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High-energy neutrino flux from blazar flares
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• Flares are ideal times for neutrino production and detection 

• Luminous, not too distant, long flares  

• High Compton dominance 

*TXS 0506+056 is not a BL Lac                                            
Padovani, FO, Petropoulou, Giommi, Resconi, MNRAS, 484 L104, 2019

Which blazar flares produce the most neutrinos? 

model fit from Keivani et al. 2018 
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• Flares are ideal times for neutrino production and detection 

• Luminous, not too distant, long flares  

• High Compton dominance 

• High X-ray cascade flux 

[see also 
Petropoulou et al, 2015, MNRAS, 447, 36, Cerruti et al, 2019, 
MNRAS, 483, L12, Gao et al, 2019, Nat Astron, 3, 88, MAGIC Coll, 
2018, ApJ 863, L10, Reimer et al, arXiv:1812.05654, Rodrigues,  
2019, ApJ, 874, L29] 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Which blazar flares produce the most neutrinos? 

BH Cascade 
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Murase, FO, Petropoulou ApJ 865 (2018) 124
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Scenario A 

Baryon loading = 10
(BL Lacs produce the observed UHECRs) 

Ghisellini, Lecture Notes in Physics 2013

Simple synchrotron self-Compton scenario
High maximum energy 
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Scenario A 

*Number of throughoing νμ / νμ expected in IC40/59/79/86 with Aeff of IceCube Coll 2019, Eur. Phys. J., C79, 234  



3C
66

A
A

O
02

35
+

16
4

M
rk

42
1

P
G

15
53

+
11

3
1E

S
19

59
+

65
M

rk
50

1
S5

07
16

+
71

4
S4

09
54

+
65

B
L

L
ac

S2
01

09
+

22
O

J
28

7
T

X
S

05
06

+
05

6

10�8

10�7

10�6

10�5

10�4

N
⌫ µ

·⇣ ⇠ 10

⌘ /F
la

re

IC86

10−4

3C
66

A
A

O
02

35
+

16
4

M
rk

42
1

P
G

15
53

+
11

3
1E

S
19

59
+

65
M

rk
50

1
S5

07
16

+
71

4
S4

09
54

+
65

B
L

L
ac

S2
01

09
+

22
O

J
28

7
T

X
S

05
06

+
05

6

10�7

10�6

10�5

10�4

10�3

N
⌫ µ

·⇣ ⇠ 10

⌘ /F
la

re

IC86

10−3

Sum over all flares (~10 years) 

!10

Scenario A 

*Number of throughoing νμ / νμ expected in IC40/59/79/86 with Aeff of IceCube Coll 2019, Eur. Phys. J., C79, 234  



10�4 101 106 1011 1016

E [eV]

1042

1043

1044

1045

1046

1047

E
L

E
at

z=
0.

32
[e

rg
s�

1
] S5 0716+714

decl. = 71.4�

11 14 18 21 25 28 32
log(Frequency [Hz])

1e-14

1e-12

1e-10

E
F

E
[e

rg
s�

1
cm

�
2
]

10 20 30 40 50
�

�1.5

�1.0

�0.5

0.0

0.5

lo
g(

B
)

1.0

3.0

5.0

2.0

4.0
�8.8

�8.0

�7.2

�6.4

�5.6

�4.8

lo
g
N

⌫ µ

+

MAGIC Coll 2018

+

S5 0716+714 January 2015 Flare

SSC log-parabolic 
best - fit

!11

Superluminal motion, Lobs = δ4Ljet frame

δ = 1/[Γ(1 − β cos θ)] ∼ Γ (for small θ)

The effect of systematic uncertainties on Nνμ



100 105 1010 1015

10−13

10−12

10−11

10−10

100 105 1010 1015

 ε [eV]

10−13

10−12

10−11

10−10

 ε
 F

ε
 [

e
rg

 c
m

−
2
 s

−
1
]

LM

1043

1044

1045

1046

1047

 ε
 L

ε
 a

t 
z=

0
.3

3
 [

e
rg

 s
−

1
]

103 104 105

10−12

  Lp
(max)

 2× Lp
(max)

Keivani et al, 2018, ApJ, 864, 84  
(see also MAGIC Coll. Astrophys.J. 863 (2018) L10 ) 

!12
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Γjet ∼ 15 − 20

Ghisellini, Tavecchio, Chiaberge 2005 
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Γsheath ∼ 3 − 5

Baryon loading = 1500 
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ECR,max ∼ ( η
10−4 ) ( B

0.35 G ) ( R′�
1016 cm ) ( Γ

25 ) ∼ 5 × 1015 eV

Inefficient proton acceleration 
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Inefficient proton acceleration 
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Summary 

Foteini Oikonomou July 25th-ICRC 2019

• Individual or stacked flares challenging to detect with IceCube in 
simple lepto-hadronic scenarios

• TXS 0506+056 like flares identifiable with next generation detectors 
or constraining upper limit to proton content

• Strong dependence of neutrino expectation on physical parameters 
(baryon loading, doppler factor, magnetic field strength, external 
photon field energy density) 

• To identify the brightest neutrino flares precise astronomical 
measurements needed Credit: Sophia Dagnello, NRAO/AUI/NSF
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FAVA Lightcurves
light curves made using FAVA data, Abdollahi et al 2016, 

[from FO, Murase, Padovani, Resconi, Mészáros,
arXiv:1906.05302]
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FAVA Lightcurves
light curves made using FAVA data, Abdollahi et al 2016, 

[from FO, Murase, Padovani, Resconi, Mészáros,
arXiv:1906.05302]


