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Abstract: Recent accurate measurements of the cosmic-ray (CR) prbtdium, and heavier nuclei by ATIC-2,
CREAM, and PAMELA reveal: a) unexpected hardening in thecspeof CR species above a few hundred GeV per
nucleon, b) a harder spectrum of He compared to protons, Jesaftening of CR spectra just below the break energy (a
“dip”). These features may offer a clue to the origin of the@tved high-energy Galactic CRs. We discuss possible inter
pretations of these spectral features and make prediatitthe diffuse Galactie/-ray emission, CR isotopic ratios, and
anisotropy of CRs for different scenarios. Our predictioan be tested by currently running or near-future high-gner
astrophysics experiments.
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1 Introduction in the spectral slope of p and He persists into the ultra-
relativistic regime.

The data recently collected by ATIC-2 [1, 2], CREAM There is also fine structure in the spectra that may provide
[3, 4], and PAMELA [5] indicate a break (hardening) of theadditional information: the PAMELA spectrum has a spec-
spectra of the most abundant CR species above a rigidity @l softening (“dip”) at the break rigidity, which isststi-

a few hundred GV. The break rigidity,,, is best measured cally significant at the 95% confidence level for the spec-
by PAMELA occuring at approximately the same rigiditytra as functions of particle rigidity, and 99.7% level foeth
for protons and Hepy,, ~ 240 GV. The PAMELA data for same data in terms of kinetic energy per nucleon [5]. The
p < pur are in an excellent agreement with earlier data ofoftening is more pronounced in the spectrum of He.

AMS an_d BESS (see [6, 7] and Figure 1 of [5]). ATIC-2pather than proposing a detailed interpretation, in this pa
data points forp < pr, are somewhat lower. Above the o e classify possible scenarios for the production of the

ngeeEI,(Allf’A >F Pbr) ﬁ‘T'C'é results agree weIL w:’;hﬁthose 0;;observed spectral features and discuss required adjustmen
- From these data, we estimate the difference bes 1o standard picture of CR propagation. The quantitative
tween the spectral indices below and above the break to

ﬁalysis is done using the GALPROP code (see [10] and
Apr = (> por) = 7(< pr) = 0.15 for both protons and  ,¢ project web sif§. We also propose observational tests

He. of these scenarios.
Another important feature of the CR spectra discovered by

these experiments is the difference between the spectral in )

dices of CR protons and He, which has been discussed fér | nterpretations

a long time (e.g., [8], and references therein), but the ex-

perimental uncertainties were considerable [9]. The neWwhe following general categories of models (i.e. scenar-
measurements by PAMELA confirm this difference to highos) are considered for the origin of the observed spec-
statistical accuracy. The He spectrum is found to be hard&al features, the break a, and the “dip” atp < pp,:
than the proton spectrum below 10* GeV/nucleon. The (i) interstellar propagation effects, (ii) modification 6R
difference between the proton and He spectral indices caijection spectrum at the sources, (iii) composite Galac-
culated by [5] using the PAMELA data i&y = 0.10, and tic CR spectrum, (iv) effects of the local sources and/or
it is approximately the same above and below the bpgak local medium at low energies (< pu,), and (v) effects
Within the statistical and systematic uncertainties tha-meof the local sources and/or local medium at high energies
sured p/He flux ratio appears to be a smooth function dp > pr,). We briefly describe these scenarios and their ra-

rigidity, continuous apy,. This shows that the difference ————————
1. http://galprop.stanford.edu/
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Figure 1: Galactic CR source injection spectrunCalcu-  Figure 2: Diffusion coefficient of CRs in the Galaxy. The
lations R, P, |, LandH. Units are arbitrary. The normal- values of theD conicide forCalculations R, I, LandH.
isation of the injection spectrum was chosen to obtain thieor Calculation B, a break in the diffusion coefficient is
best fit of proton and He spectrum at Earth. For all calculaassumed, changing /d2 = 0.30/0.15 atpy = 300 GV.
tions, the lines represent the Galactic CR source injection

spectrum. The local sources, presenCalculation Land ) ) o )
Calculation H are not shown here. The local source fluxescenario 1(b): cosmic ray_hjection effects, composite
at Earth inCalculation LandCalculation Hwere obtained Source interpretation While SNRs (isolated or in super-

as the difference between the observed and the propaga'?é{lj)ble. regions). are believed to be the primary source of
Galactic fluxes. Galactic CRs, different classes of supernovae and their en-

vironments, as well as other CR sources, can combine to
produce the observed CR spectrum. If one Galactic source
tionale. EaclScenariois quantitatively analyzed with the qgominates the low energy part of the CR spectrum, and the
respectiveCalculation other — the high energy part — th&alculation |, with a
Scenario R; Rference scenarioFirst, we introduce a ref- hardening of the Galactic CR sourcet, includes this
erence scenario based on pre-PAMELA data. For this timposite source scenario as well. We use the same com-
CR injection spectrum above 10 GV is a single power layputational setup to calculate the observed quantities for
up to the “knee” around(0'®°~'¢ eV, with the same index Scenario I(a) andScenario I(b), and we call itCalcula-
for all CR species, the diffusion coefficient has a uniforntion I. A subtle advantage of the composite source interpre-
dependence on particle rigidity (i.e., without a break)] antation of Calculation I (i.e. in Scenario 1(b)) is its ability
no local sources are assumethlculation Rprovides sat- to explain the “dip” more naturally than the source with an
isfactory agreement with pre-PAMELA data, but it cannotnherent break scenario.

reproduce the new spectral features discussed in this papggenario L: local_low energy source This scenario in-

the spectral break, difference between proton and heliuglydes interpretations that assume that the observed spec-
spectrum, or the “dip”. tral break is caused by a local source dominating the CR
Scenario P: interstellar Ppagation effects In this sce- spectrum for rigidities belowpy,,. Unlike Scenario 1(b),
nario, the break in the observed proton and He spectratize this scenario assumes that the low-energy source is not
attributed to a change in CR transport properties at rigidypical for the Galaxy as a whole. This case is represented
ity ppr. We represent this witlcalculation P which has by Calculation L, where the Galactic CR spectrum is hard,

a break in the rigidity dependence bfat p = p,,. For fitting the observations of PAMELA, ATIC-2 and CREAM

p < por, We use the functional form fab(p) obtained in  for p > py,. Forp < py,, the flux of CRs from this source
the comprehensive analysis of CR data by [11], while fois lower than the observed flux, and we assume that the dif-
p > pur, We adjust the rigidity dependence to match théerence is accounted for by the hypothetical local source.
observations of PAMELA, ATIC-2 and CREAM discussedWe assume the extreme case of a very localised low energy
above. source. This means that we do not calculate propagation
Scenario I(a): cosmic ray_hjection effects, source with a Of local source CRs throughout the Galaxy, and only the
spectral break interpretatianSome models of particle ac- Galactic source is used to calculate the diffuse Galagtic
celeration may predict a pronounced hardening in the spd@ emission. Note thacenario Lrepresents the extreme
trum of particles injected into the ISM, consistent with the@se of a very localised source, whBeenario I(b) is the

new data. For example, in the model of [12], the break, PPPOSIte.

upturn, occurs due to the contribution of the remnant’s pdscenario H: local Hgh energy source This case, repre-

lar cap. This case, represented®glculation |, features a sented byCalculation H is analogous t&cenario L. but
Galaxy-wide source spectrum with a hardeningiat The with the spectral break produced by a local high-energy
diffusion coefficient does not have a break in this scenarisource dominating the observed fluxgat> py,. The dif-
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3 Resultsand Discussion

Figure 5: CR antiprotons: data of PAMELA [13] and cal-
For each scenario, we did the CR propagation calculatiogs!lation results.
in the framework of the diffusive reacceleration model (ex-

ceptScenario B, using the (_BALPRPP cod_e. Slosm|c "% mental uncertainty in the data does not allow any of the sce-
spectra were modulated using the *force-field” approximgs 5 ins o pe rigorously rejected. However, more accurate
tion [19] with a modulation potentiab = 450 MV, ap-  g/c gata above 0GeV/nucleon ang data above 1 TeV
propriate for the solar activity level for the data used 'r}nay help to differentiate between these models. Note that
this paper. Figure; 1 and 2 s_how the correspondirlg sourge the~-ray data, while the*-decay channel at TeV dif-
spectra and diffusion coe_fﬁuents for_each scenario. AS 8fl< in models with and without a hard high-energy CR tall,
example of the propagation calculations, Fig. 3 shows ﬂ}ﬁetotal ~-ray flux, including the inverse Compton contri-

calculated p and He spectra for tBalculation HandCal- 45 is virtually indistinguishable between the models
culation L scenarios described above. These figures illus-

trate the different contributions to the CR spectra by thgheb exflstmg d(;’lt?) dozs, howhever, aHOV\I’ spmle scenarios
components for each of these models. Note, in the caseﬁf el avhou][e hase/Hon P enorr]nekr)]o ogma_ reasoning.
a local low-energy source scenario (i.8genario I}, the amely, the fact that p/He ratio at the break point s a con-

CR propagation model has been adjusted to account for t]BQU_OUS function offrig;\idity is naturally eXp_lbalimed ifr:hd!l;d y
fresh component of low energy CRs. usive properties of the ISM are responsible for the break.
iff ; | fl inth However, if the break is the result of two different types of
Differences between scenarios cou d pe re gcted inthe CRurces contributing to the CR Spectrum, the above men-
anisotropy, the B/C ratio at high energies (Fig. 7), antiproyneq observation requires the same He/p ratio in both
ton flux and antiproton to proton ratio (Fig. 5), as well 3Sypes of sources
the diffuse Galacticy-ray emission (Fig. 6). The experi- '
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Figure 6: Diffusey-ray emission from intermediate Galactic latitudes. Clalton results and data from [14]. The data
are averaged over intermediate Galactic latitudEs< |b| < 20°, as reported in [14].
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