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Overview PIERRE
AUGER

® |ntroduction to Cosmic Rays and the Pierre Auger Observatory
®= Meteorological Radio Soundings

m  Data from a Global Data Assimilation System

®  Application to Air Shower Reconstruction
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Extensive Air Shower (EAS)
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Hybrid Detection Technique

= |ongitudinal shower profiles by fluorescence light in atmosphere R%ﬁEREE

OBSERVATORY

® |ateral particle distribution at ground
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Why Hybrid Detection Technique ?

Surface Detectors Fluorescence Detectors
PIERRE
AUGER
€) 100 % duty cycle ) =15 % duty cycle
O acceptance = geometric O acceptance depends on

O only last stage of shower distance and atmosphere

development observed €) observation of longitudinal

€ energy scale shower development

model dependent O (almost) model independent

Dr. B. Keilhauer 13. September 2010




Energy Calibration

10

Energy-“estimator” from surface detector
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Measuring Principle of EAS with

Fluorescence Telescopes e—

AUGER
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Meteorological Radio Soundings

®  Measurements of air pressure (p), K%(;E’ﬁ
of air temperature (T),
of humidity (u) Start of a weather balloon
® in dependence of altitude
®  every 5 seconds readout of all data v
= from ground up to about 23 km a.s.l.

13. September 2010
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Radiosondes

m  altitude from GPS-module

®m  direct measurements of
temperature and
relative humidity

®m  pressure calculated
iteratively from ground
pressure and altitude

14 Dr. B. Keilhauer
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http://radiosondes.com/
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Balloon-the-Shower PIERRE

AUGER

®  No regular scheduled launches anymore
®= high-energy, high-quality EAS iniciate launch of weather balloon

m  start of measurement within about 3 hours after EAS

= Balloon-the-Shower program started in March 2009 and will be
terminated at the end of 2010

16 Dr. B. Keilhauer N(I I 13. September 2010
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Duration of Soundings
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12

entries

10

gl

100 120 140 160 180
duration in minutes

ﬂ
T
:I

= in average 103 min.

17 Dr. B. Keilhauer N(I I 13. September 2010

Karhuruter inatingg 4 Tedrnokage



Variance of Observables
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'3120_—
Differences between maximum E
and minimum of observable 1001
as found in weather station data a0l
during the time of a weather N
balloon launch. 60—
® 400 B
s L 40—
& 350 -
suuf— 20::
2503— 0: P T e I B
H C C 0 10 12 14 16 18 20
E 300 200 T_diff (K)
§7F -
- 150
250(— -
E 100
200— -
- 50—
150:_ 0:|||||IIII|IIII|IIII|IIIIIIIIIIIIIIIII "'I""
~ 0 0.5 1 1.5 2 4.5 5
100 P_diff (hPa)
50—
g: I - L o 13. September 2010
0 1 2 3 4 5 6 8 9



Adjustment

AT <4 K
4 K<AT <9 K

Temperature:

AT >9 K

Ap <1 hPa
1 hPa < Ap < 3 hPa

Pressure:

Ap > 3 hPa

Humidity: Ae < 0.8 hPa

0.8 hPa < Ae < 4.0 hPa

Ae > 4.0 hPa

19 Dr. B. Keilhauer
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Tmax / min — Vi / -2 K

Launch is valid as obtained by the
weather station scan

Launch only valid during data taking

Pmax / min — BT / — 1 hPa

Launch 1s valid as obtained by the
weather station scan

Launch only valid during data taking

€max / min = et / — 0.4 hPa

Launch is valid as obtained by the
weather station scan

Launch only valid during data taking

13. September 2010



New Duration of Soundings
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Critical Aspects of Technique

PIERRE
AUGER
CBSERVATORY
| 22102009084718 | o B 2% 8
LL: §* 2 0 CLF: 8 2, 0 LM: 5., 2%, 0* LA: T 2+, 0*
5— Temp.cut LM 175nin. validity Temp. cut
4: Hum.cut LL 180min. validity Hum. cut
(a) 2 weather station (LA and CLF) C
. T —Press. cut LA 335 min. validity Hum| cut
would label the radio sounding data as 3 :
ralid at the time of the BtS event. the C §
' r EE Hum.cut CO 190nin. validity  Hum. ct
other three not. ar s
= 4
- o
1"_ I_-gEm cut CLF 260 min. validity Temp. cut
B 88 min. duration for radio sounding
C | | | | l x10°
0480225 940.228 940232 940.235 940.239 940.242  940.246

GPS seconds
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Critical Aspects of Technique

PIERRE
AUGER
OBSERVATORY
| 26042009101245 |
M 5. 21 LA & 2. 0
5
4
(b) No weather station would label the C
3_
radio sounding data as valid at the C
time of the BtS event. % Temp.cut LM 150min. validity  Temp. tut
Hum. cut LA 190 min. validity Temp. cuyt
84 min. duration for radio sounding
| | | | x10°

|
769 924772 924774 924.777 924.779 924.781 924.784
GPS seconds

1=]
]
O
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Critical Aspects of Technique

(¢) The radio sounding is initiated by
the first BtS event, but would not be
ralid for that event. However, a second
event could be reconstructed using the
initiated radio sounding data.

23 Dr. B. Keilhauer
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| 22062009105243 |
= CLF: 5+, 2*, Q* LM: 5+, 2¢, 0O* LA: 5+ 2¢, 0
5
4
3 :_ Hum. cut LM 200 min. validity Hum. cut
a.:_ ﬂ cut LA 165min. validity Temp. fcut
£
$
HumKEut CLF 160min. validity Temp. cut
@ 66 min. duration for radio sounding
| | | | | x10°
923.694 929.697 929.699 929.702 929.704 929.707 929.709
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Critical Aspects of Technique

PIERRE
AUGER
OBSERVATORY
|_30042009064242 |
- LL: &+, 2%, o CLF: 5+, 2*, 0 LM: 5, 2*, 0* LA: 5%, 3* 0O*
5
(d) The radio sounding is initiated by [Tomp. cut LM 465 _min. validity Hurh. cut
the first BtS event and two weather 5 , ,
. | - Temp. LL 280min. validi .
station (LL and LM) would label the 3 oo ey e
data as valid at the time of the BtS - s
) = 2 Temp.cut LA ‘E"nin.validity Hum. cut
event. A second high-energy event was 2 s _.% |
observed during the sounding. 1:_ S humot  CLE S 330min.validity o cut
- “ B1min|:.n|:|:uration for radio sounding
- . ——
C | | I l ! x10°
928.097 925.102 925.107 925.112 925.117 925.121 925.126
GPS seconds
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Critical Aspects of Technique

(e) This example reveals that some-
times one weather station shows a
shifted wvalidity time compared with
the other stations for the same launch.

25 Dr. B. Keilhauer
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| 19092009033927 |
- CLF: 8, 2* 0 LM: 5, 2%, 1 LA: 5%, 2* 0"
5
a—
3 :_ Temp. cut LM 325 min. validity Temp. cut
2 :—gnmp cut LA 295 min. validity Hum. cut
1 % Temp. cut CLF 285min. validity Hum. cut
| 95min. duration for radio sounding
[ | | | | | x10°
939.358 937.363 937.367 937.371 937.376 937.38 937.385
GPS seconds

ﬂ(l I 13. September 2010
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Critical Aspects of Technique

(f) Here, one station indicates a quite
long period of validity while the other
station suffers strict cuts. in this case
for the humidity

26 Dr. B. Keilhauer
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%108

| 22042009091814 |
LM: 5, 2*, 0* LA: 7., 2%, 1
S
4
3
:Temp. cut g LM 300 min. validity Hum.|cut
C x|
- g |
1— g E Hum. cutLA 126in. validityum. cut
: - 97 min. duration for radio sounding
C | : | | | |
92&.417 924.42 924.424 924.427 924.43 924.433 924.436
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Overview PIERRE
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Global Data Assimilation System (GDAS)

PIERRE
AUGER

n A data assimilation
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GDAS PIERRE

AUGER

OBSERVATORY

® global atmospheric model developed at NCEP

National Centers for Environmental Prediction (NCEP) at NOAA —
National Oceanic and Atmospheric Administration

m vertical atmospheric profiles for height, temperature, humidity
at 23 constant pressure levels every 3 hours since Dec. 2004

®m  global data publicly available at http://ready.arl .noaa.gov

29 Dr. B. Keilhauer 13. September 2010
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Comparison of GDAS with Sounding Data

- using fitting technique -
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Comparison of GDAS with Sounding Data
- using fitting technique -
ISO

—25

PIERRE
AUGER
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20
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15

10

| | | 1 | | | | | | 1 | | | | | | | | | | 1 | |
5000 10000 15000 20000 25000 30000
h [m]
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entries

Comparison of GDAS with Weather Station Datal
- u_sing log/lin-interpolation technique -
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Comparison of GDAS with Weather Station Dataj

- using log/lin-interpolation technique -
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Comparison of GDAS with Weather Station Dataj

- using log/lin-interpolation technique -
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Comparison of GDAS with Weather Station Dataj

- U

sing log/lin-interpolation technique -
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Overview PIERRE
AUGER

Introduction to Cosmic Rays and the Pierre Auger Observatory
Meteorological Radio Soundings

Data from a Global Data Assimilation System

Application to Air Shower Reconstruction
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Reconstruction Analysis

m  all EAS from 2009 are reconstructed zP&JGER

OBSERVATORY

®  FIRST reconstruction with local atmospheric monthly models

m  SECOND reconstruction with GDAS atmospheric data

S

2 1000

entr

800
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200
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97175 18 185 19 195 20
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Reconstruction Differences

PIERRE
AUGER
Mean 0.4 % Mean -1.3 g cm-2
@ 25000 . @ 1400~
= i s -
c - c i
[ 1200~
® 2000" T
- 1000~
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i J L 200
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Reconstruction Differences vs. <E>
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Reconstruction Differences vs. vertical X,

PIERRE
deen
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Reconstruction Differences vs. vertical X,
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Reconstruction Differences vs. zenith angle
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Summary &‘(“‘

Auger Observatory for investigation of

PIERRE ) :
AUGER highest-energy cosmic rays

OBSERVATORY

= Actual atmospheric profiles must be known
for a reliable EAS reconstruction 1%
4

®m |ocal radio soundings are inefficient and
duration of validity is questionable

m  GDAS data describe conditions at the
(southern) Auger Observatory well

~ ® EAS reconstruction reaches a higher level .
of precision ErE =
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