High Energy y-Rays from Galactic Accretion Events
and Implications for Unidentified GeV-TeV Sources
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high velocity clouds large deviations from Galactic rotation

HI emission (and/or absorption) IV sr>90 km/s
v~few 100 km/s, no excess stars

for some HVCs D~5-15 kpc M~<10°-10® Mg, Z~<0.2 Zg

also in M31, M33, etc.
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Contours in above HI image at ~2,20,40 x 10'8 cm2 (Wakker et al 2003)
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high velocity clouds: important role in
ongoing Galactic accretion? Qort 70 Galaxy evolution

dark-matter dominated systems in Local Group? Blitz+ 99
gas streams stripped from infalling satellites
clouds from thermal instability in Galactic halo Maller & Bullock 04

cold accretion from external filaments Kaufmann+ 04
Peek+ 07

M~1M,, /yr

- fresh (low Z) fuel
for star formation
(G-dwartf problem)

- source of

# ISM turbulence

1 019 1 020 021 12022
Column Density (cm

SN-driven fountains?  Shapiro & Field 76
Booth & Theuns 07

v<100 km/s expected -> intermediate velocity clouds

Connors+ 06 Galaxy formatlon s1rnu1at10n
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HVC+disk collisions: origin of Galactic filament structure?
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worms, shells, loops ... Tenorio-Tagle+ 86,87

Galactic Latitude

IFE

128 125 123

Enghsh+ OO

Galactic Longitude

v~100-300 km/s -> _ strong reverse shock
T~10°-10° K (UV-soft X) shock lifetime t~h/v~3x10°-107 yr
thermal emission is dark > radiative, isothermal



Galactic accretion events as cosmic ray/gamma-ray sources
SI, Uchiyama, Renaud, Baek, Wada+, to be submitted
velocity Vv, ~Vyye~100-300 km/s  Tyye~50-300 K M~10-30

accretion rate M~1M,, /yr .
accretion power L, _~(1/2)Mv, 2~3x(10°°-10%) erg/s

<> Loy~Eq Ry ~3x10%! erg/s
large HVC mass Myy~<10°-10° Mg

large HVC kin. energy Ejyc~(1/2)MpyycVgye? ~<10°2-10°* erg

CR acceleration t,..,=(10/3M(E/ZeB)(c/v 2)=t,

accel™

v,~100-300 km/s, t.= 3x10°-107 yr
>E, 0~100 TeV (v/300km/s)2(B/3uG)(m/10)!(t/3x106yr)

c.f. 1on-neutral damping limit v>~100km/s Bykov+ 00

pp ©’y flux f ,~10"'% erg/cm?/s (Eqg/10°'erg)(n,,/1cm)(D/10kpc)>

gas

number N~(M/Myyo)t, ~10-100



Galactic accretion events=unlID TeV sources?
- thermal UV-soft X: -(heavily absorbed)

- primary electron sync.: E ~<1eV (v /100 km/s)?

syn,max

angular size -> compact HVCs?
or inhomogeneities in large HVCs?

secondary syn.+IC?
pCR-I_pgas_> ‘TEO, T J-EO — 2Y, T —> et 3\/ e+_+B — Syn, €+_+'Y — [IC



compact high velocity clouds

10 6 6
40 | (a) - (b)
~ 20} 4 4 L
- : 5 <
(D] | (o)}
z 0 @ il [ 1, 2
o | 12 14 =
=20 ¢ ] T
I ] _ Z.
m SRR [\ N e 5 po ... 10
40 20 0 =20 -40 40 20 0 =20 -40 40 20 0 =20 -40
Offset (') Offset (') Offset (')
| Westmeier+ 05
Figure 1. H 1 Column density maps of a) spherically symmetric CHVC
148—82, b) head-tail CHVC 040401, and c¢) bow-shock shaped CHVC
172—60. Contour levels range from Ng1=5 x 10® em™2 (1 x 10'° em™2 in
(b)) in steps of 5 x 10'® cm™2.
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spectra from HVC shocks p-p y+secondary (syn.+IC+brems.)
L =10"Yerg/107yr =3x10* erg/s, n=3 cm~, R=10pc, D=3kpc
t=10" yr, E_. =100 TeV, p=2
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TeV source associated with a forbidden velocity wing
-> (compact) HVC decelerated by disk collision?

“forbidden velocity wings”: anomalous HI structure in Galactic plane
localized deviations from Galactic rotation IdvI>20 km/s Kang & Koo 07
87 objects, only few correlated with known objects (e.g. 3 HVCs)

HESS J1503-582  Renaud+ 08
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some predictions/speculations
-E ~<100 TeV  ->deeper higher E obs. CTA

Y,max

- tt” secondary sync.+IC (+brems.) ->deeper radio+X obs.

- locations not necessary correlated with star forming regions
possible even outside stellar disk

BUT star formation may be induced? Franco+ 88, Izumi+ 11

- some correlation with planar and/or extraplanar HI

implications interesting information on
Galaxy/ISM evolution

probe accretion rate, distribution of mass, velocity, location...

TACT, Fermi  outer Galaxy
+radio-X-ray followup

CTA WM31?



summary high velocity cloud + Galactic disk interaction

potential GeV-TeV gamma-ray sources
(GeV 1if acceleration less efficient)

(compact) HVC+disk may explain some unlD TeV sources
larger HVC+disk detectable with Fermi?

future tests
GeV-TeV: search outer Galaxy (M31?), non-SF regions

radio-IR-X-ray: deeper followup
correlations with HI structure (inside/outside Gal. plane)

implications for Galaxy/ISM formation+evolution

GeV-TeV gamma-rays may provide us with interesting
information by i1lluminating Galactic accretion interface
points 1n the disk (thermal emission 1s dark)



