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The ARGO-YBJ experiment

Istituto Nazionale di Fisica Nucleare (INFN) - Chinese Academy of Science (CAS)
( Astrophysical Radiation with Ground-based Observatory at Yang Ba Jing )

* COSMIC RAY PHYSICS
* GAMMA RAY ASTRONOMY
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= Longitude 90° 31’ 50” East =
= Latitude 30° 06’ 38” North linas | I
= Altitude 4300 m a.s.l.(approx 600 g/cm?)

Yangbajing cosmic ray observatory
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The ARGO-YBJ experiment

12 RPC = 1 Cluster

\ L] (5.70x7.60m3)
L] |
ral GEIpEt 8 Strins = 1 Pad
EE [ ﬂ:ﬂ; Qusters 0.056 X 0.62 m?
3
88 — RPGS
12 Strips
L | 10 Pads =1RPC  Single layer of Resistive
] I (2.80x1.25m?) Plate Chambers (RPCs)
I ] O 01 [ ] with a full coverage (92%
D YV — active surface) of a large
-+ 111 m > area (5600 m2)
time resolution ~ 1 ns

detailed study on the EAS space/
time structure with unique
capabilities (digital/analog readout)

2 Big Pads =1 RPC
(1.39x1.23m?)

space pixel =5.6 x 62 cm?
Angular resol. = 0.5° (Nhit = 500)
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The ARGO-YBJ experiment

v Full coverage and high segmentation

—500—
v Digital and analog readout §4so—§
v Active area: =400
Central carpet ~5600 m? o |
Sampling guard-ring ~1000 m? 250 T
200—
v Stable data taking since Nov. 2007 to Feb. 2013 with full 190~ ‘
detector 1::2
v Average duty cycle ~ 90% 0 E———
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High space/time granularity detailed study on the £,
+ Full coverage - EAS space/time structure | ~ ol
+ High altitude with unique capabilities ok
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The ARGO-YBJ experiment
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The Bayesian Unfolding Method

» Learn information about the energy spectrum from the experimental
data by using probability theory

Experimental Probability theory Energy Sp(-_zc?trum
data T Composition
N(E,ID) = P(E,ID|M,D,,...D,)t N(M,Dy,...D,)
=i Consistency checks
- Causes: {Ei,.....En; ID;,...... IDn} / 3 ) with simulations
- Effects: {M,,....,Mn; Dj,....,D O 10 = ¢S4
{ | n [ n} ) — B - Q@.%@ @ _ nght
T ::::MQ *8 ,___\\\
iy a i ~—~ — —~ N\
M o nte Ca rI O é O proton GST generated spectrum % S~ —_ He \
- - c\lLl_l i ® proton GST reconstructed spectrum T N
S I m u I at I 0 n s X Q helium GST generated spectrum P \ \
+ 5 1 03 | @  helium GST reconstructed spectrum \
L : O light GST generated spectrum Gai‘_sser B Stanev - Tilav \
Iterative procedure (| o wnosm o | AHTH0R307
10* 10° 10° 10

Energy [GeV]
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Data analysis

Monte Carlo data sample

» EAS development: CORSIKA (QGSJETI.O3 + FLUKA + EGS4)
» Energy range: 0.316 - 31600 TeV

> Full detector simulation (GEANTS3)

» Protons + Helium nuclei + CNO nuclei + Iron nuclei

Data sample

Three data sets in order to explore the energy range 1 - 1000 TeV

Digital Readout G4 Gain Scale G1 Gain Scale
(1-100 TeV) (10 - 100 TeV) (100 - 1000) TeV
e About 9 X 1079 events - 17 days (195-211) 2010 - 75 days (290-365)
(~ 8000 hours) . 461Files 2010
recorded in the period - 830 Files

Jan. 2008 - Dec 2012
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Data Analysis - Digital Readout Data

] 50F ARGO carpet —
Event selection based on: s
= Shower size on detector, M (strip multiplicity) w- | XY core -
. 20— . 10*
= Reconstructed zenith angle oF

10°

Y[m]

= Core Position oF
Light - Heavy discrimination ok :
= Constraint on strip density (p) in the innermost and a0 B 3

outermost area of the detector 40
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N [ Multiplicity distribution c
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o 8 £ | Light component produced by light
107 TT - Heavy component elements
- LF The cut based on the
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Light Component Spectrum: 1 - 100 TeV
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Light Component Spectrum: 1 - 100 TeV

= EXxcellent stability over a long period
= Qverlap with direct measurements in a wide energy region
= Total systematic uncertainty ~ 10%
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Data Analysis - Analog data (G4 scale)

Fiducial cuts

= Reconstructed zenith angle

= Core Position

= # of particles in a radius ~8m from the core
Light - Heavy discrimination

Essentially based on the LDF p+5 / 0 Ei’;‘;r?;’pr:;gjg‘or the

measurement with G4
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Light Component Spectrum: 10 - 100 TeV

= Good agreement with the Digital Readout data (different data set)
= Overlap with direct measurements in a wide energy region
= Two independent analyses gave consistent results (more details in next slides)

= Systematics ~ 10%
ARGO-YBJ Preliminary

ARGO-YBJ (PRD 2012)
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Data Analysis - Analog data (G1 scale)

2 [ Fiducial cuts
210°F .
I = Reconstructed zenith angle
ol = Core Position
= # of particles in a radius ~8m from the core
10°L Light - Heavy discrimination
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Light spectrum
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Light component spectrum: 100 - 1000 TeV

= Gradual change of the spectral index at E ~ 700 TeV
= Two independent analyses gave consistent results (more details in next slides)

= Systematics as for G4 data analysis + ~10-12% of contamination of heavy elements (mainly

CNO) ARGO-YBJ Preliminary
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Light component spectrum

Same data, different fiducial cuts and different approach

Results are consistent with the presented analysis

ARGO-YBJ Preliminary
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The Overall Picture

ARGO-YBJ Preliminary
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Conclusions and outlook

» Light component spectrum measured in the energy range by using the full
2008-2012 digital data sample

» Very good stability of the detector over a long period

» Spectral indexes obtained consistent with very good stability

» (34 data are in good agreement with the measurement obtained by using ~ 5
years of data

» Clear evidence of a bending of the light component spectrum at E < 1Pev
» Two independent analyses gave consistent results
» Analisys of the full analog readout data sample:

» Heavy component spectrum
> All particle spectrum
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BACKUP SLIDES




Consistency Checks

Check of the rellablllty of the method 2 MC samp'es
Two different weights for S2: Horandel model & S1: Bayesian Probabilities
Horandel model with a “fake knee” @ 300 TeV S2: “Data”

Horandel

—

o
N
|

e —
~~ - . _Horandel
Knee @ 700 TeV

i. . 4‘/ N \

ARGO-YBJ (PRD 2012)
ARGO-YBJ (2014)
ARGO-YBJ - G4
ARGO-YBJ - G1
WFCTA-ARGO

YAC-1 + Tibet Il (QGSJET)
YAC-1 + Tibet Il (SIBYLL)

AN A N
ARGO-YBJ (LECCE) \k\ .
Unfolding - Horandel Model (fake knee @ 300 TeV) O\ \, A \
\ '\

Unfolding - Horandel Model (fake knee @ 700 TeV) HOrandel N\

Flux x E° [m2 s'sr!' GeV' ]

[
N N NON = N N N

Unfolding - Horandel Model \

L e Knee @ 300 TeV K
H del x\ .

— — (G @iSSer-Stanev-Tilav
= = == == Horandel - Knee @ 300 TeV \ I

— \ --\
—_—mma = Horandel - Knee @ 700 TeV

- \9\ E
| | | | | III| | | | | | III| | | | | | III| \- | \I'él | L1 11
104 10° 10° 107

Energy [GeV]

—h
()
w

I
4
-




- Analysis of the multiplicity
distribution in each energy bin

- Relation between primary energy
and shower multiplicity
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