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the sensitivity information provided is insufficient to make a de-
tailed comparison of the performance in the overlapping region
which motivates this study.

As can be seen from the figure, the Fermi-LAT is photon starved
in the overlapping energy range and therefore the mFm (which is
equivalent to E2dN=dE) sensitivity worsens with increasing energy
proportional to E1. The Fermi-LAT 10-year sensitivity is extremely
uneven across the sky, due to the bright diffuse gamma-ray emis-
sion from cosmic-ray interactions in our Galaxy in that energy
range [17]. We show two positions, one labeled ‘‘inner Galaxy’’ at
l ¼ 10"; b ¼ 0" Galactic coordinates and one at high latitudes la-
beled ‘‘extragalactic’’, taking into account only the isotropic diffuse
emission [28]. The Galactic diffuse emission has a steeper spec-
trum than E#2 and is therefore increasingly less dominant with
higher energies in the Fermi-LAT [17]. For our study we will ignore
the Galactic diffuse background in the following. This has negligi-
ble effect on the energy at which the Fermi-LAT and CTA differen-
tial sensitivity curves overlap as seen in Fig. 1. It should be noted
that in the very inner parts of the Galaxy diffuse emission can be-
come an issue, even for CTA as shown in [16]. Contrary to the Fer-
mi-LAT, CTA is systematic error dominated in the overlapping
energy range. Therefore longer observations do not help the CTA
sensitivity in this range as can be seen from Fig. 1. Unless other-
wise noted, we have assumed that the source counts need to be
at least 5% above the background to be significantly detected (i.e.
we assumed that we can determine our background level to 5%
accuracy). While this is a reasonable assumption, for special obser-
vations, such as for pulsars (where the background can be deter-
mined by the off-phase), this might be overly conservative. Due
to the dominance of systematic errors for CTA in the overlapping
energy range, longer observation times do not significantly shift
the energy at which the Fermi-LAT and CTA sensitivity curves cross
as can be seen in Fig. 1.

Differential sensitivity is clearly not the only relevant factor
when comparing instruments in the overlapping range. The integral
sensitivity is relevant when aiming to detect a new source, and the
angular and energy resolution are clearly critical for imaging and
spectroscopy. Fig. 2 shows the angular resolution and the energy
resolution for the instruments operating (or planned) in the
$ 100 GeV range. As can be seen there are orders of magnitudes

differences between instruments in both quantities. Below
100 GeV the Fermi-LAT outperforms all ground-based instruments
in both angular and energy resolution. This is due to inherent fluctu-
ations in those particles above the Cherenkov threshold high in the
atmosphere for showers initiated by low energy primaries. So even
if the differential sensitivity of the Fermi-LAT and CTA is the same at
a given energy, the Fermi-LAT will be able to do a better measure-
ment of a source. While HAWC’s performance in these quantities
is rather modest, its main goal is to detect new sources and study
variability and find transients. HAWC is not shown in Fig. 1 as differ-
ential sensitivity curves has not been provided by the HAWC collab-
oration and indeed, it is not the relevant quantity for the
aforementioned goals. In the energy range at which this study is
focused, HAWC is not competitive with the Fermi-LAT and CTA
except perhaps for the detection of very short timescale transients
such as GRBs.

2. The sensitivity model

The sensitivity of gamma-ray detectors is determined by three
basic characteristics: the effective collection area, residual back-
ground rate and angular resolution, all of which are typically a
strong function of gamma-ray energy. For Fermi-LAT the relevant
curves are taken from [29] for instrument response function
pass6_v3, and for CTA from [30]. It should be noted that the usage
of the enhanced pass7 response-functions for the Fermi-LAT will
not substantially change the presented results. The difference in
effective area above 1 GeV is$ 10%. We also note that the CTA per-
formance is very likely to improve relative to that shown here, due
to analysis improvements and hardware performance and tele-
scope layout optimization. For a detailed description of the CTA
instrument response function, see [?] in this issue. Detection sen-
sitivity may be limited by statistical fluctuations of the back-
ground, by background systematics or by the number of detected
signal photons. The statistical limit is calculated using a maximum
likelihood approach, background systematics in CTA are assumed
to have a 1% rms [30], and a minimum of 10 photons is always re-
quired for a detection. The instrument point-spread functions
(PSFs) are assumed to be Gaussian for simplicity, with the 68% con-
tainment radius (h68) matched to that of the simulated instrument
response. This study builds on that presented in [34] but is more
precise in that it uses Monte–Carlo estimated background rates
and collection areas for a baseline CTA design (layout ‘‘E’’) [30]
rather than inferred values, derived for an idealized future Cheren-
kov array [35]. Array layout E is used as an example. This particular
configuration uses three telescope types: four 24 m telescopes
with 5" field-of-view, 23 telescopes of 12 m diameter with 8"

field-of-view, and 32 telescopes of 7 m diameter with a 10" field-
of-view. The telescopes are distributed over $ 3 km2 on the
ground. The study presented here uses the curves for an altitude
of 2000 m and a zenith angle of 20". The residual background rate
adopted for Fermi (unless otherwise stated) is taken from [29] and
is representative of the isotropic diffuse emission relevant for high
Galactic latitude sources. As previously stated we ignore the Galac-
tic diffuse emission which is justified, given its diminishing impor-
tance in the Fermi-LAT data above 10 GeV. The likelihood method
adopted is a simplified version of that used for data analysis:
events are binned in energy but counted (rather than fit) within
an energy-dependent aperture. To match the sensitivity achieved
using the standard method a background scaling factor of 0.6 is ap-
plied. This approach is used throughout except for the case of the
source extension studies described in Section 5, where a full treat-
ment is used.

In Fig. 3 we compare the sensitivity model to published curves
for the differential sensitivity of CTA and Fermi, agreement exists
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Fig. 1. ‘‘Differential’’ sensitivity (integral sensitivity in small energy bins) for a
minimum significance of 5r in each bin, minimum 10 events per bin and 4 bins per
decade in energy. For Fermi-LAT, the curve labeled ‘‘inner Galaxy’’ corresponds to
the background estimated at a position of l ¼ 10"; b ¼ 0" , while the curve labeled
‘‘extragalactic’’ is calculated using the isotropic extragalactic diffuse emission only.
For the ground-based instruments a 5% systematic error on the background
estimate has been assumed. All curves have been derived using the sensitivity
model described in Section 2. For the Fermi-LAT, the pass6v3 instrument response
function curves have been used. As comparison, the synchrotron and Inverse
Compton measurements for the brightest persistent TeV source, the Crab Nebula
are shown as dashed grey curves.
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the sensitivity information provided is insufficient to make a de-
tailed comparison of the performance in the overlapping region
which motivates this study.

As can be seen from the figure, the Fermi-LAT is photon starved
in the overlapping energy range and therefore the mFm (which is
equivalent to E2dN=dE) sensitivity worsens with increasing energy
proportional to E1. The Fermi-LAT 10-year sensitivity is extremely
uneven across the sky, due to the bright diffuse gamma-ray emis-
sion from cosmic-ray interactions in our Galaxy in that energy
range [17]. We show two positions, one labeled ‘‘inner Galaxy’’ at
l ¼ 10"; b ¼ 0" Galactic coordinates and one at high latitudes la-
beled ‘‘extragalactic’’, taking into account only the isotropic diffuse
emission [28]. The Galactic diffuse emission has a steeper spec-
trum than E#2 and is therefore increasingly less dominant with
higher energies in the Fermi-LAT [17]. For our study we will ignore
the Galactic diffuse background in the following. This has negligi-
ble effect on the energy at which the Fermi-LAT and CTA differen-
tial sensitivity curves overlap as seen in Fig. 1. It should be noted
that in the very inner parts of the Galaxy diffuse emission can be-
come an issue, even for CTA as shown in [16]. Contrary to the Fer-
mi-LAT, CTA is systematic error dominated in the overlapping
energy range. Therefore longer observations do not help the CTA
sensitivity in this range as can be seen from Fig. 1. Unless other-
wise noted, we have assumed that the source counts need to be
at least 5% above the background to be significantly detected (i.e.
we assumed that we can determine our background level to 5%
accuracy). While this is a reasonable assumption, for special obser-
vations, such as for pulsars (where the background can be deter-
mined by the off-phase), this might be overly conservative. Due
to the dominance of systematic errors for CTA in the overlapping
energy range, longer observation times do not significantly shift
the energy at which the Fermi-LAT and CTA sensitivity curves cross
as can be seen in Fig. 1.

Differential sensitivity is clearly not the only relevant factor
when comparing instruments in the overlapping range. The integral
sensitivity is relevant when aiming to detect a new source, and the
angular and energy resolution are clearly critical for imaging and
spectroscopy. Fig. 2 shows the angular resolution and the energy
resolution for the instruments operating (or planned) in the
$ 100 GeV range. As can be seen there are orders of magnitudes

differences between instruments in both quantities. Below
100 GeV the Fermi-LAT outperforms all ground-based instruments
in both angular and energy resolution. This is due to inherent fluctu-
ations in those particles above the Cherenkov threshold high in the
atmosphere for showers initiated by low energy primaries. So even
if the differential sensitivity of the Fermi-LAT and CTA is the same at
a given energy, the Fermi-LAT will be able to do a better measure-
ment of a source. While HAWC’s performance in these quantities
is rather modest, its main goal is to detect new sources and study
variability and find transients. HAWC is not shown in Fig. 1 as differ-
ential sensitivity curves has not been provided by the HAWC collab-
oration and indeed, it is not the relevant quantity for the
aforementioned goals. In the energy range at which this study is
focused, HAWC is not competitive with the Fermi-LAT and CTA
except perhaps for the detection of very short timescale transients
such as GRBs.

2. The sensitivity model

The sensitivity of gamma-ray detectors is determined by three
basic characteristics: the effective collection area, residual back-
ground rate and angular resolution, all of which are typically a
strong function of gamma-ray energy. For Fermi-LAT the relevant
curves are taken from [29] for instrument response function
pass6_v3, and for CTA from [30]. It should be noted that the usage
of the enhanced pass7 response-functions for the Fermi-LAT will
not substantially change the presented results. The difference in
effective area above 1 GeV is$ 10%. We also note that the CTA per-
formance is very likely to improve relative to that shown here, due
to analysis improvements and hardware performance and tele-
scope layout optimization. For a detailed description of the CTA
instrument response function, see [?] in this issue. Detection sen-
sitivity may be limited by statistical fluctuations of the back-
ground, by background systematics or by the number of detected
signal photons. The statistical limit is calculated using a maximum
likelihood approach, background systematics in CTA are assumed
to have a 1% rms [30], and a minimum of 10 photons is always re-
quired for a detection. The instrument point-spread functions
(PSFs) are assumed to be Gaussian for simplicity, with the 68% con-
tainment radius (h68) matched to that of the simulated instrument
response. This study builds on that presented in [34] but is more
precise in that it uses Monte–Carlo estimated background rates
and collection areas for a baseline CTA design (layout ‘‘E’’) [30]
rather than inferred values, derived for an idealized future Cheren-
kov array [35]. Array layout E is used as an example. This particular
configuration uses three telescope types: four 24 m telescopes
with 5" field-of-view, 23 telescopes of 12 m diameter with 8"

field-of-view, and 32 telescopes of 7 m diameter with a 10" field-
of-view. The telescopes are distributed over $ 3 km2 on the
ground. The study presented here uses the curves for an altitude
of 2000 m and a zenith angle of 20". The residual background rate
adopted for Fermi (unless otherwise stated) is taken from [29] and
is representative of the isotropic diffuse emission relevant for high
Galactic latitude sources. As previously stated we ignore the Galac-
tic diffuse emission which is justified, given its diminishing impor-
tance in the Fermi-LAT data above 10 GeV. The likelihood method
adopted is a simplified version of that used for data analysis:
events are binned in energy but counted (rather than fit) within
an energy-dependent aperture. To match the sensitivity achieved
using the standard method a background scaling factor of 0.6 is ap-
plied. This approach is used throughout except for the case of the
source extension studies described in Section 5, where a full treat-
ment is used.

In Fig. 3 we compare the sensitivity model to published curves
for the differential sensitivity of CTA and Fermi, agreement exists
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Fig. 1. ‘‘Differential’’ sensitivity (integral sensitivity in small energy bins) for a
minimum significance of 5r in each bin, minimum 10 events per bin and 4 bins per
decade in energy. For Fermi-LAT, the curve labeled ‘‘inner Galaxy’’ corresponds to
the background estimated at a position of l ¼ 10"; b ¼ 0" , while the curve labeled
‘‘extragalactic’’ is calculated using the isotropic extragalactic diffuse emission only.
For the ground-based instruments a 5% systematic error on the background
estimate has been assumed. All curves have been derived using the sensitivity
model described in Section 2. For the Fermi-LAT, the pass6v3 instrument response
function curves have been used. As comparison, the synchrotron and Inverse
Compton measurements for the brightest persistent TeV source, the Crab Nebula
are shown as dashed grey curves.
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the sensitivity information provided is insufficient to make a de-
tailed comparison of the performance in the overlapping region
which motivates this study.

As can be seen from the figure, the Fermi-LAT is photon starved
in the overlapping energy range and therefore the mFm (which is
equivalent to E2dN=dE) sensitivity worsens with increasing energy
proportional to E1. The Fermi-LAT 10-year sensitivity is extremely
uneven across the sky, due to the bright diffuse gamma-ray emis-
sion from cosmic-ray interactions in our Galaxy in that energy
range [17]. We show two positions, one labeled ‘‘inner Galaxy’’ at
l ¼ 10"; b ¼ 0" Galactic coordinates and one at high latitudes la-
beled ‘‘extragalactic’’, taking into account only the isotropic diffuse
emission [28]. The Galactic diffuse emission has a steeper spec-
trum than E#2 and is therefore increasingly less dominant with
higher energies in the Fermi-LAT [17]. For our study we will ignore
the Galactic diffuse background in the following. This has negligi-
ble effect on the energy at which the Fermi-LAT and CTA differen-
tial sensitivity curves overlap as seen in Fig. 1. It should be noted
that in the very inner parts of the Galaxy diffuse emission can be-
come an issue, even for CTA as shown in [16]. Contrary to the Fer-
mi-LAT, CTA is systematic error dominated in the overlapping
energy range. Therefore longer observations do not help the CTA
sensitivity in this range as can be seen from Fig. 1. Unless other-
wise noted, we have assumed that the source counts need to be
at least 5% above the background to be significantly detected (i.e.
we assumed that we can determine our background level to 5%
accuracy). While this is a reasonable assumption, for special obser-
vations, such as for pulsars (where the background can be deter-
mined by the off-phase), this might be overly conservative. Due
to the dominance of systematic errors for CTA in the overlapping
energy range, longer observation times do not significantly shift
the energy at which the Fermi-LAT and CTA sensitivity curves cross
as can be seen in Fig. 1.

Differential sensitivity is clearly not the only relevant factor
when comparing instruments in the overlapping range. The integral
sensitivity is relevant when aiming to detect a new source, and the
angular and energy resolution are clearly critical for imaging and
spectroscopy. Fig. 2 shows the angular resolution and the energy
resolution for the instruments operating (or planned) in the
$ 100 GeV range. As can be seen there are orders of magnitudes

differences between instruments in both quantities. Below
100 GeV the Fermi-LAT outperforms all ground-based instruments
in both angular and energy resolution. This is due to inherent fluctu-
ations in those particles above the Cherenkov threshold high in the
atmosphere for showers initiated by low energy primaries. So even
if the differential sensitivity of the Fermi-LAT and CTA is the same at
a given energy, the Fermi-LAT will be able to do a better measure-
ment of a source. While HAWC’s performance in these quantities
is rather modest, its main goal is to detect new sources and study
variability and find transients. HAWC is not shown in Fig. 1 as differ-
ential sensitivity curves has not been provided by the HAWC collab-
oration and indeed, it is not the relevant quantity for the
aforementioned goals. In the energy range at which this study is
focused, HAWC is not competitive with the Fermi-LAT and CTA
except perhaps for the detection of very short timescale transients
such as GRBs.

2. The sensitivity model

The sensitivity of gamma-ray detectors is determined by three
basic characteristics: the effective collection area, residual back-
ground rate and angular resolution, all of which are typically a
strong function of gamma-ray energy. For Fermi-LAT the relevant
curves are taken from [29] for instrument response function
pass6_v3, and for CTA from [30]. It should be noted that the usage
of the enhanced pass7 response-functions for the Fermi-LAT will
not substantially change the presented results. The difference in
effective area above 1 GeV is$ 10%. We also note that the CTA per-
formance is very likely to improve relative to that shown here, due
to analysis improvements and hardware performance and tele-
scope layout optimization. For a detailed description of the CTA
instrument response function, see [?] in this issue. Detection sen-
sitivity may be limited by statistical fluctuations of the back-
ground, by background systematics or by the number of detected
signal photons. The statistical limit is calculated using a maximum
likelihood approach, background systematics in CTA are assumed
to have a 1% rms [30], and a minimum of 10 photons is always re-
quired for a detection. The instrument point-spread functions
(PSFs) are assumed to be Gaussian for simplicity, with the 68% con-
tainment radius (h68) matched to that of the simulated instrument
response. This study builds on that presented in [34] but is more
precise in that it uses Monte–Carlo estimated background rates
and collection areas for a baseline CTA design (layout ‘‘E’’) [30]
rather than inferred values, derived for an idealized future Cheren-
kov array [35]. Array layout E is used as an example. This particular
configuration uses three telescope types: four 24 m telescopes
with 5" field-of-view, 23 telescopes of 12 m diameter with 8"

field-of-view, and 32 telescopes of 7 m diameter with a 10" field-
of-view. The telescopes are distributed over $ 3 km2 on the
ground. The study presented here uses the curves for an altitude
of 2000 m and a zenith angle of 20". The residual background rate
adopted for Fermi (unless otherwise stated) is taken from [29] and
is representative of the isotropic diffuse emission relevant for high
Galactic latitude sources. As previously stated we ignore the Galac-
tic diffuse emission which is justified, given its diminishing impor-
tance in the Fermi-LAT data above 10 GeV. The likelihood method
adopted is a simplified version of that used for data analysis:
events are binned in energy but counted (rather than fit) within
an energy-dependent aperture. To match the sensitivity achieved
using the standard method a background scaling factor of 0.6 is ap-
plied. This approach is used throughout except for the case of the
source extension studies described in Section 5, where a full treat-
ment is used.

In Fig. 3 we compare the sensitivity model to published curves
for the differential sensitivity of CTA and Fermi, agreement exists
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Fig. 1. ‘‘Differential’’ sensitivity (integral sensitivity in small energy bins) for a
minimum significance of 5r in each bin, minimum 10 events per bin and 4 bins per
decade in energy. For Fermi-LAT, the curve labeled ‘‘inner Galaxy’’ corresponds to
the background estimated at a position of l ¼ 10"; b ¼ 0" , while the curve labeled
‘‘extragalactic’’ is calculated using the isotropic extragalactic diffuse emission only.
For the ground-based instruments a 5% systematic error on the background
estimate has been assumed. All curves have been derived using the sensitivity
model described in Section 2. For the Fermi-LAT, the pass6v3 instrument response
function curves have been used. As comparison, the synchrotron and Inverse
Compton measurements for the brightest persistent TeV source, the Crab Nebula
are shown as dashed grey curves.
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3.2.8. mcu�§© 
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ɉΠǈoƯlLΪ�°Ì�Ò�ÐÀ˴oɚĦǪǈoŤÖ�Ś̅m[hL�F 

Ǜɉo Davies-Cotton ėƛ˟�ƅɄm[b̰̭ipEbjNɀͫͼŘǗ�ƮZT[h}

�ÃÊmpÓơoʩˤȣQẠ̇̄jl�b|E̞ ˽ęýö́ʦ�×W�opŷΓiKebF

`XiȽ͕ipEķͼoȋʦm��ʐʍΘÖioʩē�˹Ʈ]�XjiEƍ§ÅÐ°Ì

oėɚĦų�ɺʦ[h�ÃÊö́ʦ�Z�müʂiR�ėƛ˟QȒɖZ�hL�FXo

ėƛ˟ipΗʡΘͼQẠ̇̄jl�b|È �mï΋]�̈́ʦ~E˞ ǈoΪLėƛˤƙo

�Ê�ÐÃÐ¬O�s`oįǝoŷΓQǮǢZ��}ooEƮŘǗip`ọɲQ˵Ŭ

Z��b|EƮŘǗɀͫͼmŤLbǷ̘j̀N��hL�F 
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Ź 3.2.23� Gamma-ray Compact Telescope o 4 μŘǗɀͫͼoęýŹ(ƹ)jßͼoȝȁɟ

͟(ŝ)�

 

ķͼ�ȋʦ[bƮŘǗɀͫͼiK� Gamma-ray Compact Telescope  (GCT)ipEȭɄE

��Ë�E¸ÊÐ�E�ÊÐ¦E�ÃË�š̖ŻE�Ò�¬ÊË�QœĻ[hŻ΍ĜŢ

Ϳʮ�Ȏ͡[hL�FŹ 3.2.�� m ��% o̳þɀͫͼoęýŹ�ˀ]FßͼoŘǗp 
�6

i � ĈoħĸͼP�ɟǯZ�EķͼpŘǗ ��6 oʭúÓýͼ�ħĸͼ�˩zš�_hÓ

CHEC 
Camera 

Mirror M1 

Mast and Truss Structure MTS   Mirror M2 

Dish M1

Tower
Counterweight

Alt-Azimuthal
System 

Bottom MTS dish

Mid-Sized Telescope 
(MST)

Small-Sized Telescope 
(SST)

Large-Sized Telescope 
(LST)

x10 sensitivity in 4 decades of E range

For 3 E ranges, dedicated types  
are designed.
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 1 @15kHz (4GB/s)×LST 

ALICE

ATLAS
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CTA-LST

LHCb
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HESS

So much stress on LST DAQ

Estimated DAQ rate 
 15kHz ～32Gbps/tel 
 （MAGIC : 600Hz)

LST design based on MAGIC

・E threshold ~ 20GeV 
 （MAGIC : 30GeV） 
・FoV ~ 4.5° 
 （MAGIC：2.5°） 
・Stereo with 4 tels. 
 （MAGIC：2tels）



Trigger rate and DAQ rate 

LST - Technical Design Report

Ref : MAN-PO/140408
Version: 1.4

Date: January 5, 2015
Page: 43/277

(a) Front (b) Side

Figure 37: Fixation of the Camera body to the frame in the Camera Support Structure.

• Once stabilized, the temperature at any point in the Camera should not vary more than ± 3°C over
the observation time.

• The maximum temperature di↵erence between any two points of the front-end electronics has to be
smaller than 10°C.

The Environmental Control System is able to provide these parameters inside the Camera, whenever the
external temperature is in the range between -20°C and 40°C, according to the CTA requirements [10].
Moreover, the Environmental Control System is kept ON during no operation of the telescope to: a) keep
the temperature between 0°C and 30°C ; b) avoid temperature changes faster than 10°C per hour; c) keep
the humidity inside the Camera below 65%.
The Environment Control System is based on a mixed concept using liquid and air (see figure 38). The heat
produced by the electronic devices inside the Camera is transferred to a forced turbulent air flow. The air
flows along the ducts delimited by the Modules themselves and the internal load bearing structure. The air
circulation is forced by fans optimally placed to reach homogeneous temperature inside the Camera. The
heat accumulated in the air is transferred outside the Camera through a closed liquid circuit. The heat
exchange between the air and the liquid is produced either in a specific heat exchanger or through the plates
of the bearing structure of the Camera. The air is forced to pass through the former with the fans. The
latter have internal drilled holes in which the liquid circulates making the bearing structure also a heat
exchanger. The liquid is then re-circulated through a chiller on the telescope basement, and pumped back
to the Camera.
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CTA Telescope Simulation
Run 3, event 1, array 0, telescope 1

Number of triggered pixels: 61 of 1855
Number of pixels in selected image: 47

Number of significant pixels: 1855
Sum of signals in selected pixels: 2972.6 p.e.

Primary: gamma of 0.500 TeV energy at 62 m distance
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15kHz ~ 32Gbps

φ2
3m

=



Hardware design for DAQ
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Hardware design for DAQ
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Switch!
×6

1-Switch Unit

120Mbps
x 265

5.4Gbps!
x 6

Based on the connection via TCP/IP protocol
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10Gbps!
SFP+ Camera!

Server
FEB!
×45

FEB!
×45

FEB!
×45: 48port!

Ethernet Switch

1Gbps

1-Switch Unit

Representative devices used

Dragon FEB
Camera Server

Ethernet Switch

Netgear GS752TXS
SFP+ cable

Cat6 cable



10Gbps!
SFP+ Camera!

Server
FEB!
×45

FEB!
×45

FEB!
×45: 48port!

Ethernet Switch

1Gbps

1-Switch Unit

Representative devices used

Dragon FEB
Camera Server

Before mass production 
→ Fake FEB is needed

Ethernet Switch

3.4GHz i7 4930K 
6core 12thread

Switching fablic：176Gbps 
Packet forwarding：130.9Mpps 
Packet buffer：2MB

Netgear GS752TXS
SFP+ cable

Cat6 cable



“Fake” FEBs ̶ 26 iMac

48port!
Ethernet Switch Camera Server

10Gbps!
SFP+

A PC, with 1Gbps port  
and the program coded in C, 
can send FAKE data 
at almost the same rate.

1Gbps

Network 
performance

Server 
performance



UDP based trigger functionality

Trigger
Data

Camera Server

 - Trigger flows opposite to data 
          → data flow is secure 
 - UDP focuses on realtime 
 - Simultaneous distribution by broadcasting 
 - Trigger number inside the packet (for event building)

Dragon FEB is triggered by hardware signal.  
Fake FEB is triggered by UDP packet.

Fake FEB on iMac

TriggerGenerator
LSTDAQ



FEB!
×45

C++ based DAQ program

DAQ program

・Parallel computing by multi-thread 
 collector ̶ connects to FEBs via TCP/IP, and stores arrived data from sockets  
    to RingBuffers. # of collectors is configurable. 
 builder ̶  performs event building, in which data from all connections  
    are combined one by one.

・RingBuffers  ̶ Temporal buffer to perform eventbuilding

FEB!
×45
FEB!
×45
FEB!
×265: Collector 

threads

×265
RingBuffer

Builder 
thread

Analyzer 
thread

Storer 
thread

Sender 
threadIP address 

1 ~ 265

TCP/IP connections

Physical view
Logical view

×265



FEB!
×45

C++ based DAQ program

DAQ program

・Parallel computing by multi-thread 
 collector ̶ connects to FEBs via TCP/IP, and stores arrived data from sockets  
    to RingBuffers. # of collectors is configurable. 
 builder ̶  performs event building, in which data from all connections  
    are combined one by one.

・RingBuffers  ̶ Temporal buffer to perform eventbuilding

FEB!
×45
FEB!
×45
FEB!
×265: Collector 

threads

×265
RingBuffer

Builder 
thread

Analyzer 
thread

Storer 
thread

Sender 
thread

      Check! 
・Performance 
・Stability

IP address 
1 ~ 265

TCP/IP connections

Physical view
Logical view

×265

as one switch unit

!My work

×45
×45 

45



Performance of 
Network  & CPU( thread )
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10Gbps!
SFP+
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10Gbps!
SFP+10Gbps!

SFP+ ×2
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Stability



Long-term test (10hours)
・Data acquisition  
 from 16 Fake FEBs at 45kHz trigger rate 
  (Same stress as from 48 FEBs at 15kHz trigger rate) 
・Performance meets the goal rate.



Summary
・The challenge for the lowest Energy threshold among all existing IACTs  
    forces CTA-LST to have a very high trigger rate of ~15kHz, 
   which leads to ultra high DAQ rate of ~40Gbps. 
!
・I developed a first version of the DAQ program (in C++) 
 as well as “fake FEB” for evaluating its performance. 
!
・The system fulfills the demanding requirements of CTA LST 
  →Need to operate with 2 (or more) collectors.



Why do we need to study AGNs (! Jets) ??

Although widely studied during the last half century 

at different frequencies (from low-frequency radio 

up to very high γ-ray photon energies) , 

they are still superficially understood objects.

Many key questions regarding extragalactic jets remain open: 

• Jet composition (B and ultrarelativistic e-e+; something else?) 
• Jet magnetic field (how strong? what is its structure?) 
• Jet launching (rotating SMBHs vs accretion disks) 
• Jet evolution and energetics (kinetic power, lifetimes, „feedback”) 
• Particle acceleration (shocks? turbulence? reconnection?) 
• What produces variability on various timescales (years down to minutes)

Active Galactic Nuclei (AGNs)  

During my PhD at MPP I would like to use this gamma-ray 

instrumentation to understand better these extreme objects

Gamma-ray astronomy provides a new window to study these objects.  
→ High quality data only since few years: 
→ At GeV energies with Fermi-LAT (since summer 2008) 
→ At TeV energies with new generation of Cherenkov Telescopes (since 2004) 
→ MAGIC had a substantial upgrades in 2012 



Motivation to do PhD in Max Planck Institute

Study of AGN with MAGIC 
 - Jet (Composition, magnetic field, source, evolution) 
 - Particle acceleration in jet 
       (shock, turbulence or reconnection) 
 - Source of variability of jet 
 (years to minutes)

Comissioning of  LST 
 - Technical:  
  data reduction strategy, error handling … 
 - Physics: 
  future AGN scientific program …

I want to work with MAGIC telescopes,  
in order to do physics with high-quality gamma-ray observations,  
and to get experience with a running instrument (operations and mentainance).
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Active Galactic Nuclei (AGNs)  

Image Credit: C.M.Urry & P. Padovani

Pictorial description of an AGN

Extragalactic jets are the largest structures 

in the Universe, reaching even Mpc scales. 

They are everywhere up to the highest 

redhsifts. 

Jets are extremely well 

collimated streams of plasma 

emanating from the centers of 

active galactic nuclei (AGNs), 

and propagating with 

relativistic bulk velocities up to 

kpc/Mpc distances. 

Jets are produced by rapidly rotating 

supermassive (~ 106-109 M⊙) black holes 

surrounded by magnetized accretion disks. 

Thus, jets are direct probes of black hole 

physics.

Jets are extremely efficient accelerators of particles to ultrarelativistic 

energies. They are known to produce electrons with 1014 eV energies, and are 

claimed to accelerate protons up to the highest observed energies ≥1020 eV .


