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Multi—messenger astronomy: time for neutrinos:

photon Q@ MaaGic

) neutrino 232 IceCube

proton \¢~ Fermi

. Image Credit: €, Bernardini, K, Satalecka (DESY); Weronika
—Sclence 361 (2018) 6398, 141 Racz, Igor Rams, Barfosz Wuszynski (graphics and animation,

—Ansoldi et al,, ApTL g3, 1 PIATE)

Major Atmospheric

—— 05/04/18 RICAP 2018, Roma Tre University —— ‘ Gamma Imaging

Cerenkov Telescopes




MAGIC telescopes,
La Palma, Rogue de Los Muchachos
2200 M a.5.0.

each telescope mirror diameter: 11m

— F/'e/a/ of. view of 3,5 o/egréés
lay. Veso/uf/on 0,7 deg

eV’r 0 50 TeV
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EarTh—skimming neulrinos

Technigue:
D. Fargion, Astrophys,T, 570, 404
(2002).
X, Bertou et al,, Astropart.Phys., 17, 183
(2002).
Q'E E Cherenkov t Shsov:ae-r Earth f}(inel:‘nsiini:nethod
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This method has been used
succestully by ASHRA—1

—APT 7136 L1z;
—Astropart, Phys, 41 (2013) 1
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MAGIC as a neufrino defector:

MAGIC’fe\escoves s | MAGIC’felescoes

MACHESelescopes:(Major Almmplfr'\rlamﬂu Rl\ \rmgmg(IunnL : = AGIC Telescopesi(MajorAtmosphericGammaz Rn, Irmgmg(}mmm -

Area (ellipse on the sea)

for FOV=3,5 deg of about :
S Tau- induced shower

Sometimes nighfs with high clouds prevent observation of y—ray sources ,
for MAGIC of about ~ s0 — 100 hours/year. Possibility To collect large amounts of
data while not wasting “expensive dark time” of MAGIC
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The horizon seen trom the MAGIC telescopes:
3 different setfs of observations

direction slightly above the direction ot the sea
. Sea (SeaOFfF) (SeaON)
\1 | ZA-81.5 deg 2 2A=92,5 deg
E AZ-—30 deq S AZ=—30 deg
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MAGIC as a neufrino defector:

// . . . \\
" Analytical calculations: M. Gaug et al., ICRC 2007 arXiv:0104,1462
—  sensitivity (100 TeV - 1 EeV]
— ~10-* events/year for diffusse neutrino flux given by Engel, Stanev & Stecker
(62K neutrinos) model
— ~10~* events/year are predicted for the Waxmann & Bahcall neufrino model from
GRBs, for an average GRB located af z-1
| — some dafa (a few minutes) were taken, buf at that time no Monte Carlo fo |
\\inevpveT fhose dafa /
Monte Carlo simulation chain: 2: simulation of fau— -
| | . - 3: Simulation of MAGIC
[ 1 Pyopaqa‘hom O-F V]eUTVW]O W\duoed ShO\/\/eV In alyv an |
. . response
through the Earth high zenith angles

1. TAUOLA

ANIS:
All Neutrino Interaction Simulation

2. AIRES

Marek Kowalski
DESY-Zeuthen

Workshop on Ultra High Energy
Neutrino Telescopes

Chiba, 30.7.2003 3. GEANT 4

CORSIKA . .
' ' MARS (MAGIC analysis suite)
A. Gazizov, M.P. Kowalski D, Heck, et al,, Report FZKA ¢

Comput,.Phys,Commun, 172 (2005) b011 (1998) 3

R. Zanin, et al., 2013 ICRC

203 Compiled: with CURVED—EARTH, s
TAULEP, CHERENKOV/IACT, THIN B
option

0



MonteCarlo simulation chain

Proton injected at the fop of the atmosphere Deep fau—induced shower
(“¢00 km to the detector for ¢7°) (50 km to the detector)

Cherenkov telescope

Cherenkov telescope

Top of the atmosphere
Top of the atmosphere

Hadronic component \\

Mountain = Hadroni \ Mountain l_&""‘“‘--x\ \
Sea component— Sea Leptontau ——
Proton Event #25 of Run #100 -
E=1000.0TeV r=320m 2d(GT)=86.7° 1.1kPhEI Signal (raw) Id: 132 Event #6 of Run #100 _
Mean 10.27 E=1000.0TeV r=45m Zd(CT Signal (raw)
RMS  4.938 Mean 193.1
E " © ' RMS 2942
25
P I24 1016
23 953
21 889
20 826
19 763
17 699
16 636
14 573
510
12 o
383
;0 320
8 256
193
: 130
: 66
: 3
S [aul 187mm S [o
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Hillas parameters choosen for the culs
4 N

SIGNAL MC simulations:
— deep tau—induced shower BACKGROUND:

— distance to the detector < 100 km, — seaOfF data (9.2 hours)
— fau—decay branching ratio included in MC

-
o

wns \IC: Signal 1 PeV ——— MC: Signal 10 PeV

data
T

e MC: Signal 1 PeV ——— MC: Signal 10 PeV - MC: Signal 46 Pe¥  —— All seaOFF
-------------- MC: Signal 46 PeV ——— Al seaOFF data
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SelecTion criferion

log1o(Y ) = logo(Size[p.e.]) * cos(a) — logo(Length|deg]) = sin(a),
- where a = 63.435°
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Clear discrimination ot fau neufrinos trom
background ot hadronic showers:



Selection criferion
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NO wneutrino candiafe is found, if the

selection cut is applied to all seeON data

Signal efficiency atter the cut log, (Y") > 2.35 about 20—25 «
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for shower with impact distances smaller than 0,3 km, otherwise

was l/(SGOI

log,, (V') > 2.10




Results:
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Tau neufrino point source acceptance tor MAGIC

Ahnen et al,, Astropart., Phys, 102 (2018) 77—s¢

(\']_| : T | T T T T I T T T T Io T T T T | T T T T T T T T T : (\’l_| T I T T T _]
E - () s km < 34 PRI R SN A N E : :
=107 E (2) e dy < 1.3km __.*~" Ten o = 103L i
<5y = s = = =
= . ] S - E
£ 102 | & : | :
- 3 E = 104
Q—l — — = =
- E n ? 10 = 3
1 Q B ]
107 ¢ 1< :
- ] 10° = E
4l ,, N : :
10 = 3) Os m < 3-1 and d, ,,, < 1.3 kmZ - T e without height cut T
C with 3.0 km deep water layer| 10—6 _— ' ] ] -
10_5 :_ et (4) e analytical check _: - with height cut ]
E 1 | | | | I I 1 1 | | | | | | | | | | I | | 1 | | | | | E i 1 I 1 1 1 1 I 1 ] 1 | I 1 1 1 1 | 1 1 1 ] | 1 1 1 1 I 1 1
6 7 8 9 10 11 6 7 8 9 10 11
loglO(EvT/GeV) lOgm(EvT /GeV)
E, occ(E,) A, A P(ELE.0) Apm AE,)  AP(E,) Comparison of
(PeV) (pb) (km)  (km) (km?*)  / (km®) (km?) mparis
2 950 6596 0.073 1.0x 107 533 [5.3X 107 15x 10‘4\ The 6#60‘“\/6
10 1900 3298 0.367 9.4 x107 533 5.0x107* 2.7x107% )
100 4800 1305 3.670 19x107? 5.33 ‘\ 1.0x 1072 8.0x 10‘3J area wﬁh our M C

1000 11000 569 3670 26x1072 533 |14x107' 2.6x102

=  estimafe
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Event rate calculations

Ahnen et al,,Astropart. Phys. 102 (2018) 771—¢8

N@UTVW\O ‘F\MX = L
S —
E : .................... :
N AT fEtmax APS f/ ) X (I)(EV ) X dEV g - Flux-1 . E‘luX-4 .
o -8 —
\ O - i
. . = i 4
Observation Time TR ]
o -9 .
Z - ]
o B i
Photo hadronic inferactions in AGNs 'EJj -10— —
®)) " ]
3 ]
Flux=1 and Flux—2: 3C 219 41/ -
F\MX-3 amol F\MX—4—I PKS 2155—304 I N S T R B
5 6 7 8 9 10 11
Flux 51 3C279 log, (E /GeV)
Flux-1 Flux-2 Flux-3 Flux-4 Flux-5
(x102/3 hrs) (x10™2/3 hrs) (x107>/3 hrs) (x107>/3 hrs) (x107>/3 hrs)
Ngyenis  Without height cut 2.4 1.4 0.74 7.4 2.4
NEvents with height cut 1.1 0.6 0.30 2.9 1.2
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Flux limit for a point source

Ahnen et al,, Astropart., Phys. 102 (2018) 717—¢8
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Summary

—A considerable amount data at horizontal directions (“40 hours) has been
collected by MAGIC,

— we show that MAGIC can identify fau neutrino showers from fhe
background of profon showers

—For 30 hours of observation the MAGIC sensitivity tor tau neufrinos is af

level: , )
E, ®"(E,)<20x10™ GeVem > s™!

— This is the first time that the sensitivity is calculated with full simulations
and with  background measurements for IACTs

—more possibilifies To defect fau neutrinos with CTAI1
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Thank you!

Follow us:

eMAGICTelescopes ﬁ

W ¥
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Orography of MAGIC sife

—included in ANIS
simulation
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Tau— lepfon decay channels implemented

Decay Secondaries Probability Air-shower
T — U Vv, s 17.4% weak showers
T > eV, e 17.8% 1 Electromagnetic
T TV, - 11.8% 1 Hadronic
T - 1 1. n,n0 — 2y 25.8% 1 Hadronic, 2 Electromagnetic
T — 1 21, n, 270 = 4y 10.79% 1 Hadronic, 4 Electromagnetic
T — 1 37%. n, 37" — 6y 1.23% 1 Hadronic, 6 Electromagnetic
Ty, 2 10% 3 Hadronic
T v, 2nata’ -2y 5.18% 3 Hadronic, 2 Electromagnetic

—D, Fargion et el,, ApT, 510 (2002) 904
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Trigger/identification etficiency

Ahnen et al,, Astropart., Phys, 102 (2018) 77—s¢
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& Distance to the decay vertex of the tau lepton [km] E Distance to the decay vertex of the tau lepton [km]

An estimate of thetypical distance for tau—induced showers seen
by MAGIC
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