Impact of PBH-baryon streaming
motion on IGM thermal history

Fraction

P |

1045

o

1050 1055

el
10%
Mg]

I

1040

PR |

1030

e |

1020

1025

1073
104
107
106
16+
108
10
040

[S—

Teppei Minoda, Hiroyuki Tashiro, and Joseph Silk



Table of Contents

1. Dark matter-baryon streaming motion

2. Impact on thermal history of IGM

3. Application to observational constraint:
21-cm global signal with EDGES

4. Results
5. Conclusion




Table of Contents

1. Dark matter-baryon streaming motion

2. Impact on thermal history of IGM




Dark matter-baryon streaming motion

Tseliakhovich and Hirata (2010) first pointed the
relative velocity of dark matter and baryonic fluids.

Before recombination,
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(Park et al. 2020, ApJ)




Dynamical friction of PBHs in gas

In the baryon rest frame,
kinetic energy of CDM particles (PBHSs)
are converted into thermal energy of baryon gas
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Energy injection due to dynamical friction

Drag force acting on a massive particle moving in gaseous fluid

Fiyrag = 47(GMpgr)® py /v

rel

Energy density injecting into the baryon gas via dynamical friction

d (3

dt (_nkaTgaS> = Furag - NuVrel = 47(GM)*p/vrel Npay

dt \ 2

(Ostriker 1999, ApJ)
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Physics of 27-cm line

Atomic hydrogen Hyperfine structure AE = 5.9%x107° eV,
1s state (n=1, 1=0) v~ 14GHz A~ 21cm
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Observation of redshifted 21-cm line intensity
=> physical state of HI gas at the redshift
(density, temperature, EOR processes, ...)




271-cm line global signal
Observable: differential brightness temperature

1/2
5Tb ~ 27 THI (1 — FI\IB> ( 10 > [mK]

Emission: Ty = = TcMmB

Absorption: Ty < < TcMmB




How can T, be determined?

Physical quantities to determine

« (kinematic) temperature of gas Tk
 Temperature of CMB T-yg

Primary processes:
« Collision between gas
* Interaction of Ly-a and gas
 Interaction of CMB and gas

Tem < (1 +2)

— IGM gas
Tx < (1 + z)* CMB
Teme + (Vo + YTk for z < 200 EDGES

1 + yCZ + yC redls(IB\(i)ftz

temperature T [K]




Evolution of spin temperature

CMB decoupling

Gas collision

Ty = < TcmB
Excitation by CMB

Ty < < TcMmB
Ly-a from first stars
Tx < < TcmB
UV and X-ray heating
Reionization

Tk = > Tcump
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(Mesinger et al. 2011, MNRAS, 411, 955)




Evolution of spin temperature

1. CMB decoupling
2. Gas collision
= < Tcms
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Evolution of spin temperature

3. Excitation by CMB
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Evolution of spin temperature
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4. Ly-a from first stars
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Evolution of spin temperature

102

5. UV and X-ray heating
6. Reionization

— > TCMB
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271-cm line global signal
Observable: differential brightness temperature

1/2
Tovs 1+
5Tb ~ 27 THI (1 — (ML> ( 1OZ> [mK]

Emission: Ty = > TeMmB Frequency MKz

Absorption: Ty < < TcMmB

Theoretical prediction of the 21-cm global signal
(Pritchard and Loeb, 2008, PRD, 78, 103511.)




271-cm line global signal
Observable: differential brightness temperature

1/2
ToMB 1+
5Tb ~ 27 THI (1 — (ML> ( 1OZ> [mK]

Emission: TK > > TCMB Frequency [MHZz]

Absorption: Ty < < TcMmB

Strong absorption signal is
expected around z~20
(frequency ~80 MHz)

> Detection was reported!!

10 Redshift 1+z 100

Theoretical prediction of the 21-cm global signal
(Pritchard and Loeb, 2008, PRD, 78, 103511.)




271-cm line global signal
Observable: differential brightness temperature

1/2
TovB 1+
5Tb ~ 27 THI (1 — (MI> ( 1025) [mK]

Age of the Universe [Myr]
150 200 250 300

24 22 20 18 16 14
redshift z

Experiment to Detect the Global EoR Signature Reported 21-cm line global signal
(EDGES, https://www.colorado.edu/) (Bowman et al., 2018 Nature, 555, 67)




IGM thermal history

For adiabatic evolution, Tcyg > Tk (absorption) at z~17

Temp X (1 + 2)

—— IGM gas
TK X (1 + Z)z CMB
for z < 200 EDGES
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IGM thermal history

For adiabatic evolution, Tcyg > Tk (absorption) at z~17
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Temp < (1 + 2) /

/ Dark matter annihilation (1803.03629)
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21-cm line global signal becomes

absorption at z~17

— Constraint on exotic heating
sources for IGM

PBHs (accretion, Hawking-rad) (1803.09390)

[
o

+—— = We consider dynamical friction due

to the PBH-baryon streaming
velocity as a heating source
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Equation: IGM thermal history

dTgas _ Xe 8IOCMBO-T
dt 1+x, 3m,c

Compton scattering

(TCMB R Tgas) R 2HTgas

Cosmic
expansion

8m um,

Heating by PBHs
+ UpBH

QPBH = 3k, (Cs Ur_e%> G* PCcDM,0 (1+2)° fpea Mpgy

X fpgu MpgH




Results: IGM thermal history

feea Mppy = 10°° kg

FM=10* kg |
fM=10%
fM=10%
No heating no PBHs
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Consftraint on PBH abundance

Calculating thermal history for various fpgy Mpgy

Imposing the absorption signal of 21-cm line as Ty < Tempg  (fOor z~17)

Then, we obtain
103° kg)
MPBH
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Conclusion

v Estimate the impact of dynamical friction of PBHs
on the IGM thermal history
v 21-cm global absorption signal at z~17

=> constraint on the PBH abundance

fomn < 6% 1075 (1)

MpBH

Future prospects:

v Need to discuss the overestimate for IGM heating

=> |ncluding decay of the streaming velocity




Discussion: overestimate

We have not considered the back-reaction to the relative velocity;
Even for fpgy = 1, the thermal energy is comparable with kinetic energy
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> Ongoing...
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