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1 PAMELA Detector

PAMELA consists of several redundant particle detectopsabée of providing charge, mass,
rigidity and velocity measurements over a wide energy rafijgure S2). The instrument
core is a permanent magnet with a silicon microstrip tracket a scintillator system to pro-
vide trigger, charge and time—of-flight information. A edin-tungsten calorimeter is used for
hadron/lepton separation. A shower tail catcher and a aeuetector at the bottom of the
apparatus enhance the separation performance. An ant&zaystem is used to reject back-
ground events during the analysis phase. The system issattio a pressurized container
(Figure S3) located on one side of the Resurs-DK satellite. tdtal weight of PAMELA is 470

kg and the power consumption is 355 W.

1.1 Resurs-DK1 Satellite

The Resurs-DK1 satellite (Figure S3) was developed by TsBkdgjress. The spacecraft is
three-axis stabilized, with an axis orientation accura@dcmin and an angular velocity sta-
bilization accuracy of 0.00%s. The spacecraft has a mass of approximately 6650 kg, atheig
of 7.4m and a solar array span of 14 m. It is designed to provide inyagfethe Earth surface
for civilian use. The on-board memory capacity is 769 GbhlieTX-band communications for
the payload data permit a downlink data rate of 75 - 300 MbiD/ata are sent to ground and
processed at the NTsOMZ station in Moscow. The PAMELA datawe amounts to approxi-

mately 16 Gbyte/day.



1.2 Scintillator / Time—of—Flight System

The scintillator system provides the experimental triggyea time—of—flight (TOF) information

for particles traversing the apparatus. There are thregtikators layers, each composed of
two orthogonal planes divided into paddles (8 for S11, 6 fd2,S2 for S21 and S12 and 3
for S32 and S33). There are 6 planes in total and 48 phototig@aeh paddle is read by two
phototubes). The S1 and S3 (S2) paddles are 7 (5) mm thickSTH&3 separation is 77.3 cm.

The scintillator system is capable of providing charge iinfation up toZ = 8.

1.3 Magnetic Spectrometer

The magnetic spectrometer is built around a permanent niagneh is composed of 5 blocks
of segmented Nd-Fe-B alloy with a residual magnetizatiot.8fT. The 12 segments in each
block are arranged to provide an almost uniform magnetid.fi€he size of the magnetic cavity
is 13.1 x 16.1 x 44.5 cm?, with a mean magnetic field of 0.43 T. Six layers30D . m thick
double-sided microstrip silicon detectors are used to nmeaparticle deflection witl3.0 +
0.1 pm and11.5 £+ 0.6 pum precision (measured with beam tests and flight data) in thdibg
and non-bending views, respectively. Each silicon layengases three sections which contain

two 5.33 x 7.00 em? silicon sensors coupled to a VA1 front-end hybrid circuit.

1.4 Silicon Tungsten Calorimeter

The silicon tungsten sampling calorimeter provides togmal and energetic information for
particles which generate showers in the calorimeter, atigiepton/hadron discriminatiori)
and precise measurement of the energy of impinging eles&ad positrons?). The calorime-
ter comprises 44 single-sided silicon planes (made of rié@:8n thick, 8x8 cn? wide sensors)
interleaved with 22 plates of tungsten absorbers, for d tigpth of 16.3 X% (0.6 nuclear inter-

action lengths). The silicon sensors are segmented inte@2out strips with a 2.4 mm pitch.



The sensors are arranged irBa 3 matrix and each of the 32 strips is bonded to the corre-
sponding strip on the other two detectors in the same rowdlumen), hence forming a single
24 cm long read-out strip. The orientation of the strips ob tonsecutive layers is orthogo-
nal providing two-dimensional spatial information. The T&P ASIC chip 8) is used in the
front-end electronics, providing a dynamic range of 140@sr(iminimum ionizing particles)

and allowing nuclear identification up to Z=26.

1.5 Shower Talil Scintillator

This scintillator ¢8 x 48 x 1 em?) is located below the calorimeter and is used to improve
hadron/lepton discrimination by measuring the energy ootaned in the calorimeter. It can

also function as a stand-alone trigger for the neutron detec

1.6 Neutron Detector

The 60 x 55 x 15 em® neutron detector is composed of 36 ¢ tubes arranged in two layers
and surrounded by polyethylene shielding and a 'U’ shapédaam layer to remove thermal
neutrons not coming from the calorimeter. It is used to impréepton/hadron identification
by detecting the number of neutrons produced in the hadramitcelectromagnetic cascades.
Hadronic interactions have a much higher neutron prodoatioss section than electromagnetic

interactions, where neutrons are primarily produced tghonuclear photofission.

1.7 Anticoincidence System

To reject spurious triggers due to particles interactinthhe body of the satellite, PAMELA is
shielded by plastic anticoincidence scintillators. TheRDAanticoincidence system comprises
four 8 mm thick scintillators which bound the volume betw&inand S2. The CAT scintillator
is placed on top of the magnet and has a central rectanggaiuag corresponding to the mag-

net cavity. This large scintillator is read out by 8 photaslior redundancy. Four scintillators,
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arranged around the magnet, form the CAS lateral anticd@mgie system.

2 Detector Characteristics
2.1 Geometrical Factor

The geometrical factor({;) of PAMELA was evaluated by defining a fiducial area cm
from the walls of thel3.1 x 16.1 em? wide magnetic cavity. Only particles passing through
this fiducial area were selected for analysis. This definibbfiducial area takes into account
the spatial resolution of the calorimeter when extrapotaparticle trajectories back into the
spectrometer. In this way it was possible to evaluate ttuking efficiency with flight data using
particles which cross the calorimeter. The fiducial volumsuges that all particles entering the
magnetic cavity can cross the trigger scintillators withioopinging on the magnet walls. The
derived value of7; = 14.55 ecm?sr was found to be constant above 1 GV within%. This
value has been estimated with a numerical calculation, aa&laross-checked with a Monte

Carlo simulation. These two values Gf; agree within0.1%.

2.2 Trigger System

In low radiation regions (close to the geomagnetic equatat autside the South Atlantic
Anomaly) the trigger is defined by coincidences betweenastlene of the two planes of the
three scintillator systemsS(, S2, S3). In high latitude regions or inside the radiation beltg th
particle rate is higher and dominated by low energy pasicl€his affects mosthyy'1, and so
this plane was excluded from the trigger condition for hrgliation environments. Moreover,
a coincidence of all TOF layers ¢f2, S3 was required in order to further reduce the trigger

rate.



2.3 Live Time

The live timet;,. Of the apparatus was evaluated using the trigger systermt@aufor the live
and dead timet(;,., t4..q) Were cross-checked with the on-board time of the CPU afigwvtine
acquisition time,., = tive +tacaa) t0 be determined. Live time errors are negligible compared

to other sources of systematic errors.

3 Event Selection

3.1 Contribution of Secondary Particles - The Top of the Paydad Correc-
tion

Protons and helium nuclei may be lost due to scattering ardldronic interactions in the

2 mm thick aluminium pressurized container in which PAMELA isused or at the top of the

apparatus (see Figure S3). Conversely, secondary protodsiged in the top of the payload

may enter the acceptance window of PAMELA.

In order to estimate the residual contamination of secgongarticles a Monte Carlo sim-
ulation of protons and helium nuclei impinging on the PAMEIlpfessurized container was
performed. Two different hadronic interactions packadesed respectively on Flukd)(and
Geant 4 §), were employed to simulate these interactions.

The dominant contribution to the background was due to sngrsingly-charge particles
(mostly pions). This background decreases with energy amauats to less thamn% of the
proton flux at 1 GV. Flux attenuation was estimated with setioh and it is constant above
several GV. The resulting correction factor accounts far-etastic interactions and for the loss
(gain) of particles from (within) the acceptance due totedascattering. The correction factor

amounts ta~ 6% for protons and~ 12% for helium due to their differing cross-sections.



3.2 Trigger Selection

In this analysis we selected events that did not producenskecy particles in theS1 and S2
scintillators or the spectrometer. A single track fittedhintthe spectrometer fiducial accep-
tance was required, as well as a maximum of one hit paddlenmatthe extrapolated trajectory
in S1andS2.

Timing information from the TOF scintillator paddles wasedsto evaluate thg of the
particle. Albedo particles crossing PAMELA from bottom tptwere discarded by requiring a
positives.

Particles interacting in the satellite can produce showsrish may produce random coin-
cidences in the scintillators of the TOF and anticoincigesygstems. Such events were rejected
with the TOF selections and by requiring no activity in the RIA& and CAT anticoincidence
systems. Information from the CAS anticoincidence was isetusince these scintillators can
be affected by secondaries back-scattered from the cadtenmThe probability for such par-
ticles to hit the CARD and CAT systems is significantly lowdihis has been studied using
experimental data and cross-checked with Monte Carlo sitiwnls. The efficiency of this re-

quirement was included in the flux estimation.

3.3 Proton and Helium Identification

The energy loss of a charged patrticle traversing matterssriged by the Bethe-Bloch equa-
tion, dE /dx o« Z?/3? (neglecting logarithmic terms). A measurement of the ayernergy
released in the spectrometer planes for a given event akta gidity can therefore be used to
distinguish between different particles. Proton and melzandidates were selected requiring
energy loss in the spectrometer planes compatible with ZwflZz=2 nuclei, thereby rejecting
positrons, pions and particles with > 2 as shown in Figure S4. The uppermost band is due to

helium nuclei which have energy loss in the spectrometeckwvis four times that experienced



by protons, which occupy the central band. The lesser eregges below 1 GV are due to
positrons, which remain relativistic at low rigidities,cdabackground pions and secondary par-
ticles. The black line shows the energy dependent conditized to select the proton sample.
The deuterium component at low rigidities can also be idieotin this figure as a band corre-
sponding to larger deposited energy because of the I6vi@ra given rigidity due to the double
atomic numberA of deuterium. In this work, no attempt was made to separat@dut1 % of

the p flux) and®He (about 10 of the He flux) isotopes.

3.4 Geomagnetic Selection

The primary (solar and galactic) component needs to be aggzhfrom the re-entrant albedo
component (particles produced in cosmic ray interactioitb the atmosphere below the cut-
off and propagating along Earth’s magnetic field line). Toeal geomagnetic cutoff was
evaluated using the Stormer approximatiéh (A value of G = 14.9/L? - valid for vertically
incident particles - was estimated using the IGRF magnetid fnodel along the orbit; from
this the McllwainL shell was calculatedr]. Particles were selected requiridg) > 1.3 G to
remove any effect due to directionality in the detector aadlEs penumbral regions. The re-
sulting spectrum was cross-checked with that obtainedgyusitty data collected in the polar
regions, where the geomagnetic cutoff is below the minimuaergy detectable by PAMELA.

The two fluxes were found in agreement to better thn

3.5 Tracker Selection

Track Fitting
Particle rigidity was obtained from the fit of the track in thgectrometer. Only events with
a single track fully contained inside the fiducial acceptanere selected. For each patrticle,

the tracking system provided up to 12 position measurem@nits the bending view), which



were interpolated to form a trajectory described by intéggathe equations of motion in the
magnetic field. An event was selected if the fit of the track hagbody?, with an energy
dependent selection tuned on experimental data in ordéattoroa constant efficiency 66%.
This resulted in a highey? at low energies due to larger multiple scattering effects.

The Maximum Detectable Rigidity (MDR) for a given detectsrdefined as the rigidity
for which the relative error on the rigiditAR/R = 100%. The momentum resolution and
MDR of the magnetic spectrometer depend on the spatialugsolin the bending view and
on the topology of the event. For each event the track fittimggdure determines the particle
deflectionp = +1/R and includes a calculation of the parameter covarianceixndthe error
associated to the measured deflectjas used as an estimate of the MDR for each event. For
in-flight data the values of the MDR thus calculated varieafr200 GV to 1.5 TV, depending
on the lever arm and number of hit planes in the bending viestvanthe incidence angle of
the track. The presented results were obtained using ef@mich the measured rigidity was
smaller than the estimated MDR (hende:< M DR). We also derived spectra with different
conditions on the rigidity and MDR such as the maximum leven,ehenceM DR > 1 TV,
obtaining results fully consistent (within the statistioacertainties) with the presented data.

Spectra were unfolded using a standard procedure and theiaiesl systematic uncertain-
ties have been estimated (Section 4 of the SOM). This praeaglied on a simulation of the
apparatus, which for the spectrometer accounted for thesaned noise of each silicon plane
and performance variations over the duration of the measeine The simulation code was
validated by comparing the distributions of several sigatfit variables (e.g. coordinate residu-
als, chi-squared and the covariance matrix from the trathdit with those obtained from real
data. This approach was also used in the estimation of therpspillover contamination in the
antiproton signalg).

Tracker Efficiency
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The tracker efficiency was measured by selecting a sampleeoite which were classified
as non-interacting minimume-ionizing particles by the ceeeter. Since the energy of these
particles could not be estimated in the calorimeter, theieficy obtained was an average over
all the particles that cross PAMELA. This efficiency was sratecked with Monte Carlo sim-
ulations, showing an agreement to better thzn

The overall efficiency of the various selections was evaldidor each energy bify; and
was found to exceeth% at a few GV, decreasing gradually 40 70% for protons and~ 50%
for He at 400 GV. The various selection efficiencies were dsecked in each energy bin
using the simulation. The error associated to the seleatiopunted for both statisticak(1%)
and systematic effects.

Tracking-system Uncertainties

The alignment of the spectrometer silicon planes is an itapbingredient for this anal-
ysis. Misalignment of the tracking sensors has been cauefcir by the standard method of
track residual minimization. An iterative procedure waspéoged, which made use of protons,
electrons and positrons. The relative positions of thektracsensors (incoherent alignment)
were accurately determined due to the available largessitagtiof protons. The energy of elec-
trons and positrons could be measured independently watbalorimeter, and so these particles
were used to correct for global distortions of the trackiggtem (coherent alignment), which
would mimic a track curvature and result in a deflection dffs& systematic positive shift
in deflection would result in an overestimation (undereation) of the rigidity for electrons
(positrons). This issue was quantified by comparing the ckdle with the energy measured
by the calorimeter. The residual systematic error on thesunea deflection could therefore
be estimated from the rigidity-to-energy ratio for electscand positrons. The upper panel of
Figure S5 shows the normalized distributions of the r&tiQ./E.., between the momentum

measured by the spectrometer and the energy determinedhsittalorimeter for a flight sam-
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ple of electrons (black) and positrons (red), after theratignt correction. A Kolmogorov test
of the two distributions gives a probability of 0.85. The oot panel shows, as an example,
the same quantity with an artificially introduced shiftiof 2 GV ! in the spectrometer deflec-
tion; the displacement between the electron and the paddistributions is evident in this case.
The alignment procedure is sensitive - using Kolmogorotstas 1-sigma level - down to a
deflection offsetAn| ~ 10~* GV ~!. This systematic effect was accounted for as an additional
uncertainty on the measured spectra and represented theatdraontribution to the total sys-
tematic error above 200 GV (see Figure S6). The systematc en the measured spectra was
conservatively evaluated by assuming a 2-standard dewiatror in deflection.

It is worth noticing that by using both negatively chargedotions and positively charged
positrons, the accuracy of the determination of the defiactiffset depends mostly on the

positron statistics and only loosely on the energy resotutif the calorimeter.

4 Spectrum Deconvolution

The normalized rigidity distributions of selected prot@rs helium nuclei were corrected for
the effects of rigidity displacement due to finite spectrtaneesolution. For events with a
rigidity close to the MDR this effect is not negligible ancha@sult in wrongly assigned patrticle
momentum. In the case of a power law spectrum there are maotielpa with lower rigidity
which are wrongly assigned a higher rigidity than vice-eer3 herefore, higher rigidity bins
end up with more events, resulting in a harder spectrum sgprkas a lower power law index.
As a first approximation the convolution matrix could be adegsed symmetrical in deflec-
tion space, with a spread due to the finite resolution of theker. In our case we used Monte
Carlo simulations to estimate the detector response reatfar protons and helium. The sim-
ulation took into account both physical effects, such agetion and multiple scattering, and

instrumental effects, such as the intrinsic spatial regmiuand the alignment uncertainty of
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the spectrometer silicon sensors. The estimation of theeledion matrix and the unfolding
procedure were performed using a Bayesian apprd@ch (

Two possible systematic effects were considered: the taingr associated to the simulated
response matrix and the intrinsic accuracy of the adoptéalding technique. The former was
constrained by the matching between measured and simudp#didl residuals and was found
to be negligible. The latter was estimated by folding analdihg a known spectral shape with

the spectrometer response and was found to be les2than

5 Statistical Analysis

In this work we employed the statistical procedure basedisingfs (L0) and t-Student’s tests
(11) to compare different angular coefficients of two straighés. The aim of the analysis was
to verify or reject the hypothesis of a change of the slopeatqn and helium fluxes. Then, as

final comparison we performed an alternative analysis ugiagumulative sum tes1p).

5.1 Statistical procedure

We divided each spectrum in two parts:
1. Setl 80 GV < R < Ry,);
2. Set2 R, < R <1000 GV),

with Ry, ranging between 200 GV and 300 GV. Setl and Set2 have beehviitie two power
laws, and two different spectral indexed (and~2) have been estimated.
We evaluated the variance§ and S7 of Setl and Set2 respectively, and from these the

Fisher ratio defined as:
St

F=—
Sy

1)
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at a-level confidence interval:
Fa—gym-2ma—2) < F < F9)i(n1—-2n2—2), (2)

WhereF(l_%);(m_gm_g) and Fla)(n—2:mp—2) are tabulated. If the inequality in (2) hold, the
variancesS? andS? are then statistically consistent. Two different proceduare then followed

to compare the fits:
1. If the variances are statistically consistent

2. If the variances are not statistically consistent

5.2 Comparison between two fits when the variances of the datamples
are statistically consistent

In this case the experimental value of the two spectral iaggxand-~, are compared according

to the following relation:

1 N 1
nlslzz

3)

- < t, —4)S ,

|71 — 72 j2(n1 +ng —4) \/ 25T

where:

to/2(n1 + ny — 4) has been evaluated by means of the t-Student distribution;
S2 _ (nl B 2)512 + (n2 - 2)522 (4)

n1+n2—4

is the compound variancé?, andS3, are the variances of the independent variables (rigidity
in this case).

For a givena, if (3) is not obeyed;; # v, at(1 — a)% of confidence level. Otherwise if

(3) is obeyedy; =7, = 7.
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5.3 Comparison between two fits when the variances of the datamples
are not statistically consistent

If the variances of the selected data samples are not &taligtconsistenty; and~, are com-

pared according to the following relation:

1 — el < faga)Sy |- 4 ©)
Y1 72 /2 ny 51295 Ng S22x ’
where
1
VE e (6)
niy—2 no—2

represents the degrees of freedom of the problem and

P 1

=
MmO e+
1971

— (7)

ngS%z

If (5) is not obeyed;; # v, at (1 — a)% of confidence level. Otherwise if (5) is obeyed

=72 =7
5.4 CUSUM test

As alternative procedure to detect a change of slope in thprand helium nuclei spectra, we
employed a combination of the cumulative sum (CUSUM) tesiictv computes a cumulative
sum of the residuals on data-s&p), and bootstrapping methodi3).

Firstly, we fitted both proton and helium energy spectrayieen 80 GV and 1000 GV, with

a power law and we computed the residuafer each flux point:

ni = I — v, (8)

wherey; was the experimental value of the flux aAgwas the corresponding value of the fit.

The residualg); are independent and identically distributed variablesy wieary: and variance

15



o%. The null hypothesis of the test was that a single power lag/tva best fit of the data-set.

Then, the cumulative sum @f, residual, givens, = 0, is:

Si = Sia (i — ). ©)

-1
o
The most probable change-point of the data set is the minigmuaximum) of the distribution
of the cumulative sums of residuals.

A confidence level for the change can be determined by peifgrabootstrap analysis. As

estimator of the magnitude of the change we chgsalefined by:
Sd = Smaz - Smina (10)

with S,,... ands,,;, the maximum and minimum value 6frespectively. The bootstrap analysis

consisted of:

1. Performing M numbers of bootstraps re-sampling (re-dargpvithout replacement) of

the data-set.
2. Repeating the procedure of CUSUM test for each boots&raampling.
3. ComputingS,, for each M re-sampling.
4. Counting the number of bootstraps re-sampling K for witigh< Sy;.

Then, the confidence level that a change occurred was :
K
C.L. =100%. (11)

Applying a bootstrap procedure with M19° re-sampling to the CUSUM test, we obtained
that the single power law hypothesis was rejectetddt% and at96.2% confidence level in the

rigidity range 80-1000 GV for the proton and helium datapexgively.
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6 Spectral Indexes

6.1 Spectral Indexes in Kinetic Energy

Given a cosmic ray spectrufin; described by a rigidity ) power law:

dN

bp=——
B= 4R

= ®yR77, (12)

the corresponding spectrudn; in total kinetic energyl” is given by

dN  dNdR
"= 4T T dR AT (13)
with:
1
R = 2\/ T2 4+ 2T'mc?, (14)
1T 2
e (15)
AT’ Z \/T? + 2Tmc?
for a particle of chargeZ and massn. Therefore
T + mc?
dp = O 27 H(T? + 2T'mc?) /2 : 16
r = o e e e (10)
The spectral indexy, is given by:
dlog(®r)
= 17
TR dlog(R) (17)
and the corresponding spectral index in kinetic energys:
dlog(ér) T? + Tmc? T
o logT (v + )T2 +2Tme* T+ mc? (18)

The difference between, and~y is aboutl 0% at 30 GV and % at 100 GV, so that performing
the fit in kinetic energy yields a different value ®faccording to the interval it is performed. If
we express PAMELA data in kinetic energy per nucleon we olftaim the fit: v, 1000 gev, =
2.782 £ 0.003(stat) £ 0.004(syst) andvls s Gev/nne = 2712 £0.01(stat) £0.007(syst), in

agreement with the results in rigidity and equation 18.
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6.2 RIigidity Dependent Spectral Index

To quantify and parametrize the concavity in the 30-230 G\jgit is possible to fit the data

with a law of the form:

R—Ry
)

dP=AxRT"=AxR " (19)

the next order approximation in the Taylor expansion of timecfion describing the particle

flux, with o representing the amount of deviation from the single power. | The resulting

values are (withR, = 100GV) I, = 7, + ofZ2, with 4, = 2.790 + 0.008 =+ 0.001 and

0

a, = (1.07 +0.25 + 0.05) - 102,

In the helium spectrum, we ha¥®, = Y. + e T2, with 7, = 2.691 4 0.015 + 0.003
anday,, = (1.240.240.1) - 1072,
Under this parametrization the value of the spectral ingg?) can be used to compare the

data with previous measurements:

B dlog(Pr)

() = ) =0 - a1 = 2 (logR + 1), (20)

Ry

The resulting curves are shown in Figure 4 of the main text.
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Figure S1: Proton and helium ratio vs kinetic energy per @oicl It is possible to see that
the energy behavior of the spectrum is not as regular as tleeegpressed as function of the
rigidity.
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Figure S2: Scheme of the detectors composing PAMELA. S1S382S4: scintillator planes.
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Figure S3: Left: Scheme of the Resurs-DK1 satellite. PAME&Aocated in the pressurized
container on the left of the picture. In the scheme the pregsiicontainer is in the acquisition
configuration. Center: The Resurs-DK1 satellite duringgmnation in Samara. The pressurized
container housing PAMELA is in the folded (launch) positidtight: Photo of the PAMELA
detector during integration in Tor Vergata with marked tlosipion of the detectors. S1, S2, S3,
S4: scintillator planes; AC: top anticoincidence; TRK:ckar core; CALO: Silicon-Tungsten
calorimeter; ND: Neutron Detector.
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Figure S4: Energy loss in tracker (mean in all planes hit)rasker rigidity for positively
charged particles. The lines represent the selectionstasediect protons and He nuclei. Higher
bands are due to heavier nuclei.
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Figure S5: Upper panel: Normalized dis?ﬂ?butions of théorat = P,/ E.q between the
momentum measured by the spectrometer and the energy determith the calorimeter for
a flight sample of electrons (black) and positrons (red). fiveedistributions are in agreement
(Kolmogorov test) with p=0.85. Bottom panel: The same qiyant with an artificial shift
of 1073 GV ! to the spectrometer deflection; the displacement betwezeltéttron and the
positron distributions is evident. The alignment procedis sensitive — using Kolmogorov
tests at 1-sigma level — up to a deflection offget| ~ 107GV 1.
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Figure S6: Estimated systematic uncertainties to the nmedsaroton and helium fluxes.
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Nuclei injection index Break rigidity Diffusion coefficién Alfvén speedv 4

below / above (GV) value at= 3 GV (cn? s?) index Km/s
break rigidity
1.82/2.36 4 5.2-10% 0.34 36

Table S1: GALPROP parameters for the reacceleration mdddi), used in Figures 2 and 3
of the main text.

Particle Class | Class li Class lli
Zatsepin model proton 1.4-10% 6.25 - 10° 0.6
(original) helium 8.5-10% 8.5-103 1.5

Zatsepin model proton (7.1 4+0.1)-10% 6.25-10° (fixed) 3.0 4 0.05
(fitted to data)  helium (9.5 4+ 1.8) - 10> 8.5-10° (fixed) 0.74 £0.04

Table S2: Parameters of the multi-source modell&),(used in Figures 2 and 3 of the main
text.
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Protons

Kinetic Energy Interval (GeV) Mean Kinetic Energy (GeV) HIKIE stat+ sys(m? sr s GeV) ™!

0.43-0.46 0.44 1581 £3£60
0.46 - 0.50 0.48 1549 £3 £ 60
0.50 - 0.54 0.52 1527 £3+£60
0.54 - 0.58 0.56 1484 £ 3 £ 60
0.58 - 0.62 0.60 1444 £2 £ 60
0.62-0.67 0.65 1402 £2 £ 50
0.67-0.72 0.70 1349 £2 £ 50
0.72-0.77 0.75 1293 £2 £ 50
0.77-0.83 0.80 1233 £ 2 £ 50
0.83-0.89 0.86 1171 £2 £ 40
0.89-0.96 0.92 1113 £2 £ 40
0.96 - 1.02 0.99 1053 £2 £ 40
1.02-1.09 1.06 996 £1+£40
1.09 - 1.17 1.13 933 +£1+40
1.17-1.25 1.21 871 +£1+£30
1.25-1.33 1.29 813 £1+£30
1.33-1.42 1.38 78 +1=£30
1.42-1.52 1.47 703 +1=£30
1.52-1.62 1.57 652.6 = 0.9 £ 30
1.62-1.72 1.67 601.8 £0.8 £20
1.72-1.83 1.78 955.5 0.8 £ 20
1.83-1.95 1.89 510.0 £0.7 £ 20
1.95-2.07 2.01 472.0 £ 0.7 £ 20
2.07-2.20 2.13 434.3 £0.6 £ 20
2.20-2.33 2.27 396.5 £0.6 £ 20
2.33-2.47 2.40 362.4 £0.5£10
2.47-2.62 2.55 331.5+£0.5+£10
2.62-2.78 2.70 303.2+0.4+£10
2.78-2.94 2.86 276.0 £0.4£10
2.94-3.12 3.03 2502£04+£9
3.12-3.30 3.21 2270+£04+9
3.30 - 3.49 3.39 205.8£0.3 £8
3.49 - 3.69 3.59 187.2£03£7
3.69-4.12 3.90 160.7£0.2£6
4.12-4.59 4.35 130.2+£0.2%£5
4.59-5.11 4.84 105.3£0.1+4
5.11-5.68 5.38 84.8£0.1£3
5.68 - 6.30 5.98 68.0£0.1£3
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6.30 - 6.99
6.99-7.74
7.74 - 8.57
8.57-9.48
9.48-10.48
10.48 - 11.57
11.57-12.77
12.77 - 14.09
14.09 - 15.54
15.54-17.12
17.12 - 18.86
18.86 - 20.76
20.76 - 22.85
22.85-25.15
25.15 - 27.66
27.66 - 30.42
30.42 - 33.44
33.44 - 36.75
36.75 - 40.39
40.39 - 44.37
44.37 - 48.74
48.74 - 53.53
53.53 - 58.79
58.79 - 64.55
64.55 - 70.86
70.86 - 77.79
77.79 - 85.38
85.38 -93.71
93.71-107.73
107.73 - 123.83
123.83 - 142.31
142.31 - 163.54
163.54 - 187.90
187.90 - 215.88
215.88 - 248.00
248.00 - 284.88
284.88 - 327.23
327.23 - 393.60
393.60 - 519.17
519.17 - 653.84
653.84 - 862.22

6.64
7.36
8.15
9.01
9.97
11.01
12.16
13.41
14.79
16.31
17.96
19.78
21.78
23.97
26.37
29.00
31.88
35.05
38.52
42.32
46.49
51.07
56.08
61.58
67.61
74.22
81.47
89.42
100.41
115.42
132.66
152.46
175.18
201.27
231.23
265.62
305.12
358.45
450.82
581.52
T48.78
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54.48 + 0.08 + 2
43.33 +0.07 £ 2
34.40 +0.06 + 1
27.28 +0.05 + 1
21.62 +0.04 + 0.8
17.00 = 0.03 + 0.6
13.354£0.03 £ 0.5
10.51 +0.02 + 0.4
8.28 +0.02 + 0.3

6.47 +0.02 + 0.3

5.01 +0.01 +0.2

3.90 + 0.01 + 0.2
3.050 + 0.009 £ 0.1
2.367 4 0.007 & 0.09
1.828 & 0.006 =+ 0.07
1.420 £ 0.005 + 0.05
1.107 + 0.004 + 0.04
(849 £ 4 + 30) x 107?
(653 £ 3 & 30) x 1072
(509 £ 3 & 20) x 1072
(397 +2 +20) x 1073
(301 42+ 10) x 1073
(233 £2+9) x 1073
(178 £1+7) x 1073
(141 £ 145) x 103
(110.3 + 0.9 +4) x 1073
(83.14+0.8+3) x 1073
(63.340.6 +3) x 1073
(45.94+ 0.4 +2) x 1073
(31.24+0.3+1) x 1073
(20.9 +0.340.8) x 1073
(14240.2+0.6) x 10°
(9.54+0.2+04) x 1073
(6.4+0.1+03) %1073
(4.17 +0.08 +0.2) x 103
(2.97 +0.07+0.1) x 103
(2.02 + 0.05 + 0.09) x 1073
(1.32 +0.03 + 0.06) x 1073
(0.68 4 0.02 + 0.04) x 102
(0.38 +0.02 £ 0.03) x 102
(0.19 + 0.01 + 0.02) x 1073



862.22 - 1190.55 1009.40 (0.081 £ 0.007 £0.01) x 1073

Table S3: Flux measurement for protons in kinetic energy.

28



Helium

Kinetic Energy Interval (GeV/n) Mean Kinetic Energy (GeY/nHe Flux+ stat+ sys
(m?srs(GeV/n))™

0.12-0.13 0.13 179 +£2£7
0.13-0.15 0.14 217T£2+£8
0.15-0.16 0.15 249+2+9
0.16-0.17 0.17 281 +£2+£10
0.17-0.19 0.18 300£2+£10
0.19-0.20 0.20 315 £2+£10
0.20 - 0.22 0.21 320£2+10
0.22-0.24 0.23 322+ 1+£10
0.24-0.26 0.25 316 £1+£10
0.26 - 0.29 0.27 308£1+£10
0.29-0.31 0.30 302£1+£10
0.31-0.34 0.32 291 £1+£10
0.34-0.36 0.35 2718 £1+£10
0.36 - 0.39 0.38 264£1+£10
0.39-0.42 0.41 2529+09+9
0.42-0.46 0.44 241.7+0.8£9
0.46 - 0.50 0.47 2274+£08+9
0.50-0.53 0.51 2120+0.7£8
0.53 - 0.58 0.55 198.1£0.7+7
0.58 - 0.62 0.60 185.6 £0.6 £ 7
0.62-0.67 0.64 173.7£06£7
0.67-0.72 0.69 160.1 £0.5£6
0.72-0.77 0.74 1488 £0.5£6
0.77-0.83 0.80 135504 L5
0.83-0.89 0.85 1254 +£04£5
0.89-0.95 0.92 1154+£04+4
0.95-1.02 0.98 1054 £0.3£4
1.02-1.09 1.05 96.2£03+4
1.09 - 1.17 1.12 8§7.1£03+3
1.17-1.25 1.20 80.3£03%3
1.25-1.33 1.28 72.7£03£3
1.33-1.42 1.37 66.2£02%3
1.42-1.51 1.46 60.0£0.2£2
1.51-1.61 1.56 542+£02+2
1.61-1.72 1.66 49.14+02+2
1.72-1.83 1.77 442+02+2
1.83 - 2.06 1.94 383£01+1
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2.06 - 2.33
2.33-2.62
2.62-2.94
2.94-3.29
3.29 - 3.68
3.68 -4.10
4.10 - 4.57
4.57-5.09
5.09 - 5.66
5.66 - 6.28
6.28 - 6.97
6.97-7.72
7.72-8.55
8.55-9.46
9.46 - 10.45
10.45-11.54
11.54 -12.74
12.74 - 14.05
14.05 - 15.50
15.50 - 17.08
17.08 - 18.81
18.81-20.71
20.71 - 22.80
22.80 - 25.08
25.08 - 27.59
27.59 - 30.34
30.34 - 33.36
33.36 - 36.66
36.66 - 40.29
40.29 - 44.26
44.26 - 48.62
48.62 - 55.96
55.96 - 64.39
64.39 - 74.07
74.07 - 85.18
85.18-97.94
97.94 - 112.58
112.58 - 129.40
129.40 - 148.71
148.71 - 170.88
170.88 - 196.33

2.19
2.46
277
3.10
3.47
3.88
4.33
4.82
5.36
5.96
6.61
7.33
8.12
8.98
9.93
10.98
12.12
13.37
14.75
16.26
17.91
19.73
21.72
23.90
26.29
28.92
31.80
34.95
38.42
42.21
46.37
52.12
59.98
69.01
79.37
91.27
104.93
120.61
138.62
159.30
183.03

30

30.80 +0.09 & 1
25.03 +£0.07+0.9
20.08 +0.06 £ 0.8
16.18 £ 0.05 4 0.6
13.02 4 0.04 + 0.5
10.29 +0.04 £ 0.4
8.19+0.03+0.3

6.54 4 0.03 4= 0.2

5.24 4 0.02 4 0.2
4.10+£0.02 4 0.2

3.26 +0.01 + 0.1

2.60 4 0.01 + 0.1
2.016 + 0.009 + 0.08
1.588 £ 0.008 £ 0.06
1.270 + 0.007 £ 0.05
(976 £ 6 & 40) x 1073
(762454 30) x 1073
(610 £4 +£20) x 1073
(466 £ 3 £20) x 107*
(368 &3 4 10) x 1073
(286 £2 £ 10) x 107*
(225 £2 +£9) x 1073
(179 £2+£7) x 1073
(136 £2 £5) x 1073
(104 +£1+4) x 1073
(81+143) x 1073
(63.7+£0.9+2) x 1073
(49.9+£0.7+£2) x 1073
(38.0£0.6+2) x 1073
(29.4405+1) x 1073
(24.140.4+0.9) x 1073
(1714 0.3 £0.7) x 1073
(11.740.2+£0.5) x 1073
(8.04+0.240.3) x 1073
(5.5+0.1£0.2) x 1073
(3.74£0.1£0.2) x 1073
(242 +0.084+0.1) x 107
(1.55 4 0.06 4 0.07) x 1073
(1.11 £0.05 + 0.05) x 1073
(0.81 4 0.04 4+ 0.04) x 1073
(0.55 £ 0.03 £ 0.03) x 1072



196.33 - 225.56
225.56 - 259.12
259.12 - 326.45
326.45 - 430.64
430.64 - 594.81

210.29
241.59
290.29
373.92
504.23

(0.39 4 0.02 + 0.02) x 1073
(0.29 4 0.02 + 0.02) x 1073
(0.17 £ 0.01 £0.01) x 1073
(0.10 £ 0.01 £ 0.01) x 1073
(0.06 % 0.01 % 0.009) x 103

Table S4: Flux measurement for Helium in kinetic energy

per nucleon
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Protons

Rigidity (GV/c) Mean Rigidity (GV/c) H Fluxt statd- sys(m? srs (GV/c))™*

0.99 -1.04 1.01 1161 £2 £ 40
1.04-1.09 1.06 1161 £2 £ 40
1.09-1.14 1.11 1167 £2 £ 40
1.14-1.19 1.16 1156 &£ 2 £ 40
1.19-1.25 1.22 1144 £2 + 40
1.25-1.31 1.28 1130 £2 £ 40
1.31-1.37 1.34 1104 £2 £ 40
1.37-1.43 1.40 1074 £2 £ 40
1.43-1.50 1.47 1038 =2 £ 40
1.50 - 1.57 1.54 999 +£1+£40
1.57-1.64 1.61 961 £1+£40
1.64-1.72 1.68 919 £1+£40
1.72-1.80 1.76 879+ 1=£30
1.80-1.89 1.85 832+ 1+30
1.89-1.98 1.93 783+ 1+£30
1.98 - 2.07 2.02 738£1+£30
2.07-2.17 2.12 692.9 £0.9 + 30
2.17-2.27 2.22 647.2£0.9 = 20
2.27-2.38 2.32 605.1 £0.8 £ 20
2.38-2.49 2.43 561.5£0.8 £ 20
2.49 - 2.61 2.55 521.34+0.7+ 20
2.61-2.73 2.67 481.1 +£0.7£20
2.73 -2.86 2.79 4474+ 0.6 £20
2.86 - 2.99 2.92 413.5+ 0.6 £20
2.99-3.13 3.06 379.1+£0.5+10
3.13 - 3.28 3.21 347.8 £0.5 £ 10
3.28 - 3.44 3.36 319.3£0.5 £ 10
3.44 - 3.60 3.52 2929+04+10
3.60 - 3.77 3.68 267.5+04+10
3.77-3.95 3.86 2431049
3.95-4.13 4.04 2211 £03+£8
4.13-4.33 4.23 2009 £0.3£8
4.33-4.53 4.43 183.2£03£7
4.53-4.97 4.74 157.7£02£6
4.97-5.45 5.20 1281 £0.2£5
5.45-5.97 5.70 103.9+£0.1+4
5.97-6.55 6.25 83.9£01%3
6.55 - 7.18 6.86 67.35£0.09 £ 3
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7.18-7.87
7.87-8.63
8.63 - 9.46
9.46 - 10.38
10.38 - 11.38
11.38 -12.48
12.48 - 13.68
13.68 - 15.00
15.00 - 16.45
16.45 - 18.03
18.03 - 19.77
19.77 - 21.68
21.68 - 23.77
23.77-26.07
26.07 - 28.58
28.58 - 31.34
31.34 - 34.36
34.36 - 37.68
37.68 -41.31
41.31-45.30
45.30 - 49.67
49.67 - 54.46
54.46 - 59.72
59.72 - 65.48
65.48 - 71.79
71.79 - 78.72
78.72 - 86.32
86.32 - 94.64
94.64 - 108.67
108.67 - 124.77
124.77 - 143.25
143.25 - 164.47
164.47 - 188.84
188.84 - 216.82
216.82 - 248.94
248.94 - 285.82
285.82 - 328.16
328.16 - 394.54
394.54 - 520.11
520.11 - 654.77
654.77 - 863.16

7.52
8.24
9.04
9.91
10.86
11.91
13.06
14.32
15.70
17.22
18.88
20.70
22.70
24.89
27.29
29.92
32.81
35.97
39.44
43.25
47.42
52.00
57.01
62.51
68.54
75.16
82.41
90.36
101.34
116.36
133.60
153.39
176.12
202.21
232.16
266.56
306.05
359.39
451.75
582.46
749.72
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54.06 + 0.08 + 2

43.05 + 0.07 + 2

34.22 +0.06 + 1

27.16 + 0.05 + 1

21.53 +0.04 + 0.8

16.95 4 0.03 + 0.6
13.324£0.03 + 0.5

10.48 +0.02 4 0.4

8.26 + 0.02 + 0.3

6.46 + 0.02 + 0.2

5.00 + 0.01 + 0.2

3.90 + 0.01 + 0.2

3.047 4+ 0.009 £ 0.1
2.365 4 0.007 £ 0.09
1.827 & 0.006 + 0.07
1.419 £ 0.005 + 0.05
1.107 4 0.004 + 0.04
(849 + 4+ 30) x 107°
(653 + 3+ 30) x 10~°
(509 + 3 & 20) x 10~®
(397 4+ 2+ 20) x 1073
(301 42+ 10) x 1073
(233 £2+9) x 1073
(178 +1+7) x 1073
(1414+1+5) x 1073
(110.3 + 0.9 +4) x 10-3
(83.14£0.8+3) x 1073
(63.340.6 +3) x 1073
(45.94 0.4 +2) x 1073
(31.24+0.3+1) x 1073
(20.9+0.340.8) x 1073
(14240.2+0.6) x 1073
(9.5+£0.2+0.4) x 1073
(6.4+£0.1+03)x 1073
(4.17+0.08 4 0.2) x 1073
(2.97+0.074+0.1) x 1073
(2.02 4 0.05 + 0.09) x 1073
(1.32 4 0.03 4 0.06) x 1073
(0.68 4 0.02 + 0.04) x 102
(0.38 £0.02 £ 0.03) x 10~®
(0.19 4+ 0.01 4 0.02) x 1073



863.16 - 1191.49 1010.34 (0.081 £ 0.007 £ 0.01) x 1073

Table S5: Flux measurement for protons in rigidity.
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Helium

Rigidity (GV/c) Mean Rigidity (GV/c) He Fluxt stat+ sys(m?srs (GV/c))™!

0.99-1.04 1.01 424+04+£2
1.04-1.09 1.06 53.2£04£2
1.09-1.14 1.11 63.4+£04+2
1.14-1.19 1.16 74.0£04+3
1.19-1.25 1.22 81.4+£04+3
1.25-1.31 1.27 88.4£04+3
1.31-1.37 1.33 92.7£04£3
1.37-1.43 1.40 96.0£04+4
1.43-1.50 1.46 97.1+£04+4
1.50 - 1.57 1.53 97.3+£04+4
1.57-1.64 1.60 98.1£04+4
1.64-1.72 1.68 96.9+04+4
1.72-1.80 1.76 95.0£04+4
1.80-1.89 1.84 925+03%3
1.89-1.98 1.93 90.6£0.3%3
1.98 - 2.07 2.02 88.50£0.3£3
2.07-2.17 2.11 85.0£0.3£3
2.17-2.27 2.21 80.8£0.3£3
2.27-2.38 2.32 77.0+£03£3
2.38-2.49 2.43 734+£02+3
2.49-2.61 2.54 699+ 0.2+ 3
2.61-2.73 2.66 65.4£02%3
2.73-2.86 2.79 61.7£02£2
2.86 - 2.99 2.92 57.0£024+2
2.99-3.13 3.06 53.4+£02=£2
3.13-3.28 3.20 498 +£0.2+2
3.28 - 3.44 3.35 46.0£0.2+2
3.44 - 3.60 3.51 424+£0.1+2
3.60 - 3.77 3.67 388£0.1£2
3.77-3.95 3.85 36.1+0.1£1
3.95-4.13 4.03 329+01+1
4.13-4.33 4.22 302£01+1
4.33-4.53 4.42 216 £0.1£1
4.53-4.74 4.63 25.13£0.09£0.9
4.74 - 4.97 4.85 22.89£0.08+£0.9
4.97-5.20 5.07 20.73£0.08 £0.8
5.20-5.70 5.44 18.08 £0.05 £ 0.7
5.70-6.25 5.96 14.69 £0.04 £ 0.6
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6.25 - 6.86
6.86 - 7.52
7.52-8.24
8.24 -9.04
9.04-9.91
9.91-10.87
10.87-11.91
11.91 - 13.06
13.06 - 14.32
14.32 - 15.71
15.71-17.22
17.22 - 18.88
18.88 -20.71
20.71 -22.70
22.70 - 24.89
24.89 - 27.30
27.30-29.93
29.93 - 32.82
32.82-35.98
35.98 - 39.45
39.45 - 43.26
43.26 - 47.43
47.43 - 52.01
52.01-57.03
57.03 - 62.53
62.53 - 68.56
68.56 - 75.18
75.18 - 82.43
82.43-90.38
90.38 - 99.10
99.10 - 113.79
113.79 - 130.65
130.65 - 150.00
150.00 - 172.22
172.22-197.74
197.74 - 227.03
227.03 - 260.67
260.67 - 299.29
299.29 - 343.63
343.63 - 394.54
394.54 - 452.99

6.54
7.17
7.86
8.62
9.45
10.37
11.37
12.46
13.67
14.99
16.43
18.02
19.76
21.67
23.76
26.05
28.56
31.32
34.34
37.66
41.29
45.28
49.64
04.44
29.69
65.45
71.76
78.69
86.28
94.60
106.11
121.83
139.88
160.61
184.40
211.72
243.09
279.11
320.46
367.94
422.46

12.03 £0.03 +£ 0.5

9.71 4+ 0.034 0.4
7.87+0.0340.3

6.36 4= 0.02 4= 0.2
5.0540.02 4 0.2
4.0340.024+0.2
3.2240.014+0.1

2.59 4 0.01 4+ 0.1

2.031 4 0.008 + 0.08
1.619 £ 0.007 & 0.06
1.292 + 0.006 £ 0.05
1.003 £ 0.005 4 0.04
(790 4+ 4 4+ 30) x 1073
(633 43 420) x 1073
(486 £ 3 £20) x 107*
(380 £2 £ 10) x 1073
(304 £2+£10) x 1073
(233 £2+9) x 1073
(184 £1+£7) x 1073
(143 £1+£5) x 1073
(112+£1+4) x 1073
(89.6 £0.9+3) x 1073
(67.7+£0.7+£3) x 1073
(51.94+0.6 £2) x 1073
(40.74+0.5+£2) x 1073
(31.84+04+1) x 107*
(24.94+04+1)x 1073
(19.040.3+£0.7) x 1073
(14.74 0.3 £0.6) x 1073
(12.14+0.2+£0.5) x 1073
(86+0.240.3) x 1073
(5.840.140.2) x 1073
(3.98 4 0.09 4+ 0.2) x 103
(2.75+£0.074+0.1) x 1073
(1.86 £ 0.05 + 0.08) x 1073
(1.21 4 0.04 4 0.05) x 1073
(0.78 4 0.03 +0.03) x 1073
(0.56 4= 0.02 4 0.03) x 1073
(0.41 4 0.02 4 0.02) x 1073
(0.28 4 0.02 4 0.01) x 1073
(0.20 4 0.01 +0.01) x 1073
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452.99 - 520.11  485.05 (0.14 4 0.01 4 0.008) x 1073

520.11-654.77  582.45 (0.084 & 0.006 £ 0.006) x 1073
654.77 - 863.16  749.71 (0.051 4 0.005 + 0.005) x 1073
863.16 - 1191.49 1010.33 (0.030 £ 0.007 £ 0.005) x 1073

Table S6: Flux measurement for Helium in rigidity.
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H/He

Rigidity (GV/c) H Flux/ He Flux

1.01
1.06
1.11
1.16
1.22
1.28
1.34
1.40
1.47
1.54
1.61
1.68
1.76
1.85
1.93
2.02
2.12
2.22
2.32
2.43
2.55
2.67
2.79
2.92
3.06
3.21
3.36
3.52
3.68
3.86
4.04
4.23
4.43
4.64
4.85
5.08
5.45
5.97

272£02+1
21.7£02%1
18.3+£0.1£0.8
15.53 £0.09 £0.7
13.98 £ 0.08 = 0.6
1273 £0.07+= 0.6
11.85£0.06 = 0.5
11.14 £ 0.05 £ 0.5
10.64 £0.05 £ 0.5
10.23 £0.04 £ 0.5
9.76£0.04£04
9.45£004+£04
9.22+£0.04+£04
8.96 £0.03 £0.4
8.61£0.03+£04
831£0.03£04
8.12£0.03£04
7.98£0.03+04
7.84+£0.03+£04
7.63+£0.03+£0.3
7.44£0.03+£0.3
7.33+0.03+£0.3
7.234+0.03+£0.3
7.24+£0.03+£0.3
7.08£0.03+0.3
6.97+0.03 £0.3
6.924+0.03 £0.3
6.89 = 0.03 £0.3
6.88£0.03£0.3
6.72+0.03 £0.3
6.70 £0.03 £0.3
6.63 +=0.03 £0.3
6.62+=0.03 £0.3
6.58 £0.03 £0.3
6.54 £0.03£0.3
6.49 +0.03 £0.3
6.38 =0.02 £ 0.3
6.34 £0.02£0.3
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6.55
7.18
7.87
8.63
9.46
10.38
11.38
12.47
13.68
15.00
16.44
18.03
19.77
21.68
23.77
26.06
28.57
31.33
34.35
37.67
41.30
45.29
49.66
54.45
59.70
65.46
7177
78.70
86.29
94.62
106.12
121.84
139.89
160.62
184.42
211.74
243.11
279.12
320.47
367.95
422.47

6.26 £0.02£0.3
6.19£0.02£0.3
6.13+0.02£0.3
6.03 +0.02£0.3
6.03 +0.02£0.3
5.99£0.02£0.3
5.92£0.03£0.3
5.79+0.03£0.3
5.81+0.03£0.3
5.74£0.03£0.3
5.64£0.03£0.3
5.63+0.03 £0.3
5.60+=0.03 £0.3
541+£0.03+£0.2
5.52+0.04+0.3
5.47£0.04£0.3
5.27£0.04£0.2
540+£0.04+£0.2
527+£0.05+0.2
5.20£0.05£0.2
5.124+0.05£0.2
4.99£0.06 £0.2
5.11£0.06 £0.2
5.09+£0.07+0.2
5.04 £0.07+£0.2
4.95+0.08£0.2
4.96 £0.08£0.2
5.09£0.09 +£0.2
49+£01£0.2

46+£01£0.2

4.77+£0.09£0.2
46+£01=£0.2

4.7+£01£0.2

45+£01£0.2

44+£01£02

45+02£0.2

48+£02=£0.2

4.7£02£0.2

46+£03£0.2

43+£03£0.2

41+£03£0.2
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485.06 3.9+03£0.2

582.46 46+£04£0.2
749.72 3.7+05£0.2
1010.34 27+0.7£0.2

Table S7: Proton/Helium ratio in rigidity.
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