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Fermi bubbles: Features

\"

2 Galactic bubbles in the
gamma ray energy range

Residual intensity, £ = 10 — 500 GeV

> Height: b ~ 50°, width: | ~ 40°

> Hard spectrum: 24X « £,

with o ~ 2

—4 -2 0 2 1 6 8 10

> Constant brightness intensity 107 B x F (552

and sharp edges
Ackermann et al. (2014)

> Where ? When ? How ?

DESY. | Gone with the breeze | Olivier Tourmente, Donna Rodgers-Lee, Andrew Taylor | Kingston, 8 - 12 August 2022 Page 2



Fermi bubbles: Emission mechanism

> Leptonic jet model

- CR are electrons
* Tloss ™~ 1-3 Myr

- Highly supersonic velocity

- AGN jet

> Hadronic wind model

- CR are protons

- Tioss ~ Several Gyr
- Supersonic velocity

- Starburst or AGN wind
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Sarkar et al. (2016)
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Fermi bubbles: Decelerating velocity profile
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Source: NASA

> Umax &~ 300 km s~!
- _1 Continuous deceleration:
> v(1 kpc) =~ 180 km s~ (Sofue 2022 PASJ) Subsonic profile 7
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Thermally-driven outflow solutions

> Mass and momentum conservation,

> re =

V- (V) =S,

V- (pw +pl) = —pVP

Analogy with Laval nozzle:

Ldy_1dA 1
vdr — Adr (M2 -1)

Subsonic Flow: M< 1 and d4 < 0. then dV > 0: —
indicating an accelerating flow in a converging 7
channel.

> Therma"y-driven Spherica”y Symmetric Supersonic Flow: M> 1 and dA < 0. thend¥'<0:  ————__
indicating an decelerating flow in a converging —>/4>
channel.

OUthOW (Parker 1 958) Subsonic Flow: M< 1 anddA > 0. then dV < 0 _—
indicating an decelerating flow in a diverging e s
channel. —_—

1d 1 2) 62 _ rd® Supersonic Flow: M>1dA > 0, then V>0 J——
v _ s dr indicating an accelerating flow in a diverging iy .
o dr = - 7/1}2 — 62 channel —_—
s
E. Pardyjak (U. Utah)
= 2¢2, is the critical radi dA 2 ao
¢z, is the critical radius <0523 <7
dr dr
2 d®
r<r.—2c <r& dA 2 dd
¢ s dr — >0—2c; >r—
dr dr
2 a®
r>r. = 202 > 1% dA 2 d®
¢ s dr — =0—2c; =r—
dr dr
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Thermally-driven outflow solutions

> Mass and momentum conservation,

V- (ov) = S,

V- (pw +pl) = —pVo

10°

> Thermally-driven spherically symmetric

outflow (Parker 1958) g
ldv 1 QCi—TgS
vdr  r\ v2—c2 T v
o Supersonc : ~ ]
dd 2 iye . rfre
> r. =15’ = 2c;, is the critical radius
r<re— 22 <rd® > Transonic solution — Wind

. > Subsonic solution — Breeze
. r>rc—>2c§>rﬂ
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Hydrodynamics simulations

> |sothermal Galactic halo

> Hydrostatic density distribution:

P
P = po €xp 2

with & = (I)bulge + Pgisc + Phalo

> Maximise the outflow velocity:

r. =1 kpc = kT =~ 500 eV

= ¢, ~ 250 km s~ '

-9 (km?s72)

Tourmente et al. (2022)

The fitting range, for R = 2-21 kpc, is
provided by Watkins et al. (2019)
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Galactic breeze profile

2D spatial distribution for the Comparision of the subsonic
subsonic velocity profile outflow (blue line) with
'~ datafrom cold clouds observations
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Tourmente et al. (2022)

DESY. | Gone with the breeze | Olivier Tourmente, Donna Rodgers-Lee, Andrew Taylor | Kingston, 8 - 12 August 2022 Page 8



Cosmic rays transport code

> The subsonic velocity profile, simulated with the HD code, is included in
a CR transport code.

Advection + Diffusion

af 10 Q
5= VOViv-V) + 5o [(V .
D D = o
> — =01 ——— 0 £
c 0 (10 GeV/c> pe I =
E.Q- s
c
> Tioss = 60 Gyr N —100‘::::
[@)]
. 105 2
dN
> — E_2 -110
dF “15 1o 10 15

75R [Izpc] )
Tourmente et al. (2022)
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Gamma-rays emission

41
> CRs are injected with a luminosity of Lcg = 6 X 10 GeVs™!

> The Yy rays emissions are compatible with observations provided by Fermi-LAT
instruments (Ackerman et al. (2014 APJ)). Howerver the bubbles appear wider.
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Prediction for CTA/ISWGO measurements

> CTA is the next generation ground-base gamma ray intruments.
(20 GeV to 300 TeV)

> At b ~ 50° the energy flux shoud be between
8x107% — 1.3x10 " GeVem ?s 'sr .

E,=1-3GeV E,=1-3TeV

logio(Energy Flux) (GeV cm™2 571 sr71) logio(Energy Flux) (GeV cm~2 s~1 sr1)

Tourmente et al. (2022)
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Conclusions

> A subsonic profile can reproduce the observed gamma ray
emission

> Match well with the velocity evolution observed from cold clouds
but magnitude is too small

> The simulated bubble is wider than what has been observed

> The outflow profile is strongly dependent on the gravitational
potential and the ambient temperature.
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