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ATIC (Advanced Thin lonization Calorimeter)

flights around South Pole

Trajectory of ATIC-4 ATIC-1  28.12.2000-13.01.2001
Test flight, 0.6 m* sr days

ATIC-2 29.12.2002-18.01.2003
First science flight, 2.5 m* sr days

ATIC-3 2005

failed to rich altitude

ATIC-4 26.12.2007-15.01.2008

Second science flight,
EEXYE] 2008 Jan 16 19:45:00] LDB_Antarctica_2007-2008_ATIC 9 mz ST days




ATIC spectrometer
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1 — Silicon matrix

80 x 56 pixels, 1.5 x 2cm

2 — Scintillator hodoscopes

3 — Carbon target
(1.5 Xo)
4 — BGO-calorimeter
View from above:
50 x 50 cm
BGO crystal:
2.5x2.5x25¢cm
8 layers in ATIC-2 (18 X))

10 layers in ATIC-4 (22 X))
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Proton event
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Spectrum of cosmic rays electrons measured by ATIC:

J. Chang, J. H. Adams Jr, H. S. Ahn et. al. An excess of cosmic ray electrons at energies of
300—-800 GeV. Nature V.456 (2008), P.362-365
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K-filter s

Layers of the calorimeter from the top: %% |
[=0,1,2,3,4,5,6,7 800 |-

‘E 43[;”3:_ Electrons ]
Root Mean Squares (RMS): A

. 5 400 | Proton .

P _ Z@ E;(Xz — Xf)_ EDD: background :

i E D_. N | e a1 P N B B B
_ 0 20 40 60 BO 100 120 140
Cascade curve: K

Og — Eg/EB GO (relative deposit of energy in a layer /)

F-parameter: Fl — RZQCZ/(ZE)TTLTTLQ)

Kfiter: K = Ry + Ry + F¢ + F~



The purpose of this work:

1. To check the results with alternate techniques of
separation of electrons from protons

2. To study systematic errors.

The work was carried out comletely independently of previous analysis
starting from low-level calibration procedures up to the final results
in the MSU subgroup of the ATIC collaboration



We define five new (main) filters:
1. Four simple filters

G, = RNG, R;, G; — simulated mean values

o', o -simulated standard deviations

1|3 (RJRI)Z 7 (G;G;)z
X = =12 +
\8 | 1=0 ’JER I—4 JIG ]
N R;R;)z 7 (G’;G;)z_
R = |- Z( _ +y _
r\8 | 1=0 Ry =4 G |
1 PR G
L1 = { 4 f}
3 [=0 T [=4 !

o= \Hz(g)



Selection of electrons with simple filters

Chl {CoondC ei&&EC ut& A EC harge& & J0-EBGOAAERG O« 1008AC hi< 10} I htemp R [CoordCutss EC utd&EC harge&4 50« EEGOAAEBGO= 1D0&&R=14] I htemp
Entries 56984 Entries 52682
Mean 65.427 — Mean 0.6812
B RMS 2.484 B AMS 0.3532
1000 — |'L|-|.| - R L"LJ
B 800 —
800 |— i
Electrons 500
B 400 —
40— background [
zo0|{— 2001
U C 1 I 1 1 1 I 1 1 1 1 D 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 |-| 1 1
a 2 4 -3 a 10 ] o2 0.4 Q.5 0.8 1 1.2 1.4
Chi R
L1 {CoordCeis&s ECutAL EC harg=&a S0<EBGOLAEBGO= 100841 =2 2} I htemp L2 [Coo rdC uts& EC ui&&EC hargeta50<EBG DAL EEG C=100&& 22 3} | htemp
Entries 53068 Entries  S1686
Mean 1.735 B Mean 1.787
1200 — L‘I AMS 0.3347 1200 — L2 Ifmf 0.3603
1000 — 1000 —
8O0 — 800 [—
500 [— 600 |—
400 — 400 [—
200— 00 |—
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Likelihood filter LogP.

| E[O} EBG O RME[T] [Coordiutii ECUlas 1 00-EBGDASERG 0= 100} ' LogP [CoordCuts&ECUtEA EChargefs 50« EBGOASERG D= 10084 LogF =-10} I htemp
Entries 24736

E - aoo [ Mean -4.513
a2 E RMS A.720
L-:Z- 0z E_ Bm;— Proton
Hode g 700 £ background

n-15:_ Eﬂﬂf—

oraE | caaf- Electrons

(R = - 400 -

0.08 i_ T 200 =
Electrons B IR SN 200

RMS[5] -0 -8 ] -4 -2 o 2 4 [ a
L - o . . ogP
Projection of the simulated probability Selection of electrons with
distribution on (s, C) - plate LogP-filter

Simulated probability distribution for the shower parameters (Cl, ..., C7, Rg, ..., R7)
for incident electrons (FLUKA,. GEANT4):

L[}gp = lUng[P(EBGC}JODJRDJ...:,OT:,RT)]

10



Systematics in proton background calculation

Proton background calculation using simulation

D | En'h'iuh“rHEEH ) ) ] ) .
: e o4 Is similar to ill-defined problem and may produce
"X large systematic errors.
”‘ 50 GeV < E; ., <100 GeV
: - ATIC
o j\ 9000 _ GEANT4 (QGSP)
BN ] - | FLUKA
: ) ) ) * 8000 — B FLUKA - electrons
? 7000 |
6000
5000— i
4000 —
3000
One must have very exact -
: : : 2000 —
simulation of behaviour of =
filters for proton events - 1000 —
but it is not the case. = Ce 1
% 1 2

L1-filter 11



Inadequate background calculations with FLUKA for different filters
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Different backgrounds Different results after
background subtraction

We do not try to subtract proton backgrounds from the spectrum
of selected 'electron-like' events.
We could not provide exact values of absolute intensity and slope,

but we still could study structrures in the electron spectrum.
12



“Product” filter J

J=xXxXRXx L1 x L2x LogP

Filter
Filter R
Filter L1

Filter L2
Filter LogP

.....................................................................
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Systematics in the accounting for the scattering of the

electrons in the atmosphere
bremsstrahlung

gamma

Residual atmosphere: 4.5 g/cm?, 1/7 X,.
L ~ 8 km
For energies from 50 GeV to 1 TeV:

emission

b ~ g‘“’? —1x107°+ 0.5 x 1076
prim

Az ~ 10+ 0.5 cm
Apperture of the calorimeter 50 x 50 ¢m?

Y/
Small loss of energy (should be studied) \ATIC/

Inefficency may exist (should be studied)

Supposition: No loss of energy, no inefficiency.
The supposition is expected to be valid at least at energses > n x 100 GeV
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Comparison of the spectrum of this work

and the published one in Nature
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, . 0 ATIC-2, Chang et. al Nature 456(2008)362 |-
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This work — backgrounds are not subtracted!
Chang et. al — backgrounds are subtracted! But the spectra at mean energies are the same.

The background is low in present work or it was underestimated in Nature paper. 15



ATIC-2 (this work) and Fermi/LAT

Flux*E*(m?s'ster'GeV?)

10?

..................................................................................................................................................

There are no signs of contradiction ATIC-2 and Fermi/LAT
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Energy resolution of ATIC for electrons is about 2%

—— FLUKA, electrons
—— FLUKA, protons
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Short scale
systematically
Independent
features

| ATIC2, Step=0.10 |
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Fine structure
INn the electron

ATIC-2 and ATIC-4, step(in log energy)=0.03

e ATIC-2x 2.0
* ATIC-4x0.5

spectrum?

Flux*E*(m?sster'GeV?)
I
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10° 1({,“
The probability of accidental = Ge

correlation of ATIC-2 and ATIC-4
fine structures was estimated as
P =0.00064
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Selection of electrons with the ————— z

measured level of current of JSEREEERERAN

albedo particles in the

hodoscopes (not calorimeter).
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ATIC-2, Calorimeter

ATIC-2, Scintillators only: Con[4]>0.80

The fine structure does
not depend on the level
of background!

102 — It is systematic
- independent effect.
10 —
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If the fine structure is real,
what it may be?

D. Malyshev et al. arXiv:0903.1310

—— ATNEF pulsars
— - Continuous distribution
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ATIC-2 electron spectrum for (number of events)/bin

ATIC2, Step=0.03
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Electron + positron
spectrum from

pulsars of ATNF

catalog

Dmitry Malyshev,
llias Cholis,
Joseph Gelfand
arXiv:0903.1310
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FIG. 3: Continuous distribution versus the ATNF catalog
pulsars |28 (see text for the discussion of assumptions and
parameters). Several hundred pulsars contribute below 300
GeV and the continuous distribution provides a good ap-
proximation for these energies. Above 300 GeV, there is
only of order 10 contributing pulsars. The fluctuations in

the flux become significant above 300 GeV. The reason for

the discrepancy above 2 TeV is discussed in Section |III B
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