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Scintillator Tiles

� 30 m below surfa
e

� drift 
hambers in 1000 m

3

ma-

gneti
 volume (0:5T)

� 202 m

2

s
intillator area

� additional readout hardware

! DAQ independent from L3

� air shower array at surfa
e

(50 s
int. (0.5 m

2

) on 1800 m

2

)

� data taking 1999 and 2000

� 12 billion muon triggers 
olle
ted



Momentum measurement

measurement of tra
k 
oordinates up to six times in bending plane with h�

x

i = 60 µm

sto
hasti
 energy loss

in molasse and magnet

h�Ei = 19GeV

(verti
al dire
tion)

momentum �t over

full dete
tor length

('double o
tant')
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µ

scintillators

molasse

3 m

11 m

3 m

magnet driftchambers

- two independent

measurements

of muon

- ('single o
tant')



Momentum resolution
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Dete
tor eÆ
ien
ies

s
intillator eÆ
ien
y
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A

eptan
e

� data quality sele
tion

! 2.0� 10

7

events for spe
trum analysis

(3.8� 10

6

in verti
al dire
tion)

� GEANT simulation of dete
tor response and

L3+C surroundings

� subsequent re
onstru
tion of simulated hits

with same re
onstru
tion algorithm used for

data

� 
orre
tion of residual di�eren
es between

data and MC by measuring single o
tant

eÆ
ien
ies "

i

:


orr =

("

1

� "

2

)

data

("

1

� "

2

)

MC
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exposure = a
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Cal
ulation of surfa
e spe
trum
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migration probability

visualization of verti
al migration matrix

De
onvolution of measured momentum distri-

bution at dete
tor level taking into a

ount

� sto
hasti
 energy loss in molasse

� momentum resolution

� momentum dependent eÆ
ien
ies

True positive and negative muon spe
tra are

supposed to follow

�(p) = �

0

p




with a variable spe
tral index


 = a + b � log(p) + 
 � log(p)

2

to regularize solution of unfolding problem



Z

0

! �

+

�

�

events

� LEP 
alibration runs

� 634 events sele
ted out of 7�10

7


osmi
 triggers sele
ted

� 
he
k of dete
tor understanding

� determined 
ross se
tion 
ompatible

with pre
ise LEP1 measurements

L3+C
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Estimation of systemati
 un
ertainties

� 
alibration and eÆ
ien
y un
ertainties

� variation of sele
tion 
uts

� variation of results wrt. azimuth angle

� data subsamples

verti
al muon 
ux

statistical error

response matrix

alignment

molasse

energy loss

magnetic field

normalization
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! verti
al muon 
ux un
ertainty of

2.6% at 100 GeV

(3.5% averaged over all zenith angles)

verti
al 
harge ratio
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normalization
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Verti
al muon spe
trum

(
os(�) > 0:975)
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CAPRICE98
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Verti
al muon 
harge ratio

(
os(�) > 0:975)

world average

L3+C preliminary
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average of previous experiments from Astropart. Phys. 18 (2002), 107



Zenith angle dependen
e

muon 
ux

40-50 GeV

Φ
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3
 [G
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harge ratio
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� air shower simulations with transport 
ode TARGET2.1 (one dimensional)

� high energy intera
tion models: TARGET2.1

QGSJET01

SIBYLL2.1

� primary 
ux: Ann. Rev. of Nu
l. Part. S
i. 52 (2002), 153



Summary

� L3+C measured

{ verti
al muon 
ux 20-2000 GeV

{ 
harge ratio 20-600 GeV

{ zenith angle dependen
ies up to 58

o

� large exposure fa
tor of about 180 m

2

sr d

� maximum dete
table momentum at 4.7�0.4 TeV

� Minimum systemati
 error of verti
al muon 
ux

is 2.6%

Presented results are 
lose to �nal and will be

published soon


