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AMS Antimatter Search Results
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DPNC, Universié de Gepve, Switzerland

Abstract. A search for cosmic antinuclei by the Alpha Mag- performance under actual space flight conditions. A search
netic Spectrometer (AMS) is presented. The detector wagor antimatter nuclei using the data collected during this pre-
flown on board space shuttle Discovery in June 1998 forcursor flight is reported. The signal investigated is nuclei
10 days on &1.7° orbit at altitudes~ 350 km. Nuclei are  with chargeZ < —2 (see also Alcaraz et al. (1999))
identified by multiple energy loss and time-of-flight mea-

surements and their rigidity is obtained by the bending inside

the permanent magne.86 x 108 helium and1.65 x 10°
heavy nuclei have been precisely measured in a rigidity rang
1 < R < 140 GV, while no antinucleus at any rigidity were
detected. Integrated upper limits on the flux rafigZ are
given which are independent on the incident spectrum.

AMS on STS-91

% schematic cross section in the bending plane of AMS
as flown on STS-91 (Fig. 1) shows the permanent magnet,
tracker, time of flight hodoscopes, Cerenkov counter and
anticoincidence counters. The geometric acceptance was
~ 0.3m?sr. AMS as flown on STS-91 is described else-
where (Viertel and Capell , 1998).

1 IntrOdUCtion Particle trajectory
LEPS /
The existence (or absence) of antimatter nuclei in space is - L TOFLayers ¢
closely connected with the foundation of the theories of ele- ‘
mentary particle physics, CP—violation, baryon number non- T A
conservation, Grand Unified Theory (GUT), etc. Balloon— A J/Planes T2

based cosmic ray searches for antinuclei at altitudes up to ¢
40 km have been carried out for more than 20 years; all such

searches have been negative (see e. g. Saeki et al. (1998)).
The absence of annihilation gamma ray peaks excludes the
presence of large quantities of antimatter within a distance | | || ===~ Vulniiaes

of the order of 10Mpc from the earth. The baryogenesis | —/~LJ N 716 |
models are not yet supported by particle physics experimen- L = j
—s4 LEPS
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tal data. To date baryon nonconservation and large levels of — = —
CP-violation have not been observed. The Alpha Magnetic - | _, LT T P T T peroge
Spectrometer (AMS) (Ahlen et al. , 1994) is scheduled for a Cas T [T Cerenke

high energy physics program on the International Space Sta- K

tion. A major objective of this program is to search for antin-

uclei using an accurate, large acceptance magnetic spectrorfild- 1. Schematic view of AMS as flown on STS-91 (see text)

eter. AMS was flown on the space shufiliscoveryon flight Th lindrical d f 2 Nd-Fe-B all
STS-91 in June 1998. This was primarily a test flight that e cylindrical magnet was made out of a Nd-Fe-B alloy,

o . 9 )
would enable the AMS team to gather data on backgrouncPrOVIdlng ananalyzing powef;L?, of 0.14 Tn. The trajec-

sources, adjust operating parameters and verify the detector'®"Y of charged particles travers_mg the magnet bore was ob-
served with a tracker made of six planes, T1 to T6, of double
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rigidity, R = pc/|Z]e (GV), was measured. The tracker also space station the attitude of the shuttle was maintained to
provided a determination of charge magnitudé, through  keep the z—axis of AMS (see Fig. 1) pointed within 45 de-
multiple energy loss measurements. Special care was takegrees of the zenith. While docked, the attitude was con-
to minimize the amount of material in the tracker construc- strained by MIR requirements and varied substantially. After
tion; the total amount of material within the tracker volume undocking the pointing was maintained within 1, 20 and then
was less than 3% of a radiation length parallel to the z—axis40 degrees of the zenith. Shortly before descent the shuttle
During flight hits in the tracker were measured with an ac-turned over and the pointing was towards the nadir. For this
curacy of~ 10 um in the bending direction and 30 um in search, data collected while passing through the South At-
the orthogonal directions. The resolution in terms of rigidity lantic Anomaly was excluded.

was verified forlZ| > 2 nuclei using helium and carbon ion The procedure to search for antimatter began with event
beams at GSI-Darmstadt. At low momenta the resolutionreconstruction, which included:

was I|m|teq by m.ultlp'le scatterlng.' . — Measurement of the particle rigidit®, from the de-
The particle direction and velocity were measured with a ; : .
) . flection of the trajectory measured by the tracker in the
four layer, S1 to S4, time-of-flight (TOF) hodoscope. As o .
magnetic field. To ensure that the particle was well mea-

shown in Fig. 1, two layers were above the magnet and two o .
. : sured, hits in at least four tracker planes were required
below. The paddles in each pair were orthogonal. The pulse he fitting was performed with two different aldo-
height information recorded from the TOF paddles provided qnd the Titting peric : 9
. S . rithms, the results of which were required to agree.
an additional determination ¢f|. The typical accuracy of
the time of flight measurements was 105 psed fjr= 2. — Measurement of the particle velocity, and direction,

The velocity measurement was complemented by athresh- 7 = +1, from the TOF, wheré = —1 corresponds to
old Cerenkov counter made of aerogel with a refractive index a downward going particle (see Fig. 1).
of 1.035.

A layer of anticoincidence scintillation counters (ACC)
covered the inner surface of the magnet to reject the back-
ground caused by particles passing through or interacting in
the magnet walls and support structures. The detector was
also shielded from low energy (up to several MeV) particles
by thin carbon fiber walls (LEPS). For particles arriving from The sign of the particle charge was derived from the deflec-
above, as shown in Fig. 1, the amount of material at normation in the rigidity fit and the direction. The particle mass
incidence wasl.5 g/cm2 in front of the TOF system, and \as derived fromZ|R andg.
3.5g/cm? in front of the tracker. The major backgrounds to the antimatter seafthi(—2)

During flight the detector was located in the payload bayare the abundant amount of protons and electrois= 1)
of the space shuttle and operated in vacuum. Events werand nuclei £ > +2) with a poorly reconstructed trajectory.
triggered by the coincidence of signals in all four TOF planesThe detector response to gp, He and Z was studied from
consistent with the passage of a charged particle through theata collected in flight, from the above mentioned GSI and
active tracker volume. Triggers with a coincident signal from CERN beam data and from Monte Carlo studies.
the ACC were vetoed. A total of 100 million triggers were

— Determination of the magnitude of the particle charge,
|Z|, from the measurements of energy losses in the
tracker planes (corrected f@). For low charges,Z| <
2 the additional information from the TOF scintillators
was used.

recorded. [ a) b)
After the flight, the detector was checked again. It was 10'15— i
placed in a heavy ion (He, C) beam at GSI-Darmstadt at ki- : E:‘: "
netic energies between 186 and 2000 MeV/nucleon at 600 Sl KA |Zloe=1 S R A
different incident angles. It was then placed in a proton and LW 10°F 3 /{\ /f\
pion beam at CERN with momentum from 2 to 14 GeV at 5 i ;i:g:ﬁ Y ::f LY
1200 different incident angles. > 10° I ??izi R ¥ ; P Y
. . . . E % * . . .
The continued monitoring of the detector confirmed that o~ F&£&4 ° . Resstos. YD X
the detector performance before, during and after the flight SO I 3 [XKh 4 v
. - . - ReSecesels, SISO, ,
remained the same. In particular, the alignment of the silicon -4 KX aRaseeleses K
track ined th t o 107 Essd W R k!
racker remained the same to an accuracy &fum. S e WI
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3 Event Reconstruction and Selection AETracker AETOF

After the shuttle had attained orb|_t, data collection COM-riq. 2. Energy loss measurements (points) are made independently
menced on 3 June 1998 and continued over the next ning, the tracker (a) and TOF (b) fdZZ| < 2 events. The hatched
days for a total of 184 hours. During data taking the shuttlenistogram shows which events were assigned tiZde= 1 by the
altitude varied from 320 to 390 km and the latitude rangedother detector.

betweent 51.7 degrees. Before rendezvous with the MIR
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3.1 Selection of events witl¥| > 2 An additional cut ensuring the overall consistence of the ve-
locity, rigidity and charge measurements is applied to the
This was to ensure no contamination frg#| = 1 events  events passing all other quality cuts. Fig. 3 shows the dis-
with a wrongly measured charge magnitude which wouldtribution of 1/3 versus rigidity together with the cuts applied
mimic |Z| > 2 events. Fig. 2 shows the energy deposi- for |Z| > 2 events. TrudZ| > 2 events should be concen-
tion and the assigned charge magnitude as measured ind&ated along the lind /8 = /1 + (AM,,/ZR)?, where A
pendently by the TOF and the tracker. The probability of is the atomic number andlf,, the nucleon mass. Measure-
the wrong charge magnitude being assigned by the combinethent errors in3, Z or R cause scattering around this line.
TOF and tracker measurements was estimated to be less thdine shown cuts reject all remainiiiy< —2 antimatter can-
1077, didates and keep nearly all the > 2 events. A similar
procedure is used in the case|#f = 2 events (see Alcaraz
3.2 Determination of the sign of tH&| > 2 events etal. (1999)).

Key points of the background rejection procedure were the
identification of: 4 Results and Interpretation
(i) Particle direction:the sign of the charge is determined by
the measurement of the particle direction. Due to the goo
time resolution, down- and upgoing patrticles are clearly dis-
tinguished. The direction was always correctly assigned.

(i) Large angle nuclear scattering eventsvents in which

a single nuclear scattering in one of the inner tracker planes,
T2-T5, introduced a large angle kink in the track and might

dThe result of our search is summarized in Fig. 4. We obtain
a total 0f2.86 x 10° He events and..65 x 10° Z events up

to a rigidity of 140 GV. We found no antimatter event at any
rigidity.

cause an incorrect measurement of the charge sign. This
background was suppressed by a cut on the estimated rigid-
ity error, and the requirement that the two rigidity values ob-
tained by fitting the track using the first three and last three
hits are in agreement.

(iii) Events with collinear delta raysevents with collinear
debris, e. g. delta rays, from an interaction of the primary
particle in the tracker material which may shift a measured
point from the trajectory, leading to an incorrectly measured
rigidity and charge sign. This background was efficiently
rejected by an isolation cut which rejected events with an
excess of energy observed in the vicinity of the track.

1.8 450
- 400

1055—

< -2

0 events

7Y 3.02x10°% events

AMS

STS-91

L=>+2

1 L
-150

N B B
-100 -50

16?

T
>

14

=TT
NN

>

1B

>

12

DR R
>

=
>
"”::’

>

TS

0.8

3

>

>
>

>

350

300

250
=200
=150
— 100
—150

o

5

N R R
10 15 20

Rigidity [GV]

—0

SignxRigidity GV

Fig. 4. Measured rigidity times the charge sign for seledtéd> 2
events.

Heavy nuclei were identified in the range< Z < 8 with
a good charge separation capability. In this preliminary con-
figuration of the detector, the detection efficiency e 7
was low. The following discussion is therefore limited to
2 < Z < 6, wherel.16 x 10° nuclei were identified.

Since no antimatter nuclei were observed, we can only es-
tablish an upper limit on their flux.

For each nucleus with chargg, the measured rigidity
spectrum was corrected for the detector resolution and ef-
ficiency as a function of the measurdl,,, and incident,

Fig. 3. Flight time versus rigidity for selected > 2 (histogram) R, rigidity. The detection efficiencies including the rigidity
andZ < —2 candidates (triangles). Try&| > 2 should be con-  resolution functionf(R, R,,), were evaluated through com-
centrated around the central line. All antinuclei candidates are lo-plete Monte Carlo simulation using the GEANT Monte Carlo
cated outside the bands and are therefore rejected. package (Brun et al. , 1987). In addition, nuclear interactions
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rigidity spectrum has the same shape as the correspond-
ing He or Z spectrum over the rande< R < 140 GV.

If we further assume that the charge composition of an-
timatter has the same shape as the corresponding matter
spectrum over the range< Z < 6, we can sum equa-
tion (1) over all rigidity bins and charges. This yields a
limit of:

ot AMS acizl<6
STS - 91 =|Z =
2S|Z|S6 Excluded

N= N

He —6 N -5
—= < 1.1x10 and 2 <29x107°.(2
Nue Ny )

1z =

(i) For a conservative upper limit, which does neither de-
pend on the assumed antimatter rigidity spectrum nor
on the assumed antimatter charge composition, events
for all Z are added in intervals froR,,,;,, = 1.6 GV
up to a variableR, ... For each such interval the min-

' 7'0 imum value of the efficiency is taken for all rigidity

R GV bins and for all charges, yielding

max

Excluded

Antinuclei/Nuclei Upper Limit
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Fig. 5. Upper limits on the relative flux of antimatter to matter, at NN 3/6mm( min, Rmaai N)

the 95% confidence level, as a function of the rigidity intefak Ny Zz Y i NL(Rs)/ez(Ri) '

1.6 GV to Rinaz. These results are independent of the incident

antimatter spectra. whereR; = (Rumin, Rimaz) @and A stands forHe or
heavy nuclei. These results are shown in Fig. 5 as a
function of R, for |Z| =2and3 < Z < 6.

®)

were simulated using the RQMD package (Sorge , 1995).

The incident rigidity spectrajN’/dR were extracted from In conclusion, we found no antimatter nuclei at any rigid-

the measured spectrdN’/dR.,,, by numerical deconvolu- ity. Up to rigidities of 140 GV,2.86 x 10° helium nuclei

tion of dN’/dR,,, = [(dN’'/dR) x f(R,R.,)dR (Kondor,  andl.65x 10° heavier nuclei were measured. Assuming the

1983). To obtain the detector efficiencies for each antinu-antimatter rigidity spectrum to have the same shape as the

cleus species; (R), a small correction was applied to the matter spectrum, an upper limit at the 95 % confidence level

efficiencies for the corresponding nucleus(R), based on  on the relative flux of antihelium to helium @f1 x 10~¢ and

the estimated difference in absorption cross sections (Moiof heavier antinuclei to nucleB(< Z < 6) of 2.9 x 1075

seev and Ormes , 1997). was obtained. This result is an improvement in both sensi-
Letting N, (R;) be the number of incident nuclei in the tivity and rigidity range over previous measurements (Saeki

rigidity bin (R;, R; + AR) and N} (R;) be the number of et al., 1998). This flight has shown that the completed AMS

measured” in the same rigidity bin after correction for the ©n the International Space Station will provide many orders

detector resolution, theiv; (R;) = ez (R;)Nz(R;), where of magnitude of improvement in the sensitivity to search for

ez (R;) is the detection efficiency in this bin, and similarly antimatter.

for antinuclei. Over the rigidity interval studied rio were

found, NL(R;) = 0 for eachi. At the 95 % confidence level
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