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Gamma~rag Astronomg

Space + Ground
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Highlight talks and many other contribution
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on Past/ current/future facilities. ..
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VI LIHE Gamma-ray Astronomy

from “sources-based” to classes of sources
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VI LIHE Gamma-ray Astronomy

from “sources-based” to classes of sources

L0 cleeper in\/estigations fundamental questions

L “Prototgpes” are not rePresentative

S From “experiment” tﬂPC clata management to observatorg

open to whole communitg
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Pulsars
o Inthe “CGRO era”

CRAB PSR B1509-68 VELA PSR B1706-44 PSR B19514+32 GEMINGA PSR B1055-52
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| Pulsars: huge progress in observations. ..

| Third Fermi y-ray pulsar catalog Third Fermi y-ray pulsar catalog
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Intra-binary Shock
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o “Spiders” (MSP clevouring coml:)anion stars) as
]

unfque multiwavelength laboratories

o Detailed models of sgnchro«urvature radiation =

Pulse Proﬁles and sPectra
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Intra-binary Shock
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Pulsars

< Reasonablg well established location of Par‘cicle acceleration and HE

emission but origin of HE /VHE emission still open
Parallel E field 7

Reconnection ?

o Isthere a cut-off in the VHE spectra ? At which E7?
(PL fits are OK up to NOW)

On|9 in Vela evidence for a Completelg diHferent sl:)ectral component
(but Peak Phase s the same of HE P2)
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s SED Peaks at GeV/TeV In on|9 9 systems

Gammawag binaries

(ctr hundreds of X-~ray binaries with SED Peak at keV)

Non-accret ng, !

Binary system
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N e 2 KXY

- Gamma-ray binaries
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microQS0Os

Stellar mass B accreting from

comPanion stars

Relatvistic jets

$

"ACTUAL DATA |

. BLUE: RADIO EMISSIDN FROM NEBULA
- WHITE: OUTLINE OF JETS IN X- RAY .
: ,'RED/YELLOW H.E.S.S. DATA '

Compact object
of center

U“rd'-":Ul{'t (l”d A((“;.hon (ﬂ.n‘.'t
optical emission

Cygnus X-l'{ é .
Cygnus X-3

H.E.S.S. COLLABORATION 3cxanéz.3éé 6681, 2024 (LON LEADING AUTHOR) . -

55 433 1N W§O racllo nebula
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f WD binaries (Novae) |
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\\gﬁg
» Several Novae detected bg Fermi/LAT o -
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Massive Star Clusters

. (¢ b))
L. s An old idea... “SNOBs
5 ON GAMMA-RAY SOURCES, SUPERNOVA REMNANTS, OB ASSOCIATIONS,
; AND THE ORIGIN OF COSMIC RAYS
: » THIERRY MONTMERLE
3 <~5NR + OB assoc or Hl Fé%!()ﬂ) Section d’Astrophysique, Centre d’Etudes Nucléaires de Saclay, France
1 Received 1978 July 26, accepted 1979 January 5
% T T —— S
| |e- 5 s - expanding SNR l
. SNKR as a class not strong y-ray
INJECTION B
i :
e ) (5 emitters among COS-B sources. ..
0B associotion\/
ACCELERATION
only the SNOBs
(a) (b)

lnjection of non-thermal Particles from OB stars and
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subsequent acceleration in SNR shocks
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Massive Star Clusters

GAMMA RAYS FROM ACTIVE REGIONS IN THE GALAXY:
® An olcl idea, . THE POSSIBLE CONTRIBUTION OF STELLAR WINDS*

role of stellar winds

CATHERINE J. CESARSKY and THIERRY MONTMERLE
Service d’Astrophysique, Centre d’Etudes Nucléaires de Saclay, 91191 Gif-sur-Yvette Cedex, France

=

Kinetic |uminosit3 107%5-%6 erg/s

2 ntegratecl over few million yrs lifetime becomes comParable to that of SNe

Young OB associations are Y-ray sources, but SNe contribution dominant for CR Procluction
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Massive Star Clusters
* Several young MSC detected at VHE/UHE in MW (ancl LMD
Po’tential contributors of 1-100 PeV CRs

>100 TeV
o A B L 14
s 4U 162251 HESS J1023-575 . > 12
g 30/ . 40 pc wn % 5 N
_i ~46°00’ @ ‘ : o y 8
o = = -58°00 é 6
P HESS J1026-582 .
E > 0.37TeV | i 2
e s 10 10725 pight Ascohaion (42000) e Ao (12000 * Galacticlongitude () ?_
Cyanus Cocoon(GeV-TeV)[Fermi 2012, HAWC2022] Westerlund 1 Westerlund 2 R136, 30 Dor C Cygnus X W43
Westerlund | (TeV) [HESS collaboration 2012] H.E.S.S. 2023 H.E.S.S. 2011 H.E.S.S. 2024 LHAASO 2024 LHAASO 2024
Westerlund 2 (GeV,TeV? )[Yang et.al 2018]
NGC 3603 (GeV,TeV)[Yang etal 2017] ? — —
W43 (GeV,TeV?) [Yang etal 2020]
W40 (GeV) [Sun et.al 2019]
G25/RSGC I[Sun et.al 2020]
Carina nebular [Ge et.al 2022]
M17 [Liu etal 2022] CygnUS OB2
LHAASO 2024 (
Vieu+24: HD simul |0|1
of-Cygnus OB2 | Q ’ ‘t F _
compact cluster o 9 f
. L loose cluster/association, |
—» has a cluster wind termination shock
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o | HAASO results on Cyg Ob2
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Massive Star Clusters

e

* |argc~5ca|e hgclrodgnamic simulations of ng

Ob2, resol\/ing individual massive star winds

and their interactions

o Leptonic origin for GeV emission (no target gas

close to Powemcul stars)

s o Past Powemcul SN needed to account for PeV L Isocontours at Mach = 1

emission

(Plausible for cluster '

B i My r) Ciep

Galactic Longitude (deg)
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Massive Star Clusters . ..

wdius 0.6 pc

a——— R L A

« 3D MHD simulations *importance of complex

B field morphologg and and interaction between

1 individual winds
. 1 + Model of escape and transport of CR between
| )
young MSC and MC, and compute exl:)ectecl ;
XD
| J/~F836 \(\QQ"\
1 ol g N = < Nol >
1 » Signhqcant correlation between GeV sources g o T
i

. and young, clusters embedded in dense MC
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+ Several other interesting talks on MSC.:

A . - o
contriblition to clnquse emission

Prosl:)ects for future facilities (B

o ..and on SNRs/PWNs

(Menchiari)
onollo, D’Ai.,..)

SN 1006 (Tao) ; SNR G69.7+1.0 (Rigoselli) ; G106.3+2.7 (Emery)

Possible association of G284 3-

1.8 and g-ray 33inar9 IFGL J1018 (Tanaka)

l:)9 SNRs and unid. LHAASO srcs (Mitchell)

correlations btw MC illuminated |

Vela X regjon (Sei)

Fermi/LLAT u.l. on nearbg SN ZOZjixF —> e < 1% (Marti-Devesa)

g O e A s e BN e e oS RN R s L S S SN R e

Sandro Mereghettl = | ~ Galactic science rapporteur talk

| mportance of mult; wa\/elength

“ )/'a-}_cc)?_‘lL Milano, Séi:)t 2-6, 2024

T T o P T I ey by e AR T —a i . —,‘



o Results 1: Discovery of Proto-Molecular Filaments

ol
X\ Red: NANTEN2 2CO(J = 2—1) 3
,‘09 Green: VLA90 cm continuum 1
.\69, Blue: ROSAT X-rays . <
\?‘ Contours: H.E.S.S. y-rays o e SNR W28 2
® Sano et al. in prep. : AL.MA 2 arcmin
NANTENZ2 10 arcmin TR
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Cosmic Rags e
O

In the 1 960s, the Pioneers of the field recognized the great Potential
of y-ray astronomy to solve the “§O~year~o|cl Puzzle” of CR ...

...yet we keep ta”dng about the Potential of y-ray astronomy to

solve this “110+ years old Puzzle”

Hundreds of TeV sources: iml:)ortant

aboratories of Particle accelerators

T T

' 7~i€52+ Milano, SéPt 2-6.2024
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CR Acceleration & Propagation
Two excellent invited talks:

e Critical review on Acceleration issues:

./ °\\Q;
SNRs still set the stanclarcls) but more work needed. .. ‘\Q.?z“\
R
WHERE THERE’S SMOKE THERE’S FIRE.... ©

Sandro Mereghettl =  Galactic science réi;)[;)orteur talk | 7..7_{)7_4 Milano, Sépt 2-6, 2024
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CR Acceleration & Propagation
Two excellent invited talks:
: e Critical review on Acceleration issues: "
? SNRs still set the standards, but more work needed. .. Q&“\\

z @“\a‘\
| WHERE THERE’S SMOKE THERE’S FIRE....

RS

. Propagation - State of the art framework for mocle”ing LI

PrOPagation in CM:‘FCFCI"HZ regimes % Co:mic—ray propagation regimes: methods

diffusion-advection ballistic propagation

.g M ;_‘qs"
2o .(“ netic Theor -
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° Phgsica”g motivated scenario to explain several features in CR

spec’trum I coml:)osition based on two ideas:

L
Q’Ql
a) inetficient scattering In gal disk where B Para”el to Plane. Qg,
Dh
]

*
h
CR transportecl to halo bg B field random walk induced bg turbulence y
b) 5Pectra| steel:)ening at 15 Vs maximum rlgiclitg reached Pn - A
acceleration [39 the majoritg of SNR (on|9 a fraction of sources,
contributing to ~ 10 - 20% of the CR Population,
can accelerate up to ~ PV) L PLOTOR ™~ 0 - soonv = 2oy Carbon I
R b B o : Aoz 10y | l
L 15000 - Dﬁl‘f’i & [¥ CREAM - )
[\'\ i |4¢ +T\ ‘ : L == NUCLEON-KLEM .} /
= N : | _ \ = 100 - ~ _
3 . I\ 5, hardening spectrum
- L f I “Pamela” break 5 above R™
10° 10! 102R - 10° 104 10° R [GV]
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Lo Recentlg discovered flux of neutrinos from

, , , <O
Galac’tlc Plane 1S above tlﬂe expectations based Qo,agi}?’

on homogeneous diHfusion can be explaine& bg
models with harder CR sPectrum N inner Galaxg 3
; . lml:)ortance of mirror diHfusion —> low diffusion |
{ S ,
i coeticient around sources as requnrecj for TeVv
S5
| j lﬁalos
© anisotropic Propagation with CRs irjectecl it
discrete transient sources in the disc —>
| clumpy difuse emission at >100 TeV # smoother | _
emission ~ GeV energles. - e — b
> o -

R S N . <0

T T T T T e TN e TR A——T WJ .
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- TeVto PeV Galactic ditfuse emission Q20
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<o s NS GO D o bt - -

o Observations at GeV-PeV can Probe

circumgalactic (R, which Plag Im

F

thermal and clgnamical roles for the

Porta Nt

formation and evolution of the MW

but no evidence in Tibet A5~gamma data

for signals associated with intermediate

and high V@IOCi‘tﬂ clouds seen in HI

HIAPT HVC HVCs vs Tibet ASy events 0.4-1 PeV
V map . OTibet ASy events
Westmelier 18 PN _ Tibet Col. 20
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Fermi & eROSITA bubbles

LSRN IA S i

|

% gamma-rays and Polarized radio emission
- KPC~SCEBIC magnetisecl structures in the
3
z Galactic magnetic halo which trace the
Galactic outflows Powerecl bﬂ 3-5 |<|:>c
| star forming rin ' W\ Sy
% (Local) ‘ - (Galéctic)
| Fermi Bubbles

~ _ White bars: magnetic field (23 GHz)
/" \\ Civ: 2408.06312 Green: 0.6-1.0 keV X-ray

f Ghtiods Within Local Spiral Arm, or beyond the Galactic Disc?

? Sz Outer Outflows E i Ouzer Outflows L
! R »t;"a}l.r; E i

% B SF Clump84_—>l_§(_;-<———>5| Fclumps

2 3-5kpe  ____, ~ 3-5kpc

]

l' Outer Outflows i i Outer Outflows

| o

§ : Inner
® ' % Tl ey \W’; iy e dlautﬂoi/vs ]
= @ Galactic Center ' ’ﬂagg’:flg‘iﬂf;:ﬁl&gcienm TR «-\—\ :’_,
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o Detailed MHD simulations —> Outflows launched ]:)3 CRs from entire
disk of Mi H<9 Wa y

 CR energy density (eV cm~) or ray emissivity (erg s—' cm—2
? 5 it_m 1\140: 102 _10_1 101 o o 10—7 105
) ‘ ot |
| &) { o
| }
%{ —20 f T T T 1
1 - ;10 -'L'(l(c)pc) ° o w(l(:rw) ° o w(l(:pc) ” o ° (kpc) (kpc)
iet-shock ai | | | fth
+ AGN Jet-s OCK can explain X~rag3 y,microwave observations or the

-
% Fermi bubbles —> Powemculjets from SgrA* SMBH 5 Myr ago. +\ 5\900
| TDEJet model for the origjn of the SgrA lobes W

» Prospects for CTAO detection *0’6‘9

g A o v 3 R O
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Gal Center Pevatron?

+ New analgsis with much more HESS data, new 3-D max.lik. and

new 5-D gas template QQ’\\,\(\
o Confirms1/r radial Proﬁle and no sPectral

variations in CMZ —> continuous irjection ;

+ First evidence for curvature in CMZ spectrum

° Spec’tral cut-oft in SNR GO.9+0.] e

T T P o T o sy e o TN et A T — TR

7-2024 Milano, Sept 2-6,2024
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Final remarks

s | oF O{: Pr_ogress. but also many open questions

— Motivation from new, more Powemcul facilities

— — DA
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Final remarks

s | oF O{: Pr_ogress. but also many open questions
— Motivation from new, more Powemcul facilities

. lncreasing involvement with other communities - multi-

wavelength) multi-messenger

. A bright future ahead !

Mg aPologies for this biased and incomplete summary talk
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First Heidelberg Gamma Ray Astrophysics Symposium (workshop) - Oct 3-7, 1994
Theory and Observations

parcipants
. WEEKES / The Amogben: Chereokov Techaigue in Very High
Energy Gamma . s sronomy
NI HILLAS / Differzoces betwoen Gamma-Ray and Hadronic Showers
R / Present Staes of Very High Energy Gumma Ray Observasions

mle—uu Bus and Very High Baergy Gumes Ray
Astronom)

C. LAMB / Overview o 7o' Uamma-Ray Observations
SA. PORTER / The Amcectens Cerenkov Techmique in Be Sewch fox
PBH
B SCHATZ / Gamma-Hadon Sepsration at High Energies fn View of
" Recent Cross Secuon Messurements

BALLMOOS / Futurs instrumental Capabilities in the Energy Range
of Nuclear Transitions

KHERJEE, B.L. DINGUS, J.A. ESPOSITO, D.L. BERTSCH,
R. CUDDAPAH, C.E FICHTEL, R C. HARTMAN, $ D HUNTER
and DJ. THOMPSON / AGATE: A High Energy Gamma-Ray
Telescope Using Drift Chambers

ED. BLOOM/ GLAST

> M. CHADWICK. J.E. DICKINSON, M.R. DICKINSON, N.A. DIPPER,
3. HOLDER, TJ.L. McCOMB, K.J. ORFORD, S.M. RAYNER,
1D. ROBERTS, MD. ROBERTS, SP. TUMMEY and KE
TURVER / Stereoscopic Measurements of the Cereakov Radiation
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