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Motivation

https://nbi.ku.dk/english/research
/experimental-particle-
physics/icecube/astroparticle-
physics/
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Motivation

Diffuse astrophysical neutrino flux measured at IceCube:
Question: What are the sources?

Possible correlation of a high-energy neutrino with a gamma-ray flare from the
blazar TXS 0506+056 in 2017 (Aartsen+ 2018)

2014/2015 long-duration TeV neutrinos flare without gamma-ray flare from TXS
0506+056 (Aartsen+ 2018)

ldea by Gergely & Biermann (2009):
- SMBBH merger accompanied with a spin-flip of the jet

How can a merger produce neutrinos?
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1. SMBBH mergers

dynamical inspiral
friction

~ kpc
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merger?

' Centaurus A Radio Source
2 e ¢  Australian VLBI Network

D =3.4 Mpc; 1 mas=0.02pc

13y 280
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Cen A-arecent SMBBH

ESA/Hubble
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Radio Galaxie NGC326

National Radio Astronomy Observatory /
AUI, observers Murgia et al. STScl (inset)
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2. Stellar mass BBH mergers

RUHR
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M82: radio source 41.9+58 — arecent BBH merger?

Kronberg, Biermann & Schwab 1985
Biermann et al. 2018
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Neutrino — GW — Connection

E1t,otal

= fsmBBH ' EGw

dE n(M)
P GW
E, ®(E,) e KK $: fSMBBH fM i M dM

$(Mgy) /Mpc 3

1 === upper power law

107%5 _.. lower power law
. . . . 2 ; —_— Scheckp:ter function fit
Fraction of total mass emitted in GWs: Eqcw = h(q) - Mc o
107 108 10° 1010
qge(1/3,1/30] - h(q):1.3% —3.8% Mgy /Mg

Caramete & Biermann 2010

f d( h(q) - Mc?) (M)
M
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Neutrino — GW — Connection

total _ ¢v .
Ey™" = fsmBBH " EGw
;o_
g
< 7
1 === upper power law
10_6_§ —-- Io‘:l\?er r:?ower law
. . . . 2 i —— schechter function fit
Fraction of total mass emitted in GWs: Eqcw = h(q) - Mc o
107 108 10° 1010
qe[1/3,1/30] - h(q):1.3% —3.8% M/ M

Caramete & Biermann 2010
d( h(q) -Mc?*) n(M)

dt M

dM )= h(q) - (M)c? - “SMBBH _ pa) - (M)e? - R
ttotal
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Required number of SMBH mergers

Min M, number of | ¢, in
mergers n Gyr
q¢=1/3

(M) 6 2.47

Mmed’ian 8 1.86
qg=1/30

(M) 10 1.48

Mmea’ian 13 1.14

M =[(1+n, —k(q)) - (1+4q) " - m,y
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v, + v, flux with 10 years of data

10-3 < BBH mergers with LIGO/Virgo BBH merger rate
= e ateMec — de Vries et al. (2017) based on data until GWTC-3,
. =219 M, - ott et al.
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Characteristic strain

EPTA
10—13_ IPTA

(My=47 10"My,qg=1/3
—-— (M)=47-10"M;,q=1/30
®  Mpedian=1.45-10%M,,g=1/3
= Mmedian = 1.45-108M,,g=1/30
Mith. =9.03-108M,,g=1/3
Marith. = 9.03-108M,, g = 1/30
fisco, M =7.0-10% Mg
fiscor M=4.7-10"Mg
fiscor M =1.0-107 M,
fisco, M =3.0-10%M,
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Summary and Outlook

If 90% of the diffuse astrophysical neutrino flux that is detected by IceCube comes from
SMBBH mergers and the rest from stellar mass BBH mergers in Starburst galaxies, it is
explainable, if only ~ 107> to ~ 107°

of the emitted gravitational wave energy goes into neutrinos

- same accelerator physics?

Gravitational wave detectors such as LISA or SKA will put a constrain on the SMBH mass
distribution and SMBBH merging rate - improve this model

Future work:

connection neutrinos — injection rate of CR:
AN Thank you!
Ef— ¥iol = Ecr - RsvBH
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Appendix



2. BBH mergers in Starburst Galaxies - alternative

=

:
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SMBBH mergers —common occurrences

Every radio galaxy with a central black hole = 3 - 10°M underwent at least one
supermassive black hole merger with a spin-flip of the jet

Time scale of neutrino production is the same as the time scale for gravitational
wave radiation = inspiral stage at sub-pc separation

Inspiral time for mass ratio g = % :4-10°> — ~10° yr with increasing total mass

1

Smaller mass ratio g = 20 - about factor 5 larger

- heaviest SMBHs must have formed at q > %
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Spin-flip of the Jet — in more Detall

a + 9 = const.

A

J
S
Ia
L
a
I3

De Bruijn et al. 2020
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Total SMBH Merger time

«van toug, With tr, =100 yr = tinsp, G€rgely and Biermann (2009)
— = towgn, With tsn =107 yr = tg,,, Jaffe and Backer (2003)
= tougy, With tg, =108 yr
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S 108 =108 S 108~ R =108
R - ~. g
S ] - ~. -
< 107+ =107 c 107+ ~., =107
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Current SMBBH density

Duration of the inspiral time for 4 different models Total time between two SMBBH mergers including an
accompanying galaxy merger for different mean masses.

model Ine [h(g) /10294 in finsp in yr mass ratio ¢ mass in Mz  number of mergers  frgpqq in yr
Mg Mpc™ yr!

4.7-107 6 2.47 - 107

9= 4=l 4=18 a=130 1/3 1.45 - 108 8 1.86 - 107

Gergely and Biermann ) 0

(2009) 1.44-107°  240-107" 1.86-10°  1.12-107 9.03 - 10° 11 1.35-10
Sesana et al. (2012) 460-10%  511-10%  584-10°  526-10° 4.7 - 107 9 1.65 - 107
Cavaliere et al. (2019) 934-10°3  201-10%  288-105  1.34.100 1/30 1.45 - 108 13 1.14 - 107
Peters (1964) 1.16-102  192-10% 233-10°  1.40-10° 9.03 - 10° 19 7.81-10%

Nsmpn ~ 5.73 - 10° Gpc™> ‘
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Results for SMBBHSs

Table 3. Overview over the estimated mean nomber of SMBBEH mergers in the Hubble time. The mean merger times, resulting SMBBH merper rates as
musltiple o fins p (T and ellecive rction of nevtring from GW energy during a SMBBI merger £l o are shown as well. All values are separated
in mass ratios 1/3 and 1/30.

mass ratio g mass in Mg, number of mergers fpp inyT Rig ?:_‘.:.l in Gpe ™ yr~! F A
4.7 - 107 6 247 - 10" 2.32 . oA Lozl 10t
143 1.45 - 108 H] 185 - 107 3.00 . o i0e LA4ES 10t
0.03 - 10? i 1,35 - 10° 425 . o304 LOSH S 10t
47107 ] 1.65 - 107 3,47 - 103 BT g
1/30 1.45 - 108 13 114 - 10¢ 5.02 - qp A=A 26601033 00
9.0% - 0¥ 14 7.81 108 733 .10 S Lg2-8 0t

Table 4. Values lor the fraction of the mean inspiral time from the mean SMBBI merger time for the fowr inspiral time models used, separated inomass mlios
143 and 1 /30 Valucs for ;4 qp arc taken from Table 3.

Fim,

inzpiral time model
mepiral time moc Tl

g=1/3 g =130

oral = 2AT OV lpopar = LAS O lpppr = L3S 0Y0 fpppar = 105 Gyt fppar = 114 Gyr Gapqr = 0U78 Gyr

Giergely and Biermann

(2009) 7.55 07! 100 - 10 1,38 - 107 6,79 10 o852 100" 1.43 - 1072
Sesana eral. (2012) 236 10 30410 433100t ale-? 461 - 107 6.73- 1007
Cavaliere et al_ (2019) 117 - 107t 1551074 20310t g2 10t L1 - 10 1.72- 103
Peters { 1964) 0431077 1.25 - 10t 1.73 - 10t £A% - 107t 1.23 - 1073 1.79 - 1073
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10714
3 ; LIGO/Virgo BBH merger rate
u [ BSH Tgrggr:dmtg —— de Vries et al. (2017) @® based on data until GWTC-3,
] { ow) = 2. oC K Fowl(M), 1/30) = 165 Gyr Abbott et al. (2021b)
T @ fow((M), 1/3) = 2.47 Gyr ot ' Biermann et al. (2018)
10_2_5 ’ ftotal(Mmedianr 1/3) = 1.85 Gyr * trotal(Mmedian, 1/30) = 1.14 Gyr
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