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Ear Pl and data
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» Current results and status
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» Future Prospects
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10->-10* antiprotens:

o Energy spectrumispans = 13
orders of magnitude.
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preduced at CR acceleration
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Mﬂ Besmic Rays

produced at CR acceleration sites
ABVa SHECKS));

ticed in eqgual numbers in the ISM:
CRInuclel S nt— ut— et;

also produced in the ISM;
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@esmic Rays

» H'oduc‘éd at CR acceleration sites
V& SHEEKS);;

~ ticed in eqgual numbers in the ISM:
CR nucjgﬂSl\/l = = W

also produced in the ISM;

Antimatter, rare nuclei probe ISM structure and primary
nucleon compenent; since antimatter Is rare, look for:

Ve

Annihilating dark matter particles (e.g. neutralinos);
Y — e* near pulsar magnetic poles;
CR nuclel + Giant Molecular Cloud — e* + reacceleration;

Evaporating primordial black holes. -
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[iTplars are sEcondary, EXPECH:
> Etﬁ7GeV, Iew phars <i GeV.
Sojal laieNElow =1GEV

[DECIrease I phai/prahnigh E;

Excellent BESSHmeasuiements
pelow! —TfeWwiGEVS

Several secondan/preduction

models, e.g.: - local nucleon
spectrum, : hard nucleon
spectrum (explains EGRET data);

Primary pbar predictions (WIMP

annihilation, PBH' evaporation)
agree that the contribution Is
small at best;

High statistics measurements
needed at 5-50 GeV

bar Wrements as of 2000
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Superconducting Magnet Spectrometer with
Drift Tube Hodoescope (DTH), Multiple
lonization (dE/dx) Detector and Time-of-
Flight (TOF) system.

1) Jun. 2000 flight from Ft. Sumner, NM (22
hour flight)

2) May 2002 flight from Ft. Sumner, NM (6
hour flight; failed balloon)
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Balloon inflation 8 am
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Id@ntlfylng Antlprotons with
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BESSHIIMAX, MASS; CAPRICE L capricEss Secondary productipn,

O CAPRICE98

anad %& Nt agreement C A ax hard nucleon spectrim
With sex VA production -3| O BESS (9owon) AW

EX{IECLalIONS; o HEAT 2000

NG support fer hard rﬁlcleon
Injection spectiitiig moedels;

Prospects ol primaiR/ ploar
detection (e.g. HemWIMP
annihilatien)) not geod;

Good agreement witihy model - vl Secondarygroductiol,
Indicates mature I T/ Ioggj"\cleon spectru
understanding ofi secondary. =] - S

antimatter production and : /1
propagation.

HEAT: 71 pbars above 4.2 GeV : 1.0 10.0
Kinetic Energy [GeV]
CAPRICE: 31 pbars
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Po&tmlfractlon as of 1995

Hosliron fractlon IS smalll (= 10%)
SUIS S plimary er cemponent.

Below —7 GeVerdatal in agreement with secondary
predictions gerselar moedulation effects below 1 GeV);

Abeve =7 Gevimore antimatter than expected!
— additional’ (*exetic”) antimatter component?

Light Halo WIMPs

B Secondary production
(Protheroe, Leaky Box)

o Positron line is a
“smoking gun” for
W I M PS . : ! Energy (GeV)

Positron Fraction e*/ (e* +¢€")
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[ =nergy “ntimatter

Co oratidf‘

. Miiller, S.F;. Swordy,

A.D. Tomasch
J.J. Beatty, S. Coutu, M. Du\Verneis
G. de Nolfo, D. Ficenec

- Superconducting Magnet Spectrometer with Drift Tube Hodoscope
(DTH), Electromagnetic Calorimeter (EC), Transition Radiation
Detector (TRD) and Time-of-Flight (TOF) system.

- 1) May 1994 flight from Ft. Sumner, NM (29.5 hour flight)
2) Aug. 1995 flight from Lynn Lake, Manitoba (26 hour flight)




’ Idjfnti’i.g POSIIONS with HEAT-e*

m TOFTH: saimerasiHEAT-paar
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WO Y
COlL
MAGNET

Number of events

protons electrons |

{normalized to
total electron count)

[inl F 1 ri ‘ | 1
-5 0 5
Log,,(M.L.xp)




’ Idjfnti’i.g POSIIONS with HEAT-e*

ot
N EC:* T\TI—_A\\P\\
m ENVFshowers fiore- \ \ \

m Hadronic or noe; SheWErs, for p

Wl\lil\\‘lllll\l\llll\\[ TT

—

E Data selected

~  electrons

0
coun _:
IJ.ILTA moaler b

0~1 -0.75-0.5-0.25 O 0.2520.5 075 1 1.251.5
Log,(Xemc)

Number of events




ei

th HEAT

=
)
=
@)
S
ol

101S

, 33%

SR,
o R
T Lo S
TR
o S S S
o e -

cf o)

idity

threxpectat
121

s Overall 10> pireject

iency

ic

0
Enerey / R

i

electron eff;

[}
=
—

SJUDAD JO JaquInN

lelar
« DTHI&EC:
m E/FJ)

Y




'tdrrm ierBackground

(-

AtmosphErc Secondanes conrbution estimated by GEANT-based
Monte%

e c|eCLron’ CorrecuensS-6%); positron correction: 44-52%

* PrOLeN correctivnE 526%); antiproton correction: 14-26%

o SystematicrUnceErianty: —30% == e*/(e"+e") systematics: ~ 1%
pbhar / p systematics: — 4%

~ 02

e.g., positron firaction:

e from growth curve:
0.056 + 0.038

e from data with MC corrections:
0.057 = 0.006

0 2 4 6 8 1o
Atmospheric depth (g/cm”)




'-'P_Osit ractien since 1995

—

New poesition
Trac
Meas S are

mere statisticallya
SIGRICARAT, Wit
much improve*
hadren rejece
POWET;

Rise bheyond about

10 GeV not
confirmed!

New detailed model
predictions of e”,
pbar, y production
and propagation;
Results much closer
to secondary
production
expectations.

Positron Fraction e/(e*+e)
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" Moskalenko
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But
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HEAT: 1200 e* above 1 GeV
CAPRICE: 730 e*
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(<1GV cutoff)
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Positron fraction e /(e +e7)
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, P@troﬁs from; Annihilating
Eala 2leNWIIVIPS

T

- Kam'_ KOWSKI/iuimer, Phys. Rev. D 43, 1774 (1991):

- Heavy WIVIPAS ! e, LT
-

Energy (GeV)
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| Psitrons from Annihilating
GAlaEHENaIb WIMPs

S
Largeregionrei ViSSiVirspacerexplored (Baltz/Edsjo, Phys. Rev. D 59, 023511
(1999)" Baliiz, Eds|o), Ereese & Gondelo, Phys. Rev. D 65, 063511 (2002);
HE2WA sHregiiied (Iewhundred GeV);

e ennancemeni-noi: as%ood a fit as KT, but helps.

HEAT 2000

L) L) IIIIIII 1 1 IIIIIII IIIIII L) T 1
SUSY+bkg. fit SUSY+bkg. fit HEAT 2000

| SUSY component o HEAT 94495 | SUSY component o HEAT 94+95 |
bkg. component bkg. component
bkg. only fit m.=340 GeV bkg. only fit =238 GeV
ah2=0.100 ahoma

107 |

==
<

Substantial
boost factors

required (e.g.
clumpy halo)

positron fraction e*/(e*+e”)
positron fraction e*/(e*+e-)

tang=35.1

m,=T
(1-2,)=57.8
10-2 —\?nff;(suﬁ <10,3%1Q-1°
[ N=0.800, B,=95.0
- x=1.34/d5

IIII
10° 10!

;

IIII
102

100

positron energy (GeV) positron energy (GeV)




cess and Other SUSY
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Velgle andWellsjrastre=pli/0108138 (2001), hep-ph/0202156 (2002);
' nauen; Widecays, Galactic propagation; e*/(e*+e-) enhancement
psitve to WIMP mass!);

Nen thermal pro&ﬁ I the early universe.

Higgsino LSP (m=91 GeV, Bs=7.7, Bp=0.77)
Wino LSP (m=131 GeV, Bs=0.9, Bp=0.7)
Expected Positron Fraction without LSP

average relic density 0.3 GeV/cm?3

Positron Fraction e’

HEAT 1994 & 1995 & 2000

10
Kinetic Energy [GeV]




% %rom v Rays Near
.&LW dhjects

-ng’RamatIy 20tMCRC 2, 92 (1987): v— e*e~ near

Energy (GeV)




, P& oz @M vy Interactions

S_—
_I\Iear sliete Sources
——
3 AhaWtoyan J. Phys, G 47, 1769 (1991):
Vet e epiEais RighEintensity v, source (e.g., OB star):

- Energy thres dNBr: mechanism of m,c ? [ 4g,, where g, is
the meanse V. OfF v,,-

Energy (GeV)




P ftrozs o Giant Molecular
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B Do%’ l/Sharey, AsA 2295 259 (1990):
= [-Stuf o w— e’ inlarge molecular clouds;
EEermi accelerawe by gas turbulence.

Rather contrived..
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HeavW‘tlmatter

. Anti-ﬁilium SEANCHES N
Ulplsitle NIRSE)fiars hest limiit by Smoot et al. {1975)

BESS balloon Spec‘trometer B Mzu st al {1951)] _ Eve:l%i;izaj _
(Orito, S. et al, PRL 8%, 1078 o et 1 978) )
(2000)).

~ GeV extragalactic antimatter

horizon only: at Lest60r Mpc due
to magnetic fields (Adams, F.C.

et al., Ap.J. 491, 6 (1997)).

o Any relic antimatter Is not likely
to be detected in cosmic rays.

Evenson (1972)
Bmoot et al. {1875)

Badbwar et al {1878}

CGolden et al. lEE"i-“

Bmoot et al. {1B75) (Z>8)

Buffington at al (1981}

AMS: Alcaraz et al. (1999)

BESS: Nozaki et al. (1999)

BESS: Sasaki et al. (2002)
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s Vieastnre sistent withrpuiely secondary production of antiprotons.
s Daterare Inreoeadia tWith! ‘standard spectrum’ model.
= HEAJ-plar antipreten d confirm reliability of secondary production model.

g

= Positrons appear teresmainly from CR interactions in ISM but slight feature exists
above —7 GeV.

» New positron fraction measurements with HEAT-pbar confirm HEAT-e* results. Feature
seen In experiments:

= With two independent technigues.
e At solar maximum and minimum.

« At two different geomagnetic cutoff rigidities.
e Existing primary astrophysical e* models do not explain the structure well.
e Feature (amplitude, location and shape) can be naturally reproduced with some SUSY
models that are still allowed by current accelerator limits. 39




M
Vst Recent Antimatter

I\/Iéas;@ﬁemts -

PANMELANSaENtE; Iaunched JUne 159 2006 from Baikonur, 3 year
mi 05— 260 GeV. for pesitrens?);

Expect — esalleon expesure
o~

Bargsirtm & Ulko 1599
= Riolnar & Smon 2001 (e=550)
- - Moskalenko 2002 (A<D, a=15")

# BE3S 1005.57
B BESE 000

& BESS 199

¥ BE3S 1)

O HEAT.ghar 2000
O IMAX 1382

£ BESSpakar 2004
0 MASS 15

% CAPRICE 1384
¥ CAPRICE 1938
4 PaMELA

1w
kinetic energy (GeV)




R cent Antimatter

We,nts

% Clem 2006
' HEATOO
i AMS
v CAPRICE94
A HEAT94+95
* TS93
o MASS89 o
o Muller & Tang 1987

Energy (GeV)




Positron Electron Balloon Spectrometer (PEBS);
m Long-Duration balloon flights in Antarctica;
m 2010 — 20127

m 20-30 day flights x 3, 1 — 100 GeV?




