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Presentation Notes
You just heard something amazing…that our universe is flooded with X-rays and we are able to finely focus them using special telescopes like Chandra.

Chandra has made it possible to directly study black holes, supernovas, and dark matter. Chandra has increased our understanding of the origin, evolution, and destiny of the universe.




What’s Next?

What Mysteries Still Need to 
be solved?
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But what if we want to see deeper into the Universe? Look at fainter objects…using our X-ray vision goggles … Just like cat’s improved vision in the dark…we need a telescope with improves sensitivity…. I’m going to tell you about a concept for a next generation x-ray observatory that will have this ability and be able to do much more than any previous or planned x-ray telescope.




A symbol of great insight with 
the ability to see through 

rocks and trees to reveal the 
true nature of thing.

Academy of the ‘Lynx-Eyed’
Perform incisive and penetrating 

investigations of the natural world.

LYNX: THE NEXT GREAT OBSERVATORY
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Presentation Notes
Much of the normal matter in the Universe is visible primarily in the X-rays
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These images illustrate the evolution of the X-ray view of Crab Nebula from Einstein to Chandra. Lynx vs. Athena will be a similar jump in spatial resolution, while Lynx vs. Chandra will be a simIlar jump in collecting area.


The heart and sole of the observatory is the mirror. Lynx aims to preserve Chandra's spatial resolutions ($0.5''$) while providing a massive increases in the throughput.


LONGER DESCRIPTION OF THE INSTRUMENTS:

HIGH DEFINITION X-RAY IMAGER: The High Definition X-ray Imager is Lynx’s sharpest eye, melding the exquisite spatial resolution and PSF stability provided by the mirrors. The HDXI is optimized for high-resolution imaging across wide survey areas. It will have moderate spectral resolution (100 eV) over 0.1–10 keV, and excellent image quality. Fine, 0.3 arcsecond pixels, will cover a 20’ × 20’  field of view. The point spread function will remain highly stable even at large off-axis angles, as the detectors will tilt to follow the optimal focal surface. This will enable Lynx to survey the X-ray sky 800 times faster than Chandra at faint flux limits.

LYNX X-RAY MICROCALORIMETER: Long the dream of X-ray astronomy, the X-ray microcalorimeters can achieve unprecedented spectral resolution. Only Lynx couples the exquisite spectral resolution of a microcalorimeter to sub-arcsecond spatial resolution. This will enable collection of truly three dimensional data, realizing the full potential of this transformational technology. The Lynx X-ray Microcalorimeter (LXM) will enable spatially resolved spectroscopy across a 5’ × 5’ field of view, sampled with 1 arcsecond (50 micron) pixels, at an energy resolution of 3 eV. That’s 90,000 pixels. Two subarrays will be optimized for sub-arcsecond imaging and maximal spectral resolution (ΔΕ ~ 0.3 eV below 1 keV).

X-RAY GRATINGS SPECTROMETER:  An even higher spectral resolution is required for absorption-line studies of diffuse baryons in galactic halos and in the Cosmic Web, physics of stellar coronae, and assessing the impact of stellar activity on habitability of their planets. This capability will be provided by the X-ray Grating Spectrometer (XGS). The XGS gratings arrays can be inserted into and removed out of the optical path. These arrays will cover 2/3 of the input aperture, providing 4,000 square cm of effective area at the astrophysically important X-ray lines in the 0.2–2 keV band. The dispersed spectrum will be read out with a dedicated array of Si-based sensors. The resolving power will be fairly uniform across the band, at R > 5,000.



“Other” X-ray Telescopes

Chandra

Lynx

50x higher throughput while 
maintaining Chandra's 
angular resolution.

Like going from your 8” 
backyard telescope to a 10-m 
Keck.

What takes Chandra 8 weeks, 
Lynx can do in ~1 day for 
deep surveys.
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Lynx will maintain Chandra’s on-axis angular resolution (0.5’’) while providing a factor of 30 higher effective area. Combined with improvements in the detector technology, that’s a factor of 50 gain in throughput in the soft X-ray band.
  
Chandra’s point-spread-function blooms off-axis, so that sub-arcsec spatial resolution is maintained only within the central 2.5 arcminutes. Lynx mirrors are shorter and they will be laid out using an optimized optical design. Sub-arcsec angular resolution will be maintained out to ten arcmin, a sixteen-fold improvement over Chandra in solid angle. Combined with a fifty-fold improvement in throughput, this will enable Lynx to survey the X-ray sky 800 times faster than Chandra at faint flux limits.

Lynx requires new technology for X-ray mirrors. Several techniques are in active development. The DRM is based on the GSFC-developed segmented, directly polished crystal silicon mirrors. This technology is approaching a 1 arcsec demonstrated performance for flight-sized, aligned pairs of mirror segments.

The background images show the 4 Msec Chandra survey and a simulated deep Lynx pointing with the same exposure.



LYNX X-RAY OBSERVATORY

Lynx has a 3m diameter with a 10m focal length.

(effective diameter)
JWST Primary Mirror: 6.5 m Lynx Mirror: 25 m 
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The observatory is designed to pursue three fundamental science themes. While that program is already very broad, there will be ample resources to execute many other programs, even those not anticipated today. From black holes at the edge of time to our cosmic neighborhood, Lynx will reveal the invisible Universe. It will be a discovery platform for all. 




BLACK HOLE DAWN
New Record Breaking Quasars

Image credit: Jinyi Yang/UA; Reidar
Hahn/Fermilab; 
M. Newhouse/NOAO/AURA/NSF

J1342+0928; z=7.54; 800 million Msun!
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Billion solar mass black holes are being discovered at ever higher redshifts, at the epochs when the Universe was only a few hundred million years old. The birth and rapid growth of these supermassive black holes is a remarkable, yet poorly understood phenomena with strong impacts on the evolution of the first galaxies. These young black holes are best observed in the X-ray band. Lynx will be capable of directly observing their birth and early growth.  To do this requires enormous sensitivity. Lynx has it, given the combined power of its throughput and angular resolution.

The rapid assembly of the first supermassive black holes has been attributed to mechanisms ranging from the collapse of gas into the nuclei of early protogalaxies, to numerous mergers of stellar-mass black holes accompanying hierarchical structure formation at early times, to the runaway collapse of early, ultra-dense stellar clusters. The schematic above shows these two main classes of models.

The riddle is best addressed by a direct detection and identification of the first black holes with masses ~ 105 MSun or below, at the redshifts z > 10 where they are expected to form. Reaching down to these masses is crucial, because by the time black holes grow above 10^6 MSun, they generally “forget” the memory of their initial assembly. Sensitive Lynx surveys over ~ 1 deg2, which can detect  10^4 – 10^5 MSun black holes beyond z > 10, combined with optical/IR observations characterizing their host galaxies, will solve the long-standing puzzle. 


We need to find the first supermassive black holes in the first galaxies detected by JWST, trace their growth from the seed phase, and shed light on how they   shape their host galaxies. 

Massive black holes start to form as early as their host galaxies. In looking through space, we look through time. The most distant  black holes are found when the Universe was only a few hundred million years old, and weigh up to a billion solar masses. We simply do not understand how they could have grown so massive in such a short amount of time.  Lynx will directly observe their birth and early growth.  To do this, we must observe extremely faint X-ray sources, requiring enormous sensitivity. Lynx has it, given the combined power of its throughput and angular resolution. 

How does the growth of supermassive black holes proceed from cosmic dawn to redshift 3, and how are these SMBHs connected to their host galaxies? Do all SMBHs emerge at high redshifts or do some seeds form later or experience fast growth at lower z? Do relics of SMBH seeds reside in nearby dwarf galaxies?

Lynx will answer these questions through deep extragalactic surveys, observing black holes that span a full spectrum of masses,  down to a limit of roughly 500 solar masses at redshift 3. 

Supermassive black holes show rapid growth to redshifts ~ 1 – 2, and today are found in the heart of every massive galaxy. However, we cannot yet connect this later growth with the initial seed phase. This is the key to answering a number of fundamental questions, such as: How are supermassive black holes connected to their host galaxies? Do all supermassive black holes emerge at high redshifts, or do some seeds form later or experience fast growth at lower redshift? Can relics of the black hole seeds be found in nearby galaxies?
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The assembly, growth, and state of visible matter in cosmic structures are largely driven by violent processes that produce and disperse large amounts of energy and metals into the surrounding medium. In galaxies at least as massive as the Milky Way, the relevant baryonic component is heated and ionized to X-ray temperatures. Lynx will conclusive insights into the major gaps in our understanding of the galaxy formation thanks to its unique ability to map the hot gas around galaxies and in the Cosmic Web and to characterize in detail all significant modes of energy feedback. 

Violent processes that produce and disperse large amounts of energy and metals into CGM drive the assembly, growth, and state of visible matter in cosmic structures.
For galaxies M > MMW, the baryonic component is heated and ionized to X-ray temperatures. 
Mapping this hot gas in CGM and the Cosmic Web and characterizing in detail all modes of energy feedback requires high resolution X-ray imaging and spectroscopy.

We must observe the X-ray signal from these hot gaseous halos in both emission and absorption. The emission is incredibly faint, so detection requires the Lynx throughput, and its ability to remove background point sources. The structure of absorption lines, meanwhile, is incredibly complex. To make sense of what we see in absorption, we need the spectral resolution only provided by the Lynx gratings.



JHE MILKY WAY 
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THE DISTANT LIGHT OF INFANT SUNS: Young stars in the first 600 million years since birth shine brightly in X-rays, because of their rapid rotation. Complete samples of young stars for follow-up studies can be selected solely using X-ray emission as markers of young stars in active star forming regions. Infrared excess selection identifies young stellar objects still wrapped in their natal material or circumstellar disks. After disks dissipate at t = 10–70 Myr, the IR excess subsides but the X-ray emission persists. X-ray and infrared observations together thus enable enormous advances in our understanding of protoplanetary disk dissipation.

Chandra can probe the entire stellar mass scale from Brown Dwarfs to massive O stars only out to a distance of the Orion Nebula – about 400 pc away.  Lynx can take these studies to 5 kpc, reaching into the Carina-Sagittarius spiral arm which hosts many regions of far more intense star formation.


WORLDS BEYOND OUR OWN: Discovery and characterization of exoplanets is rapidly becoming a mature field. The emphasis will increasingly shift towards statistical characterization of the planet populations and the holistic assessment of habitable conditions. The activity of the host star can play especially important role for habitability of planets around dwarf stars, the very population whose atmospheres will be accessible for studies in the 2020’s with large, ground-based optical telescopes and JWST. The sensitivity and spectroscopic power of Lynx will enable essential insights into the impact of stellar X-ray and extreme ultraviolet flux, winds, and flares on the worlds beyond our own.

THE AFTERMATH OF STELLAR DEATH IN 3D: For the Milky Way supernova remnants, such as the Tycho remnant shown on the right, Chandra uncovered rich physics. It has resolved thin shocks where cosmic rays are accelerated, mapped ejecta distributions to constrain explosion processes, and uncovered a young neutron star in Cas A, leading to unique insights into its equation of state.

The Lynx microcalorimeter will produce 3D maps of dozens of remnants, revolutionizing constraints from SNRs on the explosion physics. Lynx will resolve the LMC & SMC remnants and establish parent SN types within the Local Group, providing a census of stellar explosions in different metallicity environments. It will detect numerous young neutron stars currently missed due to lack of sensitivity. Spectral studies of recent core-collapse SNe within 10 megaparsecs will probe the circumstellar material ejected in the few thousand years preceding explosion.

RIPPLES IN THE COSMIC POND: LIGO WILL LISTEN. LYNX WILL SEE. A new age of multimessenger astronomy has arrived with LIGO discovery of gravitational waves from a merger of two neutron stars in 2017. Lynx will see neutron stars and black holes in binary systems throughout the Local Group of galaxies. Future gravitational wave experiments will hear when they merge. Together, we will learn a lot.

X-ray binary populations are shaped by stellar and binary evolution, so observations can test key model ingredients such as common envelope phase and SN kicks. Evolutionary paths for some classes of LIGO sources, such as NS-NS mergers, almost certainly pass through a high-mass X-ray binary stage. Chandra observations of nearby galaxies mostly probe the upper end of the XRB luminosity function, so lack the range to discriminate among various models. Lynx will reach ~ 100× fainter than Chandra, providing the needed dynamic range. For a given X-ray luminosity, Lynx will cover ~ 1000× greater volume, increasing the number of galaxies to build up samples of rare objects.





HIDDEN LIGHT OF SUNS

The star’s magnetic field creates an ecosystem which 
helps to set the environment that planets (and life) 
experience (Lingam & Loeb 2018) Stellar 
magnetospheres influence the inner edge of the 
traditional habitable zone (Garaffo et al. 2016, 2017).

Where do planets form? Where do they migrate?
• X-ray spectra of young stars show more than accretion plus magnetic activity
• X-rays implicated in rapid heating of protoplanetary disks
• After stars lose their disks X-ray surveys are the only way to find young stellar 

objects

How do the characteristics of flares change with time and 
what impact does this have on exoplanet conditions?

• Systematic change of Tmax, Eflare, Lx,max on flares of stars with varying mass, 
age, magnetic configuration as input to evolution of planetary irradiation

• Influence of energetic particles inferred from line profiles Credit: R. Osten
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Lynx will probe with unprecedented depth a wide range of high-energy processes that provide a unique perspective on stellar birth and death, internal stellar structure, star-planet interactions, the origin of elements, and violent cosmic events. 

Lynx will detect X-ray emission as markers of young stars in active star forming regions, study stellar coronae in detail, and provide essential insight into the impact of stellar XUV flux and winds on habitability of their planets. Images and spectra of supernova remnants in Local Group galaxies will extend studies of stellar explosions and their aftermath to different metallicity environments. 

Lynx will expand our knowledge of collapsed stars through sensitive studies of X-ray binaries in galaxies as distant as 10 Mpc and detailed follow-ups of gravitational wave events. Lynx will greatly extend our X-ray grasp throughout the Milky Way and nearby galaxies by combining for the first time the required sensitivity, spectral resolution, and sharp vision to see in crowded fields. 
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“Light, Light, The visible 
reminder of invisible 

light” – T.S. Eliot
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Thomas Stearns Eliot was a publisher, playwright, literary and social critic and arguably the most important English-language poet of the 20th century. Although he was born an American, he moved to the United Kingdom in 1914 and was naturalised as a British subject in 1927 at age 39.�
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Come back to the 20th anniversary of Chandra and how Chandra-vision has changed the way we look at the universe.  We see how important X-rays are to our understanding of the universe and we must maintain that vision…the vision of a Lynx! (show Lynx eye with changing images…?) – with multiwavelength images underneath?

SNR in Constellation Taurus, first observed in 1054 AD
Neutron star spins at ~30 times per second, 20 miles across
X-rays from Chandra reveal the structure and behavior of the high-energy particles being spewed from the Crab's central pulsar.

No single wavelength regime is suitable to study matter of all temperatures.




FINAL THOUGHT & COMPELLING LYNX QUESTION
Are Cats Spies Sent by Aliens? A Deep Examination of One of the Internet's Best Conspiracy Theories

https://www.vice.com/en_us/article/pgg9gm/are-cats-spies-sent-by-aliens-motherboard-examines-a-favorite-internet-conspiracy-theory

If you hold a cat's ears back and describe what you see, it is a perfect match to the classic "grey alien," with its 
almond-shaped eyes, small mouth, and small nose.

Obviously true. See below. 
LEFT TO RIGHT, IMAGES VIA FLICKR AND WIKIMEDIA COMMONS
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Are Cats Spies Sent by Aliens? A Deep Examination of One of ...I want to ask a favor of each of you. When you look through the telescopes tonight, I want you to imaging how much of the universe you are not seeing with your eyes (or ccd detector) – which is most of it…and think of the light you see as the merest of shadows of what our universe actually looks like…
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THANK YOU!

https://wwwastro.msfc.nasa.gov/lynx/

https://www.lynxobservatory.com

https://chandra.harvard.edu/
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