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Outlineof thispresentation

Å1-slide introduction
ÅThe team involvedin experimentalcosmicrayphysics

ÅThe ADAMOdetector
ÅPhase-1
Å5ŜǘŜŎǘƻǊΩǎdevelopment
ÅFirst measurementin the verticaldirection

ÅPhase-2
ÅFirst ŘŜǘŜŎǘƻǊΩǎupgrade
ÅMeasurements in different intervals of the zenith angle

ÅPossibleimprovements: Super-ADAMO
ÅModificationsof the currentapparatus
ÅAdditionalsub-detectors
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The Florence researchgroupon cosmicrays
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LHCf/RHICf
L. Bonechi,  O. Adriani
wΦ 5Ω!ƭŜǎǎŀƴŘǊƻ

Accelerator exp. 
for CR physics

Study of CR in space 
and at ground level

New detectors for 
space experiments

Practical use of 
atmospheric muons

HERD  (CALOCUBE)
N. Mori, O. Adriani

CALET  L. Pacini

ADAMO  L. Bonechi,  O. Adriani

GAPS  E. Vannuccini

EPSI  P. Papini,S. Bottai

PAMELAO. Adriani

LAPUTA
P. Papini

MURAVES (volcanology)

MIMA muon tracker
(detector devel.)

MIMA-SITES 
(archaeo-minerary)

MU-DOME
(cultural heritage)

BLEMAB (industrial)

BILANCINO DAM 
(civil eng.)

[Φ .ƻƴŜŎƘƛΣ   wΦ 5Ω!ƭŜǎǎŀƴŘǊƻ
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Measurementlocation in Phase-1

National Instituteof Optics
(INO-CNR)

Old headquartersof the Department
of Physicsof the Florence University

and INFN Unit
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,ÁÔȡτσЈττυφȢω .
Long: ρρЈρυπφȢχσ%

Elev.:  148 m

WiZardPAMELA/ADAMO lab

Arcetri astronomycal
observatory

«Garbasso» building

Firenze



The ADAMO detector in Phase-1
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Magneticcavity:
6 x 6 cm2; h = 21 cm

Manual
altazimuth

mount

PAMELA silicon
trackingmodule

Originalideas
ÅFirst purpose: prototype of the PAMELA magneticspectrometer
ÅTest of microstripsiliconmodulesin a strong magneticfield
ÅStudyof performance: momentumresolution, MDR
ÅTest of thermaldissipationof the front-end electronics
ÅTest of mappingof a magneticcavity
ÅAuxiliaryapparatusfor calibrationof other subdetectors

ÅSecondarypurpose: measurementof atmosphericmuons
ÅPortableapparatusto eventuallychangethe measurementlocation
ÅAltazimuthmount to changethe pointingdirection



The ADAMO detector in Phase-1
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The apparatus
Å Tracker: 3 double sidedmicrostripsiliconplanes
Å Trigger system: 4 scintillatorlayers
Å Magnet: NdFeBalloy, 1.3T residualmagnetization
Å MDR~650 GV/c

x y

z

Strengthof the main
component of the 

magneticfield along
the axisof the 

magneticcavity

< By > ~0.5 T

By

AluminizedMylar cover

PAMELA mςstrip silicontrackingmodule

Double sided
300 mm thick
5.33 x 7 cm2

sx~5 mm

Geom. Factor
GF = 1 cm2sr

F.W. Bell
Handheld
Gaussmeter
Mod. 5080



The ADAMO measurementin Phase-1
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Resultsin phase-1
Å L. Bonechi (2000), Development of a Magnetic Spectrometer for the Measurement of 

Cosmic Rays on Earth and First Results, Master's Thesis in Physics, University of Florence 
(in Italian)

Muon chargeratioCR momentumspectrum

verticaldirection verticaldirection

Beamtest: momentumresolution



Measurementlocation in Phase-2

INFN Florence Unit
ExperimentalPhysicsBuildingDept. of Physicsand Astronomy

of the Florence University

Monte Morello (maxhieght~930 m Ą 7 ēlev. from INFN)

The Sesto Fiorentinovillagein the 
surroundingof Florence (Italy)
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,ÁÔȡτσЈτχπχȢρυ.
Long: ρρЈρρτρȢψπ%
Elev.:  45 m

Dept. of Chemistry CNRUniversitysportsclub

Firenze

ScientificCampus of Sesto Fiorentino (Firenze)
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The ADAMO lab in the INFN building

spark chamber



ÅRe-asseblingof the magnet: new geometricfactor GF = 6.7 cm2sr (old was1 cm2sr)
Å5 trackingplanes
ÅMDR: 250 GV/c (old was650 GV/c)
ÅMass: approximately100 kg
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The ADAMO detector in Phase-2
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The ADAMO detector in Phase-2

New configurationof the
ADAMO magneticsystem

The modificationof the arrangementof 
the magneticblockswasentrustedto a 
specialisedcompany in Italy

old config.

new config.
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Calibrationof ADAMO in Phase-2
Geometricalfactor vs muon momentumMagneticfield mappingmachine

Flight model of the 
PAMELA magnet

Mainmagneticfield component along
the centralaxisof the magneticcavityof 

the ADAMO magnet
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The ADAMO measurementsin Phase-2

Muon spectrumin 
the verticaldirection

Resultsin phase-2
Å L. Bonechi (2004), Cosmic Ray Measurements on Earth with the ADAMO Experiment.
tƘ5 ǘƘŜǎƛǎ ƛƴ tƘȅǎƛŎǎΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ CƭƻǊŜƴŎŜ όƛƴ LǘŀƭƛŀƴΧ ǎƻǊǊȅύ
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The ADAMO measurementsin Phase-2
Identificationof andpositive muons

Vertical chargeratio
Vertical spectrum
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The ADAMO measurementsin Phase-2
Datataking at 4 different ŘŜǘŜŎǘƻǊΩǎorientations

Å5ŜǘŜŎǘƻǊΩǎ acceptance>  20̄

Å Combiningdata from consecutive 
configurations

Å Muon zenithangle range: πЈ — ψπЈ
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The ADAMO measurementsin Phase-2
Studyof the muon spectrumdependenceon the zenithangle

CR momentumspectrumin different
intervalsof the zenithangle

Zenith angle dependenceof the CR flux
for different momenta
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The ADAMO measurementsin Phase-2

Interpretationof the low energybumpof the 
CR spectrumasdue to electron contamination

Studyof the low energyregion: possiblecontamination

Ὅ ‰ ὴ ‰ ὴ Ὠὴ

Integration of the low energy«bump» appearing
in the CR spectrum:



Possibleimprovementsfor future use

ÅMain current limits/problems
ÅSiliconmodulesnot veryefficient

ÅManynoisychannels

ÅSome front-end chips not workingperfectly

ÅNo PID

Å(Quitesmall acceptance)

ÅNew proposal: Super-ADAMO
Å(LargermagnetĄ lookingfor unusedmagneticblocks)

ÅNew trackinglayersĄ some sparedouble-sidedsiliconsensorsavailable

ÅNew front-end electronics? (no sparescurrentlyavailable)

ÅNew DAQ? (currentconfig. ispartly basedon VME and NIM standards)

ÅPID sub-detectors:
ÅTOF system

ÅAerogel Cherenkovthresholddetector

ÅE.M. calorimeter
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Currentstatus of the siliconmodules
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Single channelintrinsic noise

Statisticsfor 5 trackingmodules

10240 read-out channelsin total

~500 channels(5%) with low
intrinsicnoise(due in part to 
malfunctioningVA1 front-end 
chips)

~700 channels(7%) with high 
intrinsicnoise

Currently83% of stripsin the 
bending vieware good

SILICON MODULE A

SILICON MODULE B

1 F.E. chip KO

1 F.E. chip with 
reducedgain

Groupsof noisy
channels



New possibledevelopments

for whichwe are requestingfunds
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Particleidentification

TOF
ÅMust work in a magneticfield
Å Need100 pstime resolution
ÅHelp separatingprotonsup to 1 GeV/c

Aerogel Cherenkovthresholddetector
Ån=1.01 ĄÐ ‘ͯχτπ-Å6Ⱦὧ
ÅPurpose: 

Å Help electron identificationup to ͯ 1 GeV/c
Å Help proton identificationbetween1 GeV/c and 7 GeV/c

Electromagneticcalorimeter
ÅMore complicatedand expensive
ÅImportantexperiencein Florence

Å CALOCUBE R&D ĄHERD

Å Scintillatorcrystalcubes(3x3x3 cm3)

ÅPurpose: 
ÅMeasurementof total electron energy

ÅHelp m/e/p separationover wide momentumrange
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Particleidentification

Veryfirst test of a prototypeaerogel Cherenkovthresholddetector

n=1.03 Ąὴ ‘ͯτσπ-Å6Ⱦὧ
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Samplesof hydrophobicn=1.01 aerogel from Chiba Univ. will be availablesoonfor further tests

Prototypebasedon aerogel with n=1.03
Twolayers(11.5x11.5x0.9) cm3 + 4 PMTs


