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Motivation
ert questions on MKIDs and cosmology)

k. &

 of five or ten?
juction to MKIDs (enotigh'to set'the stage)
e Quick €y of the main players (DES, MS-DESI, EUCLID; LSST)

e MKIDs a - resolution spectrograph in the LSST era.

e | will conclude with my list of questions.




MKIDs in general

There are plans to use MKIDs in many different areas, e.g. dark matter,
CMB, x-rays detectors, visible astronomy, dark energy, etc.

CMB experiment for example need small array of MKIDs to do science

and they are on their way to do just that in the next few years (see next
two transparencies for GroundBIRD)

3. 1 will only address during this talk the questions related to how to do
science with MKIDs in relation to dark energy. Given Femilab’s
involvement in DES and now in MS-DESI it is only natural to try to

continue on the Dark Energy path. Also as a DOE Lab we can do
cosmology but not astronomy.
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LiteBIRD roadmap

POLARBEAR-2

I 1itBIRD
POLARBEAR
=

GroundBIRD
| MKID |

» Ground-based projects as important steps
» Verification of key technologies

QUIET » Good scientific results

» International projects

HEMT
2012/11/28 Workshop on Polarized Foreground for CMB, MPA, Germany Masashi Hazumi (KEK)




MKID optlon for higher MUX factor

LiteBIRD is currently
the guiding force for
the MKID development
in Japan
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LBLH0=396 GHz @0.] K

—— Phase readout

NEP (W Hz!#)
“n - v N

—— Amplitude readout

S0 100 500 1000 50001 = 104
f (Hz)

Electrical noise measurement
M. Naruse et al. 2012

2012/11/28 Workshop on Polarized Foreground for CMB, MPA, Germany Masashi Hazumi (KEK)




MKIDs for Dark Energy

The path in relation to the question of using MKIDs to study Dark Energy is as
follows:

1. As we speak: ARCONS is providing a demonstration on the first real use of
an arrays of about 2,000 MKIDs for astronomy.

2. The next 5 years: or next factor of 5-10 (10 -20 thousand resonators) will
be the installation of a larger MKIDs arrays in the Soar telescope.

3. The 2020-2030 decade: | think that there is consensus that the next factor
of 5-10, or 100 thousand resonators in the form of a low resolution
spectrograph, will be the first instrument capable of doing Dark Energy
science.

4. (Of course several orders of magnitude later we can have large imaging
arrays)
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What are MKIDs ?

MKIDs = Microwave Kinetic inductance Detector (or a superconducting resonator)

"

hv

‘\\Inductor
Feedline Trombone ®A

L Extension Capacitor
G d St e A\ )
roun raps C NS(E)
b
LE] | 5.-UkV X600 mImT. WD 10.1mm hv _l_
1. A photon strikes the superconductor breaking 1
a few thousand Cooper pairs. T
The broken Cooper pairs change the
inductance of the resonator. O O
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MKIDs (superconducting resonators)

0

Power (dB)

The resonance frequency and phase change
due to the change in inductance.

The phase change is measured providing a
time and energy measurement for each
photon.

The theoretical energy resolution is about
R=A/AA=100

Up to about 2000 resonators could be
coupled to the same feed line.

MKIDs and Cosmology, Fermilab 26-AUG-2013 G. Gutierrez, Fermilab

d

2n

Phase

Phase (Degrees)

60F

50

40

30

20

10

o

-10¢
-200

ﬁ‘“'l AP DU E— |
i "J.F'l"j Il 1 bk, [
wft'rl""\ulﬁ'\,’ | i ) iy {lr" i 'ﬁL" I ')ﬂl’ly"'} | {r‘J'un"

0 200 400 600 800
Microseconds



Theoretical resolution for MKIDs

The limiting resolution of the MKIDs is given by the fluctuations in the number of quasi-
particles. In other words it will be proportional to the square root of the number of
guasi-particles. That is

E 1 nhv

R = —
SE(FWHM) 22355\ FA

Where n=0.57 is the efficiency for producing quasi-particles, hv is the photon energy,
A=1.72 kg T, is the superconducting gap (T is the superconductor critical temperature),
the factor 2.355 converts rms to FWHM and F=0.2 is the Fano factor (*).

(*) For example for a binomial system where n is the probability of producing quasi-particles
and (1-n) the probability of producing phonons the rms of this binomial distribution is given
by 02=qu (1-n). Then the Fano factor is 1-n=0.43. In the real case the interaction between
phonons and quasi-particle reduces the Fano factor to about 0.2
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A comparison of R for different experiments
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Transforming R into 6z: the PRIMUS survey

arXiv:1011.4307v2 [astro-ph.CO] 11-Aug-2011

PRIMUS is a survey performed with the Magellan telescope. The survey uses a mask
followed by a prisms to spread the light into the CCDs to obtain spectroscopic information.

09:59:48.9
+02:03:279 _

20060303

3520

A 24-minute IMACS prism exposure of a slitmask with A close up of a small portion of a single exposure.
~3000 objects in the COSMOS field. Areas around Each object has 4 traces; we drill 2 slits for each object
bright stars are masked to avoid scattered light and and nod the telescope between them. The other 2
photometric catalog errors. traces are sky. The footprint for one object on the

detector is 6.4” x 28”.



Spectral resolution (or R) for PRIMUS

103 o T T T T .
- Per Pixel ]

Per Gaussian FWHM o ]
Per Slit Width (FWHM) ------ ]

Spectral Resolution

Dispersion (km s™'/pixel)

4000 5000 6000 7000 8000 9000 10000
Wavelength (A)

Fic. 1.— Top: Resolution A/AM for the prism, quoted per
pixel, per Gaussian FWHM (the standard deviation of the
dispersion function divided by 2.35), and per 5-pixel (1”) slit.
Bottom: The dispersion in km s~ ' per pixel. Both figures are
for the performance in the center of the field of view; there are
slight changes toward the edges, negligible for performance.



PRIMUS

Oz resolution
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available. Details are given in Cool et al. (in preparation).

1.2

8.— Comparison of PRIMUS redshifts versus high-resolution spectroscopic redshifts from either DEEP2, VVDS, or
zCOSMOS, for a sample of sources with 0 < z < 1.2 and magnitudes ¢ < 22.5 (VVDS, zCOSMOS) or R < 22.8 (DEEP2).
Objects with a PRIMUS redshift confidence of Q=2, 3, and 4 are shown in the panels in the upper left, upper right, and
lower left, while objects with Q>3 are shown in the lower right panel. Robust redshifts are defined as objects with Q=3 or
4. The insets show the distribution of A;/(1 + z) within 0.5% for each sample. Of the sources with A./(1+ z) < 0.03, the
dispersion is 0. /(1 + 2)=0.0154 for Q=3, 0.0043 for Q=4, and 0.0051 for Q>3. The outlier rate of objects in this sample with
A./(14 z) > 0.03 is 26% for Q=3, 3% for Q=4, and 8% for Q>3, while the outlier rate with A./(1+ 2z) > 0.10 is 4% for
Q=3, 1% for Q=4, and 2% for Q>3. The outlier rate varies slightly between fields, depending on the optical photometric bands



Transforming redshift to co-moving distance

The co-moving distance for a given redshift z is given by:

C 2z dZ
d.=—], 3 :
0V Q, (142 +Q,(1+2) +Q,

For a flat universe (Q, =0), a photo-z error §2=0.0035 (1+z) and a Hubble constant
Ho=100 h (km/sec)/Mpc we have

—~ 20
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Which is plotted in the right hand plot for h=0.75, 6
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Giga-Z, a low resolution multi-object spectrograph

(See B. Mazin et al. in the SPIE Proceedings, July 2012)

A 1” mask (red circles) in each of the
10” pixels is superimposed over a

Galaxies are projected on an array of 100,000 _
Hubble UDF image.

MKIDs+microlense array (~0.7 deg?). A mask
selects a galaxy in each pixel. The readout
consists of about 100 feed-lines.



The two point correlation function € looks like:
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(Mpc/h)

RSD with BOSS

Reid et al, arXiv:1203.6641v1, Mar 2012
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So, what needs to be measured to study DE?

Then for Dark Energy studies we want to measure the following objects over as large
a volume as possible (many Gpc3):

1. Galaxy shapes, types, angular position and redshifts.
2. Supernovae (SNe la).

3. Angular position and spectrum of quasars. Mapping of hydrogen clouds.

Future projects that will do that on a large scale are:

e DES: imager with 5 filters. In 5 years will cover 5000 square degrees to magnitude 24
and z up to ~1.5. Status: running.

 MS-DESI: Spectrograph. Status: startin 20177

e EUCLID: Space imager and spectrograph. Status: launch date ~2019.

e LSST:imager with 6 filters. Status: scheduled to start in 2021.

MKIDs and Cosmology, Fermilab 26-AUG-2013 G. Gutierrez, Fermilab 18



MS-DESI

1. 4 m telescope

5000 fiber, 3 arm spectrograph, R~4000

3. Spectra for 1800 objects/deg? (~10% of
available galaxies)

4. Magnitude limit ~22.5, z~3.5

Will cover 14,000 deg? in 3 years

6. 20 M galaxies, 0.6 M QSO

N

i

% 4 1=5.0 Gpc/h AN | S Hm

resolution
z=4 r=4.0 Gpc/h
z=3 :
r=3.0 Gpc/h ~12 mm

Observed by r=2.0 GpC/h actuator
BigBOSS .

- pitch

7 r=1.0 Gpc/h

r=0.5 Gpc/h

BOSS galaxies

SDSS-I Volume

SDSS ~ 2h3Gpc? == BOSS ~ 6h3Gpc’® == BigBOSS ~50h-3Gpc?
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How far in redshift will MS-DESI go?

Beautiful new result: “BAO in the Lya forest of BOSS quasars” arXiv:1211.261v1, Nov 2012.

H(z)/(1+z) (km/sec/Mpc)

T
| ‘M WWMMWWMW‘”‘W*‘M‘T“""J’fhum
|
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MS-DESI

Sub-1% distance error
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EUCLID

1. 1.2 m telescope

2. Visible imager (VIS), NIR photometry,

low resolution NIR spectroscopy R~250

to 0.7<z<2.1

Visible m~24.5, NIR m~24

Shapes for ~1.5 B galaxies

5. Low resolution spectra for ~50 M
galaxies to 0.7<z<2.1

6. Will cover 15,000 deg? in 6 years

B w

Optical

Path VIS NISP

Cold Plate.

Slice (x6)

HK Harness Bracket
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EUCLID

EUCLID — redshift distortions alone

Galaxy Clustering
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Utility Trunk for support electronics,
cooling, and vacuum pumps

CCD Rafts on Focal Plane

Filter in field
of view

Cryostat

Filters (u-g-r-i-z-y)

L1Lens

MKIDs and Cosmology, Fermilab 26-AUG-2013

LSST

~8 m telescope
6 filter for visible photometry
Reach up to magnitude ~27.5

Lk wh e

Will measure ~20 B galaxies
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Will cover 20,000 deg? in 10 years.
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LSST
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D, = co-moving distance
G, = growth rate
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What do we do in the decade 2020-20307?

Situation after DES, MS-DESI, EUCLID, Panstars ... :

* About 15,000 deg? of the sky will have been imaged to magnitude of 24-24.5. This
will give about 1.5 billion galaxies.

* High resolution spectroscopy will exists for about 25 million galaxies and about
0.5-1. M QSO. Low resolution NIR spectroscopy will exists for about 50 M galaxies.

Situation during/after LSST:
* Imaging will improve by an order of magnitude. About 20,000 deg? of the sky will
be imaged to magnitude of about 27.5. This will give about 10 billion galaxies.

* But no big improvement in spectroscopy that | know off.

So we may ask the question: can we get high or low spectroscopy for most of the
LSST galaxies up to magnitude ~24.5?
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Can we scale spectrographs like MS-DESI?

1. Scaling from magnitude 22.5 to 24.5 requires an increase in the number of
photons by a factor of 40. This can not be done by increasing the exposure time.

Going to an 8 m telescope will still leaves us short of a factor of 10. Reducing R
may help but not by much, so this looks difficult.

2. Right now with 4000-5000 fibers MS-DESI measure 1500-1800 objects per deg?
out of the 10,000 available.

3. At magnitude 24.5 one has about 100,000 galaxies/deg?, doing spectroscopy on

half of them will require 30 times the number of fibers and 2 mm pitch between
fibers. To me that kind of scaling doesn’t look doable with current technology.

Can MKIDs provide a way out of this problem?



What could a low resolution MKIDs spectrograph (e.g.
Giga-Z) do if it works as expected?

1. Ina4(8) mtelescope it could go up to magnitude 24.5 (25.7), covering 20,000
square degrees in 3 years (7 year run).

2. It could provide a redshift resolution equivalent to a distance resolution of =15
Mpc, good enough to be into the non-linear regime of GR.

3. It will cover most of the available galaxies/deg? up to magnitude 24.5. That is
about 100,000 galaxies per square degree for a total of about 2 (4) billion

galaxies.

What are the problems that need to be solved?

The list is ambitious but we believe doable:

1.

e wN

R has to get closer to the theoretical limit.

The packaging need to be greatly improved.

The RF electronics needs improvement.

A flat RF cable suitable to work at 100 mK needs to be developed.
It will help to improve the QE.
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Some questions for the workshop?

. Can the use of MKIDs transform LSST from a Stage IV to a Stage V Dark
Energy experiment?

. What would be the gain of doing RSD with LSST+MKIDs?
. Can we do QSO? Supernovae?

. Is there any gain on having low resolution spectroscopy over the same
sky as opposed to different skies?

. During the LSST era what would be the advantage of having a low
resolution spectrograph in the south vs., for example, moving MS-DESI to
the Blanco?

. If bias can be measured with DES+SPT first and LSST+SPT later, would
that help the MKIDs case?



* %* *

All you need is ignorance and confidence and the success is sure
Mark Twain
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All you need is ignorance and confidence and the success is sure
Mark Twain
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