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OUTLINE

ÅNeutrino physics in the early ô90s

ÅNeutrino events in MACRO

ÅFirst steps of up -m analysis

ÅAttico construction and low - energy n- events

ÅPion back- scattering

ÅMany many checks

Å1998, Takayama

ÅFive papers on n oscillation

Based on my memories and on
Ronga's historical reconstruction
( www.lnf.infn.it/~ronga/nustor.pdf  )

Sorry if I forget anything or anyone
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http://www.lnf.infn.it/~ronga/nustor.pdf


Solar neutrino puzzle

Davis radiochemical measurement

Neutrino oscillation ?

 or

Wrong solar model ? 
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Atmospheric neutrino anomaly
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Angular measurement to
estimate neutrino path (L n)

Upwardgoing muons in MACRO
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scintillator

scintillator

T1

T2

streamer
track

Upward  1/b = -1               Downward  1/b = +1

Time- of - Flight Method
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November 1984 ð MACRO proposal

MACRO



IMB collaboration
PRL 69 (1992) 1010



P. Lipari inserted t he Bartol atmospheric 
n flux in the GMACRO code

In the following the muon flux was 
simulated by S. Mikheyev and C. Okada

Cesena meeting, 1991 => Memo, April 1992



Neutrino Working Group

&

6- Month Data
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September 1994 WG memo => 1995 paper

Neutrino Telescope, Venice 1993
F. Ronga

Upgoing  muons 

Å 45 detected

Å 57 e xpected



1994, ATTICO

 Larger acceptance

 Threefold ToF measurement

 New topologies

 Also lateral tracking



1996 ð C. Okada          1996 ð A.P. Sanzgiri
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Some examples of strong data - analysis efforts



July 1996, memo => Astrop. Physics 9 (1998) 1051117
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1997, UpMu
Lecce group

1998, InUp
A. Surdo

1998, UpMu
F. Ronga, T. Montaruli
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Other examples of strong data - analysis efforts



April 1998, memo
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Energy Response Processor ( ERP) was used for 
the ToF measurement (calibration by E. Diehl)

Same results using Pulse Height Recorder
and Synchronous Encoder ( PHRASE)
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April 1998

Collaboration Meeting in Boston

1998 ð Boston Marathon

There was much discussion about how to present 
the neutrino measurements in the summer conferences.

MACRO results were in disagreement 
with Kamiokande ones.

The reactor - based measurements (CHOOZ)
cast doubt on electron - neutrino oscillation.

In the end, it was decided to show how the MACRO 
results were consistent with the oscillation hypothesis ( nm => nt).



A week before
Neutrino ô98
at Takayama

Measurement of Atmospheric Neutrino
Induced Muon Flux with MACRO Detector

18arxiv.org/abs/hep-ex/9809003

https://arxiv.org/abs/hep-ex/9809003
https://arxiv.org/abs/hep-ex/9809003
https://arxiv.org/abs/hep-ex/9809003


Confidence
regions

Takayama
1998
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SuperK claim
confirmed
by MACRO



October 1998 -  WG
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1998 paper
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2000 paper

Corresponding: M. Spurio
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2001 paper

Corresponding: F. Ronga
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2003 paper

Corresponding: E. Scapparone, M. Sioli
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2004 paper

Corresponding: P. Bernardini, T. Montaruli


