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Also!:
Neutrinos: ~0.15%

Electromagnetic
radiation: ~0.005%

Gravitational
radiation: negligible

Unstable SM matter
&radiation: negligible

®) Antimatter: negligible

WHY??

How do we
know this??

And what are
DE & CDM?7??




Expands

Edwin Hubble
1929




Henrietta Swan Leavitt (1868-1921)
| Discovered the “Leavitt Law” in 1912 which relates the luminosity vs.

the period of Cepheid variable stars ... which then allowed Hubble to
~determine that the Universe is expanding in 1929. (Leavitt& Pickering, HCO Circular 173,

1(1912))
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Einstein’s Equations of General Rela
(1916)

Space-time teﬁ' Q\
et how to : 0 3

Matter tells space-time

how to curve:
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Type la supernovae are one of the powerful probes for
understanding the eventual fate of the Universe

Individual distances to ~6% from brightness
Redshifts from features in host galaxy spectra

: »~

- 600 million light-years away

(Hubble Space Telescope, NASA)
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Hubble’s Law

F rom redshift and distance measurements, we can express

the recession speed v of a galaxy located at a I
distance d away from us by: ——
o i @'gov .’
V=dX Ho. € : ,é‘\,\\ P
== A N
= " R S
The value of the Hubble Constant H,is: S 2xi0' é\\@\@\, > Q\é@
3 i Sl SNy
H, = ~21.5 [km/sec] / million light-years & [ Wi
%) - o0 N
or as more commonly expressed: ~ /0 [km/sec] / MpC é 10t ,,-.‘/,f"'Y\Q’f%
(1 parsec (pc) = 3.2616 light-years) [
Once the value of H, is determined, we canuse o/

measured recession speeds to infer the distance %0 400 800 1200 1600
apparent distance (millions of light-years)
of galaxies using the formula:

d=v/H,.



Using SNe la to Extend It ...

)ernova Cosmology Proje«
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(and 15 years thereatfter ... ;)

Jones et al. (Pan-STARRS PS1 Survey) 2018, ApJ 857, 51
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Uncertainty on astronomical photometric calibration has c OMP LE TE L Y
D a M I NA TE D all SNe Ia dark energy measurements for well over a decade now ...

Table 7: Identified systematic uncertainties

Description Qn w Rel. Area & w for Q,,=0.27

Stat o 0.19+398  —0.90+318 1 —1.031 £0.058

0.184+0.10 —0.917)% @ —1.087019
0.191+9%  —0.92+03% W —1.06 4 0.10

All systematics

Calibration

SNLS: Conley et al

(2011) ApJS 192 1 SN model 0.19510%¢  —0.907]38 1.02 —1.027 £ 0.059
’ ’ Peculiar velocities 019709 001016 103 | —1.034+0.059
Malmquist bias 0.198+0%8  —0.91+]38 1.07 —1.037 £ 0.060

non-la contamination 0.19+39%  —0.90+)18 1 —1.031 £ 0.058

MW extinction correction | 0.19670%; —0.90%025 1.05 —1.032 £ 0.060

SN evolution 0.185+0:088 —0.88+)1% 1.02 —1.028 £ 0.059

Host relation 0.19870%  —0.91+)1¢ 1.08 —1.034 + 0.061

@ Area relative to statistical only fit of the contour enclosing 68.3% of the total probability.

Note. — Results including statistical and identified systematic uncertainties broken down into cat
In each case the constraints are given including the statistical uncertainties and only the stated sy
contribution. The importance of each class of systematic uncertainties can be judged by the relat
compared with the statistical-only fit.



Basic Technique & Goal: A 0.1% Calibrated, Mobile Source Above the Atmosphere

Balloon Payload

Integrating
sphere

LD ik [esets NRC- & NIST-calibrated

440 nm photodiodes

532 nm

658 nm

830 nm
, © | \X Well-characterized
3 ST
/2\/ \ ¢ \il- N\ Lambertian spatial profile
g ,// 1\ \ Known
2 = %)\ ! view angle

NRC- & NIST-calibrated (~ 0.1% absolute)
photodiode spectral response

|
I
WAVELENGTH (nm) [
|
|




Basic Payload Design for Photometric Calibration

Cutdown
Release
Thermal Mechanism
Radiator \ GPS Receiver
e : g — ;B
Motor and . e
Controller -
Laser Diode Bank
Fibers T ,
«— Flight Control System
Battery Packs 3 S —

TM Antenna

e

Integrating Sphere




Light Sources & Calibrated Moni. ﬁngwdes on 2” ID Integrating Sphere

Four WorldStarTech 100 mW laser A\ Can be Can be Elect .
diode modules, respectivel ; swapped out for swapped out for ectronics
440 nm, 532nm, 658 nm, & 830 nm, 635nmor 780nm. 808 nm or 850 nm, MCU, TIA,

Laser drivers

Photodiode 2

One photodiode is a
Hamamatsu $12698-01 (Si)
and the otheris a
Hamamatsu G10899-03K
(InGaAs).

Integrating
Sphere ; = — ¥
(coated with ' A ‘ (Utilizing two different
Avian B) = photosensor material

technologies is a useful

cross-check.)
Can be

swapped out for Can be
405 nm. swapped out for Laser Module

520 nm.




e l 5 l 4 l 3 l 2 1
- N L] L WP AL
BIAS v [ of 3 3 a GAIN SWITCHING
v=x 06, b 4 yoS int > R3S Asysw 2
(Resistance at SE I pin) - = | the guard trace (ana possibly fence) to pass between the — ‘I
LOGIC LO = Disengaged b [ ) I
—— - e — -
= R36 . ||- s c26 E 100-1-A-52D g
For flight resistor wit and (AN sW5 > ‘m ] =
= pot. SET resistor Tow drift. R37 o 0.1pF
" 100k | &
"| === - e precison neairt o e ' = S
10im)=150/E _[A] :
(Resistance at ILIM pin) O o ASVSW
o “
setpoint, tie ILIM to GND. 0oo
w 100-1-A-52D
R40
GATN SW2 > A
R41
100k [
ASVSW
J R ]
= c2s 100-1-a-52D
Ra4 1 |9 Fuo 1 ]
4TR o
%ms 0.1uF
100k 4 Ess
L ®ss | -
c 1 MOhms
D D
"Place caps 2s close to
the V+ terminal of the
e ‘buffers as possible
"Wy
1GOlms
c33
? I
- 2200F 2
TIA POSITIVE REFERENCE
un
2 N ADS638
= e
3 2 -
e connector
‘can be used for direct low
bt L noise of TIA
1der ensures. = ougat
B that even if 2 small L B
amount of leskage
‘the TIA will not saturate TRANSIMPEDANCE ¥ 52 rev 1.0 - wiy 2020
the ADC. AMPLIFIER Evan Moors 3
BIAS SWITCH "Analog signals are limited to VDD + 0.3V, s0 VDD
i =5 ‘Zrust be tied to the reverse bias generator ourpur . .
c: ‘peimary TIA gain . ° .
TR SR . | = ORCASat Payload T .
REsocmmer £ caps are tied directly to 3 c
Photosensitivity @ waveleagta ~p (W) e 2 Leso 8 [P 4 Pa@e
e Bome = they do not unbalance =240k ™12 5
Desired atbottom of scale=h  [V] This has >% 2 o 2| sa  vss ::ﬁ;
Positive Input Bias =b System. in TINA-TL. 33 B
chackaa ke 5 E 1 [ . 1 CAUTION !
R=(b-B)/(p*w) s 18 3 s |2 R - 0o : ! “"2% ESD Sensitive
Forp=035 AW, w=7.4mW, =02V, andb=33V: "PGFB thresh =03+ (1 + 'y :51 3 = =10k & N NC X S Devic
R =11969 Ohms RI4RIE) + 252ARIS) E =T = |3 u1s 7 : DM—M ©
= 012 kOhms = L3 — ot (0) i
[*Calcutation for the TIA stability capacitor faststartp 1 A
3 ST
Feedback Resistor Value =R [Ohms] *Caculated sbove BIAS CENERATOR: 2
A | | Bandwiam of Circuit=F [z mE o
. 3|
C=1/(2*pi*R*F) @ e *When "No Bias" is set, the photodiode:
cathode is connected to the posits y
For R = 1.2KOhms, and F = 700 kHz: RS  ZRSG input reference of the TIA. The Airvornel
C=189pF 10k =100k difference in potentials between the [
: 'LOGIC EI = Reverse photodiods bias engaged | b pnir g st Tetescopic
largely unimportane, what matters i i1 onder of LOGIC LO =No bias on photodiode | == mane P—
magnitude. = Intorforen

eduction




Payload

&




Flight control — AIFCOMSS

o0 e (<

[Em]

Code actively maintained / updated at:

https://github.com/ProjectALTAIR/AIFCOMSSwithCUPredictorTest

ALTAIR
Integrated
Flight

Control,
Operation,

Monitoring,

Simulation
System

localhost

Margaret
Bay

) &
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Red I

—,}
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Onboard transponder (uAvionix ping900XR)

For continuous real-time communication with and identification to air traffic control.
(FAA & Transport Canada certified.)

;s B

p 2w XR Mode S ADS-B

Transponder

®eeecce... T

Oowratng Range. TP yRpap——.

L o
4 4
4 1
~ t '
2 ] > ~
A
g
|
|

So that we don’t get shot down by NORAD!!! ;)

o o o V Rubin Ob
(Or by the Chilean air force!!l) i cone oo voam




Operations & McGill / Montreal Test Flights

910 MHz
portable
directional
ground
antennas,

range approx.
100 km.
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Daytime Flight
Sat. Feb. 1, 2025:

Inflation
(launch from
Vercheres, QC
11:45am
local time):

Payload
recovery:

Flight path
—

Flight
duration
45 mins




Nighttime Flight
Sun. Sept. 7,
2025:

Inflation
(launch from
Saint-Antoine-
Abbe, QC
9:30 pm

local time):

Payload
recovery
~10 amthe
following
morning:

¢ ~Repentigny

Terrebonne

% Blainville b : /.
\& Bois-des-Filion \ 30 / Fl' ht th
Sainte:Thérese X Y/ Montréal o o) g p
i / £st
Bojsbriand N =
Ile Jésus; o/ Boucherville C=
> 4 / Sainte-Julie =T g E
\ p/ =
SainiCEustache \ / Belcel
Laval / | Az .
X e 4 St McMasterville .
sur-le-Lac N ) Longueuil 4 dé-montarvilie
Pointe-Calumet / Montréal § ~=—_"

Dollard-des
Ormeatix

duration
e ~1 hr
Beacorisfield } larieville

4 Lafrairie,
I sudreuil- S /
Dorion_.. Lac'saint: N\ RSl Caniac

Granby

/ Fincourt ol ~ JlsaintConstant
Notre-Dame Chateauguay 1/
de-Ile-Perrot

— Our ground
corAneled .~ telescope
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«oe of this
particular
flight were
unfortunately
obscured by
unpredicted
low clouds:

Beauharnois Niercier

Napierville
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Payload recovery

mid-day on the
following day,

Fri. Sept. 12,
2025:

(just after noon at3

~12:10 pm local
time):

... utilizing our
arborist’s sling:

A couple of
our payload
ground-
telescope
observation
images from
this flight

——

Image
analysis
ongoing;

we’re
scheduled to
report our
observation
results, with
measured
photometric
precision
from this and
our other
flights, at AAS
in Phoenix on
6 Jan. 2026.




Conclusions

» Artificial sources can in principle provide up to two orders of magnitude better
photometric calibration precision than any stellar, non-solar light sources can presently.

1) Can study them right in the lab before and after use, unlike stars.
2) Can monitor them in-situ, in real time.

3) Can also be used to calibrate white dwarfs (and other stars, and the Moon) very

precisely, and on a detector-based standards scale.

4) S Il ball . T E.g.: Rubin could own 3 or so!!! — launching them at dusk each night, flying to
) ma alloons are [nexpensive:.. different areas of the sky, and having them return home at dawn each morning!

5) Fully observer-controlled choice of spectrum & color on demand, ... and
brightness, ...exact location in the sky as function of time of night (or day), ...

> Not restricted to optical/lR!: e.g. a precisely-polarized Gunn diode-based
precision microwave polarimetry calibration source could also be flown. (Radio, near-uv...)

» Balloons, of course, do not replace additionally having a satellite source to (at
least occasionally!) determine effects from the very top of the atmosphere!!!
But ALTAIR-style balloons can (and | posit will!) be the low-cost, ground-

based-observatory-owned, workhorses.




Some (very important!!!) separate & additional conclusions

» A very interesting (& very useful) fact about Earth’s atmosphere is that, at mid-latitudes,
winds in the upper troposphere statistically tend to be in opposite direction to winds in
the lower stratosphere.

» Thus, with just very small amounts of (weather-optimized) upward and downward
propulsion (just above and below the tropopause), powered using very lightweight
flexible solar panels on top of the balloon (+ onboard rechargeable LiPoly batteries for
nighttime power), one could utilize the winds to circulate near the tropopause over a
given region of Earth (e.g., over a region the size of lllinois, or of Vancouver Island, etc).

> After a few weeks, a significant fraction of the helium will diffuse through the balloon
latex, and the balloon would descend to base for (simple and low-cost!: latex balloons

are about $150) balloon and helium replacement. Then, balloon and payload would be
sent back up again.

» This opens up many additional, very different usage possibilities:

1) Communication: replacing the need for cell-phone towers with very wide
coverage balloons in remote (and/or not-so-remote) areas.

2) Earth observation (for, e.g., long-term studies of Arctic ice, etc.)
3) ...... !




Pl from the First ﬂ

Main Lessons Learned:

Future small, low-cost photometric
calibration satellites in LEO can/would/will
be useful!!ll Calibration with streaks (rather
than or in_addition to point sources) is OK!!!
However!!!:

An initial LEO testbed for goal of precision

(~0.1% level) calibration of astronomical Fredatnch payiosdlioll

source calibration at NRC

photometry / magnitudes / flux at ©fawaduring summer 2022

r Car
1) Need at least approx. 10x brighter (& 1
or 2 more, if possible, for > wavelength range)
onboard light sources!!! l.e., 2 ~1 watt,
i.e. 10x brighter than ORCASat’s ~100
mW, sources would be sufficient!!!

’ 2) Needs well-functioning ADCS!

. The attitude determination and control
system (ADCS) that we had purchased
from CubeSpace had fundamental flaws,
e.g. an unshielded magnetometer cable.
Needs just a slightly higher LEO
orbit, which won'’t decay in 6
months!!!! (Just 10 km higher would

have meant a multi-year mission!!!...)

and wavelengths

Nov. 26, 2022: Launch from KSC to ISS
Dec. 29, 2022: Deployment out of ISS — or
July 7, 2023: Atmospheric re-entry, burn

CRS-26 Iaunlch - . fg 1 /

'Nov. 26, 2022
(ORCASat one of
many items aboard
Cargo Dragon atop

— 4 405km alt.
e o au e Ol

£ Unfortunately, it

couldn’thave been Sy Ca A ) / . / ) G . - |
Caieneay was -soc [RE ‘ . . L | [ = | . Poster prepared by
away from -

| ORCASat’s orbital Lt 3 : .j ] ' / B 4 and
» : Tl

trajectory, and a
similar streak
e appeared on a 9 “ 2]
¢ DECam image we e X 7 g wesT
e took 30 sec. later, o N < i - N . .
indicating that the : 3 University of Victoria

S| st atoowas : : : - - ' ; === October 24, 2024

moving across the

ACA: & sky ~10x slower than %o w5 5o %5 70 %5 o 5 " " 9 CO, (BN SPACE

W ORCASAL... . . 5 Y a0 O S,

This streak (image taken with = - R T - . ] 3 > MISSIOI"I was s

DECam on 4 Mar. 2023) really L (s = ers g 8 ] -
o m A 3 -

But unfortunately what it G- rotoctode = 1 1 < \ Y fu nd ed by .

wasn’t is the ORCASat f # ; 3 \ d

onboard light source... The

,
o

with gracious %,

ariaLe P

support from additional sources.

0/54//‘/5

o
image was taken only 1 hour \'a
after sunset on Cerro Tololo, - \) o
when ORCASat was not yet 3
in Earth’s shadow, and the
streak is reflected sunlight
from the spacecraft surface.


https://www.orcasat.ca/

An Ultra-Precise (< 104) Spectrophotometric Calibration Ratio, using a Novel Excitation of the Earth’s Sodium Layer

Could one create a bi-chromatic laser guide star,
utilizing a cascade decay of a laser-excited component
of the upper atmosphere, in which one would be
assured that, to extremely high precision, the numbers
of photons generated in the two colors are equal, due
to the cascade nature of such a decay...?

— but not in the way that polychromatic laser guide
stars have ever been created or tested so far! Must use
the or excitation of Na 1! — no other
excitation would work for this in Earth’s atmosphere!

(a) 2-laser PLGS Atomic Level Diagram : (b) 1-laser PLGS Atomic Level Diagram : (c) LPRS Atomic Level Diagram

3Dy,

3Py

3Py,
3P

3P

3Sz(Nal) | 3Syp(Na1)

38,,(Na1)

Please kindly see !!! :
Albert et al.,
Albert et al.,

Albert, Budker, & Sadeghpour,
(2022).

ACCURATE FLUX

& - inthe Ero of Spoce Astranomy ond All-Sky Surveys

October 22-25, 2024
H

; Poster prepared by

(2021)
(2021)

University of Victoria
October 22, 2024

Any 1-laser option (to excite any
upper-atmospheric element), to be
usable as an LPRS, must conform to:

‘Optional nitial photon(s) (*)

Calibration line #1
<1100 nm

No other
decays

2) The transition strength
calibration ines #1 and
must be greater than 1
(5o that colisions are not a
large factor)

Lasor design ¢ optlun> (N

Any 2-laser option (to excite any
upper-atmospheric element), to be
usable as an LPRS, must conform to:

Calibration line #1

Laser line <1100 nm

No other
decays

Laser line

ter
S colbrsion e
#1 of calibration line #2.
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Peoples on whose territory | saluer ceux et celles qui,
the University of Victoria | depuis des temps

stands. and the LeRWenen immémoriaux, en ont été les
’ gardiens traditionnels. Elle

clgle V-VS'_A‘NE_C Peoples exprime son respect pour la
whose historical contribution des peoples
relationships with this land : autochtones a la culture des

continue to this day. 330:52‘?% 'eC' et partout autour



A DUTY TO REMEMBER

36t COMMEMORATION OF THE ECOLE POLYTECHNIQUE MASSACRE



