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Primary Component In*

| 'p N— Pjt’,i’g}"t‘“m':

* PAMELAhas observed an | S
Increase In the positron ‘é =3 e :
fraction confirming previot § ™% ‘N | ;_*_ 1]
hints from other experime £ o k»’ *W‘*’""” S
ke HEAT and AMSO01; ~ | Tl
~ermi has confirmed the . g » \
excess inee spectrum ! ke -

E [GeV]

«x The most likely interpretation is that amdditional primary
source of high energy*eexistsor a secondary acceleration
mechanism is at work

2 For a discussion on alternatives S2eico arXiv:0810.4846
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What is this OprimaryO
5 component? 5

1.Conventional sources

1.pulsar emission

2.cosmic rays reacceleration (I will use OprimaryO a
this, although it really is an acceleration of seconde

2.Non conventional soutrces
1.dark matter annihilation/decay

3. A combination of'the above
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Pulsar emission

<& | &
Neutron stars with magnetic axis forming an angle with rotation ax

Dipole emission with photons convertéd paes (no pp pairs product

Data are reproduced =~ i . —F

assumingautoff at © .. ~ | 2 MFWF&* -

~600GeVanda % = L :

production B G e R e,

efficiency of 5-10%; . g .... M L
2wy 5, (o

Pulsar age+4.0° ~ Left: Contributions to the positron spectrum from B0656+14,

years : only few inGeminga and pulsars with D > 400 pc and positron fraction

our vicinity~kpc) (right) for a Galactic pulsar birthrate of 1/25yr~", injection
spectrum o« E~'°exp(—E/600GeV) and 3 x 10*”erg in pairs.
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Cosmic Rays reacceleratic

<> | | Shock—\ji\:e—‘fief:_fystem
** Fermi mechanismcosmic rays are accelerated in | |
5 . . _—t |
Interactions with supernovae shock waves :A§ :
| i
: | [
¢ Reacceleratio(Blasi PRL 103,051104(2009)) :when | |
secondaries are produced inside the accelerationr — | 7] !
A
= The same mechanism produces an excess in antip '
» —__ proton
N PSP A § o T . [
L ISM+B _;-.;3 : E\T\ @ FERMI (2008) & BETS (2001) l v + 5%0
0.0001 + =R e e kv
| PAMELA antip/p {FERMI e*+c [EEIIIEES standard spectrum
1e-05 i ' II”_II'W t —t ""I‘m ,..,.110 P ..!..1150 3 10|OO\
Kinetic Energy, T [GeV] E (GeV)
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O

Dark Matter

WMAP: | Quh*=0.135 + 0.008; ©,h?=0.0224 + 0.0009

Dark Matter makes-+t§6% of existing matter in the univ

Many candidates for Dark Matter exist, with cross sec
masses spanning a wide range of values

Table 1. Properties of various Dark Matter Candidates

Type Particle Spin Approximate Mass Scale
Axion 0 peV-meV
Inert Higgs Doublet 0 50 GeV
Sterile Neutrino 1/2 keV
Neutralino 1/2 10 GeV - 10 TeV
Kaluza-Klein UED 1 TeV
Bergstrom
SCINEGHE2009
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WIMPs (Weakly Interacting Massive Partic

OStolenO from A.Masiero SIFQ9 - see his talk for d

@ .

** however WIMPSs hav
some special
characteristics:

1. singular coincidence betwe
Particle Standard Model anc
Cosmological Model to prov
valid candidates at the TeV

T('.)3 _0.1pb-e
Mp{oav) — (04v0)

Q\hg ~ const, -
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WIMPs (Weakly Interacting Massive Partic

OStolenO from A.Masiero SIFQ9 - see his talk for d

& \  EREAREENENT susy EXTRA DIM. LITTLE HIGGS.
(x*, 6) (x= J') SM part + new part
= however WIMPS havy | o mesw % . 2
nticomm. New bosonic to cancel A
. Coord. Coord. at 1-Loop
some special ———
i RULE R-PARITYLSP  KK-PARITY LKP  T-PARITY LTP
characteristics: DISCRETE SYMM.  Neutralino spin 1/2 spind spin0
STABLE NEW \ l I
_ = PART.
L smg_ular coincidence betwee i i st il
Particle Standard Model anc [| PAram. space ~100 - 200 B0 - 66 )
- WHERE THE “L" NEW GeV 400800
Cosmological Model to prov [ parT is NEUTRAL + GeV _—

0 h? OK

valid candidates at the TeV

XX-W' W -»:e*"‘+v¢+W'
XX—=bb—e +X

2. DM candidates OnaturallyG
in theories built non ad hoc:
neutralinos (SUSY), KK part
(Extra Dimensions), inert Hi
(to canceél? terms at 1 loop)

M.Incagli - INFN Pisa

example in SUSY therory:
neutralino annihilatiand
production ofpositrons,
photons, antiprotons and
antideuterons

XX—#&y (via loops)
XX—»hadron;s—>1r°+X—viyy+X

XX—»hadrons—»jHY

XX—-»hadronsY
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How Is It possible to discriminate amor
different solutions?

© | | &

1.Collect hlgh statistics with PAMELA: Positron fraction
improved resolution in a = .
larger energy windowniere . }\1 l
and betteapproachgxampl ;w’q : }L li 1t
prePAMELA vs postPAME it T

2.Compare different channe ] s
and constraint the theory | SR S T e |
biodiversitgpproachinore ™A
later | R —
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The richness dfiodiversity

O | | ©

-« A Dark Matter candidat®&loft150GeVwhich decaysWi\W-
well explainsositrons datdout it fails in describeige flux
as measured by ATIC and FERl\/Elnapn:)ton/proton ratio
measured by PAMELA |

30%-' 10’“ u:.r(q';;”u. T lo_jg T T T T T T T T llnlll?li
L PAMELA 08 - - -
c E . %1 } .9
O wep¥y 11 h pat 3,
45 Fog e 08 ) S M 10
- | — | — -
S = = f
= 3w} o 1 c
- + =
S ® -
= 1% Q.
n : =
o C
o ©
03% RIS LA PR AT 1l 10_3 SN WA SN [N TR
10t 10 10 10° 10*
Dositron enerpy in GeV Energy n GeV P kinetic enerpy in GeV
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DM discovered?

O . | | ©

*« A different hypothesis=8TeV, decay "\ BF=10

DM with M = 3_TeV that annihilates into 777~ with ov = 20 % 1072 em’/s

. - contribution
- N\

c 0B g 10°5 from this DM |
e i
4 >< ; e~
(@] P 6 / '
g -..5_5 q;:) W=r ,"brehm ‘\
c
c L 001F
(@) S_J 9 107 4
= + o /6\'“
-a q) c
o o » /
10- - dus‘ /
o l /
2 7
T, 0.003 t I ATt e / >~ 1/ 2 ) s
10 10 10° 10° 10* 001 01 1 10 100 1000
Posi in GeV Energy in GeV Photon energy in GeV

¢ ...maybe not! Rather unnatural (rﬁﬁ'S‘blyand large boost required
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Other ingredients to make predictions
© <

The flux measured on the earth has many contributions

m background due to OstandardO cosmliepayds on
production mechanism, propagation, acceleration,
confinement in our galaxy, interactions with InterStell;
Medium,..

®m OsignalO due to eventuad&ddnds on DM density
(squared!), on propagation,

A new generation experiment should be able to constre
much as possible, all these additional sources of incert
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CQSMICIRAY bumany imcettitudes i pre
and,propagationsviechanisms

> These incertitudes affect both the background prediction and the sign:
propagation from production to detection, in particular for charged particl

Secondaries

Our Galaxy -

SNR Shock Wave




CQOSKMIC'RAY &vplroduction anadpropagatic

stable

$ decay

K capture

primary CR

big bang and stellar
nucleosynthesis

age of the origin material
(U, Pu, Cm, E)

Delay between synthesis

and acceleration (°®Ni, 5’Co)

secondary CR
(dependent from ISM)

diffusion process
(B/C, sub-Fe/Fe)

galaxy confinement time
(1OBe’ 26A|, 36C|’ 54Mn)

Energy changes
(decelerations)

Our Galaxy -
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CQSNMIC'RAY Svproduction,andpropagatic

stable $ decay K capture
T big bang and stellar age of the origin material Delay between synthesis
P y nucleosynthesis (U, Pu, Cm, E) and acceleration (°®Ni, 5’Co)
secondary CR diffusion process galaxy confinement time Energy changes
(dependent from ISM) (B/C, sub-Fe/Fe) (19Be, 26Al, 36Cl, 54Mn) (decelerations)

Our Galaxy -
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CQSKMICIRAY &vproduction andpropagatic

stable $ decay K capture
T big bang and stellar age of the origin material Delay between synthesis
P y nucleosynthesis (U, Pu, Cm, E) and acceleration (°®Ni, 5’Co)
secondary CR diffusion process galaxy confinement time Energy changes
(dependent from ISM) (B/C, sub-Fe/Fe) (19Be, 26Al, 36Cl, 54Mn) (decelerations)

Source

-
.

SNR Shock Wave




A general purpose experime

2 &
In summary, an experiment aiming to settle these issues n

¥ Magnetic field: positive vs negatolearge
¥ Good calorimetere+ vs feasier for negative charge)

¥ Way to distinguish Z and Background predictions and sic
propagation

¥ Large statistic§lux~E(GeV?} so large geometrical accepte
and long integration time necessary to relalbEMVE

¥ Optimal localizationoutside atmosphdoesee primaries
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Counter
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a OtypicalO particle physics apparatus In

AMSO02:

©

TRD Xe/CO, Straws
e/h rej. >102 1-300 GeV 0.5m2sr

- TOF Trigger (2up+2low)
- I #.=120ps: $ dE/dX: Z

Superconducting Magnet (0.8 T)
3500liters superf3uid He

Silicon Strip Tracker 6m?2
pupto 1TV and Z(dE/dX)

J\ RICH Aerogel/NaF
3# Sep. A~26 1-12 GeV +Z

4 ECAL 3D lead/scint-bbre
ehrej. >103 1-1000GeV 0.05m2sr
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AMSO02 performances: rigidity

@ | _ — D . <
R =bp= e
The AMS-02 Si Tracker + magnet:

¥ Permanent dipole magnet B=0.8T

¥ Silicon double-sided sensors

¥ 8layers arranged in 5 planes

3 Resolution < 10 um in the bending direction
¥ Arigidity determination of 2% at 10 GV

£ 10° S e R

s < it Beam test : ——re

5 AR, oo {7 S S

P R g A e

& < o~ Sum

= 15 EE= s 2]
o

= 0}

Simulation

.t
-------

1 10 10 10" oL
Rigidity (GV)
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AMSO02 performances:
e/p separation with ECAL

& TEST BEAM DATA &
$ Lead-SciFi calorimeter with

17.2X, & 0.8%

1(E) 10.5%,

$ Energy resolution wifliCAL R
<2% at E>50GeV

$ Discriminant variables used
to characterizelectromagnetic
behavior:electron efficiency
>95%, proton reduction ~30

e’ ,100 GeV
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AMSO02 performances:
e/p separation with TRD
© ®

20 layers of Xe/CO2 blled
straw tubes for dE/dx Transition
Radiation x-ray detection

Proton Rejection Factor
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O

AMSO02 performances:

velocity measurement in RICH and TC

Redundant measurements

A . $ with &$/$ = 0.01%
> TOF: $§ = &L/&t with &%/$ = 1%

M.Incagli - INFN Pisa
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AMSO02 performances:
mass measurement

\J

The AMS-02 spectrometry

¥ Tracker for rigidity and charge
¥ RICH for velocity and charge
¥ Isotopic distinction up to 10 GeV/n

Two radiators:
> NaF (n=1.334)

EY

» \
o

10Be/°Be

SCINEGHE2009
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AMSO02 performances:

Charge measurement
® ®

The charge evaluation is redundant

¥ Tracker, TOF, ECAL: energy deposition by ionization
¥ RICH: number of photons in the Cherenkov ring

C Beam test Fe
Be

F Ne
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AMSO02 on the ISS

®

The experime
will be installe
on the ISS

>3 years
mission with
magnetic field

acceptance =
0.24n¥sr

(0.08n%sr with
ECAL)
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Precursor flight: AMSO01
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SPACE SHUTTLE PROGRAM
NSAEace Shuttle Fligoht Operations and Integration Office

A Johnson Space Center, Houston, Texas

CR# S072134
Baseline STS-134 in the Flight Definition
and Requirements Document (FDRD)

June 25, 2009 b PRCB

MO3/Shelby Lawson
Mission Integration Mgr.



Shuttle manifest

STS 134: Shuttle Discove

16 sep 2010 -> 29 july 20
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SPACE SHUTTLE PROGRAM
Space Shuttle Flight OTperations and Integration Office

NASA Johnson Space Center, Houston, Texas

| STS-134 (ISS-ULFS) Timeline Overview |

Presenter  Shelby Lawson
Date  June 2009 Page 99 ‘

FD1 Launch
FD2 SRMS Checkout; OBSS Survey; EMU 6 heckout EVA Tool Config
FD3 RPM, Rendezvous w/ Station & dock to PMA2 (on Node 2 forward port); Orion RNS

DTO- - A 703; Ingress Station; Middeck transfers; Deploy ELC3 from Shuttle PLB to ISS P3 Upper
1 FD4 o | '_'rom Shuttle PLB to S3 Upper Inboard CAS, EVA Prep
“FO5 WFEVAT B fransfer MISSE 8 from PLB togISS,
FD6 1 " cused Inspection (if required), Water iDump, EVA Prep
FD7 EVA D Clean/lubricate Starboard and Port SARJ
FD8 Late ;::- ction, Off Duty, EVA Prep |
FD9 EVA3 D Tr‘fer and stow Integrated Boom Assembly from PLB to S1 Truss OSE;

%, Install PDGF on ISp; Middeck Transfers
FD10 Off duty, Crew Conlyy ence, GLACIER {: ow, Hatch Close
FD11 Undock from ISS; Flya‘_nd; Re-rendezvous for Orion RNS DTO-703
FD12  Cabin Stow, Water Dump, F8$ C/O &
FD13  Deorbit Prep, Landing e




AMS status

© AMS has been pre-integrat ®
without the solenoid to che
mechanical interferences ¢
to test the DAQ system

Several months of cosmic
runs with the detector in
different configurations

-30j -60; -90j
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Magnetic field map

O ®
Then the detector has been
disassembled, the magnet switchec
and the field mapped: field decay a
per year
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AMSO02 schedule

© ®
October-november 2009: flight integration and magnet
down

At the end of november AMSO02 will leave (forever) the
room in CERN Prevessin site for the following operatiot

ready for the flight of july 29!
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AMSO02 can collecr

Physics In AMS:

» Cosmic Rays propagation.

described below In order 0

1 day

L. 1

M.Incagli - INFN Pisa

1 week 6 months

33

In each of the channel

1 year

L.
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Physics In AMS:
I DM indirect search Jy
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Antiprotons

®» <
Main backgroungrotons from charge misreconstructi
Antiprotons can discriminate am

different contributions: (no
antip),cosmic ray reacceleratio
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What about antideuterons”

O . , &
Antideuterons are producedriny coalescence after gq hadroni:

A new recent calculatiobRN-PH-TH/2009-149 ) has increased the
coalescence probability due to the jet-like structure of the high mas
Interactions

AMS sensitivity is below’(tF s sr}t, so fewntidevents could be obsel

| Antid production
for DM mass
0.1-30TeV

| Pplled histogram:
secondary antid
production
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electrons/positrons

ECALstandalone:

Combined withTracker (E/p
matching) andRD a
IS achieved

e+,e- spectra free from
background from hadrons
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Photons in AMSO02

Two " detection modes in AMS-02
direction from Tracker, energy from Tracker+ECAL
Single photon direction and angle from ECAL

[
& o

Ma_in b_q: '_rays Main bg: secondaries: "_from p interactions
Rejection factor: >10°(p), 4410 (e) Rejection power: 541 [veto on hits, " direction]

[TRD veto, invariant mass]
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0.4 X,

Photons in AMS0?2

O ®

Single photon

In spite of the smaller (with respect to FERMI) Peld of view, the good
angular and energy resolutions make AMS a competitive actor also
for photon physics
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Summary

® <
PAMELA, Fermi and other previous experiments have shu

presence of a OprimaryO component in the electron/posit
spectrum in the region 10-1000GeV

The contemporary measurement of positron+antiproton-
+photon fluxes, together with the measurement of nuclei \
IS the best tool to establish the nature of this component
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