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Neutralino WIMPs

Assume 7y present in the galactic halo

* % 1s its own antiparticle => can annihilate in galactic halo

producing gamma-rays, antiprotons, positrons....

* Antimatter not produced in large quantities through standard processes
(secondary production through p +p --> p + X)

* S0, any extra contribution from exotic sources (¥ y annthilation) 1s an
interesting signature

cic:y x --> p+X

* Produced from (e. g.) ¥ % -->q/ g/ gauge boson / Higgs boson and
subsequent decay and/ or hadronisation.

-
e e
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Propagation Equation for Cosmic Rays in the Milky Way

aw(ri p? t) 8 2 8 ].
ot = Q(r:p) N (DI:BV¢ "}b) a D 8 2 't‘b
0
~ B W~§(‘V V)Y “—‘P——lf)
diffusion

convection velocity field that cnnespnnds coefficient in the
to galactic wind and it has a cylindrical impulse space,
symmetry, as the geometry of the galaxy. quasi-linear MHD:
It's z-component is the only one different Dpp(Dzz,v4)
from zero and increases linearly with the  l0ss term: fragmentation
distance from the galactic plane loss ter: radioactive decay

diffusion coefficient is function of rigidity primary spectra injection index

i
D = 3Do(p/po)° dalpyidp % g7

E implemented in Galprop ( Strong & Moskalenko, uvmlable on the Web)
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Propagation parameters uncertainties

Geometrical and dynamical parameters of the propagation
Pbar and Isotopes Production Cross Section ( ~ 20 % )
Gas distribution in the galaxy

Secondary to primary CR ratios are the most sensitive quantities to parameters
changing: B/C are measured with the highest statistic

Good fits of B/C experimental data constrain possible variations of the unknown
parameters; + consistency wit the other prim/sec CR ratios

Standard stati stical Fesk: > 1 B/C.. B/C.\2
=) B;cr,”(‘bn’ » — pB/Cir)
n Tn )

{I}Eﬂﬂ(Etﬂﬂ) - (ptm

Heliospheric modulation z )2

o Pis(Eis) pis
(depends on rigidity) -
p 9 E”—E“’“:|Ze|¢
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B/C ratio
T " 'F > % Tk T Enveloping curves of

0.4 | ;
HEAO-3 & all the good fits
0.35 DC | uw?ii . { of the axpe;rime.n’rul

Py, Best fi B/C data

0.3

0.25 Dashed line: Best fit

DR: diffusion+ reacceleration

0.2 | . . ;
DC: diffusion+convection

0.15

L2 | S BIN | In DC model problem with
DR PHIRRER Y the ACE data at low energy
0.05 -
ﬂ i i Pl | i i Pl | i L M | j ! Ml | i 4 i
0.01 0.1 1 10 100 1000
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Allowed values for the propagation parameters for DR propagation

prim spec
halo size  diffusion constant  diff index ‘“ﬁ::“ Alfven velocity
par./val. | z[kpc] | Do[em?s~1]| § v |valkms1]
minimal | 3.0 | 5.2 10° [0.25|2.35 22
best fit | 4.0 5.8 10%° [0.29(2.47 26
maximal| 5.0 6.7 10° |0.36|2.52 39

Allowed values for the propagation parameters for DC propagation

halo size  diff constant diff index V_gradient injection indexes
par./val. | z[kpc]| Do[<%] | &2 dic [Skpc M | T2
minimal | 3.0 |2.3 10°°|0.48 5 0 [2.42]2.14
best fit | 4.0 [2.5 10°°|0.55| 6.0 [2.48(2.20
maximal| 5.0 [2.7 10°°|0.62| 7.0 |2.50(2.22

Afdo Maorselli,
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Pr'ﬂ fon s pEC 4 Upper and lower bounds of due to the uncertainties of propagation parameters
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Helium SPECfrﬂ: Upper and lower bounds of due to the uncertainties of propagation parameters
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PﬂSiTrﬂﬂ SPECTI"'L'I,: Upper and lower bounds of due to the uncertainties of propagation parameters
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Anflprﬂfﬂn SpECTf‘ﬂ,: Upper and lower bounds of due to the uncertainties of propagation parameters

-1 I I I F i I I I ! 1 I I I | I I I L I LB I L ] I - L | . L | I I I
10 - T =
I e i .
— - -J';“;i'gg-:?:iirﬁ'\u |
%. 10 £ e --:ﬁ:i’é"‘ggi Sannie S S *F‘ B
o - A by ?% ~ ]
o s RN ]
(- Dc ___.-': = S .
” RN

E,. 3 e Sl
. 10 3 d.-—;ii':::' 3 x‘~ — 3
4] =2~ -~ "DRB :
© _ ]
.E 4 [ ‘H‘ .
10 - ; =
) o =
= - ;
S :
l.E‘ 10 = 5
a2 C =
I= i * CAPRICE 94 * AMS 98 §
w - o BESS 95+97 o MASS 91 y

8| m CAPRICE 98 + IMAX 92
10 2 & BESS 98 ¥ BESS 93
2 i ISY N TR T 0 N | i i AT A T T | i | "I i !
-1
10 1 10

kinetic energy (GeV)
& Aldo Morselli, INFN, Sezione di Boma 2 & Universitgd di Boma Tor Vergara,  aldomorselli® romal i s ix;; LEJ 11




MASS Matter Antimatter Space Spectrometer ( 89491 )
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MASS 89 flight



flight
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~~~~~

Flight Model, Jan 2{}{15

ToF

Magnetic
spectrometer

Calorimeter

Neutron Detector

Transport Container

Design: > 5000 km flight & 1000
km rail, +40/-50°C outside
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PAMELA scientific program

PAMELA is a magnetic spectrometer which will fly on a Russian satellite by Fall 2005. Its
scientific scope 1s the measurement of the antiproton and positron spectra up to few
hundred GeV, of the proton and electron spectra up to 700 GeV and that of light nuclel.

energy range particles/3 years
Antiproton flux 80 MeV - 190 GeV >3 10°
Positron flux 50 MeV - 270 GeV >3 10°
Electron flux up to 400 GeV 6 10°
Proton flux up to 700 GeV 310°
Electron/positron flux up to 2 TeV
Light Nuclei (up to Z=6) up to 200 GeV/n He/Be/C: 410"*°
AntiNuclei search (sensitivity of 3 10" in He/He)

- Unprecedented Statistics and new Energy Range in Cosmic Rays
o Acfuul limits: antip&positrons = 40 GeV
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+ The Satellite: Resurs DK1

Vemnier engine installation Cnrnmanadni;ﬂena:‘surament

<olar battery

- Soyuz-TM Launcher from
Baikonur

- Launch in 2005

Coordinate / time
synchronization antenna

Accessories module

Pamela Research - Ji L Acaanted iNgide a
Hardware i -
aressurized container

+_

Research

Instrument module R inrh sadie
Inﬁs;ré.ldment _ /
pressu container i
Star tracker
\H Optronic equipment
VRL (high rate datalink)
antenna
Command / Measurement Infrared local
antenna vertical reference
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PAMELA

Cosmic ray

tracks
(Dec. 2004)

Since
set

acquisition
night shifts.
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PAMELA
First

"physics

results

From the statistics
acquired by cosmic-ray
acquisitions we are
analyzing PAMELA
performance and
comparing with literature.

n

F d . 5 M Y e A R £ o i & [ LA AT Lk £F B, [FETAL] Ml = PN XL (L4 —]
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Pusu’rrun spectra: PAMELA expectation for DC model

1 IIIII!I

1 1 IIII1I|

I'|II|

I-IIII

1 I I.IIiIII

| II.II"'III

1 II.IIIII

|

Ll

% = CAPRICE 94

o MASS 91

i » HEAT 94

4 MASS 89

3 = DC - PAMELA 3 years

- 1 1 ' e [ | I 1 1 1 1 1 | & | I
10" 1

10
kinetic energy (GeV)

Abdo Morselli, INFN, Sezione dif Roma 2 & Universing af Roma Tor Vergang,  aldomorsellic@ roma2 oy i ll:rur l!j

2
10

23



Antipro

-1
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antiproton flux (particle / (m” sr s GeV))
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=
&

ton spectra: PAMELA expectation for DC model
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AA

Estimated reaches with Pamela MSSM
an,b 55, 5ﬂ1]{p}_+l Ap U m,=174 GeV

Clumpiness factors fd 2000 |
needed to disentangle a

neutralino induced 1750 |
component in the antiproton I
flux with PAMELA (%2>1.8) 1500 |
that still give a good fit of e
the present data 1250 =
My |
(GeV) 1000 1 §

region where

13 <0) . h A RN
— 71508

500 |

Equi-clumpiness
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in respect to a NFW _
itk EEIUi neutralino mass lines 1000 2000 3000 4000 5000
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AA

Estimated reaches with Pamela MSSM
tfmﬁ—iU SGn{,u}—Jrl Ap=0 m=174 GeV
Clumpiness factors fd 2000

t LSP
needed to disentangle a H TP ‘/_ i -\\-l.f-i:;/

neutralino induced 1750 |
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Signal rate from Supersymmetry

gamma-ray flux from
neutralino annihilation

O(E, Af2) [ /A ) p*(1)dld?)

A \

governed by

supersymmetric T(0): governed by
parameters halo distribution
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EGRET, E > IG%V

Mayer-Hasselwander ' O
etal, 1998 15 -

20 15 10 5 0 355 350 345 340
Galactic Longitude
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Poin source location
for GLAST~ 5 arcmin

2Yx 2%field IBIS/ISGRI 2040 keV



- 20y 20 field E. RET,E > 1GeV

N,

Poin source loc
for GLAST~ 5

ISASGRI 2040 keV
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Ladders testing

Ladders probe station: 5 probes are used to measure body and
single strip I, C to check sanity of each single channel

"5I
i
“

a

Flight ladders production status:

Completed and tested (INFN BA/RM2/PG)

1900
Under construction
rejected

0.016% bad chans caused by bonding or

probing

800
~ 1%

2um RMS alignment spread .
All results in good agreement with what _ a

expected from SSDs
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Tm test at INFN

A -

Stack of trays: |
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» functional tests/CR burn-in for a whole tower in parallel
+ external trigger capability

* 4 stacks operating in parallel at INFN (Pi/Pg/Rm2/Ba)

Abdo Morselli, INFN, Secione di Roma 2 & Universing af Roma Tor Vergara,  aldoomorsellic rgma S l.'f” l!j




GLAST Expec’ra’rlon & Susy models
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A Cesarmi, F.Fucito, A Lionetto, A.Morselli, P.Ulho, Astroparticle Physics, 21, 267-285, June 2004 [astro-phA)3050735]




Estimated reaches wu‘rh GLASTLH,;._W{. =
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Minimal Supersymmetric
Standard Model with:
=0,p> 0, m=174 GeV

region where

0.13< Qpyhi< 1

neutralino density Ny of 10
in aAQ=10 sr region around
the galactic center

if GLAST do not see Supersymmetry
this region is excluded for a NFW halo

Typical Ny values for AQ=107 sr:
NFW: Ny = 104

Moore: Ny = 9 10¢

Isotermal: Ny = 310!

e
GLAST sensitivity (5 o) fora 71|
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Where is the dalaxy 2 = Tt
R Minchin et al. | " - e :-(J
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other hints?  WMAP data

+45

-45

45

Excess microwave emission observed in the inner Galaxy (1-2 Kpc, 7-14 deg)
consistent with synchrotron emission from highly relativistic e” e” produced by
100 GeV dark matter particle annihilation.

D.P. Finkbeiner astro-ph/0409027
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Conclusions
PAMELA will explore antiprotons and

positrons starting from 2005

e GLAST will explore a good portion
of the supersymmetric parameter space
with gamma rays

... and this 1s only an additional item for GLAST !
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2" Conclusions

< GLAST will be an important step in gamma ray astronomy
( ~10 000 sources compared to ~ 200 of EGRET)

< A partnership between High Energy Physics and y Astrophysics
< Beam test and software development well on the way

+ Wide range of possible answers/discoveries ., 1o the

Community
< Gold era for multiwavelenght studies < HEAPNET 'Proposal

and you are invited to Third Workshop on:

"Science with the New Generation of High Energy Gamma-ray Exper'imen'rs
Cividale del Friuli, Italy - May 30-31 and June 1, 2005

www . fisica.uniud.it/~glast/GammaWorkshop/
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