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Interesting feature seen in electron+positron spectrum...
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... and in positron fraction  
e
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... and in positron fraction  
e

ee−

Not seen in antiproton fraction 
p

pp
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PEBS: Balloon-borne experiment

Weight ~2000 kg
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PEBS: Balloon-borne experiment

●Cheaper than space detectors
●Multiple flights 
●Reoptimization between flights

●Short time data taking (max 40 days)
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PEBS I

North pole: 5 days flights in Summer 2012/2013

●Electron + positron up to ~1 TeV
●Positron fraction up to ~30 GeV

PEBS  II

South pole: 40 days flights in Winter 2014/2015

●Positron fraction up to 1.8 TeV
 

Challenges: 

●Proton rejection (at 100 GeV p/e = 104, at 1TeV 105)
●Charge separation requires very strong magnetic fields. 
 

PEBS Goals
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Why at the poles ? 
I) Full sky coverage in conjunction with AMS-2
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Why at the poles ? 
II) Geomagnetic Cutoff

AMS-2 Low Energy Threshold: ~2GeV
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Electromagnetic 
Calorimeter (ECAL)

Transition 
radiation 
detector 
(TRD)

Permanent 
magnet

Time of 
flight 
detector 
(TOF)

Scintillating Fiber 
Tracker
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ECAL proton rejection ~103 

TRD proton rejection ~103

Weight ~2000 kg     Power Consumption ~900 W



Cosmic ray backgrounds in dark matter searches
25 January 2010

Fabien Zehr
PEBS

12/24

Superconducting  
magnet

Time of 
flight 
detector 
(TOF)

Scintillating Fiber 
Tracker

Transition 
radiation 
detector 
(TRD)

Electromagnetic 
Calorimeter (ECAL)

B = 2T
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The PEBS ECAL

Scintillating bars with 
embedded fibres

SiPM readout

≈ 108x7.5 mm

Superlayer

Total: 7 superlayers 
≈16 X

0



Cosmic ray backgrounds in dark matter searches
25 January 2010

Fabien Zehr
PEBS

15/24

ECAL Projected Performance

Shower contained within the ECAL 

Good performance up to 1 TeV electrons

Good energy resolution

1TeV

500GeV

250GeV

100GeV
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1616

electrons

TRD 20-layer 
prototype 
testbeam data

proton rejection for 
positron measurement

Analysis of TRD prototype testbeam 
data, using first 16 layers

proton rejection ~1000 

protons

pe

TR D  Performanc e
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Testbeams at CERN 2006, 2007, 2008 and 2009

2009 test beam: 
PS accelerator:

●Secondary beam with 
protons, pions and 
electrons up to 10 GeV
●2 weeks beam
●New electronics

electronics

tracker
ECAL

TOF

Incoming PS beam
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ECAL results coming soon...
Will be presented at 

 ECAL Prototype Results

Next beamtime: September 2010 
SPS secondary beam
protons, pions, electrons up to 450 GeV.
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 Tracker Prototype Results
(2008)
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PERDAix:  Proton Electron Radiation Detector Aix-la-Chapelle   “Mini PEBS”

Measure Proton and electron 
fluxes up to 5 GeV.

Two independent fittings of the 
solar modulation parameter Φ.

Simple experiment. Can be 
launched each year to monitor 
the solar constant over long 
periods.

Gain experience for PEBS

First flight scheduled for 
autumn 2010, Kiruna, Sweden

TOF

TOFTracker

TRD

Tracker
Magnet

40 cm

60 cm
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PEBS projected performance: PEBS I positron fraction
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PEBS projected performance: PEBS I electron + positron flux
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PEBS projected performance: PEBS II positron and electron fluxes 



 

PE B S  S ummary•

•

• A dedicated balloon experiment could provide a
competitive measurement of the cosmic ray 
electron & positron flux.

• A novel scintillating fiber tracker with SiPM 
readout allows the construction of large area, 
high resolution (0.05 mm), low power and low
weight tracking detectors.

• The proton rejection of ~106 can be achieved by a 
combination of ToF, TRD, ECAL and Tracker.

• Key parameters: 
Acceptance: ~3000 cm2 sr
Weight: ~2000 kg
Power: ~900 Watt

• R&D Phase: 
2006 – 2009
Construction Phase: 
2010 - 2012

First Flight: Summer 2012 
from Kiruna, Sweden
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Backup Transparencies
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                                  PEB S  C ollabora tion

Propos a l for PE B S -1 &  PE B S -2 s ubmitted to N AS A  in M arc h 2009 by:

• Prof. J . B eatty, Ohiho S ta te Univers ity PE B S  ToF, G ondula

• Prof. G . D is s ertori, ETH  Z ueric h, S w itzerland PE B S  EC AL

• Prof. Dr. T. N akada, E PF Laus anne, S w itzerland PE B S  E C AL

• Prof. Dr. S . S c hael, R WTH  Aac hen, G ermany PE B S  M ag net, TR D, 
Trac ker

• Prof. Dr. S . S w ordy, U nivers ity C hic ag o, U S A PE B S  Trig g er, DAQ, 
R IC H
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Liquid Xe

WIMP
~20%  

energ y
Ioniza tion

Heat

~100%  
energ y

cryogenic detectors

Light

~few  %  
energ y

NaI, Xe

Ge
Ge, Si

CaWo4, BGO

Al2O3, LiF

Dark Matter Searches
γ,νe+, p, D, …

Charged 
particles

Antares , K m3, 
…
Amanda, 
Ic ecube

G LAS
T

Dam a, C DM S , 
G E N IUS , 
C R E S S T, 

E delw eis s , …  

Direct 
detection

C AN G AR OO, 
HE S S , 
M AG IC , V eritas , 
…

FN AL, LHC , 
ILC

Colliders

AM
S
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DM Annihilation in Supersymmetry

Dominant 
Χ + Χ  A  b bbar quark pair

B-Fragmentation known!
Hence Spectra of Positrons,
Gammas and Antiprotons known!
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Galaxy = Super B-Fabrik  with rate 1040 x B-Factory

  ≈37 
gammas
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C os mic  R ay S pec tra

Proton/Pos itron 
R atio

 

Proton Flux: Fp : E−2.74 Ελεχτρον Φλυξ :  Φ
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Antarctic LDB  Facilities (new)
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C R E AM B E S S

TR AC E R TIG E R
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B E S S  
An Ins trument of S ome 

C omplexity
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Launc h S ides
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PE B S -1 Permanent M ag net

Weight 250 kg, B-Field 0.3 Tesla,
rInner=0.31 m, rOuter = 0.43 m, Height = 12.5 cm
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3939R. Greim
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Hamamatsu MPPC 5883
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R. Greim
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over voltage 2.4 V

over voltage 1.5 V
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TR D des ig n

AM S 02 TR D oc tag on 
integ ra ted a t R WTH  Aac hen 
w orks hop

2 x 8 layers  of fleec e 
radia tor,
TR  x-ray photons  abs orbed 
by X e/C O2 mixture (80:20), 
in 6mm s traw  tubes  w ith 
30 µm tung s ten w ire
Des ig n equiva lent to 
AM S 02 s pac e experiment

10.1 
cm

2.2 m
pe
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electrons

TRD 20-layer 
prototype 
testbeam data

proton rejection for 
positron measurement

Analysis of TRD prototype testbeam 
data, using first 16 layers

proton rejection ~1000 

protons

pe

TR D  Performanc e
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building up the the ECAL out of 5 super layers
with a 5mm Ti support plate below



  

complete super layer explodet view
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zoom on the other corner

SiPM –FE-
board

polycarbonat 
endpiece

tungsten - scintillator sandwitch 
with
wavelength shifting fibers
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                        PE B S -2 E xperiment

5151

σ p

p
= 1.8 �10- 4 � p � 0.008
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C os mic  R ay E xperiments

5353

Acceptance Duration  Electron Identification
[cm2 sr] [days]

------------------------------------------------------------------------------------------------------------------
PAMELA       20 1000 Spectrometer + ECAL
AMS-2:     850 1000 Spectrometer + ECAL + TRD
PEBS-1   1000     10 Spectrometer + ECAL + TRD
ATIC-2:        1500     20 ECAL
PEBS-2     3000     40 Spectrometer + ECAL + TRD
PEBS-1   7500     10 ECAL + TRD
FERMI 25000 2000 ECAL
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electrons

TRD 20-layer 
prototype 
testbeam data

proton rejection for 
positron measurement

Analysis of TRD prototype testbeam 
data, using first 16 layers

proton rejection ~1000 

protons

pe

TR D  Performanc e


	Diapo 1
	Diapo 2
	Diapo 3
	Diapo 4
	Diapo 5
	Diapo 6
	Diapo 7
	Diapo 8
	Diapo 9
	Diapo 10
	Diapo 11
	Diapo 12
	Diapo 13
	Diapo 14
	Diapo 15
	Diapo 16
	Diapo 17
	Diapo 18
	Diapo 19
	Diapo 20
	Diapo 21
	Diapo 22
	Diapo 23
	Diapo 24
	Diapo 25
	Diapo 26
	Diapo 27
	Diapo 28
	Diapo 29
	Diapo 30
	Diapo 31
	Diapo 32
	Diapo 33
	Diapo 34
	Diapo 35
	Diapo 36
	Diapo 37
	Diapo 38
	Diapo 39
	Diapo 40
	Diapo 41
	Diapo 42
	Diapo 43
	Diapo 44
	Diapo 45
	Diapo 46
	Diapo 47
	Diapo 48
	Diapo 49
	Diapo 50
	Diapo 51
	Diapo 52
	Diapo 53
	Diapo 54
	Diapo 55

