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L3+C Experiment

At LEP accelerator, CERN

coordinates: 6:020E; 46:250N . altitude: 450 m

� air shower array

� muon spectrometer (L3 detector)
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L3 Detector (LEP, CERN)
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Scintillator Tiles

Huge and precise magnetic spectrometer

B = 0:5 T V � 1000m
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L3+C Single Muon event
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L3+C Air Shower Events



Purpose of L3+C

� Precise measurement of atmospheric muon

momentum spectrum

momentum range 20GeV � 2TeV

zenith angles 00 � 600

2:5% systematic uncertainty (goal)

! reduced uncertainty in atmospheric NEUTRINO

spectrum

� Precise measurement of muon charge ratio

uncertainty 1% (goal)

! constrains models of atmospheric shower

development

� Study of multi muon events

shower energy from array

muons measured in L3

! primary chemical composition

� : : :



Detector performance

� Muon detector

{ momentum cuto� 15GeV (30m molasse)

{ 80 drift chambers grouped in octants

{ single wire resolution 200�m

{ magnetic �eld 0:5T

{ scintillators to measure arrival time

{ momentum resolution

6:6% at 100GeV

{ angular resolution

0:20 at 100GeV

100 cm

X

Y

� Shower Array

{ 50 scintillators of 0:5m2

{ area 30� 54m2

{ energy threshold � 10TeV

{ energy resolution � 30%

{ angular resolution � 10 (arrival times)



Data Taking

� Muon detector

{ May - November 1999 and

April - October 2000

{ Trigger rate: 450Hz

{ Events on tape:

8 billion (10 billion by October)

� Air shower array

{ April - October 2000

{ Trigger rate: 1:7Hz

{ 30% of all showers are accompanied by

muons in L3

{ Events on tape:

20 million (30 million by October)



Vertical Momentum Spectrum

� 1999 data corresponding to livetime of 30 days

� `golden' muons only: passing upper and lower octant

� zenith angle < 10
0

� momenta 50GeV - 500GeV
! � 50000 events
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Vertical Momentum Spectrum

Flux � p3
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Systematic error dominant. Now: 9% Goal: 2:5%



Charge Ratio for

Vertical Muons
zenith angle < 100
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Multimuon Events
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� 200 events per day with multiplicity > 10

Multiplicity distribution depends on chemical composition



Air shower array

� data from one week (2000)

uncorrected

all showers

showers with muon(s)

number of detected particles
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Roughly:

N particles in the array ! shower energy � N TeV



Summary and Conclusions

� A new type of cosmic ray detector, L3+C,

combines air shower data with precise muon

measurements

� Experiment is running till autumn 2000

� First preliminary results on muon spectrum

and charge ratio up to momenta of 500GeV

� Substantial reduction in statistical and

systematic errors expected in the future

� Multi-muon events and shower energy

measurements will constrain the chemical

composition of the primaries


