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1. AMS Detector

The Alpha Magnetic Spectrometer, AMS-02, is a general meapugh energy particle physics
detector. It was installed on the International Space @tatiSS, on 19 May 2011 to conduct a
unique long duration mission~20 years) of fundamental physics research in space. Reéporte
results are based on the data collected during the first {faaes of operations on the ISS, corre-
sponding to 41 billion of cosmic ray events for the positroaction measurement and 54 billion
events for the measurement of p#p ratio [1]. Due to the excellent and steady performance of
the detector, the measurement of the positron fractiontsneled up to 500 GeV with improved
precision and the measurement of fii@ ratio is extended to 450 GV.

The layout of the AMS-02 detector [2] is shown in Figure 1.dbsists of 9 planes of precision
silicon Tracker; a Transition Radiation Detector, TRD; fqlanes of Time of Flight counters,
TOF; a Magnet; an array of anti-coincidence counters, AQ@psinding the inner Tracker; a Ring
Imaging Cerenkov detector, RICH; and an Electromagnetic Caloemé&CAL. The figure also
shows a high energy positron of 369 GeV recorded by AMS.

Three main detectors allow powerful separation betweetopsoand electrons. These are the
TRD, the ECAL and the Tracker. The TRD and the ECAL are sepdrhy the Magnet and the
Tracker. The matching of the ECAL energy and the momentunsuared with the Tracker greatly
improves the discrimination between protons and electrons

The Tracker determines the trajectory and absolute chapef(cosmic rays by multiple
measurements of the coordinates and energy loss. Coardasilution of each plane is measured
to be better than 10m in the bending direction and the charge resolutiofAds~ 0.06 atZ = 1.
Together with the Magnet, the Tracker provides a Maximunebtable Rigidity of 2 TV [3].

MAGNET

e
1=} ECAL

Figure 1. A 369 GeV positron event as measured by the AMS detector onS8ein the (y-z) plane.
Tracker planes 1-9 measure the particle charge, sign ancemtom. The TRD identifies the particle as an
electron/positron. The TOF measures the charge and eribatéle particle is downward-going. The RICH
measures the charge and velocity. The ECAL independerghtiiies the particle as an electron/positron
and measures its energy.
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Figure2: (a) The proton rejection measured by the TRD as a functioracktmomentum at 90 % selection
efficiency for &. (b) The measured proton rejection using the ECAL and theK&ma For 90 % & ECAL
selection efficiency, the measured proton rejectior 19,000 for the combination of the ECAL and the
Tracker in the momentum range 3—-500 GeV/c, independenedf RD.

The TRD uses transition radiation to distinguish betweemied protons, andE /dx to inde-
pendently identify nuclei [4]. It consists of 5,248 proponial tubes of 6 mm diameter arranged
in 20 layers interleaved with a 20mm thick fiber fleece radialo differentiate betweenteand
protons, signals from the 20 layers are combined in a TRDnestir formed from the ratio of
the log—likelihood probability of the e hypothesis to that of the proton hypothesis. The proton
rejection power of the estimator at 90 % efficiency measured up to 40as shown in Figure 2a.

The ECAL consists of a multilayer sandwich of 98 lead foilsl arb0,000 scintillating fibers
with an active area of 648648 mnt and a thickness of 166.5mm corresponding to 17 radiation
lengths [5]. The calorimeter is composed of 9 superlayeit) the fibers running in one direc-
tion only in each superlayer. The 3-D imaging capabilityhef tletector is obtained by stacking
alternate superlayers with fibers parallel to the x- andgsa® and 4 superlayers, respectively).
The energy resolution of the ECAL 8(E)/E = 1/(0.104)2/E + (0.014)2. To cleanly separate
protons from electrons and positrons, an ECAL estimatoseticon a Boosted Decision Tree,
BDT, algorithm [6], is constructed using the 3—D shower shisythe ECAL. The proton rejection
power of the ECAL estimator when combined with the energyrraotum matching requirement
E/p > 0.75 reaches-10,000 (see Figure 2b), as determined from the ISS data.

Monte Carlo simulated events are produced using a dedigatagtam developed by AMS
which is based on the GEANT-4.9.4 package [7]. This progranulstes electromagnetic and
hadronic interactions of particles in the materials of AMfl generates detector responses. The
digitization of the signals, including those of the AMS u@g, is simulated precisely according
to the measured characteristics of the electronics. Thézg#id signals then undergo the same
reconstruction as used for the data. The Monte Carlo sanugles in the present analysis have
sufficient statistics so they do not contribute to the errors

2. Positron fraction measurement.

Electron and positron events are selected by requiringcl tnethe TRD and in the Tracker, a
cluster of hits in the ECAL and a measured velo@ty 1 in the TOF consistent with a downward-
goingZ = 1 particle. In order to reject 99 % of the remaining protons, an energy-dependent cut on
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the ECAL estimator is applied. In order to reject positrond electrons produced by the interaction
of primary cosmic rays with the atmosphere [8], the energasueed with the ECAL is required
to exceed by a factor of 1.2 the maximal Stoermer cutoff [9]dither a positive or a negative
particle at the geomagnetic location where the particle detscted at any angle within the AMS
acceptance. The resulting acceptance for electrons aiitionssis identical and nearly constant
over the range from 3 to 500 GeV. It takes into account the @ddcnacceptance, the selection
efficiency, and the trigger efficiency. The integrated atamege for positrons and electrons is the
same within our statistics and cancels in the fraction.

The positron fraction is determined in ECAL energy bins. THiening is chosen accord-
ing to the energy resolution and the available statistich $hat migration of the signal events to
neighboring bins has a negligible contribution to the gystic errors above-2 GeV. The energy
scale is verified by using minimum ionizing particles and tago E/p. In each energy bin, the
2-dimensional reference spectra &t and the background are fit to data in fi)RD estimator-
log(E/p)] plane by varying the normalizations of the signal and thekgaound. The reference
spectra are determined from high statistics electron aobprdata samples selected using tracker
and ECAL information including charge sign, track-showgisamatching, and the ECAL esti-
mator. The fit is performed simultaneously for the positinel aegative rigidity data samples in
each energy bin yielding the number of positrons, the nurabelectrons, the number of protons,
and the amount of charge confusion, which is defined as tloidraof electrons or positrons re-
constructed with a wrong charge sign. From the bin-by-bi ftte sample contains Box 10°
electrons, 064 x 10° positrons and 30 x 1P protons. To evaluate the systematic uncertainty
related to event selection, the complete analysis is regaatevery energy bin over 1000 times
with different cut values, such that the selection efficievaries up to 30%. The distribution of the
positron fraction resulting from these 1000 analyses @ositaoth statistical and systematic effects.
The difference between the width of this distribution froataland from Monte Carlo simulation
guantifies this systematic uncertainty. Systematic effdae to the charge confusion were stud-
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Figure3: The positron fraction above 10 GeV, where it begins to ineeed he present measurement extends
the energy range to 500 GeV and demonstrates that ab@@®GeV the positron fraction is no longer in-
creasing. Measurements from PAMELA [14] (the horizontaldine is their lower limit), Fermi-LAT [15],
and other experiments [10, 11, 12, 13] are also shown.
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Figure4: (a) The slope of the positron fraction vs. energy over theeahergy range (the values of the slope
below 4 GeV are off scale). The line is a logarithmic fit to tleadabove 30 GeV. (b) The positron fraction
measured by AMS and the fit of a minimal model (solid curve,te&f and the 68% C.L. range of the fit

parameters (shaded). The error bars are the quadratic stima statistical and systematic uncertainties.

ied using control data samples of electron events whereottieation in the lower TOF counters

corresponds to at least two traversing particles. The syie errors are obtained by varying the
background normalizations within the statistical limitslacomparing the results with the Monte
Carlo simulation. The systematic error associated withutmeertainty of the data derived refer-

ence spectra arises from their finite statistics. It is messby varying the shape of the reference
spectra within the statistical uncertainties. Its coniiitn to the overall error is small compared to
the statistical uncertainty of data and is included in thalteystematic error.

The measured positron fraction is presented in Figure 3 ameibn of the reconstructed
energy at the top of the AMS detector. The increase of thempaosiraction has been reported by
earlier experiments: TS93 [10], Wizard/CAPRICE [11], HEAPR], AMS-01 [13], PAMELA [14]
and Fermi-LAT [15]. The new result extends the energy ramg800 GeV and is based on a
significant increase in the statistics. Fig. 3 explores thlealsior of the positron fraction at high
energies £10 GeV) and compares it with earlier measurements. We obsleat above-200 GeV
the positron fraction is no longer increasing with energy.

To examine the energy dependence of the positron fractiamtgatively in a model inde-
pendent way, straight line fits were performed over the emirergy range with a sliding energy
window, where the width of the window varies with energy tednaufficient sensitivity to the slope.
The variation of the slope of the positron fraction from 4 Ggwvards is shown in Fig. 4a. As seen
in the figure, above 30 GeV the slope decreases logarithimigéth energy. Fitting the change of
the slope as a function of energy above 30 GeV with a 2 paraifiefglope= c-log(E/Ep) where
c is the normalization ané, is the energy at which the slope crosses zero, that is, thgyeae
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which the positron fraction reaches its maximum) results determination oEg = 275+ 32 GeV
with a x2/d.f. = 3.9/12 taking into account correlations. The result of the fitieven as a solid
line in Fig. 4a. Figure 4b shows the measure positron fradogether with a minimal model [1] fit

(a solid curve together with the 68% C.L. range of the fit pagtars). The fit in the energy range
from 1 to 500 GeV yields g?/d.f. = 36.4/58, leading to the conclusion that no fine structures are
observed in the data.

Following the publication of our papers [1], there have be®any interpretations [16] with
two popular classes. In the first, the excessotomes from pulsars. In this case, after flattening
out with energy the positron fraction will begin to slowlyalease and a dipole anisotropy should
be observed. In the second, the shape of the positron fnastaue to dark matter collisions. In this
case, after flattening out, the fraction will decrease fgpidth energy due to the finite and specific
mass of the dark matter particle and no dipole anisotropybeibbserved. Over its lifetime, AMS
will reach a dipole anisotropy sensitivity af~ 0.01 at the 95% C.L.

3. Measurement of thep/p ratio.

Proton and antiproton cosmic ray events are selected byriragja track in the TRD and in
the Tracker, a cluster of hits in the ECAL and a measured itglg> 0.3 in the TOF consistent
with a downward-goingZ = 1 particle. In order to reject remaining electrons and pos#, an
energy-dependent cut on the ECAL estimator is applied. dieroto reject particles produced by
the interaction of primary cosmic rays with the atmosph8iethe rigidity measured in the tracker
is required to exceed by a factor of 1.2 the maximal Stoermtafic[9] for either a positive or a
negative particle at the geomagnetic location where thiecf@rvas detected at any angle within
the AMS acceptance.
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Figure5: Spectrum of the charge confusion estimator for the negatpdity bin 175-259 GV (red dots).
Fit of the two reference spectra (the antiproton signal kddwade, and the background from the charge
confusion protons - light shade) to date are also shown.



AMSresults on the positron fraction and the p/p ratio. Andrei Kounine

The resulting acceptance for protons and antiprotons sulzdéed taking into account the
geometrical acceptance, the selection efficiency, andritjget efficiency and the inelastic cross-
sections for protons and antiprotons that have differeyidlity dependence in the range from 0.5
to 1000 GV. The rati@/p is then determined in tracker energy bins. The binning @seh accord-
ing to the energy resolution and the available statistich shat migration of the signal events to
neighboring bins has a negligible contribution to the systic errors. At this stage of the analysis
the positive rigidity sample contains only protons, whertfee negative rigidity sample comprises
both antiprotons (signal) and protons with the negativerggnavrongly identified in the tracker
(background). To separate these two classes of the evetfiis regative rigidity sample a charge
confusion estimator is constructed based on a BDT algorfjrthat uses 10 variables from the
tracker and the TOF. In each rigidity bin, the reference speaaf the charge confusion estimator
for the signal and the background are fit to data by varyingithhenalizations of the signal and the
background. The signal reference spectra are determinedHhigh statistics proton data sample,
whereas the background spectrum is determined from theéM@atlo simulation. The fit is per-
formed each rigidity bin yielding the number of antiprotarsd the amount of charge confusion
backgrond. Example of the fit is presented in Figure 5 for ihielity bin 175-259 GV. From the
bin-by-bin fits, the selected sample contains a to@b210° of antiprotons.

There are several systematic uncertainties. However,ght fgidities the accuracy of the
measurement is still limited by statistics. For instanecethie rigidity bin 175-259 GV statistical
error from the fit amounts to 14.4% of the measured value, @dsetotal systematic uncertainty
is only 7.3% with the following brakdown: the acceptanceartainty and bin-to-bin migration —
1.4%; the selection uncertainty — 2.1%; and the uncertaimtiye reference spectra — 6.9%.
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Figure6: The AMS results on the ratip/p. The present measurement extends the energy range to ¥50 Ge
and demonstrates that abovel00GeV thep/p reamins almost flat. Measurements from BESS [17] and
PAMELA [18] are also shown.
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The measured ratip/p is presented in Figure 6 as a function of rigidity at the téphe

AMS detector. Results reported by the earlier experimeBIEsSS [17] and PAMELA [18] are also
shown. The new AMS results extend the rigidity range to 450484 increase precision of the
measurement. It shows that abovd 00GeV thep/p reamins almost flat with rigidity.
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