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Abstract. A strong excess in a form of a wide peak in the en- matrix that is used as a main charge detector. The calorimeter
ergy range of 300-800 GeV was discovered in the first meais comprised of 8 layers of 40 BGO crystals in each layer in
surements of the electron spectrum in the energy range fromATIC-2 and of 10 layers in ATIC-4. The details of construc-
20GeV to 3TeV by the balloon-borne experiment ATIC tion of the apparatus and the procedures of its calibration are
(Chang et al.2008h. The experimental data processing and given inGuzik et al.(2004); Zatsepin et al(2004); Ganel et
analysis of the electron spectrum with different criteria for al. (2005; Panov et al(2008.

selection of electrons, completely independent of the results |t has been shown that ATIC was capable of not only
reported inChang et al(20081) is employed in the present o measure the spectra of cosmic ray nuclear compo-
paper. The new independent analysis generally confirms thﬁents, but also the spectrum of cosmic ray electrons plus
results ofChang et al(2008h, but shows that the spectrum positrons (hereinafter referred to as the “electron spectrum”
in the region of the excess is represented by a number ofor previty). To separate the electrons from a much higher
narrow peaks. The measured spectrum is compared to thgackground of protons and other nuclei, the differences in the
spectrum ofChang et al(2008H) and to the spectrum of the - shower development in the apparatus for electrons and nuclei
Fermi/LAT experiment . are used. Spectrum of electrons, measured in this way, was
published inChang et al(2008h. The most notable reported
detail of the electron spectrum was an “excess” of electrons
in the range of 300—-800 GeV. A possible connection of this
“ATIC excess” with the nearby sources of cosmic ray elec-

The ATIC (Advanced Thin lonization Calorimeter) balloon- fONs such as pulsars and supernova remnants or annihilation
borne spectrometer was designed to measure the ener dark matter particles, was d_ls_c_u_ssed for the first time in
spectra of elements from H to Fe with an individual resolu- ©"ang et al(2008. Such possibilities provoked a very ex-
tion of charges in primary cosmic rays for energy region from €nsive discussion in the literature.

50 GeV to 100 TeV. The ATIC project had three successful As the result obtained iiChang et al.(20081) is con-
flights around the South Pole in 2000-2001 (ATIC-1), 2002—sidered to be a very important, it must be tested and con-
2003 (ATIC-2) and 2007-2008 (ATIC-4). ATIC-1 was a test firmed in the ATIC experiment by other methods. The so-
flight and is not discussed below. The ATIC is comprised of alution of this problem is the main objective of this paper.
fully active bismuth germanate (BGO) calorimeter, a carbonThe work has been carried out by the Skobeltsyn Institute
target with embedded scintillator hodoscopes, and a silicordf Nuclear Physics group of the ATIC collaboration starting
from the low-level procedures related to the apparatus cali-
bration and up to the analysis of the final results, completely
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quantitiesR; and F; are calculated for the incident electrons
by the simulations. The distribution of Chi-values for single-
charge particles after a preliminary selection of events by en-
ergy deposits in the layers of calorimeter is shown in Eig.
The preliminary energy condition consists of a number of
) 3 10 5 20 5 cuts for relative energy deposify. These cuts are the lower
Chi limits for Co, ..., Ce and the upper limits fo€7, Cg, Cg. They

are obtained by the simulations in which about 98% of the
Fig. 1. Black solid line — the distribution of the filter Chi values electrons passed the selection with the applied cuts, while
for single-charge particles (ATIC-2, the energy deposit range 100-about 30% of the protons in ATIC-2 and 70% in ATIC-4
200 GeV). The narrow peak on the left side is related to electrons,yere rejected by these cuts. The energy cuts are based on
the wide peak is related to protons. Blue line repre§epts the cUine difference of the averaged longitudinal development of
value to select electron events. The cut value was optimized for thethe shower in the calorimeter for electrons and protons. For

best signal to background relation. Red line shows the approxima; . .
: 2 . the final selection of electrons, we used such cut values for
tion of the proton distribution for subtracting of proton background

(see Sect4). The approximation presented in this picture is from Chi that 30-25% of the primary electrons were rejected and

three-parameter assemblage) = Ax2exf—(x/o)?], the region  10St together with the rejected proton background (the opti-
to fit is from Chi= 2 to Chi= 16. mal cut values were different for ATIC-2 and ATIC-4 flights;

the efficiency of the selection was estimated by the simula-
tions). These losses are taken into account when evaluating
an absolute primary flux of the cosmic ray electrons.

400/
300
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2 Selection of electrons from input cosmic ray
particle flux
3 Fine structure in the electron spectrum

The selection of electrons from the input cosmic ray parti- The calorimeter of the ATIC spectrometer is in practice thick
cle flux was performed using the Monte Carlo simulations of for electrons (it is 18 radiation lengths for ATIC-2 and 22.5
the showers generated by the primary electrons in the ATIGadiation lengths for ATIC-4), therefore the incident energy
apparatus and in the residual atmosphere with the FLUKAof an electron can be easily determined by the total energy
system Battistoni et al. 2007. To distinguish the elec- deposit in the calorimeter. The test measurements on the
trons, some special quantities are constructed that describgectron beam at CERNGanel et al. 2005 and the simu-
the shape of the shower in the apparatus in the longitudijations have shown that the ATIC spectrometer has a very
nal and transverse directions in such way that these quanthigh energy resolution for the electrons. The resolution is
ties take sharply different values for “typical” electrons and 3 slow-varying function of energy and in the terms of half
for “typical” protons'. We call these quantities “electron fil- the line width at half maximum less than 3% at the energies
ters”. In contrast taChang et al(2008ab), where only one  of 200-600 GeV. No unfolding procedure is needed to ob-
filter was Used, we constructed five different filters to prOVidetain the high-reso|uti0n Spectrum with such a narrow appara-
a cross-check of the results and an evaluation of the methodys function since the width of the apparatus function is less
ological rellablllty The foIIOWing results address to one fil- than or comparable with the width of the energy bins for all
ter, called Chi, but are confirmed by other filters as well. hinnings used. Only an energy-dependent scaling factor of
The basic parameters for the construction of the Chi-filter aregpout 1.1, evaluated in the simulations, is used to obtain the
the relative energy depOSitS in the IayerS of the Calorimeterprimary energy of the electrons from the energy deposited in
Ci=E;/E (wherel=0,1,2,... is the number of the layer the calorimeter. The high value of the energy resolution en-
from the top to the bottom, an&l is the total energy deposit aples us to investigate the electron spectrum for the presence
in the calorimeter) and the root mean square widths of thepf a structure on the scale of 0.1-0.2 decade in energy.
shower in the layers;. The value of the filter Chiis given |t is essential that to detect a structure on the scale of 0.1—
0.2 decade in energy it is not necessary to investigate the
“absolute” electron spectrum obtained after the subtraction
1The nuclei withz > 2 are easily rejected by the use of the Of the proton background (see Fifj, and accounting for the
charge detector. electron scattering in the residual atmosphere. Neither the
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Fig. 2. The spectrum of electrons without the subtraction of proton Fig. 3. Total statistics of the electron spectrum in ATIGH2ATIC-

background and without an atmospheric correction as measured in flights in each energy bin. The number of events in the range of

the ATIC-2 and ATIC-4 experiments. 200-810 GeV, studied for statistical significance of the structure, is
701.

background nor the scattering of electrons in the atmosphere
can lead to a short-period structure in the electron spectrum
We have confirmed it by the simulations explicitly: It was | wherex;,y; are integer numbers representing the stafistics
shown that the atmospheric correction produces only an ami! the bin numbet; %;,y; are some smoothed values of
plitude scaling factor that is slow-varying and almost linear the spectra in the same bin; anfl= /%, 0" = /3; are the
function of the logarithm of energy (see Settor the further Poisson dispersions for the smoothed spegtrdenotes the
details). On the other hand, the protons which can mimic thémenSIty of the sum of ATIC-2 and ATIC-4 spectrain the for-
electrons (Chi~ 1) and are responsible for the proton back- mula for %, andx;, y; denote the intensities of ATIC-2 and
ground, have a very wide energy apparatus function (abou‘(ATIC -4 spectra separately in the formula 16r Probabilities
50% of a mean deposited energy), and such an apparatx? =¥ (Xina > Xéxp)» Pc =P (Cma > Cexp) for the values
function smears all possible structures (if they are presentpf x ? and C of random spectra to exceed the experimental
in the initial flux of protons. Consequently, the proton back- Values x5, and Cexp were calculated. The random spec-
ground should form a spectrum without prominent features. tra are the spectra with the Poisson statistics relative to the
The spectra of electrons as measured in ATIC-2 and ATIC-2verage values determined by smoothed spectra. Quantities
4 experiments, without atmospheric corrections and the subl — P2, 1— Pc are statistical significances of the fine struc-
traction of proton background, are shown in Fign the en-  ture calculated in two different ways. All probabilities are
ergy range of 30-900 GeV with the step of 0.035 decadegalculated with the Monte Carlo simulations and are checked
in energy. It is easy to see a structure in the range ofapproximately against the standard table values where it was
200-600 GeV, which is well reproduced in both experiments.Possible.
Hereinafter, we call this phenomenon the ‘fine structure’. A The problem of calculation op 2, Pc is no way a sim-
total statistics per each energy bin of the spectrum is showmple one. One difficulty of the approach is that there is some
in Fig. 3. irreducible arbitrariness in the construction of a ‘smoothed’
The statistical significance of the observed fine structure isspectrum. Therefore, one of the main objectives was to in-
determined by two different factors: firstly, by the statistical vestigate the stability of the estimate against an arbitrariness
significance of the presence of non-random structure with thexf the smoothing procedure. To obtain the smoothed spec-
usual 2-criterion for the total ATIC-2 + ATIC-4 spectrum; tra we approximated the primary spectra in a wide range of
and secondly, by the statistical significance of the correlatiorenergies (from 35 GeV to 1500 GeV) by a cubic spline. To
(similarity) of structures of the spectra measured separatelygvaluate a stability of the statistical significance against the
in ATIC-2 and ATIC-4. The evaluation was performed for the arbitrariness of the smoothing procedure, we studied smooth-
region of the spectrum from 200 GeV to 800 GeV. The for- ing procedures with a very wide range of steps of averaging
mulae for the calculation of the2-value and a correlation-  during the construction of the spline (spline steps). We found

like functionC are respectively: that there exists a wide plateau in the dependence of an es-
N2 B B timated statistical significance on the spline step. The esti-
$2= Z YiTVi) . o in —Xi Vi —YYi mated statistical significance of the fine structure is almost
; ol.y ' x > constant for the spline steps from 0.12 to 0.24 decades of
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energy. Such a plateau is possible due to a very high amplia structure might be used as a signature to distinguish be-
tude of the fine structure of the spectrum. The details of anytween the annihilation or decay of dark matter particles and
‘reasonable’ smoothing procedure are not actually importantthe other sources of electrons, such as nearby pulsars. The
Our final results are obtained by averaging with spline stepglark matter can not be a source of a specific structure repre-
0.12, 0.15, 0.18, 0.21, and 0.24. sented by several narrow peakéglyshev et al.2009. The

The other difficulty is that the estimate is highly depen- reason is simple and deep: the sources like the pulsars can
dent on the specific energy binning used in the building of thebe treated as instantaneous, meanwhile the sources like the
spectrum. The significance for each spline step (see above) gark matter halos or subhalos (clumps) should be considered
actually evaluated by averaging on a number of different bin-as permanent in time. High energy wing of the spectrum of
ning with bin widths from 0.015 to 0.035 decades of energy.an instantaneous source can, in principle, create a very sharp
The errors of the final estimates are calculated as standar@eak in the electron spectrum, due to the process of cool-
deviations representing the fluctuations of the estimates withnd of electrons Malyshev et al. 2009, therefore a num-
different binning and with different ‘splining’. The contribu- ber of sources can produce several peaks as observed in the

tion to the error from an instability related to the bin size is ATIC experiment. On the contrary, the permanent sources
dominant. like the dark matter clumps would mix such peaks with dif-

ferent energies related to the different moments of the time of
emission of electrons and produce wide distributions in the
. 0.27 . - ) energy spectrunkuhlen and Malyshex2009 which has lit-
criterion - Pro = (99'68169)%' The high statistical Sig- 6 in"common with the fine structure observed by the ATIC.
nificance practically eliminates a random nature of the Ob'Even if some ‘multi-peak’ structure were produced by the

served fine structure. We would like to note that the presengark matter clumps, this structure would be very smooth and

estimates of the statistical significance should be considere meared compared to the observed ATIC fine structure (see
as preliminary ones. Itis desirable to develop a ‘binningless’Brun et al.(2009 FIG.3),Cline et al.(201Q FIG.9))
technique to avoid the relatively large statistical errors of the ' e ' el

estimates caused by the fluctuations of the estimates against

binning. This work is currently in progress. 4 The electron spectrum after proton background
Several tests were also performed to exclude possible sybtraction and atmospheric correction

methodological causes of the observed structures. The statis-
tics of the proton background in the range of the filter val- The spectrum shown in Fi@ does not provide a basis for
ues near the electron peak but free of the electron signah comparison with the results of other experiments, since
(2 < Chi< 35, see Fig.1l) were investigated: no signs of jt does not give a correct absolute intensity of the electron
a possible structure were found. The different electron filtersflux. To obtain the correct absolute intensity of the electron
were studied: all the filters produced a very similar structure.spectrum, the proton background must be subtracted, and
The spectra for different solid angles and different time pe-the electron spectrum must be corrected for the scattering in
riods of the experiments were compared: the fine structurehe residual atmosphere (and we neglect the secondary atmo-
was reproduced in all the cases. Thus, no evidence that th§pheric electron background from a hadronic component of
observed fine structure might be caused by the methodologicosmic rays, since it is shown to be small at the thickness of
cal effect was found. a residual atmosphere of about 5 gfctypical for the ATIC

If the existence of the fine structure in the electron spec-flights (Nishimura et al.1980).
trum is confirmed by independent experiments, then its most The procedure of the subtraction of proton background
likely source will be the nearby supernova remnants and/obased on the simulations of proton cascades in the ATIC ap-
pulsars, but not the annihilation or decay of the dark mat-paratus leads to an unstable result: the inevitable small errors
ter particles. The idea that the cosmic ray electron spectrunin the simulations lead to large errors in the electron spec-
in the TeV energy range may have features related to a feirum (Panov et al.2009. In this paper, we implemented a
nearby sources like the pulsars is forty years @tign et  method that is independent of the simulations. The method
al., 1970. The possibility that the deviation from a smooth is based on an approximation of the experimental plot of
power-like behavior in the spectrum is caused by the indi-Chi-values for protons (see Fid) with the simple func-
vidual nearby sources and can be observable in this energiyons and on the interpolation of these functions to the coor-
range was proposed Mishimura et al(1980, in relationto  dinates origin. We examined the functions from two differ-
the feasible experiments. Later on this issue was considereent three-parameter assemblagés) = AxZexp—(x/o)*]
from various viewpoints repeatedly (see, for examplehl and y(x) = Ax/[1+ (x/o)%], which produce a reasonable
and Esposit§1998; Erlykin and Wolfendal€2002); Grasso  approximation of the proton peak, but result in somewhat
et al. (2009). Specifically, a structure very similar to the different extrapolations of the proton background under the
one observed in the ATIC experiment is predictedvialy- electron peak. The scale of the possible systematic er-
shev et al(2009, where it is especially emphasized that suchror related to the background subtraction is estimated by

In this way we found that the statistical significance for
the correlation is + Pc = (99.69"33)%, and for thex?-
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comparison of the results for different types of functions. _

3 [—] .
This method is not rigorous, of course, and should be consid-3 =~ F| ~ " :I:gf;‘(\gﬁ‘:;':fa"l"";;‘%)
ered as a qualitative estimate. The scale of the proton back-vff 5 FermlLAT ’
ground is about 5% of the total amplitude of the measured & 1
spectrum near 40 GeV and about 40% near 700 GeV. The$ AL
total estimated corridor of possible systematic errors varies 'g SRR i% /f
from T13¢ for the energy of 40GeV 035 at 700GeV, % |Gotocosang,es s on r i ¥ U
and is related mainly to the uncertainty in the detection ef- *g 107 | i
ficiency at low energies, while at high energies itis related to i ‘

the errors in the subtraction of backgrounds. The systematic
errors can not lead to an essential distortion in the shape of
the spectrum.

An atmospheric correction is calculated on the basis of the
simulations of the scattering of primary electrons in the at- 10°
mosphere using the FLUKA systerB4ttistoni et al. 2007).

As suggested in our papBranov et al(2009), one does not Fig. 4. The total ATIC-2 + ATIC-4 electron spectrum of this work

need to correct the energy at the top of the ATIC apparatus tQgter subtracting the proton background and after an atmospheric

obtain the energy at the top of the atmosphere since the scagprrection, the ATIC spectrum of the papghang et al(20085

tering angles of the secondary gamma quanta are very smalhnd the results of Fermi/LATAbdo et al, 2009. To simplify the

and the energy of an electron is recorded in the calorimetepicture, the experimental errors in ATIC spectrumGifang et al.

together with the energies of almost all secondary gammd2008H are not shown. The estimated corridor of possible system-

guanta. However, these gamma quanta may distort the shagic errors for the ATIC spectrum of the present work varies from
. . +15% 157%

of the cascade in the apparatus, which leads to some addi-j2s; at 40 GeV ta' ;472 at 700 GeV.

tional inefficiencies of the filtration of the electrons. This was

taken into account. The correction factor calculated from the

simulations is approximated by a linear function of the log- References
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