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OUTLINE

 The ARGO-YBJ detector: experimental set-up and performance

 γ-ray astronomy: γ-ray galactic sources and AGN flares

 Cosmic Rays: spectrum and anisotropy  

 Summary



THE ARGO-YBJ RESISTIVE PLATE 

CHAMBERS

Gas mixture:

C2H2F4/Ar/iC4H10 = 75/15/10

Operated in streamer mode

Time resolution ~ 1.5 ns
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8 Strips = 1 Pad 

(56 x 62 cm2) 



Effective Area : central carpet  5600 m2

sampling guard-ring   1000 m2

 Data taking: November 2007 – February 2013 (5 X 1011 events)
 Trigger rate: 3.6 KHz
 Duty cycle: 86%         
 Dead time: 4%
 Energy range: 300 GeV – few PeV

12 RPC = 1 cluster 

( 5.7 x 7.6 m2 )



Fired pads on the carpet Arrival time  vs position
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SHOWER RECOSTRUCTION
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ARGO-YBJ
STABLE OPERATION IN 5 YRS

 duty cycle>85%

 event rate ±5%

 Moon shadow: 10 s.d. /month


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~20  s.d. in ~1670 days

NO γ/h discrimination

~ 0.55 Crab/year
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Crab Nebula (Standard candle)
ApJ 798 (2015) 119



ARGO全天扫描
1670days

MGRO J2031+41 or J2019+37

Mrk421

Crab

MGRO J1908+06



ARGO-YBJ GAMMA RAY SOURCES



MRK421 MONITORING

ApJ 734 (2011) 110

ApJ Supplement Series

222:6 (2016)



AGN： TRANSIENTS
MRK501

RXTE(2-12keV)

ApJ 758 (2012) 2



 For steady states, the SSC model is favored. 

During flares, the spectrum is hardened. 
Simple SSC model is not favored

 Evolution is well observed

SED ANALYSIS FOR 

RADIATION MECHANISM

Mrk501
2011flare

S=7.7σ



COSMIC RAY PHYSICS

 Light component (p+He) energy spectrum 

 CR anisotropy in the few TeV region

 Compton Getting effect

 Mass composition studies

 Antiproton to proton ratio

 Hadronic interaction studies

 Horizontal air showers

 Geomagnetic effects

 Atmospheric effects

 Sun shadow and solar activity



ENERGY SCALE: MOON SHADOW 

DISPLACEMENT

The energy scale error is estimated to be less than 

13% in the energy range 1 – 30 (TeV/Z).

Two systematic uncertainties may affect the Multiplicity-Energy relation:

• the assumed primary CR chemical composition (7%)

• the uncertainties of different hadronic models (6%)

N ≈ 21 · (ETeV/Z)1.5 1 – 30 (TeV/Z)

55 

s.d.

Phys.Rev.D84:022003,2011



CR ENERGY SPECTRUM BY ARGO-YBJ: 

PRD.85,092005 (2012)



ABSOLUTE ENERGY-SCALE CALIBRATION WITH THE 

MOON SHADOW
Astroparticle Physics 90 (2017) 20-27

Data selection:  Nstrip > 400 , q < 35, 

reconstructed shower cores inside an area of 62 x 62 m2 around the center 

These results are compatible with the previous results obtained using the unfolding technique



G. Di Sciascio . Frascati Workshop 2013 - Palermo May 29, 201

Medium Scale 

Anisotropy

36

Data: November 8, 2007 - May 20, 2012

≈ 3.70×1011 events

Proton median energy ≈ 1 TeV

CRs excess ≈ 0.1 %  

with signifincance up to 15 s.d. 
4

pressureprovidesvery good timeresolution (1.8 ns) and
thehigh electroderesistivity limitstheareainterested by
theelectrical dischargetofewmm2. Theapparatushasa
modular structure, the basic data-acquisition sector be-
ing acluster (5.7×7.6m2), madeof 12RPCs(2.85×1.23
m2 each). Each chamber is read by 80 external strips
of 6.75×61.8 cm2 (the spatial pixel), logically organized
in 10 independent pads of 55.6×61.8 cm2 which repre-
sent the timepixel of thedetector [? ]. Theread-out of
18360 pads and 146880 strips are the experimental out-
put of thedetector. TheRPCsareoperated in streamer
mode by using a gas mixture (Ar 15%, Isobutane 10%,
TetraFluoroEthane 75%) for high altitude operation [?
]. The high voltagesettled at 7.2 kV ensures an overall
efficiency of about 96%[? ]. Thecentral carpet contains
130 clusters(hereafter ARGO-130) and thefull detector
is composed of 153 clusters for a total active surface of
∼6700 m2. Thetotal instrumented area is∼11000 m2.

A simple, yet powerful, electroniclogichasbeen imple-
mented to build an inclusivetrigger. This logic isbased
on a timecorrelation between thepad signalsdepending
on their relative distance. In this way, all the shower
eventsgiving anumber of fired padsNpad ≥ Ntr ig in the
central carpet in a time window of 420 ns generate the
trigger. This trigger can work with high efficiency down
to Ntr ig = 20, keeping the rate of random coincidences
negligible. Thetimecalibrationsof thepadsisperformed
according to themethod reported in [? ? ].

abcd (almeno questo capoverso da correggere?) The
wholesystem, insmoothdatatakingsinceJuly 2006with
ARGO-130, hasbeen in stabledata taking with the full
apparatusof 153 clusterssinceNovember 2007 with the
trigger condition Ntr ig = 20and aduty cycle≥85%. The
trigger rateis∼3.5 kHz with a dead timeof 4%.

Once the coincidence of the secondary particles has
been recorded, the main parameters of the detected
shower are reconstructed following the procedure de-
scribed in [? ]. In short, the reconstruction is split into
the following steps. Firstly, the shower core position is
derived with theMaximum Likelihood method from the
lateral density distribution of thesecondary particles. In
thesecond step, given thecoreposition, theshower axis
is reconstructed by means of an iterative un-weighted
planar fit abletoreject thetimevaluesbelongingtonon-
gaussian tails of the arrival time distribution. Finally,
a conical correction is applied to the surviving hits in
order to improve the angular resolution. Details on the
analysisprocedure(e.g., reconstruction algorithms, data
selection, background evaluation, systematic errors) are
discussed in [? ? ? ].

The performance of the detector (angular resolution,
pointing accuracy, energy scalecalibration) and the op-
erationstability arecontinuously monitoredby observing
theMoon shadow, i.e., thedeficit of CRsdetected in its
direction [? ? ]. ARGO-YBJ observestheMoon shadow
with a sensitivity of ∼9 standard deviations (s.d.) per
month. Themeasured angular resolution is better than
0.5◦ for CR-induced showerswith energy E > 5TeV and

Strip-mult iplicity number of E50
p [TeV]

interval events

25− 40 1.1409× 1011 (38%) 0.66

40− 100 1.4317× 1011 (48%) 1.4

100− 250 3.088× 1010 (10%) 3.5

250− 630 8.86× 109 (3%) 7.3

more than 630 3.52× 109 (1%) 20

TABLE I: Multiplicity intervals used in the analysis. The
central columns report the number of events collected. The
right column shows the corresponding isotropic CR proton
median energy.

theoverall absolutepointing accuracy is∼0.1◦ . Theab-
solutepointing of thedetector isstableat a level of 0.1◦

and theangular resolution isstableat a level of 10%on
a monthly basis. Theabsoluterigidity scaleuncertainty
of ARGO-YBJ is estimated to be less than 13% in the
range1 - 30 TeV/ Z [? ? ]. The last resultsobtained by
ARGO-YBJ aresummarized in [? ].

I I I . DATA ANALYSIS

Theanalysisreportedin thispaper usedabcd∼3×1011

showers recorded by the ARGO-YBJ experiment from
November 8th, 2007 till May 20th, 2012, after thefollow-
ingselections: (1) ≥25stripsmust befiredontheARGO-
130 central carpet; (2) zenith angleof thereconstructed
showers ≤50◦ ; (3) reconstructed core position inside a
150×150 m2 area centered on the detector. Data have
been recorded in 1587daysout of 1656, for atotal obser-
vation timeof 33012hrs(86.7%duty-cycle). Thezenith
cut selectsthedec. region δ∼ -20◦ ÷ 80◦ . According to
thesimulation, themedian energy of theisotropiccosmic
rayprotonflux isE50

p ≈1.8TeV (modeenergy≈0.7TeV).
No gamma/ hadron discrimination algorithmshavebeen
applied to the data. Therefore, in the following the sky
mapsarefilled with all CRspossibly including photons,
without any discrimination.

In order to investigate the energy dependence of the
observed phenomena, thedata-set hasbeen divided into
fivemultiplicity intervals. TheTable?? reports thesize
boundariesand theamount of eventsfor each interval.

Asa referencevalue, theright column reportstheme-
dian energy of isotropic CR protons for each multiplic-
ity interval obtained via Monte Carlo simulation. This
choice is inherited from thestandard LSA analyses, but
it can beonly approximately interpreted astheenergy of
theCRsgiving theMSA. In fact theelemental composi-
tion and theenergy spectrum arenot known and that of
CR protons is just an hypothesis. In addition, as it will
bediscussed in moredetail, themultiplicity-energy rela-
tion isa function of thedeclination, which isdifficult to
beaccounted for for sourcesasextended as20◦ or more.

Thebackground contribution hasbeen estimated with
theDirect Integration and theTimeSwapping methods

dec. region δ ∼ -20◦ ÷ 80◦

Map smoothed with the detected PSF for CRs

Galactic plane 

CRAB 

Cygnus Region 

Galactic center 

mercoledì 29 maggio 13



COSMIC-RAY ANISOTROPY DURING THE SOLAR MINIMUM 

BETWEEN CYCLES 23 AND 24 ApJ 809:90 (2015)

Detailed study on the data collected during the 

solar minimum in 2008-2009

Data selection: Npads > 40 , q < 45

First-harmonic parameters in agreement with 

the results of other experiments



KNEE OF THE H + HE SPECTRUM BELOW 1 PEV WITH A 

HYBRID MEASUREMENT
Phys. Rev. D 92, 092005 (2015)

ARGO-YBJ in coincidence with the Cherenkov telescope WFCT-02

Coincidence within an 8-ms time window using the GPS event time stamps of the two detectors
Data collected between December 2010 and February 2012 

Event selection for ARGO-YBJ: well reconstructed shower-core position, shower direction within 6° from the 

telescope axis, more than 6 fired pixels in the telescope PMT matrix, more than 1000 fired pads in the ARGO-

YBJ central carpet; coincident events for H+He selection: number of charged particles in the shower core 

and shape of the Cherenkov-light image.

A steepening of the light-component energy spectrum

is observed, starting at about 700 TeV

This is compatible with the results previously obtained by 

Tibet ASg, CASA-MIA and MACRO

This result strongly encourages further investigation in 

future experiments (e.g. LHAASO), in order to improve

our understanding of proton acceleration by SNRs up to 

energies approaching 1 PeV



SUMMARY 

 ARGO-YBJ has operated very stably for over 5 years, until February 
2013, the overall significance on the standard candle Crab-Nebula 
having reached 20 s.d.

 6 VHE gamma-ray sources were observed in the all-sky survey at a 
level of 0.25 crab unit. Both spatially extended and temporally 
flaring sources were investigated in very significant ways that 
deepen the knowledge about the radiation mechanism of the 
sources. 

 The energy spectrum of CR proton and Helium were well measured 
at energies above 10 TeV up to about 3 PeV with all the systematic 
issues under control. Light-component knee observed @ 700 TeV

 The anisotropy of CR arrival directions was investigated at both 
large and medium spatial scales, with significant features found 

 Future dedicated experiments (such as LHAASO) will hopefully 
deepen the investigations started by ARGO-YBJ around the knee. 


