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Astrophysics or particle physics?
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Astrophysics or particle physics?
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» Cosmic rays in the Galaxy
* A few recent developments: interpretation of positron/electron measurements
* A look at the PAMELA data: charge-sign dependent solar modulation

» PEBS (Positron-Electron-Balloon-Spectrometer): Taking the next step in
positron-electron spectroscopy

» Performance study for the subdetectors of PEBS

* A look at mSUGRA parameter space in light of PAMELA and projections for PEBS

Henning Gast Dienstagsseminar — 30 June 2009




Cosmic rays
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Cosmic-ray propagation
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Cosmic-ray propagation
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Cosmic-ray propagation
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Cosmic-ray propagation
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Cosmic-ray propagation
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Cosmic-ray propagation
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Cosmic-ray propagation
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Cosmic-ray propagation
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Indirect search for dark matter: neutralino (SUSY)
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Positron fraction

Positron fraction

Exotic sources for positrons and electrons?
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Explaining the positron and electron data

M=10 TeV, annihilates to W*W-
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N-body simulations and boost factors

convergence test

Aquariu simulation (008)

Enhancement factors to annihilation flux are attributed to clumpiness of dark
matter distribution.
Generically: boost factors of O(1-10) from N-body simulations.
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Sommerfeld enhancement
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Astrophysical explanation
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Astrophysical explanation
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The anomaly in the positron fraction
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Solar modulation

CL/NM Rate (%)
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A simple model for charge-dependent solar modulation

general case: Parker equation (1965)

0 s 1 0
L=V ) Vi +VEIY )42V 51 J=pif

V  solar wind velocity
K diffusion tensor

v, related to antisymmetric part of diffusion tensor

force-field approximation (Gleeson and Axford, 1968):

E—m’
E)= J o (E+

simple idea: allow different value of ¢ for positively and negatively charged particles

Galprop conventional model is used for the calculation of interstellar flux J for all
particle species

at low energies: geomagnetic cutoff effects complicate the picture
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Modulated proton spectra
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BESS antiproton/proton ratios
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Comparison to model by Clem et al.
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Correlation with sunspot number

zF 3 5828 8 S < —2000
& ___E protons % A ARG = ; = >
< — L Lol W L O ] =
® 180 — electrons+ = ®m @@ @ a < = S
S —  positrons ") n = 1600 =
“ 160 |— = o5 - 2
: = —11400 3
= = o
140 — -
- —1200 &
120 — . S
= —1000 3
100 — - -
- oo ©
80 £ -
- —600
60 — -
0E —400
2E —200
C' ; ] | L L L L | I I _IO
1985 1990

Henning Gast Dienstagsseminar — 30 June 2009




positron fraction corrected
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The anomaly in the positron fraction

|CU corrected for solar modulation effects
+
+
@
~
+
@
)
-1 )
10 : %
How does the
B positron fraction
B continue?
Galprop LIS
i n corrected weighted mean AMSO1+HEAT+CAPRICE+TS93
o) corrected PAMELA
-2 |I|I|||| | |||III| | ||IIII|
10 P 5
10 1 10 10

E/ GeV

Henning Gast Dienstagsseminar — 30 June 2009




" S119E009662

AMS on the International Space Station 2010-2013

Physics program after AMS?
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Test assembly of AMS-02 at
CERN

15 years construction time
uUsSD 1,500,000,000 total cost




Balloons

BESS Flight Data: Altitude Histuru
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Balloons
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Balkaan Charactaristics:

55 5 4 | Balloon at Launeh 1.12 X 10" meters” Balloon Volume 30.57 X 10° fealt”
iEé ) 89.50 X 10" meters® Balloon Surface Area 22.19 acres
. ) 20.32 microns Skin Thickness 0.8 mil
v 32 20 kilometers Length of Seams 21.6 miles
A 4020 kilometers Nominal Altitude 132,000 feet
3,175 kilograms Max. Fayload Waight 8,000 pounds
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PEBS: design

~

scintillating fiber tracker

Institutions:

RWTH Aachen (Schael)

EPFL Lausanne (Nakada)

ETH Zurich (Dissertori)

U Chicago (Swordy, Muller)
Ohio State University (Beatty)

2.70m

[ superconducting magnet
= y/

Tracker
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PEBS: physics program

primary targets: ¢ [ ratio of protons to
 positron fraction up to 2TeV @104? positrons
(=»indirect dark matter search) g
 low-energy positron fraction l:
(—solar modulation and geomagnetic ol
effects) i
10
Spectra corrected for solar modulation
o~ — 1_1 Ll | \2 L
2 E 10 1 10 0 Gev
1.-9, [
e F
w =
Ak t } } |
acceptance: 3000 cm? sr 10"
design: flights of up to 40 s
days -
102 u PAMELA 2008
E weighted mean HEAT, AMS-1, TS-93, CAPRICE
— Galprop
B Galprop + Pulsar
| | memmmmeee Galprop + 500 GeV Kaluza-Klein Dark Matter
A PEBS-2 40 days, 3000 cm? sr
-3 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII
10 10 10° 10°

P [GeV]
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PEBS: physics program

primary targets:

* positron fraction up to 2TeV
(=»indirect dark matter search)
* low-energy positron fraction

(—solar modulation and geomagnetic

effects)

* total electron spectrum up to several TeV

(— verify HESS/ATIC

(hadronic backgrounds!?); nearby sources?)

e
o
[

E® Flux [GeV¥(cm? st s )]

e
o

AAAAL“*

,vvviiifi

107

10°

- ® Electrons AMS1 1998
= Galprop
E Galprop+Pulsar
— A Electrons PEBS-2 40 days, 3000 cm?sr
B M Positrons PEBS-2 40 days, 3000 cm? sr
Ll Lo el |
1 10 10° °

1975 (Gev]

P. von Doetinchem, astro-ph:0903.1987

(0,-90)

exposure [m’sr s]

2

exposure [m?sr s]

10

sky coverage of PEBS
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PEBS: physics program

primary targets:

* positron fraction up to 2TeV

(—indirect dark matter search)

* low-energy positron fraction

(—solar modulation and geomagnetic
effects)

* total electron spectrum up to several TeV
(— verify HESS/ATIC

(hadronic backgrounds!?); nearby sources?)

and maybe:

e antiprotons

*B/C

* 3He/*He (with RICH)

Extensive design study for PEBS:
Geant4 simulation - reconstruction -
analysis - testbeam measurements
=>

Proposal submitted to NASA

ratio

0.35

0.3

0.25

0.2

0.15

0.1

0.05

3He /4He

B. Beischer

500 MV
(Z,A)

i

(2,3)

(2,4)

» BESS

#* IMAX

-
RICH+tracker

1
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PEBS: design

Magnet:

Pair of superconducting
Helmholtz coils inside Helium
cryostat,

mean B = 0.8T,

weight: 850kg,

design life time: 20-40 days

Henning Gast

ISOMAX magnet
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PEBS: design

Silicon Strip Tracker:

high-precision tracking inside
magnetic field,

2+2+2 layers inside magnet,
design similar to AMS Si tracker,
aim at resolution of 0.01 mm

Henning Gast

AMSO02 tracker plane

(P. Azzarello)
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PEBS: design

Tracker:

Scintillating fibres (d=250 um),
with Silicon Photo-Multiplier (SiPM)
readout,

design spatial resolution: 0.05 mm

¢ T
° [T AMS-2

10!

: il i i diiiii R R
2 3
1 10 10 10P[GeV]
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PEBS tracker module design

__P.von
%..%. @i .. . Doetinchem, HG
.. ® %... etal.,
—— i . ‘NIM A 581
" .... ..% s W - (2007) 151-155
addl LT - — 77
- HG et al.,
NIM A 581

(2007) 423-426
HS3-

charge

position

0 &
O
Fay
Og . EEES SEEN AEEE SEAE N
mirrors EEEE SN AN NS B
SRS SEEE FEEE BN .
EAES SN SEEN SN .
iPM a yS EEES SN NN S .
. EEEE SEEE ENEN S .
2 EEEE SN AN S .
SEES SN AN S .
SEEN NN AN S .
carbon fibre - SEIIEIIiEIIIiIIICiET
inse rts Ll a1 .'-.. ._.! EEEE Ew
S EEES SN RN e -
ont-end AN SN RN N .
0.25 mm - e e
b bt L L L L L L L L L L L L L

diameter ¢

?icblggllatlng 32 channel SiPIVT, 80 pi)ZeIs per

channel, 0.25x1 mm? each
Henning Gast Dienstagsseminar — 30 June 2009




PEBS testbeam 2006-2008 setup

trigger
scintillator

trigger
scintillator

beam telescope:
2 AMS02-

. [§ =~ Si strip modules

L)

& ~10um resolution
&

-/

Henning Gast
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PEBS testbeam 2006-2008 fiber module

fibre module

Kuraray fibers, 0.25 mm
diameter.

Readout by VA chips, AMS
electronics used for digitization,
unified readout with beam
telescope.
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Spatial resolution

mber

-
C

1000

800

600

400

track residuals, Hamamatsu array

G. Roper

— overall intrinsic spatial
— resolution: 80 pm

mean 8 = 30°
Hamamatsu MPPG 5853 (S gptical glue
sideview o :

tracking efficiency Bonding e
~99%

250pm thick waler
e . .

board

MC simulations predict
resolution of 0.055 mm
for glue layer of 0.1 mm
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PEBS: design

Electromagnetic calorimeter:

20 x (2mm W + 7.75 x 2 mm?
scintillator bar + SIPM ) = 11.4 X,

weight: 600kg,

task: positron/electron identification,
proton rejection of O(103)
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PEBS ECAL design

four single layers

tungsten plate

scintillator bars

N SUppOrt structure
titaniurn plate

WLS fibres

screws

ceramics
support
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PEBS ECAL energy resolution

10000

ECAL shower in Ges

8000

amp / photons

6000

4000

2000

L L L I 1 L L I L L L I L L 1 1 [ —

0 2 4 6 8 10

t

20 layers in total:
2 mm tungsten +

dF (bt)o—te 0 | +
dt F(CL) 2 SiPMs

11.4 Xoin total
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ECAL shower shape analysis based on Geant4

1°F amplitude sum 10" angle between

shower axis and track

protons
positrons

50 100 150 200 250 300 350 400 T R S T 10 20 30 40 50 60 70 80 90
E,/ 10° photons amplitude sum / 10° photons w / deg

ratio of energy within
one Moliére radius
around shower axis

I t

0 2 4 &) g8 10 12 14 16 18 20 01 02 03 04 05 06 07 08 09
tma:-: fM
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PEBS ECAL performance from

MC simulation

proton rejection

- 10° ; , ; |
5 e | ST

g ; ~90% positron efficiency

T10° ++ ----------- frenenecaees foosenasanes foeseeeeens frosesanaes

e o
5 5 i b

10°E T promeaneeae Proeemeeene N

rejection ~5000
1026 KR e baseemmennes b e eneaae e
10 """" mEmmmsEEEEEEn remmEEmmEE e mmmm=— fremmmmmmEm= b

‘IIIII|IIII|IIIIIIIIIIIIII|IIII

50 100 150 200 250
p/GeV

ECAL energy resolution: constant term ~7% @ 250 GeV due

to leakage effects

AMS-2:16.7 X,, constant term of 2.3%

Henning Gast

300
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ECAL now under
development at EPFL
prototype this fall
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PEBS: design

Transition radiation detector:

2 x 12 layers
( 2cm fleece radiator + 6mm
straw tube Xe/CO, 80:20 )

task: positron/electron
identification,
proton rejection of O(103)
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PEBS TRD design

0900

Tasks: proton suppression and

tracking in non-bending plane

new TRD modules produced for PEBS

2 x 12 layers of fleece radiator,

TR x-ray photons absorbed by Xe/CO2
mixture (80:20), in 6mm straw tubes
with 30 um tungsten wire

Design equivalent to AMS02 space
experiment

»

AMSO02 TRD octagon integrated at
RWTH Aachen workshop
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Geant4 TR simulation compared to testbeam data

)]
D
s 107 gﬁﬁﬁ'ﬂ'ﬁ. TRD energy deposition per layer
S — 2SS T at 20 GeV
—_ e
- B
102 =
10° =
N N
- A testbeam data protons
10 o testbeam data electrons

Monte Carlo protons
B. Beischer, HG et al.,

Monte Carlo electrons Nugl. Instr. Meth. A 583
(2007) 485-493
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TRD rejection and efficiency from Geant4 study

@ 80% pc.)sitrlon e:ffici.enc;/

bbby for 20 layers

o
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'l

proton rejection
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MSUGRA and PAMELA positron fraction

107

corrected for solar modulation effects

weighted mean
AMS-01+HEAT+CAPRICE+TS93

- O PAMELA
Galprop LIS (x*/n_ = 227/29)
- Galprop uncertainty

~ SUSY + background (x¥n__,=48.6/28)
. projected data for PEBS

10 1 10 10°

E/GeV
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best fit mMSUGRA model
for PAMELA data:
m0=2040 GeV

m, =390 GeV

1/2
tan p = 40
m=172.3 GeV

BF=1510
mx=93 GeV



Comparison to AMS-02 and PAMELA

% 1750 - 0 S5 Hoet al.,
G) - 99% CL PoS(idm2008)
\O n i 023
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1600 [~
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1500 [~ n (3years s acceptance and
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Conclusions

Exciting times in astroparticle physics:
New results from PAMELA, Fermi, HESS (among others).
Theoretical developments (Internal bremsstrahlung, N-body simulations, Sommerfeld

enhancement). AMS-2 will be launched in 2010.

Dark matter remains elusive and is a very active field of research
But SUSY-DM explanation is becoming less favorable for electron/positron/antiproton

data. Exotic DM models?

Simple model for charge-sign dependent solar modulation can explain low-energy
PAMELA positron data.

The Positron Electron Balloon Spectrometer (PEBS) is being designed to take the next steps

in cosmic-ray physics.
Construction of TRD in progress, extensive prototyping for tracker.
Fibre tracker employs ultra-thin scintillating fibers and revolutionary SiPMs.

Timeline according to proposal:

March 2009 Proposal to NASA

Fall 2009 Decision

2010-2011 Construction

Summer 2012 Flight from Kiruna
Winter 2013/14 Flight from Antarctica
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Backup transparencies
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