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I. The Galactic diffuse gamma-ray emission and distribution of CRs
2. effective confinement of CRs near accelerators

3. small scale inhomogeneity
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Gamma-ray counts map

Point source contribution

Dust opacity map (gas column)
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Yang et.al 2016

Inhomogeneity in large scale, both in spectra and in densities:
*Softening towards outer Galaxy
*Peak of density at 4-6 kpc ring
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"Excess’ revealed in multi-TeV band
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A new component in GDE? From Pulsar halos!?
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* After considering HIl 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
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https://arxiv.org/abs/2509.26290

e GCS FOR IN-SIHTU MEASUREMEIN T OF TS

*Rice et.al (2016) have identified thousands of Molecular Clouds in the
Galaxy

* Possible to measure CR density in each position of the Galaxy.

6 le—12
S 4 A
+i+-
Qi_+_ —— }ﬂ

<4 Clouds <4 Gould Belt 4 SgrB

3.0 - * *
2.9 -
5 2.8 {—— —+ J.n.‘p
gk o R —_h—_
2.7 7 —— —
Aharonian et.al 2019 2.6 - —
2.5 , | | | | |
0 2 4 6 8 10 12

Rga



il S WiHTH LEAAGL)

Significance
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No single detection, 6 sigma signal in Stacking analysis
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* Observed by Fermi LAT, ARGO-YB| & HAWC
* extended emission up to more than 50 pc (150 pc from LHAASO)
* 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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* CR distribution derived by gamma-ray
profile and gas distributions

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

* |n 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
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* After considering HIl 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



SLOW DIFFUSION REGIONS

* Possible energy independent escape from Source regions (normal assumption if CR streaming

dominate the magnetic turbulence, e.g. Krumholz 2019)
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* Effective confinement (slow diffussion)

of CR near accelerators
* energy independent below ~10 TeV,
from Cygnus spectra
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* Taurus-Perseus region
* Jow gamma-ray emissivities in Highest density regions

Dec (J2000)

40°00'

35°00"

30°00'

25°00"

4.0

40°00' -

w
Ul

w
o

35°00"-

N
Ul

N
o

Column Density (cm~2)
Dec (J2000)

30°00"-

=
Ul

25°00' -

4h30MQ0S 00MO0S 3h30mQQs 4h30mQQs 00MQ0S 3h30mMQ0QS
RA (J2000) RA (J2000)

Dust opacity (gas distribution) gamma residual (CR density)

Yang et.al 2023 Nature Astronomy 7,35 |

Counts per pixel



SvER DIFFUSION INSIDE CLUMPS/SUPPRESSICHSE CHE .

Dy=2.0x10%° cm?/s' ,I'=1.0

Dy=4.0x10%° cm?/s' I'=0.5

Dy=6.0x10%° cm?/s™,I'=0.4

o envelop

& 1 core
& 10 ;
> -
O &/ :
g ---~ i
42\ ~§--~ d
-(T) N-- |
e ~5-
) N
O 11
c 10 ;
O :

1 10 100
Energy(GeV)

Also 100 times smaller than ISM in GeV

emissivity per H atom (erg s'l)

envelop —s— -
S5 core —m—x
PN LIS ===
-29 !
10
5
1079 t
0.1 1 10 100
Energy(GeV)

* CR distributed highly inhomegeneously
* low energy cosmic rays (LECR) cannot penetrate into clumps.
* Lower lonization rate therein?
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L ONCLUSIONS

* Gamma-ray observations bring new hints for CR propagation.
* Slow diffusion near source region/ two component diffuse emission

* Slow diffusion in dense molecular clumps.
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* Correlation with gas structures

* Hint for hadronic component at highest energy
* Lp~ le38 erg/s, hard spectrum with cutoff > PeV

* Potentially can explain the CRs near the knee | HAASO collaborations arXiv: 241 0.08988



