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Basic idea and introduction of spectral index
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AERA at the Pierre Auger Observatory

* Within dense part of the Auger surface detector
array

e Overlooked by fluorescence telescopes (regular and
high elevation)

* Energy threshold: ~10!/ eV
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Basic idea

Geometric path difference

X e smaller At
shorter pulse
higher frequencies

larger At
longer pulse
lower frequencies
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Distance and zenith dependence

Increasing distance Increasing Zenith
same zenith same distance
- longer pulses - shorter pulses

- lower frequencies - higher frequencies




Basic idea

Geometric path difference

height =» pulse length
=>» spectral index
P
I\::;er/A iron
e(\‘ proton
@ '

— - , . —
distance
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Example AERA signal

East-West polarization Fitting range: 40 to 60 MHz
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Data processing

* Gonctfor et resprse | OFfline
B f:ﬂﬁf’Sdu
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Studying the effect of noise

In each frequency bin: M (@) = \/T2 + B? 4+ 2T B cos ¢

T =5, true signal
B = 2, background
M, measured signal

counts

0.8~
0.6~
0.4

0.2




Studying the effect of noise

In each frequency bin: M (@) = \/T2 + B? 4+ 2T B cos ¢

T =5, true signal
B = 2, background
M, measured signal

4000

counts

3000

2000}~ _ _
! Uniform in ¢

1000




Noise correction for data

M (¢) — \/T2 1+ B2 1+ 9T B cos ¢ M: measured amplitude

B: background amplitude

Phase between signal and background T: true signal amplitude
unknown = 15p
* Fit signal and background spectrum = F :
© . . . P E 11_+‘}§_.4_4‘ X#; 4—i
* Determine amplitudesatv;, andv_, = ool ﬂ Pty
for M and B S - ‘P% : % :
N S Y S AL lﬁ,ﬁm
* Calculate M, (v,,,) and M_,(v,,.,,) with N <1> o
1 [ 2 Ei '
Mcor = — M? — (B -sing)” d¢ T
27-‘- O EI E me | | Ivmax i
 Determine corrected spectral index s T
from IVlcor(Vmin) and I\/Icor(vmax)



Validation of noise correction

e Use frequency spectra of MGMR simulations

* Add simulated noise spectra with different spectral indices and
random phases (here: S/N = 2)

 Determine spectral index s

noise signal Error bars indicate the
spectral index spectral index RMS of the distributions
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# entries

Validation of uncertainties

Determine for each corrected spectral index how many o it is away

from the true slope

Uncertainty correct on percent level

Gauss-Fit

©
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Single AERA event

10 AERA stations ' ] '
Zenith = 61.7° OF +
Energy = 1.56 EeV _]][_‘ ‘
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Distance and zenith dependence
of measured spectral index
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Distance dependence

S/N>3.5 0.02- . S/N > 3.5

I e com ok +
0.01 T - H"P - 1 _d—
_ ! I -0.01+ + +
-0.02- ! -0.02
0 100 200 300 0200 400 600 800 10001200
distance / m distance / m

Fall-off at larger distances, at small distances not obvious



Comparison to MGMR simulations

Refractive index n =1

»n 0.02
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AERA data and MGMR
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Outlook: Composition

rrrrr

* MGMR simulations (no —
shower-to-shower :
fluctuations)

e Correct spectral index for
distance, zenith and

events
=
(0]
=
2

30~

20~

10

energy dependence 0,02 —o00s
4 iron
proton MGMR: Proton spectra are
\ steeper than iron spectra
Need more statistics to study effect in data!
)




Example FD, SD, AERA coincidence

X EventBrowser

File FD 5D MC RD Help

Auger | Los Leones | Los | ""F‘H"‘?] Loma Amarilla Coihueco] Heat HeCo ISD | RD I Selection
= 60r W 460 J2INdf= 243128
g F o 440F
5 505_ = a0
5 wf 3 ‘ Event measured in two
® WEecsernonn o0 S telescopes
20 320 - N .
300 -
to 3 2 \""'-‘-.‘ Composition sensitive
0520 o hoo e 8070 s0 50 B R T R R R R ) parameter: Xmax
azimuth [deg] % angle [deg]

(shower maximum)

Event Info I Pixels ]

= r #3INdf= 123.6188
g 12 C run 1063, event 29830
) 1E time stamp: 1021801499 s 625076005 ns
= E Trigger: unknown, 'Shower Candidate’
% 0.8 — in HeCo mirror 4 7 (in DAQ: 123456789)
a, E hybrid geometry, station 1764 (TOT), ASP =173 m |
% 0.6 (8,0) = (39.7-0.2, 254.7-0.8) deg
w 04fF (x,y) = (-26.14=0.02, 15.49=0.02) km
T r dca to Eye = 5.64 = 0.03 km
0.2F E=(3.09=0.12) x 10”29\1
o - Xmax = 680 = 10 g/cm
o
(1 ) R dEdXmax = 0.52 = 0.02 PeVI(?Icmz)
E (%,X0) = (60=9,-27=101) g/cm
0.2 Cherenkov-fraction = 9%, mva=33 deg.
| TP IO DR PEUN SN FUNA AN TP I T Mie attenuation: model
: 400 500 600 700 800 900 1000 11001200 LIDAR: no data ; CloudCam: no data
slant depth [9 IcmZ] molecular profile: GDAS; time correction: good
profile —options —colors

& dEAX(X)C dEMX(s) C N(X) O light | oil [~ resid. [T all pix. [T all SD @t C Q C log@ € clouds Animatel

2012/5/23 03:44:44 5D 14828629 FD 5/1063/29830 4/4491/11128 Iﬂ ] | 4 | » | ] I
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Example FD, SD, AERA coincidence

X EventBrowser

File FD SD MC RD File FD 5D MC RD Help
Auger | Los Leones | Los Morados || Auger | Los Leonies | [Los Morados | Loma #mafilla || Coihueco | Heat | HeCo' SD |ro | selection |
Event Info I MC infa |
— 60
m -
(7} o Event 14828629, st. age: 5.0 yr — 1
k) C
o osof Time 1021801499 s 625056000 ns £V R R . . Event measure in 7
s FD & 3TOT & 4C1; 6T5 165 i
§ 40— Candidates: 7 (Acc: 0, Bad: 380) ® ® S u rfa Ce d eteCto r Statl O ns
Q - o o
© 30 E (6,0)=(38.9+ 0.6, 255.3 + 1.2 ) deg 16
E=(277+0.36)x10" eV 15.5 o  +t TE s N
g O - -
20 $450 = 18.9 + 2.5 (+ 1.1) VEM ) Composition sensitive
+
(x,y) = (-26.18 + 0.04, 15.61 0.02) km ° o ° H .
10 5 (fixed) = -1.95 ( £ 026 s parameter candidates:
R=7.98+1.44 km
O TN S AP U PN S T - DU - 1
TR TR T fo = 53145 m SrEmr st | - Radius of curvature
x [km] A . .
€ 12F LDF and Time || VEM Traces | Dyniode (HG) | Anode (LG)
g E
o 1F = —_ =
;— E E = Stage: 4.5 @ 400 = ¥2INdF: (<0.1)/ 3
— 2 3 — -
> 08p > % 1.4 © 350 F —#time residual
= o6F = o —&— candidates E E d
5 E € 102 non-triggering = 300 ~ remove
E 0.4 - g E —&— removed 250 ;_
0.2 C 200 F-
Laas# E
oE i 150 |-
0.2F 10 100 & +
- WIS NI N ST i - = g A A
e 400 500 600 700 C .i. = E T ;«T»é-'
- DY S T o U SO
profile PP EPRPITT I O A A PP T -50:—...1...1...|...1...|...1...1
& AEAX0OC dEMX() C NOC 200 400 600 800 100012001400 1600 180020002200 200 400 600 800 1000 1200 1400
r [m] r[m]
2012/5/23 09:44:44 SD 14826629 F |201 2/5/23 09:44:44 5D 14828629 FD 5/1063/29830 4/4491/11128 1v| M 4 2 ] l




Example FD, SD, AERA coincidence

X EventBrowser

File FD SD MC RD File FD SD MC RD File FD SD MC RD Help
Augdl® . . ! ! — jer | | Il Coihueco | Heat | HeCo|sD  RD I Selection |
] Event measu red in4 radio Event Info | | aray | LDF | Residuals | Lorentz Angle
1 3 Run 200282 Event 768615 — r
' deteCtor Statlo ns GPS Time 1021801499 s 625003789 ns AERA_4 143.2 muv/m SNR=40.7 E F o o o
UTC Date: 2012/05/23 09:44:44 AERA_S 192.2 muv/m SNR=95 :16.5 r
RecStage = PlaneFit3d AERA_S 189.6 muV/m SNR=654
@ = 37.37+-2.14748e+07 deg ¢ = 248.86+-2. 16 L o o
T4 M ChI2/NDF undefined -
CompOSItlon senSItlve X =-26.0993 km, y = 15.5297 km . .
] 155 o +hifETs °
parameter candidates: : Sy
151 +
. F ™
- Spectral index ¢ station b ’
c I
- Shower front TN T N TN .
ettt 'J_' -275 27 -265 -26 255 -25
— - Lateral signal fall-off x (km]
E LDF and Time | V/EI Traces | Spectrum | 2D-Field |
5 —
2 w C £ 400
2, = L 3 w0
x E T== 200 polarisation East
3 o 100\ 2 100
C 7 E * 0
: . -100
- B -200 polarisation North
-300
0L \k 0
E § o 500 7000 7500 7000 7500 3000
0.4 =400 500 600 700 E L
B options
rofile Lot i [T Signal window [T Noise window [ Peak line [T Vertical Pol.
P 200 400 600
& dEAXOOC dE/X(E) O NEE

2012/5/23 09:44:44 5D 14828629 F | 2012/5/23 09:44:44 5D 14828[2012/5/23 03:44:44 SD 14828629 FD 5/1063/29630 4/4431/11128 1 v] K ‘4 » "




Conclusion

Determine spectral index of
cosmic ray induced signals
between 40 and 60 MHz

Spectral index shows
geometrical dependencies

Composition sensitivity
obtained in simulations

Comparison of AERA and
other Auger data ongoing
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Backup slides



Slope of lateral spectral index
distribution

All events with more

than 3 stations

No signal-to-noise cut
Linear fit function
Most events have a

negative slope

event number
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1 |
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LSF slope
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# events

Average slope of LSF

T I T I I | T | T | T | T

0 0.0005 0.001
LSF slope

Events weighted with uncertainty
of spectral index
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Noise correction for different S/N

Noise spectral index -0.02

Mean of hist
<2

-0.005-

-0.01—

-0.015-

-0.02-

1 2 3
S/N ratio




