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A Briet History of the

Hubble Constant
Controversy




Hubble (1929) found evidence of
the expansion of the Universe.

Hubble Constant Ho:

* Sets size & age scale of
the Universe

Yoo
e
!
w
>

* Jells us how the Universe

evolved
Hubble 1929

oePARSECS 2107 PARSECS * But this value isn’t well
F1a. 9. The Formulation of the Velocity-Distance Relation. constrained .




The Evolution of our Knowledge of the Hubble Constant
since the ‘20s...

Historic Look

1920 - 2000

1960 1980
Publication Year




The Evolution of our Knowledge of the Hubble Constant
since the ‘20s...

Historic Look Modern Day
1920 - 2000 507
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Seems to converge around 65 km/s/Mpc, but clearly some variability



Error?
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In the words of Fritz Zwicky,

“Don't believe in any of those
methods. The only reliable way of

determining extragalactic distances is

77

through




Supernova Taxonomy
\ H ura o
line

=N

I lie ht

A supernova (Zwicky 1931)
is a stellar explosion that
brietly outshines an entire

galaxy (107 - 10" L)
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15s- days

SN Imposter?
Definitive SN

event unclear Hypernovae




SN la’s are limited by systematics

PAST DISTANCE LADDER (100 Mpc) NEW LADDER (100 Mpc)

11% error 4 %

o error
1% # Modern, distant SNe la
T\_ 3% # Modern, local hosts 1%
é 3.5% SN la hosts, 2%
‘ 2 B Metallicity change
a Calibrat
4% long to short Period Cepheids
- —
- NA [
4.5% Ground to HST - \
B - '
. 5% Anchor: LMC 3% Anchor: |
NGC4258

Adam Riess



SN la’s are limited by systematics

PAST DISTANCE LADDER (100 Mpc) NEW LADDER (100 Mpc)

11% error 4 %

PROBLEM!!!I

SN la cosmology has reached a mature
state in which systematic uncertainties
dominate.

Need new independent methods!!!! -
/
‘ )
4 5% Ground to HST e
. - , ’
. 9% Anchor: LMC 3% Anchor: -

NGC4258



Pressure from
neutrinos that drives
the expansion &
subsequent
explosion

In-falling
material driven
by gravity

Type lIP SNe

Core-collapse
explosions of
massive, H-rich
stars




la vs. lIP’s

»
»

la’s 1P’s .

LUMINOSITY: Brighter Dimmer

At low z, 5x more

RATES: Infrequent
; abundant than la’'s

PROGENITOR SYSTEM

- Well-understood
8 ENVIRONMENTS: Not well-understood

Lietal. 11



Type IIP SNe Characteristics

Mattila et al. 14

* e "]
g - -
o | - .
- ". | o' :
Filippenko 97 A - B | C Olivares et al. 10
- 20 o SN 1992H (1-P). Progenitor detections: Red
~/~—\/\v-*v~ 34 d g
7 4 Supergiants w/ masses 8 - 17 Mo

Smartt 09

ith
>pectra wi 4+ |Plateau in lightcurve

prominent -lines

-2.5 Log I, + Constant

4000 6000 8000 10000 1200C
Rest Wavelength (A)




SN1986L
SN1999%em

0.0 3 100.0
Time past explosion epoch (days)

Anderson et al. 14



Type Il SN Physical Parameters

Light curve shape | + | Velocity evolution (from spectrum) | = | E/, M, R;

Observables (Popov 93):

* Length of plateau phase At
* Luminosity of the plateau L,

* Velocity of the ejecta v,

E oc At vgh . LP4
M oc At*- vgh Y e
Ro At~ 2 vp_h4 - LP®




Cosmology with SNe IIP:

STANDARD CANDLE METHOD: 2 variables correlate with the intrinsic luminosity

Expansion velocities ot the ejecta: Color: Due to host galaxy extinction,
More luminous SNe have faster ejecta brighter SNe are bluer (similar to la’s)
Fell VELOCITY
FROM SPECTRUM
UFe

WIDTHISTRETCH
-
VERY SIMILAR!



Cosmology with SNe IIP:

STANDARD CANDLE METHOD: 2 variables correlate with the intrinsic luminosity

Expansion velocities of the ejecta:
More luminous SNe have faster ejecta

BC

Color: Due to host galaxy extinction,
brighter SNe are bluer (similar to la’s)

fpa = My +axy — fc— M

UFe

5000

/L[[P:m—M—I—Ofl()g

@ High-MstelIar hOStS SIFTO
O LOW—Mslellar hosts

(s, no C)

mod

B

=
|

corr
B

=1 — &0

0.0 0.1 0.2
SN Colour (C)

Hamuy 03

Sullivan et al. 10




Cosmology with SNe IIP:

STANDARD CANDLE METHOD: Observations Match The Theory!

Empirical correlation between the
mid-plateau velocity & luminosity.

MODELS +
OBSERVED SNE

More luminous H
recombination front at a larger
radius greater velocity*

THE MODELS

o Observed SNe

eE=038

ot=0608
E=128

o E = 2.4 B

oec=488

*assuming homologous expansion
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V-band Absolute Magnitude (at day 50)

2000 4000 6000 8000 10000

2000 4000 6000 8000 10000
Photospheric Velocity (at day 50)

Photospheric Velocity (at day 50) Kasen & Woos|ey 09



DRl

o Standardizable Candle Method (SCM)

BENEFITS DOWNFALLS

Need to know explosion date to, which is not
always obvious (unless high cadence survey)

Straightforward method; only Measurements needed during

need a few observations “faint” epoch (plateau, not max)

Spectroscopy can be difficult:
faint phase / faint lines




The Data: ZTF

/wicky Transient Factory (ZTF)
* 2018 —
* Optical Filters: g, r', I’
* Optical Spectroscopy

* 3750 sqg. deg. per hour up to 20.5 mag

We tfind 475 SNe IIPs, 31of which
are excellent candidates that have:

Non-detection(s)
3 filters on plateau

Detailed multi-epoch spectra
z<0.05

48-in (1.2-m) Samuel Oschin
Schmidt Telescope

* % ¥ %




SN Ia

Candidate SN: ZTF19abqhobb

(and its la sibling)

SN [IP

673]

z=0.01815
Discovered August 19 2019

It has a sibling SN la that we have a

Rest

distance measurement to... do their
distances agree?

Need 1, vso, & color C to get a
distance measurement

Extremely well sampled
light-curve w/ non-
detections & 3 filters on
plateau

450
Days Ago

(z=0.01815) Wavelength (A)

5893 6875 71857 8840

Extremely well
defined spectral
time-series

6000 7000 3000 9000
erved Wavelength (A)



Bayesian Inference: A Novel Approach to Determining #:
Following Vogl et al. 20

t — 1o
Le

f(t) = fm|1—exp

PR—— / 2
/. TF19abghobb fo=13.94933 MID =/ + 58699.66
1.2

curve fit
05%
68% ¢ } }
® } i
Ocomb
) @
non-detection ¢

t0 = 13.94%533

o
=
=
o
(+9 ]
N 06
=
F
=
-

Non-detections allow
us to get an incredible
/ constraint under 1/2 a

S QQ+1.16
te = 19875 a3

day for #

15

Time [d]




Then we use f) to cross-correlate our spectra with
templates to extract vso

Template

Target

T—_V

4000 4250 4500 4750 5000 5250 5500 5750 6000
A




Then we use f) to cross-correlate our spectra with
templates to extract vso

Template

mm—— [arget

Fe 1l §|(‘()\ SN 1999em

4000 4250 4500 «

Fe 11 5018 SN 1988A

Log(f, ) = constant

QN 1OAG]

Fell (5169) isn't always the
easiest line to measure—

we use cross-correlations
between HB & Fell (5018)

3750 SO0
Rest Wavelength (Angstroms)




Then we use f) to cross-correlate our spectra with
templates to extract vso v = v5 - (£/50) 0404

Template

. BF rg et
14000

_ The power law fit |
12000 H of this form fits

observed SNe IIP

-. nicely.
HOO0O0 = y

_a o 8000
4000 4250 4500 ¢«

GOOO

4000

Log(f, ) = constant

2000

0 20) 40 64) N 10 20 30 40 50
time (days) time (days)

edsSlesl lifNe LO ITieadsulre—

we use cross-correlations
between HB & Fell (5018)

3750 SO0
Rest Wavelength (Angstroms)




Then we use f) to cross-correlate our spectra with
v = Vs - (t/BO)—O.464

10000} 50190906 ]
! 20191102 |

templates to extract vs

1000 4250 4500 4750

Template

e Target

14000

12000

9000 |

8000 F

7000 |

velocities (km/s)

Log(f,) = constant

10000 6000

"X 5000 |
L s 3000 |

4000}

20191114 -
20190901 1

v 50

GOOO

4000

'S A l 2 r N N j A r 8 - 1 A A A v 8
40 50 60

days post explosion

“\\' Py
T

L N

L
T 1O O ST Y U O\ |

2000
0 20 40 610

time (days)

we use cross-correlations
between HB & Fell (5018)

4750 SO0
Rest Wavelength (Angstroms)

30 40 50 60 70
time (days)




My, =—

z-point corrected mag

alogyg (

Finally use 7 and vsoto extract colors at Day 50.

5000

wrrp = 34.95 + 0.26

VS

Hia =— 34.824 £ 0.16

20

42 29
days post explosion

These agree within
0.4go!lll

D =97.6 Mpc +/- 12 Mpc

’U5(),Fe[[) —1.36[(V — I)50 — (V — I)o] + My,




Next Step: Hubble Diagram with all candidate 31 SNe IIP

42
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Gall et al. 2016
Nance et al. 2021 in prep




Next Step:

Hubble Diagram with all candidate 31 SNe IIP

LS LRSS LSRN

421 0.001

0.002
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0 1005 0. 01 0.02 0.05 O.'i
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{ 1000
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Hp _

()() l

0.002
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SUMMARY.

HO VALUE IS NOT WELL-CONSTRAINED — WE ARE MISSING SOMETHING.
WE CAN USE TYPE IIP SNE TO RESOLVE THIS TENSION.

THE STANDARDIZABLE CANDLE METHOD (SCM) IS A GOOD STRATEGY FOR

DETERMINING DISTANCES TO SNE/HOST GALAXIES.

/TF19ABQHOBB FITS NICELY ON THE HUBBLE DIAGRAM WITH SCM,

YIELDING A VALUE OF HO = 70 km/S/MPC.
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Representation

Matters.




Stereotype threat, bias, and
systemic barriers

THE PROBLEM

WOMEN MAKE UP JUST 267, OF
THE CURRENT SCIENCE AND
ENGINEERING WORKFORCE

(NSB)

OF THIS 287, WOMEN OF COLOR
COMPRISE AN ABYSMAL

TedX x UCLA
Shawntel Okonkwo
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Stereotype threat, bias, and

systemic barriers THE RESFARCH
THE PRU B LEM Pweck & Leggett 98 Teachers tie poor performance

Blackwell et al. 07 in girls to a lack of ability, while
Dweck 06, 08 attributing it to a lack of
motivation in boys

WOMEN MAKE UP JUST 267, OF
THE CURRENT SCIENCE AND
ENGINEERING WORKFORCE

(NSB)

When asked to evaluate who
should be placed in AP calculus,
school counselors were less likely

to recommend girls than boys with

Francis et al 19

identical transcripts

OF THIS 287, WOMEN OF COLOR
COMPRISE AN ABYSMAL

Black women were recommended
at an alarmingly low rate.

Francis et al 19

When children as young as 8 are
asked to draw a mathematician or
scientist, girls are 2x more likely to

draw a man than a woman.

Steele et al 06

TedX x UCLA
Shawntel Okonkwo
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I've wanted to be an astrophysicist since | can
remember, but for most of my life I simply
didn't think a career in astronomy was possible. = §

| felt out of place in the halls of science: as a
woman, as an Egyptian-American, as a student to
whom physics/math didn’t come particularly easily.
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Eh’x{fﬁg I've wanted to be an astrophysicist since | can

remember, but for most of my life | simply S
didn’t think a career in astronomy was possible. |

My Mission: To /
change this for future ?. \
= N

generations.

| felt out of place in the halls of science: as a
woman, as an Egyptian-American, as a student to
whom physics/math didn’t come particularly easily.
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Non-fiction: Memoir March 31, 2021
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(world English).
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Conscious Science Communication is
about Representation + Accessibility

STRATEGIES REASONS

Remove technical language/
jargon

Increases accessibility

Use inclusive frameworks +

Increases accessibility
language

Gets people excited about whatever

Communicate with passion you're talking about (+ increases
accessibility ;))

Own up to your mistakes. Fallability is OK. It's how we learn.

Because it's the right thing to do, and
they have been left out of spaces like
these.

Intentionally uplift
underrepresented folks
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