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ANTOINE LETESSIER-SELVON - FOR THE PIERRE AUGER COLLABORATION
UNIVERSITY PIERRE & MARIE CURIE (UPMC-PARIS)/IN2P3-CNRS



- DETERMINATION OF ARRIVAL DIRECTIONS

- SEARCH FOR MODULATIONS IN RIGHT ASCENSION

-SEARCH FOR POINT SOURCES :

. VCV AGN UPDATES

. SEARCH WITH OTHER CATALOGS
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A HYBRID DETECTOR:

AIR FLUORESCENCE DETECTOR OF 4
TELESCOPES SAMPLING THE
LONGITUDINAL PROFILE OF THE EAS

THIS ALLOWS CROSS-CALIBRATION
TO BE PERFORMED ON SET OF
SHOWERS DETECTED AT THE SAME
TIME BY BOTH DETECTORS



ADJUST SHOWER FRONT MODEL TO START
OF ADC TRACE IN SD TANKS

: The variance of T in the SD stations is given by the sum of the detector clock
: precision (b°) and of the variance of 7;. It then becomes:

true direction

2T5(|)? n—1
n n+1

vir)=a (

reconstructed direction

as measured by the photomultiplier FADC (flash analog-to-dig
ers) traces. The parameter a is a scale factor, containing all the a

. considered in the model and the treatment done to the FADC traces.

» parameter b should be given by the GPS clock accuracy (about 10 ns) and
the FADC trace resolution (25/4/12 ns), that is b ~ 12 ns. Both a and b are
determined from the data.

» A special sub-array of pairs of water Cherenkov detectors has been deploved as USE A MODEL ADJUSTED TO DATA
1 a part of the surface array. These are adjacent detectors located ~11 m apart, FOR THE MEASUREMENT UNCERTAINTY

/

CORRECT MODEL PRODUCES

FLAT %2 DISTRIBUTION
AND
NORMALIZED PULLS

For all the stations For 5 or more stations

1000 1500 2000 R ’ 60° < B < 85°
Distance (m) 0 . 25 0% 075 1
Probability




Angular Resolution (degrees)
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-TWIN TANKS AND SUPER HEXAGON



RESOLUTION DEFINED AS :
ANGULAR DISTANCE CONTAINING 68% OF A NEUTRAL POINT SOURCE

ALL EVENTS E > 3 EEV
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ABOVE 10 EEV
RESOLUTION IS ALWAYS
BETTER THAN 0O.8°

RESOLUTION IS ALWAYS
BETTER THAN 2.5°






2 POSSIBLE SCENARIOS

1/ GALACTIC TO EXTRA-GALACTIC
PENITAYE TRANSITION OCCURRING AT THE
20 20.5 ANKLE
7 AMPLITUDE OF DIPOLAR PATTERN
%““‘”“2” STEADILY INCREASING WITH ENERGY

) UP TO THE ANKLE (HOWEVER VERY
. - - MODEL DEPENDENT ON SOURCES
DISTRIBUTION AND GALACTIC

MAGNETIC FIELD)

&
-
o
.
s
.
)
(“'l
v 4
—
m
S
—
m

® Auger RS 2/ TRANSITION AT LOWER ENERGY :
power laws RELATIVE MOTION OF THE OBSERVER
— power laws + smooth function WITH RESPECT TO THE SOURCES
“REST FRAME” INFLUENCES THE
LARGE SCALE DISTRIBUTION OF CRS

MEASURING THE LARGE SCALE ANISOTROPY PATTERN AS A
FUNCTION OF ENERGY IS ONE OF THE MAIN OBSERVABLE
FOR DISCERNING BETWEEN THE 2 SCENARIO



AUGER COLLABORATION, SUBMITTED TO ASTRO. PART. PHYS.

SEARCHING FOR LARGE SCALE PATTERNS AT THE %-LEVEL IS CHALLENGING :
IT REQUIRES THAT THE SKY EXPOSURE BE CONTROLLED WITHIN THE
CORRESPONDING ACCURACY

COMBINATION OF DIURNAL AND YEARLY MODULATIONS MAY
GENERATE SPURIOUS VARIATION AT THE SIDEREAL FREQUENCY

WE NEED TO TAKE INTO ACCOUNT THE
DETECTOR GROWTH AND INSTABILITIES
AS WELL AS THE «xWEATHER EFFECTS».

CONTROL SYSTEMATICS USING SEVERAL TECHNIQUES :
- STANDARD RAYLEIGH ANALYSIS,
- EAST-WEST DIFFERENTIAL METHOD,
- FOURIER TRANSFORM IN MODIFIED TIME
CROSS-CHECK ALL RESULTS VARYING CORRECTIONS
AND DATA SELECTION



AUGER COLLABORATION, ASTROPART. PHYS., 32 (2009)89

INFLUENCE OF ATMOSPHERIC CONDITIONS ON SHOWER SIZE AT GROUND PRODUCES
A RATE MODULATION ABOVE A FIXED THRESHOLD :

ANNUAL MODULATION DAYLY MODULATION

0. IS THE COEFFICIENT OF RELATIVE VARIATION OF THE RATE
~ (ys —1ea; CORRESPONDING TO THE ATMOSPHERIC PARAMETER &
Vs IS THE SPECTRUM INDEX

l dR(> S th)

R d¢

FOR % = PRESSURE AND DENSITY MEASURE FROM DATA THE CORRESPONDING (O

CORRECT THE MEASURED SHOWER TO A REFERENCE TEMPERATURE, DENSITY AND PRESSURE
(TAKEN AS THE ANNUAL MEAN VALUES OF THOSE QUANTITIES AT THE AUGER SITE)

§(1000) = 1 - ap(8)(P ~ Po) — a,(0)(pa — po) — Bo(O)(p — pa)| S (1000)




WE RECORD EACH SECOND THE ID OF EVERY ACTIVE DETECTOR IN THE FIELD, WE DEDUCE THE
NUMBER OF ACTIVE HEXAGON (AND ITS RELATIVE VARIATION) AS A FUNCTION OF TIME :

New(®) = ) mean(t+ jT),  ANean(s) =

(Neen(®)) = 1/T [ dt Neau(t

RELATIVE COVERAGE AS A FUNCTION OF SOLAR (UTC) AND LOCAL SIDEREAL TIME :
(6 YEARS DATA SET FROM O1/01/2004 UNTIL 31/12/2009)

Relative Variations A N, (t )
Relative Variations A N_,,(c°)

10 15 20 10 15 20
Solar Time t, (UTC) [hour] Local Sidereal Time o [hour]

w; = [ANceu(a?)]" WILL BE USED TO WEIGHT THE EVENTS RECORED AT TIME 0,°



w; = [ANcen (@)1

r = Va? + b2, ¢ = arctan —.

a

EAST-WEST METHOD

N 2(sin6
Ig(@®) - Iy(@°) = —aﬂécsi 6§r sin(a” - ¢)

C, EQUALS O IF THE EVENT IS

N N
2 2
0 . 0
Apw = — E COS (a',- + ), brw = — E Sm(ai Z4)] COMING FROM THE EAST OR T IF
N & N < COMING FROM THE WEST




ALLOW ANALYSIS OF SOLAR, ANTI-SIDEREAL, AND RANDOM FREQUENCIES :

§ No correction
% Energy correction
:i: ™ + Exposure correction

Amplitude [in %]
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A) EFFECT OF EXPOSURE AND ENERGY CORRECTION AT SOLAR AND ANTI-SIDEREAL FREQUENCIES

P(> ryotar)[%] | Tanii—sia[%] | P(> Fanii-sia)[%]
no correction ~ 21077 0.36 43
energy corrections ~ 4107% 0.15 85
+exposure correction 0.2 0.49 19

B) EFFECT OF EXPOSURE CORRECTION AT RANDOM FREQUENCIES BETWEEN 100 AND 500
CYCLE/YEAR

— Expected Rayleigh distribution
— Without exposure corrections |
= With exposure corrections
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LEFT : RELATIVE VARIATION OF THE INTEGRATED NUMBER OF UNITARY CELLS AS A
FUNCTION OF T100O, CORRESPONDING TO 100 CYCLES/YEAR. RIGHT : RAYLEIGH ANALYSIS
ABOVE 1 EEV FOR 1600 RANDOM FREQUENCIES RANGING FROM 100 TO 500 CYCLES/YEAR.
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—%- Rayleigh Analysis
—&— East/West Analysis

10 20
E [EeV]

- Rayleigh Analysis
—®- East/West Analysi

10 20

AMPLITUDE OF THE FIRST HARMONIC AS
A FUNCTION OF ENERGY. THE DASHED
LINE INDICATES THE 99% C.L. UPPER

BOUND ON THE AMPLITUDES THAT

COULD RESULT FROM FLUCTUATIONS OF

AN ISOTROPIC DISTRIBUTION.

CORRESPONDING PROBABILITIES TO GET
AT LEAST THE SAME AMPLITUDE FROM
AN UNDERLYING ISOTROPIC
DISTRIBUTION.
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J. LINSLEY “IF THE NUMBER OF EVENTS AVAILABLE IN AN EXPERIMENT IS SUCH THAT THE RMS
VALUE OF R IS EQUAL TO THE TRUE AMPLITUDE, THEN IN A SEQUENCE OF EXPERIMENTS R WILL
BE SIGNIFICANT (SAY P(> R) < 1%) IN ONE EXPERIMENT OUT OF TEN WHEREAS THE PHASE WILL

BE WITHIN 500 OF THE TRUE PHASE IN TWO EXPERIMENTS OUT OF THREE.”
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UPDATE OF THE VCV CORRELATION

AUGER COLLABORATION ASTROPARTICLE PHYSICS 34 (2010) 314

Period Dates Exposure (km? sry) N k Kiso P

| 1 January 2004-26 May 2006 4390 14 8 2.9 -

1l 27 May 2006-31 August 2007 4500 13 9 2.7 2x 10°¢
11 1 September 2007-31 December 2009 11,480 42 12 8.8 0.15
Total 1 January 2004-31 December 2009 20,370 69 29 145 -

1+ 1l 27 May 2006-31 December 2009 15,980 55 21 116 3x10°?

L l 1 1 A 1 l A A A A
10 20

Total number of events (s

PISO == 0.21
Ppata= 0.38 -0.064-0'07

THE 69 ARRIVAL DIRECTIONS OF CRS WITH ENERGY E > 55 EEV
BLUE CIRCLES OF RADIUS 3.1° ARE CENTRED AT THE POSITIONS OF THE 318 AGNS IN THE

VCV CATALOG THAT LIE WITHIN 75 MPC AND THAT ARE WITHIN THE FIELD OF VIEW OF THE
OBSERVATORY.

NOTE THAT : 0.38*15 ~ 6
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68'% isotropk; | 681% isotropit; 1

95% isotropic masass 9995% isotropic masass
- .7% isotropic
Swift-BAT opic o

99.7% isotropic
data ——

Relative excess of pairs
Relative excess of pairs

10 15 ' 10 15
Separation angle (degrees) Separation angle (degrees)

T T . T T T
68% isotropic m— 68% Isotropic m——
95% Isotropic 95% isotropic m—

99.7% isotropic - 99.7% isotropic
dala —e— dala e

Swift-BAT 40 EeV > E » 30 EeV Swift-BAT 55 EeV > E > 40 EeV

Relative excess of pairs
Relatlve excess of palrs

] | | | 1 1 |

10 15 20 25 10 15 20 25
Separatlon angle (degrees) Separation angle (degrees)

TOP : EVENTS WITH E > 55 EEV AND POSITIONS OF 2MRS GALAXIES (LEFT) AND SWIFT-BAT
AGN (RIGHT) THAT LIE WITHIN 200 MPcC.
BOTTOM : CROSS CORRELATION WITH SWIFT-BAT AT LOWER ENERGY THRESHOLDS.




AGNS OF THE 58-MONTH SWIFT-BAT RED CORRESPONDING DENSITY MAP SMOOTHED AT
STARS PROPORTIONAL TO THE ASSIGNED 5° TOGETHER WITH 69 CRS WITH ENERGY
WEIGHT. E > 55 EEV.

N cat

o8 = ), wie e o

2 PARAMETERS ADJUSTED ON DATA

SAME WITH 2MASS CATALOG AND GALACTIC
fm (n) LATITUDES > 10.
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Mean log-likelihood per event Mean log-likelihood per event

CONTOURS FOR ALL DATA. PARAMETERS ARE ONLY WEAKLY CONSTRAINED.
LIKELIHOOD DISTRIBUTION : F ~ 2 10% (2MAss) 4 103 (S-B),
GOES TO ~ 2 102 WITH PERIOD | EXCLUDED
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CUMULATIVE AUTOCORRELATION FUNCTION - ALL DATA ABOVE 55 EEV.
LARGEST EXCESS @ 11° (51 PAIRS, 34.8 EXPECTED). CHANCE PROB ~10% FOR SIMILAR
EXCESS AT ANY ANGLE.

- "l CENA

Bk 68% Isctrepic
S5 95% lsotropic
25.7% Isotropic

CUMULATIVERNSIY IS NI ol AV N E=" A B E = B S8 SIS =N oAV
IV W Rall s ION OF ANGULAR DISTANCE FROM THE
s)):{Xeqplel MelFr CEN A. 13 EVENTS WITHIN 18°, 3.2
EXPECTED.



1] RIGHT ASCENSION MODULATIONS :

- NO SIGNIFICANT AMPLITUDE MEASURED
- STRINGENT LIMITS (1-3%) SET BETWEEN 0.3 AND 3 EEV

- INTERESTING EVOLUTION OF THE PHASE AS A FUNCTION OF ENERGY

21 LSS CORRELATION

- UPDATE OF VCV CORRELATION P DATA ~ 38% (ISO = 21%) - CORRELATION IS
STILL THERE BUT NOT AS STRONG AS EXPECTED FROM THE EARLIER REPORT

- EXCESS OF EVENTS IN THE 18° CENA REGION (13 OBSERVED 3.2 EXPECTED)

- DATA ABOVE 55 EEV SEEMS ALSO TO TRACES LSS AS REPRESENTED BY 2MASS
OR SWIFT-BAT CATALOGS



