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Lower Limits on Gamma-ray Emission Conclusions

Gamma Rays In Galaxy Clusters

Gamma-ray emission from clusters has not yet been detected.

INn Galaxy Clusters

Gamma rays have not yet been detected from galaxy
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H £ w0l - radio luminosities (which are proxies for SFR) of cluster
OweEver, gainina f b - member ga]axies and app]y1ng the relati()nship between SFR The lower limit on this emission is gamima rays associated
rays are expected | and gamma-ray luminosity. with star formation in cluster member galaxies,
from: = - unresolved by Fermi-LAT.
Dark M i E E The sum of the gamma-ray luminosities of the galaxies within
ark Matter 2 E a cluster is a lower limit on the gamma ray emission from that We predict lower limits on the gamma ray emission for
| 5wk = cluster! nearby clusters and find:
Cosmic Rays TR T e - - ~
L F e e - 1 | ' ' * Star formation accounts for at least 10% of the total
~ 107 = . Bullet
Cluster Member |+ - \X gamma-ray emission from some clusters
Galaxies s = wl ]
R E . %erseus * Emission from star formation in clusters is only a
. GC4636 GC5813 ) e o o .
NG % | factor of a few below the current sensitivity of Fermi
o 43 -
Upper limits on gamma-ray emission from Fermi-LAT [1]. 5 Coma Coma (LF)
£ AWM7 VeV T * Over its lifetime (~10 years), Fermi may be able to
s B Vo Hyda \! ) detect this emission
S Virgo i
I
Gamma Ray — Star Form ati()n S af - I - * Next-generation ground-based VHE gamma-ray
_ g instruments (e.g., CTA) may also be able to detect this
S J
Connection " I I a ] emission (assuming no spectral breaks)
Star Formation — Supernovae — Supernova Remnants as ILchver Li.mi.is ffrom %tar FOEKlTa“OH
particle accelerators — cosmic rays — gamma rays (via pion decay a9 - — pperml{‘]”m —— -
from hadronic collisions and inverse Compton scattering of electrons) ‘ | ’ ' ' |
\ o / References
/ SFR (Meyﬂ) \ IR vs gamma-ray luminosity [3].
102 10" 1 10 102 10° LF = luminosity function (rather than summing individual galaxy luminosities).
. L L B R | |. T T T T T Iol T / \ [1] Ackermann, M.’ et aI. 2010) APJ) '71 '7) L71.
10" © LAT Non-detected (Upper Limit) o © o 44.0
= 0 LAT Non-detected with AGN (Upper Limit) ~ © 20 o ! | | |
— e LAT Detected o os o 4 2 .
(0%2L = LAT Detocted with AGN @00 U i %@fb% A%/-’l? A2029. [2] Ackermann, M., et. al. 2012, ApJ, 755, 164.
— - = = . Best-fit Do g°® 5 40¢ \ ¥
— E [ ] Fit Uncertainty 5 OQNGC?)M@'T '¢" ‘ OphlllChllS |
Tm 1041 = [ ] Dispersion Op OOOOD Fle\as;ﬁzoag . 43.0 1 [3] StOI'IIl, E., JEltema, T. E., Pl’OfllIIlO, S., 2012, APJ, 755, 117.
% - o > OO‘% ' 4 w Coma
\'; 40 __ 08 rL Fé}f‘?’ a0 412.5 _
8 10 % o OM&%’O* iN]Zng;gﬁ \EJ/ AWM7 A1367
S N 25" < 420 \ o J _
_Ig 1 039 E_ M3T1 "a,'_{my war § V%g() ﬁ;ra
: : s - Acknowledgements
10°°% & 4 = _._ I
= L. ~ 41.0 } B . .
- &y ES - This work is partly supported by NASA grants NNX09AT96G
37| SMC . R ~
107 E go | | | | 105 | i - and NNX09AT83G. SP acknowledges support from an
I T N 9 10 11 12 ° ° °
5 I Outstanding Junior Investigator Award from the Department
10 10° 10 10 10 NG T Lo fo G Bormation
L. (L ! OWEL LATILLS LFOLL otal FOLIALIOL of Energy, DE-FG02-04ER41286.
\ 8-1000 um / . : >
. | Upper Limits from Fermi-LAT
A handful of star-forming galaxies have been observed by Fermi-LAT [2]. 39"32.0 9.5 93.0 93.5 24.0 245 95 0)
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Infrared Lum1n051ty (UV radiation from stars processed by dust into IR) \ . — /
. . . Radio vs gamma-ray luminosity [3].
and Radio LUIIllIlOSlty (synchrotron radiation from electrons accelerated by Ophiuchus, A2142 and A2029 have cool cores, which implies that their central galaxies
supernova remnants) are pl’OXiES for Star Formation Rate (SFR) . may have elevated SFRs. For these clusters only the luminosity of the central, brightest Emma Storm ‘ contact: estorm@ucsc. edu

cluster galaxy is considered. Warning: A2029 may host an AGN.
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