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Previous venues

-La Biodola (Elba Island)
-Washington DC |
-Beijing
_CERN - 125 participants
- up to 600 single webcast*viewers/day

- 40 invited talks
- 2 public talks




Welcome R. HEUER B

Main Audifonum, CERN 09:00 -09:10

Spontaneous lonization to Subatomic Physics: Viktor Hess to Peter Higgs A. DE ANGELIS B

Main Auditonum, CERN 09:10 - 09:50

The Alpha Magnetic Spectrometer Experiment on the International Space Station S. TING B

Main Auditonum, CERN 09:50 -10:30

Two cosmic ray experiments in the 40's, one of my PhD thesis J. STEINBERGER

Main Auditonum, CERN 10:30-11:00

Coffee Break

11:00-11:20
The Cosmic Microwave Background: a window on the early universe P. DE BERNARDIS [0
Main Audifonum, CERN 11:20 - 11:50
Highlights from LHC Dr. P. BLOCH )
Main Auditonum, CERN 11:50 - 12:20
LHC review: theory J.ELLIS B

Main Audifonum, CERN 12:20 -12:50



INTEGRAL highlights in the high energy astrophysics panorama P. UBERTINI )

Main Audifonum, CERN 14:10 - 14:40
The Gamma-ray Sky with Fermi D. THOMPSON )

Main Audifonum, CERN 14:40 - 15:10
NASA's Dark Matter and Dark Energy Program N. GEHRELS )

Main Audifonum, CERN 15:10 - 15:40
Coffee Break

15:40 - 16:00
Cosmology, high-energy astrophysics, and fundamental physics in the ESA space M. MC CAUCHREAN )

Main Auditonum, CERN 16:00 - 16:30

Russian Federal Space Program in a part of astrophysics: status 2012 M. PANASYUK 1)

Main Audifonum, CERN 16:30 - 16:55
The High Energy cosmic-Radiation Detection (HERD) facility onboard China's S.ZHANG )

Main Audifonum, CERN 16:55 -17:20
High Energy Astrophysics and Fundamental Physics Missions in Japan T. TAKAHASHI )

Main Audifonum, CERN 17:20-17:45
Space Programs in Taiwan: FORMOSAT 5 and FORMOSAT 7 Lee LOU-CHUANGC 1)

Main Auditonum, CERN 17:45-18:10




The Cosmic Ray Sky-.
The Gamma and X Ray Sky

Cosmology.and Particle Physics -

-

ravitation and Fundamental Physics

Applications and technologies




The Universe is the ultimate laboratory to test fundamental physics.....

Big
Bang

- ¢ ~ - = -
10444 10%%s | 10% 107105 %10 3+ <10 9+
Superstrmg (?) T Inflation Electro-wezk | Particle |Feco naton| Galaxyand Star| Present
Era Era Era 213 Formation E

Antimatter
CP, B

Primordial GW
GUT

EW
Unification

Cosmological
parameters GW

Dark energy

Dark matter
General relativity




to scales which cannot be reached by the most powerful accelerators....

AMS
BPOL

LISA [ strong

\. _electroweak ___CERN

gravity

Chryaer (sars cl

energy ((JO\ ) 100

rstrmge (?7) GUUT Inflatton Electro-weak | Partcle
Lra Era Era Era Era




INTEGRAL




Particle content of the concordance ACDM model...

Observables

Galaxies,
Hydrogen
clouds, etc.

Spacetime
metric

EM interaction

l

Photons

Cosmic
microwave
background



Particle content of the concordance ACDM model...

Non-interacting Interacting
= Observables
0 0
b L
2 © Galaxies,
D Hydrogen
© O clouds, etc.
52
Extra neutrinos Zo o
= extra relativistic, £ :
non-interacting stuff Spacetat_lme EM interaction
(no requirement metric
on the quantum o
numbers or statistics) BE=
& Cosmic
= microwave
©
o) Photons background
o



The concordance flat ACDM model...

* The simplest model consistent with observations.

Cosmological Massless
constant Neutrinos
Atoms Dark (3 families) Dark
4.6% Energy 10% Matter
72% -
Dark
Matter Photons
23% 15%

Atoms
12%

Composition today 13.4 billion years ago
(at photon decoupling)

Plus flat spatial geometry+initial conditions
from single-field inflation



The concordance flat ACDM model...

The simplest model consistent with observations.

Photon energy density fixed by CMB

temperature & spectrum measurements:

T oam=2.725+0.001 K

Photons

v-to-y energy density
ratio fixed by Standard

Massless Model physics

Neutrinos

(3 families) Dark
Matter

10%
63%

13.4 billion years ago
(at photon decoupling)
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ESA'S FLEET ACROSS THE SPECTRUM

Thanks to cutting edge technology, 3stronomy is today unvelling.a new univerd® around .us. With ESA's fleet of spacecraft, science can explore the full
spectrum of light, see into the hidden infrared universe, visit the untarhed and violent universe, chart our galaxy and even look back at the dawn of time.

. ®
Surveying a billion stars

Unveilihg the cool s Striving tn observe
and dusty Universe ! . the first light «+

Revealing dark eriergy, Expanding the frontiers”
AR wy ¥ : dark matter, and the fateof. . - " of the visitile Univetge
v . L : - the expanding Universe ' P
Looking back S ) : : ‘
-at the dawn of time :

-
Py ' : i
Y : . ' A Seeing deeply into the hot
- . o . . ! ’

‘ / and violent Universe

T

1 . I
\

it ".i“;‘-'f :
P
. ,

> 4

*  Seeking out the extremes
of the Universe

- - e ' ® - . European Space Agency =
-CSa , ; o o e

SCIENCE AND ROBOTIC EXPLORATION
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R - G
24 : .

Hlerschel Spsce Observatory

b
-

N
s

esa : NASATa ared astrophysics Bbservatory, launched 2009

SCIENCE AND ROBOTIC EXPLORATION
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¥

Carina Nebula in the farglRicool dust

Herschel PACS + SPIRE far-infrared mosaic of Carina Nebula / Preibisch et al., ESA

~esa

SCIENCE AND ROBOTIC EXPLORATION
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HST ACS visible mosaic of Carina Nebula / Smith et al., NASA, ESA
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Hubble Space Telescope

~ et
A4 e A
Nt %

. » P - s Mo
atory, launched 1990, last servicing May 2009
SCIENCE AND ROBOTIC EXPLORATION
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Epoch of reionisation

Redshifipf=
Neutral IGM

L z4Z

l m v‘u‘;@i@‘aﬂ;

h
.MHHNNMAMM

Lyman-a forest Patchy Black Gunn-Peterson
absorption absorption trough

\
th Wavelength

Following the Big Bang, the Universe was fully ionised and opaque
After cooling, recombination occurred, leading to CIVIB

Intergalactic medium becameneutralland transparent: the :Park Ages:

Subsequently reionised to ~10%

WhentdidhitoccurzAVAIGhISoUrceS causeatzaWhatiGanwel earnia o Ut st
light™?

SCIENCE AND ROBOTIC EXPLORATION

cSa
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esa . ' - 3 - & HST/NASA, ESA, Garth lllingworth etal,, HUDF09 team

SCIENCE AND ROBOTIC EXPLORATION
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~"NASA-ESA-CSA optical-infrared astrophysics observatory, scheduled launch 2018
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f_\ ‘

\0

A very distant Type 1a SJoernova

Y

-

No Supernova

' Supernova Oct. 10, 2010

']

lzesa

-EST WFC3 / Supernova in Hubble Ultradeep Field / ESA, NASA, Adam Riess, Ste

SCIENCE AND ROBOTIC EXPLORATION
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Evidence for an accelerated expansmn

L @ HST Discovered ' )
+ < Ground Discovered -
! L ‘2 g ¥ . .
- e L

- . ” .." ' .
- * . -
a0 Binned Gold dala ) - = |
s 2o S Evoluton =
- 051 L - 4
b y g ‘J - — - (RN a)_)_l_':_l:l_ Jli’l: P
i £ PEES Sheisii Sl ST “Wfdz=-0.51
= O.Ukt o .-"'_’-----_ 1 A

3 —— D =0 = ]
= —— YOl=zen 1™
= : \‘\19) Q'~ | 1

s — ~ EVen - a -
U5 Empty (2=0) ~ D oy ] -
- [ == Q,,=0.29, Q.,=0.71 \“\;'\"'"'?'r-n.s 1 4
1 0.0 0.5 1.0 1.5 2.0
- a 2 L a a a a 1 P a 2 A a a a ...

~esa

SCIENCE AND ROBOTIC EXPLORATION




Accelerating Universe Discovery

« Ground and space observations of SN |la showed
accelerating universe, announced in 1998

* Nobel prize to Perlmutter, Schmitt and Riess
— Supernova Cosmology Project (Pl: Perimutter)
— High-z Supernova Search Team (PI: Brian Schmitt, Adam Riess)

- HST observations, led by Riess, were key component
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esa e . ; R A ESA X-ray ast}ophy‘s'ics-observatory,‘Iaunched 1999
SCIENCE AND ROBOTIC EXPLORATION
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Dark matter maps reveal cosmic scaffoldlnq

® Deep multi-A survey of COSMOS field
® 1.67 square degree field ‘ j
1000 hrs with HST -
400 hrs with XMM-Newton i i

® Sensitivity to different components

Optical-infrared: cold baryonic matter Rediray erisorlggtrrial igp®

X-ray: hot baryonic matter

Gravitational lensing: total matter (baryonic + dark)
€ Jomographic reconstruction of dark matter

[large’scale distribution resoelvedin 3
loose networkofifilaments, growingovertime

Intersections coincidentwithimassive galaxy
ClUStErs

@onsistentwithinumencalisimulations o

gravitationalsSHUCIUrENOHNauon Massey et al. (2007, Nature)
SCIENCE AND ROBOTIC EXPLORATION
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‘Euclid.

Cosmic Vision M2 mission

"'1.2m passively cooled telescope to survey 15,000 deg?
Visible imaging: RIz(AB) = 24.5 100 point source limit °
Near-IR imaging: YJH(AB) = 24'50 point source limit
Near-IR R=400 spectroscopy to H(AB) = 22

_ _ . _. ‘
(s, " ESArdark Universe astrophysics survey mission, launch 2019

2esa | Bia

\\{
SCIENCE AND ROBOTIC EXPLORATION
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Multiple probes of evolving cosmic structure

Weak lensing

S Galaxy shapes systematically
Colombi, 1AP s HEI AT d|stortef:I e Arheans’ L
e ' (baryonic and dark)

Wide-field, high-resolution visible
imaging measures shear; near-IR
imaging photometry measures
photo-z’s for lensed galaxies

Baryon acoustic oscillations

z-28.62 Initial structure imprinted on

‘ Universe at recombination has
characteristic scale; follow its evolution
as standard rulerto present epoch
(now ~ 150 Mpc)

o 2f S E : Near-IR spectroscopy provides accurate
NASAWMAP. ’ o
- = Center for Cosmological Physics, Chicago redshifts and 3D maps

Combined with Planck data, Euclid will yield DE parameters w to <1% and wa to < 5%
Very large legacy survey data set for many other kinds of science

=@sa

SCIENCE AND ROBOTIC EXPLORATION




Euclid Deep+Wide survey model ConsoRTILM

_ EDEN

nveh.PPWth ! r;\JUD"Q'lI‘\~ ‘I aMars Alranus

) ey Lo e Courtesy Jerdbme Amiaux,
15000 d692 in 5.5 years ) , B Roberto Scaramella, ESSWG
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Scanning satellite measuring two fields -
- simultaneously onto a gigapixel CCD array *

Microarcsecond as.trofnetry of g billion stars to
V~20 to determine positions and velocities on
plane-of-sky .

. -

Radiakvelocity spec'troscdpy to measure line-
of-sight velocities = " 3

esa - il . : : ESA precision astrometry mission, scheduled launch 2013
SCIENCE AND ROBOTIC EXPLORATION
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Gravitational deflection in the Solar System

The sky from L2 in 'ecliptic' coordinates at JD2455562.5 = 2011 -Jan—-01

N N C MERd M Y S
tl e e adalo e e a

150 120
10 50 &0 70
Light bending in microarcsec

Light bending after subtraction of much larger deflection due to the Sun

=@sa

Jos de Bruijne / ESA
SCIENCE AND ROBOTIC EXPLORATION
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“ Planck

esa s ' : . " ESA cosmic microwave background experiment, launched 2009
SCIENCE AND ROBOTIC EXPLORATION
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The needle in the haystack

CMB, T~27K

Dipole, AT ~ 3 mK

Milky Way, AT ~ 1 mK

CMB anisotropies, AT ~ 50 uK
eSa

SCIENCE AND ROBOTIC EXPLORATION
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Planck all-sky image

ESA, HFI & LFI consortia; released July 2010

cesa

- SCIENCE AND ROBOTIC EXPLORATION
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Decomposition

Pointand compact sources
9 l’ -, ~ -

Sunyaev-Zel'dovich effect Cosmic Microwave Background

ESA, HFI & LFI consortia, Planck Collaboration

cesSa

SCIENCE AND ROBOTIC EXPLORATION
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WMAP 7-yr CMB map

WMARP, Jarosik et al. (2010) / NASA|

cSa

SCIENCE AND ROBOTIC EXPLORATION




The power spectrum depends on the composition of the universe
through the physics of the oscillations and the evolution of the bkg.

Normal MUM

Radiation Matter o
<0.3%

= DUTL) Cranl
o >
< (=]

0

4%

Baryons

Dark
Matter
22%

. 1
Dark Energy s | HW Q,-Q,

ST = (It 1) Cr2n]
o >
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_Fitting the CMB power spectrum

! (@) Curvature {1 (b} Dark Energy

|

Ay (uK)

wo- (€} Baryons

Best-fit cosmological parameters from WMAP seven-year results!?%)
Parameter Symbol Best fit (WMAP only) Best fit (WMAP + BAOZ') 4 Hyl22))

Age of the universe (Ga) to 13.75 £0.13 13.75 0.1
Hubble's constant ( “Myoc.s ) H, 71.0+25 70.4 ji :2
Baryon density Qp 0.0449 +0.0028 0.0456 +0.0016

Physical baryon density Qyh? | 0022580 00037 0.022 60 £0.000 53

Dark matter density QC 0.222 +0.026 0.227 +0.014

Physical dark matter density Q. h,Q 0.1109 +0.0056 0.1123 +0.0035

Dark energy density Qa 0.734 +0.029 072870015

Fluctuation amplitude at8h~" Mpc| 08 0.801 +0.030 0.809 +0.024
Scalar spectral index Ng 0.963 +0.014 0.963 +0.012

Reionization optical depth 0.088 +£0.015 0.087 +0.014

WMAP 7-yr CMB' temperature power spectrum, Jarosik et al. (2010); parameter variations, Hu & Dodelson (2002)
SCIENCE AND ROBOTIC EXPLORATION




e R
. . PR * WMAP 7-year
Evidence for extra neutrinos... _ AT +ACBAR
B o t
:,1000?"‘».* A % QuUaD
| it ACT
|| , *SPT
- - - A L .

* Treating the neutrino energy density P T ACT SPT ,
as a free parameter, recent = £<1000 . £>1000 . ¢
observations prefer N__ > 3 at 20+.

: CMBTT
il '0): : ' ' o ‘10‘ 1\1'.‘0 1000 2000 3000 4000 SOOOHGCOOI 7000 8000 9300
1F S .
©!
-
5
T
> g;
TS '
=
o
0

N
eff
Dunkley et al. [Atacama Cosmology Telescope] 2010




| | R —— s
Evidence for extra neutrinos... ! Yy Tl

%_rooo_i‘!.i A,.4"y '2 QuaD
| *SPT
* Allowing the neutrino energy density - ! CT SPT !
to be a free parameter, recent o P> 1
observations prefer N_. > 3 at 20+. .
0] I | WA S i
ot
=1 \
x [CAl \
O 3 \
O 0A c! \
rO El \
= [ % v
Y 04t ' \
— ' ' SPT+WMAP+H,+BAO |
& SPT+WMAP
LT p WMAPF ]
’
0 1 2 3 45 6 7 8 9 1€

Naff

Keisler et al. [South Pole Telescope] 2011



W-7=WMAP-7

Model Data Neg
. ~ ACDM+N_,  W-T+BAO+H, 4.3470° %8
Simplest W-7+LRG+Ho 4.2570°7
cosmological < W-7+ACT 53+1.3
model —>W-7+ACT+BAO+Ho 4.56 = 0.75
W-7+4SPT 3.85 + 0.62
\ —P>W-7+SPT+BAO+H, 3.85 £ 0.42
—»W-7+ACT+SPT+LRG+Ho .08 078
—» =2-250 —>W-7+ACT+SPT+BAO+H, 3.89 £ 0.41
evidence e W-7+CL+SPT+BAO+Hj (< 3.74)
Negr+fo W-7+CMB+BAO+H, 447715
—»W-7+CMB+LRG+Hy 4.875’:1:225
Nes+Qk W-7+BAO+Ho 4.61 =0.96
More complex —»W-7+ACT+SPT+BAO+H, 4.03 £0.45
cosmological < Neg+Q+f, —PW-T+ACT+SPT+BAO+H, 4.00 £ 0.43
models Neg+fotw W-74+CMB+BAO+H, 3,63§4_r1 :ggi
W-7+CMB+LRG+Hy 4.87 5 0
Neg+ Qe+ fu+w—»W-7+CMB+BAO+SN+Ho 4.2+ 0+209
. —»W-7+CMB+LRG+SN+Hy 4.3*_“3;22&?3333

Abazajian et al., “Light sterile neutrinos: a white paper”, 2012



What the CMB really probes: anisotropic stress...

* Apparent (i.e., not physical) partial ¢ However, free-streaming particles

degeneracies with primordial generate anisotropic stress.
fluctuation amplitude A and « First real signature of N_ is in the
spectral index n_. 3rd acoustic peak!
6000 f Ngp=10 - 6000 Ng=10
\ \ =9 —— . \ ff= 9 ——
Bl \ gl ? iy \’": ?
t"g 5000 A\ cosmic vananoe+WN}AP7gnolse — A 5000 | ﬁ cosmic vananoe*wszP?“nmse — A
\ I cosmic vanance d i cosmic vanance
= 4000 | \l Fixed: z w, e {1 4000 | |' }leed Z., W, B,,A (/=200}
Q? [ ¥ eq’ q CL
k= 3000 3000 \1
Q i
: 2000 2000 .fl
= 1000 PNy 1000 \Hsi«l,
0 e

Figure courtesy of J. Hamanne
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. i > oss L Axion number density today ]
Example 1: Hot QCD axions... £ o= (e to 1 v)
8 05 -
g 045 | :
« Peccei-Quinn scale f < 10°GeV. E ol _
C //
: . O o35t ]
* Axion decoupling occurs after QCD =
phase transition (T < 150 MeV). g L 1
025 i i i PR S |
- Dominant processes: 1 - :
Axion temperature toda
O 095 i =
T+T<n+a a+ N < N +71 [ (relative to v temperature)_j___S__‘ﬂ____g____
g 09 F E
o
* Can contribute up to § osst :
o
> L / -
AN <0.57 z °°f
&) 0.75 -/ -
Hannestad, Mirizzi & Raffelt 2005
Pseudoscalar = 1 dof, Bose-Einstein statistics; 07 — — .
Axions are a little colder than neutrinos . i 10
m, [eV] 6x10’

£./GevV=6x10’
-
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B
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v, disappearance

1
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NoeeMexp)orednen

0.8

075

* data
— 3 neutrino oscillation illustration
— 4 neutrino oscillation illustration |

30

20

Beam Events / 8 MeV

10

5

0

25

15 F

1
10° Nuclfer (2012)

1993-98 data using new calibration

LSND

v_ appearan

E intrinsic V-
contamination

other v-ind.
D background

i

L sl

20 25 30 35 40 45 50 55 60
positron energy [MeV]

10'
Digtance to Reactor (m)

Mention et al. 2011
’10' ' 10
08 T
[ v, from K
0.5 =v, from K
= ﬂ'mlsrd
= a-Ny
04 B dirt
- other
——— Constr. Syst. Error
03 } l
02 MiniBooNE
- _Y_appearance
0.1
0.0 ;_._._.——] e | W
02

T 12 1415

I i : Not led to the Z
Example 2: light sterile neutrinos.=—

Two-flavour oscillations:

Baseli
Mass splitting aseiine
. . MMm’L
Prob,, s =sin’20 sin’|———
Prob,,.,=1—Prob, \
Energy

Each anomaly can be
individually explained in
1 terms of active-sterile

| oscillations with:

Amig ~1>10eV’
sin’2 0 ~107°

3.0

E2E (GeV)



Planck and Neff

WMAP Planck (expected)
T T T 6000 T Y
« IfN _is aslarge as 4, it
. eff i 5000 F L

will be settled almost = — Acoustic peaks |
immediately by Planck = 21t} and damping tall
(launched May 14, 2009: 2 . 21 : ‘
public data release early = VI i A"AN
2013). YN 1000 L

¥ i \~--~-\.. ’ F - \\ e ]

g 6(]>0 . 10100" llsloél 2(';00 .‘2.600 0 F N 5(1)0 = foloo 1500 20100 r;;OO

i L

10 sensitivities

Planck | P+BAO | P+HPS | P+HST | P+HST+BAO | P+HST+HPS
wam | 022 | 024 | 020 | 021 0.21 0.19
N (021 ) o021 022 | 021 0.21 0.22
Sm, | 068 | 081 | 044 | 0.67 0.73 0.44
w | 214 | 116 | 072 | 074 0.76 0.55
ns | 046 | 048 | 049 | 046 0.48 0.48

Hamann, Hannestad, Lesgourgues, Rampf & YW 2010



Further down the road: Euclid and Neﬁ..

— Planck+Euclid galaxies
== Planck+Euclid cosmic shear
— Planck+Euclid galaxies+ shear

* Euclid will improve Planck’s sensitivityto 28 T T ] l
N_. by a factor of ~4 [o(N_.) ~ 0.059]. 22
12%2.1 —
2

18 &1 | ] ] |
0.11 0.112 0.114 0.116 0.118

23
22

—~ g2
Eze
2 |-

19 -

1.8 &

2 Euclid spacecraft concepts

068 069 07 071 0.72
Hamann, Hannestad & Y*W 2012 h



OSMIC ?AYS IN T?ff MILKY W
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CRs 1n the interstellar medium

SNR RXJ1713-3946
42 sigma (20034"2(204 data)

O HESS

17h15m 17h1im
L T

sproduction of

- :
WIMP . secondaries
dl] . S,

GALPROP

20 GeV/n

: ) | T CR species:
1990 wvsuiu:im : g > Only 1 lOCEltIOH
' > modulation




Milky Way as an electron calorimeter

< Calculations for Z,,, = 4 kpc
< Leptons lose ~60% of their energy Cosmic rays

< vy-rays: 50-50 by nucleons and by leptons 7.90x10% erg/s
Primary nucleons /

Synchrotron
[ ] S
0 (90/0 )

Ionization
losses

1% 0350/(’\ [Bremsstrahlung ] 0.09% (6.6%) Primary
—

Secondary 006%/7 0.15% electrons

leptons

o\&
e:0.33% 075 S
2 (21,19, ) [ el N
% | Inverse Compton ] %

N
0.58% \

0.85%

[Neutral pions ] Total gamma rays Strong+’2011

1.6%

* The percentages in brackets show the
values relative to the luminosity of
their respective lepton populations




Fermi1’s skymap of particle interactions

< >100 MeV, 36
months

shows where
accelerated particles
meet target (gas,
photons)

~80% of the emission
1s diffuse

many transients in the

v-ray sky
08—AUG—2008




Space Missions and LDE
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IMAX (1992)
CAPRICE (1998)

O  ATIC-2 (2007)
CREAM (2004-2006)
RUNJOB (1995-1999)

PAMELA systematic error band

*

CAPRICE (1994)
AMS (1998)
BESS (2002)
JACEE (1994)

PAMELA

| IIIIIIII | IIJHI\'

10

102
E (GeV/n)

10°

10*

PAMELA

Zatsepin et al. 2006 (fitted to data)
GALPROP ¢=450 MV

Zatsepin et al. 2006

Single power law fit

10°

Data from several experiments (BESS,
AMS-01, ATIC2009, CREAM’2010,
PAMELA’2011) are all consistent and
indicate spectral hardening above ~100
GeV/nucleon

p/He ratio vs. rigidity R is smooth
He spectrum is flatter than proton spectrum

Heavier nuclei seem to share the same trend

New data may provide us with a hint to the
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Fermi-LAT observations of the Earth’s limb

density N thin target:
g cm™ _ X, - 68.4°<0<70.0°

1GeV-10 GeV 10 GeV-1TeV

jéy flux >3 6
GeV

________.,.a

e Fermi-LAT above 3.6 GeV (scaled)

o Fermi-LAT above 3.6 GeV deconvolved (scaldd)

---- NRLMSISE-00 1
— 6.8 km scale height exponential 1
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67.5 68 68.5
Onaair [Deg]

Emission
profile

<> Due to its pr0x1m1ty, the\ i’,.v : >30 GeV

emission

< The emission is produced by the C L-.
cascades in the atmosphere

<> Most energetic y-rays are produée& 10)%
CRs hitting the top of the atmosphere at

tangential directions (thin target)




Inferring the CR spectrum - 11

75)

< Broken power-law provides the
: e best fit with indices

| meisRs Earth’s limb 2.84+0.03 / 2.68+0.02

I below/above the break at

" ooy 00 264+19 GeV

In perfect agreement with
direct CR measurements!
cf. PAMELA:
2.85+0.015+0.004 /
2.67£0.03+0.05, break at
232+35-30 GV

A single power-law with index
2.74+0.01 can’t be ruled out
yet

=y
N

em?s s MeV!

278 » Flux (i

Flux x E275 (MeV'"® cm2 s sr-1)

—— PAMELA (2011 \I A 'LAT t t
(207) N\XNAR Fermi continues to

-
o
”

_&— CREAM (2011) ..
—s— ATIC-2 (2009) RE\’& collect data: more statistics,
— This Work ? . .
— ] and extension to higher
Onergy (Mev) energies

10° 10°




PAMELA data show rise in the positron fraction

T TTTTT T T TTTTT1 T T TTTTT7

Nature 458, 607 (2009) < PAMELA team reported a
rise in the positron fraction
perhaps due to “primary”
positrons

<> So unexpected, it can’t be
true!

< Possible explanations:

+ primary astrophysical

IVM&Strong 1998 sources (e.g., pulsars)
PAMELA 1(,%

Aesop (ref. 13

S bl Op 4+ dark matter

AMS

CAPRICES4 .
AR + nonstandard secondary

IS8 production (e.g., in the
SNR shock)

Muller & Tang 198756
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Fermi-LAT: ¢" & e fluxes and positron fraction

T
—=— Fermi 2011
—e— PAMELA 2010
—&— AMS 2007
—&— HEAT 1997

-
o

o
T

E%J (m2s-'sr1GeV?)

—&— Fermi 2010 (" + €)

—a— PAMELA 2011 (e)

—o— HEAT 2001 (€") %
ettt ‘

l l Total Error

e e l%ﬁu‘
!

—— &

Positron Fraction

[ Stat Error Only

152 : _ PRL 108, 011103

Energy (GeV)

allowed e*
— forbidden e

<> State-of-the-art: Fermi-LAT does not f K "' 90° longitude W LAT position

have a magnet, but used geomagnetic
field

<> Measured absolute fluxes of et & e

<> Fraction = ¢(e) / [P(e?) + P(e7)]

< Confirmed rise in the positron fraction

< Extended measurements up to 200 GeV







AMS
1600 e+ events (65-100 GeV)

Error size
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HEAT: JBeatty et al., Phys Rev Lett 93 (2004) : : & 2 37
-AMS=1: MAgwlar eta’ Phys LE‘tt B 646 (2007) ........ . , ...... ..... -..|.,, ...................
Pamela: O.Adriani et:al., Astropart Phys 34 (2010) : P E 3 b ¥
FERMI: M:Ackerimann et:al.; PRE 108 (2012)
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Evolution of BESS

* Nine northern latitude flights (1+ days) 1993-2002 and two Antarctic flights in 2004
(8.5 days) and 2007 (24.5 days)

* Including BESS-Polar | and II: 11,643 antiprotons reported 0.2 - 4.2 GeV

2001, 2002 2004, 2007
BESS-93,94 BESS-95 BESS-97,98 BESS-99,00  BESS-TeV BESS-Polar

New Mag

o010, =300 ps or0r=110 ps o710, =70 ps Shower  New ODC's
(ultra thin)

Aerogel C Counter  New JET/IDC's

97 n=1.03 2Xo Lead

p 0.2-3.5 GeV e/ sep.
98 n=1.02 p/He up to 1 TeV

p 0.2-0.6 GeV p 0.2-1.4 GeV p 0.2-4.2 GeV p 0.2-4.2 GeV p 0.2-4.2 GeV
_p 0,2 43 415, 398 668, 558 147 1,512, 7,886

Larger Vessel Larger Vessel ' No Vessel

Maximizing advantages with balloon experiments




Particle Ildentification
in BESS-Polar |l

Year Energy range Events

range (GeV)  observed

BESS-93
BESS-94 I
BESS-95* A8 - 1.F 4 - ‘% 1/300
BESS-97* 18 - 3.6 A1F Il i for positive rigidity
BESS-08 0.18 - 4.2 (]
BESS-99 0.18 - 4.2
BESS-00 0.18 - 4.2
BESS-02 (TeV) 0.18 - 4.2
BESS-04 (Polar-I) 0.10 - 4.2
| BESS-07*(Polar-1) 017 - 3.5

* Observation at solar minimum period.

L 'Bayrto[l Nleu'tro'n Iy\llo[nitlorl o o »yl ;,»I‘" Alltlpl'OtOllS

»x BESS-2001
© T -BESS-200)

-
;BESS-YQduHJ\.‘

L BESS-95

BARTOL Neutron Monitor Counting Rate

o
BE .Y.zm Rigidity (GV)

A. Yamamoto, 12-11-06 BESS Experiment




PAMELA trapped antlprotons
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O. Adriani et al.,, APJL 737 L29 (2011); arXiv:1107.4882 ICRC#£1029
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Badhwar et al. (1978) BESS-TeV

Golden et al. (1997)

~ Buffinglon et al. (1981)

1~ |BESS '95] J. F. Ormes et al. (1997) X 1/100

[BESS '93 '94 '95] T. Saeki ot al. (1998)

[AMS] J. Alcaraz ot al. (1999)
|BESS '93 - "00] M. Sasaki et al. (2002)

BESS-Polar |l

ALL BESS Results

#l PRL 108, 131301 (2012)

10°
Rigidity (GV)

BESS-Polar I
Upper limit: 4.4 x 10-7.

BESS-Polar |l
Upper limit:

All-BESS results combined:
Upper limit: 6.9x 10-8

(1x10-7 w/o spectrum assumption)

This limit is improved by
three orders of magnitude
over first reported limits




STATISTICS MATTER AT HIGH ENERGY

— o Hrimary protons i o Primary electronsi _Q 10°

104 ; AMSOt tAguitaret at-2008) - ----AMS0+-tAguilaret-al- 2002y -3
: Pamela (Adriani et al. 2011) Pamela (Adriani gt al. 2011) = 4
A']’lC2 (Panav_et al. 200&; .......... Fermi.LAT (Abdogt al_2010) ... § 10

GREAM (Yoon et al. 2011) H.E.S.S. (Aharonian et al. 2008) 3
= 10

10°

.........................................................................................................................................

10
10 1
- 10
= 102

10°

104
10

Integral flux above a given energy (m? s sr)
Integral rate of particles crossing the LAT (Hz)

10°

Rigidity (GV) or Energy (GeV)

» Both for point source and diffuse studies
» (e.g., ~ 1 EGB ~-ray per week above 100 GeV)

Luca Baldini (UNIPI/INFN-Pisa) SpacePart12, CERN, 6 November 2012



Rigidity ~- 700 GV
Boron 9 y Carbon
Rigidity=680 GV Rigidity=666 GV

Run/Event 1319990213/ 235892 Run/Event 1327184805/ 266043
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CR /7y-RAY MEASUREMENTS: THE LAT IN CONTEXT
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Acceptance (m? sr)

» Fermi and AMS-02 are good examples of complementary design
concepts:

» i.e., acceptance vs. energy resolution and particle ID.

Luca Baldini (UNIPI/INFN-Pisa) SpacePart12, CERN, 6 November 2012



A GAMMA-RAY LINE AT 130 GEV?

4 year R41
L eemmmmas Expected Limit

-
(=]
&

Observed Limit
[:’ Expected 68% Containment
i [ Expected 95% Containment

Flux 95% CL Limit (cm™s")
2
&

-

o
-
C

10
Line Energy (GeV)

» NFW-optimized region of interest;

» Based on 4 years of reprocessed data.
» No globally significant lines found in our blind search:
» Most significant fit at 5 GeV, ~ 2 + o (~ 3.70 local).
» Preliminary results presented at the Fermi Symposium, paper in
preparation.

Luca Baldini (UNIPI/INFN-Pisa) SpacePart12, CERN, 6 November 2012



FI1TTING A 4° X 4° ROI AT THE GALACTIC CENTER

NOTE: NOT ONE OF OUR A PRIORI ROIs

T T T T T T T

I
"0 E-=130.000 GeV 89N, —1999evs |,
| N=171 6.0 4.0le I 1]
a0 I
P =268+ 047(85¢r) A
c 50 4-0 = | \ n
! \

10 _— 201 il
i Preliminary N
Em— 0.0 ——55"T00 125 140 160 150 200

Energy (GeV)

» Fit at 130 GeV with 4 year publicly available data:
» 4.00 local.

Luca Baldini (UNIPI/INFN-Pisa) SpacePart12, CERN, 6 November 2012



FI1TTING A 4° X 4° ROI AT THE GALACTIC CENTER

NOTE: NOT ONE OF OUR A PRIORI ROIs

' ' I\ 4 year P7REP_Clean
7aL o year - 1)
rol E=134.860 QeV Nmg =17978¥S 11 40,40 gc ROI
ol N=182 _ 505 |2 180 !"\"D PDF"
T = 253 + 0.42(950L) I
: 50 35 - J ‘
/ \
S 1.75
% 0 Preliminary SR
a
- 3
) 151} ;_
he) a T
¥ 1.5
T -3 50 100 150 200
Energy (GeV)

» Fit at 130 GeV with 4 year publicly available data:
» 4.00 local.

» Fit at 135 GeV with 4 year reprocessed data:
» 3.70 local, features shifts to ~ 135 GeV.

Luca Baldini (UNIPI/INFN-Pisa) SpacePart12, CERN, 6 November 2012




FI1TTING A 4° X 4° ROI AT THE GALACTIC CENTER

NOTE: NOT ONE OF OUR A PRIORI ROIs

50. - 4 year PTREP_Clean|
rol E=134.860 QeV "Ny, =16.30evts 1 14%4¢ GC RO
a0 N=182 375 31350 ! "2D PDF"
T =249+ 0.42{950T) ]
£ 50 - / \\
/
. | \
% 10 Preliminary ' 7 N

1 I
50 100 150 200

Energy (GeV)

» Fit at 130 GeV with 4 year publicly available data:
» 4.00 local.

» Fit at 135 GeV with 4 year reprocessed data:
» 3.70 local, features shifts to ~ 135 GeV.

» Fit at 135 GeV with 4 year reprocessed data and improved analysis
(aka 2D pdf)—15% expected improvement in sensitivity:

» 3.30 local, feature slightly narrower than the energy resolution.

» And remember: we are talking about a handful of events.

Luca Baldini (UNIPI/INFN-Pisa) SpacePart12, CERN, 6 November 2012




FITTING THE EARTH LIMB

Y 70[ Vg — 3271 V8
]

10° |

| E=134.860 GeV
N=3265
I' =272+ 0.10(95CL)

Entries/bin

100 |

Preliminary t f

%

- . | ¢

100

Resid (o)
éan;w

200
Energy (GeV)

» Marginal line-like feature at 135 GeV (remember: these are

reprocessed data):
» ~ 2.70 with ~ 16% fractional residuals.

» The fractional residual can account for only 30-50% of the excess at
the Galactic center.

» Not enough to explain the GC excess, but can increase the apparent
significance.

Luca Baldini (UNIPI/INFN-Pisa) SpacePart12, CERN, 6 November 2012




MEASURING SIGNAL EFFICIENCY WITH THE LIMB

L LA AL SN R

o - T h v v
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6.0 Energy [MeV]
» The Limb is so bright that can be seen with loose event selections;

» Can use it to measure the efficiency as you go to tighter selections.

» Decreased acceptance near the peak energy can boost the signal.

» All this not enough to come to a conclusive answer:

» The feature in the Limb has a smaller S/N than that at the GC;
» Why don't we see any excess in other control samples (e.g.,
integrating the Galactic plane outside £10°)?

» Pass 8 will substantially improve our prospects for answering
questions about the spectral feature at 130 GeV:

» Larger acceptance, (slightly) better energy resolution, different

(smaller) systematics, CAL-only events.
Luca Baldini (UNIPI/INFN-Pisa) SpacePart12, CERN, 6 November 2012
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Gravitational waves







Massive Black Hole
Binary (BHB) inspiral
| and merger

Ultra-compact binaries

»

: '@(treme Mass Ratio’
Inspiral (EMRI)
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SpacePart12, CERN, Nov 5, 2012
. i Mark McCaughrean
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" ESA gravitational wave detection techinology testbed, séheduled launch 2014

= esa SCIENCE AND ROBOTIC EXPLORATION




SpacePart12, CERN, Nov 5, 2012
Mark McCaughrean

Testing alternative theories of gravity

Galaxies seen to have flat rotation curves
Standard solution is that they are embedded in massive dark matter haloes

Alternative: breakdown in Newtonian dynamics when background
gravitational field drops below threshold ~ 107 m s2

MOND (Millegrom), TeVeS (relativistic version of MOND, Bekenstein), and others
Direct test of modified gravity difficult

e.g. at LISA Pathfinder station at L1,
background acceleration ~6 x 10> m s 2

But there are saddle points (“bubbles®)
where fields should cancel

e.g. Sun-Earth saddle, ~ 250,000 km from E

After nominal mission, LISA Pathfinder:
couldfly through - MOND bubble®

VIoNItorgravity gradientetWeen testimas:
Predicted WVIONDBESIgnal =110 S imis o r=3005

=CS® _Oplymission.planned With required Sensitivity

km
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NGO: Revealing a Hidden
Univers
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Presentation to SSAC for the L1 selection,
Paris, April 2, 2012

Bernard Schutz and Karsten Danzmann

for the NGO Study Team




JPL Theoretical Landscape of the 20* Century:
Competing Theories of Gravity

not a complete list. . .
Newton 1686 | Poincaré 1890

Einstein 1912 | Nordstrem 1912 | Nordstrom 1913 | Einstein & Fokker 1914 | Einstein 1915
Whitehead 1922 | Cartan 1923 | Kaluza & Klein 1932 | Fierz & Pauli 1939 | Birkhoff 1943
Milne 1948  Thiry 1948 | Papapetrou 1954 | Jordan 1955 | Littlewood & Bergmann 1956
Brans & Dicke 1961 | Yilmaz 1962 | Whitrow & Morduch 1965 | Kustaanheimo & Nuotio 1967
Page & Tupper 1968 | Bergmann 1968 | Deser & Laurent 1968 | Nordtvedt 1970 | Wagoner 1970 I
Bollini et al. 1970 | Rosen 1971 | Will & Nordtvedt 1972 | Ni 1972 | Hellings & Nordtvedt 1972
Ni 1973 | Yilmaz 1973 | Lightman & Lee 1973 | Lee, Lightman & Ni 1974 | Rosen 1975
Belinfante & Swihart 1975 | Lee et al. 1976 | Bekenstein 1977 | Barker 1978 | Rastall 1979 |
Coleman 1983 | Hehl 1997 | Overlooked (20"century)

Theory must be:
— Some authors proposed more than one — Complete: not a law, but a theory. Derive
theory, e.g. Einstein, Ni, Lee, Nordtvedt, experimental results from first principles
Papapetrou, Yilmaz, etc. ~ Self-consistent: get same results no matter
— Some theories are just variations of others which mathematics or models are used
— Some theories were proposed in the — Relativistic: Non-gravitational laws are those
1910s/20s; many theories in the 1960s/70s of Special Relativity
—~  Overlooked: this is not a complete list! — Newtonian: Reduces to Newton's equation in

the limit of low gravity and low velocities



JPL Theoretical Landscape of the 20 Century:
Competing Theories of Gravity

“Aesthetics-Based” Conclusion for 20" Century

Newton 1686 Poincaré 1890
Einstein 1912 Nordstrem 1912 Nordstrom 1913 Einstein & Fokker 1914 | Einstein 19156
Whitehead 1922 Cartan 1923 Kaluza & Klein 1932 Fierz & Pauli 1939 Birkhoff 1943
Milne 1948 Thiry 1948 Papapetrou 1954 Jordan 1955 Littlewood & Bergmann 1956
Brans & Dicke 1961 Yilmaz 1962 Whitrow & Morduch 1965 Kustaanheimo & Nuotio 1967
Page & Tupper 1968 Bergmann 1968 Deser & Laurent 1968 Nordtvedt 1970 Wagoner 1970
Bollinietal. 1970 Rosen 1971 Will & Nordtvedt 1972 Ni 1972 Hellings & Nordtvedt 1972

Ni 1973 Yilmaz 1973 Lightman & Lee 1973 Lee, Lightman & Ni 1974 Rosen 1975

Belinfante & Swihart 1975 Leeetal. 1976 Bekenstein 1977 Barker 1978 Rastall 1979
Coleman 1983 Hehl 1997 Overlooked (20"century)

— “Among all bodies of physical law none has ever been found that is simpler and more beautiful
than Einstein's geometric theory of gravity”
- Misner, Thorne and Wheeler, 1973

= "[...] Unfortunately, any finite number of effects can be fitted by a sufficiently complicated theory.
[...] Aesthetic or philosophical motives will therefore continue to play a part in the widespread
faith in Einstein's theory, even if all tests verify its predictions.”
- Malcolm MacCallum, 1976
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Theoretical Landscape of the 21°t Century:

Competing Theories of Gravity @/

First decade of 21t century. .. they are back!

Newton 1686 Poincaré 1890

Einstein 1912 Nordstrem 1912 Nordstrom 1913 Einstein & Fokker 1914 | Einstein 1915 |
Whitehead 1922 Cartan 1923 | Kaluza & Klein 1932 | Fierz & Pauli 1939 Birkhoff 1943
Milne 1948 Thiry 1948 Papapetrou 1954 Jordan 1955 Littlewood & Bergmann 1956

Brans & Dicke 1961 | Yilmaz 1962 Whitrow & Morduch 1965 Kustaanheimo & Nuotio 1967

Page & Tupper 1968 Bergmann 1968 Deser & Laurent 1968 Nordtvedt 1970 Wagoner 1970
Bollinietal. 1970 Rosen 1971 Will & Nordtvedt 1972 Ni 1972 Hellings & Nordtvedt 1972

Ni 1973 Yiimaz 1973 Lightman & Lee 1973 Lee, Lightman & Ni 1974 Rosen 1975

Belinfante & Swihart 1975 Lee etal. 1976 Bekenstein 1977 Barker 1978 Rastall 1979

Coleman 1983 Hehl 1997 Overlooked (20"century) | Scalar-Tensor Theories

Arkani-Hamed, Dimopoulos & Dvali 2000 | Dvali, Gabadadze & Poratti 2003 | Strings theory?

Bekenstein 2004

Moffat 2005 | Multiple f(R) models 2003-10 | Bi-Metric Theories

Need for new theory of gravity: Other challenges: Motivations for new tests of GR:

— Classical GR description breaks — Dark Matter =GR is a fundamental theory

down in regimes with large curvature

-~ If gravity is to be quantized, GR will
have to be modified or extended

Dark Energy — Alternative theories & models

— New ideas & techniques require
comprehensive investigations



SpacePart12, CERN, Nov 5, 2012
Mark McCaughrean

ACES

Atomic Clock Ensemble in-Space

® PHARAO: Cs atomic.clock (CNES)

® SHM: Hydrogen"maserJ{ESA)
Microwave'link to ground terminals

Science goals:

a,

MeasUrement of gravitationalredshift
@ Pprecision 50 x 10%in 300 5;2.x 108in 10'days

Time variations in fine structure constant
® o' . dodt< 107" yr!

Search for anisotropies in speed ofdight
® Ac/c~100

—~

Relativistic geodesy at 10 cm level
Low-Earth orbit
©__debeinstalledioniSSini2015

Greund=terminalssEurepe, Us, Asid;

Australia

(S ESA (Human Spaceflight programme)-CNES

dcesa

- SCIENCE AND ROBOTIC EXPLORATION
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Mark McCaughrean

STE-QUEST

Cosmic Vision M3 candidate mission

Spacelime Explorer and Quantum
Equivalence Space Test

Laser-cooled Rb microwave atomic clock
55Rb/8’Rb differential matter interferometer

Microwave/optical links to ground
terminals

Science goals:

Earth gravitational redshift
@ Precision2 x 107 lultimate aim 4 x 108

TS <

Sun gravitatiofalyredshift (MR ()

: e
@ Precision 2%[10-% ultimate aim 6 x40 % R ' "g;

_Universality\6fipropagation offatter
Waves t

@ Measurement.of Edtvés parameter to < 10-°

Highly-elliptical Earth orbit

Mission to provide high precision test of Einstein Equivalence Principle, nominal launch in 2022-2024

SCIENCE AND ROBOTIC EXPLORATION
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Volcanos muon radiography




The CERN CLOUD experiment

® 30 sampling instruments
are currently attached
to CLOUD, including
9 state-of-art mass
spectrometers for
unprecedented ion and
molecular information
on aerosol particle
nucleation and growth:

-

PTR-TOF

(U Innsbruck) CI-APITOF (U HEL)

CI-APITOF (U Frankfurt)
TD-CIMS (NCAR)

IMS-TOF (U HEL
( ) CIMS (U Frankfurt)

API-TOF- (U HEL)

API-TOF+ (PSI) NASS (U HEL)

J. Kirkby Cosmic Ray influence on cloud formation
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Conclusions |

One hundred years after the discovery of Cosmic Rays, in the
era of the Higgs boson, multimessenger observation of the
Universe continues to provide outstanding physics results

The Universe reveal itself through the interaction of mass and
energy deforming the space-time texture

A modern class of space observatories is pushing the limits of
sensitivities to the edge of space and time, using most
sophisticated technologies and Europe is playng a key role in
these global scientific enterprises

Current generation of space instruments compete in cost and
complexity with the largest LHC experiments




Conclusions 2

The links between astrophysics, cosmology, astroparticle
physics and the physics at the accelerators are stronger and
deeper than ever

The detailed study of the CMB, light, gamma rays, cosmic rays
and gravitational waves are providing extraordinary
experimental insights in the early phases of the universe,
testing fundamental concepts in particle physics like number
of neutrino species, dark matter, symmetry breaking,

inflation, phase transitions

Still most of the Universe remain unexplained : dark matter,
dark energy, absence of antimatter are striking examples of
how long is our journey to understand the place we live
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