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The LHAASO concepts
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Wide FOV y-ray Astronomy
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WCDA performance on Crab
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Resolution (%)

KM2A Performance

Observation of the Crab Nebula with LHAASO-KM2A — a performance study
F. Aharonian et al 2021 Chinese Phys. C 45 025002
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Excellent CR background rejection
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None of the three brightest PeVatrons (>1 CU@100 TeV) show an evident of cut-off in SED
¢ Updates using newer data show continuous extension to higher energies

LHAASO, Nature, 594, p.33-36, 2021
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Discovery of LHAASO J0341+5258
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Discovery of LHAASO J2108+51 57
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but Giant MC nearby suggest hadronic origin
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Highest energy photons from Crab (1.1 PeV)

ILLHAASO -

UNIVERS
DE GENEVE

FACULTE DES STIENCES

A

= §

e

log N orlog

KM2A
a quarter array

WCDA

one pond

“m m Oy ‘mw’'m mO
.;IIII _ m

0O O O {

..:!! =
, £

F ~ \J/ \

e / C O
w° u° om .©

<
N
=3

|

1

|

50 100

150 m

FoV of WFCTA
Telescope 10

S :
ke RN ) !

I I & S :. /

: :,. o -_-" = -4’- - - 26

I I I

| ! I

] ] ]
40 30 20

Zenith (deg)

B Telescope 10
= Scintillator Counter

O Muon Detector

23

E
E. =215 —L

L

D. della Volpe | LHAASO status | CRIS 2022

&b & F F A0 8

Science 23 Jul 2021:
Vol. 373, Issue 6553, pp. 425-430
DOI: 10.1126/science.abg5137

0.77

P
PeV ev

~ 2.3 PeV




Leptonic

[
o
|

~J

[T
o
|
(0]
|

[T
o
|
(o]
|

|

<
(-
o
|

1011 4

E2dN/dE [ergs~tcm™2]

-

9
[
N
|

[

2
=
w
|

Radio-UV

COMPLET

10—14-

10—13 10L10

107

10~4 1071

Energy [MeV]

W -
4 -
3 0
-4 -

UNIVERSITE
DE GENEVE

FACULTE DES SCIENCES

Nie, L et al ApJ 924:42, (2022)

4
v \

LHAASO -
b 4 F & A0 8y

10‘75
] - Total
: ---- Syn
P
10 8_ . ——— CMB
{ COMPLET ——- FIR
S T NlR
— 1077 - SSC
|
& Fermi-LAT
o
- 10710 -
wv
o
9 iy e
E 10_11'5
;% ,,/’ | HAASO-KM2A
Wy -
-12 _ s 7/
10 //, ./.
R 7
P /
/ 7/
10713 e
/ 7
/// R4
/ R4
4 N4
10_14 i I'./ T T T — T
1073 1071 101 103 10° 107 102

_ 0.0034
n = 0.2657 03

Bpyy = 129.42735. uG

Ecyt = 154727 GeV

24

Energy [MeV]

D. della Volpe | LHAASO status | CRIS 2022



https://doi.org/10.3847/1538-4357/ac348d

Leptonic

Nie, L et al ApJ 924:42, (2022)

10° E

|

<
(-
o
|

1011 4

E2dN/dE [ergs~tcm™2]

-

9
[
N
|

[

2
=
w
|

10—14 -

Radio-UV

Acceleration in Pulsar
magnetosphere

——TMB
FIR

COMPLET -

10—13 10I—10

107

10~4 1071

Energy [MeV]

UNIVERSITE
DE GENEVE

FACULTE DES SCIENCES

1077
— Total
v ---- Syn
ey ---- CMB
L COMPLET —— FIR
........ NlR
L
— : SSC
; Jap = 1.5330002 \ "
g _ : Fermi-LAT
710710 -
wv
o
2 -
_E 10—11_§
= :
~
W 10—12 -
10—13 -
10_14 | f . T T T — T
1073 101 101 103 10° 10’ 10°

Energy [MeV]

_ 0.0034
n = 0.2657 03

Bpyy = 129.42735. uG

ECllt — 154+5.9

e GeV

D. della Volpe | LHAASO status | CRIS 2022

24

A

LHAASO |
5k & F FE AN b



https://doi.org/10.3847/1538-4357/ac348d

Leptonic

Nie, L et al ApJ 924:42, (2022)

Acceleration in Pulsar

10~ 1077 5
magnetosphere 1\. a, = 2.5101090! :r— )
108 - S v, : | Acceleration in
. vy .
COMPLET —— FIR T COMBLET
........ NIR -
107 5 SSC - “, SSC
r'|\|_| fTT' Ta, = 1 533+O.0056 ‘e,
5 Fermi-LAT : ] 1 ~0.0065
— —-10 . — —-10
" 10 - Radio-UV L HAASO-WCDA » 10 -
e o
2 ] 9, -
.E 10-11 3 E 1011 3
&% ] / | HAASO-KM2A ;% )
M 1012, 7 " 10712
] / / /,
] o7 /// /,/.
/7 4 .
_ y g p /7
/ / / :
107 5 /7 1013 - S
] /7 ya 7
/ . 7 /7
i ,// /‘/ //’ ./.
10_14 T T T £ |I T T =T 10_14 i |'./ _ T T T — T
10713 10710 10~ 104 1071 102 10° 108 101! 1073 1071 101 103 10° 107 102
Energy [MeV] Energy [MeV]

UNIVERSITE
DE GENEVE

FACULTE DES SCIENCES

A

LHAASO |
5k & F FE AN b

termination Shock

24

n = O.265+0‘0034

—0.0032

Bpyy = 129.42735. uG

ECllt — 154+5.9

e GeV

D. della Volpe | LHAASO status | CRIS 2022



https://doi.org/10.3847/1538-4357/ac348d

Leptonic+Hadronic?

E2dN/dE [ergs~tcm™2]
= =
= © o o o
5 5 & o J,

-

9
[
N
|

[

2
=
w
|

Radio-UV

COMPLET

10—14 -
10—13

10I—10

107

10~4 1071

Energy [MeV]

W -
4 -
3 0
-4 -

UNIVERSITE
DE GENEVE

FACULTE DES SCIENCES

Nie, L et al ApJ 924:42, (2022)

10~
—  Total
] ---- Syn
P
10 8-§ \ ---- CMB
i COMPLET — = FIR
P N NlR
— 1077 - SSC
|
- Fermi-LAT
o
~ 10710 5
wv
o
K
_E 10—11 i
;% ,,/ | HAASO-KM2A
Ly -
-12 _ s 7/
10 //’ ./.
R 7
P /
/ 7/
10713 e
/ 7
/// R4
/ R4
7 ./
10_14 i I‘./ - T T T — T
1073 1071 101 103 10° 107 102

Energy [MeV]

D. della Volpe | LHAASO status | CRIS 2022

25

LHAASO -
&b 2 F FE AN 5}



https://doi.org/10.3847/1538-4357/ac348d

Leptonic+Hadronic?

E2dN/dE [ergs—tcm—2]

UNIVERSITE
DE GENEVE

FACULTE DES SCIENCES

1077 5
; — Total
- --== 5Syn
1078 - | ---- CMB
' N — FIR
e [ 7 e NlR
10 E SSC
-10 _ / .
10 Radio-UV ke LHAASO-WCDA
10—11;
] ‘.;\ \ HAASO-KM24
- - /! .\_\\
10 12 __ p \
J \
] J 7/
/7
10—13 -E / /
i / /
/o
I /or
10_1‘4 T T T - |’ T T
10713 10710 10~/ 10~* 1071 10° 108
Energy [MeV]
4 - "
Iy bt
SRR, UIFLONE — 17 ik T
1
-4 -
| | | | |

Nie, L et al ApJ 924:42, (2022)

Energy [MeV]

D. della Volpe | LHAASO status | CRIS 2022
25

107 -
] — Jetal Total
B~ ---- Sy Syn
1078 - ---- BramCMB
I COMPLET — +P- FIR
9 —— PP(pUN)
— 10773 ———- CMB SSC
I R
é 1 Fermi-LAT EIIIF:{
7 10710 2
wn .
(@)
k) .
'EC% ]_0—11_g
S :
> .
u 10712 -
10—13-;
1014 - .
1073 10°

LHAASO -
& b 2 F FE A0 8}



https://doi.org/10.3847/1538-4357/ac348d

Leptonic+Hadronic?

LHAASO =

Nie, L et al ApJ 924:42, (2022) RO

10—7 10_7 E
— Total ] — Total
—8 _8 [ Tt oovn
108 4 1077 3 ---- Brem
—— PP
g . ‘.h.."o ——- PP(pulsar)
— 1079 4 — 1077 - ---- CMB
| |
5 5
T 10—10_ -Tl 10—10_
wn (V)]
= o
9, 9 ]
% 10—11_ 'L'EIS ]_0—11_E
= = i
& & -
* 1012 * 1012
10-13 - 1013 -
1014 : . . . . 1014 . .
10713 10710 10~ 1074 1071 102 108 101! 1073 1071 101 103 107 10°

v -

UNIVERSITE
DE GENEVE

FACULTE DES SCIENCES

Energy [MeV]

Energy [MeV]

D. della Volpe | LHAASO status | CRIS 2022

25



https://doi.org/10.3847/1538-4357/ac348d

Leptonic+Hadronic?

: . LHAASO 201
Nie, L et al ApJ 924:42, (2022) N
10~/
—— Total (\’\\, —— Total
Q ---- Syn
1078 ’& ---- Brem
S& —— PP
9 QQO L —-—- PP(pulsar)
o — 10 N ---- CMB
| | \
€ &
@) o
7 T 10710
wn (V)]
= o
9, 9
= <
& &
Ly Ly 10-12
10—13
10_14 T T T T T 1 T 10_14 T T T = T — . T
10713 10710 10~ 1074 1071 102 10° 108 101! 1073 1071 101 103 10° 107 10°
Energy [MeV] Energy [MeV]

UNIVERSITE TEN
DE GENEVE D. della Volpe | LHAASO status | CRIS 2022

25



https://doi.org/10.3847/1538-4357/ac348d

= o 9 g <] dh
Leptonic+Hadronic Nie, L et al ApJ 924:42, (2022) LEIAASO _

&b & F FE A 3}
10_75 10~7
: —— Total (\\, — Total
Q ---- Syn
108 - 108 \Q O = 2.534‘013 --—- Brem
‘Q 2 —0.09
Q" . . —.—- PP(pulsar)

1077 - _ 107 \Q‘? %, ---- CMB
) D ) K —— FIR
E E Q \ R A
| @)
T 10710 - 710710
w0 n
o) o
2, 2,
= 1011 4 = 1011
= =
~ o
LLl 10_12‘ LL| 10—12

10713 5 10-13

10-14 T T T | | | T 10-14 T T T - | - — .

10713 10-10 10~ 104 10! 102 10° 108 101! 103 101 101 103 10° 10’ 10° “‘
Energy [MeV] Energy [MeV]
v - A TR

UNIVERSITE TEN
DE GENEVE D. della Volpe | LHAASO status | CRIS 2022

25



https://doi.org/10.3847/1538-4357/ac348d

= o 9 g <1 gy
Leptonic+Hadronic Nie, L et al ApJ 924:42, (2022) LEIAASO _

&b % F F 0 3}
1077 5 1077
: —— Total (\’\\, —— Total
g s v o1z
1078 5 10 RN Ay = 2_53_0'09 ---- Brem
axagsb ' — PP
_ B Q" . . ——- PP(pulsar)
rLT‘ 10 9 _ r'\l—' 10 9 & \\\\ “ — CMB
E E
T 107104 7 10710
()] n
o ok
9, 9,
.'-é 1011 4 .'E 1011
P P
o o
LLl 10_12 3 LL| 10—12
10-13 4 10-13
10-14 T T T | | | T 1014 T T T = | - — .
10713 10-10 10~ 104 10! 102 10° 108 101! 103 101 101 103 10° 10’ 10° “‘
Energy [MeV] Energy [MeV]
_ _ +0.02
e n=0.2597701s
"""" Aft"*" {.. B — 10?2 33+23.36 G
14 PWN = 1Y&29 683 H
‘ _ +71
| b | | Ecyt = 20447} GeV
UNIVERSITE
DE GENEVE D. della Volpe | LHAASO status | CRIS 2022

FACULTE DES SCIENCES

25


https://doi.org/10.3847/1538-4357/ac348d

Leptonic+Hadronic?

E2dN/dE [ergs~tcm™2]

— Total

v -

UNIVERSITE
DE GENEVE

FACULTE DES SCIENCES

10713 10-10 10-7 10~ 101 102
Energy [MeV]

108 101!

LHAASO -

Nie, L et al ApJ 924:42, (2022) RO

10~/
(\\’ — Total
& ---- 5Syn
S BN, 4 o, = 2537013 - Brem
U R 0
N — PP
\\‘Q\ o PP I r
1079 fae’ N\ . (pulsar)
o \Q % ---- CMB
N\ .
IE Qo \ """‘ —=- FIR
; o’ * NIR
— -10 i A
T 10 . NIR
n L ‘
9 5 .
9 a, = 1.491)1° g N
—U. . - R4 \\\}.
-Lg 10_11 ““ - /‘;/,/ \\\ \'\
E . /.,/ \\ \?\
Y /’.,, \ \‘\\
N ’ \\ \\\
10712 AR
10 ,,/ ‘.,.- .-2./ \\,\"\ \
/ . g . \ W
/// ya \\ \\\ \ o
// I\“ // \ A \ 0
10_13 ,// “ ./~ ..l‘ ./ \. \ i\
. \ 7 £ NSV
/// K / \\\. \- |
// “ ./ ‘?\ \‘
e / e
10_14 — | \ T . T ' '-  A — X
103 101 10! 103 10° 107 109 “‘ y
Energy [MeV] e

_ 0.02 I
n = 0.2591“0015 AN 5

. — =AE “exp | —
Bpyy = 102.3372330 uG 0 = “ptp P [T

—6.83
D. della Volpe | LHAASO status | CRIS 2022

Ecut = 204171 GeV

25


https://doi.org/10.3847/1538-4357/ac348d

Leptonic+Hadronic?

Nie, L et al ApJ 924:42, (2022)

Spectrum

E?dN/dE [ergs—'cm~?]
I S e N ~
o o o o o '5
) L L L L |
& w ~N v o O

_2 -
1074 104 10° 107
Energy [MeV]
UNIVERSITE
DE GENEVE

FACULTE DES SCIENCES

1010

1077
(\’\\» — Total
. & Ty
10-8 L\ a, = 253"‘8(1)8 ---- Brem
O Y —— PP
\
N —-—- PP(pulsar)
-9 N\ *
= 10 \& -, T CMB
,E Qo \ R ——- FIR
S | o %
5 o s o NIR
g le e SSC
l _ +0.13 ‘ R~
e on] T 1497013 RN
5 10 o \OA
3 e N
"lll )i “\ \_\\\
10-12 FRON
z . \° k Gt =
,,,/ I‘..- /’/ : \\\ \\ \ \\ ‘
g ‘\ ./‘ \' ‘ L
1013 ,// “‘ /0/ 5 N \
/// /‘/' y ya \\\‘ \\ \
, 1 ) L )
1014 e / \ ?\\\. ‘\
I T T | I . I *
1073 1071 10! 103 10° 107 10° % L/
Energy [MeV] S
_ +0.02 B ~
7 = 0259002 IN r
—a
_ +23.36 —=AFE CXP
_ P

Ecut

25

= 2041’1 GeV

=75

D. della Volpe | LHAASO status | CRIS 2022


https://doi.org/10.3847/1538-4357/ac348d

&
4 A

Nie, L et al ApJ 924:42, (2022) RO

Leptonic+Hadronic?

Spectrum 10-9 -
10-3 <+ Fermi-LAT 2012
. MAGIC2020
— 10-9 - + HESS 2006
: o 10-10 /m 4+ MAGIC 2008
N T : 4 Tibet ASy 2019
o 10~ - 3 % + LHAASO-KM2A
o 1q-12 c | % 4+ LHAASO-WCDA
2 S 1071 HAWC 2019
3 10-13 ) : FR-'S. 4 ARGO-YBJ 2013
w — -
10-14 = - <
g 1000 T
107 1 = 5
= .
NI T PL TN -
N R A
- T r 107
102 10* 106 108 1010
Energy [MeV]
1014 A—— N S— S— A— S
10 105 106 107 108 10° 1010

Energy [MeV]

Ecut = 20451 Gev

UNIVERSITE
DE GENEVE D. della Volpe | LHAASO status | CRIS 2022

FACULTE DES STIENCES



https://doi.org/10.3847/1538-4357/ac348d

»
- /\ \\, ~

% A5 15 AL 2

Lorentz Invariant Violation




- 53‘;/_-3\ [ o
Superluminal LIV effects A
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- LIV interaction in SM lagrangian alters standard  « Astrophysical sources are ideal targets to search
on-shell condition of a particle energy- for the LIV effects because

momentum relation in special relativity. . extremely high-energy processes + the long
distance to Earth

Modified dispersion relation = Accumulation of the tiny effect.

Superluminal - What can (is being) studied
E2 _ p2 i/‘ ol ‘pVH‘Z — m2 - energy-dependent time delay from pulsars
y/’ n\ / - y-ray bursts (GRBSs)
Subluminal n™ L1V order - flaring active galactic nuclei (AGN)
/ » the vacuum Cherenkov emission
E(n) = 0(_1/" LIV energy scale » the vacuum birefringence

LIV " .
- the decay or splitting of photons
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Highest ever recorded gamma from Cygnus region ’?\
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i N, /N, = 1/941

In total, 1044 events with E >1.4 PeV measured
by KM2A in 1°cone of the direction of the source
in Cygnus constellation.
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N, /N. = 1/230

Excellent CR background Rejection Power

« Simultaneous detection of number of measured muons and electron in a shower
» Cutting on ratio Nu/Ne<1/230

- BG-free Photon detection (Ny >10 Ncr) for showers E>100 TeV from the Crab
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LIV limits from LHAASO
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Dark Matter

Constraints at 95% CL and exclusion bands from Monte Carlo simulations
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A new measurement being publishing on PRL

Tension with the parameter regions
Constraints on decaying dark matter with 570 days LHAASQO observation o W P g

favored by IceCube neutrino data

Marco Chianese from INFN Napoli among corresponding authors
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Absolute energy scale propagates from WCDA to WFCTA /’@\

It is impossible for WFCTA to measure Moon shadow shifts directly buy..
The absolute energy scale obtained by WCDA-1 can be propagated to WFCTA by using common-triggered

events. :
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Absolute energy scale of WFCTA @
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- And then the absolute energy scale obtained by WCDA is
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+ 23.4+0.1+1.3 TeV by the formula of the absolute energy scale. § 1400
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* The two energies are consistent with each other within uncertainties. 1200 }
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dominated by the low statistics.
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H and H+He spectra expectation by LHAASO

ARGO-YBJ + a Cherenkov prototype

The knee of H&He spectrum at
(700+£230) TeV is measured
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by six telescopes of LHAASO (zenith 60-)

during period of 2020.11 ~ 2021.04
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Iron knee expectation by LHAASO

* |Iron knee energy spectra observation:

» 18 telescopes point to zenith 45, cover azimuth 0-360

- WFCTA + KM2A (full array is used)
* Energy range: several PeV - 200 PeV

 H and H+He can also be measured in this mode.
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» The results published so far can be considered as the tip of the iceberg,
being achieved with a partial array,
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* |In the coming years, we expect many breakthrough discoveries by
LHAASO that could dramatically change the current understanding of the
most energetic and extreme phenomena of the non-thermal Universe.

Stay Tuned ...... and join LHAASO
DE GENEVE D. della Volpe | LHAASO status | CRIS,2022


http://cpc.ihep.ac.cn/fileZGWLC/cms/news/info/LHAASO.pdf
https://iopscience.iop.org/article/10.1088/1674-1137/ac3fa6
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