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Cosmic rays o g

* Mainly protons, but also heavier nuclei

F (m?srs GeV)'
o

1072
_ 2 -
* Energies can exceed Large Hadron Collider . L mTyr
10
(1013 eV) with a factor 10° or more
107'®
10
Questions | k2 yr-
: : . . 107
1.  What is their origin?
. . 10
2. How do they obtain these energies? | . l , |
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ARCA detector after M01-2021
(detector name DOARCAQ06)

A growing detector I

CTF1

JB
KM3NeT/ARCA f S S
200 h ¢
* Analysis includes data taken .
May 2021 - December 2022 5
600
* Detector configurations with o0
0-8-19-21 detection lines (DU)
1000
1000 800 600 400 200 0 200 400
» Currently operating 28 strings X (m)
Date: 30 Apr 2021
(of final 230)

Play Pause



ARCA detector after M02-2021
(detector name DOARCAQ09)

A growing detector I

CTF1

1B
KM3NeT/ARCA f 5 e
<o Ja.:‘ s
* Analysis includes data taken N
May 2021 - December 2022 3 "
600
* Detector configurations with o0
0-8-19-21 detection lines (DU)
1000
1000 800 600 400 200 0 200 400
* Currently operating 28 strings X (m)
Date: 10 Sep 2021
(of final 230)

Play Pause



ARCA detector after M02-2022

(detector name DOARCAO21)

A growing detector ., an

JB

° \d P c
KM3NeT/ARCA | o
e P22 [,A)"q 18] DU |OSt
P21 O
200 . @ P20
- i )82
P16 P1 P23
P15
o P1

» Analysis includes data taken o T,

400

May 2021 - December 2022 £
] 600
* Detector configurations with -
0-8-19-21 detection lines (DU)
1000

* Currently operating 28 strings < (m)
(of final 230)

Date: 10 Sep 2022

1 Jul 2015 9 May 2016 12 Feb 2019 10 Sep 2021 3 Jun 2022 20 Apr 2023 20 Sep 2023

Play Pause



ARCA detector after MO1-2023
(detector name DOARCA028)

A growing detector PR

_ CTF1 -
P28 [2_ 7 1',.__:. _ " ,)‘
, P26 -b:_ll_,: P30 o
) P25 &
S P24 ® DU lost
P21 Q
200 o D) ‘:I; P20 —~ ~
| 17 e B a e

b e @ s

* Analysis includes data taken -

400 | _ P4

May 2021 - December 2022 g " Se
- :
* Detector configurations with -
0-8-19-21 detection lines (DU)
1000

* Currently operating 28 strings < (m)
(of final 230)

Date: 20 Sep 2023
1 Jul 2015 9 May 2016 12 Feb 2019 10 Sep 2021 3 Jun 2022 20 Apr 2023 20 Sep 2023

Play Pause
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A growing detector e
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KM3NeT/ARCA E o = =
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Growing detector leads to ® _|=|
= 10° —
* Higher acceptance ko —H
—> More neutrinos / day - T Vu CC + 9 CC as track
10-1 = —— ARCA21
O — —— ARCA19
— —— ARCAS8 :
—— ARCAG N
—I:El_ —— Antares :
107703 10% 10° 10° 10/

=
-
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E, [GeV]
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Median, 68% quantiles v,CC

—— ARCAG-8
—— ARCA19-21
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A growing detector
KM3NeT/ARCA

Growing detector leads to

* Higher acceptance

* Better detector resolution

Angular deviation [degrees]

E, [GeV]




A growing detector

KM3NeT/ARCA

Growing detector leads to
* Higher acceptance

* Better detector resolution

Easier to discriminate signal from background

Period Atmospheric Atmospheric Cosmic
muons neutrinos neutrinos
ARCAG-8 13278 746 0.4
ARCA19-21 545 804 7.0

Effective area [m?]

Angular deviation [degrees]
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T vy CC + v, CC as track
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' —— ARCA19-21
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Neutrino Point Sources

KM3NeT/ARCA21
75° Equatorial
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Candidate Sources

101 candidate sources

* Interesting objects
from other v telescopes
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andidate Sources

101 candidate sources

* Interesting objects

from other v telescopes
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Candidate Sources

o,

101 candidate sources

* Interesting objects
from other v telescopes

 Active galactic nuclei

Examples: NGC 1068




Candidate Sources

101 candidate sources

* Interesting objects
from other v telescopes

 Active galactic nuclei

* High-energy y-ray sources

Examples: NGC 1068,
TXS 056+056




Candidate Sources

101 candidate sources Blazar
’ Relativistic jet
¢ IntereSting ObjeCtS ‘ ,'» N \ Accretion
7 - /‘ =S \ L\ 77 disk

from other v telescopes

 Active galactic nuclei

* High-energy y-ray sources

Quasar

TXS 0506+056

Supermassive
g black hole

Accretion disk — N

Examples: NGC 1068,
TXS o 5 6-|—O 5 6 = Relativistic jet




Candidate Sources

101 candidate sources

* Interesting objects
from other v telescopes

 Active galactic nuclei

* High-energy y-ray sources

Examples: NGC 1068,
TXS 056+056, Galactic center

Relativistic jet




Candidate Sources

101 candidate sources

» Interesting objects

@2HWC J1949+244

from other v telescopes

cean
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.

 Active galactic nuclei

* High-energy y-ray sources

‘RXJ 713%7- 3946 ‘
‘Eﬁss 1640965 '4 VeIaX o
HESS J1614-51 “RX 10852 04622

Examples: NGC 1068,
TXS 056+056, Galactic center

Relativistic jet




Method

Source flux model

¢1/ — ¢() X E_}/
y =2.0,2.5,3.2
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Effective area [m?]

Method

Source flux model

¢1/ — ¢() X E_}/
y =2.0,2.5,3.2

Detector response functions

KM3NeT/ARCA Preliminary

102 :FFF’I
10!
10°
v,CC + v, CC
ARCA21
-1
10 -~ ARCA19
ARCA8
—— ARCA6
— Antares
-2 l
10 103 104 10° 106 107 10!

E, [GeV]

Angular deviation [degrees]

102 Median, 68% quantiles v,CC
~—— ARCA6-8
—— ARCA19-21
10!
10° —
107!
103 10* 10° 10° 107 10

KM3NeT/ARCA Preliminary

E, [GeV]

Energy resolution [%)

KM3NeT/ARCA230

102 \

—— ,CC selected as track
v.CC selected as shower
4+ containment cut

10° 10* 10° 10° 10’ 10*
E, [GeV]
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Effective area [m?]

Expected signal & background

KM3NeT/ARCA21, 69 days
Method |
e O Signal

track

0.006

0.005
>
Q
o 0.004 ,
S c
Source flux model F :
= 0.003 “
o
= o X E77 :
¢ 1 ¢O X 0.002
2.0,2.5,3.2
y — ° (), ° ° 3 °
1.0 1.5 2.0 2.5
Angle to source [degrees]
8 KM3NeT/ARCA21, 69 days
o
Detector response functions
Background
track
0.014
KM3NeT/ARCA Preliminary KM3NeT/ARCA Preliminary KM3NeT/ARCA230
102 Median, 68% quantiles v,CC
= TE A -
. E '\? _V~'/—v——/\ >
1 fﬁf 4 > - 3 0.010
10 g 10 S — 2
S 3 T eC selacted 2 showr S S
100 é &; + containment cut u: 0.008 u>J
= ¢ 5
v V, 8’ 5 ! (@)
} S I N S 0.006
10 —— ARCA19
ARCAS8
—— ARCA6
—— Antares 107! 0004
10725 3 5 3 3 ‘ 103 104 10° 10° 107 10' 10° 104 10° 10° 10’ 10*
10 10 10 . [GeV]lo 10 10 E, [GeV] E, [GeV]

0.002

b.0 0.5 1.0 1.5 2.0 2.5
Angle to source [degrees]
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Expected signal & background

KM3NeT/ARCA21, 69 days
10.007

Signal
track

0.006

0.005
>
Q
o 0.004 ,
o =
:
W
< 0.003 ¥
(@)
o
0.002
0.001

0.5 1.0 1.5 2.0 2.5
Angle to source [degrees]

KM3NeT/ARCA21, 69 days

Background
track

10910(Ereco [GeV])

0.5 1.0 1.5 2.0 2.5
Angle to source [degrees]

Method

Pseudo experiments
with varying ¢,

¢1/= ¢OXE_}/
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Expected signal & background

KM3NeT/ARCA21, 69 days

10.007

Method

0.006

3 " Pseudo experiments

with varying ¢,

0.001

b.0 0.5 1.0 1.5 2.0 2.5 3.0 ¢I/ — ¢O X E_}/

Angle to source [degrees]

KM3NeT/ARCA21, 69 days

frack 0.014 TeSt StatiStiC
" Log likelihood ratio with
0.006 log fZ — Z — MlOg(Bl + Sl) T Bl R Sl
o iEbins

b.0 0.5 1.0 1.5 2.0 2.5 3.0
Angle to source [degrees]



Expected signal & background

KM3NeT/ARCA21, 69 days

[GeV])

IoglO(Ereco

b.0 0.5 1.0 1.5 2.0 2.5 3.0
Angle to source [degrees]

KM3NeT/ARCA21, 69 days

Background
track

b.0 0.5 1.0 1.5 2.0 2.5 3.0
Angle to source [degrees]

10.007

Method

0.006

KM3NeT/ARCAb6-21, 424 days

0.005 100 Sigﬁe;%nts
0004 | 41

3 | —t— 5
0.003 < | —— 10

Pseudo experiments -
' with varying ¢, £
= ¢y X E77 s "
¢V ¢O | qtﬂm* i !l\'
016 . . | ' | . |
Test statistic | L, | |
0 9 10 15 29 | 25 30 35 40

| Log likelihood ratio with Test statistic /
0.006 log fZ — Z — ]\[l lOg(Bl + Sl) T Bl R Sl

0.004 . .
1ebins
0.002
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KM3NeT/ARCA6-21 Preliminary

4| + nsiz0s0s . ®
ST - @ P
Results o |
— 4 ® @
S 4
5 81 °f ¢ !
. . < i' . e © |
The most signal-like sources are: g 10] e L.
@ \ o 4
TSI ) YT
y = 2: Active galactic nucleus J1512-09053 e o ¢«
-l41e¢ T . o
-Pre-trial p-value = o0.011 P S
224 226 22.8 230 232 234
°POSt-tl‘lal p_value _ 0.66 Right ascension [degrees]

Note: dataset is dominated by atmospheric
muons from ARCA6-8 period

=
log10(Erec[GeV])

W



Results

The most signal-like sources are:

y = 2: Active galactic nucleus J1512-0905
-Pre-trial p-value = 0.om
-Post-trial p-value = 0.66

y = 2.5: Bright blazar Mkn 421

-Pre-trial p-value = 0.020
-Post-trial p-value = 0.56

Note: dataset is dominated by atmospheric
muons from ARCA6-8 period

Declination [degrees]
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N &
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©

Declination [degrees]
w w
O} (0]

W
o

KM3NeT/ARCA6-21 Preliminary

l
(o0
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Right ascension [degrees]
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------------ T [
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---------- ‘-—‘ ‘
| . | | 1 1 1
224 226 228 230 232 234
Right ascension [degrees]
KM3NeT/ARCA6-21 Preliminary
(@] b O
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I ..
O © T T o ®
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© o ¢
° ® o0
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o O
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____________________________________ P
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Observed limits

10-5. KM3NeT/ARCAG6-21 Preliminary
| . A Sensitivity
—— ARCAG6 (92 days)
. . . — —— ARCAG6-8 (302 days)
* No significant detection made " ARCAG-2L (424 days)
h —— Antares (15 yr
- . . g — |CC (10 yr)
> Set llmltS on ¢1/ > —— ARCA230 (10 yr)
O
O
< 107°
& | — Observed limits
» ¢, that would give higher test 5 B—— s ARCAG (92 days)

o o . 0 N e ARCA6-8 (302 days)
statistic than observed in 0% b ARCA6-21 (424 days)
of the cases =6

PR
10-10L- | | | | | . |
. —1.00 —-0.75 -0.50 -0.25 0.00 0.25 0.50 0.75
* Growing detector and dataset sin(declination)

—> Sensitivity becomes competitive

37



| ‘

DT
ﬁijﬁ‘[ e (?; 2

(Rt S

Fiwic

g T
A
e/

o Tt

'™

‘T .._ lﬁ

: D
e B

LTI

il

{
ik

(

= DT




Backup

Most signal like sources: J1512-0905

y = 2: Active galactic nucleus J1512-0905

-Pre-trial p-value = 0.011
-Post-trial p-value = 0.66

New theories suggest regions where neutrinos

are produced are opaque to y-rays

—> So we also search for blazars
with very bright radio component

Declination [degrees]

I
—
N

_14 -

KM3NeT/ARCAG6-21 Preliminary

I
(o 0]
!

I
—
o

1

1 + J1512-0905 o
~~~~~~~~~ .'\ . a
v
®:
j o
: o
| o e ©
® o o
\ o
\, .
N o . 4 o
o
o L
o ® . o o
___________ - .
| . | | | 1 |
224 226 228 230 232 234

Right ascension [degrees]

S

log10(Erec[GEV])

w
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Backup

Most signal like sources: Mkn 421

y = 2.5: Bright blazar Mkn 421
-Pre-trial p-value = 0.020
-Post-trial p-value = 0.56

Variable and intense y ray emission

Suspected to be a supermassive black hole

B B
N) &
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o

Declination [degrees]
W w
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e

KM3NeT/ARCA6-21 Preliminary
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