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O
bservations

Indirect
By m

easuring
•

The distortion of the CBR spectrum
•

The spectrum
 of the Cosm

ic D
iffuse Gam

m
a

(CD
G)

D
irect

•
By searching for A

ntinuclei
•

By m
easuring   p and e

+ energy spectra
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Cosm
ic D

iffuse Gam
m

aP. Sreekum
ar et al, astroph/9709257
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A
ntim

atter/M
atter fraction

lim
its

•
In Galactic m

olecular clouds:  f<10
-15

•
In Galactic H

alo: f< 10
-10

•
In local clusters of galaxies: f<10

-5

A
ntim

atter m
ust be separated from

 m
atter at scales

at least as 20 M
egaparsec
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A
M

S98

Background from
 norm

al 
secondary production

Signal from
 964 GeV

neutralino annihilations
          ( astro-ph 9904086)

M
ass91 data from

 
X

X
VI ICRC, O

G.1.1.21 , 
1999

Caprice94 data from
 

A
pJ, 487, 415, 1997

Caprice98 data from
A

pJ, 561, (2001), 787.
  astro-ph/0103513

D
istortion of the secondary antiproton flux induced by a signal from

 a heavy H
iggsino-like

neutralino.
Particles and photons are
sensitive to
different neutralinos.
Gaugino-like particles are
m

ore likely to  produce an
observable flux of
antiprotons whereas
H

iggsino-like annihilations
are m

ore likely to produce
an observable  gam

m
a-ray

signature

∆  BESS data from
 

     Phys.Rev.Lett, 2000, 84, 1078

A
M

S data : prelim
inary

BESS 00



Aldo M
orselli  INFN, Sezione di Rom

a 2  &
  U

niversità di Rom
a Tor Vergata

7

Positron R
atio

•Signal from
 ~ 300 G

eV
  neutralino annihilations

• •Background from
 norm

al 
  secondary production

(Phys.Rev. D
59 (1999) astro-ph 98008243)

Caprice94 data from
 

A
pJ , 532, 653, 2000 

(A
pJ 493, 694, 1998)

 Caprice98 data from
 

 X
X

V
I ICRC, O

G
.1.1.21, 1999
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Expected data from
 Pam

ela for tw
o years of operation are show

n in red.

D
istortion of the secondary positron fraction

induced by a signal from
 a heavy neutralino.

D
istortion of the secondary antiproton flux  induced 

by a signal from
 a heavy H

iggsino-like neutralino.

P.Picozza and  A
.M

orselli,astro-ph/0103117 

standard

Energy (G
eV

)
Energy (G

eV
)
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EG
RET A

ll Sky M
ap (>100 M

eV
)

Cygnus
Region

3C279

G
em

inga

V
ela

Cosm
ic

Ray
Interactions
W

ith ISM

LM
C

PK
S

0528+13
4

PK
S 0208-

512

Crab

PSR
B1706-

44
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Contours of photons intensity in units of 10
-5 ph cm

-2 sec -1 sr -1 for E
g>1G

eV
, after subtraction of “best

 estim
ate of G

alactic D
iffuse m

odel. D
ata indicates presence of a galactic halo (D

ixon et al. 1998).

S
earch

 fo
r th

e N
atu

re o
f D

ark M
atter
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C
osm

ic R
ay Interaction w

ith Inter Stellar M
atter (1)

Inner G
alaxy (|l|<

60
o,|b|<10

o)
by E

G
R

E
T

. 
ID

=E
lect. B

rem
s., 

IC
=

Inv. C
om

pton,
Isotr. D

iff., and 
N

N
 : p

0 production 
and decay G

alactic
Background

M
odel

Strong et al. astro- ph/ 9811296 
 A

pJ , 537: 763, 2000 July 10
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S
earch

 fo
r th

e N
atu

re o
f D

ark M
atter

• T
he E

G
R

E
T

 team
 (M

ayer-H
asselw

ander et al, 1998) have seen a convincing signal for a strong excess of
em

ission from
 the galactic center, w

ith I(E
) x E

2 peaking at ~
 2 G

eV
, and  in an error circle of 0.2 degree

radius including the position l =
 0

o and b =
 0

o. In their paper it w
as speculated that am

ong other possible
causes, this excess could be due to the continuum

 g-ray spectrum
 from

 W
im

p annihilation. W
ith the

dram
atically im

proved angular resolution and effective area of G
LA

S
T

, this effect should becom
e both m

ore
localized and pronounced if it is a G

alactic C
enter phenom

enon.

E
G

R
E

T
 M

ap of
G

alactic C
enter

R
egion
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EG
RET data &

 Susy m
odels~2 degrees

around the
galactic center

background m
odel

(G
alprop)

gam
m

a from
 c annihilation

(one exam
ple from

 D
arkSusy)

EG
RET data

A.M
orselli, A.Lionetto, A.Cesarini, F.Fucito, P.U

llio, 2002
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Supersym
m

etry introduces free param
eters:

In the M
SSM

, w
ith G

rand U
nification assum

ptions the m
asses and couplings of the SU

SY
 particles as w

ell
as their production cross sections, are entirely described once five param

eters are fixed:
• M

1/2   the m
ass param

eter of  supersym
m

etric partners of gauge fields (gauginos)
• the higgs m

ixing param
eters m

  that appears in the neutralino and chargino m
ass m

atrices
• m

0 , the com
m

on m
ass for scalar ferm

ions at the G
U

T scale
• A

, the trilinear coupling in the H
iggs sector

• the ratio betw
een the tw

o vacuum
 expectation values of the H

iggs fields defined as:
tang b

 = v
2  / v

1  = <H
2 > / <H

1 >

 Experim
ental low

er lim
it on the m

ass of
the lightest neutralino assum

ing M
SSM

(M
inim

al Standard Supersym
m

etric M
odel)

hep-ph/0004169

Lep ,  s = 189 G
eV

M
c > 50 G

eV
(

)

(3
S )



Aldo M
orselli  INFN, Sezione di Rom

a 2  &
  U

niversità di Rom
a Tor Vergata

17

results: regions with different m
c   in the M

1/2  m
0  plane

A. M
orselli,A. Lionetto,A. Cesarini, F.Fucito, P.U

llio 2002
A. M

orselli,A. Lionetto,A. Cesarini, F.Fucito, P.U
llio 2002
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  g-ray flux from
 a 10

-3 cone around the galactic center

A. M
orselli,A. Lionetto,A. Cesarini, F.Fucito, P.U

llio 2002
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tgb=10
A

0=0
m=+1
m

top=175 G
eV

5 s
 detection in tw

o years J < 500
500 < J < 5000
5000 < J < 50000
J > 50000

isasugra 7.58

resolving the g-ray continuum
:

A. M
orselli,A. Lionetto,A. Cesarini, F.Fucito, P.U

llio 2002
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the m
ethod:

•W
e choose  all the values of the param

eters (N
b  , N

c) that  satisfy the condition

we fixed N
b to the m

axim
um

value allowed by the above
condition  (when N

c=0)
The points indicate the regions
where we can  discrim

inate the
neutralino signal
with GLA

ST at 5 sigm
a level in

two years.

background
neutralino signal~2 degrees

around the
galactic center

background m
odel

(G
alprop)

gam
m

a from
 c annihilation

(one exam
ple from

 D
arkSusy)

EG
RET data



Aldo M
orselli  INFN, Sezione di Rom

a 2  &
  U

niversità di Rom
a Tor Vergata

21

A.M
orselli, A.Lionetto, A.Cesarini, F.Fucito, P.U

llio, 2002

~2 degrees
around the
galactic center

(G
alprop)

(one exam
ple from

 D
arkSusy)

G
LA

ST Expectation &
 Susy m

odels
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Perm
itted values of J(j):

a =
core radius of halo
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Estim
ated reaches before LH

C

0.025 < W
d.m

. h
2< 1

0.1 < W
d.m

. h
2 <  0.3

G
LA

ST
A

.M
orselli et al. 

prelim
inary

D
irect search

K
m

3

Pam
ela, A

M
S

Excluded by
chargino m

ass
lim

it > 95 G
eV

tanb=10

M
SSM

A
0 = 0

m
 > 0

m
t =174 G

eV
tan b = 10

Fixed
H

alo
profile,
indirect
lim

its
better if
halo is
clum

py

See astro-ph 0008115
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H
A

LO
 SU

BSTRU
CTU

RE

A
.Font and J.N

avarro, 
astro- ph/ 0106268

600 kpc M
ilky W

ay
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GLA

ST
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GLA
ST
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G
LA

ST
Schem

e
G

am
m

a-R
ay

Large A
rea Space

Telescope
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The GLA
ST Participating Institutions

Italian Team
 Institutions             IN

FN
 - Instituto N

azionale di Fisica N
ucleare: U

nits of  Bari, Perugia, Pisa, Rom
e 2, Trieste

     
               A

SI  -   Italian Space A
gency

     
              IFC/CN

R- Istituto di Fisica, Cosm
ica, CN

R
A

m
erican Team

 Institutions
    SU

 - Stanford U
niversity, Physics D

epartm
ent and EG

RET group, H
anson Experim

ental Physics Laboratory
    SU

-SLA
CStanford Linear A

ccelerator Center, SLA
C, Particle A

strophysics group
    G

SFC-N
A

SA
 G

oddard Space Flight Center, Laboratory for H
igh Energy A

strophysics
    N

RL - U
. S. N

aval Research Laboratory, E. O
. H

ulburt Center for Space Research, X
-ray and gam

m
a-ray branches

    U
CSC- U

niversity of California at Santa Cruz, Physics D
epartm

ent
    SSU

- Sonom
a State U

niversity, D
epartm

ent of Physics &
 A

stronom
y

    U
W

- U
niversity of W

ashington ,   TA
M

U
K

- Texas A
&

M
 U

niversity-K
ingsville

Japanese Team
 Institutions 

 U
niversity of Tokyo

    
ICRR - Institute for Cosm

ic-Ray Research
   

 ISA
S- Institute for Space and A

stronautical Science
   

 H
iroshim

a U
niversity

French Team
 Institutions

CEA
/D

A
PN

IA
 Com

m
issariat à l'Energie A

tom
ique, D

épartem
ent d'A

strophysique,
de physique des Particules, de physique

                             
N

ucliaire et de l'Instrum
entation A

ssociée, CEA
, Saclay

    
IN

2P3 Institut N
ational de Physique N

ucléaire et de Physique des Particules, IN
2P3

     
IN

2P3/LPN
H

E-X
 Laboratoire de Physique N

ucléaire des H
autes Energies de l'École Polytechnique

     
IN

2P3/PCC Laboratoire de Physique Corpusculaire et Cosm
ologie, Collège de France

   
IN

2P3/CEN
BG

  Centre d'études nucléaires de Bordeaux G
radignan

Sw
edish Team

 Institutions
K

TH
Royal Institute of Technology

     
Stockholm

s U
niversitet
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GLA
ST Perform

ance
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A
M

S Cal
A

M
S Trk

EG
RET
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GLA
ST Instrum

ent D
escription

EG
RET

G
LA

ST sim
ulation

G
em

inga

Crab

G
em

inga

Crab

IC 443

lG
eneral C

haracteristics:  im
aging, w

ide field-
of-view

, pair-conversion telescope, backed by EM
calorim

etry using m
odern H

EP technology:
*

energy range:
10 M

eV
 to 300 G

eV
*

energy resolution:
10%

*
effective area:

> 8,000 cm
2 (above 1 G

eV
)

*
field-of-view

:
~2p sr

*
point source sensitivity: 2 x 10

-9 ph cm
-2 s -1 (@

 100 M
eV

)
 10

-10 ph cm
-2 s -1 ( > 1 G

eV
)

*
source location determ

ination:
30 arcsec - 5 arcm

in
*

cosm
ic ray/g rejection > 10

5 to 1
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M
A

G
IC

 sensitivity
based on the
availability
of high efficiency
PM

T
’s

A
ll sensitivities are at 5s

.
C

erenkov telescopes
sensitivities
(V

eritas, M
A

G
IC

,
W

hipple, H
ess, C

eleste,
ST

A
C

E
E

, H
E

G
R

A
)

are for 50 hours of
observations.
L

arge field of view
detectors sensitivities
(A

G
IL

E
, G

L
A

ST
,

M
IL

A
G

R
O

,A
R

G
O

are for 1 year of
observation.

Sensitivity of g-ray detectors

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

10
-8

10
-710

-1
10

0
10

1
10

2
10

3
10

4

Integral flux (photons cm-2 s-1 )

Photon Energy (G
eV

)

EG
R

ET

G
LA

ST
M

ILA
G

R
O

A
R

G
O

C
rab N

ebula

Past experim
ents

 Future experim
ents

W
hipple

M
A

G
IC

V
ER

ITA
S

C
ELESTE, 

STA
C

EE

Large field of V
iew

 experim
ents

H
EG

R
A

Cerenkov detectors in operation

5 sigm
a, 50 hours,  > 10 events

H
ESS

A
G

ILE

A
ldo M

orselli 15/2/02

A
M

S

Integral flux (photons cm-2 s-1 )

Photon Energy (G
eV

)
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E
nergy versus tim

e for X
 and G

am
m

a  ray detectors

GLA
ST

M
EG

A

A
G

ILE

SuperA
G

ILE A
M

S
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Astro-rivelatore G
am

m
a a Im

m
agini LEggero

Energy Range :
20 M

eV
 - 50 G

eV
Field of view

:
3 sr

Energy Resolution
~1  at 300 M

eV
 

Point source Sensitivity:     0.1 G
eV

    5x10
-8

(ph cm
-2 s

-1)                          1 G
eV

       5x10
-9

              10 G
eV

      5x10
-9

Event deadtim
e

           <100 ms
Peak Effective A

rea          600 cm
2

O
rbital Param

eters
          Equatorial, 550 K

m
Possible Earth Station       M

alindi (K
enia)

Required Pow
er

          65 W
Payload W

eight
          65 K

g
BU

S+ Payload 
          200 K

g

G
am

m
a-Ray Large Area Space Telescope

Energy Range :
20 M

eV
 - 300 G

eV
Field of view

:
3  sr

Energy Resolution
5%

 at 1 G
eV

Point source Sensitivity:    0.1 G
eV

    2x10
-9

(ph cm
-2 s

-1)                         1 G
eV

       2x10
-10

              10 G
eV

     1x10
-10

Event deadtim
e

           ~20 ms
Peak Effective A

rea          10000 cm
2 

O
rbital Param

eters
          28

0, 600 K
m

Required Pow
er

          600 W
Payload W

eight
          3000 K

g
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M
ore inform

ation on A
GILE, PA

M
ELA

and GLA
ST :

 please visit us:

http://wizard.rom
a2.infn.it/
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Conclusions
• GLA

ST will explore a good portion
of the supersym

m
etric param

eter space
….. and this is only an additional item

 for GLA
ST !

Í
GLA

ST will be an im
portant step in gam

m
a ray astronom

y
    ( ~10 000 sources com

pared to ~ 200 of EGRET)

Í  A
 partnership between H

igh Energy Physics and g A
strophysics

Í  Beam
 test and software developm

ent well on the way

Í  W
ide range of possible answers/discoveries

Í  Gold era for m
ultiwavelenght studies 


