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Cosmic rays context

Fluxes of Cosmic Roys

b

A e (1 porticle per m*~second)

Knee
(1 particle per m*—year)
- K y
**x*\ 7

Ankle . o
(1 porticle per km*~year) %,

[Simon Swordy]

10° 10" 10" 10" 10" 10" 10" 10" 10" 10'® 10" 107 1[.11

Energy (eV)

Simple (broken)

. power law .
-Up to ~ knee éNR

After: extragalactlc

Closer look:

SNR? How? -
Composmon’>
Sources’?
Extra—galactic’? |
How?



Direct measurement of CRs |

| New features
o Challenglng mterpretatlon
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PAMELA p & He

2006-2008
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Dewlfiations from power law: a) R>240 GV
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above 240 GV
Fisher and T

student test
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Flux = R*" {m® s sr GV)"' GV*7

reject single
power law to
better than
99.7 CL
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Deviations from power law: a) R<240 GV?
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_TE'U'- 232GV, p =2.28 +- 0.01 |
Olgo_ 2326V, p = (1.1 +- 0.3) 710
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R (BV)

Flux = R*" {m® s sr GV GV*7
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Y30. 232GV he = 2.68 +- 0.02
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*The
S[Hfﬂ[ru111
softens at

30-240 GV

*Single
power law is
also ruled
out at lower

rigidities




Positron fraction update

1o
Fermi Preliminary
PAMELA 2009

| —5— AMS 2007
| —#— HEAT 2004

Positron Fraction

10 10°
Energy (GeV)

Geomagnetic field + Earth shadow = directions from
which only electrons or only positrons are allowed
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- Modelization (eg. GALPROP)
| —~ ST P and He Spectra i
different scenarios
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local source
component is
calculated by the
subtraction of the
_propagated Galactic
spectrum from the data

The local source is
assumed to be close to
IS, SO No propagation;
-only primary CR
species




Observation Scenario RIS Scenario P Scenario I (a) Scenario I (b) Scenario L Scenario H
The break (hard- No Yes, due to a break  Yes, due to a break  Yes, due to the as- Yes, due to the as- Yes, due to the as-
ening of p and He in the diffusion in the injection sumption of acom- sumption of a local sumption of a local
spectra at  py.), coefficient spectrum posite source low energy source  high energy source
Figure 3
The ‘dip’ (soften- No Mo, unless the dif- No No, but the ‘dip® Yes No
ing of CR spectra at fusion coefficient can be explained
P < phe), Figure 3 has a correspond- by assuming that

ing “dip’ the low -energy
Galactic source
turns over below
Por-
Difference between  Yes, if parameters Yes, phe- Yes, phe-  Yes, phe-  Yes, phe-  Yes, phe-
p and He spectra, are tuned to in- nomenologically nomenologically nomenologically nomenologically nomenologically
see Figures 3 and 4  crease grammage introduced introduced introduced introduced introduced
and cross sections,
as in Scenario 5.
Continuity of p/He  Yes, but does not Yes, no additional Yes, no additional Yes, but only if Yes, but only if the Yes, but only if the

ratio at pyn.. Fig-
ure 4

CE. anisotropy duc
to diffusive escape
of CRs above

1 TeV, Figure 6

B/C  ratio
1 GeVinue,
ure 7

above
Fig-

7 finx (PAMET A),
Figure 8

7y-ray observations
of Fermi-LAT, Fig-
ure 10

match the value of
p/He ratio

Owerpredicts

Yes

Yoo,
GeV

ahowve a few

Yes

assumptions
Owerpredicts, but
less  than  other
sCenarios
Yeos, but differs
from other sce-

narios above ppe:
possible discrimi-
nation with more
accurale data

Yes,  hnt  differs
from other scenar-
i0s above py,;

Yes

assumptions

Overpredicts

Yosg

Yes  showe a few
GeV

Yes

the different source
classes imject with
the same p/He ratio

at Phy

Overpredicts,  but
the possibility of
different  spatial
distributions of the
two source classes
must be considered

Yosg

Yes ahowve a few
GeV

Yes

local and Galactic
sources classes in-
ject with the same
piHe ratio at oy,

Overpredicts

Yes, by
construction

N

No

local and Galactic
sources classes in-
ject with the same

p/He ratio at pp,

Overpredicts;  the
local  source, if
it extends above
1 TeV, may affect
anisotropy

Yesg

Yes, ahowe a few

GeV

Yes

#1201 - Moskalenko




Conclusions Conclusions Il

“Seem to be entering the era where the
measurements force us to abandon our simple

first-order ideas about acceleration and/or
propagation” * PAMELA measurement

Existing electron spectrum confirmed
* New Fermi Data

* “Smooth featureless power-laws” no-more? * MAGIC above E ~ 200 GeV

* Challenge to simplest source/diffusion models
MUltiple lines of evidence now point to: New sources? Pulsars? Dark Matter? Conventional Physics?
* Different spectral indices for p & He
* Hardening of spectra above ~200 GV, for p & He Positron fraction confirmed/extended

Possibly even more complexity (dips?) * “Excess” beyond ~10 GeV not going away

* Possibly this is also happening for heavy elements * PAMELA reanalysis confirms, pegs lower limit at ~10%

, : beyond 100 GeV
Lots of theoretical work to try to explain... . , ,
* Clever analysis from Fermi/LAT in the same ballpark

-
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“Cosmic rays anisotropies.

Lae scale anisotropy |

Loss-cone Preliminary

III
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Large sIeCR anisorpy VS energy

0.9 TeV Tibet ASY Amenomori et al., Ap.J. 628, L28, 2005

TITIIT JceCube-22 Abbasi ot al., A, 718, L194, 2010
- |saCube-59 PRELIMINARY

- EAS-TOP Aglietta et al., Apd, 682, L1230, 2002
ARGO-YBJ Zhang 31 |CRC kéd2-Poland, 2009

amplitude[%)]
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‘ [}

ARGO-YBJ 20%11

10° 10°* 10° 10°
Primary energy[GeV]

The tail-in broad structure appears to
dissolve to smaller angular scale spots.

B. D'Ettorre Piazzoli




Large Scale Amsotropy and Past Results

aom WM

Northern Sky

lceCube
20TeV

Southern Sky

*IlceCube observed a large scale
anisotropy at 103

level for the first time in the Southern
Sky.

*Large Scale Features appear to be a
continuation of those observed in the
Northern Hemisphere.




Anisotropies

| Several experiments converging: |
ARGO YBJ, EAS-TOP, IceCube, Mllagro
- " TIBET Asy b ;:/-

R. Abbasi et al. ICRC-0305 & 0308

* The origin of the anisotropy is unknown:
- The result is not consistent with the CG assuming the galactic cosmic rays
at rest with the galactic center.
Improved theoretical description of the diffusion processes of galactic cosmic rays
closer to the knee.
Interstellar Magnetic field.

This anisotropy reveals a new feature of the Galactic cosmic ray distribution,

which must be incorporated into theories of the origin and propagation of
COSMIC rays.




HE CRs

-Auger accum ulatirig statistics

Telescope Array up and running "

20%: scallng factor In energy
different conclusmns
joint analysis needed

Benefits from LHC (QGSJetII 4)
Cross_ sectlon measur_eme_nt. Gpﬁp



|Comparison of Spectra
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Longitudinal EAS Development with Auger FD

average depth fluctuations
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|UHE Correlutionwith AGNs within GZK-sphere?

VCV catalogue, E> 57 EeV, z<0.018, distance < 3.1 deg.

Auger TA
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13/62 within 18 deg., expect 3.2
limits on source composition?

|f E.M. Santos [Auger Coll.], icrc868 |

... or Virgo?
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Estimation of the proton-air cross section with

the Pierre Auger Observatory
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Gricl Morth, km

‘Radio detection - i

LETIERS

== ANITA-1 deep Hpol analysis

én
B

=2000 —1000 i
Grid East, km

Independent deeper analysis done at UCLA Stephen Hoover UCLA
Still no neutrino candidates
BUT: all of original 6 Hpol events, +10 more

Hpol events: impulsive, broadband, coherent, not like anthropogenic signals
= Spread out randomly over the flight path coverage, not clustered with any camps



Gammas

~ Source lists increasing

‘Sensitivity improving

- Joint efforts ongoing

14



The case of the Crab

The Crab B

Apd, vol, 7O, p1254 (2010},
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e |n late 2009, we were reasonably confident that we understand the Crab rather well.

e Nebula: Synchrotron + IC emission. e up to PeV, accelerated at termination shock.
Pulsed emission: curvature radiation in outer gap of neutron star




The case of the Crab

—-

W realizations
average
radio-optical —=—
INTEGRAL ———
COMPTEL ——
Fermi +—s
MAGIC —s—i
HESS
Tibet-ASy
Fermi flare (Feb. 2009) +—e—
Fermi flare (Sep. 2010) +—e—i
Fermi flare (Apr. 2011) —=—
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Flux *30; April 2011, hour timescale
Standard diffusive shock acceleration not possible
=> See lecture next week




Hadronic candidates?

The best candidate? RX J1713.7-3946

Model curves: ' Model curves:
Proton acceleration : Electron acceleration
f/ﬂjﬁ-. 1 i
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HES3S (Aharciman &t al. 2007} | I B HESS (Aharonian =t &l 2007)
Berezhko & Voelk 2010 | = — —  Parter at al. 2008
Efison et al. 2010 (nldominated) | — — Ellison et al. 2010 (IC dominated)

Zirakashvili & Aharonian 2010 im0 dominated)|] | ; : r_rlr_l
Zirakashvili & Aharonian 2010 (IC/ 0 mixed) waicnsivil . A 2110 1C cogninaletly
' I wl Laly

I I1|:]3 I ”;[.}d- I I-I::F' I-|IU"J -IUT 104 105 IDH 10? 1DE
Energy [ MeV ] Energy [ MeV |

-
=
@

* |t seems that the lepton-dominated case is favored, given the Fermi-LAT
measurement and the low ambient gas density.

e . Aharonian: “Life might be more complicated”
Aharonian

——




'Hadronic candidates?
Life might get even more complicated

e W 51C. One of the best cases for hadronic acceleration in the Fermi-LAT data
(mid-aged remnant, interacting with dense molecular material)

Fami =3 counts

Shocked gas Keoinoon 1997

T CX0192318.5+140335

17 20MHz OH masars

prer e e : - : "-'-"H{
Q ; Bulk of emission coincides {

L with shocked molecular cloud E

L T FS A o




Hadronic candidates?
Life might get even more complicated

e W 51C. One of the best cases for hadronic acceleration in the Fermi-LAT data
(mid-aged remnant, interacting with dense molecular material)

Carmona (MAGIC)

B MAGIC data points
statistical arror

L] Farmi LAT data paints
systamatic ermor
statistical ermor

L} H.E.5.5. flux measurament
- assumed slope = 2.4 +0.4
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Neutrino telescopes

~Point source and different physics "
; searches performed

- lceCube extendrng to-more complete. CR
observatory (deep core, ice top, ARA)

Other physics search performed Dark
matter, magnetrc monopoles |
nucleorites, . -



Searching for point sources of high-energy 4205
cosmic neutrinos with the ANTARES telescope = Peg

51 candidate sources

nale ra decl MNsight () p-value  nsigma  lim_Nsig lm_Hax
HESS J1023-575 155.83 57.76 1.97 2.35 0.41 0.82 5.62 0. Ge- 08
3C 279 -165.95 -5.79 1.11 2.15 0.48 0.71 0. 30 1.0e-07
GX 339-4 101,30 IR79 1.26 1.49 0.72 0,306 5.10 5.8c¢-08

Cir X-1 -120.83 -57.17 1.52 1.31 0.79 0.27 5.00 5. 8e-(8

- [ ] o -

Antares 2007-2010, preliminary Ariaras FO0T-201D0 preliminary
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most signal-like cluster
a=-46.5, 3 =-65.00
9 events in 3° cone

significance =2.2 o




Point-source search: All sky and Selected Sources

Atm. neutrinos

15 ;J«tjr?;td-
e
- ﬁ- - capnt
= '
-
)
- f

i
C:l!!
s} 'ﬂ
L&

-
g oy

MFF.S.?II T }?

"

L]
tgf't:h-""'
e
r,_

.-
Q80 JX2077T

#
-

Mk 501 . - 1&FEad R *
L= B
W Carmae
0o Q2
prS 15024104 METLS
] W o r e
o &
FES I.-lﬂ-.?l:.:!:!-.'i

% RO 1 TI6-AE00 0 ¥
L -

o

PES 21553204

preinal log | p-value)

‘_I.':I'

Sgrar, Frs 1022- za?n

FICS 1ad- _:-v;;

LA A

107,569 events (1/3 upgoing)

. & = |
Mrk 421 2o

IceCube40+59

prelim
s
- P o
-~
= kh&“‘\_&
by b . H“'-.._
w 3CsEA™ -
MOC 1275
.
Sy a 1ES 02 79+ 300
i u
iC 123.0
¥.o" T

L o

(L= TE
PES 05384+ 134

observed value
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April 2008 - May 2010, 723d ...

8.0

No significant fluctuation: best pre-trial p-value = 0.14 pretrial in a list of 43 sources => 95% post-trial for

PKS_1454-354




‘Conclusion

First order descrrptron not sufficient anymore

Injectron clgle propagatron models mvestrgatepl 1
.adronrc sourees still mysterious

At hrghest energies, correlatron with AGN 1/3
debate on composrtron ‘

Did not speak about i mcomlng experrments
(AMS-2, HAWK CTA, i)
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