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Blazars: Possible candidate for HE-Neutrinos

> Blazars: Active Galactic Nuclei (AGN) with jets

= Line of sight close to jet axis
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Blazars: Possible candidate for HE-Neutrinos

> Blazars: Active Galactic Nuclei (AGN) with jets

= Line of sight close to jet axis
“Double Hump” spectrum

qE 10"'3;— 3
gw.n;_ 1 Which processes
L} ' 1 create the
ol ‘e,__’F.II_E “gamma peak”?
10'135— I I—z
. 0T ot e o o o 110 10 100101 1001 10 70
. 3-, z . E [MeV]
Synchroton “Gamma Peak”

Peak”
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Blazars: Possible candidate for HE-Neutrinos

> Blazars: Active Galactic Nuclei (AGN) with jets

= Line of sight cl

Y

ose to jet axis
“Double Hump” spectrum

10-10

10"

E2dN/dE [ erg cm> s ]

10-12

10-13
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10%10710%10%10* 107102107 1 10 10% 107 10" 10° 10° 107 10°
E [MeV]

If leptonic:

low-energy

hoton (gamma-ray)

Inverse compton "

- electron
>
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Blazars: Possible candidate for HE-Neutrinos

> Blazars: Active Galactic Nuclei (AGN) with jets

= Line of sight close to jet axis
“Double Hump” spectrum

qE 10"'3;— =
gw.n;_ 1 Which processes
A 1 1 create the
T A "-.__’fII_E “gamma peak”?
107 :i ,:;f":::' I:'e I;é I—=
/010101010“10101011 o”:cé“;o”;"o“ ;0 10 m’ 10
E [MeV]

If hadronic:

Proton/Proton p-+nucleus — 7+ X (7m=7x" 7"
0
el o
Photomeson p+y — AT {! g .
R ol
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Blazars: Possible candidate for HE-Neutrinos

> Blazars: Active Galactic Nuclei (AGN) with jets

= Line of sight close to jet axis
“Double Hump” spectrum

qE 10"°§
gw.n | Which processes
i 1 create the
0%k | “gamma peak”?
-~ | Connection: |+
10%10710%10%10* gamma peak [1,:;‘}](:“
If hadrg I
Neutrinos
Proton/Proton  p -+ nuc] =, )
0
R
Photomeson 0 o Bl A*é{ g
L o
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Blazars: Possible candidate for HE-Neutrinos

> Blazars: Active Galactic Nuclei (AGN) with jets

= Line of sight close to jet axis _
Generation spectrum
neutrinos

E-F

E*dN/dE [ erg cm?s]

;7_' | ?
\%»4 Gammas

7 reprocess to lower energies
|

5555555

100 GeV ~ PeV or higher

Correlation between

NS Connection: :
! 5P ¥ gamma peak different energy ranges
] | possible

Proton/Proton »  Neutrinos -~ (m = 7%, 7%

0
R
Photomeson g o = { ”
e b
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The General idea of this analysis

IceCube Lab

All Blazars in 2-LAC S

-_—_—~\ - e -
- - -
- A e e s as

Equatorial % “‘\ e
A

1450 m——
I i * Dee
Look for cumulative faint flux 2450 m——— —Core
with IceCube muon track data 2820 m———
Eiffel-
As few assumptions as possible ﬂmmet
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The General idea of this analysis

All Blazars in 2-LAC Main Background: Atmospheric Muons
IceCube Lab

-_—_—~\ - e -
- -
S T e D

Track event selection -> Good pointing (~ 1 deg)
(Muon tracks)

1450 m———

Southern sky (downgoing)

* Need high energy cut to reduce muon
background

* Only sensitive to high energies (> 100 TeV) | som

2820 mL__

Deep
—  Core

Eiffel-
tornet
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The General idea of this analysis

All Blazars in 2-LAC Main Background: Atmospheric pu-Neutrinos
IceCube Lab

Equagﬂl;urlal o e e

50m \ -’.‘:.‘_-..‘.-.i_ ﬁ{-:’:: -

Track event selection -> Good pointing (~ 1 deg)
(Muon tracks)

Southern sky (downgoing) 1450 m———
* Need high energy cut to reduce muon
background
* Only sensitive to high energies 2450m——— I . -~1/8§fep
2820mL_ il T
Northern sky (upgoing)

Eiffel-
tornet
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* High energies (~ PeV) mostly
absorbed in earth




The General idea of this analysis

All Blazars in 2-LAC Background: Muons + Neutrinos
IceCube Lab

Equagﬂl;urlal s e

- .- -
- e & -

50m 3\ e e -

Track event selection -> Good pointing (~ 1 deg)
(Muon tracks)

1450 m———

Southern sky (downgoing)

* Need high energy cut to reduce muon
background

 Only sensitive to high energies » sasoml__

2820 mL_

Deep
’]/Core

Eiffel-
tornet

Northern sky (upgoing)
« Can go to lower energies v
* High energies (~ PeV) mostly

absorbed in earth

Complementary
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Classification of blazars used in this work

> 1) position of the synchroton peak

b
|
|

< log Vpeak — 15 \‘Hspﬁl

log Vooak = 14

X-ray band

log vi(v) (arbitrary units)

10 15 20 25

LSP < 10" Hz < ISP < 10” Hz < HSP
(Low/Intermediate/High Synchroton Peaked)
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Classification of blazars used in this work

> 2) rest frame width of optical emission lines

T T T T T T T T T T T

T }' T T T T I T T T T I T
WGAJ0449.4-4349 ]| i WGAJ1306.6—-2428

[omi]

Mgl

FSRQ Object

f, (arbitrary units)

[o11] HB

f, (arbitrary units)

BL-LAC Obiject
L L L 1 I 1 1 1 1 | 1 1 1 Il

4000 5000 6000 7000 O ao00 2000 =000
observed wavelength [4]

"

|

rest frame wavelength [4]

BL-LAC: emission lines with width <5 A

FSRQ: emission lines with width > 5 A
(Flat Spectrum Radio Quasar)
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Fermi-LAT AGN catalogue (2-LAC)

FERMI-LAT AGN SKYMAP (|b| > 10)
[Ackermann et al., 2011]

Total sources: 886
Magenta: Non-Blazar AGN (24)
Everything else: Blazars! (862)
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Fermi-LAT AGN catalogue (2-LAC)

FERMI-LAT AGN SKYMAP (|b| > 10)
[Ackermann et al., 2011]

¥ g L) -~ Y e S
‘-'F.C*‘l‘lu. " T e : I {1.‘,-.*"- 1] 1.“ "e
‘2 - ﬁi:':"!.. i %* ‘q;-u iii ':t *‘1 'x\u‘

Total sources: 886
Magenta: Non-Blazar AGN (24)
Everything else: Blazars! (862)

> Largest 4-1t (almost) flux limited sample ol

> For subpopulations (FSRQs), < I
> 70% (85%) of total y-emission

: [ Ajello et al. 2012, ApJ, 751, 108 / iy Cénnect.on:
IS reSOIVed Zeng et al. 2013, 10.1093/mnras/stt223 ] et gamma ,;eak o
i

Entire Population study possible Neutrinos
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Overview

> Stacking analysis
= 5 populations (defined with FERMI-LAT)

(862 sources total)
Overlap between populations

" FSRQ, LSP-BLLAC, ISP+HSP
LSP, ALL

LSP-BLLAC
= 3 years of IceCube track data

(2009-2012)
= 2 weighting schemes

= 100s of sources per population ISP+HSP
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Overview

> Stacking analysis
(862 sources total)

= 5 populations (defined with FERMI-LAT) Overlap between populations

" FSRQ, LSP-BLLAC, ISP+HSP
LSP, ALL

LSP-BLLAC

3 307 '

ISP+HSP  FSRQ

= 3 years of IceCube track data
(2009-2012)

= 2 weighting schemes

= 100s of sources per population

ggfauriﬁ Mass stacking/ Stacking/Extended S o
. population search sources :
(tlhgos/ﬁy‘;f (1-10% of the sky) ] (<<1%ofthesky) = ontsources
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After discovery of the diffuse flux...

[IceCube Coll. 2013, IceCube Coll. 2014]

b i B2 Background Atmaospheric Muen Flux

POE becsnnsnnnansz fusia @ Bkg. Atmospheric Neutrinos (x/K)

i 23 Background Uncertainties

= Atmospheric Neutrinos (90% CL Charm Limit)

—— Bkg.+Signal Best-Fit Astrophysical (best-fit slope E-%)

: ~ - Bkg.+Signal Best Fit Astrophysical (flxed siope £~)
L e S

=
o
=

[

(=]
=]
-

Events per 988 Days
|

=
o
2 A

102 10*

Deposited EM-Equivalent Energy in Detector (TeV)

I‘!MS

> Natural question:
How much do (FERMI-LAT) blazars (or a certain sub-population like
FSRQs) contribute to the diffuse signal?
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The Analysis

= Stacking: Test the combined emission of all sources

NEvents
n,
Z ln S + 1_ ) Bi)

tOt

Thorsten Gliisenkamp | RICAP-14, Noto | Oct. 1* 2014 | Page 19



The Analysis

= Stacking: Test the combined emission of all sources

In(L)= 3 In(Z=S+{1—->)B)

i tot tot

*

Almost flat distribution

C it
OMPpOosSIte over the sky (from data)

R . ' *
el iy Of many gaussian PSF's

*) + an energy term
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The Analysis

= Stacking: Test the combined emission of all sources

In(L)= 3 In(Z=S+{1—->)B)

i tot tot

Almost flat distribution

Composite
P over the sky (from data)

i wid of many gaussian PSF's

-~ 10 % - quantile: 1.298495 ]

N Blue: No Signal
~ LLH-Ratio defines test statistic *| H

HN | Red: Some Signal

TS
> Use CL_ method to calculate limits (see e.g. [Zech '89)])
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The Analysis

= Stacking: Test the combined emission of all sources

In(L)= 3 In(Z=S+{1—->)B)

i tot tot

Almost flat distribution

Composite
P over the sky (from data)

N i of many gaussian PSF's

“weight taking into account effective area at particular direction”
L JL Wj — We,j* Wrelative,y\

“expected contribution to total neutrino flux
from this source”
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The Analysis

= Stacking: Test the combined emission of all sources

In(L)= 3 In(Z=S+{1—->)B)

i tot tot

Almost flat distribution

Composite
P over the sky (from data)

N i of many gaussian PSF's

“expected contribution to total neutrino flux
from this source”
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The Analysis

= Stacking: Test the combined emission of all sources

In(L)= 3 In(Z=S+{1—->)B)

i tot tot

Almost flat distribution

Composite
P over the sky (from data)

N i of many gaussian PSF's

“expec.ed contribution to total neutrino flux
from this source”

Relative weight is crucial in any stacking analysis
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Weighting schemes

2 stacking weighting schemes

1)

Yium., j
4 xd’

= The traditional approach

(Wrelan-ve, i ) [Energyflux in gammas at earth]

- L ikl Rhis e i Bl Rl el G Bl Sl T i L T e
= , o
- y =i —]
Connection: 2 "F =
&
w r B
gamma peak @« 2 ol 1
I il §/ ¥
10"2;* II:
Neutrinos
1017 o
:.J d el 4 il il .’A ol nd vound i I7
10%10710%10°10*10%10% 10" 1 10 10% 10° 10" 10° 10° 107 10°

E [MeV]
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Weighting schemes

2 stacking weighting schemes

2)

All sources are equal

(Wrelative,j — 1)
Source 1 Source 2
= The unbiased approach: . )

= What if hadronic

w

I
joiz

contribution is sub-dominant? - <

= What if there is scatter ..
in hadronic contribution? :

e
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One word on bias

2 stacking weighting schemes

2)

All sources are equal

(Wrelative,j — 1)
> The unbiased approach: Source 1 Source 2

Gamma emission is only used
as a tracer for hadronic sites

Equal weighting + 100's of sources
explores new parameter space

e
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Gamma (E-flux) Weighting

Name n I, p-val
All Blazars 19 -2.8  36%
FSRQ 14 26 34%
LSP 13 -26 36%
ISP+HSP 0 (>50%)

LSP-BLLAC 38 -3.2 13%

No of sources

862
310
308

301
68

Equal Weighting

Name

All Blazars
FSRQ

LSP
ISP+HSP
LSP-BLLAC

n I, p-val

175 -3.0 6%
30 2.7 34%

41 -2.8  28%
103 -3.3 11%
56 -3.0 7%

> n_: best fit normalization parameter of signal pdf

> FSI: best fit spectral index ( ~ +/- 0.4)
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Gamma (E-flux) Weighting

Name n I, p-val
All Blazars 19 -2.8  36%
FSRQ 14 26 34%
LSP 13 -26 36%
ISP+HSP 0 (>50%)

LSP-BLLAC 38 -3.2 13%

No of sources

Equal Weighting

Name n I, p-val
I 862 All Blazars 175 -3.0 6% I
310 FSRQ 30 2.7 34%
308 LSP 41  -2.8 28%
301 ISP+HSP 103 -33 11%
68 LSP-BLLAC 56 -3.0 7%

> n_: best fit normalization parameter of signal pdf

> FSI: best fit spectral index ( ~ +/- 0.4)
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— Tg =27 — Tg; =20 ‘)
v—'1_| 10_6 3 AL T T '_' ""'_'# T 1 vt 1
L - - - .equal weighting * . . _
gL olum weighting
: N
~ h s
@ 108 E e N S P +
= L :
© TG T ————
T 1070k, SRR S SO SRR
N ‘e, .
,’%F - : :
cﬁ]; Lo-10 IceCuibe Preliminary . : .
102 10° 10* 10> 10% 107 10® 10°

Neutrino Energy [GeV]

* Band denotes outcomes of random realizations
of the luminosity function (source count distribution)
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Explanation of limits

Step 1) /J/
Take some source count distribution
—_— gy =27 —_— gy =2.0 ]
Py (here from Fermi-Blazars
ol 10 T equalweighting ] [Abdo et al 2010, 10.1088/0004-637X/720/1/435])
7 -l olum weightng ] o _ _
5 N “distribution of sources with a given
T 108l TS o o flux as measured on earth”
Ta 107 b N
2 : P T ? ]
2y -0 [leegube Preliminary | T ]
= 102 10 10t 100 105 107 108 107

Neutrino Energy [GeV]

dN
dlog(F)

~9.0 -85 -80 —75 -7.0 —65 —6.0
log1g(F o) 2] (E >100MeV)
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Explanation of limits

Step 2) /J/
—_— gy =27 —_— gy =2.0 .
6 o o Sample from this source count
,_'q_‘ 10_ F Ty T T T T T Ty H H 1
L - - - equal weighting - § § distribution
T oqgr| o obum weighing ] | |
3 S U Sample points used as weights
1078 b G b for neutrino emission among the sources
2 S I .~ S ——
@] I : ~ : : : |
B e
S S A N O S N R
By qo-to L lesoube Prelminary | L ] N
a 102 10 10" 105 105 107 108 10° 10° \\.\\
Neutrino Energy [GeV] o
Z | =
10°

—9.0 -85 -80 —7.5 -7.0 —65 —6.0
log1g(F o) 2] (E >100MeV)
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Explanation of limits

“
Step 3) ‘?/J,
—_— g =27 — I's; =20 . . .
L i o Point source analysis with sampled
ol 10 T equal weighting ] points giving neutrino emission
" jg-rl rlum.weightng ] among sources
E N,
= 1078 Use equal weights in likelihood
@ [
U [
L 1077}
By 1p-o L loeabe iAo ] A
a 102 10 10" 105 [105 107 108 10° 10° \\.\\
Neutrino Energy [GeV] o
Z |0
107

o _ ~9.0 -85 -80 -7.5 —7.0 —6.5 —6.0
One limit for one particular log;o(Fi0) (222 (1 >100MeV)
realization of neutrino emission
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Explanation of limits

&
Repeat steps 1-3) ‘?/J,
—_— gy =27 —_— gy =2.0 . ; ;
. i o Point source analysis with sampled
o 10 T equal weighting ] points giving neutrino emission
7 qo-t[ 0 oLum. weightng ] among sources
L S R
1078 Lo Mo TR R Use equal weights in likelihood
o . : s 3 3 ; ]
@) [ : == ‘ ‘ : ]
I_;tl 10_9 oo """""" i“"‘l‘""".',:'?--\\-'n -- ---------- 1 ---------- --------- :
2 S R R O ? ]
By qo-to L tosCube Prelminary | ]
= 102 10°  10° 10° [10° 107 105 107 T~

Neutrino Energy [GeV]

o —9.0 -85 —-80 —-75 —7.0 —-65 —6.0
A second limit for another ‘ JOMeV)
realization of neutrino emission
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Explanation of limits Zs),
//)’/Q
&
— Tg =27 — Tg; =20 ‘)
n—'i_l 10_6 3 AL AL AL AL AL AL
. F - - equal weighting ' '
2 I : : R : : :
T q0-7L io-lum. weighting : e, L ]
= E E E E E E
g [ ' : : : 1 1 Do it many
' many times,
> { one gets a band
O : > 9
@ of limits
§' C
S : 5 S
~ _10 [ lceCube Preliminary

T I (7 o A T
Neutrino/Energy [GeV]

In fact, limit valid for all (quasi-)diffuse subpopulations
using “realistic” source count distributions

-> conservative
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Explanation of limits

/,
/)7/})
— — 9
— gy =27 —_— gy =2.0 %
T 1 ——
+ - - equal weighting - -
T jo-TL o olumoweighting ¢
T _ | I ' : : : ]
lCD
=
O
<)
;3.
o~ _10 [ lceCube Preliminary
m 10 102' ——— | . |

105 100 105/ 105 107 105 10°
Neutrino/Energy [GeV]

Limit valid assuming neutrino flux follows
gamma (energy-)flux at earth

-> optimistic
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Explanation of limits

/
/)7/})
— D =27 — Tg; =20 %
v—'i_l 10_6 3 o T LR | '_' ""'_'& LR | LR | LR | UL
N - - - equal weighting ' '
gL olum weighting
5 S
T g BERRS | ' ' _
p} 10_ I ST s Qe S S S I o
> : N ;
> : . e I . &
= 107%L... o SRC R A S N
N g ! ; s . :
}E; 10-10 | lceCuibe Preliminary : i i i -
102 10° 10* 10° 10% 10" 10% 107

Neutrino Energy [GeV]

Range where limit is valid, based on
optimistic / conservative assumptions

about nature
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— Diffuse Flux * — Limit

Rz - - - equal weighting | |

'a 10-7 Lo o-Lum. weighting. ... S SR ]
) ; ; ; | | ; 3
lco :

= : f

D) : :
%@ 1010 | IceCuibe Preliiminary 1 1 ‘\1— i

& 102 10 10* 10° 10% 107 10% 10?

Neutrino Energy [GeV]

* new result (~ E*°),

shown at ISVHECRI 2014,
see talk by J. van Santen

5 Max. contribution

to best
fit diffuse flux

(E-2.5)

Assumptions:

- 1:1:1 ratio of flavors
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— Diffuse Flux * — Limit

Rz - - - equal weighting | |

'a 10-7 Lo o-Lum. weighting. ... S SR ]
D) : : : 5 : : ]
& T~

= 10 Ny
%@ 1010 : IceCL%be Prelii inary 1 1 \1— i

& 102 10 10* 10° 10% 107 10% 10?

Neutrino Energy [GeV]

5 Max. contribution

to best
fit diffuse flux

(E-2.5)

Valid for
(quasi-)isotropic
subpopulations,
e.g. TeVCat
sources in the
catalogue

* new result (~ E*°), _
shown at ISVHECRI 2014, Assumptions:

see talk by J. van Santen
- 1:1:1 ratio of flavors

Starting at 10 TeV (conservative)

to be Comparable to measurement Thorsten Gliisenkamp | RICAP-14, Noto | Oct. 1* 2014 | Page 40



— Diffuse Flux * — Limit v
N‘a - - — :equal weighting , ; : " ot
| I -Lum. weighti ; ; ; 1 Max. contribution
5 107Tp SRUMEIGNNG o best
n ; g g | fit diffuse flux
% ! | | (E)
<) i 5 é 3
%Fh IceCdbe Preliﬁinar ~~ /
e -0 LSS T Y e
&3 102 10° 10* 10> 10% 107 10® 10°

Neutrino Energy [GeV]

* new result (~ E?),

shown at ISVHECRI 2014,
see talk by J. van Santen

Assumptions:

- 1:1:1 ratio of flavors
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— Diffuse Flux *

—  Limit

(GeVstem 2sr]
— — —

-] -] -]

o L &

(-
-
©

- - equal weighting

T UL R | UL R | LN I

;i L . ' fa, g
e m : : -: . E l';","’ T :
g|'_o 10_10 IICIIeIQIHbeI IPIrIeIIIIII!nlnIa.Iryllli | | | | II'I I'i‘ E -ﬂ—l-rﬂ i X
&3 102 10 10* 10° 10°

Neutrino Energy [GeV]

* new result (~ E?),

shown at ISVHECRI 2014,
see talk by J. van Santen

1 Max. contribution

to best
fit diffuse flux

(E-2.5)

107 105 109 Limit extendable

to all FSRQs in
observable universe

Assumptions:
- 1:1:1 ratio of flavors

- VCY+ 70 % of gamma resolved
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Conclusions

= Nothing significant observed
= Best p-value: 6% (all blazars, equal weighting)

> The diffuse neutrino flux is not dominantly produced by FERMI-LAT
blazars or any subpopulation (e.g. majority of TeVCat blazars)

= Contribution < ~ 15 % (astrophysical S.I. ~ 2.5)
= For specific blazar samples (e.g. FSRQs) this constraint can be tighter
= FSRQs: Contribution < ~ 5 % (astrophysical S.I. ~ 2.5)

= More years of data will tell in the future if the mild overfluctuation (6%)
was only a fluke or not (almost 3 more years of data taken already)
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Determination of energy range

Energy range determined from differential sensitivity

E L e
B‘ | — : : ! : _ ]
2 008 T
wn [ . . . . . . ]
c I : . . . — . 1
(D] — . . .
n ! : D oy — : : ]
S 1090 AN S ST S ] S ]
o= | | | | o
m L
10700 o
102 10 10* 10° 10 107 10% 107

Neutrino Energy [GeV]
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Determination of energy range

Energy range determined from differential sensitivy

Hard flux: E~-2

. |_ Tsr = 2.7 — Ts51=20
s AR TR TR TSt S T P
S | | i i i i L - - ‘equal weighting *
f— . . . : : : 2] : : P :
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the limit comes from, is shown in this plot
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Determination of energy range

Energy range determined from differential sensitivy

Soft flux: EN-2.7
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The energy region, where 90 % of the contribution to
the limit comes from, is shown in this plot
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Determination of energy range

Energy range determined from differential sensitivy

Soft flux: EN-2.7
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The energy region, where 90 % of the contribution to Minor differences
the limit comes from, is shown in this plot because of weighting
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-> validity region of the limit
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