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Overview

Ultraluminous Infrared Galaxies (ULIRGs) are
defined to be galaxies with L., > 10" L__

Most/all are merger systems — drives gas
towards nucleus

Important phase of galaxy evolution (Hopkins et
al. 2007, 2008) — may be precursors to quasar
phase

Energy budget between AGN and star formation
IS uncertain
— SFR > 100 solar masses yr-! if mostly star formation



Hopkins et al. (2008)
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- halo & disk grow, most stars formed Time (Relative to Merger) [Gyr] - large BH/spheroid - efficient feedback
- secular growth builds bars & pseudobulges - halo grows to “large group” scales:

- “Seyfert” fueling (AGN with Mg>-23) mergers become inefficient

- cannot redden to the red sequence - growth by “dry” mergers

dynamical friction merges b =
C - sets up quasi-static cooling
2 -1




Source ey T gl O/X/L Source ey T CEfal O/ X /L
ARP 220 7541 1404001 98737 Llyspi/sBlY  IRAS 1419740813 7542 2.10+0.14 10"3 =]
IRAS 0009107387 a0=1 1.8140.04 zsjﬁ sBly—/- IRAS 142521550 < 20 < 0.04 < 0.9 Ll/—/sBlo0
IRAS 001880856 961  0.60£0.02 4519 Ll/-/a*10 IRAS 143481447 5173 < 0.09 3.7l Lty/-/jsBt!
IRAS D0456—2904 < 1.0 0 < 0.04 sply /- IRAS 151301958 91::; < 0.01 zsjﬂ Alj—yalo
IRAS D0482-2721 < 54 < 0.04 < 4.1 Ll/-/- IRAS 152063342 5241  0.30+0.02  3.9717 st/ sptl
IRAS 0100322387 96+1  1.58+0.02 4949 sl /- IRAS 1522542350 89+1  0.7740.02 2217 sBl/—/sptl
IRAS 011660844 87+1  1.19+0.06 2077 sl /- IRAS 1525043600 94+1  0.9140.01 3577 L2 /sB%
IRAS 0129807447 98+1  1.79+0.02 7478 sl /- IRAS 15462 —0450 90", < 0.01 25710 Aly—/-
IRAS 01569—2939 85+1  1.13+0.04 1778 sl /- IRAS 16080—-0139 89+1  0.6940.01 2377 Ll/-7a%10
IRAS 0241140353 < 17 < 0.01 < 0.8 sBl/—/- IRAS 161560146 904+1  0.3740.01 515 Alj—y-
IRAS 032504 1606 < 3.4 < 0.11 < 0.2 Ll/—fAa*10 IRAS 164685200 B5+1 0.7740.02 Ls”_fg Ll/—/gpl0
IRAS 041032838 561 0.0840.02 :ff{: Lt/—/- IRAS 1647443430 < 4.9 < 0.01 < 0.2 st/ /a=to
IRAS 05189—2524 2 < 0.01 2875, AljAB a2 IRAS 1648745447 2141 < 0.04 LoTH3 Ll/—ja=10
IRAS 08572+3915 991  0.44+0.01 8577 Lly/—/a10 IRAS 1702845817 < 1.2 0 < 0.05 Llj—ja=10
IRAS 09039+ 0503 61=1  0.71£0.04 55723 L1/ ya*t0 IRAS 1704446720 91+1  0.32+0.01 2678 Li/—/Aatl
IRAS 09116+0334 < 1.8 < 0.01 < 0.07 Ll/-/A*10 IRAS 1717945444 8441  0.31+0.02 1679 Alj—7Alo
IRAS 09539+ 08577 91+1 1.854+0.03 zrjf Lt /—/sptl IRAS 172080014 < 7.9 < 0.01 < 0.4 L*/spt gpt!
IRAS 10190+ 1322 < 0.3 0 < 0.02 apl/—/sBt0 IRAS 102547245 8041  0.21+0.08 2379 A3 aB AL
IRAS 1037841109 73ty < 0.01 9.07%7 LY/-fA*0 IRAS 201004156 8641 0.47+0.02 1979 sB¥sAfspll
IRAS 104851447 60+1 0164003 53731 L1/ /a%i0 IRAS 204141651 < 2.2 < 0.07 < 0.09 st/ sptl
IRAS 10494+ 4424 < 0.4 0 < 0.02 Lj—faxt0 IRAS 20551 —-42507 00+1  L.18+40.01 2578 LE3fAS/A12
IRAS 1109502387 94+1  1.2240.01 3575 Lt/-/sBt? IRAS 212080519 < 0.9 0 < 0.04 sBl/—/sptl
IRAS 11130-2659 B4+l  1.15+0.02 167¢ Ly—/- IRAS 21219-1757 997} < 0.01 CE R Alj-yate
IRAS 11387+4116 < 0.8 0 < 0.03 spl/—/sBt IRAS 213292346 4342 < 0.07 2.?:3-_3 Ll/—ya*10
IRAS 11506+1331 5475, < 0.01 42709 sBl/-/ax*10 IRAS 22206—2T15 < 9.3 < 0.17 < 0.4 sBl/—/—
IRAS 1207204447 94+1 1.06+0.01 arfg Aly—sa10 IRAS 22491 — 1808 < 1.4 0 < 0.06 spl/spY /-
IRAS 1211240305 < 22 < 0.02 < 1.0 Ll/sB% /8B IRAS 231285919 48+1  0.36£0.03 3.47]7 L3/A%/alt
IRAS 121271412 98+1  0.24+0.08 6070 L'/—/A10 IRAS 2323440946 3072 < 0.05 L6 )" L'/-/8B10
IRAS 12359-0725 5477, < 0.01 42722 L1/-/A*10  IRAS 23327+2013 73+l 0.86+0.03  9.175°3 Lt /-/sB0
Nardinicet ak 0(!2008? < 0.02 LYj—/— MRK 231 9341 < 0.12 327" Al/AS /A0
IRAS 134542956 597 e < 0.01 5.072:2 Alj—/- MRK 273 6771 < 0.01 7.0728 AlfAT A0
IRAS 1350940442 < 0.6 0 < 0.03 apl/—/sBt0 NGC 6240 6575  0.64t0.24  6.57%7 L2/A% /Al2
IRAS 13539+ 2920 < 0.4 0 < 0.02 spl/-/splt 4C +12.50 97+1  0.24+0.02 59717 Aly /-
IRAS 14060+ 2910 < 0.4 0 < 0.02 spl/-/splt vace s1o01f 92+1  1.0940.03 3077 L23/AP A L0




X-ray Observations

* X-ray observations have potential to
directly observe nuclear continuum

* In practice, AGN in ULIRGs are likely high
obscured (N, >~ 10%* cm)
— Difficult to draw conclusions from only E<10
keV data
— Fe-K line detected in some ULIRGs



Chandra and XMM Results

* 0.3-10 keV band typically dominated by
starburst (Franceschini, Braito et al. 03,
Ptak et al. 03, Teng et al. 05)

* Hot gas surface brightness and
temperatures ~ constant between dwarf
starbursts -> starbursts -> ULIRGs
(Grimes et al. 2005)




Chandra Images of ULIRGs
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XMM Observation of Arp 220
(lwasawa et al. 2005)




Suzaku Arp 220 XIS

Arpe2l SRC-BGD apec+powerlaw




Suzaku Arp 220 XIS

Arp220 5RC-BGD apec+powerlaw

Neutral Fe-K
Model 1: phabsx(powerlaw+Gauss) Model 2: phabs x plasma EW < 0.24 keV
NH=7.4+6 . ,x1020 cm? NH=8.1+243_ x1020 cm-2
photon index '=1.7+0.1 kT=8.1"%3, . keV
line center=6.63+0.05 keV Abundance=2.4+1.1

EW ~ 1 keV EM~6x10% cm?3



Suzaku PIN spectrum of Arp 220

Observed data

4 . v

Non X-ray Background (NXB)

Obs data-NXBx1.04
" X-ray background (CXB)

normalized counts/sec/kelf

r Obs data-NXBx0.96

channel energy (keV)




Suzaku PIN spectrum of Arp 220

= Arp220 Data(-SAA)-NXB(-4%)
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L, / N, Constraints for Arp 220

Absorption +
Compton
scattering

Absorption
only




XMM Spectrum of the
Superantennae

Strong reflected
continuum plus a
scattered power law, Fe
line at E~6.4 keV
(EW~1 keV).

Observed L(2-10 keV)=
3x1042 erg/s

(Braito et al. 03)
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Suzaku FOV
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Superantennae Fe-K Line

.................... o |

normalized counts/sec/keV

channel energy (keV)

E~6.36 keV; EW~350eV
E~6.68 keV; EW~800 eV
E~6.99 keV; EW~300 eV
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E~1000 erg cm s!
Ny,~10%cm
N;;,>2x10*cm™

L (2-10 keV)~10*erg/s

High kT plasma fit: kT~7 keV Z2~2.5Z,, and L, ,,,.,~10%?ergs s



Other Suzaku Data / XAssist

* XAssist (http://www.xassist.org) now can
reduce XIS data similar to how XMM and
Chandra data are handled, follows ABC
guide
— Source detection uses SExtractor with

Mexican-Hat filter but needs tuning for bright
sources

— Currently does not reprocess XIS data but will
be added soon

* Script being developed to process PIN
data (also follows ABC guide steps)


http://www.xassist.org/
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IRAS 08572+3915

data and folded modsl
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IRAS 08572+3915 Mrk 273

40 40 50
E (keV) E (keV)

Appropriate backgrounds and responses downloaded automatically



Conclusions

* Fe-K line confirmed in Arp 220 (XMM ~ 3o,
Suzaku ~ 8c), shown to be ionized

* Hard X-ray emission above 10 keV detected for
first time in the Superantennae, Fe-K emission is
probably complex

* Many ULIRGs too faint and/or have nuclei too

complex (e.g., NGC 6240) for HXD, need
imaging v. hard X-ray observations to detangle

AGN



