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lceCube Neutrinos

- Accretion Flow in AGN

* AGN Corona mOdel Murase, SSK, Meszaros, arXiv:1904.04226
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Detection of Astrophysical
NeUutrinos  suweorcuce

IceCube Lab
\\\\\\\\\\ IceTop
- __— 80 Stations, each with
50m[— : i 2 IceTop Cherenkov detector tanks

2 optical sensors per tank
320 optical sensors

2010: 79 strings in operation
2011: Project completion, 86 strings

wdhmeAn?/

86 strings including 6 DeepCore strings
60 optical sensors on each string

5160 optical sensors

1450m_ i i i»
i R AMANDA
HHHNL G iililE DeepCore
1 Hihs 6 strings-spacing optimized for lower energies
360 optical sensors
i\ Eiffel Tower
2450m| L RHTHIH -
| Track (vp)
2820ml_L____ LN

Bedrock

lceCube experiment reported
detection of astro-v (E ~ PeV) in 2013

Shower: good for spectrum
Track: good for source search
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electron and tau neutrinos
A

Atmospheric Fluxes
Prompt Upper Limit(v, +§,) [1.06x ERS]
Conventional (v, + V) (zgnith-averaged) [1.00x Honda2006]

Iet
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E2-®,,; [GeVem~25~1sr™1]
[
o
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e
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Astrophysical Flux
Measurements
o Cascades Differential

v, Best Fit (E~2:2)

IceCube preliminary ]

[
O
w

Neutrino Engrgy [GeV]

muon neutrinos

T104 105 | 105 107 108

@ ootro / 10718 GeVTem 25 1sr!

Neutrino Spectrum

357 IceCube Preliminary

3.0 -
25—
-
| 277N N
2.0 ,//—_ ,_\\\\
Rep 7’ ANA
_ ALY A
1.5 L7 r\
] Nt o=t ;
/ ~-" )( _____ -
1.0 — ’\ ”’/

2.0 22 24 2.6 2.8 3.0 3.2 34
Spectral Index 7y

HESE (7.5y Full-sky)
PoS(ICRC2019)1004

Cascades (4y Full-sky)
PoS(ICRC2017)968

Through-going Muon-Neutrinos
- == (9.5y Northern-hemisphere)
This Work

- Track analysis: flat spectrum (E > 200 TeV)
-+ Cascade analysis: soft spectrum (E > 1 TeV)

- Hint of 2 component??

Uncertainty of analyses??



Arrival Direction

=TT ',"d?ﬁ.—f?

ST IR FIVRPRE S [
R S . 12
e ¥ 982 o

.' ‘ D 6?"

S

---------------------------------------------------

| 60. l.. dll’ - a

3+ NorthergSouthiern
0, Hemigphére/ Hemisphere
> 33%@# |

‘oo ey o BTSRL,
¥z . 8. R

: v, : v, at source o

0:1:0 '0
o 1:2:0 1.00

IceCube Preliminar-y';': |

- Isotropic — Extragalactic origin
 No point-source detection so far

- Neutrino flavor ratio is consistent with

pion decay
[(1:2:0) at Source]




Neutrino Production Process

» pp inelastic collision o[mb] T

Kelner 06

60 |

50 |

el = (34.3+1.88L +0.25L%)x 1

L Ex, [TeV]
10" 102 10> 10%

EERTTT B R RETTT R ERTTTT B
1072 1072 107" 1

» Photomeson production (py)  ofmbl =" e o

. Kelner 08 i
0.2 |
0.1 |
E, [GeV]
O lllllllllllllllllllll

61 02 03 04 05 06 0.7



Neutrino Production Process

» pp inelastic collision g[mﬁb] - Kl%/@
- ,,,-4. o- Neutrino spectral shape

T is similar to that of protons

30 : .
- 1 Oiel = (34 .3+1.88L +0.25LY)x 1
N 2 -
: En\’ z

, mb

L Ex' [TeV]

O : - "l I-Il '“'I.I] 111111 1 111
10" 102 10° 10*

1072 1072 107" 1

» Photomeson production (py)  ofmbl =" e o

Kelner 08 i

0.2

0.1




Neutrino Production Process

» pp inelastic collision ofmb] T
o A
- ,,,-4. o- Neutrino spectral shape

T is similar to that of protons

30 : .
i el = (34.3+1.88L +0.25L%)x 1
/ a E,\*]’ :

Ut T— o+ 10 b [1— —h , mb
\ ul M<Ep2 ul ul Ep,[TeV]
O10_%"“1“0_'2'“1“0_5““'1 ““'1'01'““1'02 10°  10%
- O,[mb:"I""I""I""I""I"'
« Photomeson production (p7r) . " o j

E, ~10 TeV «— E,~ 30 keV
02 Ep~10PeVe> E,~30eV

r

Neutrino spectral shape
depends on photon spectrum

- ﬂv-i 1
J ET’[GeV]
0 A AT T W VTV T T T T W AU W M B

61 02 03 04 05 06 0.7

0.1
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Point Source Constraint

see Murase & Waxman 16

6
10 discovery potential for

transient source candidates

discovery potential for

105 - ' steady source candidates 106
T €/ GG-int in 10 years — in 10 years
& 104 L \& IH 105 L
& (?%
£ 103t RQ. g 10*}
2102t < 10%}
z =
E 10 r 8 102 L
g .
?Cj 1t % 10 ¢
= —_
g 0l - IceCube NS § 1| - IceCube e
e 102 —- 5xIceCube A - o1 —_ 5xIceCube N
....... 20 x IceCube N \\\ e 20x IceCube :
1072 10-2

107 10% 109 102 109 104 10% 10% 107 10% 1076 107 10 109 100 109 102 109 10% 10%
effective neutrino luminosity L, [erg/s] effective bolometric neutrino energy &, [erg]

No point-source detection
— High number density of neutrino sources

lceCube already disfavors luminous sources
(GRBs, Blazars, Jetted TDESs)
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Gamma -ray Constralnts

hadlomc Y-ray emlssmn nor mallzed to best fit neutlmo flux

+ - 0
T =7 =71 — v (per flavor)
0o} Fowseen | | 1079} o
H% Fermi M4 arXiv:1410.1749 ] ; Y
| _ I — - directy
HEH HH  Fermi IGRB (2014) :
— HHE gammas — L . === cascade y
= ; cosmic ' 7“ i HH IGRB (Fermi)
n 10~ ;_§_< neutrinos n 10~ ' l-}i IceCube combined |
“n w2
T }
:
a >
g 10_8 O 10—8
& =
~ &3
scenario
oo P ' 10-2
SFR evolution : '
F pp scenario/ I'=2.5 global fit range
10 10 E [TeV] 102 0.1 1 10 102 103 107
E [TeV]

* Astrophysical Vs are accompanied with Y rays

* Vintensity at |0 TeV > Y-ray intensity at 100 GeV
— accompanying Y rays overshoot Fermi data

— V sources should be opaque to Y rays murase etat. 2013, 2016
Ahler & Halzen 2017
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Index

- Accretion Flow in AGN
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Active Galactic Nuclel
(AGNs)

* Radio-quiet AGNs * Radio-loud AGNs

HST - WFPC2
Visible

M77 (INGC 1068): Wikipedia©

NASA, NRAO and J. Biretta (STScl) * STScl-PRC99-43

* No prominent jet MB87 (NGC 4486): Wikipedia®©

+ 90% of AGNs
»+  Powerful Jets

+ |-10 % of AGNs
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Active Galactic Nuclel
(AGNs

* Radio-quiet AGNs * Radio-loud AGNs

10yr point source search (IceCube 2019) Multi-messenger campaign IceCube 2018

S0 )

A
-===IceCube v, + 7, Best Fit original GCN Notice Fri 22 Sep 17 20:55:13 UT
1010 me Lamastra et al. 2016: N 6.6° refined best-fit direction IC170922A
= | Lamastra et al. 2016, AN "~ = 1C170922A 50% - area: 0.15 square degrees

o = - HE.S.S. upper limit (4hr) \\\ Preliminary = |C170922A 90% - area: 0.97 square degrees
i ®  Fermi-LAT (7.5yrs)

S 111 R 00 —
3 10 N 6.2 _§]_<)
o %
= N - %)
A . : 5 -

) \ = °
= 1012 __’___._ ! . \\ g 5.8 - 8

= Ty - .. S TXS 0506+056 e
~= O 1 ... 3 o
E,] SRR i, S <

" ._v"""-"-'."'_"",','.3'4"f'-ff"ff'~7:'--':.'-"‘"’: ................... . '\.. . o —
e . 5.4 S
TR LI N Ve, (@)
.................................. . 8
.'. T T Iv- = T
10~ 102 10" 10 5.0°
10 10 : 1 PKS 0502+04Q

E [TeV]m ulti-wavelength Observations

M77 (NGC 1068) 4.6°

78.4° 78.0° 77.6° 77.2° 76.8° 76.4°

| | Right Ascension TXS 0506+056
* Hottest Point in Northern Sky (2.9 0) - 1C 170922 (3 O)

« 2014-2015 Neutrino flare (3.5 0)
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Active Galactic Nuclel
(AGNs

* Radio-quiet AGNs

10yr point source search (IceCube 2019)

S0 )
- IceCube v, + 7, Best Fit

) e Lamastra et al. 2016:1 \

107194 _ \
e Lamastra et al. 2016:1, N
l-,; =+ = H.E.S.S. upper limit (4hr) \\\ Prelimimarv
g | - ; . . \ .
-, 9 Fermi-LAT (7.5yrs) \\
5101
Z
E.
= . . \
E._l[rl‘)'—_"—‘_"_ ’ 3 . N
»—/.1 o ey Joomeemeemee e SRS
S . o VO 1 L~
E_] _..-.--.v.-'.\f:-.f:iT.".T,':f'"-"'"-“_""*:ﬁ

ll)_l "’ .......A..A'._.:'.'.'.'.'.::-.:'.'.':'. ........ l.: .......

T UPPPRPPPP I UL U e
.................................. .
' v L N v
10— 102 10Y 102

E [TeV]m ulti-wavelength Observations

M77 (NGC 1068)

* Hottest Point in Northern Sky (2.9 0')
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log (vL,/ergs s™)

46

Radio-quiet AGNSs

10cm 1cm  1mm 100pym 10pm 1um 1000 A 0.1keV 1keV 10 keV

L 1o 2008
44

42

40

1 I 11 I | I I | I I 11 I

l l l l l l l l l
QSO :

D

® l0g Lpoi/LEga 2 0
o-1<logL /L . <0

bol” ~Edd

A -3<loglL /L  <-1

bol” ~Edd

ologl /L. <-3

bol” TEdd

l 11 l | I l 11 1 l 11 l 11

12 13 14 15 16 17 18

log (v/IHZz)
X-ray
1

corona

Hot plasma

cold disk

+ QSO:Blue bump & X-ray
— Optically thick disk + coronae

- LLAGN: No
— Optically t

blue bump & X-ray
nin flow

[Radiatively Inefficient
Accretion Flow (RIAF)]

LLAGN

X-ray

X-ray

Hot plasma

RIAF
cold disk
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Radio-quiet AGNSs

46 10cm 1cm  1mm 100pym 10pm 1um 1000 A 0.1keV 1keV 10 keV
[

Hozoogl - » _| | | l » QSO: Blue bump & X-ray

A g h o ageeag ) —Optically thick disk + coronae
gLl LLAGN x 10° _‘ + LLAGN: No blue bump & X-ray
I AN rtirnlhs ¢hin flau,
g Ll Protons in coronae & RIAFs are collisionless

N — Non-thermal proton production

** electrons are collisional **
QSO v X-ray oot. | LLAGN X-ray x-ray

CcCOorona
Hot plasma

; NI\=
cold disk cold disk

Hot plasma
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Accretion Flows

Particle Acceleration In

Particle-In-Cell Simulations

MHD + Test Particle Simulations

Hoshino 2013; Hoshino 2015
Riquelme et al. 2012; Kuntz et al. 2016
(f) 3.1 P
105F 3 Yy, (shear) ——— |
sak Y/, (box)
ﬁ, 103k
% 102}
Non-thermal
100

1073 102 101 100 101 102
&/mc2

turbulent

Numerical

Simulations

SSK et al. 2016; SSK et al. 2019

see also Lynn et al. 2014

t/t

turbulent

230 235 240 245 250 255 260

Magnetic energy in 6 =n/2 plane

."'9-:(“
| ,/“'-'-——-k
0.4 = \\
o 021 Ny f
C ‘
£ ’
< 00
=3
<
~ —-0.2 1 & E10—3
~0.4-
. -06 — L0~
206 -04 -02 00 02 04 06
0 (R/Rc)cos¢
1
=
>
2
" Energy change

Magnetic reconnection or wave-particle interaction accelerates CRs,
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High-Energy Emission

Mahadevan et al. 1997; SSK et al. 2015

Murase, SSK et al. 2019 RIAFs in LLAGNSs

COrOnae in QSOS Y —ray & neutrino Emission
p+p 2 p+p+AnO+Brt

pP+7r 2 p+p+7o
P p+71 =2 p+n+m*
e dY 0 > 27, nt > 3v+et
CR optica I/UV

Hot Plasma

MRI
aaaaaaa "' @
Turbulent Field
9 proton acceleration

—_—
» Fairly high photon & proton densities in Coronae & RIAFs

* Interaction between CRs and matter/photons
— peutrino & gamma-ray emission

* TeV-PeV Y-rays are reprocessed to MeV-GeV Y rays
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Index

Murase, SSK, Meszaros, arXiv:1904.04226

- AGN Corona model
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Stochastic Acceleration

e.g.) Fermi 1949, Stawarz & Petrosian 2008, SSK et al. 2015

* Consider plasma with turbulent fields

Eo Eo
par:V wave particV wave
E’ E, > EO E, E’< EO

Some gain E, others lose E —diffusion in E space
of 10 ( 5. 0Of
-2 D. 2
ot  p? Op (p g 029)
According to quasi-linear theory,

gyro-resonant scattering results in
Dy x p3 (power-spectrum Py = Pok-9)
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Basic Equations

« Stochastic Acceleration (SA) cf.) Dermer et al. 2012, SSK et al. 2015
OF, 1 0 OF, e E, .
el (-7 ) e AR Ry ) [ RN O
ot o Oey Ocp  tp—cool tesc
~ CC VA i "L =2 2 omptonized X rays
Dap ~ E (7) (ﬁ) €p’ CCR-inZuce; cc:s).(cad\;y ZL%
. . g g g optical/UV
Fping = Fod(ep - Ep,inj) .E il ' g g :-

disk 5 i black hole %

»+ Escape :Diffusive escape & infall to SMBH
+ Coolings: pp inelastic collision, photomeson production
proton synchrotron, Bethe-Heitler process (p+y—pte*+e)
* Muon & Pion Coolings are negligibly inefficient
* HE Y-rays are absorbed by target photons (Y+y — e*+e)
— electron & positron emit high-energy gamma-rays
— Calculate electromagnetic cascades
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Target Photon Field

1048 - — |, =10%? erg s‘lﬂ . .
REEN L _10%ergs ° Luminous objects
. ===+ Lx=10%ergs™ — Rich observational data

— We can use empirical relation
based on observations

+  Opt-UV photons from accretion disk

+  X-rays from hot coronae above thin
disk

+ Higher Lopt/Lx for higher Ly AGNs
» Softer spectra for higher Ly AGNs

Comptonized X rays

RO
-

Pringle 1981, Ho 2008, Hopkins 2007 35 sty § S
Bat AGN Spectroscopic Survey 2017, 2018, ( — R g P
Mayers et al. 2018 E; s bxe : -

disk (s;

RO
"y
A
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Rates & CR Spectrum

-3
10 Lx=10% erg/s /
10~ /
| ta_cc ///—/\\
:10—5_: _ '
w b {_/ -
Toagsl fp‘vl [l
+~ 10 i 1 //I /‘/\
: BH = = e S m e — -
1077 b, syn 7
=== tfall 7

e /‘

I T ST TORT

&, [GeV]

1047 - = [y =10%2 ergs~!
Lx=10% erg s~!

==== [y=10% ergs!

T

108

“Toe

IOS GeV b)’ tacc - tBH

Ep,max

* BH suppresses v production

at E, ~ 3x10% - 3x106 GeV

» Escape is inefficient

accretion

Hard spectrum due to SA

Pile up around Emax

Higher Lx = lower Emax
because of efficient cooling
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HE particles from
Nearby Seyfert Galaxies

E [GeV]

107° Tlﬂ““ml /"‘I AL B AL B B BRRLLL BLRALL BB
L™ ergss A% .
o [ d=30 Mpe Generatedyse » A typical Seyfert at 100 Mpc
: reacceleration? Thermaley —— — /3 .
= ' /1< pY neutrinos are detectable
N(D IceCube (0=30°) -
£ 107 1 by lceCube-Gen2
= oo :
8 40 Bethe-Heje 1* MeV y-rays can be detected
- i by future satellites.
1 0-1 0 E E Z : Comptonized X rays ; :
. | ; 7 5 CR-mducedcascadey% ss; »
10 - ol 3l v “" - .E g i § ’ § § :.
10%10° 102107 10° 10" 10? 10® 10* 10° 10° 107 g gﬁﬁ% sﬁﬁ%

* MeV Y-ray luminosity is determined by B-H pair production
— Ratio of Y to V flux is fixed by the observed photon field
— We can robustly test our model by future experiments
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Extragalactic v & v
Backgrounds

. 1 LmaX Zmax dn dV
Pt (£, ) = — dL dz =" F(z) — D, o,
V,Ob( V,Ob) 477_ Lmin Xﬁ) Z dLX f(Z) dZ V,Ob

AGNs with Lx ~104 erg/s provide the dominant contribution
e.g., Uedaet al. 2014

A B B B i B, B BLAAL BLEAL B
AGN v (this work ]
AGN (cascade) y (this work) ]
— 105 AGN (thermale) y ——— |
IV) i -
R 1+ We choose the injection efficiency
5 1 so that our model can explain
S _
2 107 3 the MESE excess.
o . .
W o8 ,}T - Energetically reasonable:
j Pcr/Pih ~ Pcr/Ps~ 0.01
10_9 | \ ] . o e . _
N L S R RS R Cascade emission provides |0 - 30

E [GeV] % of MeV Yy-ray background
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Index

. LLAGN RlAF mOdel SSK, Murase, Meszaros, 2019, PRD, 100, 083014
SSK, Murase, Meszaros 1n prep.



28 Y —ray & neutrino Emission

p+p > p+p+AnO+Brt
p+r > p+p+mO°

Basic Equations ‘g &

*
» Stochastic Acceleration (SA) » Power-law Injection (PL)
OF, 1 0 [, 0F, e E, d c . N
—r_ _ — (2p, 24 Fy | — =2 + Fjp i p _ €p
ot 822? agp <€p ’ 8sp tp—cool p) lesc P d—gp <_ tcool N€p) T N€p7inj o E

NS AZ 2 rL\972 o
De, ~ H\ c (ﬁ) “p’ . . Ep — Sinj Ep

€p,cut Ep,cut

Fpinj = Fod(ep — €pinj)

»+ Escape :lInfall to SMBH
»  Coolings: pp inelastic collision, photomeson production
proton synchrotron, Bethe-Heitler process (p+y—pte*+e’)
* Muon & Pion Coolings are negligibly inefficient
* HE Y-rays are absorbed by target photons (Y+y — e*+e")
— electron & positron emit high-energy gamma-rays
— Calculate electro-magnetic cascades
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Target Photon Field

NGC3516 (mid-Mgy, high-rm)

, cf. SSK et al. 2015
----- NGC3998 (high-Mgy, mid-m)
= == NGC4203 (mid-Mgy, mid-m) — = =— NGC5866 (mid-Mgy, low-m) = m S 10_3 .
1043'2 High accretion rate 10% ¢ m<107° ..",o"
1042 | m = MC2/LEdd .Il
! Synchrotron el — 104 .f
|_l|—l 1041 | :l ¢¢¢¢¢¢¢¢¢¢¢ IU) 'f"'"’
IU) N “| 9 ] .""’
> 1077 V|9 10% .-'7‘
() ) \ o f '
'_u} 1039 Inverse ' S - "‘ °
~ / Compton ' 2 10394 £y’ .
w 38 |/ I 5
07 I f AL
1037 \ i 10384 e &
\ I 1 4 o o
36 | | | | | | I . ®
104 102 10° 102 10* 10° 1038 103° 10%° 10%' 104
€y leV] Lx, obs [erg 711
* Low-luminosity = Poor observational data
. p+p > p+p+A7ot0+B77:i .
— Formulation based on theory b3 /
» Thermal electrons in RIAFs emit seed photons > é =

e
» Our results are consistent with X-ray observations M o

-> proton acce leration
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Rates & CR Spectrum

NGC4258

T

104

105 10° 1
£, [GeV]

 Infall is dominant

 Neutrino is mainly
produced by pp

* For SA, acceleration rate is much
lower than PL model

Y —ray & neutrino Emission
p+p > p+p+An0+Br*
p+r 2> p+p+n°

p+r > p+n+rc
n0 > 27, nt > 3v+et
Hot Plasma
( @’“ ?
T rbulen F eld

ooooooooooooooo

+ Hard proton spectrum for SA

+  Cutoff energy for SA is much
higher than the critical energy
(tacc = trai) due to hard spectrum
& gradual cutoff
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HE Particle Spectrum

» Stochastic Acceleration (SA) + Power-law Injection (PL)
10 | NGC 4258 — - Proton — — Thermal photons | _10| NGC 4258 — -~ Proton — — Thermal photons
10~ Neutrino = === Cascade photons 10 Neutrino = === Cascade photons
— 10~11 ‘:/ p p — 1011 ':, A Y
n ? e-ASTRQGA\T‘\ 7 N n : eASTRO(}A%- — e e———. N\
> 10712 | A / \| g 1071 \ i \
q) ] So ’~~__ ‘,0' e’ oot ‘\
w ] |_ S o / Vi \. w @ pme====- ... ~Lf\T Vu \
t 10—13_; _______ 4 ~-\ \ 'En'] 10-13 E | . - !
] Cascade y\‘ ' | Cascade v el \‘\‘
1014 I \"/ || 1014 ] I “‘ ‘\
| e AN a0\ W | e N\
10—> 1073 107! 10¢ 103 10° 10’ 10—> 10~3 107! 10t 103 10° 107

E [GeV] E [GeV]

* pp-neutrino dominant, py contribution is comparable at high-energy

»+ Cascade Y-rays @ E<I| GeV:too faint to detect by LAT & CTA
+ Thermal Y-rays @ E<MeV: detectable by future MeV satellites
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Number of Muon Tracks

A Bright LLAGN (NGC 4258)

102 NGC4258 |
\\\‘ - = = Background == == Model B
% Model A - - == Model C
\background
101 -

N, (>E,)

10° 4

102 103 104 10° 1060

lceCube cannot detect a neutrino

IceCube-Gen2 can detect
a few neutrinos of E> |0 TeV

N,(>E,)

Murase & Waxman 2016

Stacking 10 brightest LLAGNs

stacking of 10 LLAGNSs

2 o
10 \ background == Background
------- ) Model A
————=s \ — — Model B
=== Model C
1 - __
107 4===== \\;. IceCube-Gen2
100_: ____________________________________________________________________ L R
.
.
102 103 104 10° 106
E, [GeV]

lceCube cannot distinguish signals
from the background

IceCube-Gen2 can detect
several neutrinos of E > 30 TeV
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Extragalactic v & v
Bac kg rfoun d S /Lg \

¢ dLHapHa Lgi e~ THIGM « @ﬂ ?

; =

dz
47TH0/ \/(1—|—z)3Qm+QA/ & 7

AGNs with LHa< 4x104! erg/s equally contribute to v
LLAGNSs with LHa ~ 4% 104! erg/s mainly contribute to MeV

A ¢ LLAGN can explain
TeV-PeV v and MeV Yy
bkgrds simultaneously

GeV Ys are attenuated
at RIAFs in LLAGNs

— consistent with Fermi data

Pcr ~ O.1Pg for SA,
Pcr ~ 0.4P, for PL

— Need hard spectrum

E2¢ [GeV s~ cm™2 sr71]




" Extragalactic v & v

Bac kg rfoun d S YA /é_jj
C dz / dLHa[)Ha Lgi e~ Ti,IGM « @ uuuuuuuuuu =)

- -
* LLAGNSs with LHa< 4x104! erg/s equally contribute to v
- LLAGNSs with LHa ~ 4% 104! erg/s mainly contribute to MeV

; =

€4

- == Neutrinos

-~~~ Cascadephotons| o | LAGN can explain
Thermal photons

TeV-PeV v and MeV Yy
1 obs. simultaneously

T +  GeV Ys are attenuated
AT at RIAFs in LLAGNS

—-- o H X
~. /h( A i — consistent with Fermi data

I // \\ \\ * Pcr ~ 0.01P:, for PeV v,
L L g p ~0.1Pe for TeV v
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+ Summary

Index

Murase, SSK, Meszaros, arXiv:1904.04226

SSK, Murase, Meszaros, 2019, PRD, 100, 083014
SSK, Murase, Meszaros 1n prep.
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Summary

- Accretion flows in AGNs are a feasible neutrino source

- Seyfert galaxies can reproduce TeV-PeV Vs without violating
Fermi constraints with observation based parameters.

* RIAFs in LLAGNSs can explain MeV Y & TeV-PeV v
backgrounds simultaneously without violating Fermi constraints

 Future multi-messenger observations can robustly test both models:
- lceCube-Gen2 can detect AGNs as point sources

- AMEGO can detect MeV Y rays from AGNs

10~ Model A | 10 ey b B B B
RQ AGN v (this work) ;
— Model B e RQ AGN (cascade) y (this work) ]
| = === ModelC —10° L% RQ AGN (thermale)y ——— |
% 1073 — 107 % RL AGN (in clusters) v ===~ E
~ ® blazars) y -~ ]
! ota
g (}Im 100 L o _ E
-6 | ]
= 10 £ - ]
—ray & neutrino Emission > - - -:. -
, g+p i p+p+AnO+Brt — 8 10 ! - N
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Active Galactic Nuclel
(AGNs)

- Accretion onto Supermassive black hole (Mgx~108Msun)
gravitational energy — radiation or thermal energy

- SMBH paradigm is proved by Event Horizon Telescope

M87* April 11, 2017

EHT 2019
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Plasma Conditions
In Accretion Flow

» To accelerate non-thermal particles,

relaxation time > dissipation time

* For RIAFs in LLAGN:s, tdis ~ tdyn ~ R/Val
* For Coronae in QSO, tgis ~ H/Va
- Protons are collisionless for both cases

— Non-thermal Proton

- Electrons are collisional for both cases

— Thermal electrons only
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Luminosity Function

- V &Y intensities from LLAGNs

C dz L.
(I)i — /dL Q 1o o G_Ti’IGM,
dmHo J /(14 2)3Q, + Qa HoPHo "

* PHa: HX line Luminosity function

We use higher LF

~ ~ _Greene & Ho 2007

—
Iss
ss
\
—

100 16® 100 1o 107
Lug [erg s71]
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Target Photon Field

Low-luminosity = Poor observational data

— Theory driven formulation

Thermal electrons in RIAFs emit seed photons

Provide X-ray luminosity by observation

— Bolometric correction based on AGN survey

— Estimate mass accretion rate

— Obtain physical quantities (p, B, n, Te) in RIAFs

— Calculate target photon spectrum by one-zone approximation
* We do not adjust X-ray luminosity
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EM Cascades in IGM

- Cutoff energy by YY pair production in RIAFs

Ecue ~ 0.1 - 100 GeV

* Tyy,IGM ~| for Ey =100 GeV @ z=0.5

— We need to consider attenuation

* YY pair production: e*e- of Ye~10> for Ey~100 GeV

—Eic ~ 4Y2 Ecme/3 ~ |0 MeV
— we can ighore EM cascade in IGM

* T<<|forv&MeVy

— we can ignore attenuations
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Implications & Caveats

- Multi-messenger tests are promising:

Nearby LLAGNs are detectable by IC-Gen2 & e-ASTROGAM

» High source number density (~10-3 Mpc-3)

— LLAGNs can avoid the point-source constraints

* Luminosity Function (LF) is very uncertain

- LF by Hao et al. (2005) >> Greene & Ho (2007)
- If we use Greene & Ho (2007), neutrino flux becomes too low

to explain TeV-PeV neutrinos



