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THE HUNT FOR NEW FORCES 
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The force properties are encoded in the nature of the  
force carrier  

and its interactions with the matter we know about* 

*SM=Standard Model 

*matter we know 



THE chemistry of forces
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COUPLING

Like chemists  
we can classify the types of force careers X  



THE FORCES WE KNOW…
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Seen in EU colliders :

Seen in everyday life: this is all we got so far…



NEW DARK FORCES?



NEW DARK FORCES?

it is plausible to imagine new forces  
to be present…



DARK MATTER EXISTS/ED

DM

we have many evidences  
from its gravitational interactions  

with the regular matter

SM
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SM

Dark Matter should be a particle of some sort…
even MOND aficionados have to introduce 
new particles to the SM 

hµ⌫
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DARK MATTER EXISTS/ED

DM

we have many evidences  
from its gravitational interactions  

with the regular matter
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Dark Matter should be a particle of some sort…
even MOND aficionados have to introduce 
new particles to the SM 

CMB Temperature map 
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known  
@ few per mille!
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How to probe new Forces?
*one way out of many…

SM

DM

SM

DM

A new force induces a  
new scattering of Dark Matter with baryons*
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Dark  
ages

reionized  
universe
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HI

CMB photons

TSTgas

The HI is described by 2 temperatures

Tgas is just the kinetic energy of the gas

TS ratio of number densities

spin temperature TS

�
obs

T21 is what we see after CMB is subtracted

21 cm COSMOLOGY primer
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THE FIRST MEASUREMENT ?
The observed temperature COLDER than the COLDEST prediction from 

DM + GRAVITY only
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A NEW FORCE TO EXPLAIN EDGES 
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• Modifying the R.J. tail of the CMB 

A0
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HI TSTgas
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M. Pospelov,J. Pradler,J. Ruderman,A. Urbano (2018)
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As far as DM-baryon scattering is concerned  
we can directly couple the DM to the photon by giving it a small EM charge

L = Qe�↵J
↵
DM

Kovetz, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski  (2018) 

A fraction of “millicharge” DM is a viable explanation for EDGES

Q Q

MILLICHARGE DARK MATTER
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Surface run SENSEI with 1gram

the bound stops at high Q because 
of terrestrial effects 

Emken, R.Essig, C. Kouvaris, Sholapurkar (2018)
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Surface run SENSEI with 1gram

the bound stops at high Q because 
of terrestrial effects 

Emken, R.Essig, C. Kouvaris, Sholapurkar (2018)
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SENSEI on a satellite?

Is millicharge DM  
accelerated like  

cosmic rays?

Chang , Essig, D.R., Outmezguine, Volansky
(to appear)



A new refrigerator at 21 cm
Liu,Outmezguine,D.R. ,Volanksy, (2019)
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• We have few droplets of millicharge Dark Matter (mDM) ice in the baryon soup 

• These are constantly cooled via a gigantic Cold Dark Matter (CDM) fridge 

IT IS EASIER TO COOL THE BARYONS! 



A new refrigerator at 21 cm
Liu,Outmezguine,D.R. ,Volanksy, (2019)

• At CMB the mDM is tight to the baryons 

• After recombination mDM is tight to CDM  



WhAT CAN WE SEE?

101 102 103 104 105 106
10-5

10-4

10-3

10-2

10-1

1

mm @MeVD

Q

EDGES 99% C.L.
mC=10 MeV

Direct Detection

Grou
nd

D
irac

ferm
ion
com

plex
scalar

SN

Colliders

BBN
DNeff

CM
B
D
N
ef
f

g D
=
0.
1

f m
=
0.
4%

sta
nd
ar
d
m
D
M

fm=
10
-8

fm=
10
-6

fm=
10
-4

•mDM tiny fraction 

•up to 200 GeV in mass 

• in between direct-detection shielding and collider constraints 

fm > 10�8
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WhAT CAN WE SEE?

•mDM tiny fraction 

•up to 200 GeV in mass 

• in between direct-detection shielding and collider constraints 
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•FUTURE COLLIDERS (soon)

fm > 10�8
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WhAT CAN WE SEE?

•mDM tiny fraction:  

•up to 200 GeV in mass 

• in between direct-detection shielding and collider constraints 

•FUTURE COLLIDERS (soon)
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•Direct Detection in the Sky

fm > 10�8
<latexit sha1_base64="JoPzYqYYuy6FnvBci7F3IJwAjAs=">AAACC3icbVDLSsNAFJ3UV62vqks3g0VwoSURwa6k6MZlBfuANJbJZNIOnUeYmQgl5BNcutWPcCdu/Qi/wZ9w+ljY1gMXDufcy733hAmj2rjut1NYWV1b3yhulra2d3b3yvsHLS1ThUkTSyZVJ0SaMCpI01DDSCdRBPGQkXY4vB377SeiNJXiwYwSEnDUFzSmGBkr+XGPX3vuY3Zey3vlilt1J4DLxJuRCpih0Sv/dCOJU06EwQxp7XtuYoIMKUMxI3mpm2qSIDxEfeJbKhAnOsgmJ+fwxCoRjKWyJQycqH8nMsS1HvHQdnJkBnrRG4v/eX5q4lqQUZGkhgg8XRSnDBoJx//DiCqCDRtZgrCi9laIB0ghbGxKc1vCkJ9p+9iARHnJpuMtZrFMWhdVz/L7y0r9ZpZTERyBY3AKPHAF6uAONEATYCDBC3gFb86z8+58OJ/T1oIzmzkEc3C+fgH8vprC</latexit><latexit sha1_base64="JoPzYqYYuy6FnvBci7F3IJwAjAs=">AAACC3icbVDLSsNAFJ3UV62vqks3g0VwoSURwa6k6MZlBfuANJbJZNIOnUeYmQgl5BNcutWPcCdu/Qi/wZ9w+ljY1gMXDufcy733hAmj2rjut1NYWV1b3yhulra2d3b3yvsHLS1ThUkTSyZVJ0SaMCpI01DDSCdRBPGQkXY4vB377SeiNJXiwYwSEnDUFzSmGBkr+XGPX3vuY3Zey3vlilt1J4DLxJuRCpih0Sv/dCOJU06EwQxp7XtuYoIMKUMxI3mpm2qSIDxEfeJbKhAnOsgmJ+fwxCoRjKWyJQycqH8nMsS1HvHQdnJkBnrRG4v/eX5q4lqQUZGkhgg8XRSnDBoJx//DiCqCDRtZgrCi9laIB0ghbGxKc1vCkJ9p+9iARHnJpuMtZrFMWhdVz/L7y0r9ZpZTERyBY3AKPHAF6uAONEATYCDBC3gFb86z8+58OJ/T1oIzmzkEc3C+fgH8vprC</latexit><latexit sha1_base64="JoPzYqYYuy6FnvBci7F3IJwAjAs=">AAACC3icbVDLSsNAFJ3UV62vqks3g0VwoSURwa6k6MZlBfuANJbJZNIOnUeYmQgl5BNcutWPcCdu/Qi/wZ9w+ljY1gMXDufcy733hAmj2rjut1NYWV1b3yhulra2d3b3yvsHLS1ThUkTSyZVJ0SaMCpI01DDSCdRBPGQkXY4vB377SeiNJXiwYwSEnDUFzSmGBkr+XGPX3vuY3Zey3vlilt1J4DLxJuRCpih0Sv/dCOJU06EwQxp7XtuYoIMKUMxI3mpm2qSIDxEfeJbKhAnOsgmJ+fwxCoRjKWyJQycqH8nMsS1HvHQdnJkBnrRG4v/eX5q4lqQUZGkhgg8XRSnDBoJx//DiCqCDRtZgrCi9laIB0ghbGxKc1vCkJ9p+9iARHnJpuMtZrFMWhdVz/L7y0r9ZpZTERyBY3AKPHAF6uAONEATYCDBC3gFb86z8+58OJ/T1oIzmzkEc3C+fgH8vprC</latexit><latexit sha1_base64="JoPzYqYYuy6FnvBci7F3IJwAjAs=">AAACC3icbVDLSsNAFJ3UV62vqks3g0VwoSURwa6k6MZlBfuANJbJZNIOnUeYmQgl5BNcutWPcCdu/Qi/wZ9w+ljY1gMXDufcy733hAmj2rjut1NYWV1b3yhulra2d3b3yvsHLS1ThUkTSyZVJ0SaMCpI01DDSCdRBPGQkXY4vB377SeiNJXiwYwSEnDUFzSmGBkr+XGPX3vuY3Zey3vlilt1J4DLxJuRCpih0Sv/dCOJU06EwQxp7XtuYoIMKUMxI3mpm2qSIDxEfeJbKhAnOsgmJ+fwxCoRjKWyJQycqH8nMsS1HvHQdnJkBnrRG4v/eX5q4lqQUZGkhgg8XRSnDBoJx//DiCqCDRtZgrCi9laIB0ghbGxKc1vCkJ9p+9iARHnJpuMtZrFMWhdVz/L7y0r9ZpZTERyBY3AKPHAF6uAONEATYCDBC3gFb86z8+58OJ/T1oIzmzkEc3C+fgH8vprC</latexit>



WhAT CAN WE SEE?

•CDM is below 6 GeV 

•interactions with electrons via a loop of mDM 

•perfect target for low-threshold direct detection



21 cm cosmology is Blooming

global 21 cm spectrum 

21 cm fluctuations

TIME FOR THEORISTS to  
improve the predictions!
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The Standard Model
with R. Barkana, N. J. Outzmezguine, T. Volansky 

Boltzmann equation for the singlet density

All the rates are bigger than Hubble down to z=10 & TS is defined by an equilibrium equation

At high enough redshift Compton scattering dominates

TS ' T�Tgas '
Lowering the redshift the gas temperature decouples! 

Tgas ⇠ (1 + z)2T� ⇠ (1 + z)
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The Standard Model
with R. Barkana, N. J. Outzmezguine, T. Volansky 

Boltzmann equation for the singlet density

All the rates are bigger than Hubble down to z=10 & TS is defined by an equilibrium equation

� 1

HI-HI & HI-e dominates Ts ' Tgas
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The Standard Model
with R. Barkana, N. J. Outzmezguine, T. Volansky 

Boltzmann equation for the singlet density

All the rates are bigger than Hubble down to z=10 & TS is defined by an equilibrium equation

CMB Emissions/Abs. dominates Ts ' T�
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The Standard Model
with R. Barkana, N. J. Outzmezguine, T. Volansky 

Boltzmann equation for the singlet density

All the rates are bigger than Hubble down to z=10 & TS is defined by an equilibrium equation

@ z=30 WouTuysen-Field (WF effect) 

� 1

Ts ' Tgas

see . T. Venumadhav, L. Dai , A.A. Kaurov, M. Zaldarriaga 2018

getting WF-effect right requires modelling of  
first star X-ray heating and Lya fluxes 


