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1. Introduction

Lithium is, as Boron and Beryllium, produced by spallation processes by heavier nuclei during
their propagation in our Galaxy. As secondary component or even tertiary (since it can also be
produced by the spallation of secondaries) the abundance of lithium is sensitive to the propagation
history of cosmic rays and them can be used to constrain the parameters describing the diffusion,
convection or reacceleration of cosmic rays in the Galaxy [1]. Previous measurements of lithium
flux as been reported from balloon and space experiments [2].

In this presentation we report the precise measurement of the lithium flux in primary cosmic
rays in the rigidity range from 2 GV to 3 TV based on data collected by the Alpha Magnetic
Spectrometer (AMS) during the first 30 months (May 19, 2011 to November 26, 2013) of operation
onboard the International Space Station (ISS).

2. Detector

AMS is a general purpose high energy spectrometer in space. The layout and description of the
detector are presented in Ref. [3]. The key elements used in this measurement are the permanent
magnet, the silicon tracker, four planes of time of flight (TOF) scintillation counters, and the array
of anticoincidence counters (ACC). AMS also contains a transition radiation detector (TRD), a
ring imaging Cerenkov detector (RICH), and an electromagnetic calorimeter (ECAL). The AMS
coordinate system is concentric with the magnet and above, below, and downward-going refer to
the AMS coordinate system. Timing, location, and orientation are provided by GPS units affixed
to AMS and to the ISS. The detector performance has been steady over time.

The tracker [4] has nine layers, the first (LL1) at the top of the detector, the second (L2) just
above the magnet, six (L3 to L8) within the bore of the magnet, and the last (L9) just above the
ECAL. L2 to L8 constitute the inner tracker. The tracker accurately determines the trajectory of
cosmic rays by multiple measurements of the coordinates. Together, the tracker and the magnet
measure the rigidity R = p/Z of charged cosmic rays.

Each layer of the tracker also provides an independent measurement of the absolute value of
the charge |Z| of the cosmic ray.

Two planes of TOF counters [5] are located above L2 and two planes are located below the
magnet. The velocity measurement is used to discriminate between upward- and downward-going
particles. The pulse heights of the two upper layers are combined to provide another independent
measurement of the absolute charge as are the pulse heights from the two lower planes.

Monte Carlo simulated events were produced using a dedicated program developed by the
collaboration based on the GEANT-4.10.1 package [6]. The program simulates electromagnetic
and hadronic interactions of particles in the material of AMS and generates detector responses. In
particular, helium-nuclear interactions were modeled with the DPMJET-IL.5 package [7] above and
INCL++ package [8] below incident energy of 5 GeV/nucleon. The digitization of the signals
is simulated precisely according to the measured characteristics of the electronics. The simulated
events then undergo the same reconstruction as used for the data. The Monte Carlo event samples
have sufficient statistics such that they do not contribute to the errors.
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3. Selection

In the first 30 months (7.96 x 107 s) AMS collected 4.1 x 10'° cosmic ray events. The collec-
tion time used in this analysis includes only those seconds during which the detector was in normal
operating conditions, the AMS was pointing within 40° of the local zenith, the trigger live time
exceeded 50%, and the ISS was outside of the South Atlantic Anomaly. Due to the influence of the
geomagnetic field, this collection time for primary cosmic rays increases with increasing rigidity
becoming constant at 6.29 x 107 s above 30 GV [11].

The main identification power is provided by the selection of events with charge compatible
with Z = 3 in the inner tracker, as it is shown in Fig. 1. To improve the rejection and to remove the
events which interacted within the detector, the charges measured by L1, the upper TOF, the inner
tracker, the lower TOF, and L9 are also required to be compatible with Z = 3.
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Figure 1: Charge distributions obtained from data in the inner tracker for nuclei from Z = 1to Z = 5. The
dashed lines indicate the values used to select the lithium sample in the inner tracker.

Due to the multiple independent measurements of the absolute charge, the selected sample
contains only a small contamination of particles which had Z # 3. The contamination from Z < 3
particles is completely negligible after the tracker and the TOF selection. Small contamination
is observed from higher charge cosmic rays (Z > 3) which interact and produce lithium on the
top of AMS. Fig. 2 shows the distribution of charge measured in L1 for events selected as Z = 3
in the inner tracker and in the TOF system. The charge selection in L1 is used to remove the
contamination arising from interactions between tracker L1 and L2. Comparison of the L1 charge
distribution between data and MC simulation is used to estimate the small contamination from
interaction above L1.

In order to optimize the measurement, two tracker pattern selections are used in this analysis:
first selected sample with events having a track passing through L1 and L9 in order to have the op-
timized resolution at the highest rigidities, and a second sample with events passing trough only L1
and the inner. The later pattern, corresponding to a larger detector acceptance, is used to optimize
the event statistics. Further selections are made by requiring the track to satisfy additional track
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Figure 2: Charge distribution (red dots) measured in tracker L1 for the Z = 3 sample obtained after charge
selection in the inner tracker and the TOF system and with rigidity ranging from 2 to 12 GV. The distribution
is fitted with templates (lines) corresponding to the charge distributions for nuclei from Z = 3 (green), Z =4
(orange), Z =5 (light blue), Z = 6 (violet), Z =7 (gray) and Z = 8 (dark blue). The overall fit is represented
by the black line. The selection region used to remove the contamination from interaction between tracker
L1 and L2 is indicated with the vertical dashed lines.

fitting quality criteria such as a y2/d.f. < 20 in the bending coordinate. To select only primary
cosmic rays, the measured rigidity is required to be greater than a factor of 1.2 times the maximum
geomagnetic cutoff within the AMS field of view. The cutoff was calculated by backtracing [9]
particles from the top of AMS out to 50 Earth’s radii using the most recent IGRF [10] geomagnetic
model.

Most importantly, several independent analyses were performed on the same data sample by
different study groups. The current results of those analyses are consistent with the ones presented
here.

4. Analysis

The lithium flux ®; for the i rigidity bin (R;,R; + AR;) is
CI),' = 7]\][
Ai& TiAR;
where N; is the number of events corrected with the rigidity resolution function in the bin (R;,R; +
AR;), A; is the effective acceptance for an isotropic flux, & is the trigger efficiency, and T; is the
collection time. The lithium flux was measured in 68 bins, i = 1 to 68, from 1.9 GV to 3 TV with
bin widths chosen according to the rigidity resolution. The effective acceptance A; was calculated
using the Monte Carlo simulation and then corrected for the small differences on event selection
efficiencies found between the data and the Monte Carlo.
The trigger efficiency & was measured to be above 99.5% in the whole range of rigidity. The
Monte Carlo simulation agrees with the measured trigger efficiency within 0.5%.
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The bin-to-bin migration of events was corrected using the two unfolding procedures described
in Ref. [11].

Extensive studies were made of the systematic errors. These errors include the uncertainties
in the trigger efficiency, the acceptance, the background contamination, the lithium isotopic com-
position, the geomagnetic cutoff factor, the event selection, the unfolding, the rigidity resolution
function, and the absolute rigidity scale.

Most importantly, several independent analyses were performed on the same data sample by
different study groups. The results of those analyses are consistent with this Letter.

5. Results

The AMS measured lithium flux @ including statistical errors and systematic errors are pre-
sented. The contribution of individual sources to the systematic error are added in quadrature to
arrive at the total systematic uncertainty.
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