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Balloon-borne Experiment with-a-Superconducting:spectrometer
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BESS Experiment

Balloon-borne Experiment with-a-Superconducting:spectrometer
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BESS Experiment

Balloon-borne Experiment with-a-Superconducting:spectrometer
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BESS Experiment

Balloon-borne Experiment with-a-Superconducting:spectrometer
 KEEIL
s PRESSURE
x —RY L /1A RS ~ 1 Tesla VESSEL

x [EEIAECE

AEROGEL P
x 0.3 m2sr ~ f{EFED100:Z '\/4///‘@%
COIL /

x (BNTCRI T BB

x SERY L/ A K 0.2 Xo/wall e .r\

CRYOSTAT

— W =\l = > \
. SRR N J

n  FRORARENR ey 0=200um
x ~ 200GV

md

ACRYLIC CERENKOV
COUNTER




BESS Experiment

Balloon-borne Experiment with-a-Superconducting:spectrometer
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BESS Experiment

Balloon-borne Experiment with a-Superconducting-Spectrometer
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Evolution of the BESS Instrument

11 BESS Flights during 1993 ~ 2008 with improved detectors
Same systematics => Directly compare
Various cosmic-ray species, Different solar modulation

' 2004, 2007
BESS-Polar

BESS-93,94 BESS-95  BESS-97,98 BESS-99,00  BESS-TeV

| p—
> -

New Mag

oror =300 ps oror=110 ps  oror =70 ps Shower  New ODC's
(ultra thin)

Counter  New JET/IDC's
97 n=1.03 A (

50.2-35 GeV  e/u Sep.
98 n=1.02 p/He up to 1 TeV

D0.2-0.6 GeV D 0.2-1.4 GeV  p0.2-4.2 GeV p 0.2-4.2 GeV p 0.2-4.2 GeV
6, 2 43 415,398 668, 558 < No.of p's |

p 0.1-4.2 GeV

Larger Vessel Larger Vessel No Vessel
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O CAPRICE x EZEEIRDRE T DETREL

10~15% C—X
Secondary
\ Secondary Spectrum
PBH $=550MV S -
Antiprotons from PBH & ~ PBH o=1000MV n BESS—POlar N l

|
Y7 bk B RILE—CER?72
(Model) . —RFECR?
= Mitsui+PBH ¢=550MV
decay Mitsui+PBH ¢=1000MV

- ‘ i x TEXYF9IIRY—RA?
“ 1 —— Mitsui M(R.,p) ¢=550MV N 'S
: SRS D INE
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p flux (m
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1 10

Kinetic Energy (GeV) (S. Orito et al. PRL, Vol. 84, No. 6, 2000)
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AMS
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BESS-Polar
(X0+20 days)
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PAMELA

BESS-Polar realize
the best sensitivity in lowest =

energy Kmetlc Energy (GeV)

Acceptance | Flight Time | Latitude | Altitude Launch

(m?sr) (km)
A 0.5 3 years <51.7 | 280~500 | 2008
PAMELA 0.0021 3 years <704 350-600 2006

BESS-Polar2 03 30 days > 75 36 2007




Long duration balloon flights

2 weeks ~ Month
New Spectrometer with a ultra thin:soleno
Solar Power system

\l't'-w.-f ) —»’-\.

Ls

g\a-—m..;/ _?\

First Flight — 2004.12.13-22 Second Flight 2007.12.23-1.21
8.5 days 24.5 days
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Based on Kenichi Sakai’s Analysis
Published in PRL 108, 051102 (2012)
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Antiproton flux (msr'ls1GeV™")

® BESS-Polar 1l

- PAMELA

PAMELASESR & O ELER

BT —maig Tl
109%~20% Dt aTinE C—2X

28 2Dt =
PAMELA (2006.6~2008.12)

Kinetic energy (GeV)

Ref : O.Adrianiet al. Phys. Rev. Lett. 105. 121101 (2010)
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DLEER

S 7 )UIc K BELN

TR :
izt T =+ EAR{E % (SLB, Diffusion)
2.8

v 1 Mitsui et al. [6] Leaky Box : :
Foree field 0=600 MV Interaction (Tertiary)
: T 2 Bieber et al. [23] Leaky Box
Drift model TA=15°(A<0) Y
3 Bergstrim et al.|24] Simplified 2-zone diffusion GOOd COHSIStenCy
jiterabited Force field ¢=500 MV O s
onato et al. [25] 2-zone diffusion W|th|n 20 /O
Force field ¢=500 MV
5 GALPROP [26] Plain diffusion
Force field ¢=600 MV
- 6 Bieber et al. [23] Leaky Box
Drift model TA=10°(A>0)

® BESS-Polar 11

NG 2 (FF Drift model)

Antiproton flux (m%sr-ls1GeV™")

Kinetic energy (GeV)




To see the relative spectral
variations, calculated
energy specra are
normalized at the peak.

® BESS-Polar 1l
O PAMELA |21]
& BESS95+97 |7]

Antiproton flux x E! (m'zsr"s"(;c\"'z)

ID Model X2
+h1' ﬂ | 1 Mitsu 0.57
| , 2 Bieber 0.56
Calculations normalized
to BESS-Polar 11 @ 2 GeV 3 Bergstrom 1.24
I Mitsui et al. [6] ¢=600 MV
=== 2 Bieber et al. 23] TA=15°(A<0
(illl'ie:;;(:lu;‘c(l) o ( ) 4 DOnatO 1 59
3 Bergstrom et al.[24] ¢=500 MV
= 4 Donato etal. |25] ¢=500 MV
5 GALPROP  [26] 0=600 MV ) Galprop(PD) [0.63
Mitsui et al. [6] ©¢=500~700 MV

Bieber et al. [23] TA=10°-20°(A<0)

| |

Kinetic energy (GeV) MOdel W/O |OW energy
enhancement (1,2,5) were
favored.




.. _(RUagHS

T Evaluation for evaporation rate
5 BESS95497 [7] B, . Of PBH (R).

Qbservation:(Polar |l or BESS95+97)
oMy stbtracted by Secondary (Mitsui)

Normalized @ 2 GeV
1 Sec+Pri(A)

—

_

=
'

Antiproton flux (m2srls1GeV)

Evaporation rate which could
N explain-antiproton flux in

B PBH (R=4.2 % 10™ pcyr))

BESS’95+°97 was not
observed.

Excluded by > 90
Kinetic energy (GeV)
R (— - E— Upper limit
1.2 x 10-3/pc3/yr (90% C.L.)

: Upper Limit . T B_
L(90% CL) ‘

= A BESS-Polar Il
——— B BESSY5+97
0.002 0.004 0.006
Local Evaporation Rate of PBH (pc"‘_\ r'l)

Published in PRL 108, 051102 (2012)
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Based on Makoto Sasaki’s Analysis
Published in PRL 108, 131301 (2012)
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W/ RMENHE OBN? He He

Signal of antihelium is quite distinctive i
- n

(i.e. negatively charged Helium-nuclel)

Production in the collision s extremely.-small.

Antiheium4 were found in- RHIG very:-recently:!

a
80

Negative particles = Positive particles

(c?/GeV?)

(dE/dx) (keV cm

F
Q.
O
Q
=

<

©

p/\Z| (GeV/c) Baryon number

Star collaboratlon Nature 10079 2011
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Signal of antinhelium is quite distinctive

(i.e. negatively charged Helium-nuclel)
Evenson et al. (1972)

Production in the collision s extremely.-small. Smoate (5

Badhwar et al. (1978)
Antiheium4 were found in- BRHIGC very:recently E
No antihelium was olbserved:in-cosmic-ray

Single event could:be a direct-evidence of
existence of antimatter-domain.

10°
Rigidity (GV)




Clear event signiture TOF-B selection
Z| = 2 (Charge)
dE/dX by Upper and Lower TOFE
PID with 1/p

10
Absolute Rigidity (GV)

Separation positive/negative
L| = 2 selection

Upper TOF

dEdx (UTOF)

Curvature (Rigidity) measured: by Tracker

Spillover from positive into-negative RS
unavoidable due to:finite resolution of
Tracking system:.

10
Absolute Rigidity (GV)

Careful calibration is essentials
|Z| = 2 selection

Lower TOF

dE/dx (LTOF)

1
Absolute Rigidity (GV)



. W - S

1/Rigidity for Helium (z=2)"

No antihelium candidate was
observed (1< R < 14 GV)

Among 4 x 107 Helium events
after offline selection.

. |
-1.5

No Antiheium
~ Candidate ™
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€single EQ—ID

/

survival probalility in the Single track efficiency for
redisual air for He (He) He (He)

Hejte 7 fNObS :

3 |8

He/He Limit (95% C.L.)

Badhwar et al. (1978) BESS-TeV

Before BESS

Golden et al. (1997)
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Q
S

Buffington et al. (1981)

New limit on He/He ratio ©sv ¢ 1cr<14)
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BESS-Polar Il only

He/He < 9.4 x 108
All BESS data

He/He < 6.9 x 108

Published in PRL 108, 131301 (201 Zjji 19, gicity [GV]
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€single EQ—ID

/

survival probalility in the Single track efficiency for
redisual air for He (He) He (He)

Heiiis 7 fNobs :

3 |8

He/He Limit (95% C.L.)

Badhwar et al. (1978) BESS-TeV

Golden et al. (1997)

—h
<
S

3 orders of magnitude
Buffington et al. (1981) .
Improvement

[BESS '95] J. F. Ormes et al. (1997)

BESS-POIar " Only [BESS ’93 ’94 °95] T. Saeki et al. (1998)

[AMS] J. Alcaraz et al. (1999)

He/He < 9.4 x 108 T TTe= T
All BESS data

ﬁe/He < 06.9Xx 10'8 F T ALL BESS Results

New limit on He/He ratio s« cii. 12r<1a)
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Q
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<
=
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Published in PRL 108, 131301 (201 Zjji 19, gicity [GV]
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/

survival probalility in the Single track efficiency for
redisual air for He (He) He (He)

Heiiis 7 fNobs :

3 |8

He/He Limit (95% C.L.)

Badhwar et al. (1978) BESS-TeV

Golden et al. (1997)

—h
<
S

3 orders of magnitude
Buffington et al. (1981) .
Improvement

[BESS '95] J. F. Ormes et al. (1997)

BESS-POIar " Only [BESS ’93 ’94 °95] T. Saeki et al. (1998)

[AMS] J. Alcaraz et al. (1999)

He/He < 9.4 x 108 T TTe= T
All BESS data

ﬁe/He < 06.9Xx 10'8 F T ALL BESS Results

New limit on He/He ratio s« cii. 12r<1a)
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