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Evolution of the SD-433

2013

The first hexagonal cell has been completed: six
additional tanks around the central one, Tina Turner.
These seven SD stations constitute the unique
elementary cell of the SD433 array.
The whole hexagon became fully operational at mid
May 2013.
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elementary cell of the SD433 array.
The whole hexagon became fully operational at mid
May 2013.

2016
Technical Board approved the SD433 extension of
the 2nd crown on a simulation-based trigger
e�ciency analysis.
SD-433 dedicated working group formed

2017 Upgrade of the communication systems.
Correction of WCDs positions (98-13).

2018
Three new additional WCDs(Water-Cherenkov
Detectors) have been deployed (left). Fast CDAS
(silent-stations) fixed.
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Evolution of the SD-433

2013

The first hexagonal cell has been completed: six
additional tanks around the central one, Tina Turner.
These seven SD stations constitute the unique
elementary cell of the SD433 array.
The whole hexagon became fully operational at mid
May 2013.

2016
Technical Board approved the SD433 extension of
the 2nd crown on a simulation-based trigger
e�ciency analysis.
SD-433 dedicated working group formed

2017 Upgrade of the communication systems.
Correction of WCDs positions (98-13).

2018
Three new additional WCDs(Water-Cherenkov
Detectors) have been deployed (left). Fast CDAS
(silent-stations) fixed.

2019
Three more additional WCDs deployed (right).
Seven hegagons aperture.
The SD-433 is now completed!
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Motivation

Photon search programme down to ∼ 1016eV :
(southern hemisphere) IceCube at ∼ 1015eV and Auger
above ∼ 1017.3eV.
Contribute to the multi-messenger studies.
Indirect probe of the CR composition .
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Photon search programme down to ∼ 1016eV :
(southern hemisphere) IceCube at ∼ 1015eV and Auger
above ∼ 1017.3eV.
Contribute to the multi-messenger studies.
Indirect probe of the CR composition .

Auger will reach the centre of mass energy of the LHC 1017eV

Extend the Auger surface measurements to lower energies:
extend the energy spectrum to observe the second knee,
where a transition from Galactic to Extra-Galactic CRs may
take place.

Second knee:

-Main motive for the construction of the SD-750.
-Reported by Telescope Array, IceTop and Kascade-Grande
as a steepening of the spectrum around 1017eV.
-1017eV is below the energy threshold of the SD-750

Denser array is required!
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Motivation

Photon search programme down to ∼ 1016eV :
(southern hemisphere) IceCube at ∼ 1015eV and Auger
above ∼ 1017.3eV.
Contribute to the multi-messenger studies.
Indirect probe of the CR composition .

Auger will reach the centre of mass energy of the LHC 1017eV

Extend the Auger surface measurements to lower energies:
extend the energy spectrum to observe the second knee,
where a transition from Galactic to Extra-Galactic CRs may
take place.

Second knee:

-Main motive for the construction of the SD-750.
-Reported by Telescope Array, IceTop and Kascade-Grande
as a steepening of the spectrum around 1017eV.
-1017eV is below the energy threshold of the SD-750

Denser array is required!

The SD-433 will allow for the first time the
measurement the three UHE spectrum features not
only by a single observatory but with the same
detection technique
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Data selection and recovery
The Missing silent problem:

CDAS was recording data from T3 triggered stations
only (2013-2018)
only T3 triggered stations in the event
no informations on silent stations (T2 triggered -
T2Flag not saved)
silent stations for the 6T5 condition (20K 6T5 events
lost in 5 years)
6T5 from SD-750 events (CDAS)

fixed in July 20th 2018 (X.Bertou)
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Two restoring methods:
T2Raw-method: T2raw monitoring file - additional
module (T2Restorer) - silent stations are made during
the reconstruction process (SdCalibrator)
TankLife-method: TankLife (@ Lyon CC) monitoring
files - silent stations included in CDAS files - same
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Crosscheck gps per gps (eventId-eventId):
coding bugs
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LDF parametrization
Event reconstruction settings:

SD-433 rec. settings (S.Messina et al., GAP 2014-094)
Using ToTd-MoPS triggers (M.Settimo et al., GAP 2013-114)
time period: 2013 − 2020 (including missing silents)
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LDF parametrization
Event reconstruction settings:

SD-433 rec. settings (S.Messina et al., GAP 2014-094)
Using ToTd-MoPS triggers (M.Settimo et al., GAP 2013-114)
time period: 2013 − 2020 (including missing silents)

Event-by-event fit:
the idea is to fit the LDF parameter β, together with S250 and core
position, for each event indipendently.
set β as free parameter (LDFFinder settings)
global fit using the obtained βi values is applied
fit is performed using a β-only NKG-like LDF (γ = 0)

S(ri) = Sropt

(
ri
ropt

)β (
ri+rscale
ropt+rscale

)β
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Event selection criteria:
No saturated events
Fully reconstructed events with fitted LDF
slope
Zenith angle dependent T4 trigger e�ciency
(from simulations)
6T5 condition required(six active stations
surrounding the hottest one)
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)β

Event selection criteria:
No saturated events
Fully reconstructed events with fitted LDF
slope
Zenith angle dependent T4 trigger e�ciency
(from simulations)
6T5 condition required(six active stations
surrounding the hottest one)

Additional requirements for a free β fit ( Adapted to
the SD-433 array spacing by interpolating the values
of the Regular and Infill arrays (svn commit: r33162)):

2 stations in [125 m, 450 m] with
distance≥225 m OR
3 stations in [125 m, 450 m] with
distances≥200 m OR
4 stations in [125 m, 450 m] with
distances≥175 m

gaia.silli@iteda.cnea.gov.ar November 27, 2020 5/12

UNIVERSIDAD
NACIONAL DE
SAN MARTÍN

UNSAM



LDF parametrization
Event reconstruction settings:

SD-433 rec. settings (S.Messina et al., GAP 2014-094)
Using ToTd-MoPS triggers (M.Settimo et al., GAP 2013-114)
time period: 2013 − 2020 (including missing silents)

Event-by-event fit:
the idea is to fit the LDF parameter β, together with S250 and core
position, for each event indipendently.
set β as free parameter (LDFFinder settings)
global fit using the obtained βi values is applied
fit is performed using a β-only NKG-like LDF (γ = 0)

S(ri) = Sropt

(
ri
ropt

)β (
ri+rscale
ropt+rscale

)β

Event selection criteria:
No saturated events
Fully reconstructed events with fitted LDF
slope
Zenith angle dependent T4 trigger e�ciency
(from simulations)
6T5 condition required(six active stations
surrounding the hottest one)

Additional requirements for a free β fit ( Adapted to
the SD-433 array spacing by interpolating the values
of the Regular and Infill arrays (svn commit: r33162)):

2 stations in [125 m, 450 m] with
distance≥225 m OR
3 stations in [125 m, 450 m] with
distances≥200 m OR
4 stations in [125 m, 450 m] with
distances≥175 m

After these cuts: 36353 selected events
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Parametrized β

standard slope parametrisation

β̃(sec θ, log S250) = a + b log S250

+ (c + d log S250) sec θ

+ (e + f log S250) sec θ2

binned (3) & unbinned parametrization (7)
χ2 method to determine the set of beta
parameters (a,b,c,d,e,f)
minimization is done with the Minuit2 package
(checked with root)
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binned (3) & unbinned parametrization (7)
χ2 method to determine the set of beta
parameters (a,b,c,d,e,f)
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(checked with root)

Parameters of the β−parametrisation fit
Parameter a b c d e f

Value -1.71 -0.43 -1.83 0.88 1.23 -0.44
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Old & new parametrization
Old parametrization:

standard application parameters for the SD-433
(GAP-2014-094)
determined by a multi-event fit
no T5 criterion selection (only one hexagon, now
seven)
time period: February 2013 to May 2014
5380 events
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We chose the binned parametrization !!!
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Energy calibration

Energy calibration done with data from May 2013 to
Feb. 2015 with
∼ 200 events
S. Messina GAP 2017-044
SD-433 against SD-750 Calibration
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Energy calibration done with data from May 2013 to
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S. Messina GAP 2017-044
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Update CIC and calibration of the SD-433
Using repaired events and enlarged data set
(2013-2020)
SD-SD Calibration ?
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Energy calibration

Options:

FD: HEAT/Coihueco eyes
Preferred calibration method
Limited duty cycle and low quality events.
Coincident events were extremely. unlikely to pass
the strict quality cuts.
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Coincident events were extremely. unlikely to pass
the strict quality cuts.

Cherenkov–dominated events
PCGF reconstruction (Vladimı́r Novotný ).
Enable to decrease the energy threshold for the
spectrum measurement down to 1015.5eV. Few
events in coincidence.
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FD: HEAT/Coihueco eyes
Preferred calibration method
Limited duty cycle and low quality events.
Coincident events were extremely. unlikely to pass
the strict quality cuts.

Cherenkov–dominated events
PCGF reconstruction (Vladimı́r Novotný ).
Enable to decrease the energy threshold for the
spectrum measurement down to 1015.5eV. Few
events in coincidence.

SD-750
Previous calibration
Infill measurement of the CR energy taken as
reference to perform the energy calibration

FD Cherenkov SD-750

time period 2013-2019 2013-2015 2013-2019 ICRC

SD-433 836 60 33822 (6T5)
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Energy calibration

Options:

FD: HEAT/Coihueco eyes
Preferred calibration method
Limited duty cycle and low quality events.
Coincident events were extremely. unlikely to pass
the strict quality cuts.

Cherenkov–dominated events
PCGF reconstruction (Vladimı́r Novotný ).
Enable to decrease the energy threshold for the
spectrum measurement down to 1015.5eV. Few
events in coincidence.

SD-750
Previous calibration
Infill measurement of the CR energy taken as
reference to perform the energy calibration

FD Cherenkov SD-750

time period 2013-2019 2013-2015 2013-2019 ICRC

SD-433 836 60 33822 (6T5)
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Preliminary histogram

used the recovered 6T5
Old O�ine reconstruction (S.Messina)
clear break at 1017.15 consistent with the
second knee
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Preliminary histogram

used the recovered 6T5
Old O�ine reconstruction (S.Messina)
clear break at 1017.15 consistent with the
second knee
tons of work to do about the
reconstruction, CIC, calibration and
spectrum but...

...results are very encouraging!!!
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Conclusions

Summary:
Silent stations fully restored
SD433 Data set avaiable for the collaboration
LDF slope β parametrized as a function of sec θ and S250
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Conclusions

Summary:
Silent stations fully restored
SD433 Data set avaiable for the collaboration
LDF slope β parametrized as a function of sec θ and S250

Next step:
Constant Intensity Cut (CIC)
SD433 – SD750 energy calibration
Second knee spectrum analysis

SD433 Group on-going analyses:
Data quality checks and alternative bad period method (N.Gonzalez)
NG et al, OCM2, Nov. 2020
433-750 trigger e�ciency (G.Brichetto)
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Backup: β as a function of log(SOpt)
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Backup: β as a function of sec(θ)
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TProfile parameters: bin cut applied

)
250

log(S

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6

re
si

du
al

s

0.08−

0.06−

0.04−

0.02−

0

0.02

0.04

0.06

0.08

) = [1, 1.04]θsec(

AllBins

BinCut10

BinCut50

)
250

log(S

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6

re
si

du
al

s

0.08−

0.06−

0.04−

0.02−

0

0.02

0.04

0.06

0.08

) = [1.04, 1.08]θsec(

)
250

log(S

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6

re
si

du
al

s

0.08−

0.06−

0.04−

0.02−

0

0.02

0.04

0.06

0.08

) = [1.08, 1.12]θsec(

)
250

log(S

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6

re
si

du
al

s

0.08−

0.06−

0.04−

0.02−

0

0.02

0.04

0.06

0.08

) = [1.12, 1.16]θsec(

)
250

log(S

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6

re
si

du
al

s

0.08−

0.06−

0.04−

0.02−

0

0.02

0.04

0.06

0.08

) = [1.16, 1.2]θsec(

)
250

log(S

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6

re
si

du
al

s

0.08−

0.06−

0.04−

0.02−

0

0.02

0.04

0.06

0.08

) = [1.2, 1.24]θsec(

)
250

log(S

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6

re
si

du
al

s

0.08−

0.06−

0.04−

0.02−

0

0.02

0.04

0.06

0.08

) = [1.24, 1.28]θsec(

)
250

log(S

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6

re
si

du
al

s

0.08−

0.06−

0.04−

0.02−

0

0.02

0.04

0.06

0.08

) = [1.28, 1.32]θsec(

)
250

log(S

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
re

si
du

al
s

0.08−

0.06−

0.04−

0.02−

0

0.02

0.04

0.06

0.08

) = [1.32, 1.36]θsec(

)
250

log(S

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6

re
si

du
al

s

0.08−

0.06−

0.04−

0.02−

0

0.02

0.04

0.06

0.08

) = [1.36, 1.4]θsec(

gaia.silli@iteda.cnea.gov.ar November 27, 2020 15/12

UNIVERSIDAD
NACIONAL DE
SAN MARTÍN

UNSAM



TProfile parameters: bin cut applied
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Residuals: Ropt
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Residuals: Ropt
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