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Part A Calibrating nature’s beam (the real facts)

Existing and future measurement of the hadronic CR component
Atmospheric neutrinos calculations

Part B Search for new particles (hopes & dreams)

Anti-protons
Anti-deuterons
Electrons/positrons
Gamma rays

EEHCR
Neutrinos
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Part A

Calibrating
Nature’s Beam
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Hadrons

*Main components of Cosmic Rays (CR)
*Precise measurement of their and reveal
*Source composition

*Acceleration mechanisms <> Propagation models
Interaction with the ISM

Roberto Battiston CERN-ESA-ESO Workshop 2002

*Background for searches of . In order to search for
very rare events the CR background should be known very precisely

Input for calculations



High Energy Cosmic Rays composition
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Hillas-plot (candidate sites for E=100 EeV)
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Balloons

e Magnetic Spectrometers (R, 7.2
e Charge Identifiers (7

e Emulsion Chambers (1.2

Roberto Battiston CERN-ESA-ESO Workshop 2002
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.for nearly 40 years sources of most data on CR



Space Borne

¢ Double Cerenkov
¢ Multiple dE/dx @ Total E

¢ Magnetic Spectrometers
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Farticle trajscbory
I

Roberto Battiston CERN-ESA-ESO Workshop 2002

TOF Lansers 51

a2

.....in the last years sources of most precise CR data
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BALLCCNS SPACE-BCRNE
Gecmetrical Acceptance V
Flight Duraticn
Measurement Redundancy V
Atmospheric Corrections
Detecter Accessibility
Flight Contrel
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= New Experiments:

...in the future only space borne or long duration balloons




Geographical
coverage much

better for
satellites
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Geographic Latitude & (7)

CAPRICES4
MASS91

LEAPS7

Detection points along Shutile orbits

Cutoffs(GV)

<0.5

4.3
0.37-0.63
0.6-1.1

o 100
Geographic L ongitude @ (7]
Latitudes Longitudes
+-51.7 all (SAA excluded)

{Lynn Lake - Canada)
+56.5 N 101117 W {Lynn Lake - Canada)
+34 N 104W  (Forth Sumner)
+56.5 N 101118 W (Lynn Lake - Canada
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Magnetosphere effects
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At low energy (below cutoff, up to R ~ 15 GeV) latitude
dependence and solar modulation influence the spectra

At high energy (above R~ 20 GeV) the measurement
of the primary flux should give the same resuit in
experiments performed at similar solar activities
LEAF, IMAX, CAPRICE, BESS, AMS
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AMS STS91 Mission - June 1998 Science Results

Proton Spectra(l)

AMS Data Fit to ®/R! for 10GV < R < 200GV :

Y= 2.78 + 0.009(fit) + 0.019(sys)
@ =17.1 £0.15 (fit) + 1.3 (sys) = 1.5(y) GV 27%/(m 2ssrMeV)

« AMS

s+ BESS98
CAPRICE94
IMAX92

o MASS91

o LEAP87
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AMS STS91 Mission
June 1998
Science Results

Helium spectra

AMS Data Fit to @ /R for R:[20,200] GV :

Y =2.740 +0.010 (fit) +0.016 (sys)
D, =252+ 0.09 (fit) + 0.13 (sys) + 0.14
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Deuterium and 8
7 - i E-
° 4 E
R Higher Z nuclei §
" 8] 5 Lo @ are important to understand £
i . A -
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Testing the trapping time in our galaxy

e Radioactive nuclei = CR Chronometers

(t1/2 = 4.08 Myr)

e Measurements in space
E =~ 100 MeV/n

e Balloon measurement

0.3 GeV/n <E <2 GeV/n

Roberto Battiston CERN-ESA-ESO Workshop 2002



CR Hadronic Component

Ekm.fpart icle (eV)
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(Particle Flux) * Eﬁig

le+07
E,; /particle (GeV)

G. Battistoni unpublished
o 0.1 GeV < E < 100 GeV

Spectrometers: within 5%

e 100 GeV < B < 1TeV
Calorimeters: within ~ 25%

e 0.1 GeV < E < 100 CeV

Spectrometers: within 10%

¢ Absolute fluxes from 0.6 to 35 GeV/n

¢ Systematic Errors ~ 5%

e 1TV < E £ 1000 TeV o £ > 100 CeV

Emulsion Chambers: within = 25% Emulsion Chambers: Poor statistics



Nucleon fluxes, E2-5 F(E), GeV!-Scm2s-1ster-1

error

Stanev Trento 2001
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6000 Atmospheric neutrinos relevant for

v oscillation searches are produced
by CR with energy exceeding 10 TeV

4000 interacting with the atmosphere

2000

Accurate knowledge of the CR primary
Flux and composition over the entire
o Hel™” IR Earth is possible only with space born

detectors
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Precision measurement
can provide nice surprises:
observation of high energy

Cosmic Rays trapped and :
quasi-trapped in the earth P
magnetic field at low
altitudes (few 100s Km)

Proton Flux

Summary of Downward

¢ 1.0<q,<1.1
A 0.8<q,<0.9
A 0.6<q,<0.7
# 0.4<q,<0.5
& q,<0.3

Kinetic Energy (GeV)
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CR interaction with the geomagnetic field

Roberto Battiston CERN-ESA-ESO Workshop 2002
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Down going proton Flux

P. Zuccon, et al.  ICRC 2001
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AMS belts vs Van Allen belts

* Van Allen belts:
— Low energy from ~ 1 MeV to ~ 100 MeV
— Contains e-, p
— High L-shells < high altitude
— Life time O(years) => trapped

Roberto Battiston CERN-ESA-ESO Workshop 2002



AMS belts vs Van Allen belts

 AMS belts:
— High energy from ~ 1 GeV to ~ 10 GeV
— Contains e+, e-, p, *He
— et over e- dominance
— Low L- shell <& low altitude

— Life time O(seconds) => quasi trapped (but also stably
trapped component observed)

Roberto Battiston CERN-ESA-ESO Workshop 2002



Future experiments

e Balloons

Ultra Long Duration Balloon program
| ULDE)

calorimetric >2010

e Space-Dorne

— ACCESS

. Charge |dentification

Roberto Battiston CERN-ESA-ESO Workshop 2002

PAMELA

Transition Radiation
Detector

= Calorimeter

# Bnergy Spectra
| < Z <28 for E < 10%% eV

# Individual Element Abundances

Z>28



Sensitivity-5L2ct

FUTURE MAGNETIC SPECTROMETERS
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Improved detector (larger acceptance, 5 times stronger magnetic field)

Largely improved particle id (TRD, RICH, EM Calorimeter)



Tomorrow....(>2004)
after AMS starts operating on the ISS
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...our knowledge of CR up to several TeV will be largely improved



Part B
Searching for new particles

Anti-protons
Anti-deuteron
Positrons/electrons
Gamma rays

EEHCR
Neutrinos

Roberto Battiston CERN-ESA-ESO Workshop 2002



~ Anti matl:er

tter UniverSgy,
N e

Antima
ks

Strong CP Violation
(not yet observed)
and
Baryon Number Violation
(Proton decay not yet observed)
Then
Grand Unified Theories
or
Electroweak Theories
predicts

¥

Magnetic Monopole Baryogenesis: '

. or (Antimatter Universc'GQis
Light Higgs disappears)
or
Massive neutrinos
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Measure
Rigidity (R, R1, R2)
Sign of Rigidity

Absolute value of Z
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Velocity ()
Apply cuts
Test antiHe hypothesis

Compute limit



Smool el al. (1975

Adru et al. (19410 Evenson (1972

Evenson i 1972)
Smool etal, (1975

Badhwar et al. (19785
Giolden et al. (1997)
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Model dependent
limit

Bullineton et al (19811
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BESS (93,94, 95,97 and 98 flights)

BESS 93-2000 ﬂightE AMS STS-91(1998) /

Pamela (2003)
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Strange Quark Matter, Strangelets

Normal Matter is made up of nucleons Carbon Cle“S

(neutrons, protons) each with 3 up and
down quarks

Lumps of strange quark matter (Strangelets)
are a single “super nucleon” with many up,
down and strange quarks. Strangelet

u

d= 95

Low charge to mass ratio
*Mass from ~100 to ~10°7 times proton mass

Many interesting, unusual properties

J. Sandweiss, J. Madsen



Dark Matter in the Universe

« At all scales (galaxies, clusters, superclusters..) the visible mas
is not sufficient to explain the observed dynamical effects

Q,< 0.03 , h=0.7+0.1

De Bernardis 2001

before CMB data =2

Roberto Battiston CERN-ESA-ES Works hop 2002

Q > 0.95

after Boomerang ->

Q,=1

together with high-z Supernova data -




The SUSY DM solution

e Supersymmetry links the existing SM particles to a set of new heavi
super particles through R-parity conservation:

R=(-1)
R=-1 for SUSY particles

Battiston CERN-ESA-ESO \@rks hop 2002

* R-conservation requires that the Lightest SUSY Particle (LSP) 1s stabl
LSP 1s heavy (LEP > 45 GeV) this can be a good candidate for CDMF®

bEPto

Ellis astro-ph/9911440

cosmo + UHM

5 6 7 8 910



« SUSY can bereducedto a = parameters (!) theory:
 higgsino mass parameter
* gaugino mass parameter,
« ratio of the Higgsino vacuum expectation values
« mass of the CP-odd Higgs
* scalar mass parameter
* Trilinear soft SUSY breaking parameters

« LSP (neutralino) can be espressed as superposition of the neutral
gauge (y and W) and Higgs boson superpartners:
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« Parameters of this superposition define the LSP

— cosmological density, 0’ Gev
— annihilation cross section, Neutralino Mass

— annhilation into detectable particles. In CR :



Dark matter halo around our galaxy ?

A

Via lattea

600 kpc

Roberto Battiston CERN-ESA-ESO Workshop 2002



2002

Anti proton spectrum and SUSY DM

Cosmic Rays Antiprotons
L. Bergstram, J. Edsja and P. Ullio,astrop-ph/9902012

x Gaugino-like
Mixed
+ Higgsino-like

Roberto Battiston CERN-ESA-ESO Workshop
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Low energy anti-proton spectrum

Richear et al, Dirift model
——emmea- — 0%, i+i

——— —— -.'|'| e

e =i

Figher IS5 specim modu laved by Fisk
o= G448 MY
d = 1344 MY
{ from beloow

|
Kinctic Energy
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High energy anti-proton spectrum

* The background shape has much less uncertainty.
* No effect from solar modulation.

e Rate from supersymmetry are indeed too small :
— high y mass and Flux o«c 1/M,*
— Unless hypothesis on the Dark Matter distributions (clumps of DM)

Current status

ach et al. astro-ph/011094

Exam nle of SUSY models

© CAPRICES4
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High statistics space born experiments in the
near future will allow a precise measurements of
the High Energy Spectrum

Pamela 10* anti-pin2y AMS on 1SS
r (Search for dark matter)
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Remember: cosmic beam calibration

Bergstrom et al

—Theory predicted a very distinctive spectrum at

Interstellar fluxes
— total
=== p-p secondary

low energy
—Flat for ¢ annihilations.
—Suppressed from (pp — anti-p + X).

—more complete computations include

—Inelastic scattering (non annihilating)
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K ine tic Energy. T-_(Gev) —Scattering on Helium

Uncertainty on the normalization from measurements from HEAO3 (1990) : 25%

F. Donato at al (stro-ph-01031 50) F. Donato at al {astro- ph-0103150) F, Donato et al (astro-ph-01031 5

""" BESS data 958+97 " BESS data 55197 ‘ BESS data 95+97
BESS data 98 BESS data 98 BESS data 98




Antideuterons and SUSY DM

» Anti-proton spectrum at low E appears to be less
favorable than 1nitially anticipated to probe an
additional spectrum of exotic origin:

— No distinctive spectrum.
— Solar wind modulation not so well known.
— Normalization still uncertain (even if improved).

« Anti-Deuterons seems to be a good signature

— The 7y signal has a flat spectrum (as for anti-protons)

— The background component is suppressed at low
energy.

— But Flux 1s smaller.

Roberto Battiston CERN-ESA-ESO Workshop 2002
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Anti-D dominant over anti-P at low energie

SUSY to secondary ratio for p and D

F. Donato, N. Fornengo, P. Salati (1999)
L LA P F. Donate, M. Fomengo, P Salati (1999)
i0—=&

Anti-D Signal

Q
]
LS
~
@
a3
L]
LS

Solar mininum




Promising for long exposures large acceptance 1n spac

F. Donato, N. Fornengo, P. Salati (1999)

AMS on ISS

*  gaugino
mixed
o higgsino

Roberto Battiston CERN-ESA-ESO Works ha@[2002



e+ e- spectra and SUSY DM

D Works hop 2002

From the first direct evidence of CR electrons......

J.A. Earl, PRL 6(1961) 125

Balloon Flight: May 1960
Residual atm : 4.5 gr cm2

Multiplate cloud chamber
%= 9.0 XD

11 electrons 0.5 -3 GeV
6 photons
284 p

IE’jIp — +/"1n1"n




measurements from balloons...

B
¢ Prince 79 *% Nishimura99 [] MASS 89 2
o7 MNishimura 80 * Golden 84 ¥ CAPRICE 94 3
M Tang 84 Fanselow 69 ® HEAT Y
O BETS Buffington 75 @
— :
Q 5 s
O 2 £
A It - &
- l 0 ﬁ f’ ' :
- Lo o 2
10 % o :
£ a .
= v
w =
= N w
" 10 ov
(] — Y
w E y @
& Y
1 I II IIIIIII 1 1 IIIIIII I 1 IIIIIII I 1 IIIIIII I
-1 2 3
10 1 10 10 10

Energy [GeV]



& Fanselow 69 1 MASS
Buffington 75 ¥ CAPRICE 94

* Golden 84 ® HEAT ® AMNMS 01
.3
=10
G | ‘t
"o E . .* Tt e . 4
™ 0
510 °F . Peemib,
“E o {l."'j
= [ o VP
LU [ =
E'"] E_ ":'.1'
p - o7 e
El’.u e
1 &
-1F
1“ ||||||| i 1 ||||||| 1 I L1 i 111

......and now with high statistics

Energy [GeV]
from space

™
]
™

a
2

w
:
;
<
L71]
w
2
o9
w
7]

€
S
]
=
&
2
2

0
[+




Positrons spectrum %
¢ Fanselow 69 [] MASS ® HEAT )
Buffington 75 ¥ CAPRICE94 @ AMS 01 §
2102k 4
oS ¢E B
_"_ﬂl . g 5
=~ ﬁ*i f.fﬁf % a f T :
= | Y 7
X - ﬂf
w1 X,
Al Vo
V%
-1 |
1“ [ [ |III [ ] [ | I I_. L 1L [ I ] [ ] 1L L L1
1 10

Energy [GeV]



e+/e- ratio
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® HEAT 00 (Preliminary)
HEAT 94495 Combined
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Difficult to reconcile the shape of
the spectrum with what 1s expected
from the conventional CRs.

Solar modulation at the time of data
taking : worse.

Though large uncertainty

No component to explain a change
of slope
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SUSY fit to HEAT positron excess around 10 GeV
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Baltz et al. astro-ph 0109318
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SUSY+bkg. fit HEAT 2000 SUSY +bkg. fit HEAT 2000
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mX:340 GeV
thzzO. 100
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thzz0.0QZ

10t 107t

tan@3=305.1
m,=113 GeV
2,/(1-2,)=57.8

tanf=28.6
m, =122 GeV
2,/(1-2,)=2.3b

positron fraction e*/(e*t+e”)
positron fraction e*/(e*+e”)

1078 - e, (SUSY)=10.8x 1010 = 108 - e, (SUSY)=16.8x 1010
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Need enhancement to have enough rate (clumpy DM distributions).

Does explain * the bump” really




Positrons in AMS-02 5

* Spectrum after 3 years of data 3
taking. t

* Improvement on range and .
error with respect to available B
measurements. ¢

i

* Region around 7 GeV will be ﬁz

well measured.

e ~30% stat error at 300 GeV.

{E.Diehl P.R. IE, 4223, 1995)
My = 275 GeV

e ~1% stat error at 50 GeV. \
Sensitivity to exotic fluxes o T ICamOES Errors

A HEAT (293)

> 10-7 E-Z(sz -S.Sr.GeV) —1 O WIZARD (52)

One of the most favourable

SUSY model
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High Energy data on electrons have reached 3
the TeV range 5
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PM/EF Berthing Mechanism

ORU Component

arm strage
equipment

CALET experiment

on the japanese exposed
facility on the ISS (>2006)

Gamma 100 MeV

Electron 1 TeV

il A= =1l

Attached Payload
for JEM EF

Size: 1.85x 1.0x 0.8(m)
Weight: MAX 500 kg

Gamma 1 GeV

Payload _..Grapple Fixture,
,.Interface Unit ; "
‘\ Imaging
....Galorimeter Proton 3 TeV
\‘ L. 0 =11
"\
Gamma 10 GeV
Total

1S Absorption
~. Calorimeter

w \..i
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EoiST Suppiptint (o A 11 11 I
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Communication Unit » ;e /
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g %, Structure



Detection limits for point sources and diffuse components
CALET detector on the ISS

Diffuse Y Torii et al. ICRC 2001
1e-05 | | [

\ O\ electron
Pulsak\\

Roberto Battiston CERN-ESA-ESO Workshop 2002
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Gamma rays and SUSY DM

AMSO02-y 2> 2005
Agile > 2003
GLAST >2006

Egret on CGRO stopped in 1999/2000

Roberto Battiston CERN-ESA-ESO Workshop 2002



e
Search for the Nature of Dark Matter

—

0 0.1 0.2 03 0.4 0.5 06 0.7 08 049 1
%107
Contours of photons intensity i units of 107 ph cm= sec! ar-! for Ey=1GeV, after subtraction of “*best
estimate of Galactic Diffuse model. Data indicates presence of a galactic halo { Dixon et al. 1998).



Point Source Extended Source
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Angular resolution of space born y—ray Detectors
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Effective area of gamma ray detectors

Roberto Battiston CERN-ESA-ESO Workshop 2002
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SUSY D.M. y fluxes above Ey, vs Point Source Sensitivity

tanB, mg, Myo, fy
10, 100, 170, rgﬁ. 0.53 .
10, 1600, 270, 97, 0.77 :
10, 2100, 500, 202, 0,88
50, 1000, 300, 120, 0,96 ]|
50, 1000, 300, 120, 0,96 |
Feng, Matchev, Wilczek, astro-ph 0008115 3

Roberto Battiston CERN-ESA-ESO Workshop 2002

STACEE/ -
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HESS,
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50 100 200

Interesting to consider sensitivity at lower E,; . for GLAST or AGILE
(see Morselli’s poster)




Exploration of SUSY parameter space (next 5-10 years)

Feng, Matchev, Wilzcek, astro-ph/0008115
T T T

Ellis astro-ph/9911440

JL dt =100 b

Ay=0, tanf=2, n<0

v
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Roberto Battiston CERN-ESA-ESO Workshop 2002
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from cosmic rays esperiments
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Combining searches in different channels could
give (much) higher sensitiviy to SUSY DM signals

Roberto Battiston CERN-ESA-ESO Workshop 2002

F. Donato, M. Fomengo, P Salati (1999)

Differential continuum y-ray event count
AQ=10" sr, m, =300 GeV, T=2 yr
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[] E>100 EeV (7 events)
O 40<E <100 EeV (40 events)

®* 10<E <40 EeV (534 events)




logyo Distance (Mpc)

The universe is opaque to EECR except neutrinos
(GKZ cutoff)

Letessier-Selvon astro-ph/0006111

- -
_____

(T T T [T T T[T T T[T 1T} | | e N T :‘
- P +t 2.7 Kh':" v + relic \ - ';
— roton o] ion - -1
i R P P I.V +ViosK=> - B
- N (WiZo) +X T
- RED SHIFT LIMIT /1 s
| proton pai — -
- photon+IR i
i Iron ]
B A+ vo7k-> A' + X(n,p,c..) -
E photon+radio N
B photon+CMBR _
'_ Y+ Y27k .
- TeV PeV Eev ZeV 7
oo v b b b by b T
10 12 14 16 18 20 22 24

log.s E (eV)

. EECR neutrinos can reach
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xtreme Universe Space Observatory - EUSG




Cosmic ray

fluorescence

| erenkov



Leonides storm seen from space
Fe, 1 mm3,40 km/s , E=0.5J




Heutrine Enengy (eV)
)'% 10" 102 1022 10*

....heutrinos...

relic

1/m?s GeV

1 /m? h GeV
1/m? d GeV

AGN’s

AGNs

ESO Workshop 2002

Roberto Battiston CERN-ESA
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Uttra-High Energy Neutrino Flux Predictions
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Table 1.3 - Neutrino event rates with EUS@ for four major origins. The energy dependence of the neutrino cross section
(0 o< E™) is applied to the calculations. Targets used here are one-half of atmosphere and a partial Earth crusts (2000 r.1.
at 10%° ¢V). The ratio of the event rate in the atmosphere and Earth-crust at 10" eV is ~ 1:2. The numbers represent the
interacted events mfonl}-' vy, and v,

Sources yr (E=>10"eV) #/yr(E>10"eV) Source Location B for (E" dE)
Greisen v's 2 10 0.1-2 [sotropic & uniform =3

TDw’s 10 - 100 5-40 Discrete ~ 1.5

GRB v’s 0 - 80 0-350 Point source; 1sotropic ~ 20~

{
s
L

Blazar v's < 10 < | Point source: 1solated



ERN-ESA-ESO Works hop 2002

Table 1.2 - Target mass for the EUSO satellite. The target amount 1s: (1) air target for ordinary downward fluorescence
P - . - . P -
method, (2) Eut'th crust for near-horizontal upward showers, (3) Earth crust for vertical, upward v; showers (E=10" ¢V).

Earth Crust (2) Earth crust (3) (0.5 km at 10"

ust 15 X 10" x (E/10'% eV tons
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Comparison of UHECR Experiments
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Study of Cosmic Rays with modern instruments, one hundred years after
their discovery, still giving important information about our Universe.

Space Experiments gives today accurate measurements of Cosmic Rays
up to O(100) GeV -> High Energy CR belts, Atmospheric v

Space born precision CR measurements will extend to O(TeV) during the
next few years.

High precision CR measurements from space in the 10-1000 GeV region
have a potential to discover the origin of Dark Matter or to discover
nuclear antimatter.

EECR experiments from space have a potential for discovery new
superheavy particles and have also a large potential for HE neutrino
astronomy

Roberto Battiston CERN-ESA-ESO Workshop 2002
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