see Bayliss et al. 2019 in Nature Astronomy for the complete published result

The First X-ray Detection of Star Formation In
a Highly Magnified Giant Arc

Matthew Bayliss (University of Cincinnati, MIT), M. McDonald (MIT), K. Sharon (Michigan), M. D. Gladders (UChicago, KICP), M. Florian (NASA Goddard), J. Chisholm (UC
- Santa Cruz), H. Dahle (University of Oslo), G. Mahler (Mlchlgan), R. Paterno-Mahler (UC - Irvine), J. R. Rigby (NASA Goddard), E. Rivera-Thorsen (University of Oslo), K.
E. Whitaker (UMass, Cosmic Dawn, UConn), S. Allen (KIPAC, Stanford, SLAC), B. A. Benson (UChicago, KICP, Fermilab), L. E. Bleem (ANL), M. Brodwin (UMissouri), R.
E. A. Canning (KIPAC, Stanford), |. Chiu (ASIAA, J. Hlavacek-Larrondo (Montreal), G. Khullar (UChigago, KICP), C. Reichardt (Melbourne), J. D. Vieira (lllinois)

SI;'i'-CLJ2344-424'3 (Phoeglx Cluster) X-Ray Detection of a Strongly Lensed Galaxy at z=1.52

The massive galaxy cluster, SPT-CLJ2344-4243 (the “Phoenix Cluster”), acts as a gravitational
lens, magnifying our view of a background star forming galaxy. Remarkably, a deep (~600
kilosecond) observation taken with the Chandra X-ray Observatory reveals the presence of X-
ray emission from the giant arc (Figure 1). A lensing analysis using Hubble and Spitzer
imaging, as well as follow-up spectroscopy, confirms that the giant arc 1s formed from a pair of
highly magnified (~60x) merging images of a background star-forming galaxy (Figures 2-5).
The combination of a deep Chandra exposure and high lensing amplification produces an X-ray
view of the lensed galaxy at a depth equivalent to a ~1.3 year (40 megasecond) Chandra
exposure (Figure 6). The lensed galaxy 1s a low—mass (M/Mo < 103), low—metallicity starburst
with elevated X-ray emission (Figure 7), and 1s a likely analog to the first generation of
galaxies. The high X-ray luminosity reflects a phase in the life-cycle of star-forming galaxies
dur- ing which HMXBs are present in large numbers. High-mass stellar binaries are thought to
be important, if short-lived, contributors to high energy emission by galaxies that are dominated
by young stellar populations, a stage through which all galaxies pass at some point in their
evolutionary history. The source detected here was discovered serendipitously in archival data,
but 1t demonstrates the potential for lensing-assisted X-ray observations of the brightest
strongly lensed sources in the sky. This result paves the way for future work that will exploit
X-g8y \mage 2 strong lensing magnification in combination with Chandra, and its successor missions, to
deliver spatially resolved X-ray measurements of star formation and stellar populations in the
distant universe. These lensing-assisted studies will 1solate the X-ray emission from distinct
star-forming regions—thereby linking HMXBs and stellar populations with the fundamental
physical scales (1.e., sub-galactic) on which stars formed 1n the distant universe.

Figure 1: The X-ray emitting giant arc is shown relative to the center of the foreground lensing galaxy cluster in a false color
image at optical wavelengths. The inset shows Chandra X-ray 0.5-7 keV (left) and Hubble optical (right) images of the giant
arc at a scale 1.5 times larger. The optical colors here are given by Hubble imaging data in the F850LP (red), F775W (green),
and F475W (blue) filters. Two magenta circles indicate the locations of the X-ray emission from the giant arc in both inset
panels. The lensing geometry of the giant arc is a pair of merging images, where the lower and upper halves of the arc are
each a single image with mirror symmetry.

The Origin of the X-ray Emission - The Evidence Favors High Mass X-ray Binaries
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The Lensed X-ray Giant Arc Compared to Local and Déep Field Samples of X-ray Detected Star Forming Galaxies
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squares; Colbert et al. 2004, Lehmer et
al. 2016, Luo et al. 2017). The X-ray
arc is plotted as an open star for the
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Figure 7: The LX-to-SFR relationship for X-ray detected star forming galaxies, which follows a
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