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LHAASQO: from y-Ray Astronomy to Cosmic

Rays

LHAASO (Large High Altitude Air Shower Observatory) is an experiment able 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

107 eV 1018 gV

_— - _—_——

LHAASO AUGER/TA

“ Gamma-Ray Astronomy (101" — 105 €V): full sky continuous monitoring

e Complementary with CTA below 20 TeV, with better sensitivity at higher energies and for flaring

emission (GRBs), unbiased all-sky survey, extended and diffuse emission.
e Searching for PeVatrons (— neutrino sources)

GeV 30 GeV CTA 100 TeV

PeV

-

500 GeV LHAASO

G. Di Sciascio July 27, 2020



The LHAASO experiment

LHAASO will exploit

1. Traditional scheme and detectors: dense scintillator array overimposed
to an array of underground water tanks for muon detection. Water
Cherenkov ponds, Cherenkov/Fluorescence Telescopes

2. Large implementation: 1.3 km? array, about 40,000 m2 muon detector
sensitive area, about 80,000 m2 water Cherenkov detector facility

3. Modern and sophisticated technology: SIPM, White Rabbit, ...
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LHAASO layout

® 1.3 km? array, including 57195 scintillator detectors 1 m2 each, with 15 m spacing.

~ 42,000 m?).
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for muon detection (total sens

® An overlapping 7 km=? array of 1171, underground water Cherenkov tanks 36 m2 each, with 30 m
spacing,

® A close-packed, surface water Cherenkov detector facility with a total area of 80,000 m=.

e 12 wide field-of-view air Cherenkov (and fluorescence) telescopes.

® Neutron detectors
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L HAASO vs other EAS arrays

Experiment g/cm? Detector AE e.m. Sensitive Area | Instrumented Area Coverage
(V) (w?) (w2)
ARGO-YBJ 606 RPC /hybrid 3-101 — 1016 6700 11,000 0.93
(central carpet)
BASJE-MAS 550 scint. /muon 6-10" —3.5-10% 10
TIBET AS~y 606 scint. /burst det. 5-101% — 10'7 380 3.7x 10" 1072
CASA-MIA 860 scint. /muon 10" —3.5-10'° 1.6x10° 2.3x10° 7x107?
KASCADE 1020 scint. /mu/had 2 —90-10% 5x 107 4x10% 1.2x1072
KASCADE-Grande | 1020 scint. /mu/had 101 — 1018 370 5x10° 7x10*
Tunka 900 open Cher. det. 3-10% — 3. 108 - 10° -
IceTop 680 ice Cher. det. 1016 — 1018 4.2%10? 109 4x1074
[ LHAASO | 600 Water C 102 =107 5.2x10° 1.3x10° 41x1073
scintill/muon/hadron
Wide FoV Cher. Tel.

Muon detectors

Experiment m asl 1t Sensitive Area Instrumented Area Coverage
(m?) (m?)

LHAASO (#) | 4410 4.2x10* 10° 4.4x1072
TIBET AS~ 4300 4.5%10° 3.7x10% 1.2x1071
KASCADE 110 6x 10° 4% 104 1.5x1072
CASA-MIA 1450 2.5%x10° 2.3%x10° 1.1x1072

(+) Total Muon detector area: 4.2 x 104 m2 + 8 x 104 m2 (WCDA) = 105 m?2 Il
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Caveat

1. The informations contained in this talk refer to official and published calculations
that the LHAASO collaboration used to evaluate the well-known sensitivity curve.

2. New calculations are under way with the actual experimental configuration and new
reconstruction algorithms. /mportant improvements will be published soon.

3. In this talk I will focus on the performance in gamma-ray astronomy, therefore I will
introduce the performance of WCDA and KM2A apparata.
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Sensitivity to a y-ray point source

00 = angular resolution
Sensitivity in 1 year (I)bkg = background integral flux

(I)y = photon integral flux

Sec LR\ [aT L0
v/ Poig /1" og o | Ao

\ A%

_ fraction of surviving photons
J/fraction of surviving hadrons

Minimum Detectable Gamma-Ray Flux (1 year):

1
bkg.R.\/A’Y . é
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WCDA performance - 1

AdAAA w vaw
e vvvvwvv

II*IIIIIIIIIIIIIIIIIIIIIIIIIIII

o 6
g 10°E [ oo<ectse
‘;‘ — 15°<0<30°
O g [ | & 30°<6<45°
< = | v 45°<6<60°
q>) [
= B o
© 10°E o
e -
L] - Ky
103 =— ++' AM‘
= "
— | ++ |
L
102 ]
it
I
_ﬂ | I | |v‘|i|'m'|
1 1.5 2
C\ll_l 106
= o 0°<0<15°
';' 15°<0<30°
O o 2 30°<0<45°
< v 45°<0<60°
(M)
2 o
..6 104 .o'.
2 o
i Rl
103 ‘o AA
o [} T
ff
102 * + w
h
L1 11 I 1 Ilﬂ
1 1.5 2

G. Di Sciascio

3.5 4 4.5 5

log(E/GeV)

July 27, 2020

Angular Resolution (6,,) [ °1]

N
)

N

~10 m?2at 1 PeV

X. Bai et al., arXiv:1905.02773

Npiz >20

1.5 .
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w:m"'"'"w The angular resolution is = 0.3° above 10 TeV
p The core resolution = 4 m above 1000 hits
Effective Area (vertical events):
~ 104 m? at 100 GeV
i+ >10
Wi ~105 m2at 1 TeV



WCDA performance - 2

X. Bai et al., arXiv:1905.02773 —

| WCDA 150150 m? | Proton, E=2TeV | nPMT =212 | e Nuclei
---- Optimized Compactness

[ weDA 150150 m? | Gamma, E =1 TeV | nPMT = 142 |

Gamma = = = : i
col®  Ta = : E N » PF‘OTOH % :”. E = 500 GeV i:e%.‘gsz’s?/o, e:’f%.ms%
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QQ faf:tor. 3at500 GeV, 7 at1 TeV, 22 at 5 TeV. Compactness = nPMT/cxPE
? B Hadronic showers are identified through the pattern of energy
deposition in the detector
10—
- Brightest “sub-core”:
¥ e Signal of the brightest PMT outside the shower core region (e.g., 40 m).
I Shower “Compactness” to reject cosmic ray background:
C = Nhit/PE40, where Nhit is the number of PMTs fired in
T e T an event and PE4( is the total number of photo-electrons

E = Eeaian [ TEV] in the PMT with the largest signal that is located outside a

radius of 40 m from the reconstructed shower core.
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WCDA - Energy resolution

The energy resolution is given by the folding of

Shower fluctuations O

Fluctuations in the depth of
the first interaction point

1st Interaction

«—

1

1 TeV gamma-ray shower
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400(F- Distribution of height of
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501

Ground level

Shower fluctuations dominate
energy resolution of EAS arrays.

IACT: 8% - 15% at 1 TeV
IACT: 15% - 35% at 50 TeV
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Sampling fluctuations

Fluctuations in the measured
number of secondary particles
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KM2A performance - 1

S. Cui et al. /Astroparticle Physics 54 (2014) 86-92

'Standard Reconstruction’: shower core position, size and age are reconstructed with a iterative fit by using a NKG
function. Arrival direction reconstructed with a conical correction and an iterative procedure. The number of muons in
the MDs is selected in a time window 30 ns around the trigger time measured in the EDs. Internal events with the

reconstructed shower core position within 560 m from the center of the array are considered.
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For gamma rays the effective area is 0.8 km? ar 30 TeV - o
The core position resolution is 7 m at 30 GeV and 2 m at [ PeV
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KM2A performance - 2

angular resolution(deg)

0
3.5 4 4.5 5 5.5 6 6.5
log10(E) GeV

The energy resolution is 28% at 30 TeV and /5% at I PeV

The angular resolution is 0.4° at 30 TeV and 0.2° at 1 PeV

what is the angular resolution limits of an array?
-» Hofmann talk
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KM2A performance - 3

S. Cui et al./Astroparticle Physics 54 (2014) 86-92
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Muon-poor tec

Events
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0.1

0.04

0.02

Gamma-ray
E=194 TeV

E>30TeV

l |
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Number of muons

Proton
E=129 TeV

S.Z. Chen, WASDHA 2018
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LHAASO(nED=5261,nMD=1146) Event No.9 E=194.46(TeV)
ED: 6=29.1(deg), N_ =340, N =133, N =220
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LHAASO integral sensitivity for Crab-like sources

kil =
rvz : Background free
S T 5 ¢ detection N, =0
EKT“E—
ol N, /N%>5 Detection requirement:
2 | N, >10
L™ The sensitivity
T increases with T % The sensitivity
Sl increases with T
10’135—
- MC show that at 10 (30) TeV the fraction
10 of CRs surviving the discrimination is
: only 0.01 % (0.004 %).
10-15_ sl o vl g el ool At larger energy (E = 700 TeV) the rate of
107 10" 1 10 10? 10° CRs left after the rejection procedure

Energy (TeV) is less than one event per year (a surving
fraction smaller than 10-5).

v

The observations of gamma rays can
therefore be considered as background
free in exposures of one year or less.

1 KM2A (EDs + MDs)
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WCDA as a muon detector

S. Cui et al. /Astroparticle Physics 54 (2014) 86-92

L= Extrapolation of TeV spectra assuming no cutoff
- —| KM2A ;:10'10 £
< <b :
10-11 E_ ql B
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o i S PP
e N ~ 10
-12 |
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Expected impr0vementby I/lSll’lg 1078 Lol Lol L1 1 ST
muons detected by WCDA 10" 1 10 10Energy (Te\7)03
Final calculations with the final X. Bai et al., arXiv:1905.02773

layout underway
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6 Shell SuperNova Remnants

A10-10
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Opening the PeV range

"I.__I | HAASO (1 year, 5 s.d.)
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L HAASO sensitivity at 100 TeV

~0.5° (646 TeV)

Experiment Angular resolution p detector EAS array p detector | Background hadron
sensitive area (m?) | instrumented area (m?) coverage surviving efficiency
LHAASO-KM2A 0.3° (100 TeV) 42,000 1.3x106 4.4x1072 | ~107° (>100 TeV)
0.2° (1 PeV)
CASA-MIA 2° (100 TeV) 2500 230,000 1.1x102

10=2 (178 TeV)
2x107% (646 TeV)

At 100 TeV, the angular resolution of the LHAASO-KMZ2A array for gamma rays is = 7 times
better than that of CASA-MIA, and the area is = 4 times larger.

The efficiency in background rejection is about 2x103 times better in LHAASO, due to the
larger muon detector area. According to

Fmin X

o)

Qx\VAXT

The LHAASO sensitivity is = 500 times better than that of CASA-MIA at 100 TeV.
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Extended Source Sensitivity

~ 70 % of TeV Galactic Sources are extended !

The minimum integral flux (in Crab units) detectable by
LHAASO and CTA-South as a function of the source

angular diameter, for two different photon energies.

Opsr
Sext = Spoint Ty dimension of the

Qext -T—>
extended source

Detectors with a ‘poor’ angular resolution are
favoured in the extended source studies.

® When the source size is large compared to PSF,
sensitivity 1s reduced by a factor of

~ Odetector / Osource

® When the source size is large compared to the FOV,
sensitivity is reduced by a factor of

~ Odetector / Osource

G. Di Sciascio July 27, 2020
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Expected Galactic diffuse y-ray flux

= 10" o
= = Diffuse gammaray flux |b|] <5
w F EyNECR/IO FERMI | = 25° - 100°
g 107E " ARGO-YBJ |=25°-100° |
; - s i 40 - 100° Grey band: expected y-ray flux in
2 - 1agre B the region |lat|<5°, long=25°-100°
108 ¢ CASA-MIA |=50°-200°
L =
X =
w
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by S. Vernetto & P, Lipari: ICRC 2017

= Dmitri Semikoz talk
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. HAASQO field of view

+180°

® (QGalectic sourcas
® Exiranzl. snuces
¢ Unoentified

Celestial equator

= Horizon (0 « 30 deg)

— Celesiiel equaior

Hotizon [k < 40 deq)

Observation time (hours) per day as a function of
the source declination, for 3 values of the
maximum zenith angle.

The area under the curves is proportional to the
total exposure (observation time x solid angle).
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Galactic Plane in the LHAASO field of view

Zenith angle < 40° Visible Galactic Plane: | = 20° — 225°

- 7
" VERITAS

/

HESS survey: | = 250°- 60° |b| < 3.5°

TeV f TeVCat
eV sources from fevi-a VERITAS survey: |=67-82° -1°<b<4
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Conclusions

Open problems in galactic cosmic ray physics push the construction of new generation wide FoV
detectors in the 1011 - 1018 eV energy range.

LHAASO is the most ambitious experiment with 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 1077 - 1078 eV/, from those
observable in space and approaching those investigated by AUGER/TA, 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.

In the next decade CTA-North and LHAASO are expected to be the most sensitive instruments to
study y-ray astronomy in the Northern hemisphere from 20 GeV up to PeV.

LHAASO is expected to open the PeV window to observations!
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Point source sensitivity
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