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Neutrino beams at CERN 400 GeV SPS

The main source of neutrinos at proton synchrotrons is from the
decay of pions and kaons produced by protons striking a
nuclear target.

In wide-band beams (WBB), the neutrino parent mesons are
focused over a wide momentum range to obtain maximum
neutrino intensity.

In narrow-band beams (NBB), the secondary particles are first
momentum-selected to produce a monochromatic parent
beam.

West Area Neutrino Facility (WANF) at CERN was operating a
WBB and a NBB from 1977, for BEBC, CDHS and CHARM.

After 1985, only WBB was used, mainly by CHARM [l and after
1992 WANF was rebuilt for CHORUS
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Why neutrino beams and experiments?

From 1967-1968, the years of electroweak unification
theory (Glashow, Weimberg, Salam)

to 1983, Z and W discovery by UA1 and UA2 at CERN
ptoton-antiproton collider

neutrino physics was the golden laboratory for
esperimental tests of the standard model

e.g., weak neutral currents predicted by GWS, were
observed by GGM (and Aachen-Padova) at CERN,
exposed to the PS WB neutrino beam in 1972-73

WANF was a flag project to exploit neutrino physics, Iin
direct competition with US experiments
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semileptonic neutrino interactions

neutrino cross section proportional to vs = 2 E, M,
104 larger for nucleons than for electrons

but weak structure folded with parton distribution inside
the nucleons

On the other hand, V-A structure of weak charged current
distinguishes fermions from antifermions

CC neutrino interactions probe antiquark content of the
nucleons
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Schematics of the CERN WBB
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The CERN WBB spectrum
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Schematics of the CERN NBB
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Dicromatic spectrum of the CERN NBB
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The CHARM collaboration in Rome
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The CHARM collaboration in Ro[ne‘
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Rome
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... and in Moscow
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The CHARM concept
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The CHARM concept
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The CHARM concept
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The CHARM concept
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The CHARM competitor

CDHS - WA1

target mass of 500 tons, running from 1976

CHARM - WA18

target mass of 150 tons, running from 1979
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The CHARM competitor

CDHS - WA1

target mass of 500 tons, running from 1976

CHARM - WA18

target mass of 150 tons, running from 1979
a cumberson competitor...

CDHS vs CHARM: 3 times the mass, 3 years in advance,
lead by Jack Steinberger...

of course our experiment was better: more ambitious,
more sophisticated, but also more tricky to be tuned
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The CHARM competitor

CDHS - WA1

target mass of 500 tons, running from 1976

CHARM - WA18

target mass of 150 tons, running from 1979
a cumberson competitor...

CDHS vs CHARM: 3 times the mass, 3 years in advance,
lead by Jack Steinberger...

of course our experiment was better: more ambitious,
more sophisticated, but also more tricky to be tuned

so, Guido and Jack...
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The CHARM physics program

CHARM was a versatile experiment, with many choices:

« WWB vs NBB

e CCvs NC

e |eptonic vs semileptonic neutrino interactions

e toroidal field vs dipole
moreover, other experimental configurations became
available during the operation period:

e neutrino resulting from SPS beam dump

e a first attempt to observe neutrino oscillations with a far
and a near detector

actually, many analyses and studies were going on in
parallel...
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The CHARM physics results
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The weak mixing angle

sin® 0, =1—m3,/m2.

* from semileptonic CC vs NC comparison
* high statistics, quark content to be disentangled

* from purely leptonic, purely NC vye — vue/vpye — vpe
* low statistics, very little systematics
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The “semileptonic” mixing angle

From 2.=2Us—gsin*0,), = or gt=1—4%sin?0,, gi=—1+3%sin?9,,
ng—zq Sin?‘ Qw. glfl{: _% Sil’l2 Qw: gtlii: %Sinz Gw'
one can derive d*>oxQ/dx dy=(3—sin® 0,,+3 sin* 0,) d*aQ/dx dy
+3sin* 0, d?el®/dx dy. l
so that R’=oXc/otc=2%—sin’ Oy 43 sin® Oy (1 +7),
where r=0¢c/0%c-
CHARM final result: - 0, =0.236 4 0.012(m. —1.5)
+0.005 (exp.) + 0.003(theor.),
compared with other »
Group Method sin” Oy (exp.)
contemporary
FMMF [29] Event-by-event 0.246 +0.016
' , CCFR [31] Event length 0.239 +0.010
neutrino results: CDHS [30] Event length © 0.225+0.005
CHARM [32] Event-by-event 0.236 +0.005
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Results from vye — vye

WBB exposure . —
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Axial and vector e couplings
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Axial and vector e couplings today
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Nucleon structure functions and the gluon

CC from WBB exposure

50000 neutrino, 110000 antineutrino interactions
Hadronic shower energies down to 2 GeV

Muon momentum down to 1 GeV/c

Model independent unfolding of detector resolutions
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Nucleon structure functions and the gluon
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Nucleon structure functions and the gluon
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Muon polarisation

Parity violation in t-p-e decay chain, measuring the
longitudinal polarization of muons by precessing the
muon spin in a magnetic field (Friedman and Telegdi
1957; Garwin, Lederman and Weinrich 1957)

CHARM repeated the measurement for muons produced
In neutrino interactions, using its dipole field
configuration

()= Ng (1)
Ng (DN ()

)
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X
0} —e"
— B —_ N — / ﬁB I"m
® o
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The first “two-detectors” experiment on
neutrino oscillations
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The first “two-detectors” experiment on
neutrino oscillations
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The legacy of CHARM collaboration
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The legacy of CHARM collaboration

e 40 papers (+ 20 conference proc.) from 1979 to 1989...
...some of them still quoted nowadays
 H index of 28...

...to be compared to 32 of CDHS!

e |t has been my first big experiment (though 102 times
smaller than today)

* For a young physicist a unique opportunity to work with
distinguished physicists who taught me a lot

e among them, Guido was a very special one, never
attracted by leadership or competition, driven only by
scientific curiosity and intellectual honesty, the first who
made me feel like a physicist, rather than a pupill...

e ...l owe him a great deal
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...happy birthday, Guido!
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Prompt neutrino production
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Same sign and opposite sigh muon pair production

CC charm production

v, td-au t+c¢
R u+ v, +s(d)

v, +su” +c
L, ut + v, +s(d)

v, + Sout+<C
L oy +7,4+5@
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