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Electron Energy Resolution: 2.5-3% 

Velocity measured to  
an accuracy of 1/1000 
for 400 GeV protons 
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•   Data 
–  Model 

Chamber walls set to -90oC 

Stability criteria:   
dT/dt < 0.0001K/h 
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1. Measurement inside the magnet with an effective length L  

(Q/p)#($p/p) ! 1/BL2 

2. Measurement of the incident (!1) and exit (!2) angles 
which depend on the length L1 

(Q/p)#($p/p) ! 1/BLL1 

!1 

!2 

B 

L 

For both magnets, L " 80 cm,  
but in the permanent magnet B is 5 times smaller 

to maintain the same $p/p we increase L1 from "15 cm  
(Superconducting Magnet) to "125 cm (permanent magnet) 

The momentum resolution ($p/p) is the sum of two contributions: 
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Acceptance 
     e+                 950 cm2sr 
p, He, He, … 4,500 cm2sr 
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AMS02 fully integrated at the CERN cleanroom  

AMS02 in the Rotation Stand at the SPS H8 Beam Line  
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Beam: protons/pions 
20GeV 
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Beam: tertiary 
negative 300 GeV 
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Beam:  tertiary 
positive 20 GeV 
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These spectra will provide experimental measurements of all the assumptions that go 
into calculating the background in searching for Dark Matter,  

i.e., p + C %e+, p, … 
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FIG. 1: The 2σ contours in the enhancement factor - mass plane for a) annihilation to µ+µ−, b) the Nomura-Thaler model N3

and c) the Arkani-Hamed et al. model AH4. The contours are shown for PAMELA and Fermi, whereas the HESS data is only

used as an upper limit. The black dot is the example model shown in Fig.2.

FIG. 2: Spectra for examples of good fit models in 1. The signal and background are shown for electrons (e+
+ e−) together

with Fermi [9] and HESS data [11, 27]. The HESS data and the background model has been rescaled with a factor 0.85. In

the inset, the positron fraction as measured with PAMELA is shown together with the predicted signal for the same model.

towards the galactic centre and dwarf spheroidals were
investigated. For Einasto or NFW profiles, the best fit
models are excluded due to gamma rays from the galactic
centre. However, for less steep profiles, like an isothermal
sphere, our best fit models are not excluded by these
data.

For the N and AH models, constraints from gamma
rays and radio (including final state radiation photons)
were investigated in [18]. The same conclusion holds for
these models, if the halo profile is an Einasto or NFW
profile (or steeper), the models are already excluded.
However, for shallower halo profiles, like an isothermal
sphere, the models are still viable. One should note that
the electron and positron fluxes discussed in this paper
are not very dependent on the choice of halo profile, so
the best-fit models derived here, would be more or less
the same for an NFW profile instead of the isothermal
profile we used in our analysis.

Given the large amounts of high-energy electrons and
positrons injected into the galaxy with these models, it
is also fair to wonder about secondary radiation from
inverse Compton scattering on the interstellar radiation
field [14, 15, 17, 28]. In [14] it is concluded that models
annihilating to µ+µ− are at tension with EGRET data

and that Fermi will be able to probe these models. Given
the new Fermi data, lower boost factors are needed than
those assumed in [14], so the tension with EGRET data is
less severe. However, Fermi should still be able to probe
these models. For the N3 and AH4 model, we get very
similar constraints [17] and these are also viable with a
shallow halo profile.

One should also note that we have chosen to work
with a rather standard halo and diffusion model, but it is
rather straightforward to rescale our results via the en-
hancement factor introduced in Eq. (1). Note that the
dependence on ρ0 and τ0 in Eq. (1) is a very good ap-
proximation for high energies. For lower energies (i.e. the
PAMELA range), it is more involved as the positrons at
these energies have propagated rather far. Keeping the
signal fixed at higher energies, it is possible to move the
signal from dark matter up at lower energies by having
a larger significant diffusion region (by having a larger
diffusion zone half height and a larger diffusion coeffi-
cient). Increasing τ0 will also increase the fluxes at low
energies slightly more than the linear relation in Eq. (1)
as positrons then sample a larger (and partly denser) re-
gion in the galaxy. These effects are more pronounced
for steeper halo profiles, like a Navarro-Frenk-White [29]
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Positron Electron Balloon Spectrometer (PEBS) 

•  Flux measurement of cosmic charged particle at an altitude of 40 km 
with a magnetic spectrometer launched by a stratosphere balloon 
making circular flights around north and/or south pole  

•  Collaboration:  CH: EPFL, ETHZ ; CN: Tsinghua Univ.; DE: Aachen; 
US: Chicago, Ohio 

•  Why using a balloon not a satellite, since a balloon flight provide a 
shorter measurement period (up to ~40 days)? 
–  Typically, the size of  a balloon detector can be much larger, 

compensating the shorter data taking period 
–  Easier conditions for the launch and operation of the detector 

and the detector can be launched faster 
 ⇒can benefit from the latest detector technology 

–  Multiple launch possible with the same or upgraded detector  
 ⇒the experimental programme can evolve with the 

technological and scientific development 

Courtesy of Prof. T. Nakada EPFL 
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PEBS complementary coverage 

Momentum cut-off!

AMS-2 sky coverage!

PEBS sky coverage!

Courtesy of Prof. T. Nakada EPFL 
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•  PEBS will be launched in the framework of the NASA balloon programme 
(informal information: will be approved for the  2011-2015 programme) 

•  First flight: 2014 north pole 
•  Second longer flight: 2015 south pole 

SiPMT!
photon!
detector!

Courtesy of Prof. T. Nakada EPFL 

PEBS-1 with the basic configuration: 
Scintillating fiber tracker 
Tungsten-scintillator calorimeter 
with fiber readout 
ToF/trigger scintillator 
TRD a la AMS-2 
Permanent dipole magnet 

•  Acceptance e+, e-: 1200 cm2 sr 
•  Acceptance e++e-: 6000 cm2 sr 
•  Weight: ~2000 kg 
•  Power: ~900 W 
•  #p/p = 0.001&p  0.038 
•  Miss ID(p%e) = 10-6$

•  e+ identification up to 600 GeV  
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PEBS expected performance 

PEBS-1 20 days flight"
together with already existing measurements!

e+ flux! e+ + e- flux!
b.g. + pulsar!

b.g. + Dark Matter (annihilation of 400 GeV particle)!
different solar modulation model!

Courtesy of Prof. T. Nakada EPFL 



Page 23 

PEBS CH Contribution 
•  Electromagnetic Calorimeter  

–  Tungsten-Scintillator sandwich electromagnetic calorimeter 
readout by WLS fibres (% = 1 mm) 

–  SiPMT (MPPC) photon detector, modified from a 
commercial (HPK) single channel device  

–  SPIROC readout chip, originally developed for ILC 
•  128 channel SiPMT, for the tracker, custom 

development with HPK  
•  DAQ electronics 

128 channel SiPMT!
E-cal prototype test!Courtesy of Prof. T. Nakada EPFL 
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PEBS-1 variant 
•  As a second phase RICH could be added to PEBS-1 

To test different theoretical "
flux calculations!

Courtesy of Prof. T. Nakada EPFL 
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PEBS-2 
•  Further upgrade of PEBS with a superconductive 

magnet for e+ identification 1 TeV with a larger 
acceptance  
–  B field = 0.9T 
–  e+ ID up to ~1.5 TeV 
–  acceptance 2500 cm2 sr 
–  Cost ~2 MCHF 

Courtesy of Prof. T. Nakada EPFL 
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Cosmic Ray Spectrometers Overview and 
PEBS evolution 

? 

Courtesy of Prof. T. Nakada EPFL 
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BACKUP SLIDES 
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20 layers 

e+ p 

Mercedes Paniccia 



Page 29 

RICH test beam 
E=158 GeV/n 

1

10 

102 

103 

104 

10,880 photosensors 

Intensity & Z2 

 ' & v 

!"#$"%&'(

#)%)*%&'+(

!),)*%&'(

-"'.*/)(

' 

NaF Aerogel 

Li C O He Ca 



Page 30 

10 000 fibers, % = 1 mm 
distributed uniformly  
inside 1,200 lb of lead 

e± 
Lead foil 
(1mm) 

Fibers 
(%1mm) 
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K Charge 
K Charge 
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AMS-02 Superconducting Magnet  
Silicon Tracker Layers 

AMS-02 Permanent Magnet  
Silicon Tracker Layers 

Layer 9 comes from moving the ladders at the edge of the acceptance  
from layer 1.   The layer 8 is moved on top of the TRD to become 1N. 

No new silicon and no new electronics are required. 
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1m 

PAMELA 

AMS-02 

Acceptance 
20.5 cm2sr 

Exposure 
2006-2011 

Acceptance 
     e+                 950 cm2sr 
p, He, He, … 4,500 cm2sr 

Exposure 
2010-2020 (2028) 


