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𝐓 =
ℏ𝐜𝟑

𝟖𝛑𝐆𝐤𝐁𝐌𝐏𝐁𝐇

𝛾

𝑒

PRIMORDIAL BLACK HOLE 

EVAPORAT ION 

Hawking temperature 

S. W. Hawking, CMP 87 (1983) 577
G.W. Gibbons and S. W. Hawking, PRD 15 (1977)

H. J. Trashen, arXiv gr-qc/0010055

𝜈
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Incoming ν or 𝜒

Outgoing 𝜈 or 𝜒

Recoiling nucleus

Direct Detection experiments 

(e.g., ArDM, DARKSIDE, DARWIN, 

DEAP, LUX, LZ, PANDAX, XENON)

𝐓 =
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MODIFICATION OF 

NEUTRINO FLOOR FROM 

P RIMORDIAL BLACK 

HOLE EVAPORAT ION
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MPBH = 3.0 · 1015g, fPBH = 1.0 · 10°1

MPBH = 1.5 · 1015g, fPBH = 2.0 · 10°3

MPBH = 7.0 · 1014g, fPBH = 1.3 · 10°4

Standard neutrino floor 
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T OT AL N EUT RINO F LUX from Primordial black holes 

BLACKHAWK (Eur. Phys. J.C 81 (2021)) → 𝒅𝑵
𝒅𝒕𝒅𝑬𝝂

Neutrino flux from Primordial Black Hole
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T OT AL N EUT RINO F LUX from Primordial black holes 
R. Calabrese et al, PLB 829 (2022) 137050
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T OT AL N EUT RINO F LUX from Primordial black holes 
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The event rate from Coherent Neutrino-Nucleus Scattering 

𝑑𝑅01
𝑑𝐸2𝑑𝑡

= 𝑛3𝜖 𝐸2 (𝑑𝐸0
𝑑𝜎
𝑑𝐸2

𝑑𝜙
𝑑𝐸0

Θ
2𝐸04

𝑚3 + 2𝐸0
− 𝐸2

CE𝑣NS Event Rate in DARWIN

Maximum 
recoil energy

Recoil energy: 
kinetic energy of 

the scattered atom 
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The event rate from Coherent Neutrino-Nucleus Scattering 

𝑑𝑅01
𝑑𝐸2𝑑𝑡
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CE𝑣NS Event Rate in DARWIN

Efficency

Number of 
target per tonne

𝑑 < 𝜎𝑣2 >
𝑑𝐸3
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Coherent Neutrino-Nucleus Scattering occurs between an 

active neutrino flavor and a nucleus

𝑑𝜎
𝑑𝐸7

=
𝐺@A𝑚B

4𝜋 𝑁 − 𝑍 1 − 4 sinA 𝜃C A 1 −
𝑚B𝐸7
2𝐸;A

𝐹A 2𝑚B𝐸7

CE𝑣NS Event Rate in DARWIN

In-going 𝜈
Out-going 𝜈

Z Recoiling 
nucleus

qD. Akimov et al, Science 2017
D. Akimov et Al, PRL 2021
D.Z. Freedman, PRD 1974
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Coherent Neutrino-Nucleus Scattering occurs between an 

active neutrino flavor and a nucleus
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CE𝑣NS Event Rate in DARWIN
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CONSTRAINTS ON

P RIMORDIAL BLACK HOLE ABUN DANCE

FORM COHERENT NEUTRINO NUCLEUS ELASTIC SCATTERING
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Super K𝒇𝐏𝐁𝐇 = 𝝆𝐏𝐁𝐇/𝝆𝐃𝐌

𝜒4 = min
𝜶

𝜒4 𝜽, 𝜶 + 1 − 𝜶 6Σ𝜶7# 1 − 𝜶

𝜒4 𝜽, 𝜶 = −2 ln
∏𝑃 𝑁89:

;
, 𝑁<=>; 𝜃 + 𝑁89:; 𝛼

∏𝑃 𝑁89:
;
, 𝑁89:

;

𝜶 = Nuisance parameters

𝚺𝜶= Covariance matrix (encodes the 

uncertainties on the Background) 
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CONCLUSIONS

★Constraints on Primordial Black Holes 

abundance from Coherent Neutrino-

Nucleus Elastic Scattering 

★Dark Matter Direct Detection 

experiments used as Dark Matter Indirect 

Detection observatories 
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Escaping 
antiparticle

Escaping 
particle

Particle-
antiparticle 
annihilation  

Vacuum fluctuation: empty space is a medium in which 

particle and antiparticle pairs appear and disappear

𝐸? + 𝐸? = 0

What happens if such fluctuations are near the 

event horizon?

Pair Creation
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LIGHT DARK MAT T ER 

EMISSION 

Propagation effect have been taken into account: 

the energy loss was obtained in the ballistic-

trajectory approximation. 

Assuming the existence of a light dark 

matter candidate, χ.
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EVEN T RAT E IN XENON1T
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CONSTRAINTS ON 

LIGHT DARK MAT T ER

We obtained constraints on the 𝜎2@A from 

the non observation of excess in XENON1T 

for 𝑬𝒓 ∈ 𝟒. 𝟗 − 𝟒𝟎. 𝟗 𝐤𝐞𝐕

(1) CRs up-scatterings

(2) CRESST experiment 

(3) Cosmology  

PRD 105 (2022) 2, L021302
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CONSTRAINTS ON 

P RIMORDIAL BLACK HOLES

Assuming the existence of χ, it is possible to 

constraint the PBH abundance. 

1. Valid for any light fermionic DM 

2. Almost independent of 𝑚2

3. Propagation relevant for 𝜎2@A ≳ 107C#𝑐𝑚4

PRD 105 (2022) 2, L021302


