 Modeling the galactic
~ neutrino emission from GeV
to PeV with a special look
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We observe diffuse sea emission in gamma-ray

Fermi-LAT coll.

«Photopion
e Brem§strahlung

* Inverge Compton

v
We expect also v

-
1000,

Observed Ferml LAT counts in; ’rhe energy range 200 MeV to 100 GeV af’rer point-sources
: sub}rac’rlon (log scale = counifs/plxel) -

How'to find the diffuse 'v signature with ANTARES-KM3NeT—Icé”nge?
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ﬂFull sky analysis IH Galactic Plane Analysis ﬂ | Galac’rlc Rldge analySIsH iiPeva’rron analysis |
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We should have Pevakrowns in our (‘Eataxv

KASCADE._ Grande coll. arXw:1306.6283 T houdam et al. arXiw:1605.03111
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We should understand better the region between few PeV to 100 PeV, How is the spectrum?
Where is the cut-off? Better understanding of the transition Galactic-Extragalactic.
This is a KEY POINT to understand the galactic accelerators
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Who accelerate CR up to PeVs L our Gralaxy?

SNRs good candidates,
proofs of CR acceleration
and TeV emission

RXJ 1713 seen
Fermi-LAT

gamma-ray well fitted |
with hadronic emission |

PSF however not observed SNRs |
17h15m 17h12m !

as a Peva’rron yet
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How the CR trasport behaves in ocur galaxy?

p : particle rigidity

D : diffusion coefficient

R : distance from galaxy center

e The diffusion coefficient Dx ¢° , in a conventional scenario & is constant.

e Parameters are tuned against local CR spectra and the secondary/primary ratios.

» These quantities however probe only few kpcs about our position. Propagation
may behave quite differently in the inner few kpc of the Galaxy !
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Anomalies in the GP diffuse emission understanding

Gaggero, Grasso, Marinelli, Urbano, Valli, arXiv:1504.00227
Fermi-LAT coll. Apd 2012
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Fermi Benchmark model: 5=0.3
vp=2.72 (in the whole galaxy) Also Milagro excess is not explained
zh=4 kpc do not match with a conventional scenario

Fermi data of GP at high energies
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Introduction of KRA, model

Milagro measured the diffuse
y-ray flux from the inner
Galactic plane @ 15 TeV

Milagro flux exceeds the
predictions of conventional
models based on GALPROP.

(This was a longstanding problem
in CR physics)

The KRAy model consistently

reproduces Fermi-LAT data
(point sources properly
subtracted) and Milagro. No
extra-tuning required !

CR hardening @ 250 GeV/n is
crucial though not sufficient.

<)

Gaggero, Grasso, Marinelli, Urbano, Valli,
APJ letter arXiv:1504.00227
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Gralactic neubrine emission with KRA model

e ———

Neutrino Flux E =1 TeV

v

—15.

—10. Log (GeV™' ecm™ s7! sr7!)

Skymap of neutrino flux produced with KRA; model.

e The p-nucleon interaction is computed following Kamae et al. 2006
e The farget gas distribution is the same used for gamma-ray production
(as also used by the Fermi collaboration)
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Full sky signature of v from KRA, model

lceCube, full=sky analysis
Neutrino Flux  E, = 1 TeV 107° SR . .
1 Gaggero, Grasso, Manrinells,
g \T'_| Flux spectral index: —2.457 : Urbana %llli
All sky analysis -_— ] . ’
T 1070k 1 wXw:1507.07796
n r ]
I
O -
%) —11 o
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© . .
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o:,m 10 : = - et Parameter Best fit 68% C.L. 90% C.L.
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> | N 2.0 1.6—23 12-25
& 107} IceCube spectrum cannot be s 68  53-84 44-95
- - . . s 956 244267 2.36—2.75
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> 102k diFFeren‘l‘ galacﬂc componenf! luxes at IQO TeV in the northern and southgrn
o E ~ isky, respectively; vn and «g are the corresponding
s ] spectral indices. The fluxes are given in units of
I \ 10-18 GeV~1s—1sr—lecm—2.
10713 I I 1 1 p
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Full sky v from KRA, model + EG best fit

Gaggero, Grasso, Marinelli, Urbano, Valli,

VLVNTZ2015 arXiv:1604.05776
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lceCube, full

™

—sky analysis
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Astrophysical normalization

lceCube coll., PRL, vol.115, n.8, 2015
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1.6

Muon Best Fit ©
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—
o
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Power law index

IceCube best fit of nu(mu) from northern hemisphere (May 2010- May 2012) + full
sky KRAy prediction are enough to explain the full sky spectrum of HESE 3 years

<
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Gralactic plane expected v from KRA, model

A.Marinelli et al. ICRC2015

Il < 180° Ibl < 7.5° Il < 30° Ibl < 7.5°

107 107*
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L 10 KRQ’(Cut 5x107 GeV) Lt 10 KR:\’(CUL; 5:1 07 GeV)
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Comparison between neutrino spectrum produced with standard KRA model and
the new KRA; model from the whole galactic plane (on the left) and for the

inner galactic plane (on the right).
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looking ot diffuse galactic v with IceCube and ANTARES

Timothée Gregoire Neutrino 2016
"t PDF of signal - showers

n

102

PDF of signal - tracks E

Probability

1

Declination {rad)
Declination (rad)

ll]lllllll

e
n

o

!H.TII[IIIIIIIII]IITI]

e
n

0 1

2 3
Right Ascension (rad)

2 3
Right Ascension (rad)

Ongoing full sky analysis with muonic neutrinos,
for ANTARES:
e Timothee Gregoire

For IceCube:
e Jon Dumm (will present lather the results), Kai Michael
Krings, Christian Haack, Mike Richman (CASCADE + Tracks)

@ 12 MANTS Meeting 2016



E2d®/dE,d2 [GeVem 25 1sr!]

Gralactic plane expected v from KRA, model

R ———-
Neutrino Flux E, =1 TeV

IceCube, Galactic plane analysis

IR 1 LTy ! L 1 LT IrTag 1 T T TT1T1H
| ® IceCube GP-HESE(3yr) [contained in the ROI] ]

10-6L

10-5k

i KRA, (cut 5x107 GeV)
| KRA, (cut 5x107 GeV) + EG
10794 = == KRA, (cut 5x10° GeV)

F| —— KRA (cut 5x107 GeV)

Galactic

- KRA 10° GeV) 0 TS=2log(L/LO) 13.1
| === KRA (cut 5x10° GeV
= == EC (E-22 . . . .
10-10L= et 1')""“"0 el 2ol - Gaggero, Grasso, Marinelli, Urbano, Valli,
0770 ot 010t yLYNT2015 arXiv:1604.05776

E[TeV]

For the whole galactic plane with 8<7.5 half of astrophysical flux can be

explained with KRAy and the other half with EG best fit analysis. The IceCube
spectrum is obtained considering the contained events for this region
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Inner Gralactic plane exram:&ed v ad ANTARES avmi.jsis

ANTARES coll. Phys lett. B 2016.06.0511504.00227

E 0% [GeV cm? 7]

[I|<40° |b|<3°
10° e
Ef | = ANTARES, spectral index: 24 (v,x3) | ]
I iﬁﬁfﬂ Fermi—LAT dot ]
® ‘\ g}ﬁ v [ceCube 3 years sample|
10 = ‘\ N, E
107 £ E
10° F E
C KRA, (cut 5x107 GeV)
| mmmmm—- KRA' (cut 5x107 GeV) .
mimimimimmes Extrapolation from Fermi—LAT data
_g A
10 E 1111 lll 11 lllllll 11 lllllll 11 lllllll 11 lllllll M 1 1

102 10" 10° 10 102 10° 10*

E_ [TeV]

10"

Upper limit set by ANTARES

in the inner galactic plane with
data from 2007 to 2013 and
comparison with the KRA and

KRAy scenarios
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Inner Galactic plane expected v from KRA model

ICRC2015 Arxiv:1508.03681

ANTARES coll. Phys lett.
B2016.06.0511504.00227

] Illllll

I < 30° Ibl < 4°

[

III rrrrTm

IBCICILICILIEY ANTARES, spectral index: —2.4 (v, x 3)
KM3NeT, spectral index: =2.3 (v, +v +v,) |-

v lceCube (37 events) | ]

=+ ARCA 1 Year new

7
KRA, (cut 5x10° GeV)

| 6
_______ KRA, (cut 5x10° GeV)
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L KRA (cut 5x10° GeV)
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ll 1
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E, [TeV]

102

10°

10*

Southern hemisphere sky mask

-9.9 —3.9 Log (Flux)

The KRA (8 wuniform) and KRA, (8 variable)

produced v spectra of the inner galactic plane

compared to:

e ANTARES upper limits obtained with v track
events reconstructed in 1500 days of
experiment live time.

e IceCube spectrum with 3 v shower like events
of HESE 3 vyears.

o KM3NeT/ARCA sensitivity for this region
considering 1500 days and 1 year (latest
sensitivity studies in the Rosa Coniglione talk)
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E,? d®/dE,dQ [GeV cm™?s™'sr™']

Use the inner Galactic plane upper Limits verify the EG

Gaggero, Grasso, Marinelli, Urbano, Valli, VLVNT2015 arXiv:1604.05776
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The KRA, spectrum + extragalactic spectrum (obtained from the muon neutrino analysis of

the Northern hemisphere) can account for the IceCube full sky measured spectrum and is
still consistent, in the ridge region, with the Antares measured upper limits.
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More detailed: Gralactic ridge from HESS 2006

Diffuse gamma-ray emission
measured by HESS
collaboration after the
subtraction of point-like
components:

-0.8°< [l < 0.8° & |b| < 0.3°
['=2.29 £+ 0.07 stat £ 0.20 sys

sea ST with a significance of 14.6 ¢

—e— GC Region

- Diffuse Model

The diffuse component
expectation considering a CR spectral
behavior similar to that one measured on
earth seems far to the diffuse measured
spectrum.

----- - 8gr B Region

S — HESS J1745-290

dN/dE (TeV' cm2 s sr)
>
|

- HESS Coll. Nature 2006
10- E_ 1 L 1 1 11 Il

1 En?a(r)gy (TeV)
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d®/dE,/dQ [TeVtem s tsr ]

KRA, expectation for the HESS ridge 2006
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107°E
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Comparlson Wlth Fermi PASS7 HESS 2006
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........ KRA, [brems|
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N —— KRA [total]
1
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Comparlson w1th Fermi PaSSS HESS 2006

E i
(4] HESS 2006

— KRA Fermer(’ [total] i
—— KRA, Ferriere [n]
=== KRA, [IC]

........ KRA, [brems]

—— KRA [total]
ol 1 1 L1111 1

‘Connecting the Fermi PASS7 and Fermi PASS8 spectra with the HESS
'measurement of diffuse emission we can see that the emission from 100
"[Gev to 10 TeV is mostly dominated by the diffuse gamma-ray sea!

|

10!
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Neubrino expectation for the HESS ridge 2006

. Ridge HESS 2006 analysis
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In addition fo the diffuse KRA-gamma
flux we can have additional hadronic

components that cannot be disentangled by ;GO.9+01 SNR possible v emission

ANTARES, IceCube or KM3NeT, however
the only way to see something!

<

19

ANTARES & IceCube coll. APJ 05/2016

108

— IceCube, Sensitivity (90% C.L.)
--+ lceCube, E, < 100 TeV Sensitivity (90% C.L.)
- - lceCube, E, < 1 PeV Sensitivity (90% C.L.)
10'9 R S * IceCube Upper Limits (90% C.L.)
: -+ ANTARES, Sensitivity (90% C.L.)
1w ANTARES, E, < 100 TeV Sensitivity (90% C.L.)
+++ ANTARES, Upper Limits (90% C.L.)

E2 dN/dE [TeVcm 2s7!]

sin(s)

Neutrino Flux E, = 1 TeV

|HESS 1745-290 v emission ?
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Very detailed: Central “Pac-man” from HESS 2016

+00.c SR d0i:10.1038/nature17147
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g
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10710
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I~ —— Model (best fit): diffuse emission
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Best Fit spectrum for the “pac-man” region:

®0=1.92 + 0.08 stat + 0.28 sys 10"-12 TeV"-1 cm”

['= 2.32 £ 0.05 stat + 0.11 sys

Best Fit spectrum for Sagittarius A*:

D0 =2.55 + 0.04 stat + 0.37 sys 107-12 TeV"-1 cm”

['= 2.14 + 0.02 stat + 0.10 sys
Ecut=10.7 + 2.0 stat + 2.1 sys TeV

20

New observations
of a diffuse
gamma-ray

spectrum possibly

produced by a
Pevatron source

1.4 x 107-4 sr

-2s°-1

-2s°-1
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“Pacman” gamma-ray Fro&t@. with KRA model

. Comparlson Wlth Fermi Pass8 HESS 2016 = : R ——
107 - T T TTTT TTTT T =] W‘ M . 3
o s 00 ] e mad | The d|FFuse\ sea is fjomman’r
X 0 i e M \ ’ .
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oL - == KRA, [IC] | i —
E -------- KRA, [brems] E

‘Not necessarily a relation of

i i i | the measured spectrum in the
Z o “Pacman" with the Sagittarius
5 A* ( HESS J1745-290)!
g 1077 -
= No’r needed a s’rrong absorp’rlon

! | from the central region to

E 1 |explained the disconnected
mig2 - ...fﬁﬁl .....”$;‘7~..|_i;fR§mwm ‘specfra!
E[TeV]

T - = — — - S - et e
' The Pevatron can be somewhere else, everywhere in the central |
'molecular cloud a blob of gas can have a similar spectrum without a

[cufoFF"

|
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Cosmic-ray density profile for the “Pacman region”

_ 9 HESS profile
A 10 l l P l l
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2 20_\ \ doi:10.1038/naturel17147 i
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Rate of injection You can see from this plot that the

: 3 {; ) plateaux is reached after 100 pc where
wer(E, 7, t) = 4W§(E)r erfC("’(’"diff) the KRA, CR density profile intercept
' the asymptotic behavior of 1/r"2

Diffusion Coefficient Radius
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looking at Fc;ssi,bte. nu signature from the “pac-man”

IceCube coll. ICRC 2015

'3 events of HESE 4 years |
| compatible the “"Pacman” position, h
No one contained inside the
"Pacman”, However low angular
resolution due to the Shower-
0 TS=2log(L/L0) 13.1 event types!

Galactic
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Neutrino events from the pac-man expected in IceCube
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Ecpected neubrinos from the “Pacman” with KRA model

Neutrino Flux E, =1 TeV

PacMan analysis
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Sensitivity studies will be presented
lather by Rosa Coniglione
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SUMMARY

® The galactic diffuse emission has been observed with gamma-ray up to
several thens of TeV, after modeling in a good way the CR transport and
interaction with dust we obtain the expected neutrino counterpart (KRAy)

e We should understand the best region where focusing our analysis on
galactic diffuse emission and eventually combine IceCube, ANTARES data
and KM3NeT/ARCA phase 1.0

e For the full sky likelihood analysis we probably need more data

® The HESS ridge 2006 and the “"Pacman” 2016 are not really preferential
regions of the sky, only if we connect DF+PS emission became interesting

® The ridge I[<30° and |bl<4° seems a more exciting region

e All the molecular clouds inside the central molecular ring (extended
enough) can be in principle good candidates: Spectrum extend up to

hundred of TeVs without cutoffs for neutrinos
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Gralactic gamma-ray profile with KRA, model
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with KRAy; (scenario with a

4l 1 variable diffusion coefficient)
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-1 1] Milagro profile respect to the
KRA (standard scenario).
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