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Constraints on asteroid-mass

PBHs in dwarf galaxies with HST

s .
- ’
.
. > .
» - .
. »
’ % ' . - 3 - = g = B .
> - . o . - . ‘ - . ' - . -
- s e fo F . o “
. . . ‘e '8 2 s ’ . . ' - .
° » % . ~ 231 . B . oo B - . v . Y.
, o e~ ® . . LI . . €4 P "ty "m - 2 RS0 3 -
. q L

NICO|C|S Esser (W|’rh Peter Tlnydkov Sven De Rlle? A
Sy & other astronomy 00"909U93> |



Current PBH constraints

10 1070 10 1

—————————1“-\"- -'ll---'ﬂ--" Ii-l

GGB

1040 104

Carretal. 2021)



Current PBH constraints

10 1070 10 1

Evaporation \

- "."“'““' ==

AN

GGB

1040 104

Carretal. 2021)



Current PBH constraints

10 10710 103 1 10° 1010 1015 1020

Evaporation Lensing

1 DED 1 ,DZ".S 10 30 1 035 1 DJ—U 1 045. 1 0,5{] 1 [:'5'5
Mgl

Carretal. 2021)




Current PBH constraints

MIM,
]0 15 100 -3 1

Lensing

Evaporation \

0.01

Why is this range |
unconstrained? |

100 10% 109 10 100 107
Mg

Carretal. 2021)



Current PBH constraints

MIM,
0“" 100 -3 ] 10° 1010 1015 1020

Evaporation \ T AN Lensing

SMB ™\
3

Surely because
PBHs are all the

Why is this ronge | DM?

unconstrained?

Carretal. 2021)



Current PBH constraints

MIM,
1 10°

—15 -10 -5 GIO ],015. IUEG
Evaporation {0 B R “ Lensing

W Surely because |/
PBHs are all the |

1 5
Why is this range DM

unconstrained? [,
n

More plausible:
por i | this region Is just
R e 2 hard to probe |

Carretal. 2021)



Current PBH constraints

EXOTIC

mechanism
required




ldeaq: stars capture PBHS

which tThen destroy Them
from The inside




Destruction probability

Adiabatic star formation + dynamical friction:



Destruction probability

Adiabatic star formation + dynamical friction:

Neap = 12V6mG2IN(A) X fopy X 224 X T, X M,

o3



Destruction probability

Adiabatic star formation + dynamical friction:

Neap = 12V6mG2IN(A) X fopy X 224 X T, X M,

o)

feey IS The fraction of DM in PBHS



Destruction probability

Adiabatic star formation + dynamical friction:

Neap = 12V6mG2IN(A) X fopy X 224 X T, X M,

o3

PDM
o3

x m) DM-dominated environments with low velocities




Destruction probability

Adiabatic star formation + dynamical friction:

Neap = 12V6mG2IN(A) X fopy X 224 X T, X M,

o)

x 7, mmmp Stars with long lifefimes wm M, < 1M,



Destruction probability

Adiabatic star formation + dynamical friction:

Neap = 12V6mG2IN(A) X fopy X 224 X T, X M,

o)

x M, ==y Heaqvier stars capture more PBHSs



Destruction probability

Adiabatic star formation + dynamical friction:

Neap = 12V6mG2IN(A) X fopy X 224 X T, X M,

o)

Bondi accretion



Destruction probability

Adiabatic star formation + dynamical friction:

Neap = 12V6mG2IN(A) X fopy X 224 X T, X M,

o3

Bondi accretion mm stars that capture a PBH are destroyed:



Destruction probability

Adiabatic star formation + dynamical friction:

Neap = 12V6mG2IN(A) X fopy X 224 X T, X M,

o)

Bondi accretion mm stars that capture a PBH are destroyed:

Destruction probability:

P, =1 — e Neap




Destruction probability

Destruction probability:

P, =1 — e Neap




Destruction probability

P, J with the
stellar mass!

Destruction probability:
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small, DM-dominated safellite galaxies of the Milky Way
N

Strong star destruction effect oc £2M

o3

Old stellar population, with only stars < 0.8M remaining

Located at ~ 10 - 100 kpc m==mmm) O(500 — 1000) stars

resolved individually in each galaxy

Stellar mass function is measurable
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Ultra-faint dwarf galaxies
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Ultra-faint dwarf galaxies

Hubble Space Telescope

Reficulum I, Segue 1, Triangulum ||
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Ultra-faint dwarf galaxies

D [kpc] 31.6 22.9 28.4
o[kms1]

Pom [GeV cm ™3] Comparison!

PBH effect ? negligible
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But this:

We do not directly measure this:

Reticulum II
Star-like sources: 1373

Likely members: 1108
~ v
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Example mock data
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Strategy

Example mock data Reticulum II
Star-like sources: 1373

Likely members: 1108
v

1.0 1.5 . 1.0

F60O6W-F814W F6O6W-F814W




Control galaxy: Reticulum Il

Median: -1.83
lo: [-2.07, -1.58]
20 [-2.29, -1.35]
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1o:[0.07, 0.16]
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Control galaxy: Reticulum Il

Used as prior for

The test galaxies



Test galaxies: Segue 1
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Test galaxies: Triangulum ||

Median: -1.85
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208 1% Triangulum II - BPL
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1-sided CLs:
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1-sided CLs:
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30 0.78
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Brand new constraints

PBH mass [M g |

1015 10-% 1018 10712
Esser et al. (2025)

Yes, marginal... | ... but likely To improve!



ULB Thank you! "
ArXiv: (accepted in A&A)
arXiv: (MNRAS)
arXiv: (D)

Nicolas Esser
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Triangulum II - BPL Triangulum II - LN
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1-sided CLs:
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20:1.40
30:1.89
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Median: -2.03
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Median: -2.13
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