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-ray emitting processesγ
Resulting energy bands  [https://heasarc.gsfc.nasa.gov/docs/heasarc/headates/spectrum.html]
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E ≲ 𝒪(100) GHz

broadband
E > MeV

E > GeV

https://heasarc.gsfc.nasa.gov/docs/heasarc/headates/spectrum.html
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Gas longitudinal profile
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Atomic gas Molecular gas
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Introduction to -rays with HERMESγ



| Ottavio Fornieri 7

HERMES work-flow

What I want 
to obtain

How I am going 
to obtain it

Which physical 
quantity is stored 

in each pixel
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Ring model
[Strong&Mattox, A&A, 308, L21 (1996)]    based on HI and CO emissivity maps→

GC
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The observable quantity
-ray intensity γ Iγ ≡ Iγ(l, b, Eγ)

ϵπ0 (Eγ, r) = 4πnH(r)∫ dE
dΦp

dE
(E, r)(

dσp−p

dEγ
+ fHe

dσHe−p

dEγ ) +
dΦHe

dE
(E, r)(

dσp−He

dEγ
+ fHe

dσHe−He

dEγ )

Emissivity at the source Source
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The observable quantity
-ray intensity γ Iγ ≡ Iγ(l, b, Eγ)

ϵπ0 (Eγ, r) = 4πnH(r)∫ dE
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dE
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Emissivity averaged over the ring -thi

⟨ϵπ0 (Eγ, r)⟩
i
=

∫ dr ϵπ0 (Eγ, r) pHI(r) Θi(r)

∫ dr pHI(r) Θi(r)
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The observable quantity
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Emissivity at the source Source

Emissivity averaged over the ring -thi

⟨ϵπ0 (Eγ, r)⟩
i
=

∫ dr ϵπ0 (Eγ, r) pHI(r) Θi(r)

∫ dr pHI(r) Θi(r)

Observed intensity
Source

Iγ(l, b, Eγ) =
1

4π ∑
i

Ni
H(l, b) ⟨ϵπ0 (Eγ, r)⟩

i
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The outcome
-decay at given energyπ0



Support slides



Run HERMES Full-Sky 
https://github.com/ottaviofornieri/ISAPP-
school-2021_HandsOn-Diffuse_HERMES 

 nside = 32
t ∼ 58 min

https://github.com/ottaviofornieri/ISAPP-school-2021_HandsOn-Diffuse_HERMES
https://github.com/ottaviofornieri/ISAPP-school-2021_HandsOn-Diffuse_HERMES
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Resolution parameters
HEALPix convention
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Progress of a full-sky run with nside = 32

14

12 log-spaced energy points  for each process
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12 log-spaced energy points  for each process

First process gone!

Progress of a full-sky run with nside = 32
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12 log-spaced energy points  for each process
Progress of a full-sky run with nside = 32
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Cartesian projection of the Full Sky
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Runs HERMES Cygnus-X region 

https://github.com/ottaviofornieri/ISAPP-
school-2021_HandsOn-Diffuse_HERMES 

 
l ∈ [77∘, 82∘], b ∈ [−1∘, 4∘]
nside = 512, 1024, 2048
t ≲ 30 min

https://github.com/ottaviofornieri/ISAPP-school-2021_HandsOn-Diffuse_HERMES
https://github.com/ottaviofornieri/ISAPP-school-2021_HandsOn-Diffuse_HERMES
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Cygnus Loop
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Cygnus Loop

0∘

30∘60∘
90∘

120∘150∘180∘ 180∘210∘240∘270∘300∘330∘

360∘



| Ottavio Fornieri

Rectangular mask: cross-check
l ∈ [60∘, 75∘], b ∈ [−30∘, 15∘]
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p0 from HI - E = 10.0 GeV

1.73925e-05 1.6375e+30GeV°1 cm°2 s°1 sr°1
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Diffuse emission from DRAGON CR distribution
Eγ = 10 GeV
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nside = 2048 → Δϕ ≃ 0.029∘

t ≃ 167 s
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Integral map for  and HI H2
,     10 GeV < Eγ < 10 TeV Δϕ ≈ 0.057∘
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Integrated
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