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Introduction

4 — proton
_ . = 10 = solar Modulation: @& =550 MV E I
Goal: Measure the cosmic-ray positron  » .k gslit’lcm)n
fraction with a balloon-borne - 107& L P
» - electron
spectrometer. Y 1025 - — antiproton
- - — photon
Motivation: Indirect search for dark " — =
matter. Popular scenario: WIMP 8 = =
s . ' . ~ 0
annihilation in Galactic halo. = 1 S
- O
| E 3
Requirements: = 10° 8
- Large geometrical acceptance: , g
>1000 cm?sr for 20-day campaign 10°E 5
- Excellent proton suppression of O(10°) 0% ¢ mumm
- Good charge separation =5 e
- Payload weight < 2t 104 E oSyt
- Power consumption < 1000W =5 s
- 1 Ll
10 51 10 10°
kinetic Energy [GeV]
e.g. at 40 GeV: 10*GeV'm2sr's™ x (100x24x3600)s x 0.4 m2sr =
344 e*/GeV
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Prospective performance of PEBS detector

acceptance @100GeV
and mission duration
PEBS 4000 cmasr
100 days
AMS02 800 cmasr
1000 days
PAMELA 20 cm?sr
1000 days

PEBS schedule

2010 20 days
2011 40 days
2012 40 days

100 days PEBS=
1.4 years AMS02
55 years PAMELA
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AMSO01 positron fraction (old)
AMSO1 positron fraction (3-prong)
HEAT 94+95+00 positron fraction
CAPRICE positron fraction

TS93 positron fraction

positron fraction, weighted mean

Projected positron fraction for PEBS 40 days
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Galprop

alternative Galprop

SUSY + background
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PEBS design overview

Tracker:
Scintillating fibres
(d=250 um) with
Silicon Photo-
Multiplier (SiPM)
readout; power:

Time-of-Flight
system (TOF):
2X2XxX5mm
scintillator, SiPM
A readout; trigger
system!

2.2 m

Solar panels:

power for

subdetectors, Magnet:

communications, Pair of superconducting

data handling Helmholtz coils, Helium

~600 W cryostat, |
mean B = 0.8T, weight: 850kg




PEBS design overview

Transition Radiation
Detector (TRD):
2 x 8 x (2cm fleece

radiator + 6mm straw

tube Xe/CO, 80:20 )

Electromagnetic calorimeter:
70 x (0.5mm W + 6x0.5 mm?
scintillating fibre + SIPM ) =

10 X0, weight: 600kg

Positron
acceptance:
4000 cm?sr

2.2 m



MSUGRA scan

Supersymmetry provides most popular DM candidate: the neutralino x

Goal:
Assess constraints on mSUGRA parameter space from currently available data and
improvements expected from PEBS.

[ U O I B
600

MSUGRA parameters:
m, soft SUSY breaking scalar mass parameter at GUT scale 400
m, , soft SUSY breaking fermionic mass parameter at GUT scale

[
a
a

tan B ratio of Higgs vacuum expectation values

A0 trilinear scalar coupling at GUT scale (set to zero)

sgn u  sign of Higgs mass parameter (set to +1 (muon magn. moment)) ;
-200 -/ —

AT T I IS I T
+mtop top quark mass 2 4 6 8 10 12 14 18

Log,g2 (GeV)

Running Mass (GeV)

(]

hep-ph/0203114

roughly 3.8 million models scanned

Tools: all linked into one

_ executable (only one call of
ISAJET 775 SOIU“O” Of RGES |SAJET), considerable
DarkSUSY 4.1:  signal fluxes, cosmological and other observables effort because of Fortran
MicroMEGAS 2.0: additional observables, cross-check limitations

GALPROP 50p: model of cosmic-ray propagation and secondary production
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Relic density constraint for different m_ ;

Qxh2 with coannihilations

~2000 [ <2000
QL - M op - 20 ()] B
W - b -
~1800 [~ M top ~1800 [~
= B = B
1600 — Miop + 20 1600 —
1400 1400 F
1200 1200 F
1000 £ 1000 [~
800 -
- 800
600 -
- 600
400 -
- 400

200 | L _ - Miop + 20
S e T P R DR D R N 2001

O0 200 400 600 800 10001200 1400160018002000 O:"""""""""""""""""'
m,, / GeV 0 200 400 600 800 10001200 14001600 18002000
m., ., / GeV
tan § = 20 tan B =50 12
Region allowed by relic density constraint : _
Tevatron: mtop—170.9 + 1.86 GeV

(CMB+large scale structure) depends

strongly on tan B and m_ . PDG:! Q,,,h*=0.106 £ 0.008
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Positron fraction and boost factors

AMSO1 positron fraction (old)

AMSO01 positron fraction (3-prong)

HEAT 94+95+00 positron fraction

CAPRICE positron fraction

TS93 positron fraction

positron fraction, weighted mean

Projected positron fraction for PEBS
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current data
projected PEBS

Galprop

alternative Galprop

------------------- SUSY + background

Second .
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Component
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comparison of current data to
projected PEBS data for

m,=1300 GeV,
m, =270 GeV,

tan 3 = 40,
m,, = 170.9 GeV

t

X> minimization of
SUSY+background curve with
respect to data:

1 free parameter: “boost factor”
of SUSY signal

— clumpiness of dark matter
halo



Antiprotons and diffuse gamma-rays

Sk [ § 2 e pana ot
8 — -~ sSUSY+background "'\,\ e s R —
S - for y-ray boost factor "~ B I e $10° E
N; i \\\. T B 3 f ~
-5 \’\' w10t =3 /'o
= N - Us
5 — Y.
o= B 107 £ o Sp,
_ g ENALEY
: BF: 293
10°E 10° ,
: E ||||I 11 IIIlIII" 11 IIIIII| 1 1 IIIIIII 11 I“'llIIlI 11 Ll
— 1073 107 107 1 10 10° £/G \}03
- e
107 DM explanation of EGRET
data from inner Galaxy:
large boost factor required
— overproduction of
107 antiprotons
10" 1 10
En / GeV
no need for sighal component apparent in
antiprotons
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Preferred region from current knowledge

56

'Trlic an

XEO‘E- —
— Tt 2
Xot /et o) F X5 TG + ( P f) T

- ‘ o\ 2
i QHFanhg_Qn nnh2
(H)(Q;(aﬂ h* — anm / 2-2) . ( = . ) +

2nbm! 2

Aa.f;:an _ Aaﬁ_ 2 _|_ BRgf?”Y *BRb—y sy 2
C"AaH OBR(b—sv)

=146

Ingredients:

—|44  CR positron fraction

* CR antiprotons

* CR gamma-rays

* top quark mass

40 e relic density of dark matter
* anomalous magnetic
moment of the muon

* b—sy branching ratio

42

38

L1 I L1 1 l L1l l L 11 I Ll I L 11 I L1l I L1 l L1 I L 11 u . .
% 200 400 600 800 10001200 14001600 18002000 -°  using 3 different boost factors
m, ../ GeV

1/2
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Positron fraction y?

2000
a

1800
500

— 1380
B £
N 1360 -,
1400 [ 1340 —72
: —170
1200 1320 |
B 1300 .
1000 [~ 1280 1
: 1260
800 [
= 1240
600 -_ 122960 265 270 275 280 285 290 295 300
N mm/GeV
400 :_ PEBS:
— current data * vastly
200 improved
:I Ll I L1l I L1l I L1l I L1l I L1l I L1l I L1l I L1l I L1l StatIStICS and
0 0 |« extended

0O 200 400 600 800 10001200 1400 1600 1800 2000 energy range
m,, / GeV

tan B =40, m_ =170.9 GeV
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Projected constraints on mSUGRA parameter space

%000_— ; o
O | ' 4l
<4800— . - . 107
e T _ no additional constraint -
1600— including relic density -
B : constraint NE
1400~ |- 10°E
12000 1 i
1000 L 10%E
800} f
- 10 =
600: 0 - current data within 90% CL around
400— - X%, Minimum
B - projected PEBS data: positron fraction only
200__ -II\I|III‘III|III|I\Illll‘lllllllll\l|||||
B 0O 20 40 60 80 100 120 140 160 180 200
L | [ | [ | [ | [ | [ | [ | [ m%/GeV
200 400 600 800 10001200140016&01810(22300 corresponding resolution
12! € In neutralino mass

PEBS projected positron fraction data only:
points (from entire scan) within 90% CL interval
around x? minimum.

Henning Gast - DPG 08 - 7.3.2008




Conclusion

* Design study to build a balloon-
borne spectrometer to measure the
cosmic-ray positron fraction, in the
context of indirect search for dark
matter

 Extensive scan of mMSUGRA
parameter space: present data show

preference for m, <~600 GeV Anomaly in the positron spectrum?

: : PEBS can answer the question!
* Corresponding neutralino masses .

. ~ S + backaroun
are favourable for upcoming v [ Ry st aaround
positron experiments

) 107
 PEBS data will greatly enhance our v e s +
knowledge about dark matter, as [ o o s acion g Lo
well as about cosmic-ray R —
p ro p a g ati O n — CAPRICE positron fraction
-2 | IIILIHI | IIIIIHI | IIIIJII|
1010‘1 1 10 10°

E/GeV
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Impact of ACDM N-body simulations

g)oo = 30
Y E Recent results for structure
%00 — 28  and distribution of dark
e [ matter clumps:
1600 |~ ~126  boost factors close to unity
1400 | —24
- total X2 as before, but B
1200 - without antiproton and 22
- gamma-ray terms, _|
1000 - only points with BF<20 20
800 :— —118 In the preferred region:
n Subdominant
600 [ 16 neutralino dark matter
C with
400 [~ 14  h*~0.015 and
- m_~ 100 GeV
200 12 X
0 -I L1 I 1.1 I 11 I 11 I 1.1 I 11 I 1.1 I 1.1 I L1 I 1.1 II 10
0 200 400 600 800 10001200 14001600 18002000

mm/GeV
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B/C-ratio

ACE-CRIS B/C

Caldwell and Meyer B/C
Chapell and Webber B/C
Dwyer and Meyer B/C
1MP-8 B/C

Gupta and Webber B/C

HEAO-3 B/C
+ + + ISEE-3 B/C
* + Juliusson B/C
P ‘sl 1 . Lezniak and Webber B/C
1 -l Maehl et al. B/C
Orth et al. B/C

He<cr <40

Simon et al. B/C

ULYSSES B/C

Voyager 1/2 B/C

Galprop 599298, & =500 MV
- - = - Galprop 999726, =500 MV

-
,'
>«

0.25 B/C ratio: important test for

propagation models, good
description by both Galprop models
(conventional vs plain diffusion)
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