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P spectrum MRITE @ solar minimum
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Evaporation of Primordial Black holes
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“Black hole explosion ?”
S. W. Hawking, Nature, 1974

- PBHs might be formed by

fluctuations in the early Universe.

- M ~5X10"g now evaporating.

= Distinct spectrum compared

to secondary background.

- BESS data limit the

evaporation rate

- Maki et al, 1996.

« R < 10%pc3yr

- More stringent than
gamma-ray limits.



Indirect search for SUSY Dark matter
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- Background is larger at low BESS data has limited
energies than we expected. parameter space for SUSY.
-Difficult to distinguish signal - Bergstrom et al, 1999.
from background by means of - Bottino et al, 1998.
spectral shape.
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Year by Year Improvement of the Detector

TOF, JET, Solenoid
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Antiproton Measurement (Before Aerogel)
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Aerogel Cherenkov Counter
Y.Asaoka et al, NIMA 416 (1998) 236-242
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Wrapping of Aerogels
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Aerogel-97, 98 Comparison
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Antiproton Measurement (After Aerogel)
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Year by Year Improvement of the Detector

TOF, JET, Solenoid
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BESS TeV Project
* IDC
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BESS-TeV

- ODC = track length X 2 MDR>1 TeV (3] 200 GeV)
- fiii&Eresolution MLt (New Chambers) P/He up to 500 GeV
- SRITE s Ehn (28—60) + lead - up to 500 GeV



Cell Design using garfield
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Prototype (R&D)
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Scintillation Fiber
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ODC Beamtest Results
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Trigger System

Flight Time, Data Capacity ZH %)=
FIRAT 31=0I=. 22D mode A 3.
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40 GB




Track Trigger

Hit pattern selection / Rough rigidity selection

TOF(U) hit cells
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Data Acquisition
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Other Trigger Modes

efficienc
'\,
a1

- High energy proton

. 05
Sanuki et al, Apd, 2000. :
_ e/u 0.25 *
- Low Energy Proton (ascent) 0 0 0 w0 0 0
- atmospheric growth O
5 1F low (:99.3%
| | igh o0 g
3 [ igh B:96.2%
- Filght Bl & Trigger Rate & Cos || efficiency
FHAL tune 9 5. 0.25 | J
0 A T R RPN BT B
-50 0

50 100 150 200 250 300 350

efficiency

Qac
1F : ? 1r
i 5 Q i P
75| . CD 1/2 £0.75 | " Full efficiency
N . (eff. maximum 0.5) os b ] at>10GV
FLow Energy Proton : P
025 |- Trigger Efficiency 0.25 -
0 :._¢ o v b ; - 0 | . ; . | i

I TR BRI R L i ! e A T A
{ -1 -08 -06 -04 -0.2 0 0.2 04 06 0.8 11
1/R (GVY 1/R (GV)

-2 -1.5 -1 -0.5 0



Balloon Flights
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Event Reduction

. first level trigger(TOF coincidence)

. second level trigger

hit pattern & rigidity selection

. fiducial volume cut
. single particle selection
. track quailty cut

. dE/dx cut
. mass cut
. aerogel Cherenkov veto
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dE/dx band cuts
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Event Displa
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Absolute Flux Calculation
N(ﬁ)=Nobs'Ne/u'Natmos

_._ N()
JDME= 5o et

Backgrounds

1. e/u contamination
= Contamination < (max. @ 4GeV)
= Aerogel rejection factor:

@Atmospheric p subtraction
- Subtraction < 25+7%(Syst) (max. @ 2GeV)

histogram: Mitsui
---------- . Stephens
................... : Simon et al.

= Calculations
(Mitsui, Pfeifer et al, ~
S.A.Stephens) c CR flux
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Aerogel e/u Rejection Power

BESS-00
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Rejection power estimated as a function of
ADC threshold using high energy proton samples.



Estimation of e/ Contamination

1) No. of e/u in the mass band were counted.
2) Rejection factor was obtained for a given ADC threshold.
3) No. of e/ contamination in the p candidates were calculated

Ne/u/NE

BESS-00

I e e e et e e ee e ieeaee e oy
— f f f f f

T R =
gy S I - O1Qu <25 . :
R I T DgAC:%g e/ll contamination
il 5 5 ook

% %<2 was kept below 5%
T2 22 | when applying Qac < 12.
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e/l contamination TOAE(GeV)



Corrections

N(p)
S Q et

1. Exposure Factor (SQt)
1). Live time ()
*TMHz clock,
directly measured
-dead time fraction
~10 %
2). SQ: M.C. simulation
-simple geometry

J(p)dE=

2. Detection Efficiencies (€)

1). Interaction losses
M.C. simulation
calibrated by p beam
@ KEK-PS K2 in 1999

+15% = +5% (syst.)

2). Event Selection
=unbiased proton
sample
-high efficiencies

efficiency

estimated by M.C.

P

SQ[m sr]
‘05‘1 15‘2 25‘3 35‘4 45“5
Eroa(GeV)
estimated by M.C.

Inelastic intraction
DELY

8non mteractlon

\‘\‘ 1 1 \‘\\
051152253354455

Eron(GeV)

estimated by
unbiased proton sample
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Snon-int

DEoo detector peam test @ AEN
using low E antiproton and proton beam

1. Setup

BEAM
T1

D2

K2 line

12

06 Q7

2. Beam incidence

1.2

1 ;_—
0.8 |
0.6
0.4

0.2 f

0 =3

T4 ’%? BEAM
T3 C

BESS
DC2  BESS was rolled.
KURAMA




Systematic Uncertainty of

the Detection Efficiencies
Y.Asaoka et al, physics/0105003, submitted to NIMA

1). The systematic errors of the beam test
itself were estimated to be within £ 1%.

2). BESS M.C. simulation was verified by

comparing with beam test data.
(hadronic interaction/material/detector response)

3). The relative systematic error of the
detection efficiencies are kept within 5%.
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. Annual Variation of P Spectrum
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03 Y.Asaoka et al., astro-ph/0109007
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Solar Modulation

Positive Negative Positive Negative
Polarity Polarity Polarity Polarity
- P P 4> 4>

Smoothed Sunspot Number The pr chss by Wh_l ch
Monthly Averages | | Nl expanding solar wind
| | | modifiesthe energy
spectrum of cosmicrays.

11-year cycle

Sun's magnetic field
polarity reverses at
each solar maximum.

McMurdo, Antarctica, Neutron Monitor

Bariol Research Institute, University of Delaware -
27-Day Averages - data through January 2001 2 2 year Cycle
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1960 1965 1970 1475 1980 1985 19490 14995 2000
YEAR www.bartol.udel.edu/"neutronnm

1960 , 1990
Neutron intensity




Charge Sign Dependence’?

- KBERES (pole =3t L THEL '

ABGEEIE/NA~10° \ \m "
BAREI~T0° I

- KI5 (3RS B D plasma R IZ[ETE

- KBBEED radial flow(~400km/s)

258 BARAD XKD Hin
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Drift in/out along current sheet

gradient and curvature drift
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Current Sheet Tilt Angle

Current sheet tilt angle
governsthe level of
solar modulation.

1997 May
s H==s —  Quiet Sun
e e j Tilt angle ~ 10°

1998 May
Moderate Activity
Tilt angle ~ 30°

T : = High Solar Activity

: -a 2000 May-dune
=2 ~ High Solar Activity
Polarity has Reversed!

quake.stanford.e'd'u/~wso/coronal.html



Current Evidence of Charge Sign Dependence

general consensus:
ABEENBKHITIE
drift effect MWL TE S

existing evidence:

B RIEOR#®T
RLRELEL

B RIEOFIE TOE M
-e”/He, e”/p ratio
snn Me << MHe,p
-P/P ratio (1999 & 2000)
= |deal probe

Bieber et al, PRL, 1999.

e~/He: Balloon
e/p : Ulysses

Bieber et al, 1999.
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P and P spectrum following

S Y.Asaoka et al., astro-ph/0109007 | <3
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P/P ratio following the solar field reversal

Bieber et al, 1999

oo o T ... = Annual Variation of P/P Ratio
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P/P ratio following the solar field reversal

Bleber et al, 1999
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Summary
BESSIZ Kk 5 R [&F$& >t i D Al E

1993 ~ 1994:
BEENDETEIZLSD positive i H

1995 ~ 1997:

ANBEEENE/NRICHS 1+ HER A

- Energy Spectrum ) HI5E

- ZRERREGFIRED peak ZHEX 5.
>FHEBEEETIL

— REERAADFREKICHREEZEZ 5.
SEIRILX—EETOETFTDBE
— RS DHF 5D EHRS.

1998 ~ 2000:

NG EEIBRKIIETORROBELEIL

- Suns’s polarity @ REZDEIE TORIE

- REBF-BFLORRF_ELRAZIRZS.
=> Charge sigh dependence

BESS Polar (R4 [EIFRHH)
—RiBRFRRDEREIZRE.




BESS Polar

AMS L4 M7

No Vessel,
p 0.1-4.2 GeV by Middle TOF

Inner Drift
Chamber

JET
chamber p

TOF counter

Antiproton Flux (m2-sr-s-GeV)

I.0.F COUNTER

Pressure
Vessel
& z
Cryostat /

elec.

| Middle TOF

Counter

T.0.F COU/\/TE/?/

2003-2004, 20067

Middle TOF
Counter

- Antarctica 20 days
-PBH+Secondary

Secondary

Kinetic Iénergy (GeV)




