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e Star forming regions/Young star clusters as gamma-ray and cosmic ray sources
* Gamma-ray observations

* Confinement of Cosmic rays near sources
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G MASSIVE STAR CLUSTERS: ALTERNATIVE TR SCIC .

* GCR distribution reveals a similar peak as that for OB stars.
* |sotope measurement favor a superbubble origin. (W.R Binns 2016)

* Most of OB stars exist in associations or clusters, stellar wind can accelerate CRs (Cesarsky &
Montmerle 83).

* Efficiency may even better than SNR (high speed wind lasts much longer than SNR shock)

o Sufficient wind power (1038 - 103 erg/s for each cluster, more than -10*! erg/s in the Galaxy) to
account for CRs

* Could be visible in gamma-ray due to CR-gas interaction.
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* After considering HlI
component the CR
distributions looks “more
homogeneous”

* The former inhomogeneity is
simply due to the mixing of
“true” diffuse (sea)
component with hard
“source” (island) regions



IR A-RAY EMISSIONS FROM Hil REGHEHS
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Westerlund 2 (HST image) NGC 3603 (VLT image)

e More than dozens of OB stars and VWRs
 Compact structures ( ~ pc)
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* One promising site: SNR shock
colliding with wind termination
* Can accelerate to PeV

Shockl Shock?

Bykov et.al 2014
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New GAMMA-RAY Source population:

Cygnus Cocoon(GeV-TeV)[Fermi 2012, HAWC2022

‘Westerlund | (TeV) [HESS collaboration 2012]

Westerlund 2 (GeV, TeV? )[Yang et.al 2018]
NGC 3603 (GeV, TeV)[Yang et.al 201 7]
W43 (GeV, TeV?) [Yang et.al 2020]

W40 (GeV) [Sun et.al 2019]

G25/RSGC |[Sun et.al 2020]

Carina nebular [Ge et.al 2022]

MI7 [Liu et.al 2022]
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* Observed by Fermi LAT, ARGO-YB] & HAWC

* extended emission up to more than 50 pc
* Hard spectrum in GeV band, softening above TeV
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* Also reveal extended emission and hard spectrum (index ~ 2.2)
* Diffuse emission up to more than |50 pc
* GC region harbors Arches, Quintuplet and Nuclear cluster
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* Hard spectrum up to 20 TeV
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* Shell in gamma-rays
* Hadronic explanation possible when n > 20 cm”-3
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Cygnus cocoon, Wd | and CMZ all
emit multi-TeV gamma-ray.

The spectrum of CMZ and Wd| put

lower limit of cutoff of parent

proton spectrum to be several
hundred TeV

Difficult for IACT (large size, UHE)

LHAASO is the ideal instrument!



LHAASO RESULTS
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Hints from first | 2 sources

PSR J2229+6114

LHAASO Source Possible Ongin Type Distance (kpc) Age (kyr)* L, (erg/s)” Potential TeV Counterpart”
LHAASO JO53442202 PSR J053442200 PSR 2.0 1.26 4.5 x 10™  Crab, Crab Nebula
LHAASO J1825-1326 PSR J1826-1334 PSR 3.1+02 21.4 2.8 % 107" HESS J1825-137, HESS J1826-130,
PSR J1826-1256 PSR 1.6 14.4 3.6 x 10  2HWC J1825-134
R 38 33.8 2.0 x 10" 2HWC J1837-065, HESS J1837-069.
PSR J1838-0537 PSR 1.3 4.9 6.0 x 10*  HESS J1841-055
LHAASO J1843-0338  SNR G28.6-0.1 SNR 0.6 % 0.3/ < of - HESS J1843-033, HESS J1844-030.,
2HWC J1844-032
LHAASO J1849-0003 PSR J1849-0001 PSR 79 43.1 9.8 x 107 HESS J1849-000, 2HWC J1849+001
A YMC 5.5 —_ —
LHAASO J1908+0621  SNR G40.5-0.5 SNR 14 ~ 10 — 207 — MGRO J1908+06, HESS J19084+063,
PSR 190740602 PSR 2.4 19.5 2.8 x 10 ARGO J1907+0627, VER J1907+062,
PSR 190740631 PSR 3.4 11.3 5.3 % 10%%  2HWC 19084063
LHAASO J1929+1745 PSR J1928+1746 PSR 4.6 82.6 1.6 x 1077 2HWC J1928+177, 2HWC J1930+188
PSR J1930+1852 PSR 6.2 2.9 1.2 % 1057 HESS J19304188, VER J1930+188
SNR G54.1+03 SNR §.3432¢ 1.8 — 3.3 —
LHAASO J1956+2845 PSR J1958+2846 PSR 2.0 21.7 3.4 x 1077 2HWC J1955+285
NR G660 SNR 2.3+ 0.24 — —_—
LHAASO J2018+3651 PSR J202143651 PSR 1.8 H' 17.2 3.4 x 10" MGRO J2019437. VER J20194368,
Sh 2-104 H IVYMC 3.3 + 0.3™/4.0 = 0.5" — — VER J20164371
LHAASO J2032+4102  Cygnus OB2 YMC 1.40 = 0.08° X = TeV J203244130, ARGO J2031+4157
PSR 203244127 PSR 1.40 = 0.08° 201 1.5 x 10°"  MGRO J2031441, 2HWC J2031+415,
SNR G79.8+1.2 | SNR candidate — s — VER J2032+414
LHAASO J2108+5157 — — — " — —
LHAASO J2226+6057 SNR G106.3+42.7 SNR (.87 ~ 107 — VER J2227+608. Boomerang Nebula
PSR 087 ~ 107 2.2 x 1077




EIBLE ASSOCIATIONS IN FIRS T CA AT TS

Source name Components Ra Dec Op.95,stat 39 TS
ILHAASO J1837—0654u WCDA(8)* 279.39 -6.90 0.06 0.34=0.01 1049.8 RSGC ‘
KM2A(10) 279.31 -6.86 0.09 0.33x0.04 331.2
ILHAASO J192941846u WCDA(29) 292.34 18.77 0.10 0.49+0.02 416.2 MC 23
KM2A(34) 292.04 18.97 0.08 < i 130.0
1LHAASO J1834—0831 WCDA(7) 278.62 -8.53 0.22 0.40=x=0.07 96.0 MC 9
KM2A(9) 278.44  -8.38 0.28 0.40x0.07 68.9
Caveats:

§ 1 ICs lle In very dense regions
» All the current catalogs are far from completeness

* New YMC catalog using GAIA data (within 3 kpc)
e FAST radio recombination line to search new YMCs
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Ao ViEVY ON CYGINUS

Fermi
©- ARGO-YBJ
HAWC
9 WCDA
KM2A ‘
/"- B
F D
| ;
\_
Cyg OB2

llIl‘llllllllllllllllllllllllIlllllllllllllllll

ARGO-YBJ
(0.2-10TeV)

IS NN S R

o (°)

.
(2-20TeV)

lendf 1.94/4.00
mean value 2.16x 0.07

825 82 815 81 805 80 795 79 785 78

Galactic longitude (°)

-nergy Independent morphology
Favor hadronic origin



Ao ViEVY ON CYGINUS

Source Components @2000(©) 52000(0) r39(0) TS No(TeV-'m=*s™) B
LHAASO J2027+4119 KM2A 30743+ 0.16 41.05+0.13 217+0.10 145 (0.62+0.05)x 10 °@50TeV —2.99 + 0.07
WCDA 306.90 +0.23 4133+0.16 228+0.14 25144 (127+0.14)x 10°@7TeV  —2.63 +0.08
HI KM2A 108 (0.69 0.10) X 1005 @507eV —2.94 % 0.12
WCDA 60.77 (143 +0.26)x 107°@7TeV  —2.66 +0.12
MC KM2A 88 (0.46+0.06) x 10 P @50TeV —2.87 £0.14
WCDA 67.47  (1.08 £0.19)x 107°@7TeV  —2.73 £0.13
LHAASO J2031+4057 WCDA 307.89+0.09 4096+0.16 033+0.08 11540 (0.11+0.06) x 10°@7TeV  —2.75+0.17
- . likelihood fitting derived 4
w F components:
E E . inner bubble(Cocoon)
N 2. Cygnus bubble (~ 10 degrees, associated with
qh, L
T HI gas)
- 3. Hotspots associated with molecular gas
T S (- 4. Bright central source
e S —— J2032+4127 (PWN/BINARY) are
i E _ M already subtracted from the analysis
- 35 yg Bubble
y _Er_ ‘- Inntler Bubble

1 1'0 162 163
E(TeV)



Gas distribution and derived CR density
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Galactic latitude (°)
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Schematic fitting of observations
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Fig. 9. Artist view of the Galaxy seen face-on with the “long bar” out-
lined by a red ellipse (Churchwell et al. 2009). W43 is located at the ex-
pected transition zone between the bar-dominated region (Rgc < 5 kpc)
and the normal Galactic disk.
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*Galactic mini star burst

*Contribute 10% of the Galactic star formation rate
*Huge HIl region excited by central WR/OB cluster
*GeV detection



LHAASO VIEW ON W43
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* UHE gamma-ray emission reveal good correlation with dense gas
s Sbectrum up to 400 ey




CONFINEMENT OF CRS
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* CR distribution derived by gamma-ray
profile and gas distributions

* All four sources (WdIl, Wd2, Cygnus
cocoon, GC) show |/r distribution of
CRs

* In diffusion, |/r profile implies a
continuous injection, multiple SNRs
or stellar winds

* Slow diffusion required by the total
energy budget

Aharonian, Yang & de ona Wilhelmi Nature Astronomy(2019) 3,561



SLOWY DIFFUSION REGICIINS

* Possible energy independent escape from Source regions (normal assumption if CR streaming
dominate the magnetic turbulence, e.g. Krumholz 2019)
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* energy independent below ~10 TeYV,
from Cygnus spectra
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Can also address the anomalies in CR direct measurement

Yang anc

Yang anc

A
A

naronian,

naronian,

B

D

NYys.

NYys.

Rev.
Rev.

)
)

00, 063020(2019)
1, 083040(2025)




), GeV'PecmZsrls

R e INEUTRING FELES

- ' TE=
_ Can be tested by next generation
2 108 | : neutrmo telescopes such as
| | .  HUNT
all flavor neutrino flux

energy, GeV

Yang and Aharonian, Phys. Rev. D | | |, 083040
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* Effective confinement (slow diffusion) of CR near

“active’ accelerators

*Energy independent below ~10 TeV, from Cygnus

spectra

* Accumulation of extra component of “grammage”

* Can account for both B/C and diffuse gamma

Yang and Aharonian, Phys.
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CONCLUSION AND PROSPECT

» Young star cluster can be CR sources, and even PeVatrons

« LHAASO has revealed a huge bubble beyond the former “Cygnus
cocoon’ structure. Cygnus region do harbor super-Pevatron

« Complex regions, synergy with IACTs can be extremely important, take
advantage of both LHAASO (sensitivity and large FOV) and IACT s

(angular resolution)

» Interesting regions to study CR propagation

/2\ B, & 5 F 1R A gk

/L arge High Altitude Air Shower Observatory



