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The LHAASO concepts ﬁ%@?
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The LHAASO concepts @Q
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The LHAASO concepts

MW""""‘"" e G -

12 wide-
field-of-view ;
air Cherenkov -
telescopes

/8000 m
water Chel

’ detecte:
A : |

A 00 |

4,40d m—

|
1,171 underground

water Cherenkov tanks

UNIVERSITE
DE GENEVE

FACULTE DES SCIENCES

LIAASO
L% F FEHN 3

KM2A

KM-square Array

!
oy W™ —

. o

* 1.3 km?

e 1171 Muon tanks

5195 ED Units

e Energy range: 0.01-10 PeV

“-— -

ey
b

o

D. della Volpe | LHAASO status | NOW52022




The LHAASO concepts
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https://www.cta-observatory.org/science/cta-performance (prodd, v0.1)
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WCDA performance
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Performance of LHAASO-WCDA and observation of

the Crab Nebula as a standard candle
Chinese Physics C 45:085002 (2021)
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WCDA performance on Crab
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KM2A Performance
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Excellent CR background rejection
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Sky Map for UHE y-ray (0.1-1 PeV) @@
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Discovery of LHAASO J0341+5258
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New VHE and UHE source //xA
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https://doi.org/10.3847/2041-8213/ac2579

Discovery of pulsar halo PSR J0622+3749
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Crab Nebula in the PeV




Crab SED
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https://doi.org/10.1088/1674-1137/abd01b

Highest energy photons from Crab (1.1 PeV)
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Leptonic Nie, L et al ApJ 924:42, (2022)
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https://doi.org/10.3847/1538-4357/ac348d

Leptonic Nie, L et al ApJ 924:42, (2022)
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Superluminal LIV effects

L #F &AM 3}

- 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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Excellent CR background R
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Cumulative probability

ejection Power

LHAASO —|

N, /N. = 1/230

Bk R F F AN 3
E_ ENM/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.
5 Chance probability = 0.03% !
:IE_ | E | | | | | | | | | I | | | | I | | | | I | | |

3 T -2 —1 0 1
log (N u/ N, e)

« 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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Source L E x ER"
(kpc) (PeV) (PeV) ~
——  BBRF FEALN
J0534+2202 2.0 0.88 0.75% 683
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LHAASO coll. 2022 (PRI 128:051102
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= At
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1 order of magnitude improvement on current limits
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Absolute energy scale propagates from WCDA to

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.

Data Set of WCDA-1+WFCTA: 10 -
» Telescope FoV: 22°<Zenith angles <38° < 1oL
- Nnite>200 (Energy Proxy for WCDA) 2 025
S 10
» 20k<Npe<60k Energy Proxy for WFCTA) :
. . 10
« shower cores fall inside WCDA-1:
— — — — G b b Lo L L b b L1
WCDA big PMTS, size:NPE, color-time(ns) NPEs of WCDA big PMTs 4Iog '1'5 > 5 6 63
HRREREE R " w
L e IR I I I I I I T I I 60
9S8 0R PP RIES e s eePe s
405 ce00e00000000000000000000000s 40
R g R e R 10°
_pnunantasuusiainnag)
S opsitisssessisessesesssaisitel S of »
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e BTG \S0 status | NOW 2022
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Iogm(E(GeV))

Absolute energy scale of WFCTA

%%&?@%%m%

- And then the absolute energy scale obtained by WCDA is

! " fé) __ § —a— EnergyScale by All Events
propagated to WFCTA by using the common trigger events. g 10001 s e
_ ] S - E —e—— EnergyScale by InnerCore Events
» The energy reconstructed by WFCTA is 21.9 +0.1 TeV: o 1000F ;
Q - ' E Ewrcra Of InnerCore events
« 23.4+0.1+1.3 TeV by the formula of the absolute energy scale. § 1400
B NIRRT L Ewcpa Of InnerCore events
* The two energies are consistent with each other within uncertainties. 1200(— :
- It is the first time that the Cherenkov telescopes have the absolute 1000f-
energy scale. 800
600
x107° B
5.4 400~
- WCDA Calibration result (8 months, N
5.2 200
- one pool): - i
5 0 eyt S BT
- v21.0 +6.5 TeV for all events 0g 5-(5E (Gev)§5
48 v16.2 +6.2 TeV for shower core e
+ faLImg |nS|de.WCIIDA. | LHAASO Collaboration,
y v The uncertainty largely Phys. Rev. D 104, 062007 (2021)
dominated by the low statistics.
4.2 After 4 years, the uncertainty
will be < 10%.
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H and H+He spectra expectation by LHAASO

% i 4 F 5 AN 35

ARGO-YBJ +a Cherenkov prototype by six telescopes of LHAASO (zenith 60:
The knee of H&He spectrum at : .
, P during period of 2020.11 ~ 2021.04
(700+£230) TeV is measured
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Iron knee expectation by LHAASO

- Iron knee energy spectra observation: :ZZ /
» 18 telescopes point to zenith 45, cover azimuth 0-360 3

—2.8

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

09¢€/0

2.0
2.4
« H and H+He can also be measured in this mode. 2.2
2

1.8

6 years expectation
CT) R ’ ; ¢ é % / g _ B OpenDoorTime
NE 103 — i * + % 1400__ ......... - ObsTime [l
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C O n C I U S i O n LHAASO/--‘X
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» The results published so far can be considered as the tip of the iceberg,
being achieved with a partial array,

Chinese Physics C

. - _ 2020
High Energy and Nuclear Physics 10° 2021 2022
80 5 1/2-KM2A : 3/4-KM2A  |[Full-KM2A
Cover Story j :
i 70 5 :
i 2021) 60 -
LHAASOQO Science Book (2021 w H
- -
) i
1: LHAASO Instruments & 90 Ha
2: Galactic y-ray sources Tr.'j E
3: Extragalactic y-ray sources 2 40 Z'._
4. Cosmic-rays Physics '_5, :
5: Dark Matter & New Physics < 30 N
6: Multimessenger Physics :
7: Solar & Heliosphere Physics 20 Z_'_
10 B

0
2020/01/01 2020/04/01 2020/07/01 2020/10/01 2020/12/31 2021/04/01 2021/07/02 2021/10/01 2021/12/31

* |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
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http://cpc.ihep.ac.cn/fileZGWLC/cms/news/info/LHAASO.pdf
https://iopscience.iop.org/article/10.1088/1674-1137/ac3fa6
https://iopscience.iop.org/article/10.1088/1674-1137/ac3fa8
https://iopscience.iop.org/article/10.1088/1674-1137/ac3fa9
https://iopscience.iop.org/article/10.1088/1674-1137/ac3faa
https://iopscience.iop.org/article/10.1088/1674-1137/ac3fab
https://iopscience.iop.org/article/10.1088/1674-1137/ac3fac
https://iopscience.iop.org/article/10.1088/1674-1137/ac3fae




