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Important milestones
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1785 Coulomb: Spontaneous discharge
1835 Faraday: Confirms discharge

1879 Crookes: Discharge rate reduced with
pressure

1896 Bequerel, Curie’s: Radioactivity
1900-1910: A decade of intensive research
1910 Wulf: Climbes the Eiffel tower

1910-11 Pacini: lonization under water

Chamber 1

lon pairs/(cm?3s)
lon pairs/(cm3s)

Chamber 2

1912 Hess: lonization at high altitudes with
balloon

1914-18: World War |

1920s Compton, Millikan: Cosmic rays Hess 1912

1926: General agreement on cosmic rays Kolhorster1913-14

2 4 6 8

1936: Nobel Prize to Anderson and Hess * Atitude (km) Altitude (km)
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Nuclear abundance: cosmic rays compared to solar system
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Nuclear charge




fluorescent detectors
surface detectors
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Air shower measurements
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http://en.wikipedia.org/wiki/File:ATIC_launch.jpg
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LHAASO: Large High Altitude Air Shower Observatory
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) , 2009
2017

15 m spacing

1171 MDs
30 m spacing

5195 EDs

1 m?
3000 WCDs
12 WFCTs
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ED: Electromagnetic Particle Detector (ED)

Steel Case
Lead (0.5 cm)

SC Tiles (1 cm)

Steel Case

» Uniformity for 5195 units: < 10%

dynamic range 1-10% particles

time resolution <2ns

particle counting 25% @ 1 particle
resolution 5% @ 10* particles

aging (<20%) >10 years



MD: Muon Detector

S0l
/

~_iron plate

[fra-pure water

oncrete tank

reflection coefficient >95%
dynamic range 1-10% particles
time resolution <10 ns

particle counting 25% @ 1 particle | HIM“&?‘ .
resolution 5% @ 10* particles L ——

0 200 400 600 800 1000 1200 1400 1600 1800 2000

aging (<20%) >10 years .

Amplitude /mv
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Water Cherenkov Detector Array

300 m, 60 cells
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WFCTA: Wide FoV Cherenkov Telescope Array

* 5m? spherical mirror
« FOV: 16°X 16°
« 32X32 SIPMs array
* Pixel size 0.5°X0.5°

Portable design

SiPM board Meta\frame

(15mm X 15mm/pixel)
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Over 7,000 detector units ' - eSS 05° Angular resolution for shower
Spread around 1km? area —— 4 _ 3 reconstruct from timing of hits TOF
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LHAASO detector timing
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I Measured histogram |
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LHAASO: Large High Altitude Air Shower Observatory

HHb1.36 E AR (2000F) , BRAZ#HE~12{Z7T
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KEFROER IR

Mt. Haizi (4410 m a.s.l., 29°21° 27.6” N, 100°08°19.6” E), Sichuan, China

g e N =5\ 8,0
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HE: near Xmax
- better oy

Shower Size

=
100 GeV 1TeV 10 Tev 100 TeV

Lower Ey ™

‘ 3 | 10 20
4400 mas.l
: . — Atmospheric Depth (r.l.)

Sea Level



CATCHING RAYS

China's new observatory will ~0 6 00—
intercept ultra-high-energy y-ray '

particles and cosmic rays.

Sa
BN SN

12 wide-field-of-view
air Cherenkov '

telescopes 80,000-m2 su r"fa_ce—

5,195 scintillator / ~water Cherenkov 1,171 underground
detectors E detector - water Cherenkov tanks
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O“egrato of. he LHAASOQO detectors

daily duty cycle (%) [99.6% overall]

Time{hour)

DAQ time: 8637 hr (98.6% duty cycle)
Calibration and Maintenance time: 315 hr

o
<

Number of EDs

» #of events: 1 trillion LE. 70 billion HE. 70 million hybrid
* Amount: 11 PB

Number of PMTs

n w W
©O o o
(5 o a
o o o

# of Channels in DAQ: 3100 ( out of 3120) |

« #of events: 1 billion LE« 0.7 billion HE. 150 million hybrid
* Amount: 4PB

n
o
o
(=]

200 250 300 350
Days (2022/01/01 - 2022/12/31)



LHAASO: opening the UHE vy sky

PeVatrons, Nature 594:33-36 (2021) Crab Nebula, Science, 373, 425 (2021)

S
$- : .
® COMPTEL
E 5 . LHAASO 10534+2202 ) .
©
° o -
Discovery of the UHE y Source LHAASO J2108+5157 LHARSO 12226+6057 §'_ ‘-‘2 10
[3
The Astrophysical Journal Letters, 919:L22 (9pp), 2021 O ;“
Eoc > 100 TeV,5=8.50 LHAASO J2018+5157 * x 107
\ 3 186 185 184 183 3
;'\ 9 Galactic longitude (deg) u 1072
= N\ ';.P--A;«S()JJU’,);/’.EOJ
% LHAASO J2018+3651 ® )\
g L '
E.: * LHAASO J1956+2845 108 10" 102 10" 10"
Energy (eV)
503196 3185 317.3 316.1 314.9 LHAASO J1929+1745 ®
R.A. (deg)
LHAASO J1908+0621
LHAASO J1849-0003 ®
« LHAASO J1843-0338
LHAASO J1839-0545 »
LHAASO J1825-1326
g SERRBTRREL
975 97.0 965 96.0 955 90 945 940 935 . :)» T
R.A.[deg] A 5 %
Extended y Emission Surrounding PSR J0622 + 3749 Observed by LHAASO-KM2A : Discovery of LHAASO J0341+5258, with Emission up to 200 TeV

Phys. Rev. Lett. 126, 241103 (2021) The Astrophysical Journal Letters, 917:L4 (7pp), 2021



“Einstein's relativity theory passes strict test
based on LHAASO observation”—physics.org

Fermi-LAT HEGRA Tibet HAWC LHAASO




Constraints on heavy decaying dark matter

[— Dark Matter Halo

e

Galactic Bulge 4
Galactic Disk

w— KM2A (this Letter)
KM2A (prompt only)
3 IceCube fit
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UHE diffuse y emission of the GP with KM2A

detected with 29 70 and 12./0...... The energy ‘ e
spectrum...... from the curved o b e e
spectrum as expecied...... flux is én'_‘ ool
. . . - %:\\¢
_ than the prediction. ...... |mply that 2N
either exist or

cosmic ray intensities have

T a1 T h 1 T ——

LHAASO-KM2A (outer) ~—e
power-law fit ———
125°<1<235°, -5°<b<5°

Galactic Latitude [deq]
bhbbloivwsa

60 70 80
Galactic Longitude [deq]

E>Flux (TeVl'5 em?Z s s

g .
2 3
2 2
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170 180 190
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VHE-UHE y-ray astronomy: 15t LHAASO Catalog

* 90 In total: 32 new sources, 43 UHE
82 with |b|<12°, 8 with [b[>12°

LAT (10-500 GeV) Excess Map WCDA (1-25 TeV) Excess Map

Counts/pixel
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KM2A (25-100 TeV) Excess Map

Counts/pixel
Count;/pixel




 Every time a GRB goes off, a black hole is born

 Excellent laboratories of the universe's most extreme processes

Long gamma-ray burst
(>2 seconds’ duration)
A red-giant

star collapses
onto its core....

...becoming so
, dense that it
expels its outer

Gamma rays

Short gamma-ray burst
(<2 seconds’ duration)

.
Stars* in _\
a compact

binary system »
begin to spiral
inward....
9-
) \.
...eventually
colliding.

The resulting torus
has at its center

a powerful
black hole.

*Possibly neutron stars.

Bursting Out

Merger scenarlo

Neutron stars

Hypernova scenario

Formation of a gamma-ray burst could begin
elther with the merger of two neutron stars or
with the collapse of a massive star. Both these
events create a black hole with a disk of material
around It. The hole-disk system, In turn, pumps
out a jet of material at close to the speed of light.

Shock waves within this material give off radiation.

X-rays,

visible

light,
Jet collides with radio
ambient medium waves

(external shock wave)

Image from Neil Gehrels, Luigi Piro, and Peter J. T. Leonard 2007, Scientific American sp 17, 34

(CREDIT: JUAN VELASCO)




* a dust-filled galaxy in the constellation Sagitta Rkl Ty Taae

£400 ° GRBlQOBZQAE
- - - 4 [
« ~2.4 billion light years from Earth ;
o l er 1000 r' § _ | GR5221009A§ T:
P d 1
£l . . '; R ; : . : . g ¢ ' N o : . . s, ‘_ . e 4 .' . fog(fluence‘/lerg cm’z)2 E
. - S 3 <
- .,. g
g : &
. ., ® N . . - Y GRB 221009A
- SO N 2 5 _ ‘ 49 ° GRB 130427A -
: : o 1 . eai S S AR ¢ GRB 190829
.. : " S ’ .- 5 '. " 2. St ! 3 3 0
: . onte s~ RBIDIDOTAN 7 B8 e NESShIR
- . .. : *e : .. o : & v .
> . : 4ok o . .
.. O |

A view of GRB221009A from the Gemini South telescope in Chile. (Image credit: Gemini
Observatory/NOIRLab/NSF/AURA/B. O'Connor (UMD/GWU) & J. Rastinejad & W. Fong (Northwestern University)) Credit: NASA's Goddard Space Flight Center


https://doi.org/10.1126/sciadv.adi1405

GRB221009A-1, DO/:10.1126/science.adg9328 (2023)

N
(o)}

Dec. [ degree ]

nNo
N

log-log plot

" Energy

GRB221009A

86 88
R.A.[ degree ]




GRB physics on LHAASO BOAT

» Test of LIV: the fundamental symmetry of Einstein’s relativity

e~
0 '

- ——d:
2 E&Gﬂ H(Z)

» Extragalactic background light (EBL)

» Axion-like particles (ALPS)
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