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/2. Pewaemble 3a43a4m

 What are the origins of cosmic rays?
<—_Are the accelerators of hadrons different from electrons?

— How high in"energy camn galactic sources produce partlcles’>
e — What are the sources of the UHECRS?
- -CHow do astrophysical sources accelerate particles? >

— What is the role of the extreme gravitational an magnetic fields
surrounding black holes and neutron stars?

@e particles accelerated within relativistic@

— Is there limit of the nature acceierators? What are they?

~How do GRBs release so much energy in such a short time?>
— * How do CRs propagate inside/outside our galaxy?

What are origins of both “knees”? >
... » Fundamental physics & cosmology
— What is the EBL and how did it evolve?
— What is the dark matter?
<= What are the tightest constraints on Lorentz invariance?
— Are there primordial black holes?

« Geophysical researcT\D
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Fig. 9. Secatter plot of R as defined in equation (6)
vs. reconstructed energy using simulated gamma-
ray-induced (upper panel) and proton-induced
(lower panel) air showers, respectively. The color
represents the log probability density within each
Eyee bin. The solid lines indicate the gamma-
ray /background discrimination cuts used in this

work.

Ot60p y-nuBHen (no N )

e — B
Chinese Physics € Vol. 45, No. 2 (2021)

-
SN

: BepOFITHOCTb MMUTaunMnM NPOTOHHbLIM JIMUBHEM

< 10“npu E >500 TeV

o’

|

F

0=

ﬁ E- e

—_— 10 E
’ E |—I—|'_-_|

= —
‘ P Gamma-ray
2 3 T

C il
24 - —— Background -
- —El 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1

107§ 15 7 75 3
log(E_ ) (TeV)

Fig. 10. The survival fraction of gamma-ray (ac-
cording to simulation) and cosmic ray background
events (according to observational data) in differ-
ent energy bins after the discrimination cuts.
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Cao, Z., Aharonian,FA., An; Q. et aI UItrahl -energy photons upto 14 petaelectronvolts

, from12 y ray Galactic sources. Nature 594, 33—-36 (2021) .

Table 1| UHE y-ray sources

Source name RA(®) dec. (%) Significance above 100 TeV (xo) E .. (PeV) Flux at 100 TeV (CU)
LHAASO JOB34+2202 83.55 2205 178 0.88+0M 1.00(0.14)
¥ LHAASO J1825-1326 276.45 -13.45 16.4 0.42+016 3.57(0.52)
LHAASO J1839-0545 279.95 -5.75 17 0.21+0.05 0.70(018)
LHAASO J1843-0338 280.75 -3.65 85 0.726 —0.10"2-16 0.73(017)
LHAASO J1848-0003 282.35 -0.05 104 0.35+£0.07 074(0.15)
LHAASO J1908+0621 28705 6.35 172 0.44 +0.05 1.36(0.18)
. LHAASO 11929+1745 202325 1775 74 0.71-0.07+°16 0.38(0.09)
I LHAASO J1956+2845 299.05 28.75 74 0.42+0.03 0.41(0.09)
¢ LHAASO J2018+3651 304.75 36.85 104 /Dﬂliﬂ.ﬂk 0.50(0.10)
LHAASO J2032+4102 308.05 41.05 105 Q 1.42+013 ) 0.54(010)
LHAASO J2108+5157 31715 51.85 8.3 W 0.38(0.09)
LHAASO J2226+6057 336.75 60.95 13.6 0.57+019 1.05(0.16)

} Celestial coordinates (RA, dec.); statistical significance of detection above 100 TeV (calculated using a point-like template for the Crab Nebula and LHAASO J2108+5157 and (.37 extension
templates for the other sources); the correspanding differential photon fluxes at 100 TeV; and detected highest photon energies. Errors are estimated as the boundary values of the area that

contains +34.14% of events with respect to the most prabable value of the event distribution. In most cases, the distribution is a Gaussian and the erroris 1a.
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[Oe pacnonoXeHbl MCTOYHUKN?

Extended Data Table 2 | List of energetic astrophysical objects possibly associated with each LHAASO source

LHAASO Source Possible Origin Type Distance (kpc) Age (kyr)? L, (erg/s)” Potential TeV Counterpart”
LHAASO J0534+2202 PSR J0534+2200 PSR 2.0 1.26 4.5 x 10 Crab, Crab Nebula
LHAASO J1825-1326 PSR J1826-1334 PSR 3.1+0.27 214 2.8 x 10 HESS J1825-137, HESS J1826-130,
PSR J1826-1256 PSR 1.6 14.4 3.6 x 10% 2HWC J1825-134
LHAASO J1839-0545 PSR J1837-0604 PSR 48 33.8 2.0 x 10°°  2HWC 11837-065, HESS J1837-069,
PSR J1838-0537 PSR 1.3¢ 49 6.0 x 10°¢  HESS J1841-055
LHAASO J1843-0338  SNR G28.6-0.1 SNR 9.6 +0.37 <2 = HESS J1843-033. HESS 11844-030,
2HWC 11844-032
LHAASO J1849-0003 PSR J1849-0001 PSR 79 43.1 9.8 x 107 HESS J1849-000, 2HWC J1849+001
w43 YMC 5.5" — —_
LHAASO J1908+0621  SNR G40.5-0.5 SNR 34 ~ 10 - 200 — MGRO J1908+06, HESS 11908+063,
PSR 190740602 PSR 2.4 19.5 2.8 x 10%  ARGO J1907+0627, VER J1907+062,
PSR 1907+0631 PSR 3.4 11.3 5.3 x 10%  2HWC 19084063
LHAASO J1929+1745 PSR J1928+1746 PSR 4.6 82.6 1.6 x 10%  2HWC J1928+177, 2HWC J1930+188,
PSR J1930+1852 PSR 6.2 29 1.2 x 10°7  HESS J1930+188, VER J1930+188
SNR G54.140.3 SNR 63105 ¢ 1.8 —3.3% —
LHAASO J1956+2845 PSR J19358+2846 PSR 70 21.7 3.4 x 10% 2HWC J1955+285
SNR G66.0-0.0 SNR 2.3 4+0.24 — ==
LHAASO J2018+3651 PSR J2021+3651 PSR 5 17.2 3.4 % 10°°  MGRO J2019+37, VER J2019+368,
Sh 2-104 HIVYMC  3.3+0. 3'"/4 0 +0.5" — — VER J2016+371
- LHAASOJ2032+4102  Cygnus OB2 YMC 1.40 + 0.08° — = TeV 12032441
I PSR 2032+4127 PSR 1.40 + 0.08° 201 1.5 x 10%  MGRO 12031
SNR G79.8+41.2  SNR candidate — — . VER J2032+4
LHAASO J2108+5157 — o - - — -—
LHAASO J2226+6057 SNR G106.3+2.7 SNR 0.87 107 — VER 122274608, Boomerang Nebula
PSR J2229+61 14 PSR

: rlyJ'IbCapr NMEIOTCS«B. Oer.CTHOCTFIX BCeX I/ICTO‘-IHI/IKOB , 1OrAa . |<a|< OCTaTKI/I CBerHOBbIX~
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Extended DataFig.4|LHAApPO sky map atenergiesabove 100 TeV. The circles Indicate the positions of known very-high-energy y-ray sources.
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Most possible candidates to accelgrate particles up to hundreds of TeV include SNRs, pulsar wind nebulae (PWNe),

and young stellar clusters. Based gn those catalogs collected by SIMBAD?, we searched for the possible accelerators

within 0.8° from the center of the] LHAASO source. While there are no SNRs and PWNe counterparts, two young

star clusters Kronberger 82 (Kronperger et al. 2006) and Kronberger 80 (Kharchenko et al. 2016) are found.
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The First LHAASO Catalog of Gamma-Ray Sources
arXiv:2305.17030v1 [astro-ph.HE] 26 May 2023
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§ Figure 9. Distribution of the spectral index and the significance for sources at energy range from 1-25
Figure 0, LHAASO sigrificance map within region 10° < 1 < 115° , [if < 12", Top: WCDA (1 TeV TeV (left) and E > 25 TeV (right), respectively. The red points indicate the sources also with significance
E < 25 'TsV) significance map. Middle: KM2A (E > 25 TeV) significance map. Bottom: KM2A (£'> 100 _ ahove 40 at E >100 TeV. The extragalactic sources are excluded in these figures.
TeV) significancn map, In this figure and following, the LHAASO source are ropresented by gray crosses )
and white labels. The LHAASO sources, which the WCDA components are with higher significance, ame
plotted in top panel, The LHAASO sources, which the KM2A components are with higher significance, are

plotted in middle panel. Mennwhile, the UHE souroe are alse shown in the bottom panel
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For each source, we provide its position, extenS|on and spectral characteristics.

..\_Tg

-2 Furthermore, based on our source association criteria, 32 new TeV sources are proposed in this study.

.| Additionally, 43 sources are detected with ultra-high energy (E > 100 TeV) emission at > 40
significance IeveI.

3’...

e Great bulk of sources are assouated with Pulsars
: Seven of the new TeV sources do not have any associations.
- They are tentatively classified as “dark” sources in this work.

'_ CreHbkut H0.B. : 'SéuenMHCKme'q}éHMﬂ 2023

»”




=\ LHAASO sources Summary

L#&?#ﬁ&m%

s 43 sources are detected with ultra-high energy (E>”.100 TeV) emission at > 40
= significance level.
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Measurement of ultra-high-energy diffuse gamma-ray emission of the Galactic plane from 10 TeV
to 1 PeV with LHAASO-KM2A

arXiv:2305.05372v1 [astro-ph.HE] 9 May 2023

Difuse emissions from the inner (15 <1< 125, jbj < 5)
and outer (125 <1< 235, jbj < 5) Galactic plane are
detected with 29:1 and 12:7 significance, respectively.
The outer Galactic plane diffuse emission is detected
for the first time in the very- to ultra-high-energy domain

(E > 10 TeV).
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spectrum in the inner Galaxy regions can be _
described by a power-law function with an index of

' ~2.99, which is different from the curved spectrum as M

. expected from hadronic interactions between locally
measured cosmic rays and the line-of-sight integrated |
. gas content. The measured flux is higher by a factor &

of ~3 than the prediction. A similar spectrum with an
' Index of ~2.99 is found in the outer Galaxy region,
. and the absolute flux for 10<E<60 TeV is again higher |
' than the prediction
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FIG. 2. Measured fluxes of diffuse y-ray emission in the inner and
outer Galaxy regions. The smaller error bars show the statistical er-

j rors and the larger ones show the quadratic sum of the statistical and

systematic errors. In each panel, the dashed line shows the best-
fit power-law function of the data. the grey shaded band shows the
maodel prediction assuming local CR spectra and the gas column den-

| sity with the same mask as the data, and the cyan shaded band is the

grey one multiplied by a constant factor of 3.0 for the inper region
and 2.0 for the outer region.
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UItrahjgh Energy V'Rays—Observed by LHAASG ar \

~ Zhen Cao et al. (LHAASO Collaboration). Phys Rev Lett. = ————
-128,-051102 — Published 3 February 2022. '
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FIG. S3. Constraints at 95% CL on DM lifetime obtained with the profile likelihood analysis for the DM decay channels. The
stars correspond to the best-fit scenario from the latest IceCube data [67].
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A teraelectronvolt afterglow from a narrow jet in the extremely bright GRB 221009A
(LHAASO col. Science, to be published soon)
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Figure 6: Layout sketch of the LHAASO-WCDA (left) and side views of two cells (right). In the left panel. two
sets of circles in each cell partitioned by black dashed lines denote the big and the small PMTs, and the black | Time since GBM trigger [ s |
dashed lines represent the plastic curtains. The water depth over the PMT top surface is 3.9 m and 3.4 m for

WCDA-1 and WCDA-2 & 3. respectively. Figure 1: Count-rate light curve (in blue color) of GRB 221009A with Ny, > 30 (energy runge 0.2-7 TeV. N
is the equivalent number of fired detector cells) detected by LHAASO-WCDA within the angular radius ~ 3,07,

The insct panel shows the zoomed-in view during 220-320 s afier the GBM trigger (7},) and the arrow indicates

E A TR R S R =TT =0T 1T &I | the new reference time T = Tjy + 226 for the further light curve analysis (see the text for more details). The

g - dark black lines in both pancls show the background rates.
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Figure 3: Light curve of energy flux and spectral evolution in the VHE band for GRB 221009A. Panel A: the light
curve of energy flux integrated over 0.3.5 TeV, where the solid orange curve is the litting function consisting of v Figure 9 Significance map of the GRB emissions detected by LHAASO-WCDA, Reconstructed events with
four joint power laws to describe the four-segment features in the light curve: mpid rise, normal nse, normal decay, , N, » 30 33 the haseline event selection crilerion are analyzed. The cross in the center of the map ix the fitted
A - ’ t '

and steep decay. The dash-dotted line in dark purple represents the fitting function assuming one segment for the
whole decay phase. Some data points that non-statistically deviate from the fitted line (solid orange curve) ane
supposed to owning to influence from the GREB flares. Panel B: temporal evolution of the power-law spectral index . . . "\\ ‘
(the blue cireles) of VHIE photons, determined trom time-resolved intrinsic spectra. Note that the spectral index
employed for the Hght curve calculation at time £ is obtained from the function 5 (t) — alog(t — 1 —1T'") + b (the
orange line) that fits the data points. In application, the index Is considered to be flat before 73, + 230 s when no
TeV signal was detected

position of the burst. and the blue lines are contour levels separated by 175 of the max imum significance




A structured jet explains the extreme GRB 221009A
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Figure 3: Schematic of the structured jet for GRB 221009A. Emission from the forward and
reverse shocks are produced by the jet out to its truncation angle #;. The angular structure of
the jet, dEx /d€) oc §~, breaks slightly at #, transitioning from a slope a; ~0.75 to a; ~ 1.15.
The prompt gamma-rays may be radiated from the central narrow core of aperture 6.
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A Large Cosmic Ray Bubble in the Cygnus-X Region

LHAASO col. Nature, in press
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Figure 1: Photon distnbution in the Cygnus-X region. The sigmficance map of +-rays from 25
TeV to 100TeV of the bubble is shown by grey contours starting from 3o with a step of 3. This
structure 1s about 20° in longitude and 15° in latitude. The black diamond located at the centre of
the y-ray image marks LHAASO 12031 + 4127 (RA=307.95°+0.027, DEC=41.46+0.027), which
coincides with the unidentified source TeV 2031+4130 7. There are 42 photon-like events within a
radius of 6 degree with an estimated background of 10.34. Three events with energy above 1 PeV
are marked with stars and the other 39 events are marked with pluses. The photons above 400 TeV
extend beyond 67, but with a higher CR background contamination, so it is not practical to show
them individually on the map. In addition. seven more such high energy photons, 2 of them with
energy above 1 PeV, are located in the region of radius of 0.7° relative to the centre dubbed core
(filled green circle). Possible contamination of the CR background 1s 0.74 events. The core region
contains at least three interesting objects - Cygnus OB2 (red circle), Cyg X-3 (cyan diamond) and
a pulsar. and their contribution to the observed high energy emission is beyond the scope of this
paper. The larger circle in blue dotted line represents the ROI used in this study. while the smaller
circle in blue dotted ine marks the unidentified source LHAASO 201843651 which is masked in
the analysis,
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Figure 4: Modeling of the Cygnus Bubble that simultaneously fits the SEDs and 1-dimensional

intensity profiles of y-rays. In panel A, the measured fluxes from the entire bubble (black) and
the inner bubble (red) are shown. The proton injection luminosity is L, = 1.1 x 10°7erg/s with
the acceleration spectrum [ *# exp(—FE, /3 PeV). The diffusion coefficient is D(E,) = 1.8 x
10%(E,/1TeV)"™™ cm?s™. The blue dashed curve shows the emission of protons inside MCs.
Black squares show the total fluxes measured by LHAASO. Blue squares are the flux associated
with the MC distribution in the entire bubble region measured by KM2A. Orange diamonds present &
the flux of the Cygnus Cocoon measured by Fermi-LAT '.The black solid. red dot-dashed, and |
blue dashed curves show emissions within 250 pe, 160 pe of the CR source and inside MCs,
respectively. Panels B, C. D show the measured surface brightness profile in the energy ranges of
2—20TeV. 25 — 100TeV and > 100 TeV (red crosses). in comparison with the model prediction
(black curves). Dotted curves show the expected ppntribution of GDE. See Supplementary Material
for details of the model.




ENDA (Electron-Neutron detector Array)
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1. 9kcnepumeHT LHAASO He nmeeT aHanoros 1 Bpsd NN Yy HEro
NOSIBATCS KOHKYPEHTbI B Onukaniune rogpi.

2. Naxxe npn paboTte nuLlb YacTu YCTAHOBOK TaM Yy>Ke ObIniv Nosy4YeHbl
BblAAKOLLMECS Pe3yNnbTaThl.

3. B bnuxkaniwiee BpemMa CTOUT OXXnaaTb HOBbIX OTKPbLITUA B pas3fnYHbIX
obracTtax 3HaHUU — B acTpodun3nke, B aCTPOHOMUN, B KOCMOJSIOTUN, B
don3nkn KOCMMYECKUX NTy4eN, B MOUCKE TEMHOUN Matepum n T. 4.
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