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' Primordial Black Hole

The density fluctuations of 6 = (p - Paverage)/Paverage = O(1) collapse.

If 6 =

/NSNS 6=0(1)
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< Primordial Black Hole

/' Mass of the PBH formed at H ~ T2/Mpy ' Energy fraction at the formation
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+ LIGO-Virgo Events By PBH ?

O(10)M.Black hole merger ~ 12-213/Gpc3/ year
— O(10)Mo PBH with Qpgr/Qpm ~ 10-3 - 102


https://ned.ipac.caltech.edu/level5/Sept03/Peacock/Peacock6_2.html

< Primordial Black Hole

At large scales, the fluctuations are )
6(CMB, galaxy cluster) ~ 4(AT/T)cms ~ 104
We prepare large fluctuation at very small structure scale!

| 62(PBH) ~ 0.01 at H'' << CMB, galaxy cluster sizes D

spectrum of 52
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FIG. 3. The PBH mass spectrum for parameters given in  Tada, Yanagida
Eqg. (41). Red shaded regions are excluded by extragalactic gamma

rays from Hawking radiation (EGy) [75], femtolensing of known

gamma ray bursts (Femto) [76], white dwarfs existing in our lo-

cal galaxy (WD) [77], microlensing search with Subaru Hyper

Suprime-Cam (HSC) [78], Kepler micro/millilensing (Kepler) [79],

EROS/MACHO microlensing (EROS/MACHO) [80], dynamical

heating of ultra faint dwarf galaxies (UFD) [51], and accretion con-

straints from CMB (CMB) [50]. See also [23] for a recent summary

of observational constraints on PBHs.
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Migdal Effect in Dark Matter Direct
Detection Experiments

Ibe, Nakano, Shoji, Suzuki



< Dark Matter Direct Detection Experiment

+ The Earth is immersed in a dark matter halo (ppm~ 0.4 GeV/cm3)
+ Dark Matter in such a halo has a velocity distribution (<vpu>~220km/s)
+ The Sun moves at a speed of 232 km/s around the Galaxy.

(The Earth moves around the Sun with a speed of 30 km/s)

Underground

v Dark matter scatters off a nucleus of the detector
material and deposits recoil energy (O(10)keV)

|

« The recoil energy is detected through ionization,
scintillation, and the production of heat in the
detectors.

detector




+ How is the Nucleus Scattering detected ?
e.g. Liquid Xenon (LXe) Detector

DM DM
— - | ®
¥
Recoiled Xe lose its energy Inelastic scattering leads to The excited/ionized Xe's
via (in)elastic scattering with excite/ionize Xe’'s. form excited molecular
other Xe. (excimer).
Excimer eventually decays by emitting a photon with a
characteristic wave length (~ 175nm )
— = scintillation photon!

(Typical Time Scale ~ O(1)ns - O(10)ns )

# scintillation photon > Recoil Energy

Nuclear recoil is detected by looking for

Scintillation photons &/ emitted electrons @ ionizations




+ What is missing in this analysis?

e.g. Liquid Xenon (LXe) Detector

DM DM

In conventional analysis, the recoiled nucleus is treated as a

@ recoiled neutral atom.

+ Inreality, it takes some time for the electrons to catch up...

—>V

+ The process to catch up causes electron excitations/ionizations!

— Migdal Effect ! [1939, Migdal]
[ ‘05 Vergados&Ejiri, ‘07 Bernabei et al. Application to DM detection ]



v “Atomic” Recoil Cross Section

After phase space integration :

do pr 2 2
Zg%( M Zri(ge)]

d cos 0oy

4% +1pu°)?pi]

Zrita) = [ [0y (e =y ()

Il Il
Ppyv = —Pa = Pr ~ UNVpus (pa!9= ma, pom' = mpm)

The process is not elastic for Eccf # Ee ! !

2(Fe. — B2
prl? = [prf? = 2un(EL — EL) oy = 4/ 2 >
HUN

excitation ionization

DM DM

DM DM
NS ~N_

N+
*
. ‘ + electron




 Implication on Dark Matter Direct Detection Experiments

+ Migdal Effect single-phase Liquid Xe detectors

WIMP Limit Plotter
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A few events with Eq.c = O(1)keV are expected for 105 kg days !
The atom recoil energy is lower than threshold Er < Mpm? /Ma X vom? < O(1)keV

Migdal Effect might opens up new detection channel of the DM-NUCLEAR scattering !
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v Numerical Transition Rate (by using Flexible Atomic Code)

Xe (ge = me x 10793)
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(transition is possible only for | A2 |= 1)

+ The ionization rate from n = 3 state can be O(10-3).
— leading to O(1)keV electronic energy deposition !

+ The excitation rates are smaller.




< Implication on Dark Matter Direct Detection Experiments

+ Migdal Effect single-phase Liquid Xe detectors
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A few hundred events with Eqe: = O(1)keV are expected for 105 kg days !

The atom recoil energy is much lower than threshold Er < Mpm? /Ma x vpm? = O(1)eV



 Implication on Dark Matter Direct Detection Experiments

+ Migdal Effect single-phase Liquid Xe detectors
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For heavier dark matter, the atom recoil energy is much lower than threshold
Er < Ma2xvpu? = 0(10-100)keV

The Migdal effect is submerged below the conventional nuclear recoil spectrum.



