.' "'_‘

- - ) A \ ‘ P
) ~ - ) v Yol -" '
- “ . . . R .\J "'A" o] ”
. \ \ . ¢ 4‘, Ll
. »
. 45 4

ff)m

The |v1|v| hlghe gy ;e,m, SI0M
~ the Galactic: Pk A d:‘mn c\E
Neutr|n03- an os T S 3

= & Glulla Pagllaroll .
INF‘boratorl I\ '2|Qnall del Gran Sasso e

glulla pa,gl‘ Ings mfn |t

Ll

LATHUILE 2026: LesRenccmtresie PhyS|que de I\a!alleeg:%?te' AR % o o PR ',
. . ¥ ) %

’.
~
NS



SUMMARY
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The HighEnergy DiffuseEmission

The HighEnergyneutrinosobservation

The last gammaay observations

Therole of unresolvedsources

Conclusion

G. Pagliaroli 2



Radib (408 Miz) ~’-,"~

Radiolﬁflecm)nﬁfﬁ"?: :*k*"“rs . <
. TR !
Infrared (12+60 - 100 um)" " e —————— :

Optical (0.4 - 0.6 um)

g on
X rays (0.25, 0.75,1.5keV) o oY,

A\‘

Gamma rays '(> 1 GeV) ; it ”‘.*' o ""W.s KR .

&
- = .0 c‘
\ [ r P B - AR I
U = . iy, R SR d o e ol
s~ T N7 1
210 2O 13 9

U ¥
. ! |
\_/—")__,I — & Yy, ! i’—-—fv\_,l—./. . I
’ r~“~v‘o'Q * .t.;‘ s T “ R - > >
<2t TN N S L “'n:(
40 3 DU =10 219



Total Galactic emission at TeV-PeV:

wi

Source componerisdue to the interaction of
acceleratedparticles(hadronsor leptong with the
ambient medium (ISM or CMBjjthin or close to an
acceleratiorsite GuchasPWNe SNRE

%00 f;

Diffuse componenisdue to the interaction oCRs
with the ISM

%oﬁ %oﬁ %oﬁ

HadronicSource componerisdue to the interaction of
acceleratechadronswith the ambient medium (ISM or CMB)
within or close to araccelerationsite GuchasSNR}s

LA THUILE 2026 G. Pagliaroli



THE PROTONPROTON PRODUCTION PROCESS @HFFUSE EMISSION

Correlatedemissionof
| i o HE Neutrinosand
& protons / Gamma

A Spatialcorrelationwith
theinterstellargas

A Energycorrelationdue

—  thekinematicof the

Process
N 0
> 0 O Q —_—
, pTI
0 O e —
O e-0

LA THUILE 2026 G. Pagliaroli



Latitude [b]

The Higkenergy Neutrindsalacticemission

R e —— 4
w-*' Galactic Coord. Y
- c
ke P © r—
0° A /] 222
.............. N £
‘E-—" ———————— ~ 9
15° . . oY
180° 120° -120° -180°
_ _ Galactic Longitude [/]
Abbasj R, et al2023 Science380, 1338 KRAS Model —— KRAS Bast.Fit v Flux
---- KRAZ Modal —— KRAS BastFit v Flux
===« qf Modal — n? Bast-Fit v Flux

IceCubabtaineda 4.5 evidencefor Galacticdiffuse

emission

ThelceCubeDetectionisbasedon specific
Templates for the diffusemission

KRA templates?

Whatare theingredientsinsidethese ,or

LA THUILE 2026

G. Pagliaroli
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Large-scale HE Diffuse Galactic emission:

Gammaray absorptionon CMB
Vernetto & Lipari, 2016

¢ (E,,1,b) = / dE,

Differentialinelasticcrosssection

of pp interaction
AAFrag Kachelriess etal., 2023

/

Interstellar gaglistributionin the
Galaxy

/ dan(s,l,b)ﬁ)cR(Ems,l,b)e
0

Cosmieray energy and
spatialdistribution

E,. E,)
d% (B, 1,b) = Z/ dE,, dou / dsing (s, 1,b)®cr(Eny,s,l,b)

LA THUILE 2026
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The role of Cosmic Ray distribution:

MODELS Providing TEMPLATES

De La TorreLuqueet al. Astron.Astrophys672 (2023 A58,
Dundovicet al. ,Astron.Astrophys653(2021) A18
D. Gaggero et alAstrophys J. Lett.815, L.25 (20159

e ..etc

Lipari et al.,Phys.Re\D 98 (2018 4, 043003
Pagliaroli et al, JCAP2016), Pagliaroli et al, JCAFP2018

HE gammaay MEASUREMENTS
HESSL-100TeV
MILAGRO10-50TeV

ARGO0.32 TeV Q

HAWC 0.4-100TeV (AN
o2

TIBETL100-600 TeV <k

LHAASO10-1000TeV

Q)CR(E‘H: S,l,b) = q)gR(Eﬂ)

Standard Case verysimilarto the |

®or(E,,s,l,b) = (I)gR(En)h(En, s,1,b)

HardeningCase

Verysimilarto the KRA

G. Pagliaroli



Cosmieray energyspectra@2025

The gammaay (neutrino)flux at O

with O PTT Y Q (0 )

10%;

15 .
R R
E - **Jll‘:ﬁlq\
St
ETE [ ™a
o 1073 'h;;"vwv- aa
] . (1)
é ] !"‘\{\* j?
LN "~ N
3 i
[}
(@) —— Modeled proton flux ¢ LHAASO (EPOS-LHC) i
: 102 1 =---- Alternative proton flux LHAASO (QGSJet-11-04)
Ly 1 ®& PAMELA ¢ IceTop (Sibyll 2.1)
. AMS02 § GRAPES-3 (QGS)et-11-04)
2 DAMPE ¢ KASCADE (QGSJet-01)
Wy 7 4 CALET % KASCADE (Sibyll 2.1)
CREAM KASCADE (QGSJet-11-2)
} ATIC
101 IIIIl2 T l]llllll3l IIIIIHI4I IIIIIIII51 T IIIIIII6I
10 10 10 10 10
E [GeV]

LA THUILE 2026

pYQ®

p1t TIYQ)ds determinedby CRs

Clear tension between IceTop
and KASCADE data -set

Aartsenet al.,2019(IceTop,
Antoni et al. 2005(KASCADE),
Finger,2011(KASCADE)

May 2025

LHAASQ®oll, Sci.Bull70(2025)41734180
LHAASQO data align IceTop

G. Pagliaroli



E2>¢(E) [GeVI> (m? s sr)~1]

Thecontribution of heavyelements

A_HAASO proton data align with IceTop and dominate the systematic around the «knee».

Arhe relevant flux for the diffuse is in energy per nucleon, for which proton component is dominant .
Arhe contribution from Helium is 14% of the proton one.

Arhe uncertainty due to heavy elements is around 5% at 1 PeV

Flux of cosmic ray protons as measured on Earth

104,
: 1_? — =iz PFOLON Heavy elements
ﬁ" o -li | p———W 2
Tagh ik - Helium Total
*‘%1}#*_1 I %
* ;*--.-L . )
103; [ \;_.-.,_Wz, stag, E
o
w
=,
1024 — Best fit (x2/ngor = 0.15) } ATIC L-L_Jf
1 % PAMELA ¢ LHAASO (EPOS-LHC) &
AMS02 LHAASO (QGSJet-11-04) S
DAMPE § IceTop (Sibyll 2.1) T.'u
¥ CALET § GRAPES-3 (QGSet-11-04) i
101 chEA 104 105 108 107  10°®
102 103 104 10° 10° 107 108 En [GeV]
E [GeV]

LHAASQ@oll, Sci.Bull70(2025)41734180 G. Pagliaroli 10



E2>¢(E) [GeVI> (m? s sr)~1]

Thecontribution of heavyelements

A_HAASO proton data align with IceTop and dominate the systematic around the «knee».

Arhe relevant flux for the diffuse is in energy per nucleon, for which proton component is dominant .
Arhe contribution from Helium is 14% of the proton one.

Arhe uncertainty due to heavy elements is around 5% at 1 PeV

Flux of cosmic ray protons as

¢~

ATIC
LHAAS
LHAAS

# Takehome message

Difftuse gammaays

IceTop
GRAPE

—= Proton Heavy elements
— Helium Total

104:
ﬁ'ﬂ?gl -li
i
B b1 |
_"'-..-L ’
103E l
1024 — Best fit (y2/ngor = 0.15) i
1 & PAMELA H
AMS02
DAMPE ¢
J  CALET }
CREAM
101+

A e VTR 'R

E [GeV]

andneutrinosprobe
the proton flux at the
knee
S-3 (QGéJét—ll—Oél) \ - 4
104 105 108 107 108
108 107 108 En [GeV]

G. Pagliaroli
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DiffuseGalactidHE gammaay from TIBEAS:

vfi & ¢ mhRdg O

| ATibet
] A Casa Mia v v
-
:

eeeeeeeeeeeeeeeeeee

Phys.Rev.Letl26(2

Pagliaroli 12
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DiffuseGalactidHE gammaiay models vs data:

¢cb a pma v

008G i i

g QU
Q0

A Tibet Phys.Rev.Let1 26 (2021)14,141101

| AArgo +

vfi & c g O

ATibet

| ACasa Mia > v

EEEEEE [TeV]

AStandard CaseThickline)

The Spectrum of the dRuniform inside
the Galaxy andorresponddo the one
we measureat the Earth

AHardeningCase Dashedine)

The Spectrum of Céhangesnside the
Galaxy andbecomedharder toward the
iInner Galaxy
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Q0

DiffuseGalactidHE gammaiay models vs data:

¢ch a pmhad U vfi & c g O
ATibet Phys.Rev.Let126(2021) 14, 141101 ATibet
- A Argo d A Casa Mia

eeeeeeeeeeeeeeeeee

AStandard CaseThu:klme) AHardenlngCase IDashedllne)

The Spectrum of the GRuniforminside | | The Spectrum of Céhangesnside the
the Galaxy angorresponddgo the one Galaxy andbecomedharder toward the
we measureat the Earth inner Galaxy 14




GalactidHigh-Energy

Source componerincludesthe
contribution of all the Galactic
hadronicgammaray sourcedoth

resolved and Uinresolvedby gamma

ray’ detectors

Sourcegatalogs

A 4
SourcedPopulationstudybased
on HGP$atalogof H.E.S.S.

Galactic y (kpc)

Pagliaroliet al.,Universed (2023 9, 381
Cataldo et al.Astrophys.J904 (2020 2, 85
Steppaet al.,Astron.Astrophy$43 (2020 A137

The Totalflux contribution due to

-8

-10

unresolvedsourcesis not negligible

Gamma Sources

|
> ‘& W

ll 4

4

/

1006

7
.

+4-o
S
¢ PWN un
% Composite Mhess J0632+057
¢ SNR Crab”
¥ Binary 1033 erg/s horizon
-8 -6 —4 -2 0 2 4 6 8

G. Pagliaroli

Galactic x (kpc)




We addthe contribution of unresolvedsources to thdruly diffuse
emissionwithout the hypothesisof CRspectralhardening

Vecchiotti et alAstrophys.)28(2022 1, 19

cb a pmhid UHo VLTTIYQw ULft « CHZHJJUZFO L TTTVQ G

A Tibet
.., ACasaMia .o~ Jr

E27 gNrde[Gev! Tem2s™
o

1.x1075
0.1
Energy[TeV]

Standard case +

LA THUILE 2026 UnresolvedPWNesources 16



We addthe contribution of unresolvedsources to thdruly diffuse
emissionwithout the hypothesisof CRspectralhardening

Vecchiotti et alAstrophys.)28(2022 1, 19

cb a pmhid UHo LIWQG Lft & ¢TmHA UVHO L TYQG

228
~
N
N
N
Y
N
s
N
\
3
v
\
-— \
~ \
~S v
e X
. \
. s
. 5
N \
N \
N s
. \
\
v
v

ST~ zuv

A Tibet # Takehome message
ACasaMia .-

Unresolvedyammaray
sourcescontributeto
the diffuseemission

Unresolvedsources reduce thaeeed
for CRhardening

LA THUILE 2026 UnresolvedPWNesources 17



The Higkenergy Neutrindsalacticmission

Allflavor, © & o ¢*fla] U

_6 |
107 4C —— KRAS Best-Fit Flux 1= Prediction of diffuse Galactic v flux (55)
] . IceCube all-sky v flux (22
—— KRAS? Best-Fit Flux y (22)

Theobserved
neutrino signalcan
beinterpretedas

110 Best-Fit Flux

10_73

1078 5

2 dN -1 -2 -1
Eud—a,[GEVS cm™< sr—-]

109 . e . — N
104 10° 10°
E, [GeV]

Puv.tot Pv.S —+ Puv.dif f | Thetwo diffuse models

Allthe hadronic consideredabove
: Standard Case
Galacticsource

HardeningCase
G. Pagliaroli 18




lceCubessHardeningCase

v ttiet al. |
ecchiottiet al. Astrophys J. Lett956 (20232, 144 Ib| < 5°, 0° < | < 360°

Aln the scenario with a CR
spectral hardening there ~_ 1.x10°
IS not space for the T 5.x 107~
contribution of hadronic 7, ’

Excluded by y -rays

sources 1 ' 107
;)5.><1o-8

We expectPeVatronsn 3

our Galaxy and the N§1 10t .

hardeningcaseneedsof W 5:x . HardeningCase

hadronicsources to - — IceCube

existd 1 %109 e e Qo |
10 10 10 10

* e v ,hO . E,[GeV]

G.Pagliaroli 19



lceCubessHardeningCase

Vecchiottiet al. Astrophys J. Lett956 (20232, 144 bl < 5° 0° < | < 360°

Aln the scenario with a CR
_spectral hardening there 1.x10‘6\ Excluded by y -rays
isnotspace forthe | # Tagkehome message
contribution of hadronic

sources

~ |HardeningO I & S
We expectPeVatronsn :
our Galaxy and the no room forhadronic

hardeningcaseneedsof ||SOUICES
hadronicsources to ~
existd

TO S ST AT

1.x107°

1000 10°

.+ FO . E,[GeV]

G. Pagliaroli 20



lceCubersStandard Case

bl < 5°, 0° < | < 360°
AlIn the standard case the

maximally allowed ! 1.x107%|_~ Excluded by y -rays
fractionis, 1& 1O F5_x10_7;;5...:;;..,.“

L T TVQ Af we L
requirethat Galactic o

sourcesshouldbe ableto §1.x10” K
accelerateparticlesup to >5><10 |

the CR knee» then the %
fractionreducesto S, «qo-8| — Standard Case
DTR Tt m | —Total B, £ =0.40, Eq = 500 TeV \\
’ 5.x10°1 _ Total B, € = 0.18, Eqy = 10 PeV

— lceCube

110000 10 10° 10° 107
E, [GeV]
Vecchiottiet al. Astrophys J. Lett956 (20232, 144
G. Pagliaroli 21
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lceCubersStandard Case

Ib] < 5° 0° < < 360°

Aln the standard case the ,
maximally allowed 1 x10°]
fractionis, 18 MO T _ 7l

L TWQdAfwe # Takehome message
requirethat Galactic
sourcesshouldbe ableto

accelerateparticlesup to Nt 5. > ",
the CR knee» thenthe { U | )/RI NR G

Excluded by y -rays

fraction reducesto , 20% of gammaay
DT 7T sources arédadronic

— TceCube

_9 . ‘ ‘ ‘ ‘ ‘ ‘ . L ‘ y ",' ‘
110000 104 105 106 107
E, [GeV]
Vecchiottiet al. Astrophys J. Lett. 956 (2023)2, L44
G. Pagliaroli 22
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LHAASO HE gamma diffes@ission

Cao et al., 2025 (LHAASO),

arXiv 2411.16021 November2024
10_9:I|| I I UL I I IIIIII| I I lIIIIII : 10_9:II| 1 1 IIIIII[ I I lIIIIIl I I IIIIIII :
- 15°<I<125°, [b|<5° - - 125°<1<235°, |b|<5° -
- ) ; -=- LHAASO I - i -=- LHAASO 1
il T ____i. | - i |
K - + 1..], ---------- SBPL fit . K7 - e SBPL fit 1
E | §4 E | _
:m +~~..+. x2.7 l:m + + .....
% 167 |- + ] % [ R = + + —
=, L + ] = N ”+ x1.5 3
x [ + i x . + i
r [ S N I + ot ]
10—11 Ill | | | llllll | | | lIllII | | | IIIIII 10—-11 ll| | | | IIIIlI | | | IIlIll 1 | L. 111 [I
1 10 10° 10° 1 10 102 10°
E [TeV] E [TeV]

LHAASQIlaimedan excesf diffuse gammaay over theexpectedsignal(gray band)
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LHAASO gamma vs LHAASO protons

Espinosa Castret al. Mon.Not.Roy.Astron.Soc20 (2025 L26

A Excess in LHAASO A Planck column density template 20 % lower

observations found only in the in inner region and 40% lower in lateral region.
inner region at low energies.

_|bl<5° and 15° </<125° |Ib|<5° and 125° </<235°

i \\\\
‘ i \{h
10— 6 1 \\\\

E2>¢,(E) [GeV!> (cm? s sr)71]
E2>¢,(E) [GeV!> (cm? s sr)71]

R
Lo-s| = This work (GALPROP) N : This work (GALPROP)
This work (Planck) i This work (Planck)
¢ LHAASO }  LHAASO
102 104 105 106 102  10* 105 10¢
E, [GeV] E, [GeV]
G. Pagliaroli 24
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LHAASO gamma vs LHAASO protons

Espinosa Castret al. Mon.Not.Roy.Astron.Soc20 (2025 L26

A Excess in LHAASO A Planck column density template 20 % lower

observations found only in the in inner region and 40% lower in lateral region.
inner region at low energies.

_|bl<5° and 15° </<125° |Ib|<5° and 125° </<235°

— EL_ S ZI:Z'T_"""-----

Ref: Heet al. Astrophys.J991 (2025 1, 4.

He et al Astrophys.J980 (2025 1, 17.

Vecchiotti et al., JCAID (2025 041

Kaciet al.,Astrophys.J975(2024) 1, L6
Menchiariet al., Astron.Astrophys695 (2025 A175
Ambrosone et alAstron.Astrophys698 (2025 L18

m== This work (GALPROP) W etc.

This work (Planck) n I his work (Planck) .
¢ LHAASO W ¢ LHAASO ‘

E2>¢,(E) [GeV!> (cm? s sr)71]

10>  10* 105 10 102 104 108 T 108
E, [GeV] E, [GeV]
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LHAASO gamma vs LHAASO protons

Espinosa Castret al. Mon.Not.Roy.Astron.Soc20 (2025 L26

A Excess in LHAASO A Planck column density template 20 % lower

observations found only in the in inner region and 40% lower in lateral region.
inner region at low energies.

|bl<5° and 15° </<125° |b|] <5° and 125° </<235°

| mmm This work (GALPROP)
| This work (Planck)
}  LHAASO

I This work (GALPROP)
] This work (Planck)
}  LHAASO

E2>¢,(E) [GeV!> (cm? s sr)71]

TR TS e 1o o
E, [GeV] E, [GeV]
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CONCLUSION

ADiffuse o /aBoveTeV energy probe CRttheknee
AUnresolvedsources araot negligible
ANeutrinosconstrainhadronicfraction of Galacticsources

ALHAASO challengesonventionakcenarios
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CONCLUSION

AThe diffuse gammaay and neutrine@missioraboveTeV energy
dependn the CRdistributionandspectrumnside thewvhole Galaxy

AWe havehintsthatunresolvedsources areontributingto the
measureaignalsat the highestenergy

AThe Neutrinccounterparbf the Galacticemissioncan helpusto
constrainthefraction of hadronicGalacticsources

ALHAASO data show ersistenmismatch inbothnormalizationand
spectrakhapechallengingconventionakcenarios
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Take-home
message:
Disagreement
In normalisation
and spectral
shape.
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¢ Planck
103 10% 10° 106
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Unresolved

A «Contributionfrom unresolvedslobularClustersiegligible«
S O u rceS Heet al. Astrophys.J991(2029 1, 4
A «Contributionof unresolvedsourcesusingnonparametric
methodto derive the sourceountdistributionfrom the

publishedfirst LHAASO sour@atalog isnot enoughin the

innerregionof Lhaase, He et al.
APULSAR WIND NEBOULAEAstrophys.J980(2025 1, 17

and TeV Halo A «Unresolvegulsarscontributionislessthan 21%+6%
abovel00TeV in thanner Lhaasaegion», Kaciet al.,
ASTAR CLUSTERS Astrophys.J975(2024) 1, L6
A MICROQUASARS A «Young massive stellar cluste¥&MSCs» Menchiariet al.,
ACOCOONS Astron.Astrophys695 (2025 A175

A «Cocoonsontribution» from Ambrosone et al.,

The agreemenamongtheoreticalpredictionsand TIBET data can beproved!



b [deg]

b [deg]

TheGalactiggas templates

+4 206 ofcontribution of heavierelements

25 50 75 100 125 150 175

25 50 75 100 125 150
| [deg]

175

GALPROP

200

Planck

200

G. Pagliaroli

225

225

A Atomichydrogentraced
23.0 by the 2Xcmemission
line, H tracedby CO

emissionline.
22.5

0 Porter et al.2022(GALPROP),
o BenBekhtet al.,2016(HUPI),
= Dame et al.2001(CO Survey)
22.0 ©
g A Hydrogengascolumn
density tracedby dust
215 opacitymap (Planck).

Aghanimet al.,2016
21.0 Ade et al.2011
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GALACTIC GAS TEMPLATES

+42 % contribution of heavier elements

TAKE INTO ACCOUN" Ferere. 2001 * Atomic hydrogen raced
THE LHAASO ( 0. e L, trood by GO
MASK

emission line.

Unresolved Sources are
| distributed on the plane
and their contribution is
nearly destroied by the
mask in the inner Lhaaso

b [deg]

Porter et al., 2022 (GALPROP),
BenBekhti et al., 2016 (HI4PI),
Dame et al., 2001 (CO Survey)

® Hydrogen gas column
density Ny traced by dust
opacity map (Planck).

Aghanim et al., 2016,

Not uniform CR Ade et al., 2011

distribution can provide
only few % ofincreasein

the inner Lhaasoregion
due to the mask éxternal
regioncan bedecreased of
10%)

epresenceof an
hardeningof CRspectrum
toward the GCis also
negligiblein the inner
Lhaasoregiondue to the
mask

G. Pagliaroli 35



Avecchiotti et al. JCAI (2025)041

x 1079,

«10710

<10719}

<1071

<1071

15 <1<125,|b| <5

| x 1079,
Cross section | | I
5 CR spectrum | - <1070
_ i —— m Gas template
E Punr

---------------------- +____ =y ----- @diff +*Punr
- <1010
L < 10—11 I

! \ ; I <1 0—1 1
10 50 100 500 1000

E[TeV]

G. Pagliaroli

125 <1<235,|b| <5

Cross section | -

| CR spectrum | -

o Gas template

| Punr
""" @aiff + Punr

500 1000
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MOTIVATION: LHAASO COSMIC RAY KNEE

e LHAASO connecting low- ( < 100

TeV) and high-energy ( > 1 PeV)
proton measurements.

R~ 10TV

May 2025

[~ Proton Spectrum

— ——e—— LHAASO (This Work)

—pe  DAMPE (2019)
ISS-CREAM (2022)
CALET (2022)
NUCLEON (2018)

Cao et al., 2025 (LHAASO)
arXiv: 2505.14447

©0000000000,

ﬁ.’-\
>
() GRAPES-3, QGSJETII-04 (2023) ®s
n— ICETOP, SIBYLL 2.1 (2019) (O] ®
x5 B KASCADE, QGSJETO01 (2005) ®
» KASCADE, SIBYLL.1 (2005) ®s o
o Spectral breaks at R ~ 300 GV, = = SRR
<-“E1o-5_— L a0 .
- 1 o ® 4 : |
And R ~ 10? TV (GRAPES-3). o F.emtl? -
¢ P! | .
Lipari & Vernetto, 2019, L 7
Varsi et al., 2024 (GRAPES-3) L B !
g i
©
. Discrepancy Of prOtOn ﬂux | P lll L L L 11 lll 1 1 L1 11 lll 1 1 L1 1 lll 1
measurements between <D o}
) 10 10 1 10
ground-based experiments. aartsen et al., 2019 (IceTop), E (PeV)

Antoni et al., 2005 (KASCADE),
Finger, 2011 (KASCADE)

G. Pagliaroli
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KASKADE new dasat nearlyalignsXFinallyONE singl@roton flux!

Discrepancy in proton flux at high-energies could be alleviated, but the discrepancy with diffuse

gamma-rays would be persistent.

T

o $ i

5 10%: !333“,“”1” i

o~ : t t ¢ t i R

£ ! KR

= $. 0|

S 3

5 )

= ¥ LHAASO (EPOS-LHC) Ll

5"_5_ ¥  LHAASO (QGSJet-1-04) |

R 102- IceTop (Sibyll 2.1) 4

W 1 } GRAPES-3 (QGSjet-1-04) “ J'T
¥ KASCADE (QGSJet-II-2) '}

105 10 107 S 108
E [GeV]

Recent re-analysis of KASCADE
cosmic ray data by Kuznetsov et al.
suggest a higher flux of protons at
PeV energies.

This proton flux measurement
shows better agreement at high-
energies with LHAASO and IceTop,
but imply even higher proton and
gamma-ray fluxes.

Kuznetsov et al., 2024

Slide from Luis

G. Pagliaroli
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E23¢(E) [GeV1> (m? s sr)~1]

104

103

1021

10t

Proton and helium spectra modelled as _a, i Vo]~ @i =) o;
collection of four spectral breaks in - E
1()2 ¢(E) = — IEZ |1+ | —
energy range GeV to PeV. A i= E,.
Ter-Antonyan & Haroyan, 2000 i ’ 1
Lipari & Vernetto, 2019
10%;
Py Proton — ] Helium
bt T T
b h ey %ﬁl‘\l\ E b } ?T f‘-g"ifé‘i ;—{‘%—L—i‘!'x-\t i
[ ™~ “ 1034 TN
"'"VVJ ~ 10 E
Ty s X 3 T“ é ]
it 0
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Relevant flux is in energy per nucleon, for which proton component is dominant

dr(E,) = ) A’ $4(AE,)
A

E22¢cr(E) [GeVI> (m? s sr)71]

¢CR,®(En) = ¢p(En) + (1 + k) ¢He, CR(En) Wlth k ==

—— Proton flux Tunka (QGSJet-01)

—— Helium flux ¢ KASCADE (QGS)et-01)

------- All-particle flux (C scenario) KASCADE-Grande (QGSJet-II-2)

---- All-particle flux (Fe scenario) ¢ IceTop (Sibyll 2.1)
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E?>¢,(E) [GeV!> (cm? s sr)71]

® Tension with LHAASO y-ray observations would increase for other parameterisations.

COMPARISON OF CROSS-SECTION MODELS

® AAFrag cross-section gives the smaller (and softer) y-ray predictions.
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RATIO OF DIFFUSE GAMMA-RAYS IN LHAASO SKY REGIONS

Approximately energy independent ratio,
determined by number of targets and
cosmic ray density distribution.
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gamA®y emission

GALACTIC PLANE
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Large Scale Diffusemission S | Sources °
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Neutrino templates

FermiLATPIO model = thespatialdistributionis providedby

the gas and CR ameniform, thespectralindexif fixedto 2.7 : KRAS Model —— KRAS Bast-Fit v Flux
' KRAS Modal —— KRAS BastFit v Flux
I «+« x? Model — " Bast-Fit v Flux

lceCubsa All-Sky v Flux (22)

KRAgamma= propagationmodelwherethe slopeof the

diffusioncoefficientisafunctionof R the CRspectrums harder ol

towardthe galacticcenter _5

2-E ) ) . #-‘—'_- %

24? e —— ——‘——__.-"-'—-:--:_ _____ g

- <4

s 2.6 > o

2.5 e

_—-""J-
2.4 : : .
0 2 4 6 B8 10 12 14
R [kpc] i _
10° 10 108 106
E, [GeV]

G. Pagliaroli 45



E; & [GeV st cm™?]

Comparisonf differentmodels for the neutrino diffuse

emission

All-sky perflavor
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E? ¢,[GeV cm™2s7'sr]
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Firsthint of neutrino emission from the Galactic ridggg(, evidence)

Albert, A., et al2023 Phys Lett. B841, 137951
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|b| = 2

Li—"" -

— HAW: 431273
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E27do,/dE, [GeV!7 s71sr™1 cm™2?]

Differenttemplates
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Diffuse Galactic] and’ emiSSIon: AvbasietalPhysRev be020
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A The anglentegrated’ -rayfluxin the standard scenariis: I3 (x8t U8y
pTt af | 'O ,andincreasef afactorD p& in the hardeningcase.
A In thegibn |@ fIPA  |c*|, this factor becomesD ¢(D o) for[ ( )respectively
A The angléntegratedneutrinoflux is 3.9 %- 4.4 % 6.8 %- 8.2%) of theisotropicflux observedoy
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