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Raggi Cosmici & fisica di AMS-02"

IFAE  2016!

Raggi cosmici!
!à origine galattica ed extragalattica!
!à Spettro energetico (                           ) fino a  1020 eV!
!à principalmente composti da protoni !
!à trasportano importanti informazioni sull’universo.!
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Raggi Cosmici & fisica di AMS-02"
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Raggi Cosmici & fisica di AMS-02"
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Ma dobbiamo 
conoscere il mezzo 
interstellare (ISM)!! 
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Raggi Cosmici & fisica di AMS-02: "
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Misura accurata dello spettro energetico di !
!p, He, C, N, O … Fe!

 ! !à informazioni sulle sorgenti e meccanismi di accelerazione!
  !Li, Be, B,…!

à  informazioni sulle interazioni dei RC con il mezzo interstellare!
à  informazioni sulla propagazione dei RC!

( B )"

HALO"

DISK"

Interazione con il mezzo interstellare:!
C + (p,He) → B + ...!

Diffusion!
Convection!
Reacceleration!

Interactions with the 
Interstellar Medium 
(ISM): !
•  Fragmentation!
•  Secondaries!
•  Energy loss!
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Raggi Cosmici & fisica di AMS-02"

Ricerca di antimateria di origine primordiale !
! !à !Ricerca di anti-nuclei!

!
! Dirac’s Nobel speech "

	


“We must regard it rather as an accident that the Earth […], contains a 
preponderance of negative electrons and positive protons. It is quite possible that 
for some of the stars it is the other way about”	
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AMS-02: Obiettivi "

Fisica fondamentale & Antimateria:"

▹  Antimateria di origine primordiale con una sensibilità di 10-9!

▹  Ricerca indiretta di materia oscura (e+, p, …)!

La composizione e lo spettro energetico dei Raggi Cosmici:!

▹  Sorgenti & Accelerazione!

▹  Propagazione nel ISM: Abbondanze relative dei nuclei e isotopi nei 
Raggi Cosmici!



IFAE  2016!Maura Graziani! 13!

AMS-02: Obiettivi"

à  Identificazione particelle e misure di energia fino al TeV:"

▹  Segno della carica: separazione materia/anti-materia (campo 
magnetico!)"

▹  separazione e/p al livello del 104 usando detector 
indipendenti !

▹  Z: misure ridondanti per tener conto della frammentazione 
dei nuclei con il materiale del rivelatore!

!

à  Alta Statistica"

▹  Grande Accettanza & efficienza!

▹  Lungo Tempo di esposizione."

Di cosa abbiamo bisogno?"
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AMS-02 nello spazio"
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ISS - May 19, 2011!
AMS installation completed!

Misura dei raggi cosmici carichi 
(O(GV) - O(TV)!

AMS in numeri:!

•  5 m x 4 m x 3m!

•  7.5 tonnellate!

•  300k canali di lettura!

•  Più di 600 microprocessori 
riducono il rate di acquisizione da 
7 Gb/s a 10 Mb/s!

•  Consumo totale < 2.5 kW !
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AMS-02: il rivelatore"

TRD, Transition 
Radiation Detector !

Identificazione e+, e-"

ECAL, Calorimetro 
Elettromagnetico!

E of e+, e-, γ"

RICH, Ring Imaging 
Cherenkov !

 Z, E "
(σβ/β ~ 0.1%)!

TOF"
“Time of Flight”!

 Z, E"

Magnete Permanente"
±Z"

(0.15 T)              !

16!

Tracciatore al silicio"
 Z, R(=p/q)"

Sistema di 
anticoincidenze 

(ACC)"

 Z, P sono misurate 
indipendentemente dal 

Tracker, RICH, TOF e ECAL!
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AMS-02: Identificazione particelle "
He,Li,	
  
Be,..Fe	
  P	
  e–	
   He,	
  C	
  P	
  e+	
  

TRD 

TOF 

Tracker 
+Magnet 

RICH 

ECAL 

– – – 

Physics 
example 

Anti 
matter Cosmic Ray Physics 

Dark 
matter 

γ	


600 GeV electron"

Maggiori dettagli in: "
!Poster: Crispoltoni,!
! !“Stato della misura della componente elettronica dei Raggi Cosmici con l’esperimento AMS-02”  
!Poster: Donnini, !
! !“Stato della misura delle componenti nucleari dei Raggi Cosmici con l’esperimento AMS-02”!
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Positron fraction (0.5 – 500 GeV)"

•  Risalita non prevista in modelli di sola produzione secondaria!

AMS-02 
(10.9x106 e+, e− eventi) 
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Modello empirico"

Fit to Data with Model 
χ2/d.f.	
  =	
  36.4/58 

e± energy (GeV) 	
  
I flussi di elettroni e positroni vengono descritti come somma di una 
componente diffusiva e di una sorgente comune con un energia di cutoff :!
!
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Cholis arXiv: astro-ph/1304.1840! Kopp hep-ph/1304.1184!
Astrophysical objects" Dark Matter"

secondary production!
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Origine dell’eccesso"

•  Dark Matter: "
-  veloce decrescita ad alte 

energie"
-  isotropia nel flusso di 

positroni"

AMS"PAMELA!

AMS"

Diversi andamenti con l’energia della positron fraction:"

•  Pulsars: "
-  lenta decrescita ad alte 

energie"
-  anisotropia nel flusso di 

positroni"
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Flussi di e± - prima di AMS-02"
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Flussi di e± - dopo AMS-02"

Energy (GeV)
1 10

2
10

 )
-1

 s
r 

s
]

2
 [

m
2

 (
 G

e
V

-
e

Φ 
× 

3
E

0

50

100

150

200

250

300
AMS-02

PAMELA

Fermi-LAT

MASS

CAPRICE

AMS-01

HEAT

Energy (GeV)
1 10

2
10

 )
-1

 s
r 

s
]

2
 [

m
2

 (
 G

e
V

+
e

Φ 
× 

3
E

0

5

10

15

20

25

30

35
AMS-02

PAMELA

Fermi-LAT

MASS

CAPRICE

AMS-01

HEAT

30 months!
9.3 million e- events!

30 months!
0.6 million e+ events!

Electrons [0.5 – 700] GeV! Positrons [0.5 – 500] GeV!

I flussi di elettroni e positroni sono 
significativamente differenti sia nel loro 

valore assoluto sia nella loro dipendenza in 
energia"

!
La risalita nella positron fraction è dovuta 
ad un eccesso di positroni e non ad una 

decrescita nel flusso di elettroni.!

astrophysical models including the minimal model dis-
cussed in Refs. [1,2]. This will be presented in a separate
publication.
The differing behavior of the spectral indices versus

energy indicates that high-energy positrons have a
different origin from that of electrons. The underlying
mechanism of this behavior can only be ascertained
by continuing to collect data up to the TeV region
(currently, the largest uncertainties above ∼200 GeV are
the statistical errors) and by measuring the antiproton to
proton ratio to high energies. These are among the main
goals of AMS.
In conclusion, the electron flux and the positron flux

each require a description beyond a single power-law
spectrum. Both the electron flux and the positron flux
change their behavior at ∼30 GeV, but the fluxes are
significantly different in their magnitude and energy
dependence. Between 20 and 200 GeV, the positron
spectral index is significantly harder than the electron
spectral index. These precise measurements show that
the rise in the positron fraction is due to the hardening
of the positron spectrum and not to the softening of the
electron spectrum above 10 GeV. The determination

of the differing behavior of the spectral indices versus
energy is a new observation and provides important
information on the origins of cosmic-ray electrons and
positrons.
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[12], AMS-01 [13], and HEAT [14].
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Flusso All-electrons (e++e-) – dopo AMS-02"
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Flussi di e± - modulazione solare "

E< 20 GeV…!

modulazione solare 
dei raggi cosmici!

Per una comprensione globale degli 
spettri: "
"
à Devono essere modellizzati gli effetti 

della modulazione solare"
!
à Studio dei flussi nel tempo!

AMS 2011-2013!
PAMELA 2006-2010!

IFAE  2016!Maura Graziani! 25!



#s
un
sp
ot

50

100

150

200
Graph

cycle cycle cycle cycle cycle
20 21 22 23 24

1969
Dec

1975
Jan

1980
Jan

1984
Dec

1989
Dec

1995
Jan

2000
Jan

2004
Dec

2009
Dec

2014
Dec

co
un
ts

90

100

110

120

130

140

co
un

t/s
"

Modulazione solare dei raggi cosmici"

~ 11 years!

AMS starts 
taking data!

neutron monitor"

Effetti su larga scala temporale (~anni):!
•  variazione intensità dei RC!
•  dipendenza dal segno della carica:!

-  al massimo: moto diffusivo!
-  al minimo: deriva magnetica + moto 

diffusivo!
Effetti su piccola scala temporale (~giorni)!
•  Forbush decrease!
!

galactic 
cosmic 

rays!

B~0.3µG!

B>0.3µG!
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Flussi di e± - modulazione solare (status report)"
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ogni coloreà  ∆t=27 giorni!

IFAE  2016!

ogni coloreà  ∆t=27 giorni!

Flusso !
elettroni!

Flusso !
positroni!

tempo!

tempo!
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Flussi di e± - modulazione solare (status report)"
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Flussi di e± - modulazione solare, prima e dopo AMS-02"
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Antiprotoni: rapporto pbar/p"

Figure 2: The combined total uncertainty on the predicted secondary p̄/p ratio, superim-

posed to the older Pamela data [48] and the new Ams-02 data.

expected to be relevant only at small energies and in any case to have a small impact.

Finally, p̄’s have to penetrate into the heliosphere, where they are subject to the phenomenon
of Solar modulation (abbreviated with ‘SMod’ when needed in the following). We describe this
process in the usual force field approximation [47], parameterized by the Fisk potential �F ,
expressed in GV. As already mentioned in the Introduction, the value taken by �F is uncertain,
as it depends on several complex parameters of the Solar activity and therefore ultimately on
the epoch of observation. In order to be conservative, we let �F vary in a wide interval roughly
centered around the value of the fixed Fisk potential for protons �p

F (analogously to what done
in [25], approach ‘B’). Namely, �F = [0.3, 1.0] GV ' �p

F ± 50%. In fig. 1, bottom right panel,
we show the computation of the ratio with the uncertainties related to the value of the Fisk
potential in the considered intervals. Notice finally that the force field approximation, even if
‘improved’ by our allowing for di↵erent Fisk potentials for protons and antiprotons, remains
indeed an e↵ective description of a complicated phenomenon. Possible departures from it could
introduce further uncertainties on the predicted p̄/p, which we are not including. However it
has been shown in the past that the approximation grasps quite well the main features of the
process, so that we are confident that our procedure is conservative enough.

Fig. 2 constitutes our summary and best determination of the astrophysical p̄/p ratio and
its combined uncertainties, compared to the new (preliminary) Ams-02 data. The crucial
observation is that the astrophysical flux, with its cumulated uncertainties, can reasonably well
explain the new datapoints. Thus, our first —and arguably most important— conclusion is
that, contrarily to the leptonic case, there is no clear antiproton excess that can be identified in
the first place, and thus, at this stage, no real need for primary sources. This also means that,

6

Giesen et al, 2015!

Con AMS le incertezze sui flussi attesi da produzione secondaria nel mezzo 
interstellare sono diventate maggiori di quelle sperimentali ! "

à solar modulation: da AMS!
à Propagation: misure nuclei primari e secondari da AMS!
à Cross section : misure ad acceleratori....!
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Flussi di protoni ed elio"
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300 million p events!
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Entrambi i flussi possono essere descritti da una legge di potenza con un 
break a R~300 GV.!

Δγ=0
 Δγ=0


Fit to data

Δγ=0

Χ2 / n.f. = 22/27


Fit to data

Δγ=0

Χ2 / n.f. = 25/26


Flussi di protoni ed elio"
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Carbonio e Boro"
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Non sono state osservate particolari strutture sia nel flusso di C che nel 
rapporto B/C.!

!
+ statistica à + informazioni ad alte energie!

C!
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Simon et al. (1974-1976)
Dwyer & Meyer (1973-1975)
Orth et al. (1972)

B/C!
40 months!

7 million C events!
2 million B events!
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Flusso di Litio"
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grande numero di eventi raccolti !
+ !

grandi capacità di identificazione 
della carica"

!
à  Flusso di Litio misurato da AMS -02 

ha una precisione senza precedenti!
!

Li!

30 months!
1.5 million Li events!

Fit to data

Δγ=0


può essere descritto con una 
broken power law!
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Conclusioni"

▹  AMS continuerà la sua missione fino a quando la ISS sarà operativa        
! !à osservatorio per Raggi Cosmici per il prossimo decennio!

▹  La precisione/intervallo energetico delle misure di AMS di positroni e anti-
protoni hanno le potenzialità di far luce sulla natura della materia oscura 
e costituiscono una sfida per i modelli teorici:!

▹  nuclei primari nei RC: origine e accelerazione    !

▹  nuclei secondari nei RC: propagazione e proprietà del ISM!

▹  Misure dei flussi nel tempo: effetto della modulazione solare!

▹  Nei prossimi anni:                                                                            ! !
!+ statistica ad alte energie à + canali à + informazioni!!



Grazie per l’ atte
nzione 

e STAY TUNED !! 



4. back up"
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The Physics: The quest for Dark Matter"

χ

χ

p, p,e−,e+,γ

p, p,e−,e+,γ

Annihila(on	
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a,
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g	
  

Produc(on	
  

γχχ ,,,, +−→+ eepp

pp +←+ χχ
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The Physics: The quest for Dark Matter"

χ

χ

p, p,e−,e+,γ

p, p,e−,e+,γ

Annihila(on	
  
Sc
a,

er
in
g	
  

Produc(on	
  

γχχ ,,,, +−→+ eepp

pp +←+ χχ



The Physics: Anti-Matter & Dark Matter"

41	
  

Cosmic Rays Flux"

Ref: B Beischer et al 2009 New 
J. Phys. 11 105021"

p AMS-01 98"

e- AMS-01"

e-  HEAT TOA"

e+ AMS-01"

e+ HEAT TOA"

p BESS 98" p CAPRICE 98"

p"

e-"

e+"

p"

χ	


χ	



γ	

 e+!e-! p!
p!

WIMP as the responsible of Dark Matter (?)!
Direct Searches !
Indirect DM search à search for (RARE IN CR) products from their annhilation…. !

But you should know  
what you expect in the 

ISM !!  
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The Physics: Knowledge of cosmic background  "

100 x 103 ly"

40
  x

 1
03

 ly
"

1 
x 

10
3  l

y"

27 x 103 ly"

AMS"

Precise measurement of the energy spectra of B, C …"
 provides information on Cosmic Ray Interactions and Propagation"

( B )"

HALO"

DISK"

Interactions with the Interstellar Medium:!
C + (p,He) → B + ...!

Diffusion!
Convection!
Reacceleration!

Interactions with the 
Interstellar Medium 
(ISM): !
•  Fragmentation!
•  Secondaries!
•  Energy loss!



e+ + e-  flux measurements with AMS 

..Taking	
  into	
  account	
  also	
  the	
  knowledge	
  of	
  the	
  energy	
  scale….	
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Ev
en

ts
 

TRD Estimator  (173 – 206 GeV) 

positrons protons 

Example of Positron Selection: 
The TRD Estimator shows clear separation between protons and positrons with 

a small charge confusion background 

44 



TRD!

TOF!

Tr
ac

ke
r!

TOF!

ECAL!

e+ 

e− 

e+ 

Two	
  sources:	
  1)	
  large	
  angle	
  sca,ering	
  and	
  2)	
  produc(on	
  of	
  secondary	
  tracks	
  
along	
  the	
  path	
  of	
  the	
  primary	
  track.	
  Both	
  are	
  well	
  reproduced	
  by	
  MC.	
  Systema(c	
  
errors	
  correspond	
  to	
  varia(ons	
  of	
  these	
  effects	
  within	
  their	
  sta(s(cal	
  limits	
  and	
  
comparing	
  the	
  results	
  with	
  the	
  Monte	
  Carlo	
  simula(on	
  	
  

Systematic error on the positron fraction:  
5. Charge confusion 

Energy [GeV]
10 210

Ch
ar

ge
 C

on
fu

sio
n

-410

-310

-210

-110

1

AMS data
MC predictions

45 

IFAE	
  	
  2016	
   Maura	
  Graziani	
   45	
  



Z	
  =	
  7	
  (N)	
  
P	
  =	
  2.088	
  TeV/c	
  	
  

Z	
  =	
  10	
  (Ne)	
  
P	
  =	
  0.576	
  TeV/c	
  	
  

Z	
  =	
  13	
  (Al)	
  
P	
  =	
  9.148	
  TeV/c	
  	
  

Z	
  =	
  14	
  (Si)	
  
P	
  =	
  0.951	
  TeV/c	
  	
  

Z	
  =	
  15	
  (P)	
  
P	
  =	
  1.497	
  TeV/c	
  	
  

Z	
  =	
  16	
  (S)	
  
P	
  =	
  1.645	
  TeV/c	
  	
  

Z	
  =	
  19	
  (K)	
  
P	
  =	
  1.686	
  TeV/c	
  	
  

Z	
  =	
  20	
  (Ca)	
  
P	
  =	
  2.382	
  TeV/c	
  	
  

Z	
  =	
  21	
  (Sc)	
  
P	
  =	
  0.390	
  TeV/c	
  	
  

Z	
  =	
  22	
  (Ti)	
  
P	
  =	
  1.288	
  TeV/c	
  	
  

Z	
  =	
  23	
  (V)	
  
P	
  =	
  0.812	
  TeV/c	
  	
  

Z	
  =	
  26	
  (Fe)	
  
P	
  =	
  0.795	
  TeV/c	
  	
  

RICH performance on ISS 
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Particle Charge Measurement 

TRD!

TOF!

Tr
ac

ke
r!

TOF!
RICH!

ECAL!

1 

2 

7-8 

3-4 

9 

5-6 

1. Tracker Plane 1 

6. RICH 

Multiple Independent Measurements of |Z| 

4. Tracker Planes 2-8 

7. Tracker Plane 9 

2. TRD 

3. Upper TOF (1 counter) 

5. Lower TOF (1 counter) 

Carbon (Z=6) 
ΔZ  (cu)  

0.30 

0.12 

0.32 
0.30 

0.33 

0.16 

0.16 
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Absolute	
  Energy	
  Scale	
  for	
  e±	
  (at	
  the	
  top	
  of	
  AMS)	
  
	
  

Verified	
  using	
  MIPs	
  and	
  E/p;	
  compared	
  to	
  the	
  test	
  beam.	
  
In	
  the	
  test	
  beam	
  range	
  (10-­‐290	
  GeV)	
  the	
  uncertainity	
  is	
  2%.	
  	
  	
  

It	
  increases	
  to	
  5%	
  at	
  0.5	
  GeV	
  and	
  1	
  TeV.	
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AMS publications "

1.  “First Result from the Alpha Magnetic Spectrometer on the International Space 
Station: Precision Measurement of the Positron Fraction in Primary Cosmic 
Rays of 0.5–350 GeV ”  (M. Aguilar et al.) Physical Review Letters PRL 110, 
141102 (2013)"

2.  “High Statistics Measurement of the Positron Fraction in Primary Cosmic Rays 
of 0.5–500 GeV with the Alpha Magnetic Spectrometer on the International 
Space Station” (L. Accardo et al.). Physical Review Letters PRL 113, 121101 
(2014)"

3.  “Electron and Positron Fluxes in Primary Cosmic Rays Measured with the 
Alpha Magnetic Spectrometer on the International Space Station” (M. Aguilar et 
al.). Physical Review Letters PRL 113, 121102 (2014)"

4.  “Precision Measurement of the (e++e−) Flux in Primary Cosmic Rays from 0.5 
GeV to 1 TeV with the Alpha Magnetic Spectrometer on the International Space 
Station”, (M. Aguilar et al.). Phys. Rev. Lett. PRL 113, 221102 (2014)"

!
!
!
!
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AMS publications "

1.  “First Result from the Alpha Magnetic Spectrometer on the International Space 
Station: Precision Measurement of the Positron Fraction in Primary Cosmic 
Rays of 0.5–350 GeV ”  (M. Aguilar et al.) Physical Review Letters PRL 110, 
141102 (2013)"

2.  “High Statistics Measurement of the Positron Fraction in Primary Cosmic Rays 
of 0.5–500 GeV with the Alpha Magnetic Spectrometer on the International 
Space Station” (L. Accardo et al.). Physical Review Letters PRL 113, 121101 
(2014)"

3.  “Electron and Positron Fluxes in Primary Cosmic Rays Measured with the 
Alpha Magnetic Spectrometer on the International Space Station” (M. Aguilar et 
al.). Physical Review Letters PRL 113, 121102 (2014)"

4.  “Precision Measurement of the (e++e−) Flux in Primary Cosmic Rays from 0.5 
GeV to 1 TeV with the Alpha Magnetic Spectrometer on the International Space 
Station”, (M. Aguilar et al.). Phys. Rev. Lett. PRL 113, 221102 (2014)"

!
!
!
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First Result from the AMS on the ISS"
Precision Measurement of the 
Positron Fraction in Primary 

Cosmic Rays of 0.5-350 GeV”!
!

Po
si

tro
n 

fra
ct

io
n!

e± energy (GeV)!
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The importance of electrons in CR"

"
1.  Information about the origin and the propagation of cosmic rays 

complementary to the hadronic component ( me<<mp → very different 
energy losses in the interaction with ISM );!

2.  possible indirect detection of dark matter.!
!

First results of AMS: e± measurements!

Important physics 
information carried:"

Why the electrons are 
so important?!

X

X

e+/-

Dark matter 
annihilation

Astrophysical source 
(pulsar, supernova 
remnant, ...)

e+/-

SUN"



1.  Physics of AMS"
"

"2. AMS-02: Detector & Operations "
""

"3. AMS-02: Results"
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AMS-02: The detector"

AMS: the facts"
•  5 m x 4 m x 3m"

•  7.5 tons"
•  300k readout 

channels"
•  More than 600 
microprocessors 

reduce the data 
rate from 7 Gb/s 

to 10 Mb/s"
•  Total power 
consumption < 

2.5 kW "

AMS without MLI!AMS with MLI!
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AMS-02: the launch"

55!

Cape Canaveral, KSC - May 16, 2011 @ 08:56 AM 

May 16th 2011"
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AMS-02: the installation"

56!

Cape Canaveral, KSC - May 16, 2011 @ 08:56 AM 

ISS - May 19, 2011 
AMS installation completed 

May 19th 2011"
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AMS on orbit @ 400 Km"

May 19, 2011: 
AMS installation 

completed Starlight 

WSGT MSFC 

CERN GRID 
Internet CERN GRID Internet 

CERN "
(POCC)"

ISS"

NASA internet"

1 orbit ~93 min !
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Payload Operation Control Center (POCC) @ CERN"

24/24 hours!
all days of the year!
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Orbital DAQ parameters "
<Acquisition rate> ≈ 500 Hz!

Cutoff & Orbit à Average life time fraction Texp/44 months ~ 80 %!
 !

CR	
  	
  
(R<Rcutoff)	
  

CR	
  (R>Rcutoff)	
  

AMS	
  

ra
te

 (H
z)
	
  

D
AQ

 e
ffi

ci
en

cy
	
  

SAA	
  

SAA	
  

CR	
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The Thermal environment"

AMS-02 is not 
a free-flyer " 
attitude and 

sun exposition 
cannot be 
controlled!!

SUN 

Thermal variables: 

SUN 

SUN 
β	



+ 70° C"

- 70° C"



TOF & ACC"
64 Temperature Sensors!

Magnet"
68 Temperature Sensors!

ECAL "
80 Temperature Sensors!

RICH"
96 Temperature Sensors!

Silicon Tracker"
4 Pressure Sensors!
32 Heaters!
142 Temperature Sensors!

IFAE  2016!Maura Graziani!

Thermal environment"
TRD"
24 Heaters!
8 Pressure Sensors "
482 Temperature Sensors !   "

61!

ECAL	
  Temperature	
  

0oC 

10o 

20o 

30o 

1.5.11 1.7.11 1.9.11 1.11.11 1.1.12 1.3.12 
-10o 
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Seasonal effects on Tracker "
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Alignment accuracy of the 9 Tracker layers over the full period"
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On behalf of the AMS-02 Collaboration"

64!

15 Countries, 44 Institutes and 600 Physicists !

USA 
MIT - CAMBRIDGE 
NASA GODDARD SPACE FLIGHT CENTER 
NASA JOHNSON SPACE CENTER 
UNIV. OF HAWAII  
UNIV. OF MARYLAND - DEPT OF PHYSICS 
YALE UNIVERSITY - NEW HAVEN 

MEXICO 
UNAM 

FINLAND 
UNIV. OF TURKU 

FRANCE 
LUPM MONTPELLIER 
LAPP ANNECY 
LPSC GRENOBLE 

GERMANY 
RWTH-I. 

KIT -  KARLSRUHE 

ITALY 
ASI 
IROE FLORENCE 
INFN & UNIV. OF BOLOGNA 
INFN & UNIV. OF MILANO-BICOCCA 
INFN & UNIV. OF PERUGIA 
INFN & UNIV. OF PISA 
INFN & UNIV. OF ROMA 
INFN & UNIV. OF TRENTO 

NETHERLANDS 
ESA-ESTEC 
NIKHEF 

RUSSIA 
ITEP 
KURCHATOV INST. 

SPAIN 
CIEMAT - MADRID 
I.A.C. CANARIAS. 

SWITZERLAND 
ETH-ZURICH 
UNIV. OF GENEVA 

CHINA 
CALT (Beijing) 
IEE (Beijing) 
IHEP (Beijing) 
NLAA (Beijing) 
SJTU (Shanghai) 
SEU (Nanjing) 
SYSU (Guangzhou) 
SDU (Jinan) 

KOREA 
EWHA 

KYUNGPOOK NAT.UNIV. 

PORTUGAL 
LAB. OF INSTRUM. LISBON 

ACAD. SINICA (Taipei) 
CSIST (Taipei) 

NCU (Chung Li) 

TAIWAN 

TURKEY 
METU, ANKARA 
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AMS-02: (part) of the Collaboration @ NASA-JSC "
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The Physics: DM/exotic sources"
The	
  electron	
  bump?	
  	
  

2011	
  

A	
  confirmed	
  positron	
  “excess”	
  No	
  fresh	
  source	
  of	
  anh-­‐p!	
  

No	
  bump	
  in	
  Fermi	
  /	
  PAMELA	
  data	
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TRD e/p separation"

Pr
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ct
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n 

at
 9

0%
 ε

 e
+/

- 
•  ISS data 

En
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s 

TRD estimator 
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electron proton 

TRD estimator = -ln(Pe/(Pe+Pp)) 
CUT FIT 
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Time of Flight System"

Plane 4 

3, 4 

H	
  
He	
  

Li	
  Be	
  
B	
  C	
  N	
  

O	
  

F	
  
Ne	
  
Na	
  
Mg	
  
Al	
  
Si	
  

Cl	
  Ar	
  K	
  Ca	
  Sc	
  Ti	
  V	
  
P	
  S	
   Cr	
  

Fe	
  

Ni	
  

Mn	
  

Zn	
  

▹  4 Layers of scintillation counter!

Z=2
 Z=6

 σβ=2%	


 σTime=80ps	



 σβ=1.2%	


 σTime=48ps	



Velocity [Rigidity>20GV] 

E
ve

nt
s 

Velocity [Rigidity>20GV] 
E

ve
nt

s ▹  Main trigger!

▹  Measurement of 
!β=v/c (∆t~180 ps)!

▹  Measurement of 
!charge ! 1!

2!

3!

4!
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Charge measurement : "

dE/dx in each layer à !

!

!Silicon Tracker has a very accurate !

!charge resolution (~ 0.1 c.u.)!

Be	
  
C	
   O	
  

Si	
  

Fe	
  

ar
bi

tra
ry

 u
ni

ts
!

H x 10-3!

He x 10-2!

Redundant measurement of Z!
!
à !
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ECAL"

70 

 3D Electromagnetic Calorimeter (ECAL)
!!

•  Measurement of e± and γ energy  !
(∆E/E ~ 2%@100 GeV).!

•  p/e rejection >104!

•  18 layers of lead and scintillating fiber !
!

!

!

!

!

!

 	
  

50,000 fibers, φ = 1 mm 
 distributed uniformly inside 600 kg of 

lead: Total ∼17 X0 

1.73mm FIBER 

LEAD 
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ECAL: e/p separation"

Boosted Decision Tree, BDT: 
19 variables describing 
3D shower shape combined 
(B.Roe et al., NIM A543 (2005) 577) 

 
 

protons 

electrons 

ISS data: 83–100 GeV 

 ECAL estimator 

Fr
ac

tio
n 

of
 e

ve
nt

s 

Thanks to its shower shape imaging !
capabilities can discriminate very sensibly !
eletromagnetic from hadronic showers"

!
!

Combining the ECAL energy information with the !
Tracker Rigidity (E/R) the e/p rejection can be further !

increased "

EC
A

L 
Pr
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s 
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je
ct

io
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@
90

%
 ε e
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A 600 GeV electron in AMS"

 !
- TRD:  !

-  identify the particle as e+/e-!

!     rejecting the hadronic hypotesys!

- TOF: !
-  main trigger!
-  down going relativistic particle!
-  Z=1!

- TRACKER:!
-  identify negative charge (e-)!
-  Z=1!

!
- ECAL:!

-  identify the particle as e+/e-/γ rejecting 
the hadronic hypotesys!!

-  measurement of energy!
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Positron (e+) flux"
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Positron (e+) flux"
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Electron (e-) flux"
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Electron (e-) flux"
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Observation on electrons and positrons fluxes"

1.  Both the electron flux and the positron flux are significantly different in their 
magnitude and energy dependence.!

2.  Both spectra cannot be described by single power laws.!
3.  The spectral indices of electrons and positrons are different. !
4.  Both change their behavior at ~30GeV. !
5.  The rise in the positron fraction from 20 GeV is due to an excess of positrons,  

not the loss of electrons (the positron flux is harder).!

Positron	
  

Electron	
  

Observations:"
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All-electrons (e++e-) flux – before AMS"
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All-electrons (e++e-) flux – after AMS"
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Positron fraction (0.5 – 500 GeV)"

No fine structures are observed"

AMS-02 
(10.9x106 e+, e− events) 

e± energy (GeV) 
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Positron fraction @ high energies"

e± energy (GeV) 



IFAE  2016!Maura Graziani! 82!

Antiprotons"

The accuracy of the AMS measurement challenges the current knowledge of  
cosmic background"

"
!

Figure 2: The combined total uncertainty on the predicted secondary p̄/p ratio, superim-

posed to the older Pamela data [48] and the new Ams-02 data.

expected to be relevant only at small energies and in any case to have a small impact.

Finally, p̄’s have to penetrate into the heliosphere, where they are subject to the phenomenon
of Solar modulation (abbreviated with ‘SMod’ when needed in the following). We describe this
process in the usual force field approximation [47], parameterized by the Fisk potential �F ,
expressed in GV. As already mentioned in the Introduction, the value taken by �F is uncertain,
as it depends on several complex parameters of the Solar activity and therefore ultimately on
the epoch of observation. In order to be conservative, we let �F vary in a wide interval roughly
centered around the value of the fixed Fisk potential for protons �p

F (analogously to what done
in [25], approach ‘B’). Namely, �F = [0.3, 1.0] GV ' �p

F ± 50%. In fig. 1, bottom right panel,
we show the computation of the ratio with the uncertainties related to the value of the Fisk
potential in the considered intervals. Notice finally that the force field approximation, even if
‘improved’ by our allowing for di↵erent Fisk potentials for protons and antiprotons, remains
indeed an e↵ective description of a complicated phenomenon. Possible departures from it could
introduce further uncertainties on the predicted p̄/p, which we are not including. However it
has been shown in the past that the approximation grasps quite well the main features of the
process, so that we are confident that our procedure is conservative enough.

Fig. 2 constitutes our summary and best determination of the astrophysical p̄/p ratio and
its combined uncertainties, compared to the new (preliminary) Ams-02 data. The crucial
observation is that the astrophysical flux, with its cumulated uncertainties, can reasonably well
explain the new datapoints. Thus, our first —and arguably most important— conclusion is
that, contrarily to the leptonic case, there is no clear antiproton excess that can be identified in
the first place, and thus, at this stage, no real need for primary sources. This also means that,
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Ek ⌘ D0 � vA dVC/dz �p qC �C �
[GeV] units [km/s] [km/s/kpc] [⇥103] [GV]

Min models
1 0.30 3.32 0.30 32.2 0.04 2.58 2.74 2.53 0.77
10 0.68 2.85 0.38 28.6 0.03 2.54 2.83 2.48 0.86
100 -0.16 1.17 0.75 9.31 6.78 2.38 3.40 2.17 0.57

Max models
1 0.84 0.85 0.74 0.52 5.65 2.40 3.80 2.18 0.53
10 -0.92 0.83 0.68 7.71 4.05 2.44 4.03 2.22 0.54
100 0.60 2.85 0.23 27.4 6.88 2.62 2.95 2.59 0.75

Table 3. Model parameters giving the minimum (maximum) contribution of secondary anti-protons at energy
E = 1, 10, 100 GeV.

di↵erent values for L up to 16 kpc. In order not to lose the perfect agreement with the secondary
over primary data, we increase the D0 value accordingly (see the right plot in figure 3). As shown in
figure 3, di↵erent choices for L in this range do not a↵ect our predictions for the secondary antiproton
flux.

Although in this paper we assumed a uniform value of � in the whole Galaxy, it was recently
shown that di↵use �-ray data favor a scenario characterized by radially-dependent CR transport
properties [52, 53]. In order to investigate the possible impact of that scenario on our results, we
computed the local secondary antiproton spectrum for the KRA� model considered in those paper
finding a negligible correction.

3.3 Antiproton production cross-section uncertainties

We compare here the propagation uncertainties derived in the previous sections with those associated
with the antiproton production processes.

In figure 4, we show the relative ratio between the minimum (maximum) secondary antiproton
flux and that obtained using the best-fit propagation model. The corresponding region represents the
uncertainty on the secondary flux associated with galactic propagation.

We compare this uncertainty band with the relative di↵erences associated with production cross
sections. To this end, we compute secondary antiprotons with the new prescriptions recently proposed
by [14] and we evaluate them against the traditional fitting relations given in [23, 37].

We find that nuclear uncertainties can be as large as 50% even at ⇠ 100 GeV, and are much
larger below few GeVs. However, with the available CR data, the propagation uncertainties dominate
over the entire energy range as shown in figure 4.

Upcoming measurements (in particular, from AMS-02 [1], CALET [54], and ISS-CREAM [49])
are expected to significantly improve our knowledge of propagation parameters and then to reduce
the associated uncertainties. In that situation, antiproton production cross sections will prevent us
to provide predictions for the astrophysical backgrounds as accurate as the forecasted sensitivities.

3.4 The role of charge-dependent solar modulation

As pointed out in section 2.4, charge-dependent solar modulation can be relevant when the TOA
antiproton flux is evaluated. Therefore, we compare here our predictions of the extreme fluxes based
on the force-field approximation with those obtained with a charge-dependent modulation model.

To modulate the antiproton flux in the charge-dependent scenario, we develop the following
strategy:

• For each propagation model, we consider as free parameters: 1) solar magnetic field polarity; 2)
↵ (HCS tilt angle); 3) �0 (normalization of the parallel mean free path); 4) � (power-law slope
of the heliosphere di↵usion coe�cient as function of rigidity). Solar polarity and ↵ are fixed
by the data-taking period, since they can be obtained by direct measurements [55], while we
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Figure 4. Comparison between the propagation and the nuclear uncertainties. Yellow band: Error on the
p̄ flux due to the uncertainty in the propagation parameters. Blue lines: The relative ratios between the p̄
flux computed using the maximal (dot-dashed), fiducial (dashed), and minimal (solid) cross section from [14]
(KW) and the same flux computed adopting the parameterization from [23, 37] (TN).

Figure 5. The envelope of the secondary antiproton spectra computed with the charge-dependent modulation
(black lines) and compared with that one obtained with the force-field approximation (yellow band).

determine �0 and � by fitting the predicted TOA proton flux against the low-energy PAMELA
measurements.

• We use the same set of parameters obtained from protons to modulate the LIS antiproton flux.

In figure 5 we show the extreme antiproton fluxes as obtained with our charge-dependent modu-
lation model. We immediately notice that the more detailed treatment of solar modulation does not

– 9 –
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In 44 months, AMS has collected 60 billion cosmic rays. 

This is much more than all the cosmic rays collected in the last 100 years. 
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AMS-02: Spettrometro magnetico"
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AMS-02: TRD"
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AMS-02: ECAL"
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AMS-02: Misura della carica"

Misure ridondanti della carica a differenti profondità lungo il rivelatore!



à Studio accurato della frammentazione dei nuclei nel materiale di AMS
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AMS-02: Identificazione particelle  "

TRD + ECAL + TRACKER:"

unitary charge sample!
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