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Fig. 7. T oy model of the microq uasar contrib ution to the CR spec-

trum, for a single microq uasar situated in a low mass X-ray b inary,

active for τ
∼
> 1.5 × 107 yrs on the level of 3 × 1038 erg s s−1 (simi-

lar to G RS 19 15+105), and at a distance of 1 kpc. F or simplicity, we

assumed the source was operating with uniform b ulk L orentz factor

Γjet = 5 (top) and Γjet = 2.5 (b ottom). T he curves are normalized rel-

ative to the measured differential G alactic CR b ackg round spectrum

(thick g rey dashed line). Shown are the same curves as in F ig . 5: nar-

row feature for upstream temperature of T ∼ 7 × 1010 K (dotted line)

and for T ∼ 7 × 108 K (solid line), M ax wellian with k T ∼ Γjet mp c2/3

(dashed line), multiply scattered component for efficient pitch ang le

scattering (dash-dotted line) and for inefficient pitch ang le scatter-

ing (dash-triple-dotted line), and the relative contrib ution of heavy

elements for metallicity 10 times the solar value (long -dashed g rey

curve), as seen in G RO J 1655-40 and V 4641 Sg r. E ach spectral com-

ponent has b een steepened b y E−1/2 to account for the energ y depen-

dence of the diffusion coefficient.

A M S 0 2 , we can estimate the detectab ility of spectral features

such as produced b y microq uasars. T he rig idity resolution (i.e.,

energ y resolution) of the instrument is ex pected to b e around

2% in the crucial rang e from 1 to 10 G eV , which will easily b e

sufficient to identify and resolve even the narrowest feature in

F ig . 7.

F or an effective area of order 0.4 m2 sr, the ex pected total

CR proton count rate b y A M S 0 2 in the energ y rang e from 1 to

10 G eV should b e of the order of 103 s−1. At 2% energ y reso-

lution, this implies a detection rate of ab out 2 × 108 yr−1 b in−1,

with a relative P oisson-noise level of order 10−4. Calib ration

and other systematic errors will likely dominate the statistics,

however, these numb ers are encourag ing , and we ex pect that a

source at the few-percent level will b e detectab le with A M S 0 2 .

T he heavy element sensitivity of A M S 0 2 will share sim-

ilar characteristics: for the same energ y resolution and effec-

tive area, the detection rates of carb on and iron, for ex ample,

should b e of order 4 × 105 s−1 b in−1 and 4 × 104 s−1 b in−1 re-

spectively. Aside from A M S 0 2 , sig natures mig ht b e detected

b y other instruments, and even ex isting data sets mig ht contain

sig nals. Identifi cation would req uire scanning these data with
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Fig. 8 . T oy model for the g amma ray sig nature produced in a

microq uasar CR halo via pion decay (including π0 decay and

b remsstrahlung from secondary electrons and positrons). Curves were

calculated assuming a source active for over τ
∼
> 15 × 106 yrs with an

averag e power of Lkin = 3 × 1038 erg s s−1, at a distance of 10 kpc, and

for an ISM particle density of 1 cm−3, assuming CRs are lost once they

have reached the edg e of the G alactic disk at ab out 1 kpc distance from

the source. L ab es according to F ig . 5. Do tted line: G amma ray sig na-

ture from narrow component of the microq uasar halo; d a sh ed line:

from thermalized component; d a sh - d o tted line: from “ powerlaw type

component” in the case of efficient scattering ; d a sh - trip le- d o tted line:

from “ powerlaw type component” in the case of inefficient scattering .

Th ick grey line: EG R ET diffuse g amma ray b ackg round at the posi-

tion of G RS 19 15+105 (Hunter et al. 19 9 7), assuming the same solid

ang le as sub tended b y the source. Th ick lo ng d a sh ed line: b ackg round

g amma ray emission over the same solid ang le modeled assuming the

proton CR spectrum measured near earth and an averag e ISM density

of 1 cm−3. Hatched line: G LA S T sensitivity. M odels were computed

using the GALPROP routines b y M oskalenko & Strong (19 9 8). Insert:

Ang ular dependence of the source contrib ution to the g amma ray fl ux

Fν, relative to the b ackg round fl ux Bν at a photon energ y of 1 G eV

(see E q . (8)) . T he rig ht Y -ax is shows the source distance at which

the G LA S T sensitivity is reached for the value of Fν/Bν shown in the

curve, the top X-ax is shows the ang le θ = r/D in units of arcmin/D10

where D10 is the source distance in units of 10 kpc.

hig h spectral resolution. N ote that the effects of solar modula-

tion will b roaden any narrow spectral component sig nifi cantly.

Results b y L ab rador & M ewaldt (19 9 7) demonstrate that a line

at ∼5 G eV will b e b roadened b y ∼1 G eV , ( less at hig her ener-

g ies) thoug h this effect will b e reduced at solar minimum.

4.3. Gamma-ray emission from pion decay

As the CRs produced in microq uasars travel traverse the

G alax y, they will encounter the cold ISM . T he interaction of

a CR proton (b y far the most ab undant and thus most energ etic

component of the CR spectrum) with a cold ISM proton can

lead to secondary particle production and to the emission of

g amma rays via several channels, the most important of which

is π0 decay.
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Solar modulation of a narrow Fe peak
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Effect of a narrow component at 5GeV/nuc
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