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September 2015, Gallipoli, ITALY) 
 
I am writing to you in my capacity as  Chair of the Cosmic Ray International  Seminar  2015.  As you may 
know, the CRIS is a well established series of topical conferences held every two years. Since 2004 the CRIS 
Conferences have focused on the physics of UHECRs. The theme of the conference this year will be “The 
status and the future of the UHE Cosmic Ray Physics in the post LHC era”. 

I am writing to ask whether you would be willing to give a talk at the conference as an invited speaker. It 
will be very interesting if you could present the Results of the ARGO-YBJ  Experiment with a focus on the 
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Outline
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• What is LHAASO ?


• Why LHAASO ?


• The scientific case: open problems in Cosmic Ray Physics


• The LHAASO Experiment


• Status and prospects
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What is LHAASO ?
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The Large High Altitude Air Shower Observatory (LHAASO) project is a new generation 
all-sky instrument to investigate the 'cosmic ray connection' through a combined study of 

Cosmic Rays and Gamma-Rays in the wide energy range 1011 -- 1017 eV.

LHAASO will consist of the following major components:


• 1 km2 array (LHAASO-KM2A), including 5635 scintillator detectors, with 15 m spacing, for 
electromagnetic particle detection.


• An overlapping 1 km2 array of 1221, 36 m2 underground water Cherenkov tanks, with 30 m 
spacing, for muon detection (total sensitive area about  40,000 m2).


• A close-packed, surface water Cherenkov detector facility with a total area of 90,000 m2 
(LHAASO-WCDA), four times that of HAWC.


• 24 wide field-of-view air Cherenkov (and fluorescence) telescopes (LHAASO-WFCTA).


• 452 close-packed burst detectors, located near the centre of the array, for detection of 
high energy secondary particles in the shower core region (LHAASO-SCDA).
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The LHAASO site
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The experiment will be located at 4400 m asl (600 g/cm2) 
in the Haizishan (Lakes’ Mountain) site, Sichuan province

Coordinates: 29º 21' 31’' N, 100º 08' 15’' E 

场地中心： 
29度21分30.7秒， 
                    100度08分14.65秒 
公路入口： 
29度21分32.76秒， 
                     100度07分43.03秒 
场地西边界： 
29度21分30.61秒， 
                     100度07分50.61秒 
场地东边界： 
29度21分30.68秒， 
                     100度08分38.73秒 
场地北边界： 
29度21分51.78秒， 
                     100度08分14.50秒 
场地南边界： 
29度21分9.54秒， 
                     100度08分14.73秒 
 
 

Beijing 

Chengdu 

Haizishan 

700 km to Chengdu

50 km to Daocheng City (3700 m asl, guest house !)

10 km to airport
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Questions to the knee energy range
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Cosmic Ray sources (‘PeVatrons’) Still open
NO smoking guns from TeV gamma-ray astronomy !

Composition at the knee ? 
Rigidity – dependent knee ? Still open

Results still conflicting in the knee energy region !

Anisotropy ? Totally open
No theory of CRs exists yet to explain observed anisotropy !

Hadronic interaction models ? Still uncertain
cross sections, diffractive, inelasticity

End of Galactic spectrum ? 
Transition galactic - xgalactic ? Open

Only hyphotheses
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Why LHAASO ?
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LHAASO will be the next generation ground-based experiment, capable of acting 
simultaneously as a Cosmic Ray Detector and a Gamma Ray Telescope.

✤  Cosmic Ray Physics (1012 → 1018 eV): precluded to Cherenkov Telescopes

• CR energy spectrum 

• Elemental composition

• Anisotropy

AMS
TeV

AUGERLHAASO

1017 - 1018 eV

✤  Gamma-Ray Astronomy (1011 → 1015 eV): full sky continuous monitoring

• Below 20 TeV: continuous monitoring of the Northern sky at < 0.01 of the Crab flux 
→ Sky survey: complementarity with CTA

• Above 20 TeV: continuous monitoring of the Northern sky up to PeV with a sensitivity 
2000x CTA for sky survey > 70 TeV→ search for PeV CR sources (PeVatrons)

Fermi GeV CTA30 GeV 100 TeV

LHAASO
PeV
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Knee
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Knee

Ankle

AMS

CREAM - 2012

DAMPE

CALET

ISS-CREAM

ARGO-YBJ

AUGER
TA

LHAASO

A bridge from direct measurements to the most energetic CR particles
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Approaching the knee
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?

The  “knee”  of  the  CR  spectrum

G. Di Sciascio Roma Tor Vergata 18/03/2010 9

Z = 1

Z = 2

Z = 3

FLUX

ENERGY

Emax ~ Z·1015 eV

The standard model:


• Knee attributed to light (proton, helium) component 

• Rigidity-dependent structure (Peters cycle): cut-offs at energies 

proportional to the nuclear charge EZ = Z × 4.5 PeV

• The sum of the flux of all elements with their individual cut-offs 

makes up the all-particle spectrum.

• Not only does the spectrum become steeper due to such a cutoff 

but also heavier.

Emax(iron) = 26 · Emax(proton)

Experimental results still conflicting !

The origin of the knee in the all-particle spectrum of CRs is 
inextricably connected with the issue of the end of the 

Galactic CR spectrum and the transition to extragalactic CRs.

Comparison with other p+He 
measurements 

ICRC - 2015 I. De Mitri: All particle and p+He energy spectra with ARGO-YBJ 

Consistent results with direct measurements (i.e. below 200 TeV) and YAC-Tibet   

18  

Error bars: statistical uncertainty 
Shaded area: systematic uncertainty 
10% on egergy scal not included 

ARGO-YBJ
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KASCADE-Grande
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• spectrum all-particle not a single power law 


• hardening of the spectrum above 1016eV


• steepening close to 1017eV (2.1 σ) 

• steepening due to heavy primaries (3.5 σ)


• hardening at 1017.08 eV (5.8 σ) in light spectrum 


• slope change from γ = -3.25 to γ = -2.79 ! 

25November, 2014 Andreas Haungs

KASCADE-Grande 
energy spectra of 

mass groups

• steepening due to 
heavy primaries (3.5s)

• hardening at 1017.08 eV  
(5.8s) in light spectrum

• slope change from 
g = -3.25 to g = -2.79!

Phys.Rev.D (R) 87 (2013) 081101
Phys.Rev.Lett. 107 (2011) 171104

24November, 2014 Andreas Haungs

KASCADE-Grande 
all-particle energy spectrum

• spectrum not a single 
power law
• hardening of the 
spectrum above 1016eV
• steepening close to 
1017eV  (2.1s)

~15% systematic uncertainty 
in flux (energy independent)

QGSJET II

Astroparticle Physics 36 (2012) 183

Astrop. Phys. 36 (2012) 183 

Phys.Rev.Lett. 107 (2011) 171104 
Phys.Rev.D (R) 87 (2013) 081101 

26November, 2014 Andreas Haungs

KASCADE-Grande: model dependence

Advances in Space Research 53 (2014) 1456 

- Structures of all-particle, heavy and light spectra similar 
Î knee by light component and heavy component; ankle by light component
- relative abundances different for different high-energy hadronic interaction models

✦ relative abundances different for different 
high-energy hadronic interaction models 

Adv. Sp. Res. 53 (2014) 1456 
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Galactic Sources
ExtraGalactic

 Sources?
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Galactic Sources
ExtraGalactic

 Sources?New Galactic
 Component ?

LHAASO



G. Di Sciascio, CRIS 2015, Sept. 16, 2015

LHAASO vs other EAS arrays
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✓ LHAASO will operate with a coverage similar to KASCADE (about %) over a much larger effective area.

✓ The detection area of muon detectors is about 70 times larger than KASCADE (coverage 5%) !

✓ Redundancy: different detectors to study hadronic models dependence

1. p and Fe produce showers with similar size 
2. Small fluctuations: shower maximum

3. Low energy threshold: absolute energy scale 

calibration with the Moon Shadow technique and 
overposition with direct measurements (➜ ARGO-YBJ)

• Working at high altitude (4410 m asl):

G. Di Sciascio Roma Tor Vergata 29/03/2010 40

Modelli vs Altitudine
Tibet ASγ (4300 m asl) vs KASCADE (sl)

Ad alta quota osservabili 
“indipendenti”  dai  modelli  di  

interazione adronica

At high altitude p and Fe produce 
showers with similar size.

It is thus clear that the cosmic rays spectrum around knee energies is much more complicated than 
previously thought and possible, preliminary interpretations of these results have already been 
proposed (e.g. Gaisser et al. 2014). Only high resolution and high statistics experiments will further 
increase our knowledge about these spectral features. 
The LHAASO experiment covering a km2 surface and having a very high coverage for the detection of 
the electromagnetic and muon EAS components satisfies both requirements. The KM2A detector array 
of the LHAASO experiment will be made by 5195 1 m2 unshielded plastic scintillation detector to 
reveal the electromagnetic EAS component and by 1171 ~30 m2 water cherekov detectors (i.e. a total 
active area of 3.5x104 m2) buried under 2.5 m of soil to measure muons. In the table the LHAASO 
coverage is compared with those of some of the main recent experiments operating in the same energy 
range: we can conclude that LHAASO will operate with a coverage (and consequently resolution) 
similar to the KASCADE experiment over a much larger effective area. 
 
 Altitude (m) e.m. Detection Area (m2) Instrumented Area (m2) Coverage 

KASCADE 110 5×102 4×104 1.2×10-2 
IceTop 2835 4×102 106 4×10-4 
KASCADE-Grande 110 370 5×105 7×10-4 
LHAASO 4410 5×103 106 5×10-3 
  µ  Detection Area (m2) Instrumented Area (m2) Coverage 
KASCADE 110 6×102 4×104 1.5×10-2 
LHAASO 4410 4.4×104 106 4.4×10-2 
 
The key point of future experiments willing to study the cosmic radiation in this energy range is the 
possibility to separate, on a event by event basis, as much as possible mass groups: afterward it will be 
immediate to measure their spectra and large scale anisotropies. We underline that while spectral studies 
are possible also using statistical approaches (e.g. unfolding), arrival direction anisotropies can only be 
measured using event by event techniques. 
The main role in the event by event classification will be played by the KM2A detector array 
(measuring the Nµ/Ne ratio) but also the WFCTA and WCDA arrays of the LHAASO experiments 
have great potentials in this kind of analysis (as already shown by the ARGO-YBJ experiment) their 
contribution will be explored in detail in the future and will open the possibility of new unexplored 
ways to separate the event samples. 
 
Mass group classification is limited, for ground based experiments, by shower development fluctuations 
and measurement errors: a high altitude, high resolution experiment like LHAASO fulfills both 
requirements. Moreover we must remind that current EAS simulation are already based on interaction 
models tuned with the LHC data obtained by p-p interaction at 7 TeV, in the near future we can expect 
that these models will further be evolved according to the LHC data from proton interaction at 14 
TeV. Thus we foresee a smaller influence of the simulation results from the hadronic interaction model 
used at high energies. 
 
The major contributions we expect from the LHAASO experiment in the study of high energy charged 
cosmic rays are: 

1) A detailed study of elemental (or at least mass group) spectra in the energy range from 1014 to 
1017 eV. 

2) Determine the more abundant primary element in the cosmic rays spectrum at the knee. 
3) A definitive answer to the possible contradiction between the measurements performed at high 

altitude and at sea level, therefore investigating if the EAS development is correctly described 
by the current simulation codes. 

4) Measure the primary anisotropy for different mass groups (never performed up to now). 
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Take Home Message - 1
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✓Spectra of individual mass groups !! 
✓Multi-parameter EAS measurements to validate hadronic interaction models
✓The right observation altitude !
✓Absolute energy scale calibration: low energy threshold !

Homework

• Energy range 1014 - 1018 eV crucial 
• Experimental results still conflicting !
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Cosmic Ray diffusive propagation and anisotropy
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Sun

Cosmic ray anisotropy studies with IceCube, IceTop, and AMANDA - CR anisotropy workshop (Madison, WI)M. Santander 

Cosmic ray propagation and anisotropy

2

Streshnikova et al. 
arxiv/1301.2028

Distribution of nearby SNRs in the galaxy

GC

Consequences for anisotropy
• CR density gradients are visible as 

anisotropy.

• Anisotropy amplitude ≤ 10-2.

• Amplitude increases with energy.

• Dipole shape.

• Phase should point towards the most 
significant source.

Small-amplitude anisotropy studies require large data sets (> 108 events) 

Galactic cosmic rays
• Accelerated in SNRs

• Propagate diffusively

Distribution of nearby SNRs in the Galaxy

Sveshnikova et al. 
APP 50 (2013) 33

Galactic Cosmic Rays

• Accelerated in SNRs


• Propagate diffusively

Consequences for anisotropy
• CR density gradients are visible as anisotropy


• Anisotropy amplitude ≲ 10-2


• Amplitude increases with energy


• Dipole shape


• Phase pointing towards the most significant sources 

Measuring the anisotropy of CRs provides important information on 
the propagation mechanisms and the identification of their sources.

Generally speaking, the dipole component of the anisotropy is believed to be a tracer of the CR 
source distribution, with the largest contribution from the nearest ones.
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The CR anisotropy ‘problems’
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• Observed anisotropy much smaller than 
expectations according to diffusive models

JCAP01(2012)011

Figure 3. Anisotropy amplitude for ten random realizations of sources in the cylindrical model,
assuming δ = 0.6 and a SN rate R = 1/30 yr−1. The halo size is H = 4 kpc. The injection spectrum
is assumed to have slope (below the cutoff) such that γ + δ = 2.67.

energies. Unfortunately at the present time the error bars on this quantity are still large
enough to allow for ambiguity in the best fit value (see for instance [28]).

Since the anisotropy δA is defined as the ratio between the density gradient and the
density, γ does not appear in δA while δ does (see also expressions 3.11 and 3.13 for the
simplified case of a uniform distribution of the sources). In figure 3 we plot the amplitude
of the anisotropy computed for ten different realizations of the source distribution in the
cylindrical model: a slope of the diffusion coefficient δ = 0.6 is assumed, while the other
parameters are all the same as for the plot in the right panel of figure 2.

As well as in the case δ = 1/3, also for δ = 0.6 the amplitude of the anisotropy is a
complex function of energy as a result of the cosmic rays contributed by nearby recent SNRs.
However, for δ = 0.6 the amplitude of the anisotropy appears to be systematically larger
than the observed one at all energies. In other words, fast diffusion leads to exceedingly
large anisotropy which seriously challenges the models that require large values of δ (see for
instance the discussion in ref. [27] for the cases in which a convective wind is included). It
is worth noticing that at very high energies the amplitude may exceed unity. These cases
clearly suggest that the diffusive paradigm may break down for very nearby sources of CRs,
as already discussed in Paper I.

We think that the results just showed provide clear evidence in favor of a diffusion
coefficient with a weak dependence on energy. This finding is of crucial importance in several
respects. The fact that the data suggest a value δ = 1/3 is comforting in some respects and
puzzling in some others, in relation to our understanding of CR acceleration and propagation.
On the one hand, δ = 1/3 gives the exact energy dependence of D(E) that Kolmogorov-type
turbulence would provide, so propagation follows a framework that was not unpredicted
from the theoretical point of view. On the other hand, however, as we already mentioned

– 12 –

• Unexpected evolution with energy, ‘dramatic’ above 100 TeV 8 G. Di Sciascio and R. Iuppa
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Figure 1: First harmonics of the sidereal daily variations measured by underground
muon detectors ([14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31])
and EAS arrays ([32, 33, 34, 35, 12, 36, 37, 38, 39, 40, 41, 42]). The amplitude (a)
and the phase (b) are plotted as a function of the primary CR energy. For clarity,
the points are not labeled with citation information.
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Figure 1: First harmonics of the sidereal daily variations measured by underground
muon detectors ([14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31])
and EAS arrays ([32, 33, 34, 35, 12, 36, 37, 38, 39, 40, 41, 42]). The amplitude (a)
and the phase (b) are plotted as a function of the primary CR energy. For clarity,
the points are not labeled with citation information.

On the Observation of the Cosmic Ray Anisotropy below 1015 eV 25

(a) IceCube 20 TeV (b) IceCube 400 TeV

(c) IceTop 400 TeV (d) IceTop 2 PeV

Figure 14. 2D maps of relative intensity in equatorial coordinates of the cosmic ray arrival
distribution for IceCube (at 20 TeV and 400 TeV median energies) [31] and IceTop (at 400
TeV and 2 PeV median energies) [103].

most significant regions do not necessarily coincide with most intense excesses. It should
be noticed that also gamma-ray-induced signals are visible, because no gamma/hadron sep-
aration is applied.

The most evident features are observed by ARGO-YBJ around the positions α ∼ 120◦,
δ ∼ 40◦ and α ∼ 60◦, δ ∼ -5◦, spatially consistent with the regions detected by Milagro
[107]. These regions are observed with a statistical significance of about 15 s.d. and are
represented on the significance map together with the other regions of interest. As known
from literature [107, 111], the deficit regions parallel to the excesses are due to using also
the excess events to evaluate the background, which turns out to be overestimated. Symmet-
rically, deficit regions, if any, would be expected to be surrounded by weaker excess halos,
which were not observed. On the left side of the sky map, several new extended features are
visible, though less intense than the ones aforementioned. The area 195◦ ≤ R.A. ≤ 290◦

seems to be full of few-degree excesses not compatible with random fluctuations (the statis-
tical significance is up to 7 s.d.). The observation of these structures is reported by ARGO-
YBJ for the first time.

The upper plot of Fig. 17 is represented in galactic coordinates in Fig. 18. In spite of
the fact that the bulk of SNR, pulsars and other potential CR sources are in the Inner Galaxy
surrounding the Galactic Centre, the excess of CRs is observed in the opposite, Anti-Centre
direction. As remarked by Erlykin & Wolfendale [112], the fact that the observed excesses
are in the Northern and in the Southern Galactic Hemisphere, favors the conclusion that the
CR at TeV energies originate in sources whose directions span a large range of Galactic
latitudes.

In order to determine the energy of the four detected excesses, a suitable parameteriza-
tion of their morphology has been introduced. For the sake of simplicity, all regions have

• Anisotropy not a simple dipole as foresee by 
diffusive models: small scale structures

ARGO-YBJ

• Dipole component no more 
dominant above 100 TeV

dipole amplitude

not dipole 
observations

dipole components 
of the anisotropy

100 TeV
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Energy Spectrum, Anisotropy & Mass Composition
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➡  study correlation between anisotropy & 
spectral features vs primary mass

A combined measurement of CR energy spectrum, mass composition and 
anisotropy inevitably probes the properties and spatial distribution of their sources 

as well as of the long propagation journey through the magnetized medium.

In fact, propagation of CRs in the galactic medium is 
known to affect their spectrum and direction distribution.

Non-dipolar structure of the anisotropy >100 TeV:


propagation effects from a given sources ?

heavier nuclei in the knee energy region ? 
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New component ?Anisotropy for different primary particle masses crucial !
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Anisotropy for p+He nuclei: ARGO-YBJ results

16

]° [α
0 50 100 150 200 250 300 350

δ
sin

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.94

0.96

0.98

1

1.02

1.04

1.06

1.08

ARGO-YBJ PRELIMINARY

]° [α
0 50 100 150 200 250 300 350

 [Z
]

α 
Pr

oj

0.95

0.96

0.97

0.98

0.99

1

1.01

1.02

1.03

1.04

1.05

ARGO-YBJ PRELIMINARY
Statistics really poor.

(p+He)-induced dipole amplitude

less than 2% at 90% C.L

phase&in&right&ascension:&/6°&±&10°&
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The analysis, yet at a preliminary stage, showed an interesting potential, outlining possible 
correlations between the known LSA structures and LIGHT-induced deviations from isotropy.

The significance estimator 
suggested to fit a dipole function to 

the observed distribution.

ICRC 2015 ID 524

LHAASO, with 20x trigger rate, will be able to deepen and extend these observations.
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Take Home Message - 2
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Homework

• Anisotropy important to understand the origin and propagation of CRs and 
to probe the structure of the magnetic fields through which CRs travel.

• Anisotropy not a dipole.
• Anisotropy amplitude too small.

✓High statistics in a large energy range (➜ 1016-17 eV)
✓The new frontier: composition dependent anisotropy studies !!!
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HESS survey 

Equator 

VERITAS 
survey 

TeVatron Sky

18

Gammas from Galactic Cosmic Rays: Eγ ~ ECR/10

TeV Cosmic Rays 
Photons > 100 GeV !

But ‘smoking gun’ still missing…

leptonic ?


hadronic (CR sources) ?

Complex scenario: each source is 
individual and has a unique behaviour. 
In general one expects a combination 
of leptonic and hadronic emission !

Visible Galactic Plane: l = 20° – 225° Zenith angle < 40° 
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Galactic TeV source populations

~75 sources total now known

Best PeVatron candidates ? Relic PWNe 

or 

missing SNRs ? 
πº bump discovery confirms hadronic 
interaction, but particle energies only 
up to ~300 GeV and steep spectra

How complete is the Survey ? 
If there is a (bright) PeVatron out there, would we have detected it already?

Kathrin Egberts . Diffuse Galactic Gamma-Ray Emission with H.E.S.S. . 28.05.2015 . Slide  

The TeV γ-ray source count

■ H.E.S.S. phase I 
▪ more than 10000 hours of data 

▪ discovered over 80 new VHE 
gamma ray sources 

■ H.E.S.S. phase II 
▪ first imaging atmospheric Cherenkov 

telescope system with differently 
sized telescopes 

▪ towards lower threshold and 
transients

3

tevcat.uchicago.edu

• Wide field of view: all-sky survey provides un unbiased map of the sky

• High Energy survey
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?

?

PeV Cosmic Rays 
Photons > 100 TeV !

Where are the CR 
PeVatrons ?

Bonus @ 100 TeV: 

Hadronic spectra: hard 
Leptonic spectra: soft 
No hard IC gamma rays >100 TeV 
IC in deep Klein-Nishina

�A power law spectrum reaching 100 TeV without a cutoff  is a very 
strong indication of the hadronic origin of the emission
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Sky Survey

Extend energy range !         
→ very large area

→ wide-angle γ-ray detectors

USA: VERITAS + HAWC
GERMANY: HESS + MAGIC + CTA + HiSCORE
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“Terra Incognita”

adapted from: APh 56, 42 (2014)

  

martin.tluczykont@physik.uni-hamburg.de – HiSCORE – Moscow Workshop 2011

HiSCORE aims

Knee-energies:
E

C R
 ~ PeV

Eγ  ~ 100 TeV

ASPERA recognizes the importance of

“development of ground-based wide-angle 
gamma-ray detectors”

We propose HiSCORE !

Cosmic-rays:
100 TeV < E

C R
 < 1 EeV

Gamma-rays:
Eγ > 10 TeV

Large area: 10-100 km²

Large Field of view: ~ 0.6 sr
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Figure 2: Left panel: integral spectra of the six SNRs in the LHAASO field of view extrapolated to 1
PeV. The solid lines represent the measured spectra, while the extrapolations are shown by dotted lines.
Right panel: M82 integral flux measured by Fermi-LAT and VERITAS. The Fermi spectrum extrapolated to
100 TeV is shown, with and without taking into acount the EBL absorption. In both panels the LHAASO
sensitivity in one year (solid line) and 3 years (dashed line) is shown. The Crab nebula spectrum measured
by ARGO-YBJ [8] extrapolated to 1 PeV is plotted as a reference flux.

TeV gamma ray sources is about 150 [9]. Among them, 60% belong to our Galaxy and 40% are
extragalactic (mostly Active Galactic Nuclei of Blazar type). About 1/3 of galactic sources are
still unidentified, 1/3 are Pulsar Wind Nebulae (PWN) like the Crab Nebula, and the remaining are
Supernova Remnants (SNR), compact binary systems and massive star clusters. The six sources
for which data above 30 TeV exist are all galactic and are among the most luminous objects of
the TeV sky: the Supernova Remnant RX J1713.7-3946, the Crab Nebula and Vela-X, (two Pul-
sar Wind Nebulae) and three MILAGRO extended sources, MGROJ2031+41, MGROJ2019+37,
MGROJ1908+06, likely also PWNs.

Out of 150, 71 sources are in the LHAASO field of view (i.e. culminating with a zenith
angle less than 40◦), 31 of them galactic and 40 extragalactic. Extrapolating their spectra up to
100 TeV, more than 90% of sources would have a flux above the LHAASO sensitivity at this
energy. Obviously most of spectra will not reach 100 TeV, but LHAASO could provide a unique
information by studying the spectral steepening or cutoff.

High energy data on the Crab Nebula, for example, would be very useful for the understanding
of phenomena related to the pulsar environments. Since long considered the “standard candle”
for gamma ray astronomy, the Crab Nebula has unexpectedly shown a variable behaviour in the
energy range 100 MeV-1 GeV. Strong flares lasting a few days and rate variations on time scales
of months, are still waiting for a generally accepted interpretation [10]. The possible detection
of Inverse Compton radiation above 10 TeV, correlated with the lower energy activity, will give
important information on the flares origin.

As discussed before, Supernova Remnants are probably the most interesting sources to be
studied at high energy, because the detection of an emission above 100 TeV could be the footprint of

5



G. Di Sciascio, CRIS 2015, Sept. 16, 2015

Diffuse γ-rays from the Galactic Plane

23

Diffuse γ-rays are produced by relativistic electrons by bremsstrahlung or inverse Compton scattering on bkg radiation 
fields, or by protons and nuclei via the decay of πº produced in hadronic interactions with interstellar gas. 

The space distribution of this emission can trace the location of the CR sources and the distribution of interstellar gas.
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Diffuse Gamma Emission - Proton Eknee = 3 PeV

Diffuse Gamma Emission - Proton Eknee = 0.6 PeV

Knee at 3 PeV

Knee at 0.6 PeV

p → Mol. Cloud (NH = 1022 atoms/cm2)

If near some molecular cloud the knee is at 0.6 PeV, the 
spectrum of diffuse gamma rays from that region would 
follow the red dashed line.

Observing a location dependence of the knee 
energy (or of the spectral index !) would provide 
important clues on the nature of the knee.

High Energy Observation of Diffuse Emission

Is the knee a source property, in which case we should see a 
corresponding spectral feature in the gamma-ray spectra of CR 
sources, or the result of propagation, so we should observe a 
knee that is potentially dependent on location, because the 
propagation properties depend on position in the Galaxy ? 

The intensity of diffuse Galactic gamma-rays 
for a standard CR spectrum with the knee at 
3 PeV on a ‘standard’ molecular cloud.
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Fig. 3.— The energy spectrum of the di↵use gamma-ray emission measured by ARGO-YBJ

in the Galactic region 25� < l < 100�, |b| < 5� (dots). The solid line shows the flux in

the same region according to the Fermi-DGE model. The short-dashed line represents its

extension following a power law with spectral index -2.6.The EGRET results (squares) in

the same Galactic region 25� < l < 100�, |b| < 5� and the upper limits quoted by HEGRA

(99% C.L., 38� < l < 43�, |b| < 2�), Whipple (99.9% C.L., 38.5� < l < 41.5�, |b| < 2�) and

Tibet AS� (99%C.L., 20� < l < 55�, |b| < 2�) are also shown.

25°$<$l$<$100°;$|b|<$5�

– 30 –

Energy(TeV)

-5
10 -410

-3
10 -210 -110 1 10 210

)
-1

s
r

-1
s

-2
d

N
/d

E
(T

e
V

 c
m

2
E

-1010

-910

-810

-710

ARGO-YBJ

Milagro

EGRET

ARGO-YBJ

Milagro

EGRET

ARGO-YBJ

Milagro

EGRET

Fig. 4.— The energy spectrum of the di↵use gamma-ray emission measured by ARGO-YBJ

in the Galactic region 40� < l < 100�, |b| < 5� (dots). The solid line shows the flux in

the same region according to the Fermi-DGE model. The short-dashed line represents its

extension following a power law with spectral index -2.6. The EGRET results (squares) in

the same Galactic region 40� < l < 100�, |b| < 5� and the flux measurement by Milagro

(triangle) in the same region are also shown.

40°$<$l$<$100°;$|b|<$5�

Diffuse gamma-ray emission from the Galactic plane for |b| < 5◦ 

A precise comparison of the spectrum of young CRs, as those supposed in the Cygnus region, with the spectrum of 
old CRs resident in other places of the Galactic plane, could help to determine the distribution of the sources of CRs.

Interestingly, the energy spectrum of the light component (p+He) up to 
700 TeV measured by ARGO-YBJ follows the same spectral shape as 
that found in the Cygnus region. 

– 20 –

Table 1: Di↵use gamma-ray emission from the Galactic plane for |b| < 5�. The median

energies and the corresponding di↵erential fluxes are reported. The errors are only statistical.
l Intervals Significance Spectral index Energy(GeV) Fluxa

25� < l < 100� 6.9 s.d. �2.80± 0.26 390 8.06± 1.49

750 1.64± 0.43

1640 0.13± 0.05

1000b 0.60± 0.13

40� < l < 100� 6.1 s.d. �2.90± 0.31 350 10.94± 2.23

680 2.00± 0.60

1470 0.14± 0.08

1000b 0.52± 0.15

65� < l < 85� 4.1 s.d. �2.65± 0.44 440 5.38± 1.70

780 1.13± 0.60

1730 0.15± 0.07

1000b 0.62± 0.18

25� < l < 65� & 5.6 s.d. �2.89± 0.33 380 9.57± 2.18

85� < l < 100� 730 1.96± 0.59

1600 0.12± 0.07

1000b 0.60± 0.17

130� < l < 200� -0.5 s.d. – – < 5.7c

aIn units of 10�9 TeV�1 cm�2 s�1 sr�1.
bThis entry gives the result of the fit to the three data points.
c99% C.L. at 700 GeV.

ApJ 806 (2015) 20
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Gamma-ray diffuse emission with cutoff at 50 TeV PRELIMINARY !!!

25°$<$l$<$100°;$|b|<$5�

Fig. 3: Expectation of the LHAASO 
project on Cygnus Cocoon by using one 

year MC data

Fig. 2: Expectation of the LHAASO project on diffuse γ-ray emission in 
the Galactic region 

Prospect of γ-ray source spectrum 
measurements with the LHAASO 

Project 

Introduction
LHAASO project is a new generation EAS array, 
which will be built at 4400m above sea level in 
Sichuan province, China . With a wide field-of-view 
and high duty cycle, LHAASO will survey a large 
sky region in the declination band from -20° to 80° 
with a sensitivity of 10 mili-Crab per year at a much 
wider energy range from 100 GeV to 1 PeV. We will 
investigate, basing on detector simulation, the 
ability of LHAASO on the measurement of spectra 
of SNRs, Cygnus region, diffuse galactic γ-rays 
and AGN flares.

Ye Liu1, Shuwang Cui2, Xinhua Ma3, Xingtao Huang1, for the  LHAASO  Collaboration

1. SNRs
IC443 is a shell-type SNR with mixed morphology 
and penetration of shock fronts into dense 
molecular clouds. In order to obtain expectation of 
LHAASO on IC443,  we take the unified model(UM) 
and the accumulative diffusion model (AM) to 
extend the spectrum of Tycho up to 300 TeV (Fig.1). 

Fig. 1: Expectation of the LHAASO project on the 
spectrum of IC443 by using 5 years MC data. 

2. Diffuse galactic γ-rays
Diffuse galactic γ-rays can be used to probe the cosmic ray 
spectrum and density throughout the whole Galaxy. We 
provide the expectation of LHAASO on diffuse γ-rays in the 
Galactic region 25° < l < 100°, |b|< 5° (Fig.2a) and in Cygnus 
region (Fig.2b).

4. AGN flares
LHAASO has a high duty cycle and a large field of view, thus it 
can monitor flare of AGN continuously. The prediction for 
LHAASO's observation on Mrk501 is plotted in Fig.4 and LHAASO 
will give an accurate spectrum at TeV region which can be the key 
to explain the radiation mechanism of flare. 

 3. Cygnus region
Cygnus region is home of a number of GeV 
gamma-ray sources and several TeV γ-ray 
sources . Fig.3 shows the expectation results 
with LHAASO. One year observation of LHAASO 
will be sufficient to give a judgement on the 
different energy cutoff models from 300GeV to 
several hundreds TeV. 

Conclusion
The expectation on observation of SNRs, Cygnus region, diffuse galactic γ-rays and transient sources shows that 
LHAASO has a strong ability to provide the accurate spectrum from 100GeV to 1 PeV which will play an key role in 
explaining the cosmic ray acceleration mechanism at high energy region.
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project on Mrk501
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with a sensitivity of 10 mili-Crab per year at a much 
wider energy range from 100 GeV to 1 PeV. We will 
investigate, basing on detector simulation, the 
ability of LHAASO on the measurement of spectra 
of SNRs, Cygnus region, diffuse galactic γ-rays 
and AGN flares.
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1. SNRs
IC443 is a shell-type SNR with mixed morphology 
and penetration of shock fronts into dense 
molecular clouds. In order to obtain expectation of 
LHAASO on IC443,  we take the unified model(UM) 
and the accumulative diffusion model (AM) to 
extend the spectrum of Tycho up to 300 TeV (Fig.1). 

Fig. 1: Expectation of the LHAASO project on the 
spectrum of IC443 by using 5 years MC data. 

2. Diffuse galactic γ-rays
Diffuse galactic γ-rays can be used to probe the cosmic ray 
spectrum and density throughout the whole Galaxy. We 
provide the expectation of LHAASO on diffuse γ-rays in the 
Galactic region 25° < l < 100°, |b|< 5° (Fig.2a) and in Cygnus 
region (Fig.2b).

4. AGN flares
LHAASO has a high duty cycle and a large field of view, thus it 
can monitor flare of AGN continuously. The prediction for 
LHAASO's observation on Mrk501 is plotted in Fig.4 and LHAASO 
will give an accurate spectrum at TeV region which can be the key 
to explain the radiation mechanism of flare. 

 3. Cygnus region
Cygnus region is home of a number of GeV 
gamma-ray sources and several TeV γ-ray 
sources . Fig.3 shows the expectation results 
with LHAASO. One year observation of LHAASO 
will be sufficient to give a judgement on the 
different energy cutoff models from 300GeV to 
several hundreds TeV. 

Conclusion
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� 1 year for EAS arrays means:

(5 h ⨉ 365 d) ~1500 - 2200 of 
observation hours for each source 
(about 4-6 hours per day).


� For Cherenkov: 

(5 h ⨉ 365 d) ⨉ d.c. (≈ 15%) ≈ 270 h / y 
for each source.

LHAASO 

CTA The big advantage of LHAASO 

• High Energy (>10 TeV) 

• Sky Survey
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Fig. 3: Expectation of the LHAASO 
project on Cygnus Cocoon by using one 

year MC data

Fig. 2: Expectation of the LHAASO project on diffuse γ-ray emission in 
the Galactic region 

Prospect of γ-ray source spectrum 
measurements with the LHAASO 

Project 

Introduction
LHAASO project is a new generation EAS array, 
which will be built at 4400m above sea level in 
Sichuan province, China . With a wide field-of-view 
and high duty cycle, LHAASO will survey a large 
sky region in the declination band from -20° to 80° 
with a sensitivity of 10 mili-Crab per year at a much 
wider energy range from 100 GeV to 1 PeV. We will 
investigate, basing on detector simulation, the 
ability of LHAASO on the measurement of spectra 
of SNRs, Cygnus region, diffuse galactic γ-rays 
and AGN flares.

Ye Liu1, Shuwang Cui2, Xinhua Ma3, Xingtao Huang1, for the  LHAASO  Collaboration

1. SNRs
IC443 is a shell-type SNR with mixed morphology 
and penetration of shock fronts into dense 
molecular clouds. In order to obtain expectation of 
LHAASO on IC443,  we take the unified model(UM) 
and the accumulative diffusion model (AM) to 
extend the spectrum of Tycho up to 300 TeV (Fig.1). 

Fig. 1: Expectation of the LHAASO project on the 
spectrum of IC443 by using 5 years MC data. 

2. Diffuse galactic γ-rays
Diffuse galactic γ-rays can be used to probe the cosmic ray 
spectrum and density throughout the whole Galaxy. We 
provide the expectation of LHAASO on diffuse γ-rays in the 
Galactic region 25° < l < 100°, |b|< 5° (Fig.2a) and in Cygnus 
region (Fig.2b).

4. AGN flares
LHAASO has a high duty cycle and a large field of view, thus it 
can monitor flare of AGN continuously. The prediction for 
LHAASO's observation on Mrk501 is plotted in Fig.4 and LHAASO 
will give an accurate spectrum at TeV region which can be the key 
to explain the radiation mechanism of flare. 

 3. Cygnus region
Cygnus region is home of a number of GeV 
gamma-ray sources and several TeV γ-ray 
sources . Fig.3 shows the expectation results 
with LHAASO. One year observation of LHAASO 
will be sufficient to give a judgement on the 
different energy cutoff models from 300GeV to 
several hundreds TeV. 

Conclusion
The expectation on observation of SNRs, Cygnus region, diffuse galactic γ-rays and transient sources shows that 
LHAASO has a strong ability to provide the accurate spectrum from 100GeV to 1 PeV which will play an key role in 
explaining the cosmic ray acceleration mechanism at high energy region.
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IC443 is a shell-type SNR with mixed morphology 
and penetration of shock fronts into dense 
molecular clouds. In order to obtain expectation of 
LHAASO on IC443,  we take the unified model(UM) 
and the accumulative diffusion model (AM) to 
extend the spectrum of Tycho up to 300 TeV (Fig.1). 

Fig. 1: Expectation of the LHAASO project on the 
spectrum of IC443 by using 5 years MC data. 

2. Diffuse galactic γ-rays
Diffuse galactic γ-rays can be used to probe the cosmic ray 
spectrum and density throughout the whole Galaxy. We 
provide the expectation of LHAASO on diffuse γ-rays in the 
Galactic region 25° < l < 100°, |b|< 5° (Fig.2a) and in Cygnus 
region (Fig.2b).

4. AGN flares
LHAASO has a high duty cycle and a large field of view, thus it 
can monitor flare of AGN continuously. The prediction for 
LHAASO's observation on Mrk501 is plotted in Fig.4 and LHAASO 
will give an accurate spectrum at TeV region which can be the key 
to explain the radiation mechanism of flare. 

 3. Cygnus region
Cygnus region is home of a number of GeV 
gamma-ray sources and several TeV γ-ray 
sources . Fig.3 shows the expectation results 
with LHAASO. One year observation of LHAASO 
will be sufficient to give a judgement on the 
different energy cutoff models from 300GeV to 
several hundreds TeV. 

Conclusion
The expectation on observation of SNRs, Cygnus region, diffuse galactic γ-rays and transient sources shows that 
LHAASO has a strong ability to provide the accurate spectrum from 100GeV to 1 PeV which will play an key role in 
explaining the cosmic ray acceleration mechanism at high energy region.
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Take Home Message - 3
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Homework

• Sky maps of the gamma-ray sky not unbiased.
• PeVatrons smoking gun signature still missing.
• Study of extended sources (Molecular Clouds, diffuse emission) very important.
• Monitoring of flaring emissions (GRBs, AGNs, etc) important

✓All-sky survey instrument for an unbiased map of the sky.
✓Observation of gamma-ray sky in the 100 TeV region !
✓Wide-angle instrument for very extended sources and diffuse emission.
✓Survey for new, unexpected classes of VHE sources (‘dark accelerator’) 
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LHAASO main components
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1 KM2A:

5635 EDs

1221 MDs

WCDA: 

3600 cells

90,000 m2

SCDA:

452 detectors

WFCTA:

24 telescopes

1024 pixels each

Coverage area: 1.3 km2
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Status of LHAASO 
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• LHAASO is one of the 'Five top priorities' projects of the Strategic Plan of IHEP approved 
by the Chinese Academy of Sciences (CAS).


• The government of Sichuan province approved funding the total cost of the infrastructure 
construction: 300 M CNY.


• “The official approval of LHAASO drafted, waiting the chief of funding agency to 
sign on it”.

� July 2015: start of construction of infrastructures.

� Nov. 2015: start of big scale construction.


� Autumn/Winter 2016: start of construction of first quarter of WCDA and KM2A. 


�Winter 2018: start scientific operation of the first quarter of LHAASO.


� 2021: conclusion of installation of main components.

Schedule (August 2015)
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Landscape of the LHAASO site
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Mt.$Haizi$4400$m$asl,$Sichuan$province,$China
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Geo survey and weather monitoring
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Updated layout after site survey
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• Start of field preparation expected in 
Dec. 2015.  

• Sites of MDs have been surveyed.


• 1146 MD sites (of the 1221 planned) 
confirmed and fixed after the survey. 

• Position of EDs measured and fixed.


• Deep geo-survey for WCDA pools 
started in June.

Roads under construction:


• Connection to S217

• Major  transportation ways on site 

• Paths to MDs 

New MC simulations with the final layout under way
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Water Cherenkov Detector Array
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Item Value 
Cell area 25 m2 

Effective water depth 4 m 
Water transparency > 15 m (400 nm) 
Precision of time measurement 0.5 ns 
Dynamic range 1-4000 PEs 
Time resolution <2 ns 
Charge resolution 40% @ 1 PE 

5% @ 4000 PEs 
Accuracy of charge calibration <2% 
Accuracy of time calibration <0.2 ns 
Total area 90,000 m2 

Total cells 3600 
Cells separated by black curtains

PMTs R5912 and XP1805 under test
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Gamma/proton discrimination
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Gamma Proton 

Brightest “sub-core”:

• Signal of the brightest PMT outside the shower core region (e.g., 45 m).


Shower “Compactness” to reject cosmic ray background:


Q-factor: 7 @ 1 TeV; 22 @ 5 TeV.
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Effective Area & Angular Resolution
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Effective area (internal events):

• ~1000 m2 @ 100 GeV; >80,000 m2 @ 5 TeV.


Angular resolution:

• Optimized bin size: 0.55º @ 1 TeV; 0.23º @ 5 TeV.



G. Di Sciascio, CRIS 2015, Sept. 16, 2015

Electromagnetic particle Detector
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1�
2�

3�
4�

15 m 

15 m
 15
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15 m 

15 m
 15

 m
 

15 m 

15 m
 15
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Item� Value�
Effective area� 1 m2�

Thickness of tiles� 2.5 cm�
Number of WLS fibers� 32/tile×4 tile�
Detection efficiency (> 5 MeV)� >95%�
Dynamic range� 1-10,000 particles�
Time resolution� <2 ns�
Particle counting resolution� 25% @ 1 particle 

5% @ 10,000 particles�

Aging (<20%)� >10 years�
Spacing� 15 m�
Total number of detectors� 5635�
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Water Cherenkov Muon Detector
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PMT: 8” or 9” 

92 (see later): The ED array, with a sensitive area of about 5,341 m2,
93 consists of 5,341 square plastic scintilators with a size of
94 1 m ! 1 m ! 2 cm, placed on a triangle with side length of 15 m.
95 Each ED detector is covered by one 0.5 cm thick lead plate used
96 as c converter in order to improve the angular resolution and the
97 EAS core position resolution of the array. The MD array, with a sen-
98 sitive area of 43,956 m2, consists of 1,221 cylindrical water tanks
99 with diameter of 6.8 m and height of 1.2 m, placed on a triangle

100 with side length of 30 m. Each MD detector is covered by an over-
101 burden of 2.5 m soil, which results in muon energy threshold of
102 1.3 GeV, to mask electro-magnetic particles in showers. In this re-
103 port, results are presented from a simulation and performance
104 study of the KM2A detectors.

105 2. Simulation method

106 2.1. Simulation setup

107 In this simulation, cosmic rays, including cosmic gamma rays
108 and cosmic nuclei, are generated by Corsika [16] version 6.616.
109 The selected hadronic interaction model is QGSJETII for high en-
110 ergy and GHEISHA for low energy. Primaries are simulated in the
111 energy range from 3 TeV to 10 PeV. The zenith angle range is from
112 0 to 45", the azimuthal angle range is from 0" to 360", and the
113 observation level is 4300 m a.s.l.
114 For detector response, the detector unit of the KM2A array is
115 simulated individually at first. The ED and MD detector unit are
116 simulated with GEANT4 [17], and a look-up table is made to
117 parameterize the number of generated particles corresponding to
118 different injected particles, energy, direction and distance to the
119 center of the detector unit. The signal pulse is parameterized
120 according to the real one at the KM2A engineering array. One
121 charged particle generates 20 photo-electrons (p.e.s) in the ED in
122 average and a fluctuation of Landau distribution for signals is
123 added. The threshold of the ED is set 7 p.e.s. When one ED receives
124 one pulse above the threshold, the ED hit is given. The MD is sim-
125 ulated in the same way as the ED. The event trigger requires at
126 least 20 ED hits in the trigger time window of 600 ns, i.e.
127 Ntrig P 20, where Ntrig is number of the triggered ED detectors.
128 The event readout time window is set as 10 ls. Noise from single
129 cosmic secondaries in the EDs and MDs is set as 1 kHz/m2 and
130 300 Hz/m2 respectively according to experience at ARGO-YBJ, and
131 a fluctuation of exponential distribution for noise is added.

1322.2. Event reconstruction

133After showers are generated, the procedure of data analysis is as
134follows: Firstly, A shower front with a conical shape is recon-
135structed from positions and arrival times in the fired EDs and fitted
136with the least square method to obtain EAS direction. Secondly,
137EAS core position, size and age can be reconstructed from electrons
138in the EDs by fitting the lateral distribution with the NKG formula
139[18,19] in the maximum likelihood method. The NKG formula is:
140

q ¼ N
2pr2

0

Cð4:5% sÞ
CðsÞCð4:5% 2sÞ

r
r0

! "ðs%2Þ

1þ r
r0

! "ðs%4:5Þ

; ð1Þ
142142

143where q is density of particles per m2, r(m) is distance from the
144shower core, N is the shower size, r0(m) is the Moliere unit, s is
145the shower age, and C is gamma function. Position of weight center
146of electron hits is used as initial value of the core position. Both
147direction and lateral distribution reconstruction are iterated several
148times to obtain shower direction, core position, size and age finally.
149Primary energy of showers is determined by Ne, the total number of
150charged particles detected by the array. Energy resolution is defined
151as standard deviation of Gaussian distribution of ratio of difference
152between the estimated energy and the true energy to the true
153energy.
154During reconstruction, a time selection window of (500 ns
155around the trigger time is set for Ntrig < 150 in order to reduce
156noise from single cosmic secondaries in the EDs. For Ntrig > 150, a
157space selection window around the core of the shower is set in or-
158der to improve shower lateral distribution fitting. These selections
159are beneficial to obtain higher angular resolution and core position
160resolution. In order to reduce the influence of noise in the MDs, the
161number of muons in the MDs is selected in a time window (30 ns
162around the trigger time measured in the EDs. Events with a dis-
163tance of less than 560 m from reconstructed shower core position
164to the array center are selected to remove not well reconstructed
165events at the border of the array.

1662.3. Sensitivity estimation

167Measurement of both electrons and muons in EAS can provide a
168powerful capability for discrimination between original cosmic

Fig. 1. Configuration of LHAASO.

Fig. 2. The scatter plot of Nl vs Ne . Green and blue dots correspond to gamma ray-
induced and proton-induced air shower events, respectively. The solid black line
shows the optimized cut condition to suppress cosmic nuclei-induced events. (For
interpretation of the references to color in this figure legend, the reader is referred
to the web version of this article.)

2 S. CuiQ1 et al. / Astroparticle Physics xxx (2013) xxx–xxx

ASTPHY 1885 No. of Pages 7, Model 5G

18 November 2013

Please cite this article in press as: S. CuiQ1 et al., Simulation on gamma ray astronomy research with LHAASO-KM2A, Astropart. Phys. (2013), http://
dx.doi.org/10.1016/j.astropartphys.2013.11.003

proton

gamma

Item Value 
Area 36 m2 

Detection efficiency >95% 
Purity of Nµ >95% 
Time resolution <10 ns 
Dynamic range 1-10,000 particles 
Particle counting resolution 25% @ 1 particle 

5% @ 10,000 particles 
Aging (<20%) >10 years 
Spacing 30 m 
Total number of detectors 1221 
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Wide field of view Cherenkov Telescope Array
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‣ 5 m2 spherical mirror

‣ 32 ⨉ 32 PMT array

‣ FOV: 14º ⨉ 16º

‣ Dynamic range: 10 - 35000 pe

H&He Selection 
• Elongation of the shower image 
              L/W ~ 0.09(Rp/10m) 

2L 

2W 

24 telescopes (Cherenkov/Fluorescence)

p+He spectrum with ARGO-YBJ / WFCTA
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FIG. 9. The energy resolution at ∼300 TeV (left), ∼1 PeV (middle) and ∼3 PeV (right) for a H&He sample. The distributions are fitted with
a Gaussian function.
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FIG. 10. H&He spectrum obtained by the hybrid experiment with ARGO-YBJ and the imaging Cherenkov telescope. A clear knee structure
is observed around 700 TeV. The H&He spectra by CREAM7, ARGO-YBJ16 and the hybrid experiment18 below the knee, the spectra by
Tibet ASγ

9 and KASCADE10 above the knee are shown for comparison. The shaded area represents the systematic uncertainty.

3G. Kulikov, G. Khristiansen, JETP 35, 635 (1958)683
4A D Erlykin and A W Wolfendale, J. Phys. G: Nucl. Part. Phys. 23, 979684

(1997)685
5E.G. Berezhko H.J.Völk, The Astrophys. J., 661, L175 (2007)686
6V.Berezinsky, A.Z.Gazizov, S.I.Grigorieva, Phys. Rev. D 74, 043005 (2006)687
7Y. S. Yoon et al., Astrophys. J. 728, 122 (2011)688
8A. Panov et al., The results of ATIC-2 experiment for elemental spectra of689

cosmic rays, arXiv:astro-ph/0612377690
9M. Amenomori et al., Advances in Space Research 47, 629 (2011)691

10T. Antoni et al., Astrop. Physics 24, 1 (2005); W.D. Apel et al.Astrop.692

Physics 31, 86 (2009); W.D. Apel et al., Astrop. Physics 47, 54 (2013)693
11J.R. Hörandel, Modern Physics Letter A, 22, 1533 (2007)694
12M.A.K. Glasmacher et al, Astrop. Physics 12, 1 (1999)695
13G.Aielli et al., Nucl. Instr. and Meth. A 562, 92 (2006)696
14B. Bartoli et al., Phys. Rev. D84, 022003 (2011)697
15B. Bartoli et al., Phys. Rev. D 85, 092005 (2012)698
16B. Bartoli et al., Phys. Rev. D 91, 112017 (2015)699
17S.S. Zhang et al., Nucl. Instr. and Meth. A 629, 57 (2011)700
18B. Bartoli et al., Chinese Physics C, Vol. 38, 045001 (2014)701

• mirrors and Winston cones by Italian company: 
Media Lario Tech., INAF spin-off


• ASIC-based FEE from French collaborators (Orsay 
IPNO)


• HV by CAEN or German company, under 
discussion
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1% - 10% of LHAASO in operation for more than 2 years at the ARGO-YBJ site


42 EDs, 2 MDs, 9-unit WCDA, 2 telescopes, 100 shower core detectors


Fully implemented the LHAASO design including White Rabbit-based clock distribution, 
“triggerless” DAQ, etc

Chinese Physics C Vol. 38, No. 3 (2014) 036002

Design and performances of electromagnetic particle detector
for LHAASO-KM2A *

ZHAO Jing(!!)1) LIU Jia(!!) SHENG Xiang-Dong(!!!) HE Hui-Hai(!!")
GUO Yi-Qing(#!!) HOU Chao($!) LÜ Hong-Kui("%!)

(The LHAASO collaboration)
Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China

Abstract: In the Large High Altitude Air Shower Observatory (LHAASO) project, the one kilometer square
extensive air shower array (KM2A) is the the largest detector array in terms of effective area. It consists of 5635

electromagnetic particle detectors (EDs) and 1221 muon detectors (MDs). Each ED is composed of 16 scintillator tiles

readout by wavelength-shifting fibers that are bundled and attached by a 25 mm PMT. The design of the unit and
its performances, such as photoelectron yield, time resolution and uniformity, are discussed in detail. An assembling

scheme for the whole ED is established to guarantee the uniformity throughout all 16 tiles in a single ED and all

EDs in mass production.

Key words: LHAASO, KM2A, electromagnetic particle detector, scintillator, uniformity

PACS: 98.70.Sa, 95.55.Vj, 29.40.Vj DOI: 10.1088/1674-1137/38/3/036002

1 Introduction

In the Large High Altitude Air Shower Observatory
(LHAASO) project (Fig. 1) in China, a complex detec-
tor array will be built at high altitude (almost 4300 m
a.s.l.). The LHAASO array consists of an extensive air
shower array covering 1 km2 (KM2A), four water cham-
ber Cerenkov detector arrays covering 90000 m2 (WC-
DAs), a shower core detector array covering 5000 m2

(SCDA) and a wide field of view (FOV) Cerenkov/ flu-
orescence telescope array with 24 telescopes (WFCTA)
[1]. With the highest sensitivity (1%ICrab) above 10 TeV
and the highest gamma ray all sky survey power in the
world, the LHAASO project aims at following three tar-
gets: 1) discovery of the Galactic CR sources; 2) dis-
covery of numerous gamma ray sources in the energy
range from several hundred GeV to 1 PeV by surveying
the northern sky; 3) precise measurement of the cosmic
ray energy spectrum and composition over a wide energy
range from 5 TeV to 1 EeV by combining several cosmic
ray detection techniques in the single project, etc.

KM2A, as the largest detector array of LHAASO in
terms of effective covering area, is proposed to search for
galactic gamma ray sources above 30 TeV in the northern
hemisphere and study the primary cosmic rays in the en-
ergy range from 100 TeV to 100 PeV. It consists of 5635
electromagnetic particle detectors (EDs) and 1221 muon

Fig. 1. The layout of LHAASO array.

detectors (MDs) [2–4].
The ED array is divided into two parts, a central

part array and an outside ring for guarding the observed
showers in the central part. 5341 EDs (15 m spacing)
will be deployed in the central array in a circle with a
radius of 560 m, while 294 EDs (30 m spacing) will be dis-
tributed in the guarding array encircling the central one.
Once the extensive air showers (EASs) of cosmic rays ar-
rive at the LHAASO site, the densities and arrival times
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Average water temperature: 4-6℃;

The lowest temperature: ~0.5℃
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1 Introduction

In the Large High Altitude Air Shower Observatory
(LHAASO) project (Fig. 1) in China, a complex detec-
tor array will be built at high altitude (almost 4300 m
a.s.l.). The LHAASO array consists of an extensive air
shower array covering 1 km2 (KM2A), four water cham-
ber Cerenkov detector arrays covering 90000 m2 (WC-
DAs), a shower core detector array covering 5000 m2

(SCDA) and a wide field of view (FOV) Cerenkov/ flu-
orescence telescope array with 24 telescopes (WFCTA)
[1]. With the highest sensitivity (1%ICrab) above 10 TeV
and the highest gamma ray all sky survey power in the
world, the LHAASO project aims at following three tar-
gets: 1) discovery of the Galactic CR sources; 2) dis-
covery of numerous gamma ray sources in the energy
range from several hundred GeV to 1 PeV by surveying
the northern sky; 3) precise measurement of the cosmic
ray energy spectrum and composition over a wide energy
range from 5 TeV to 1 EeV by combining several cosmic
ray detection techniques in the single project, etc.

KM2A, as the largest detector array of LHAASO in
terms of effective covering area, is proposed to search for
galactic gamma ray sources above 30 TeV in the northern
hemisphere and study the primary cosmic rays in the en-
ergy range from 100 TeV to 100 PeV. It consists of 5635
electromagnetic particle detectors (EDs) and 1221 muon

Fig. 1. The layout of LHAASO array.

detectors (MDs) [2–4].
The ED array is divided into two parts, a central

part array and an outside ring for guarding the observed
showers in the central part. 5341 EDs (15 m spacing)
will be deployed in the central array in a circle with a
radius of 560 m, while 294 EDs (30 m spacing) will be dis-
tributed in the guarding array encircling the central one.
Once the extensive air showers (EASs) of cosmic rays ar-
rive at the LHAASO site, the densities and arrival times
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Event Rate and Moon Shadow

• Event rate agrees with MC and ARGO-YBJ
• Observed moon shadow by 5.8σ in 2 years.Chinese Physics C Vol. 38, No. 2 (2014) 026001

Fig. 9. The significance map of the sky around the
Moon obtained in two years of observation, select-
ing the events with a number of ED larger than
5. Here (0, 0) is set to the Moon’s position.

3.4 Long term stability

The prototype array has been continuously operated
for about two years. The variation of event rate is less
than ±1% and shows a linear correlation with air pres-
sure with a barometric coefficient of about −1%, which
directly reflects the atmosphere density that brings the
variation of the shower size (see Fig. 10).

Fig. 10. The event rate of the KM2A prototype
array (hollow) and the air pressure (solid) vary-
ing with time. Each point is an average over one
month.

The average charge of each ED in case of MIPs can
be used to monitor detector response and the gains of
its PMT and electronics. Fig. 11 shows that the aver-
age charge of a typical ED varies with time and is very
stable during the two-year operation. The variation is

less than ±1% and is linearly correlated to the ambient
temperature of ED. The resulting temperature coefficient
of about 0.2 %/℃ is consistent with that of the PMT.
Considering the annual ambient temperature variation
of ±30 ℃ at LHAASO site, we have started to study
the insulation of the PMT and the whole ED in order to
lower the annual temperature variation to about ±15 ℃.
By doing so, we can keep the stability of charge mea-
surement to ±3%.

Fig. 11. The relative variation of average charge
in case of MIPs for an ED (solid) and its ambi-
ent temperature (hollow) varying with time. Each
point is an average over one month.

Monitoring of the time resolution of an ED by the
telescope shows a variation of less than ±1% during the
two-year operation, much better than the requirement.

4 Conclusions

Set up at the Yangbajing cosmic ray observatory, a
prototype array with 1% size of the LHAASO-KM2A
fully overlaps with the ARGO-YBJ array. The perfor-
mances of the prototype array are studied through hy-
brid observation of cosmic ray showers with ARGO-YBJ.
The results proved to meet the design requirements. Un-
der the high altitude environment, the prototype array
has been stably running for about two years, which is
helpful to improve the design and optimize the whole
array of LHAASO-KM2A.

We thank the ARGO collaboration for authorization
of using the ARGO-YBJ data.
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Scintillator array operated 2 years with ARGO-YBJ:


Event rate in agreement with MC and ARGO-YBJ


Moon shadow observed in 2 years at 5.8 s.d.
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Abstract: A prototype array for the LHAASO-KM2A, which consists of 42 detector units and fully overlaps the

ARGO-YBJ experiment, was set up at the Yangbajing cosmic ray observatory and has been in stable operation
since Octoter 2010. The resulting performances of the KM2A electromagnetic particle detector prototypes fully meet

the design requirements. Through hybrid observation of cosmic ray showers with the ARGO-YBJ experiment, the

performances and long-term stability of the prototype array are tested and the results are consistent with expectation.
The cosmic ray moon shadow observed by the prototype array is also presented.
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1 Introduction

The Large High Altitude Air Shower Observatory
(LHAASO) project focuses mainly on the study of sub-
TeV–1 PeV gamma ray astronomy and 5 TeV–1 EeV
cosmic ray physics by using a compound detector ar-
ray distributed in one square kilometer [1]. It consists
of an extensive air shower array covering an area of
1 km2 (KM2A), 90000 m water Cherenkov detector array
(WCDA), 5000 m2 shower core detector array (SCDA)
and 24 wide-field air Cherenkov/fluorescence telescopes
(WFCTA). As the major array of LHAASO, KM2A [2]
is comprised of 5635 electromagnetic particle detectors
(EDs) [3] and 1221 muon detectors (MDs) [4]. The
KM2A EDs are distributed with a spacing of 15 m in
a large area of 1 km2 at a high altitude of about 4300 m
a.s.l., where the air pressure is about 60% of that at sea
level and the annual air temperature variation is about
±30 ℃. Under such a harsh field environment, special
considerations should be taken to keep such a huge de-
tector array working properly in the field for an expected
operation time of more than 10 years.

A prototype array of 1% the size of KM2A was built
at the Yangbajing cosmic ray observatory, where the al-
titude is the same as that required by LHAASO, and has
been in stable operation since October 2010 to test the
validity of the design and to study the performances and
long-term stability of the detector units and the array.

2 KM2A prototype array

2.1 Experiment setup

Figure 1 shows a schematic view of an ED prototype
(1 m×1 m×1.5 cm) which consists of 4×4 plastic scintil-
lation tiles (25 cm×25 cm×1.5 cm each). Eight single-
cladding wavelength-shifting fibers (BCF92) 1.5 mm in
diameter and 30 cm long are threaded into holes 1.6 mm
in diameter in each tile to collect scintillation lights gen-
erated by charged particles that are interjecting in the
tile. One end of each fiber is coated with an aluminium
layer to reflect the collected scintillation lights, while the
other end is connected to a single-cladding clear optical
fiber (BCF98) of the same diameter and 180 cm long
to guide the scintillation lights to a photomultiplier tube
(PMT). For each ED, one XP2012B PMT with a temper-
ature coefficient <0.2 %/℃ is used to collect scintillation
lights from the total 128 fibers. Each PMT is supplied
by a high voltage module with a temperature coefficient
of <0.01 %/℃, thus the high voltage of each PMT can
be adjusted independently. All the components of an ED
are packed in an aluminium box.

For the KM2A prototype array, a total of 42 detector
units are uniformly distributed in the central carpet of
the ARGO-YBJ array [5] with the same spacing (15 m)
as the one proposed for KM2A. The prototype array fully
overlaps with the ARGO-YBJ central carpet, thus cover-
ing a total area of about 75 m×75 m and enabling cross-
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International Collaboration
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FRANCE: IPNO Orsay and OMEGA 
Tiina Suomijärvi group: 

ASIC-based FEE for Cherenkov telescopes

Simulations of muon detectors 

CAS Project for the China-France collaboration approved (1.1 M CNY) last year


RUSSIA: INP, RAS 
Yuri Stenkin group: Neutron detectors for hadron measurement (test of prototype  at YBJ)

Alternative proposal for core detectors


THAILAND:  
D. Ruffolo group: Solar Physics


ITALY: INFN 
proposal for DAQ system of the experiment under discussion 

ASIC%appl.�

ASIC-based FEE for telescopes 
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Conclusions
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The LHAASO experiment has very interesting prospects, being able to deal with all the main 
open problems of cosmic ray physics at the same time. 

It is proposed to study CRs in a unprecedented wide energy range 1011 - 1018 eV, from those 
observable in space with AMS and approaching those investigated by AUGER, thus including, 
in addition to the 'knee', the whole region between 'knee' and 'ankle' where the galactic/
extra-galactic CR transition is expected.


At the same time it is proposed as a tool of great sensitivity - unprecedented above 30 TeV - 
to monitor 'all the sky all the time' a gamma-ray domain extremely rich of sources variable at 
all wavelengths.

Construction of infrastructures started.


Commissioning of first quarter of the experiment (more sensitive than HAWC) expected in 2018.


Conclusion of installation of main components expected in 2021.
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Shower Core Detector Array
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Each  burst detector is constituted by 20 optically separated scintillator 
strips of 1.5 cm ⨉ 4 cm ⨉ 50 cm read out by two PMTs operated with 
different gains to achieve a wide dynamic range  (1- 10 6  MIPs). 

• 425 close-packed burst detectors, located near the 
centre of the array, for the detection of high energy 
secondary particles in the shower core region.

• $$Number$of$SCD:$$$$$$$$$$$$$$$$$$0.5$m2$x$452$
• $$Cover$Area:$$ $$$$$$$$$$$$$$$$$$$$$5170$$m2$

• $$Energy$region:$$$$$$$$$$$$$$$$$$$$$30$TeV$L$10$PeV$
• $$Core$posiNon$resoluNon:$$1.5$m$@50$TeV

The burst detectors observe the 
electron size (burst size) under the lead 

plate induced by high energy e.m. 
particle in the shower core region

Proton�
Iron�

Pb 

�Iron 

Scint. 

Box 

7 r.l. 

Burst Detector

3.5 cm

1 r.l.

• Lead&plate&(80&cm&X&50&cm&X&7&rl)&
• Iron&plate&(1&m&X&1&m&X&1&rl)&
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Dwarf Spheroidal galaxies (dSph)
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Low luminosity galaxies that are companions to the Milky Way.

The total amount of mass inferred from the motions of stars in dSph is many times that which can be 
accounted for by the mass of the stars themselves   ➡  this is seen as a sure sign of dark matter

Because of the extremely large amounts of dark matter in these objects, they may deserve the title 
"most dark matter-dominated galaxies"
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DM search with LHAASO
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Caveat:


• 30 dSphs (3x) (supposing the 
observation of new dSphs)


•  -10% from spatial extension 
(source extension increases the 
signal region at high energy)

LHAASO advantage: combined 
analysis of different dwarf galaxies 

observed at the same time
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Energy Resolution
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Gus Sinnis
AGIS Collaboration Meeting June 2008

HAWC Performance: Energy Resolution IIHAWC Performance: Energy Resolution II

•• EAS arrays can measure energy atEAS arrays can measure energy at

groundground  very well (<20% resolution)very well (<20% resolution)

•• Shower fluctuations (depth of 1stShower fluctuations (depth of 1st

interaction) dominate energyinteraction) dominate energy

resolution of array.resolution of array.

•• Because of increased altitudeBecause of increased altitude

HAWC will have much betterHAWC will have much better

energy resolution than Milagroenergy resolution than Milagro

EAS arrays can measure energy at

ground very well (< 20% resolution) 

Gus Sinnis
AGIS Collaboration Meeting June 2008

HAWC Performance: Energy Resolution IHAWC Performance: Energy Resolution I

From http://www.ast.leeds.ac.uk/~fs/photon-showers.html
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HAWC elevation: 4.1km
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HAWC Performance: Energy Resolution IHAWC Performance: Energy Resolution I

From http://www.ast.leeds.ac.uk/~fs/photon-showers.html

Fixed first interaction elevation: 30km

HAWC elevation: 4.1km
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Shower fluctuations (depth of 1st interaction) 
dominate energy resolution of EAS arrays.

LHAASO
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Extended Source Sensitivity
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IACT’s rely on angular resolution for excellent 
background rejection. 

• When the source size is large compared to PSF, 
sensitivity is reduced by a factor of  

~ σdetector / σsource  

Source larger than camera  

• When the source size is large compared to the 
FOV, sensitivity is reduced by  

~ σdetector / σsource 

≈ 70 % of TeV Galactic Sources are extended !
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ACT’s rely on angular resolution 
for excellent background rejection.

When the source size is large 
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