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WaNE KIUNIT IFOR NEW FORCES

*SM=Standard Model

SM* SM

*matter we know

SM SM

The force properties are encoded in the nature of the
force carrier

and its interactions with the matter we know about™



MalE CRIEMISTIRY OF FORCES

*SM=Standard Model

SM* SM
*matter we know
SPIN
COUPLING
SM SM

. Like chemists
' we can classify the types of force careers X
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this is all we got so far...
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INIEW DARIK FORCES?

it is plausible to imagine new forces
to be present...




DARK MATTER EXISTS/ED

Dark Matter .
R we have many evidences

from its gravitational interactions

Dark Energy with the regular matter

68.3% DM

Dark Matter should be a particle of some sort...

even MOND dficionados have to introduce
new particles to the SM
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DARK MATTER EXISTS/ED

Dark Matter .
R we have many evidences

from its gravitational interactions

Dark Energy with the regular matter

68.3% DM

Dark Matter should be a particle of some sort...
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DARK MATTER EXISTS/ED

Dark Matter .
R we have many evidences

from its gravitational interactions

Dark Energy with the regular matter

68.3% DM

Dark Matter should be a particle of some sort...

even MOND dficionados have to introduce
new particles to the SM
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Production mechanisms require a NEW FORCE
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ANALOEY VS MIINIIMIAILIT
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MINIMALITY disfavours a New Force




FOW TO PROBE NEW FORGES?

SM SM

o

DM DM

A new force induces a

new scattering of Dark Matter with baryons™
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CMB photons

JCMB CMB
TW VA o\ | -'-ié?-*gz.

HI TS Radiative
-‘..\Tgas [ransfer

1100

21cm
Signa.

The HI is described by 2 temperatures

T'g ratio of number densities /s
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Tgas is just the kinetic energy of the gas



21 GM COSMULOEY PIRIMIEIR

CMB photons
JCMB CMB
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Signa.

The HI is described by 2 temperatures

spin temperature 1 s

I's ratio of number densities __tiple
1s L A = 21l cm
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T . . . P4 singlet /LY-/L N
gas is just the kinetic energy of the gas n p
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Ng
is what we see after CMB is subtracted




RNE FIIRS T MIEASUIRIEEMIENTT 2

The observed temperature COLDER than the COLDEST prediction from
DM + GRAVITY only

EDGES

Experiment to Detect the Global Epoch of Reionization Signature

bes
T3 (EDGES)
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A NEW FORGCE TO EXIPILAIN EDEES
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A NEW FORGCE TO EXIPILAIN EDEES

* TS ™~ Tgas
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e Cooling the gas with Dark Matter scattering DM

Kadota,Silk, Tashiro, (2014) Ali-Haimoud,Kovetz,Munoz (2015) N
Barkana (2018); Loeb,Munoz (2018) Berlin,Hooper,Krnjaic,McDermott (2()1;)’\,‘,7\:7\’\,\‘ A~ |
Barkana,Outmezguine,D.R. ,Volanksy, (2018) Liu,Slatyer, (2018)...... + HI Ts )

\ as
N »gi )



A NEW FORGCE TO EXIPILAIN EDEES

<< Tgas

YCMB
"»?;\k f; Dark Cooling induced by new forces between
Dark Matter and baryons
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A NEW FORGCE TO EXIPILAIN EDEES

<< Tgas

YCMB
"»?;\k f; Dark Cooling induced by new forces between
Dark Matter and baryons

* DM cooling rate vs Compton rate = ————» large cross section

* cooling needs to overcome heating —————» DM lighter than HI
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DM cooling rate needs to overcome Compton rate
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LONG RANGE FORGCE TO EXIPLAIN EDEES

DM cooling rate needs to overcome Compton rate

'

cross section excluded by CMB unless  Tcosmic-dawn > 0CMB

Urel|cosmic—dawn < Urel|C1\/IB o> Oy ~ U1 OxI

!

light mediator: mx < pirvre = 1 KeV -

H1
GeV

™\

DM lighter than HI




YRE OF FORCES AlLILOWIEID

Long range interactions with hydrogen or helium are excluded!
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Long range interactions with hydrogen or helium are excluded!
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YRE OF FORCES AlLILOWIEID

Long range interactions with hydrogen or helium are excluded!

for range larger than the Earth radius charge is screened
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Long range interactions with hydrogen or helium are excluded!
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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 = QewanM



IMINGLILIGRIAIRGIE DARIK MATTIZR

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

Kovetz, Poulin, Gluscevic, Boddy, Barkana and Kamionkowski (2018)
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EDEES Ve DIREGCT IDETIECTION

CAN WE TEST
THE ALLOWED REGION in

direct detection experiments?
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Surface run SENSEI with 1Tgram

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 1Tgram

the bound stops at high Q because
of terrestrial effects

Emken, R.Essig, C. Kouvaris, Sholapurkar (2018)

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)

VL L
i_,” | mDM DA% %% % X CDM
YCMB T g
A\,"\,\,\’\’\\ 7 A/
1y T | TN\
v, Ts )

Tes HI
* We have few droplets of millicharge Dark Matter (mnDM) 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)
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* atoms: Ty He
fm y My

* jons: T,
- e At CMB the mDM is tight to the baryons
_ | * After recombination mDM is tight to CDM
< {1
-
Recombination z~ 17

CMB
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*up to 200 GeV in mass

* in between direct-detection shielding and collider constraints
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* Direct Detection in the Sky

* in between direct-detection shielding and collider constraints
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CDM *CDM is below 6 GeV

* interactions with electrons via a loop of mDM

CDM

o perfect target for low-threshold direct detection
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with R. Barkana, N. J. Outzmezguine, T. Volansky

The Standard Model

Boltzmann equation for the singlet density

no + 3Hng = —ng(Co1 + Bor + Lo1) + n1(Cro + A10 + B1io + L1o)

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

N
s

/
%

Y Ty~ (1+2)

AT =T —Tcms
AT, + AT _ Lo Lo
ATS ~ Ycol gas YLy Ly« YLyo Tiwe Aro
1+ Ycol 1 YLy By Cho
Ycol — Tgas A—lo
e At high enough redshift Compton scattering dominates
1's ~ Tgas — L~

Lowering the redshift the gas temperature decouples!

Toas ~ (1 + z)2
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The Standard Model

with R. Barkana, N. J. Outzmezguine, T. Volansky

Boltzmann equation for the singlet density
no + 3Hno = —no(Co1 + Bo1 + Lo1) + n1(Cro + A1o + Bio + L1o)

All the rates are bigger than Hubble down to z=10 & s is defined by an equilibrium equation
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The Standard Model

with R. Barkana, N. J. Outzmezguine, T. Volansky

Boltzmann equation for the singlet density
no + 3Hno = —no(Co1 + Bo1 + Lo1) + n1(Cro + A1o + Bio + Lo)

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

AT =T —Teug
Ea1 Lig
| ATgas + Yrya AlLya o=
ATS ~ yCO gas y y y YLy TLya AlO
1+ Ycol T YLy« E5; Cio
col — —
Y Tgas AlO
‘ ‘ ‘ ‘ ‘ 1000 ‘ S S ‘ ——
10| f 500| /
104} | 100} /
;5 50|
100} — spont.em. |
— S
\ ind. em./abs. o Zas
| W 10} S
57 S

10 50 100 500 1000 10 50 100 500 1000

-7



The Standard Model

with R. Barkana, N. J. Outzmezguine, T. Volansky

Boltzmann equation for the singlet density

no + 3Hny = —no(Co1 + Bo1 +

Lo

) +n1(Cro + Ao + Bio +

\
Lig)

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

@ z=30 WouTuysen-Field (WF effect)

getting WE-ellect right requires modelling of

first star X-ray heating and Lya fluxes

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