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Primordial Black Holes (PBHS)



Primordial Black Holes

THaWking [keV]

 Formed Iin early Universe

« Candidate for DM within
Standard Model physics
(Montero-Camacho et.
al., 2019)
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~ GeV scales constrained

Constrains PBH mass ~

Galactic high energy
surveys

?Energy gap ~ 0.1-1 MeV?

THawking [k€V]
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HAWKING RADIATION

Black hole temperature
T o c3h 1

Hawking Gkp, 8TM

Smaller masses = higher temperature
M < 10Y79 (Tyawking ~ 100 keV),
thermal emission of electron-positron
pairs

3
M
tevap ~ 10°7 (%) years

Photons: /\/\/\/

Fermions; =

@
— 4/!/!?

/



Radiative Corrections

* Interactions (0(«a)
corrections) could produce
dominant signal for lower
mass range of asteroid
mass PBHs (Coogan et. al.,
2019)
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COOGAN ET. AL., 2019 Our Work

* O(a) correction to Hawking radiation in flat  Dissipative O(a) correction using quantum
spacetime electrodynamics in curved spacetime
(Schwarzschild)

« Various particles (e*, ¥, etc.) .\
* Onlye*



COOGAN ET. AL., 2019 Our Work

* O(a) correction to Hawking radiation in flat  Dissipative O(a) correction using quantum
spacetime electrodynamics in curved spacetime
. . . (Schwarzschild)
« Various particles (e*, =, etc.) N
* Onlye*

High energy surveys could provide constraints on PBH DM from
Interactive QED effects



COOGAN ET. AL., 2019 Our Work

* O(a) correction to Hawking radiation in flat  Dissipative O(a) correction using quantum
spacetime electrodynamics in curved spacetime
. . . (Schwarzschild)
« Various particles (e*, =, etc.) N
* Onlye*

High energy surveys could provide constraints on PBH DM from
Interactive QED effects
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Recipe and Ingredients

* Quantum fields on a classically curved geometry (BH background)
« Start with the classical actions for Dirac and EM
« Canonical quantization (mode functions for the respective fields)
« Time dependent perturbation theory to 0(«)

« Spectra from interactive effects
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See interactions that refer to inner bremsstrahlung radiation
and to pair production/annihilation
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Corrected Spectrum Results

Energy Spectrum results For @{1) and @{a), M =2 x 10'°g
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Corrected Spectrum Results

Energy Spectrum results For @{1) and @{a), M =2 x 10'°g
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We see the order
alpha corrections
dominate at low
energies

There are regions with
extra emission and
others with extra
absorption
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Other methods
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Conclusions

Interested in our
research? Scan here!

« Account for conservative interactions (vacuum polarization; renormalization)
e Fermion Spectra
« Correction to Hawking spectra for spinning (Kerr) black holes

« Takeaway: Rigorous corrections to Hawking radiation could constrain
PBHs as DM candidate via MeV surveys



[Probe]
Hawking
radiation

spectra

[Target]
Dark Matter
(halos)

[Candidate]
Primordial
black holes

30



31



1-2M/r
72/ 2w3
k-K 1., J1-2Mjr|
VIE+D)w % /o "

(FxinFx —rn — GxinGxr—pn )X 0w/ L(£ 4 1)

++ oY Y AkKI m
Ika,X’k’m’,X—,.fm-,.(c) (h" h ’w) o 4hh' Amm’mwi

H i Fxr_prn + GxenGxr _prnr)

S —3 kE'l > 1- QM/'P
Ika,X"k"m",X-,fm.,(e) (h,’ h,",w) = 74hthmm’m""~/_oc (GX—th)(rkrh.r — FX—khFX’k"h")‘I'XTEw f(f+ I)W

HCx-knGxrkn + Fx—knFxrkns)

k-K 1., yI-2Mr|
VEIE+1)w Xt "

- —1 EE1 00 ) 1M
IIkm?X’k’M’,wamw(E) (h, W', w) = 4hthmm’m~r/ (FxenGxrin — GxpnFxown )Y x, 00V L + I)T V2uw3
+(FXenGxirn + G;;khFX,k,h,)Mlg’X ‘ 7\11_2M/T dr,
Wrne % rvow =
- —1 kKl 00 * % 1-— 2M/?"
Ixzm’x"k’mraxwfmw(f) (h’ h!’w) - 4hh' Amm’m’?/_ (GX—khF —k'h' T Fx—thxr_krhr)‘I'Xn,Ew f(f+ 1) r24/20,3
k—k 1 1—2M]r
+G_ F*.F_.!r"'F_ G*,_,,i_‘y! Yy ———— d?“’
( X—khl'X'—k'h X—kh' T X _Jg;,,) f(f—i—l)w X34 2w ] *
-1 p oo [ . . . . = QM/?«-
I;:m,xfk’m’,xwfmw(o) (hrg h.",w) = —4hh.f Hﬁfﬂf"—:},.}. / (FthFX"—k’h" -+ GthGX’—k’h’)‘I‘X—,EMW d‘r*,
Xk . | 1—2M]r|
Do, Xk Xty o) (B s 0) = mﬂﬁnﬁﬂ f (Gx—knGx'krn +Fx—khFX'krhr)'I'X¢£wl/2T7 \/Zw/ dra
- -1 ' oo [ . N 1—2M/r
I;km,XFk-‘mf,X'yme(G) ('hf'] h,'r,w) = —4hh!‘ Hf’l’fﬂf’;.}. f (Fth,GX"k'h' + GthFX'k’h’)‘Iijfw %] d.r*’ and
— -1 "y oo [ ) ) - 2M;’r
Ixzm,xfkfmr,xwgmw(o) (h, Wy w) = \/mnmm‘—;w /; (Gx—knFx_jrp + Fx—khcxa_krhr)mefw 2/ ars-




) i , 00 . . 1—2M/r
IX;:m,X’k’m’,X,YEm,Y(e)(ha h’, UJ) = 4hh! AifﬂifmT[m \‘(Gx—khFX"—k’h," - FX_thXf_kfh;)‘l!Xﬁrew 6(6 + ].) ?,.2 2w3
‘ +(Gx—inF PG o) Ly V1= M
_ ' IFN _ ’ It )T YF/— — w T*’
X—-khL' X'—Kk'h X—khYX’'_Lk'h £(€+1)w X,YE ?“\/270.)
Parity _
1 Photon wavefunction
— , 00 /1 —2M
I_+ Pt mn ? (h, h,’, LIJ) - 71Hkk £;+ (GX_khF* NN + FX_th* ot I)QX P /T d'r*.
Xkm,X'k'm’, X £m~ (o) \/m mm/’m., e X'—k'h X'—k'h ~ 2?"\/2_w
| Y A O Y
Selection Electron wavefunction
rules

Horizon to infinity

33



Microlensing Constraints

« Optical microlensing constrains
large mass end of PBHS

« Broad range of optical effects,
masses, and cutoffs

« Constrains PBH masses ~ > 10%1 g
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Microlensing Constraints

« Optical microlensing constrains
large mass end of PBHS

« Broad range of optical effects,
masses, and cutoffs

« Constrains PBH masses ~ > 10%1 g
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Event rate for microlensing

Wﬂane
o~
Sourc:\

e e e e
Optic axis

) Drs

Fujikura, Hertzberg, et. al., 2021

36

logyg M (8]

logyg I [57]

logye ™ (7]

Event Rate pt. src. Agyoy=1.063
-§ [T T T

N Y |

PP |

1 2
logipt [s]

Event Rate pt. src. Ag,n=1.158

-6 [T

cood 4oond i
3 4 5

B
T

logigt [s]
Event Rate pt. SIC. Agqy=1.40

T T T T T T T

b u o
T

lie]
IIIIIIF‘I

I N N T |

-
L
L
L

(=]

1 2 3 4 5

logigt [s]
Event Rate pt. src. Ag y=2.00

T

I T T T

logigt [s]

gyl [s7]

logy I (87

logo© [s7]

logyoF [s7]

Event Rate Rg=3.8 Acyor=1.063
-6 [TTTmETTTTTTETTTTT

FETIT BRI BRI RRTIT wTT

1] 1 2 3 4 5
logypt [g]

Event Rate Rg=3.4 A oq=1.158

e ——————————

T

5
logigt [s]

Event Rate Rg=2.5 Agqu=1.40
-6 [T
T E
B8 E
9 E e
10 |~ n
1 1
12 |~ 1
13 |~ .
14 [~ 1
-15
16 uuad il

0 1 2 3 4 5
logigt [s]

Event Rate Rg=2.0 Ag =200
-B [T
-7
8

I T T O |

w

logigt [s]

logy T [s]

logyo T [s7] logye I (81

gy [s7]

Event Rate Re=3.8 Acyon=1.063
-§ [T

4
T

4
IIIIIII|

somd 1 oond 1o
1 2 3
logpt [g]

Event Rate Rg=3.4 Ag yy=1.158

-6 [T

T
4 5

-
=y
T T T T T T OIqmwT

16 oo o d
0 1 2 3 4 5
logigt [s]

Event Rate Rg=2.5 Agyoy=1.40

T T

I Y |

-6
7
-8
9
10
-1
12
13
14
15
16

0 1 2 3 4 5
logset [s]
vent Rate Rg=2.0 Agy=2.00

m

I I T |

w

logsgt [s]



Z
@)
™~
oc
O
T

Free fields

(Past work)

Effective
potential

Types of QED interactions near horizon

37

Fermions: ______,

Photons: /\/\/\/



Z
@)
™~
oc
O
T

Free fields

(Past work)

Effective
potential

Types of QED interactions near horizon

Dissipative
(This work, examples of interactions)

[
)
o
L =
=
b S
O
&
>
xS
%%
Q@
Q\
9\\00
.gb
&
>
>
Q

38

Fermions: ______,

Photons: /\/\/\/



Types of QED interactions near horizon 39

Free fields Dissipative Conservative
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