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U/LIRGs

Interacting Galaxies Hubble Space Telescope - ACS/WFC - WFPC2

e (Ultra-)Luminous Infrared Galaxies (= )
N :

o LIRG:10"L <L,<10"2L

o ULIRG:Lg>10"L

e Local U/LIRGs are primarily

‘

NASA, ESA, the Hubble Heritage (AURA/STScl)-ESA/Hubble Collaboration, and } STS(}\-PRCUS-16€
A. Evans (University of Virginia, Charlottesville/NRAO/Stony Brook University)
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U/LIRGSs gas & dust flow towards nuclear regions during merger

LIRG Arp 299

X-ray: NASA/CXCI/K. Anastasopoulou et al, NASA/NUSTAR/GSFC/A. Ptak et al; Optical: NASA/STScl
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U/LIRGs

A: Nuclear starburst

e Colliding gas masses
= starburst activity 1
= supernova rate 1

e Radio observations of A
reveal prolific supernova
rate > 0.8 yr™

e Cosmic-ray acceleration
in strong shocks driven by
supernova explosions

gas & dust flow towards nuclear regions during merger

LIRG Arp 299

X-ray: NASA/CXCI/K. Anastasopoulou et al, NASA/NUSTAR/GSFC/A. Ptak et al; Optical: NASA/STScl
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gas & dust flow towards nuclear regions during merger

U/LIRGs

A: Nuclear starburst

B: Obscured AGN

LIRG Arp 299
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Colliding gas masses
= starburst activity 1
= supernova rate 1

Radio observations of A
reveal prolific supernova
rate > 0.8 yr™

Cosmic-ray acceleration
in strong shocks driven by
supernova explosions
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X-ray: NASA/CXCI/K. Anastasopoulou et al, NASA/NUSTAR/GSFC/A. Ptak et al; Optical: NASA/STScl
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X-ray observations of B
reveal strongly obscured
AGN activity

Gas accretion onto
supermassive black hole
induces AGN activity

Cosmic-ray acceleration

in relativistic jets and/or
accretion disk corona
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gas & dust flow towards nuclear regions during merger

U/LIRGs

A: Nuclear starburst

B: Obscured AGN

LIRG Arp 299
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Colliding gas masses
= starburst activity 1
= supernova rate 1

Radio observations of A
reveal prolific supernova
rate > 0.8 yr™

Cosmic-ray acceleration
in strong shocks driven by
supernova explosions

X-ray: NASA/CXCI/K. Anastasopoulou et al, NASA/NUSTAR/GSFC/A. Ptak et al; Optical: NASA/STScl

X-ray observations of B
reveal strongly obscured
AGN activity

Gas accretion onto
supermassive black hole
induces AGN activity

Cosmic-ray acceleration
in relativistic jets and/or
accretion disk corona

CR acceleration + high target density = v production
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A: Nuclear starburst

Colliding gas masses
= starburst activity 1
= supernova rate 1

Radio observations of A
reveal prolific supernova
rate > 0.8 yr™

Cosmic-ray acceleration
in strong shocks driven by
supernova explosions

gas & dust flow towards nuclear regions during merger

LIRG Arp 299

X-ray: NASA/CXCI/K. Anastasopoulou et al, NASA/NUSTAR/GSFC/A. Ptak et al; Optical: NASA/STScl

B: Obscured AGN

X-ray observations of B
reveal strongly obscured
AGN activity

Gas accretion onto
supermassive black hole
induces AGN activity

Cosmic-ray acceleration
in relativistic jets and/or
accretion disk corona

CR acceleration + high target density = v production
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lceCube analysis U/LIRGs

e Recent ULIRG search with IceCube

= no significant excess over background @IBEBUBE
50'm Ice o — _ i = = g 22
e LIRGs: am £ .-
o  Less luminous but much more numerous @ Amundsen-ScottSouth
IceCube Laboratory 86 strings of DOMs, ¢

set 125 meters apart A National Science Foul
arch faci

managed research facilit

f

60 DOMs
on each
string

i
DOMs '
are17 {
meters

apart

Data is collected here and
sent by satellite to the data
warehouse at UW-Madison

o  Similar conditions as ULIRGs

o  Start at ~ 20 Mpc vs. closest ULIRGs o
at ~ 80 Mpc k

Digital Optical

Module (DOM) 2450 m » il [
e My research: investigate U/LIRG contribution v ?
to IceCube neutrino flux —

-
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The GOALS sample

Great Observatories All-Sky LIRG Survey (GOALS)'

goals.ipac.caltech.edu

o  Multi-wavelength survey of 202 nearest and brightest »
U/LIRGsS: 40
m  Cover all merger stages ‘g‘ 30
(@)
O
m Pure starbursts, AGN, and composite systems %
10
. A 850 002 004 006 008

Redshift
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Neutrino production model

Observational evidence for
nuclear disks in U/LIRGs at
~100 pc scale

LIRG Arp 299

Arp299 @ 150 MHz (LOFAR) A8A 658, Ad (2022)

HSBR "\l

< : Supernova ;
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Neutrino production model

Observational evidence for
nuclear disks in U/LIRGs at
~100 pc scale

HSBR "\

< : Supernova ;
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CR injection CR propagation

RSN, SNy Pmag fPisms Vgwind, HSBR| DL)

Arp299 @ 150 MHz (LOFAR) ~ A&A658,A4(2022)
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Neutrino production model
F, =F, (fR,SN, aSNapmax][nisma Vgwind HSBR] DL)

CR injection:

- P
e  CRinjection rate by supernovae (Q,): Qp x p~ N . e Pmaz
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Neutrino production model
F, = F,(Rsn, @5, Pmaz [tism, Vewind, Hser)| D)

CR injection:

L —asN | ,— 52— normalized ’[O) (RSN) _ A [ L= {eacn)] - Lir
e  CRinjection rate by supernovae (Q,): Qp X p r€ Pmes Topernova rate yr-1) ~ 7R erg 51

e Calibrate L, to supernova rate (Rg,)

o GOALS provides L, for individual galaxies

VRIJE - o i} .
i jihe B Fu O Yerovers
BRUSSEL Opening new horizons

BRUXELLES BRUSSEL —*
IcECUBE



Neutrino production model
F,=F, (fRSN, OéSN,pmax][nism, Vgwind, 1 SBR] Dp)

CR injection:

. Casn  — P normalized to) (’RSN) _a (= {enen)] - I
e  CRinjection rate by supernovae (Q,): Qp X p r€ Pmes Topernova rate TR erg 51
A

== median (aacn) = 0.09

60

e Calibrate L, to supernova rate (Rg,)

o GOALS provides L, for individual galaxies

count

® Correct for AGN contribution to L,R via <®non”

O Available for all galaxies with individual L ,

%0 0.2 0.4 0.6 0.8 1.0
(aacn)
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CR injection CR propagation
Neutrino production model
F, = F,(RsN, asN, Pmas [nism7 VUgwind HSBR] Dp)

CR propagation & interaction:

-1
e Total residence time of CR in starburst region () determined by: o = {L £ 1 fo 1 }
Tpp Tdiff Tgwind

Ism

o pp-collisions driven by ISM density (n__): oy G n'

o  Spatial diffusion: 7. o< H? /D

di

H._lv

o  Advection via galactic-scale outflow: 7 . oc :
gwind SBR" " gwind
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CR injection CR propagation
Neutrino production model
F, = F,(RsN, asN, Pmas [nism7 VUgwind HSBR] Dp)

CR propagation & interaction:

-1
e Total residence time of CR in starburst region () determined by: o = {L £ 1 fo 1 }
Tpp Tdiff Tgwind

Ism

o pp-collisions driven by ISM density (n__): oy G n'

v efficiently produced if
oc H2__ID — pp-collisions dominate over

ff SBR .

particle loss

o  Spatial diffusion: 7

H._lv

o  Advection via galactic-scale outflow: 7 . oc :
gwind SBR" " gwind
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CR injection CR propagation
Neutrino production model

F,=F, ([RSN, QSN ; Pmaz [nism7 Vgwind, HSBR] Dp)

CR propagation & interaction:

103
e Efficiency neutrino production quantified by C X
Arp 299-A
-1 a Q
1 1 1
= + » =" w102 =
Top Taiff Tgwind Tpp e ~
X ~
2 |
s 04
e X:n_ and Vgwind Arp 299-A from radio and IR observations = 101
g2

e (C=0.88=Arp299-Ais a calorimeter

109 :
10° 10! 102 103

Msm [cm~3]
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Neutrino production model

Proton injection rate Total residence time
Q= Qp(fR r=1(Nn, H

ism ’

SN’ aSN’ pmax) SBR’ vgwind)

Proton energy distribution

!

p+p—a+at+a+.. ———  Pion production rate

!

Neutrino production rate

B yty

jti—>y+v —e+v +v +v
w e u I

Luminosity (distance D,
\

Neutrino flux at Earth Fv
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mmmm |ceCube point-source sensitivity at sin(6) = 0.85

Neutrino production model

'—I
)
©

=
10—10
—
FV = FV(RSN7aSN,pmax,nism;'vgwind,HSBR,DL) lm 10-11 3
N Y s\:\
£ N, > 100 Pev
$ 10712 %\ 30 Pev
Outlook: v %3
) Y &
— 10-13 1 20 PeV
e Apply framework to all GOALS B 3
galaxies - i
Ui 107 \
e Select and perform IceCube analysis ~ Hsgr = 150 pc i
- ngw = 1340 cm ™3 i

based on results 10-1° 1
- D; =50.7 Mpc

' 10 Pev

1071°

104 10° 10* 10> 10° 107 108
Muon-neutrino energy E,, [GeV]
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Questions

Speaker: Yarno Merckx
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Neutrino production model o mmmm |ceCube point-source sensitivity at sin(6) = 0.85
10~
I
Rsy = 1.86 yr‘l, asy =4.00
10_10—--.:-_-:::'_"_' ...........................
'_I"_‘ Rsn = 1.86 yr1, aSN_4I.'l—_ -~‘~\\...’~ Pmax =
2101 ‘ N\ 100 PeV
| \
g 12
> 10
()]
O
— 10—13
3:.
w
o5 1014
— Hsgr = 150 pc
10_15 - Nisy = 1340 ol |
= Vgwind = 700 km st
- D, =50.7 Mpc
10—16

102 103 104 10° 10° 107 e
Muon-neutrino energy E,, [GeV]
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Overview and outlook

VUB-GOALS framework

Characterize

>

F, = FI/(RSN7 QSN yPmax, Nism, Vgwind Hgpgr, DL)

GOALS U/LIRG
contribution to

v-flux prediction

T Constrain framework

IceCube v-flux

Y

for each GOALS (U)LIRG

3 mmmm |ceCube point-source sensitivity at sin(6) = 0.85
10~
EE———

2044 Rsy = 1.86 yr~1, asy =4.00
T
] -11
y 10
g 12
> 10
(3]
- y

10~ [ |

= 0 - Hggr = 100 pc ‘-1 % 20 Pe
Y - nism = 1340 cm ™3 s
NS 1014 -1 \
ui 10 - Vgwing = 700 km s 3
- D, =50.7 Mpc :
10715 - - [
i
10-16 110 Pev
107 10° 104 LU 10° 107 10%

Select IceCube analysis

based on flux predictions

Muon-neutrino energy E,, [GeV]
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parameters

$c=Cuee

50m

86 strings of DOMs,
set 125 meters apart

ellite to the d e
2e at UW-Madiso

seﬂn
i
1450 m

-5

Ms
17 _
21
rt o
Digital Optical -
Module (DOM) 2450 m l|| || II l
5,160 DOMs a
deployed in the ice =
Anhm:cbedmk l
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