Shedding Light on Dark Matter Through Gravitational Lensing
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The data cubes used in this project were simulated to reproduce observations of a

rotgting gaﬁ disk)(with C1I‘|(;<ted pallralmeters_)t,hbc?_l;(f)re bteing arti{_iciall_l)_lhlensedlgy almaindlenS The smallest Einstein radius for a clump to be detected when the image is unblurred,
and (sometimes) an additional clump wi Ifferent properties. The resulting lense - . : _ :
However, we are able to observe its effects in space through gravitational lensing. data cubes Were then convolved (bIErred) o represzntppossible boint spregd e fions slightly blurred (FWHM = 0.25 arcsec), and highly blurred (FWHM = 0.5 arcsec) is b
Gravitational lensing is the bending of light caused by a massive object that creates ' =0.00000001 arcsec where the Einstein radius of the main lens is 1 arcsec. The same

distorted images of what an observer would otherwise see with a telescope. Using data . . . . Is also true for clumps that are far away but the effect of lensing varies with position.
. . . . . . All the Figure As are the simulated lens models with parameters (b,x0,y0,ec,es,s). b is - : - : :
analytical techniques in Python, we are able to create simulations placing clumps of dark J P ( y ) Detectabllity of clumps will also be affected by image noise, not considered here.

TP qi 4 ob - n . The f the Einstein radius of the lens model which is directly proportional to the lens’s mass.
matt_er = grawtatlor_\a y Iehsedimages ant observe € ects_ ki 0s€ Images. The TotUs X0 and yO are the coordinates of the center of the lens. ec and es describe the
of this particular project is the data cube, which is a three-dimensional array of panels,

Dark matter comprises a larger fraction of the universe’s mass than ordinary matter,
but it's practically invisible because it doesn’t emit or absorb electromagnetic radiation.

Figure 9 (A,B,C)

led velocit ch s of th giff ; ¢ sioht velocities in th | ellipticity of the lens. s is the core radius of the lens. The only difference between each Figure 8 (A,B,C)
Ci Ve O%ty_ ¢ ann%s, IO the gas at di ebrlent |(r;e Of SIg t\r/]e ocities |r]: the galaxy \c/lve are A figure is the value of the full width half max (FWHM) that affects the blurriness of the
ODSEIvIng. Using residual maps, we are able e etermnje the range o1 masses an model. Figure 5A is a relatively clear picture with a FWHM value of O arcsec, Figure 6A | \ ;
positions of clumps of dark matter that can be detected in gravitationally lensed images. has a FWHM value of 0.25 arcsec, and Figure 7A has a FWHM value of 0.5 arcsec h )

To find the lowest possible mass that can be detected, we decreased the Einstein radius, 1 1
which is directly proportional to the clump’s mass, by factors of 10 and placed the clumps All the Figure Bs are simulated lens Figure 5 (A,B,C) ....... ---....
directly on the foreground galaxy and placed the clumps near the foreground galaxy. The models with a clump of dark matter. The 1 1
results of this research increase our understanding of dark matter and gravitational clump has the same set of parameters ....... ....... .......

lensing by allowing us to detect more cases of dark matter lensing objects in with the addition of parameter a.
observations. Using high angular resolution data for our images will make the detection of Parameter a IS the_ truncation radius of the .......
minimal amounts of dark matter through gravitational lensing more accurate. clump. When making the titles of the :

various figures we used the terms 1
Back g round bullseye and offset to represent the . o cump gy sy ot =osem | e - ot

position of the clump. Bullseye means that o .....- .....--

. . . . . . . . . I i n r r ir | n n f h I n Bullseye Clump: <b, X0, y0, ec, es, s, a> = ([0.9, 0.72, 0.75, 0.2125479503588037, 0.20755743416048122, 0.04209465999010434, 0.03492293581461094]) E

Gravitational lensing is the bending of light caused by a massive object that creates distorted _t > hea Odd ﬁectty on one c])c ! fe ensed 1 1 |

Images of what an observer would otherwise see with a telescope. Images and oriset meaning far from any . : -f
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lens model without a clump and with a L I e R ||

What the telescope sees T All the Figure Cs are residual cubes, 1
e which show the difference between the .......
o ' o .
. | clump. This is the most effective way to

Distant galaxy
Gt see the effect of dark matter. .......
ight rays d
| | | The unlensed model used to produce 1 : y
Image credit: G. Djorgovski Image credit: NASA, ESA, A.Nierenberg, & T. these figures IS a rotating gas disk .......
Treu ' 1SS _l

| | . | observed in CO(1-0) emission at z = 2.5, 1
works. In this cartoon, light from a distant galaxy image of a nearly complete Einstein maximum rotation velocity 150 km/s L N s ek e e

Distance: 7.5 billion light years

p (Highly Blurry): D

Bullseye Clump (Highly Blurry): Difference - (b1,b2) = (1.0,1e-08)
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(left) is bent by the gravitational lens (middle), so ring, which is produced by the _ ) _ l

that it appears two places on the sky (i.e., images) gravitational lensing of a distant velocity dispersion 30 km/s, ]
from the point of view of an observer on or near the source by a lens that is almost and inclination 45 degrees. CO N Cl usion
Earth (right). exactly along our line of sight to it. Figure 6 (A,B,C) Figure 7 (A,B,C)

The detection of a clump of dark matter is directly proportional to the mass of the clump
and inversely proportional to the blur (i.e., point spread function) and distance of the

No Clump: <b, x0, y0, ec, es, s> = ([[1.0, 0.0, 0.0, 0.34941254443374087, 0.3037617992075715, 0.010143921090261148]]) . . . .
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....... Future questions to explore include, “How would the range of masses and positions of

[ detectability change if there were multiple clumps?” and “Would a massive clump have
....... ....... the same effect as multiple smaller clumps. To address those guestions | would have to
1 1 — _ run simulations of multiple smaller masses and compare them to results for a single
..I..-. .I. clump with the mass of the sum of the smaller masses. The position of the massive
1 1 clump would be found through trial and error so its residual cube will look similar if not
....... ....... identical to the previous result. It would also be helpful to explore the effects of image

_ . . noise on detectabillity.
Image credit: NASA, ESA, A. Bolton, & SLACS team Image credit: IPSEO/University of Strasbourg
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'gure 2. RUbRIE Space 1E1eSCope IMages x and y, and a third velocity axis. The velocity tells 3 .
of lensed quasars. Gravitational lensing can

sometimes produce double or even us if material is moving towards or away from the : |
sEGluEle ir?1a I ole source observer and is measured from the changing ) -..'.'.
: P : J ' wavelength (or frequency) of the emission. II ., r | ’ :
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