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* Brightness temperature (radiative transfer):

Tbright — Tspin (1 — 6_7) + TCMBe_T
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Time dependence of different temperatures:
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10 -
The 21cm signal cuts off when reionization ends. 10 P 100




The Cosmic Dawn Signal: Global Temperature




The Cosmic Dawn Signal: Global Temperature

The observable:

/2
Tepin — TCMB 0.15\ /1+2\1"% /Qh Toms(2)
5 ~ — — —— 1 —

To1(2) T T ~ 23mK X zy1(2) [( 0 ) ( T )] <0.02 Toom (2)




The Cosmic Dawn Signal: Global Temperature

The observable:

Tai — T, 0.15\ /1+2\1"2 7 Q:h Tein (2
=BT (32) (5] () (- T

10

0.02 TSpin (Z )
Time after 19 million 1OQ million 2SQ million 50»0 million 1 billion
Big Bang
[Years]

Redshift=160 80 40 20 15 14 13 12 11 10 9



The Cosmic Dawn Signal: Global Temperature

The observable:

TS in — TCMB 0.15 1 + Z 1/2 Qbh TCMB(Z)
1 ~ 2P ~ 23mK — — 1 —
21(2) T, Bmkxomz) K O ) ( 10 )] 0.02 Tspim(2)

500 million 1 billion

250 million

Time after 19 million 1OQ million
Big Bang
[Years]

Redshift=160 80 40 20 15 14 13 12 11 10 9 8 7
50
-

p— \
e S i
é \/

(/)]

a
j= -50
i -
S

os)

-100

Cosmic time ~
150 . ]
0 20 40 60 80 100 120 140 160 180 200

Frequency [MHZ]
Credit: J. Pritchard



The Cosmic Dawn Signal: Global Temperature

The observable:

TS in — TCMB 0.15 1 + Z 1/2 Qbh TCMB(Z)
1 ~ 2P ~ 23 mK o — 1 —
21(2) T, Bmkxomz) K O ) ( 10 )] 0.02 Tspim(2)

Time after 1pmillion 1OQ million 2SQ million 50»0 million 1bj||ion
Big Bang _
[Years]
Redshift=160 80 40 20 15 14 13 12 11 10 9 8 7
50
K
pr— \
Y R~ m e m e m e e e e e, e e,y e e e, - -
é \/
wn
3
c -50
< Dark Ages
D
o0
-100
Cosmic time ~
150 . i |
0 20 40 60 80 100 120 140 160 180 200

Frequency [MHZ]
Credit: J. Pritchard



The Cosmic Dawn Signal: Global Temperature

The observable:

Ton(2) ~ Tspin —TCMBTN 23 mK x 2g51(2) [(()15) <1+z>]1/2 (gm) (1 TCMB(z)>

1+ z Qi 10 0.02 Tspin(2)
Time after 19 million 1OQ million 2SQ million 50»0 million 1 billion
Big Bang B
[Years]

Redshift=160 80 40 20 15 14 13 12 11 10 9 8 7
50
T
pr— \
v | ) T R
é \/
(/)]
3
c -50
< Dark Ages
o
on)
-100
Cosmic time ~
150 . ] |
0 20 40 60 80 100 120 140 160 180 200

Frequency [MHZ]
Credit: J. Pritchard



The Cosmic Dawn Signal: Global Temperature

The observable:

Ton(2) ~ Tspin —TCMBTN 23 mK x 2g51(2) [(()15) <1+z>]1/2 (gm) (1 TCMB(z)>

1+ z Qi 10 0.02 Tspin(2)
Time after 19 million 1OQ million 2SQ million 50»0 million 1 billion
Big Bang B
[Years]

Redshift=160 80 40 S 20 15 14 13 12 11 10 9 8 7
50
T
pr— \
Y | R T T I
é \/
wn
&
c -50
< Dark Ages
D
0
-100 o
Heating begins Cosmic time ~
150 J
0 20 40 60 80 100 120 140 160 180 200

Frequency [MHZ]
Credit: J. Pritchard



The Cosmic Dawn Signal: Global Temperature

The observable:

1/2
Tspin — ToMmB 0.15 1+ 2 Oph TCMB(Z)
T: ~ 2P ~ 23 mK X o — 1 —
21(2) 1+ mi < zm(2) || o 10 0.02 Tspin(2)
Time after 19 million 1OQ million 2SQ million 50»0 million 1 bjllion
Big Bang _
[Years]

Redshift=160 80 40 20 15 14 13 12 11 10 9 8 7
50
First galaxies form K\

E 0- _v_ — " 77 7777777 7 Reionizationbegins~ ~ ~ ~ ~~~ ~ "~~~
wn
&
c -50
£ Dark Ages
D
oM

-100 o

Heating begins Cosmic time ~
150 J
0 20 40 60 80 100 120 140 160 180 200

Frequency [MHZ]
Credit: J. Pritchard



The Cosmic Dawn Signal: Global Temperature

The observable:

1/2
Tspin — ToMmB 0.15 1+ 2 Oph TCMB(Z)
T: ~ 2P ~ 23 mK X o — 1 —
21(2) 1+ mi < zm(2) || o 10 0.02 Tspin(2)
Time after 19 million 1OQ million 2SQ million 50»0 million 1 bjllion
Big Bang _
[Years]

Redshift=160 80 40 S 20 15 14 13 12 11 10 9 8 7
50
First galaxies form K\

< o- —v‘ —~_ / ~ Reionizationbegins Reionization ends
@
3
c -50
< Dark Ages
D
o0

-100 o

Heating begins Cosmic time ~
150 | J
0 20 40 60 80 100 120 140 160 180 200

Frequency [MHZ]
Credit: J. Pritchard



The Cosmic Dawn Signal: Global Temperature

The observable:

Tspin — ToMB 0.15 1+ 2 1/2 Oph TCMB(Z)
T ~ 2P ~ 23mK o AR 1 —
21(2) T, Bmkxomz) K O ) ( 10 )] 0.02 Tspim(2)

Time after 19 million 109 million ZSQ million 50}0 million 1 billion

Big Bang
[Years]

Redshift=160 80 40 20 15 14 13 12 11 10 9 8 7
50
T TTTT—
A it S -~ 1} begns~  ~ "~ """ "T77° Reionization ends
@
3
c -50
< Dark Ages
Re2
o0
-100 o
Heating begins Cosmic time ~
150 | J
0 20 40 60 80 100 120 140 160 180 200

Frequency [MHZ]

E DG ES LOW— Ban d Credit: J. Pritchard



The Cosmic Dawn Signal: Theoretical Uncertainty

1/2
pin B 0.15 14+ 2 Qbh TCMB(Z)
~ ~ 23 mK 20 (22 AN
T, Bmkxomz) K O ) ( 10 )] (0.02 Tspim(2)



The Cosmic Dawn Signal: Theoretical Uncertainty

The observable:

Tspin — ToMB 0.15\ /1+2\1"? [/ Qh Tems (2)
Ty (2) ~ =3P ~ 23 mK oY LI Y
21(2) . Bmixem(z) K QO ) ( 10 )] 0.02 Tspim(2)

depends on messy astrophysics (star-formation, Lyx, X-ray heating, reionization...)




The Cosmic Dawn Signal: Theoretical Uncertainty

The observable:

Tspin — T 15\ /1 V20 T,
Sp CMB _ o3 1< 5 zi1(2) 0.15 + 2 ph | cMB(2)
1+ z Qi 10 0.02 Tspin(2)

depends on messy astrophysics (star-formation, Lyx, X-ray heating, reionization...)

T21(Z) ~

1+2
35 23 15 10 7

low-z max

__high-z max

min

-200
Cohen et al.,

MNRAS (2017)
-250 ' '

30 60 90 120 150 180
v [MHz]




The Cosmic Dawn Signal: Theoretical Uncertainty

The observable:

Tspin — T 15\ /1 V20 T,
Sp CMB _ o3 1< 5 zi1(2) 0.15 + 2 ph | cMB(2)
1+ z Qi 10 0.02 Tspin(2)

depends on messy astrophysics (star-formation, Lyx, X-ray heating, reionization...)

Tgl(Z) ~

1+2
35 23 15 10 7

low-z max

| _high-z max

min
-200
Cohen et al.,
MNRAS (2017)
-250 — ! ' ' l
30 60 a0 120 150 180

v [MHz]



The Cosmic Dawn Signal: Theoretical Uncertainty

The observable:

Tspin — T 15\ /1 V20 T,
Sp CMB _ 59 1< o a1 (2) 0.15 + 2 ph | cMB(2)
1+ z Qi 10 0.02 Tspin(2)

depends on messy astrophysics (star-formation, Lyx, X-ray heating, reionization...)

Tgl(Z) ~

1+2
35 23 15 10 7

low-z max

| _high-z max

min

-200
Cohen et al.,

MNRAS (2017)
-250 - o ' '
30 60 90 120 150 180
v [MHz]

but in ACDM there is an absolute maximum absorption! (Tgpin = Tgas)



The Cosmic Dawn Signal: Theoretical Uncertainty

The observable:

Tspin — T 15\ (1 V20 T,
Sp CMB _ 59 1< o a1 (2) 0.15 + 2 ph | cMB(2)
1+ z Qi 10 0.02 Tspin(2)

depends on messy astrophysics (star-formation, Lyx, X-ray heating, reionization...)

Tgl(Z) ~

1+2
35 23 15 10 7

low-z max

| _highzmax

min

-200
Cohen et al.,

MNRAS (2017)
-250 - o ' '
30 60 90 120 150 180
v [MHz]

but in ACDM there is an absolute maximum absorption! (Tgpin = Tgas)

To1(z ~17) > —210mK




Qutline Ely Kovetz

UMD, Sep. 2018

1100




' Ely Kovetz
OUHIHG UMD, Sep. 2018

1100

- The EDGES Experiment and Detection




Experiment to Detect the Global Epoch of Reionization Signature

(b)




Experiment to Detect the Global Epoch of Reionization Signature

(b)

Credit: Bowman et al. 2018



Experiment to Detect the Global Epoch of Reionization Signature

Led by Bowman (ASU), Rogers (MIT):

(b)

Credit: Bowman et al. 2018



Experiment to Detect the Global Epoch of Reionization Signature

Led by Bowman (ASU), Rogers (MIT):

* Located in western Australia (low RFI)

(b)

Credit: Bowman et al. 2018



Experiment to Detect the Global Epoch of Reionization Signature

Led by Bowman (ASU), Rogers (MIT):

* Located in western Australia (low RFI)

e Cheap instrument (roughly $2M price tag)

(b)

Credit: Bowman et al. 2018



Experiment to Detect the Global Epoch of Reionization Signature

Led by Bowman (ASU), Rogers (MIT):

* Located in western Australia (low RFI)

e Cheap instrument (roughly $2M price tag)

. “High” and “Low” (50-100 MHz) bands (D)

Credit: Bowman et al. 2018



Experiment to Detect the Global Epoch of Reionization Signature

Led by Bowman (ASU), Rogers (MIT):

Located in western Australia (low RFI)

Cheap instrument (roughly $2M price tag)

“High” and “Low” (50-100 MHz) bands (D)

Operating since 2015 (O(100) hours analyzed)

Credit: Bowman et al. 2018



Experiment to Detect the Global Epoch of Reionization Signature
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Cheap instrument (roughly $2M price tag)

“High” and “Low” (50-100 MHz) bands (D)

Operating since 2015 (O(100) hours analyzed)

Two identical instruments, placed 150m apart

Credit: Bowman et al. 2018
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Experiment to Detect the Global Epoch of Reionization Signature

And it measured this: Signal dominated by

v/ Galactic synchrotron

60 70 80 90 100

(6))
o

a
<
=~ 5,000
9: -
. 2 3,000}
Residuals After g .
Foreground F?emova/\v £ 1,000f
o . .
c

0.2l rm.s. =0.087 K i rm.s. = 0.025 K
Ot ,V'V\A\MMWVMA
60 70 80 90 100 50 60 70 80 90 100
e
60 70 80 90 100 50 60 70 80 90 100
Frequency, v (MH2) Frequency, v (MHz)

Temperature, T (K) & Temperature, T (K) &
S & &b
o N O
o

(o))
o

Bowman et al., Nature (2018)



Experiment to Detect the Global Epoch of Reionization Signature

And it measured this: Signal dominated by

v/ Galactic synchrotron

5,000

3,000}
Residuals After

Foreground Removal \v 000} | |
c

—
o
o
o

Temperature, T (K) &

60 70 80 90 100

(6))
o

0.2l rm.s. =0.087 K i rm.s. = 0.025 K

Ot ,"'V\!\.\MI‘M-\"”V‘V\M

60 70 80 90 100 50 60 70 80 90 100
e

50 60 70 80 90 100 50 60 70 80 90 100

Frequency, v (MH2) Frequency, v (MHz)
Best-fit ‘/
Bowman et al., Nature (2018)
21cm model

Temperature, T (K) & Temperature, T (K) &
bbb
o BN o
o




Experiment to Detect the Global Epoch of Reionization Signature

And it measured this:

Signal dominated by
v/ Galactic synchrotron

a
<
— 5,000
2- -
S 3,000} Resi
. 5 2 | Is t
Residuals After g f?)?ed ligusncj)
Foreground Removal £ 1,000f ar
0 : : - - and signal
50 60 70 80 90 100
b c
§ 0.2 r.m.s. = 0.087 K r.m.s. = 0.025 K
g
& Ot ,"’V\\\W\/MA
8
g -0.2 -
@ R . . R L R . .
= 50 60 70 80 90 100 50 60 70 80 90 100
d e
< 0
g-o.z
S 0.4
8
£ -06
()] . . L 2 N N M 2
Y 50 60 70 80 90 100 50 60 70 80 90 100

Best-fit
21cm model

Frequency, v (MH2)
‘/ Bowman et al., Nature (2018)

Frequency, v (MHz)



Experiment to Detect the Global Epoch of Reionization Signature
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And it measured this: Signal dominated by
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- A Dark Matter Explanation of the 21cm Signal

“Heating of Baryons due to Scattering with Dark Matter During the Dark Ages”
Munoz, EDK & Ali-Haimoud, Phys. Rev. D. 92 (2015), arXiv:1509:00029

“Tighter Limits on Dark Matter Explanations of the Anomalous EDGES 21cm Signal”
EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807:11482

“A Critical Assessment of CMB Limits on Dark Matter-Baryon Scattering: New Treatment of the Relative Bulk Velocity”
Boddy, Gluscevic, Poulin, EDK, Kamionkowski and Barkana, arXiv:1808:00001
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However, CMB/Lya-forest are less effective for n <0 interactions, which peak at later times.

v\ —4
Let’s examine the case: o(v) = o, (—)
C
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* Focus on the temperatures of DM and baryons.
- Intuitively, we expect the coupling to cool down the baryons (equilibration).

- But relative velocity is important:
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At late times and for m, < 1GeV : cooling dominates!

DM and Baryon Temperatures Implication for Cosmic Dawn
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Can the interaction evade constraints from the CMB and still affect the Cosmic Dawn?

The enhancement is huge: v5 P ~ 30km/s > v$2 ~ 1km/s — O(10°) factor!!!
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Existing constraints were o, < 107%° at m, 2, 1GeV.
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e Cooling dominates for low masses. Heating for high mass.

e Solid lines: Turning on DM-b X v 4 interaction. * For low masses, cooling is virtually mass independent.
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e Stellar cooling:

- White dwarfs

_ Vogel & Redondo,
- Horizontal branch  ycap (2014

- Red giants
 SLAC DM-millicharge search

Prinz et al., PRL (1998)

« SN1987A cooling

Chang et al., arXiv:1803:00993
Is that all?

* Cosmic Microwave Background! .

Boddy, Gluscevic, Poulin, EDK,
Kamionkowski and Barkana, arXiv:1808:00001

What about lower fractions?

W
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Planck 2015 constraints
SN1987A cooling
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10—12
0.01

- Stronger cross sections are needed.
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- At some point, CMB becomes ineffective (tightly-coupled DM obscured by A2 ).
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Sub-percent Millicharged DM: Strong Coupling

(EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807:11482)
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(EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807:11482)

Temperature evolution: . S
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(EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807:11482)

Temperature evolution: . S
. 1000;_ my = 1 MeV
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Sub-percent Millicharged DM: Strong Coupling

(EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807:11482)

Temperature evolution:

, 1000:

TX — —2HTX —+ (nb/nx) Fxb(Tb — TX) 100:_

Ty = —2HT, +Tc (T — Tp) + Ty (Ty, — T) ol
3

—— For weak coupling: - _

0.100;-
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0.001 v

As the coupling increases:
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Sub-percent Millicharged DM: Strong Coupling

(EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807:11482)

Temperature evolution:

Ty = =2HTy + (np /1) D'y (T

— 1)

Ty, = —2HT, + Fc(T,Y — Tb) -+ Fxb(Tx — Tb)

— For weak coupling:

As the coupling increases:

. e=8x10"°
100+
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= i — loms ]
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Sub-percent Millicharged DM: CMB Constraints

(Boddy, Gluscevic, Poulin, EDK, Kamionkowski and Barkana, arXiv:1808:00001)
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Sub-percent Millicharged DM: CMB Constraints

(Boddy, Gluscevic, Poulin, EDK, Kamionkowski and Barkana, arXiv:1808:00001)
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Sub-percent Millicharged DM: CMB Constraints

(Boddy, Gluscevic, Poulin, EDK, Kamionkowski and Barkana, arXiv:1808:00001)
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Sub-percent Millicharged DM: CMB Constraints

(Boddy, Gluscevic, Poulin, EDK, Kamionkowski and Barkana, arXiv:1808:00001)
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Sub-percent Millicharged DM: CMB Constraints

(Boddy, Gluscevic, Poulin, EDK, Kamionkowski and Barkana, arXiv:1808:00001)
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Sub-percent Millicharged DM: CMB Constraints

(Boddy, Gluscevic, Poulin, EDK, Kamionkowski and Barkana, arXiv:1808:00001)
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Sub-percent Millicharged DM: Allowed Region

(EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807:11482)

Taking all constraints into account, we are left with:
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(EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807:11482)
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Sub-percent Millicharged DM: Allowed Region

(EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807:11482)

Taking all constraints into account, we are left with:
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Direct DM-Hydrogen Interaction?

(EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807:11482)




Direct DM-Hydrogen Interaction?

(EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807:11482)

Not really motivated, though seemingly alive:



Direct DM-Hydrogen Interaction?

(EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807:11482)

Not really motivated, though seemingly alive:
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Direct DM-Hydrogen Interaction?

(EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807:11482)

Not really motivated, though seemingly alive:

But Ly-a coupling cannot be infinite.
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(EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807:11482)

Not really motivated, though seemingly alive: -
& 1074 -
5
5
8
% 10—42__ ’,f’
/ L
- I iNnfini : —— (I31) = —300mK @ Planck 2015 constraints
But Ly-a coupling cannot be infinite. o~ somK CABS1 profertion
10_43 T T T T T T

In practice, stronger cross sections needed: wol o 1mx [Me\/]l ! Y 1o



Direct DM-Hydrogen Interaction?

(EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807:11482)
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Direct DM-Hydrogen Interaction?

(EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807:11482)

Not really motivated, though seemingly alive:

But Ly-a coupling cannot be infinite.

In practice, stronger cross sections needed:
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Direct DM-Hydrogen Interaction?

(EDK, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski, arXiv:1807:11482)

Not really motivated, though seemingly alive: -
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Neglects other sources of heating: X-ray heating; DM annihilation; new “CMB heating”
Liu & Slatyer, arXiv:1803.09739 Venumadhav et al., arXiv:1804.02406


https://arxiv.org/search?searchtype=author&query=Venumadhav%2C+T
https://arxiv.org/search?searchtype=author&query=Venumadhav%2C+T
https://arxiv.org/search?searchtype=author&query=Venumadhav%2C+T
https://arxiv.org/search?searchtype=author&query=Venumadhav%2C+T
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“Bounds on Ultra-Light Hidden-Photon Dark Matter from 21cm at Cosmic Dawn”
EDK, Cholis and Kaplan, arXiv:1809:01139
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Ultra-Light Hidden-Photon Dark Matter

(EDK, Cholis and Kaplan, arXiv:1809:01139)

Hidden photons couple to the standard model electric current:
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Ultra-Light Hidden-Photon Dark Matter

(EDK, Cholis and Kaplan, arXiv:1809:01139)

Hidden photons couple to the standard model electric current:

o tpope_ Lp TR e
R 124 - Lt v +_ o (1+52)1/2

4 4
Effect governed by the plasma frequency (= effective SM-photon mass):

4dmn.o n 1/2
At z = 17: Wp = < m: ) —=1.7x 10" <2 < 10-7 cm—3> eV

JH (AM + sflu)




Ultra-Light Hidden-Photon Dark Matter

(EDK, Cholis and Kaplan, arXiv:1809:01139)

Hidden photons couple to the standard model electric current:
c= Yp g lp FW+_2A qn_
4= " 4= " (1+€2)1/2

Effect governed by the plasma frequency (= effective SM-photon mass):

4mn. o n 1/2
At z = 17: Wp = ( ) —1.7x 10" <2 < 10-7 cm—3> eV

Me

JH (AM + eflu)

Oscillating electric field induces motion of electrons and ions in the plasma.



Ultra-Light Hidden-Photon Dark Matter

(EDK, Cholis and Kaplan, arXiv:1809:01139)

Hidden photons couple to the standard model electric current:
1 1 ~ m? e

L=—-F,F" —_F, F* —21 AF —
4~ " 4= " - (14 ¢e2)1/2

Effect governed by the plasma frequency (= effective SM-photon mass):

4mn. o n 1/2
At z = 17;: Wp = ( - ) —1.7x 107%™ <2><10—7cm—3> eV

Me

JH (AH + eflu)

Oscillating electric field induces motion of electrons and ions in the plasma.

Collisional friction dissipates the oscillations, and heats the plasma:

2 2
my [ws for my, < wp,
Q X See: “Heating up the Galaxy with Hidden Photons”
b Dubovsky & Guzman Hernandez-Chifflet, JCAP (2015)
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Ultra-Light Hidden-Photon Dark Matter

(EDK, Cholis and Kaplan, arXiv:1809:01139)

Hidden photons couple to the standard model electric current:

R VO T ) Ly L
4~ M 4~ " (14 ¢e2)1/2

Effect governed by the plasma frequency (= effective SM-photon mass):

4mn. o n 1/2
At z = 17;: Wp = < - ) —1.7x 107%™ (2><10—€7(:m—3> eV

Me

JH (Au + eflu)

Oscillating electric field induces motion of electrons and ions in the plasma.

Collisional friction dissipates the oscillations, and heats the plasma:

2/ 2
my [ws for my, < wp,

Q X See: “Heating up the Galaxy with Hidden Photons”
b Dubovsky & Guzman Hernandez-Chifflet, JCAP (2015)

2 /002
ws/ms, for my > w,

The baryon temperature is then:
2Qp
3TLH(1 —+ fHe -+ :r;e)

Ty, = —2HT, + T'e(Toms — 1) A




Ultra-Light Hidden-Photon Dark Matter

(EDK, Cholis and Kaplan, arXiv:1809:01139)
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Ultra-Light Hidden-Photon Dark Matter

(EDK, Cholis and Kaplan, arXiv:1809:01139)

Temperature evolution:

(atz: =17 w, ~ 1.7 x 107 eV)
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Ultra-Light Hidden-Photon Dark Matter

(EDK, Cholis and Kaplan, arXiv:1809:01139)

21cm Brightness Temperature
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Ultra-Light Hidden-Photon Dark Matter

(EDK, Cholis and Kaplan, arXiv:1809:01139)

Cosmic Dawn Global 21cm Temperature:

(atz =17 w, ~ 1.7 x 107 eV)
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Ultra-Light Hidden-Photon Dark Matter

(EDK, Cholis and Kaplan, arXiv:1809:01139)

Constraints on Hidden Photon DM
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Ultra-Light Hidden-Photon Dark Matter

(EDK, Cholis and Kaplan, arXiv:1809:01139)

Inferred bounds from EDGES measurement of an absorption:

(atz: =17 w, ~ 1.7 x 107 eV)

Constraints on Hidden Photon DM
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Ultra-Light Hidden-Photon Dark Matter

(EDK, Cholis and Kaplan, arXiv:1809:01139)

Inferred bounds from EDGES measurement of an absorption:

(atz: =17 w, ~ 1.7 x 107 eV)
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This is far from the last word!

e 21cm global signal: LEDA, PRIZM, SARAS2...

Earliest results could show up before the end of 2018!



Experimental Outlook

This is far from the last word!

e 21cm global signal: LEDA, PRIZM, SARAS2...

e
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If EDGES is correct, power spectrum signal should be x10 higher than expected.
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Conclusion: Cosmic Dawn Can Shed Light on DM!

We used one number!
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Thank You!

Ely D. Kovetz
Johns Hopkins University
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Feng and Holder, arXiv:1802.07432, “Enhanced global signal of neutral hydrogen due to excess radiation at cosmic dawn”
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Intriguing, but requires very radio-loud quasars at very early times....

Ewall-Wice, Chang, Lazio, Doré, Seiffert and Monsalve, arXiv:1803.01815
“Modeling the Radio Background from the First Black Holes at Cosmic Dawn: Implications for the 21 cm Absorption Amplitude”
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Intriguing, but requires very radio-loud quasars at very early times....
Ewall-Wice, Chang, Lazio, Doré, Seiffert and Monsalve, arXiv:1803.01815

“Modeling the Radio Background from the First Black Holes at Cosmic Dawn: Implications for the 21 cm Absorption Amplitude”

And, of course, one could invoke dark matter to produce an enhanced background....
Fraser + 10, “The EDGES 21 cm Anomaly and Properties of Dark Matter”, arXiv:1803.03245
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“best-fits imply either non-physical properties for the ionosphere or unexpected structure in the spectrum of foreground emission”
Hills et al., arXiv:1805.01421
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