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First direct detection of gravitational waves - LIGO
GW150914

Binary Black Hole merger

◮ Initial masses
36+5

−4 M⊙ & 29+4
−4 M⊙

◮ Final mass
62+4

−4 M⊙

◮ GW energy
3+0.5
−0.5 M⊙

(Frans Pretorius, APS/Carin Cain)
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Observing Binary Black Hole mergers

Multimessenger searches

Coincident events?

◮ Photons

◮ Neutrinos

→ No significant detection
(J. A. Aguilar & J. Yang, IceCube/WIPAC)

(NASA)

Stellar evolution models

Matter disappeared long before merger
→ No particle emission expected

How well is this picture tested?
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ν-emission from BBH mergers

Consider possible neutrino emission from BBH merger

f νBBH =
Eν

EGW

How to constrain?

Direct search
ν coincident

with LIGO events

Diffuse ν-flux
BBH mergers throughout

history universe

Assumption:
Eν ∝ EGW

⇒ universal

Focus: IceCube - [100 GeV, 108 GeV]
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Constraints from the diffuse ν-flux

IceCube diffuse ν-flux

Φ(E ) ∝ E−2

LIGO merger rate

R = 9− 240Gpc−3 yr−1

(The IceCube Collaboration)

Resulting ν-flux

E 2 dNν

dEν

∣

∣
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∝ f νBBH
E 2 dṄν

dEν

∣

∣

∣
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∣

inj,f νBBH=1

Constrain
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Results on f
ν
BBH

All events similar to GW150914
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Model dependent interpretation

Potential reach
f νBBH ≈ 5× 10−4

Model prediction

f νBBH = “Matter model” × “Acceleration model”

(NASA and A. Feild)

Application

◮ Gamma-ray burst

◮ Dead disk (Perna et al)

10−4
− 10−3 M⊙

⇒ f νBBH ≈ 10−7
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Conclusion

Binary black hole mergers now observable!

◮ Expected environment: no matter → no particle emission

◮ Test and constrain neutrino emission: f νBBH
◮ Coincident searches
◮ Diffuse ν-flux

◮ Bounds still above conventional models

Future:
neutron star-neutron star & black hole-neutron star mergers

Thank you!
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BACK-UP
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BBH mergers

(LIGO Scientific Collaboration and Virgo Collaboration, Phys. Rev. Lett. 116, 061102)
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BBH mergers

(LIGO Scientific Collaboration and Virgo Collaboration, Phys. Rev. Lett. 116, 061102)
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BBH mergers

(LIGO Scientific Collaboration and Virgo Collaboration, Phys. Rev. Lett. 116, 061102)
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Localization

(LIGO Open Science Center)
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BBH mergers

Additional emission on top of gravitational waves

EGW = 3 M⊙,

Eν = f νBBH × 3 M⊙

Part of gravitational wave energy transferred to neutrinos

EGW = 3 M⊙ − f νBBH × 3 M⊙,

Eν = f νBBH × 3 M⊙
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GW events so far

(LIGO Scientific Collaboration and Virgo Collaboration, Phys. Rev. X 6, 041015)
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IceCube diffuse flux

(The IceCube Collaboration, Astrophys. J.,833(1):3, 2016)
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BBH merger rate

(LIGO Scientific Collaboration and Virgo Collaboration, Phys. Rev. X 6, 041015)
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IceCube effective area

(data from IceCube Collaboration, Astrophys.J. 796 (2014) no.2, 109)
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Limits on sources
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GRB
SN w/ jets

SNIbc
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SN IIp

(M. Kowalski J.Phys.Conf.Ser. 632 (2015) no.1, 012039 )
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Diffuse ν-flux from BBH merger

Resulting ν-flux

E 2 dNν

dEν
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f νBBHE

2 dṄν
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Cosmic evolution Injected ν-flux

(E. Waxman and J. N. Bahcall)
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Cosmic evolution

ξz(E ) =

∫

∞

0
dz

H0

H(z)

Lν(z , (1 + z)E )

Lν(0,E )

For power-law energy independent

With
HSFR(z) ∝ (1 + z)ni

where

◮ ni = 3.4 (z < 1)

◮ ni = −0.3 (1 < z < 4)

◮ ni = −3.5 (z > 4)

This gives ξz ≈ 2.4
(no evolution in local universe (z < 2) gives ξz ≈ 0.5)
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Mono-energetic emission
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E−2-flux
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E−2-flux – integrated
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E−2-flux – beamed emission

Moriond YSF 2017 24 M. Vereecken



Model dependent interpretation

f νBBH = fmatter × fengine × ǫp,acc × ǫν

Fractions:

◮ fmatter amount of matter - stellar evolution

◮ The acceleration model:
◮ fengine energy in acceleration engine

◮ ǫp,acc protons to high energy

◮ ǫν energy in neutrinos
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Model dependent interpretation

f νBBH = fmatter × fengine × ǫp,acc × ǫν

GRB-Fireball model

◮ fmatter amount of matter - stellar evolution

◮ The acceleration model:
◮ fengine → 1/10

◮ ǫp,acc → 1/10

◮ ǫν → 1/20
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Model dependent interpretation

f νBBH = fmatter × fengine × ǫp,acc × ǫν

GRB-Fireball model + Dead disk (Perna et al)

◮ fmatter → 10−4
− 10−3 M⊙

◮ The acceleration model:
◮ fengine → 1/10

◮ ǫp,acc → 1/10

◮ ǫν → 1/20

⇒ f νBBH ≈ 10−7
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primordial black hole dark matter

Moriond YSF 2017 28 M. Vereecken


