and UPS: JP

Camera electronics: JP, IT, ES 
Camera mechanics: ES 
Camera safety: FR

Camera Support  
Structure: FR

Mirrors: JP 
Interface plates: JP, DE, BR
Actuators: JP, CH  
CMOS: JP

Drive and main  
el. cabinet: FR

Bogies: ES

Telescope 
structure: DE Rail: DE

Foundation: ES

calibration:  
IT, HR, IN, DE

Tension cables: IT

Large Size Telescope

Camera Access Tower: DE, ES
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LST sub-consortium
Picture from LST meeting, 2018

Germany
France

Spain Italy
Croatia

Poland

Sweden

India Japan

Brazil

Mission 1:  
Four LSTs at CTA-N

Mission 2:  
Four LSTs at CTA-S

~80 FTE every year

and newly joined
• Switzerland
• Bulgaria



D. Mazin, LST Project Manager LST general meeting, Marseille, Dec 2-5, 2019

Project Management
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J. Cortina
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Project Management
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J. Cortina
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8.2 Optical system

14

LST1 status
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Commissioning Power system

15

Energy storage and the central UPS

• UPS Container (UC) with 
two flywheels as a battery 
for the fast rotation  
(so-called GRB mode) 

• 4 UCs for 4 LSTs procured  
already by Japan 
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• Robust monitoring  needed for a stable operation of LST1, but 
also for UC2-4 maintenance  

• Improved recently (last week!) for the monitoring UC2-4

16

Commissioning Power system
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Commissioning Power system
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Drive system
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Optics commissioning

• Stable operation with Look-Up Table mode, 
by an operator-friendly GUI   

• PSF within one PMT pixel, close to the 
requirement. The precision CMOS mode to be 
implemented 

• See Noda talk for details
19



Daniel Mazin Kyodou Riyou report December 2019

E04 Camera Commissioning
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Photomultiplier Dragon board (readout board)

Assembled module

Light guides

Analogue Trigger Backplanes



Time resolution, calibration pulses (80p.e)

RMS before: 1.7ns 
RMS after: 0.4ns

Electronics noise level

Camera rate

Fraction of dead time
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• Noise level 
– 5.9 ADC (0.20p.e.) due to electronics 

noise 
– 29.5 ADC (0.98p.e.) with HV on in dark 

patch (dominated by NSB) 
• Time accuracy at 400ps level 
• Can handle data rates according to specs

E04 Camera Commissioning
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• Camera charge flatfielding (same light intensity produces same signal strength in 
readout channel) successful and is stable over months 

• The readout has two gains — high gain (HG) and low gain (LG) — to increase dynamical 
range. X-calibration between the HG and LG is achieved on a level of 1% agreement

22

E04 Camera Commissioning

Q flatfielding HG / LG calibration HG / LG correlation
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E06 IT centre

23

Onsite IT center
Recent activities

• Re-organization of network structure

• Back-up server (RAID10 System) with 100TB installed at 
CALP
• Backup of sensitive data offsite

• Erroneous cooling and fire alarm system fixed

Humidifier (inside) & water tank
are being installed and connected

this month by Ayumar
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E11 Early phase observations with LST1

• Ongoing cross-calibration between MAGIC and LST1

24

Core position of coincidence events Comparison of image intensity  
of the coincidence events
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E11 Early phase observations with LST1

• Source dependent 
analysis 

• Appropriate for known 
point like sources 

• Clear detection of the 
Crab Nebula first time 
we pointed to it!

•
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1 run: 30 min on Crab
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LST2-4
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LST2-4

• LST 2-4 construction finished by 2022 
• LST 2-4 commissioning finished by 2023

28
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Gamma-ray Cherenkov Telescope

❖Nagoya group is in charge of SiPM and software for the Compact 
High Energy Camera (CHEC)
✤CHEC prototype with SiPM was installed on the ASTRI-Horn 

telescope (one of SST telescope designs) in April
✤Successfully captured air-shower images

❖ASTRI/CHEC was chosen as an SST baseline design

SiPM Camera for SST

1

Credit: Jason Watson (Oxford/MPIK)

Credit: CTA
Credit: Christian Foehr (MPIK)
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Gamma-ray Cherenkov Telescope

SiPM Camera for MST
❖Nagoya group is exploring a possibility to employ SiPM for MST
✤Cost per area was a critical issue for SiPM in MST since total photon 

sensor area is ~27 m2 (SST photon sensor area is 6 m2)
✦ Now SiPM cost is comparable with 1 inch PMT used in MST

✤ Integrated light yield (LY) over Cherenkov spectrum of SiPM with light 
concentrator needs to be verified
✦ Integrated light yield for Cherenkov signal is similar between SiPM 

and PMT with a proper filter to cut off NSB peaks above 550 nm
✦ NSB light yield is ~10% less (better) for SiPM
✦ SiPM is a viable solution for MST camera

2

Cherenkov light 
after filter

NSB light 
after filter
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s
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MAGIC project

33
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Radio galaxies: M87

M87 : 2019/1/19 — 6/20(24 nights including 19 moon nights)

Excess : 4.9σ ( > 200 GeV, 32.4 hrs)

Average integral flux(>300 GeV) : (1.2±0.3)×10-13 ph cm-2s-1

Light curve

34

Localiza(on	of	very	high	energy	gamma-ray	emission	
region	in	an	ac(ve	galac(c	nuclei	(E09) 

Very Preliminary
K. Nishijima, J. Kushida, S. Tsujimoto, 
T. Ogata, T. Furuta, Y. Nabatame, Y. 
Harada (Tokai University) 

M. Teshima, D. Mazin (ICRR, 
University of Tokyo) 
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Localization of very high energy gamma-ray 
emission region in an active galactic nuclei (E09)

• Ton396, BL Lac, 0.101 < z < 0.36 

• 12 out of 16 CLASS (radio survey) High peaked Bl Lacs have been established in TeV 

• Ton 396 is one of the missing 4. Let’s check it! 

• 2016/12/28 – 2017/1/29 (11 nights, 11.9 hours after cuts) 

• MaTaJu image cleaning to achieve lowest possible threshold

35
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Pulsars

36

Pulsars:
Crab VHE vs Radio Giant pulse correlation Study

MAGIC Effelsberg or Westerbork

• 16 hours of simultaneous observation of the Crab pulsar.

• No significant correlation found

• Upper limit on the VHE gamma-ray flux enhancement 

during GP is estimated to be ~ 740%

• Accepted in MNRAS,  arXiv:1911.00634v1 

Observation of Boomerang Pulsar

One of the 12 pulsars 

detected by Fermi.

116 hours of 

observations by 

MAGIC

No signal was found

Fermi > 100 MeV

Fermi > 10 GeV

Fermi > 25 GeV

MAGIC > 50 GeV

one of the 12 pulsars  
detected by Fermi  
above 25 GeV
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Gamma-ray binaries

37

Binaries with MAGIC

First
high state

x

x

Second
high state

x
Intermediate

state

Intermediate
state

First
high state

Second
high state

HESS J0632+057 (PI: D. Hadasch)
• Joined effort of H.E.S.S., 

MAGIC & VERITAS and X-ray 
instruments

• Paper to be published in 
FY2019

LS I +61 303 (PI: D. Hadasch)
• New observation proposal for 

2020 submitted
• 20 hrs of data taken in 2019 

within campaign with VERITAS 
and optical telescope 
LIVERPOOL on La Palma

HESS J0632+057



First VHE-γ detection of GRB: 190114C 
ATel #12390 (and also GCN #23701) 

• Bright long GRB by Swift-BAT 
• MAGIC observed from 50 s (not 

the fastest but well within T90)  
• zenith angle ~55 deg, moderate 

moon => Eth = ~300 GeV 
• z=0.42: 3rd closest in MAGIC  
• >20 sigma online, >50 sigma 

offline = First clear detection 
of a GRB in the VHE regime 

• 2 papers in Nature  
Main contributors from Japan:   
Inoue, Noda, Fukami, Vovk,,, 
"Discovery" paper: MAGIC Collaboration, "Teraelectronvolt emission from the γ-ray 
burst GRB 190114C", Nature 575 455 (2019):  
"MWL" paper: MAGIC Collaboration, Fermi, Swift,,, (>20 instruments), "Observation 
of inverse Compton emission from a long γ-ray burst", Nature 575 459 (2019)  



"Discovery" paper 
(Inoue, Noda, Vovk,,,)

Smooth DAQ, brightest VHE  
source ever, monotonic decay 

PWL (index -2.2) extended to 1 TeV,
clear evidence beyond synchrotron



"MWL" paper  
(Fukami, (Suda),,,)

More to come
- GRB 190114C: LIV, EBL, IGMF,,, 
- GRB 160821B 
- MAGIC GRB catalog 

Large Aeff of IACT dominates. 
Modelling consistent with SSC
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MAGIC Publications in the last year

[1] "A fast, very-high-energy γ-ray flare from BL Lacertae during a
period of multi-wavelength activity in June 2015"
Astronomy and Astrophysics,623,A175; DOI:
10.1051/0004-6361/201834010

[2] "Discovery of TeV γ-ray emission from the neighbourhood of the
supernova remnant G24.7+0.6 by MAGIC"
Monthly Notices of the Royal Astronomical Society,483,4578;
DOI:10.1093/mnras/sty3387

[3] "Deep observations of the globular cluster M15 with the MAGIC
telescopes"
Monthly Notices of the Royal Astronomical Society,484,2876;
DOI:10.1093/mnras/stz179

[4] "MAGIC and Fermi-LAT gamma-ray results on unassociated 
HAWC sources"
MAGIC and Fermi-Lat Collaborations,
Monthly Notices of the Royal Astronomical Society,485,356;
DOI:10.1093/mnras/stz089

[5] "Measurement of the extragalactic background light using MAGIC 
and
Fermi-LAT gamma-ray observations of blazars up to z = 1"
Monthly Notices of the Royal Astronomical Society,486,4233;
DOI:10.1093/mnras/stz943

41

[6] "Constraints on Gamma-Ray and Neutrino Emission from NGC 1068 
with
the MAGIC Telescopes"
The Astrophysical Journal,883,135; DOI:10.3847/1538-4357/ab3a51

[7] "Teraelectronvolt emission from the γ-ray burst GRB 190114C"
Nature,575,455; DOI:10.1038/s41586-019-1750-x

[8] "Observation of inverse Compton emission from a long γ-ray burst"
Nature,575,459; DOI:10.1038/s41586-019-1754-6

[9] "Testing emission models on the extreme blazar 2WHSP
J073326.7+515354 detected at very high energies with the MAGIC 
telescopes"
Monthly Notices of the Royal Astronomical Society,490,2284;
DOI:10.1093/mnras/stz2725

[10] "Statistics of VHE gamma-Rays in Temporal Association with Radio
Giant Pulses from the Crab Pulsar"
Accepted for publication by Astronomy and Astrophysics; arXiv:
1911.00634

[11] "New hard-TeV extreme blazars detected with the MAGIC telescopes"
Accepted for publication in Astrophysical Journal Supplement;
arXiv:1911.06680
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