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Infill array of water Cherenkov detectors

Simulated acceptance
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Trigger for surface detector stationsTank trigger criteria (updated)

________________________T1

______________________T1,T2

Nanoseconds

Nanoseconds

VEM

VEM

Threshold trigger:

All three PMT above 1.75 VEM

Time over threshold trigger:

13 FADC bins >0.2 VEM in
sliding window of 3  sec

Rate = ~ 100 Hz

Rate = ~ 1-2 HZ

________________________T2
Threshold trigger

T1: one PMT above 1.75 VEM (100Hz)
T2: all three PMT above 1.75 VEM (20 Hz)

Time over threshold trigger

T2: at least two PMTs above 0.2 VEM
     for 13 bins (325 ns)
     in sliding window of 120 bins (3 µs)

T3: coincidence trigger of at least 3 stations (central data acquisition)
T4: compactness, T5 quality selection trigger (software)



Event and calibration information

Data stored for 10s in each tank (ring buffer)

Erice
August 31, 2004

SD Calibration
• Create histograms of all low-
energy particles every minute, and

send back with each event.
Histograms are high quality, high

statistics (~100,000 events)

• Atmospheric muons provide a

perfect calibration tool –

abundance of vertical muons
produce a peak in the histogram

which allows determination of the
absolute energy scale for each

PMT

• Also histogram the detector

baselines (zero scale) to monitor

detector performance, as well as
average pulse shape to monitor the

water quality

Erice
August 31, 2004

SD Calibration, Cont.
Additional information sent back:

Timing information: clock frequencies,
GPS corrections, and final calculated

nanosecond

Trigger information: what trigger caused
this event, rates of current triggers

PMT, baseline performance info

Calibration monitoring: VEM, Area/Peak,
and deviation of VEM measurement

Dynode/Anode Ratio

Calibration and monitoring
data sent back with each event



Communication setup of Auger Observatory



Layout of infill array (water Cherenkov detectors)

Existing tank array 1500m
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Romelia Hilda

rray 750m
42 additional detectors 
Area ~ 23.5 km

2

rray 433m
24 additional detectors
Area ~ 5.9 km2

Coihueco FD
HEAT

Status: upper half of 750m infill
             deployed and in data taking

  

Reconstruction of all Infill events using the station
with maximum signal:  core position

Core positionCore position

114062 events
in 22 months

~10000 events
per month

~1000 events
per month

(first seven)

core position distribution
without threshold cut



Reconstruction procedure

• Event trigger & data taking
• Quality cuts and event reconstruction
• Station selection
• Trace cleaning
• Baseline subtraction
• Geometry/lateral distribution fit
• Determination of arrival direction, S(450), curvature

• Constant Intensity cut
• Energy calibration with FD
• Calculation of on-time (T2 files)
• Determination of trigger threshold and spectrum

Selection and reconstruction

! Offline version: trunk (up2date)
! Modified SdEventSelector:

! Include infill stations
! Redefined crown definition: 750m

⇒ T4 & T5 Trigger condition are only fulfilled within Infill

! Modified LDFFinder: S1000 → S450

Data:

Cut Nevents Ratio

T3 140220 100%
Vert: Θ ≤ 60◦ 138906 99.1%

T4 138901 99.1 %
T5: 750m crown 74004 52.8 %

No saturation (Ropt only) 71901 51.3 %

! Time period used: 01.10.2008 - 15.04.2009

! Full trigger efficency: ! 1017.7 eV

Selection and reconstruction

! Offline version: trunk (up2date)
! Modified SdEventSelector:

! Include infill stations
! Redefined crown definition: 750m

⇒ T4 & T5 Trigger condition are only fulfilled within Infill

! Modified LDFFinder: S1000 → S450

Data:

Cut Nevents Ratio

T3 140220 100%
Vert: Θ ≤ 60◦ 138906 99.1%

T4 138901 99.1 %
T5: 750m crown 74004 52.8 %

No saturation (Ropt only) 71901 51.3 %

! Time period used: 01.10.2008 - 15.04.2009

! Full trigger efficency: ! 1017.7 eV



Example for high energy event
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Event 6622155 :-)
Time 908430395 s 556237000 ns
3TOT & 4C1; 6T5 
Candidates: 26 (Acc: 2, Bad: 28)
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Example for low energy event

x [km]
9 10 11 12 13 14 15 16 17

y 
[k

m
]

51

52

53

54

55

56

57

58

59

r [m]
300 400 500 600 700 800 900 1000 1100

Si
gn

al
 [V

EM
]

1

10

210

/Ndf: 2.4/ 42

candidates
removed
silent
 

r [m]
300 400 500 600 700 800 900 1000 1100

Si
gn

al
 [V

EM
]

1

10

210

Event 6553851 :-)
Time 907151517 s 587515000 ns
3TOT & 4C1; 6T5 
Candidates: 8 (Acc: 1, Bad: 27)

 eV17 10× 0.27 ) ±E = ( 3.94 
 0.8 ) deg± 0.4, 288.4 ±) = ( 31.9 , (

 0.1) VEM± 2.4 ( ±S(1000 m) = 36.3 
 0.02) km± 0.01, 55.00 ±(x,y) = (12.82 

 0.23 )± 0.17 ( ± = -2.19 
 1.30 km±R = 7.30 

 = 447.69 moptr
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Determination of optimum distance

!1090 m, is very similar for all three reconstructions. Mea-
suring the signal at this point minimises the effect of the
systematic uncertainty in the slope parameter of the LDF.

3. Determining ropt

To find the distance, ropt, for which the signal variation
with respect to the slope parameter, b, is smallest, one can
minimise dS

db. For a power law LDF, this is shown in the
following:

S ¼ kr#b ¼ ke#b ln r;

where S is the predicted signal, k is the shower size param-
eter and b is the slope parameter.

If k = k(b),

dS
db

¼ dk
db

e#b ln r þ ke#b ln rð# ln rÞ ð1Þ

dS
db

¼ e#b ln r dk
db

# k ln r
! "

¼ 0; at ropt so;

dk
db

¼ k ln ropt and;

d ln k
db

¼ ln ropt: ð2Þ

A similar deduction can be applied to different classes of
LDF, such as a ‘Haverah Park’ function:

S ¼ kr# bþ r
4000ð Þ

) dðln kÞ
db

¼ ln ropt;

or an ‘NKG’ type function:

S ¼ k
r
rs

! "#b

1þ r
rs

! "#b

) dðln kÞ
db

¼ ln
ropt
rs

! "
þ ln 1þ ropt

rs

! "
; ð3Þ

which leaves a quadratic equation to be solved to find ropt:

ropt
rs

¼ #1þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 4ea

p

2
; ð4Þ

where a ¼ dðln kÞ
db

:

Of course, in a real event, the observed signals are sub-
ject to a measurement uncertainty and the LDF must be fit-
ted to the data using a suitable minimisation procedure,
but using reasonable values for b and the size of the fluctu-
ations gives a good approximation to this analytical solu-
tion. ropt can then be found for any event by analysing it
several times, using different values for the slope parameter
and either plotting ln k against b, or numerically minimis-
ing the spread of S(r) at any core distance, DS(r).

A simulated event is shown in Fig. 2 after reconstructing
the event 50 times, using values of the slope parameter, b,
drawn from a Gaussian distribution with a mean of 2.4 and
a width of 10%, which corresponds approximately to the
uncertainty in b. The zenith angle of the event is 24! and
the size parameter, k, was set to 1050 (again, corresponding
to a primary energy of !10 EeV). The value taken for the
magnitude of the intrinsic fluctuations in the slope param-
eter is based on measurements made at Haverah Park [5,6],
which indicate that 10% is an appropriate value. Fluctua-
tions of a similar magnitude were measured at Volcano
Ranch [7]. The reconstructed LDFs can be seen to con-
verge at around 940 m. The inset panel shows b versus
lnk found from the 50 reconstructions. The relationship
is approximately linear and, using the formula given in
Eq. (3), the spread in S(r) is found to be minimised at
938 m. The spread, DS(r), at any core distance corresponds
to the systematic uncertainty in S(r) due to the uncertainty
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Fig. 1. The optimum core distance for one event. The same event was
reconstructed with an ‘NKG’ type LDF, using two different values for the
slope parameter: b = 1.5 (filled squares), b = 1.7 (dotted line), and b = 1.9
(circles). The different slope parameters result in different reconstructed
core locations (separated by !100 m), indicated by the open circle and the
square on the plan of part of the array (top) where the black points
indicate tanks with a signal and the size of the point is proportional to the
logarithm of the signal. Both reconstructions give reasonable fits to the
signals (bottom). The dotted line shows the reconstruction using an
intermediate value of b = 1.7 (points not plotted). At !ropt, the same
signal (!27 VEM) is measured for each reconstruction, and by converting
this ground parameter, S(ropt) into the energy of the primary particle,
uncertainties due to a lack of knowledge of the true slope parameter are
minimised.

416 D. Newton et al. / Astroparticle Physics 26 (2007) 414–419

Details: Newton et al. 
            Astropart. Phys. 26 (2007)

Optimum Distance: Ropt
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! Cuts: Θ ≤ 60◦ & T5 = true & no saturation

! Ropt : Geometrical issue
⇒ ≈ 475 m expected from D. Newton’s analysis (astro-ph/0608118)

! Ropt = 436.4± 31.93 m
⇒ Proposed energy estimator: S450

The LDF Function

Example of a S450-LDF (SdId: 6880683):
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S(r) = S450(
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Example for full array

Events in infill area
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