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Muon-Neutrino Electron Scattering

do(v,e) - Gr s (gy)z((gv_‘_ga)z + (gv—gA)ZU _,V)z)

dy
do(i,e) Gis (g
(o) 207 & (g0 + (g (1-y)
dy
Standard Model: g"=0.5
gy = p(—=0.5 + 2 sin?®,)
a=-050p
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Muon-Neutrino Electron Scattering Experiments

Experiment Events: Neutrino Antineutrino
Discovery:
1,e by Gargamelle (PS) 1 3
Confirmation and first measurements:
Aachen-Padova(PS) 11 8
Gargamelle (SPS) 9 3
VMWOF (FNAL) 40 -

15-foct BNL-Columbia (FNAL) 22 -

Quantitative test of the Standard Model:

CHARM (SPS) 83 116
BNL E734 (AGS) 160 97
CHARM Il (SPS) 2677 2753

AR/31.03.94/3
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Figure 1 : Experimental data and the result of the best fit; data are shown as circles and
the fit results are displayed as 2 dashed line. Only the projections in E, 9'1 of the 2-dim.
distributions are shown, The different background components are added on top of each
other. The bin size varies with the experimental resolution,

TYT ]
-4
-
-
-
3
L3,
Q
o
(am
-
-
—
«t

0.06

llulillllluuluuluulll“

180 T

180
v-beam

Events/Aduey

0 002 004 008
£62 (GeV)

225fF T T 3
200 T-beam 4
175k 4
150 — M ]
0O ve—ve
125 -
100
-
75
50
25
o 002 004 008
E6? (GeV)

Figure 2 : Experimental dats and the result of the best fit for the sample of events with
snergy loss information weighted with the clectron probability, The signal to background

ratlo is improved by a factor 3.5 with respect to the total sample shown in figure {. The
bin size varies with the experimental resolution.
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Differential Neutrino Electron Cross-Sections

— (E,EO")distribution Is sensitive to  do /dy
- apply regularized unfolding method of V.Blobel
- No model dependent assumptions on y-distribution

- subtract backgroundand v,e

— sin*® fitted from shape alone

- demonstrates that both left-, and right-handed electrons

- result Independent of o , of absolute and relative normaiization

JTRING-94 EILAT

sin’@" = 0.212 4+ 0.027 + 0.006

couple to the Z-boson
g:u/gzL = 0.60 £ 0.19%

AN3LOIp /4 |

da/dy(a.u.] do/dy[a.u.]

15F

051

0 0 0.5 1 0 0 0.5 o

Figure 1: Unfolded differential cross de/dy sections for v, e scattering (left), and b e scattering
(right) in arbitrary units. The line overlaid corresponds to the prediction of the Standard Model

for a value of the electroweak mixing angle of sin’ 8w = 0.212.
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Electroweak mixing angle

o{v,e” > v, e’)

5 (1 - 4sin’Q, + (16/3)sin*®,)

o e D pe)

(1 - 4sin’0, + 16 sin*®,)

- relative flux normalization by four methods

(Inclusive, quaslelastic, muon fluxes, pizero production)

- fit In the range

— p cancels in the ratio

- final result from the full data sample 1987-91

E=3-24 GeV, EO* = 0-72 MeV

sin*@"* = 0.2324 £ 0.0062,,, % 0.0059,,..

CUTRING-94 EILAT
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Coupling constants

YEUTRING-94 EHAT o

Include absoiute neutrino fluxes from minimum blas (NC+CC)
and CC-events

correct for absolute experimental selection efficlencles

full data sample from 1987-81 runs

results:

o = —0.035 £ 0.012,, £ 0.012,,,
9" = —0.503 £ 0.006,, = 0.016,,.,

L,
O, 50 nearly uncorrelated
’é

sin')'* = 0.232 1 0.006,, = 0.006,,.
0 = 1.006 £ 0.012,, £ 0.031,4
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Neutrino magnetic moment

- Electromagnetic interaction

do/dy = wy e (1=y)/y
- include in the fit’
- CHARM-AI result:

u, < 3.0 107° ligge (90 % C.LD

- P.D.Q.:
4, < 0.7 107 tgen ( SO TZCL)

Anomalous neutrino charge radius

- Vertex dlagram change vector coupling constant

gy = —0.5 + 2 {(sin’® + &)
5=(V2ma <r*>)/{3G)
— From CHARM-—II+LEP
I<ri,. > £6010%cm? (90% C.L)

NEUTRINO-9¢ EILAT
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Muon neutrino neutral current coupling

— Neglecting box diagrams, yZ—mixing, neutrino charge
radius, O(a/m)(Novikov, Okun, Vysotsky, PL298, 453)
g%(0.01 GeV?) = 2 g"(m2) gy(m?)
g"3(0.01 GeV?) = 2 g'(m3) gi(m3)
—~ one cannot extract g(v,) from LEP data
- CHARM-A! results does not imply neutrino flavor universality
- using LEP resuit:
gr(LEP) = —0.50084 + 0.00085
gW(LEP) = —0.0382 £ 0.0032

2gt= 1.004 + 0.033

- 10 be compared with LEP result from the invisible width:
29" = 0.9999 £ 0.0043

— it confirms lepton universality in neutrino sector

NEUTRINO-94 LILAT AR/I1OS.94 [ §




Number of light neutrinos from LEP

N, = 2.980 + 0.027
obtained from N, = 2 T, M. / (2 &*)°
assuming neutrino flavor universality and
standard model couplings 2¢" = 1.
F, = v2 G, mi/48n
— Assume N,=3 and

CHARM g(v,)/g(v,) = 1.05 Zis

LAMPF 2g(v,) = 0.92 + 0.28

29(r,) = 0.98 £ 0.15

— Assume 2g(v,)=2g(v,)=29(v,)= 1.004 + 0.033
N, =298 £ 0.20

YEUTRINO-9M EILAT

Additional Z bosons

- Lef-Right extension of the Standard Model
Symmetry group SU(2) X SU(2)aXU(1 )
- Left-Right Symmetric Model '
QL= 9w 4
tan® = (Mg—M3)/ (M7, ~MJ)
For ©=0 and m, = 150 GeV

CHARM=1I M, > 253 GeV at 95 % C.L.
L3 130 GeV
COF 230~-310 GeV

Cilone of standerd Z with normal couplings Z
CHARM—Il M, > 398 GeVat95 % C.L.
CDF 412 GeV

NEUTRING-94 LILAT

_AR31.05.04/8




Z' Limits from CHARM II

Summary of CHARM-1l results
NC/CC sin*8, = 0.237 + 0.014 !
- | o = 0.987 £ 0.042 ¢
ol | y—distribution sin’y™ = 0.212 + 0.028
i i gs/gl = 0.60 £ 0.19
| ol o(v.e) gy = —0.035 £ 0.012,,, £ 0.012,,,
| - gs = —0.503 % 0.006,, * 0.016,,,
w T 0 v.e/v,e sin*8” =0.2324 £ 0.0062,. * 0.0059,.. |
D e 1-‘”3’”5'"-'"".*" et s e v,Z coupling 2g(v,) = 1.004 £ 0.033 '
" Magnetic moment  , < 3.0 10 tige ( 90 % C.L.) *
- Charge radius <> <B.010%cem? (907 CL)
i New Z Mzn < 253 GeV (95 % C.L.)
« M, < 398 GeV(95%C.L)
-
o
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NeuTRrinNnG OSCILLATION

EXPERIMENTS AT CERN

KLAUS WINTER
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[EHAMNMY run# 37T

NEW SEARLH FOR VH N CHARMU

(SByULE PeTRAK )

enlnl Zielos L iing
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Abbildung 6.3: Darstellung einen Ercignisses mit zwei Myonen, von denen elnes den Detektor
seitlich verlaSt

ninfl pic-

ok 0 T _ — ey ey

z e e
e T

Hclggesl  sionairiad Aflog—.

— AR Os. B

Abbildung 6.4: Darstellung cines Ercignisses it zwei im Spektromneter vermessenen Myonen
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Charged current events in the calorimeter

—200

40
- A
»
[ 70
[ 4
30 o
[ 1y | 60
i | )
25 H
- Q -
g | >0
20 [ o @
i | s
i 40
15 F ’I
i ﬁ.-'?ta tan ° ! 10
HIVISTRITYN) 1
10 b
: I 20
[+ ]
5 | i | c|>
- o | l 10
g | R i
[ | - T
o ..;.l,l,ll.1.41,.,‘|1'T,?'..'?'l?.',.?'.'l"
0 5000 10000 15000 20000 25000 30000 0
R* (cm?)

§QMTRAJﬂSLA

S GPECTROMEBTER CAURRATION

0 1
Entries 947
“m —”.6‘

| RMS 16.12

e 2o,

]..11111111111

-180

-180

140 -120 -100 -80 -60 -40 -20 O

SANTRA MOM




BEMULSION TARGET

4 STALKS OF 36 SH&EDS Zx‘ssO/A

"-"i'é"'"":i-f s

800 IA? INSTALLED §MAY (A44

_---n..! -’-II-“""I|"

-:rhn""?" “5"_'!"'tl ]

PREPARATION IN 2MONTHS AT CERN '
8 PERSONS 6 DAYS [WeEK :

ProcessinnGg AT CERN
C.S. s_u&n.u] 20 .DAL'S

¥

i‘."";i" §iiw

FIRST CHAMV GE &S Mﬁrq

ProTornu S O TARGET UP To 20 MAU]

pr TRACK

A (OIJ p

Seml'ﬁwTu’ ~ ES3|
sut2o < S 10
Fot AP~ S00 0yt

3



et

.

. > T

L] 1

: w :

T oX H

* »
.I-'Il. " . ... -
1 b |
1 e
LB} g

Ex‘ 3CaV

2

Run
Event -

EvernwT SeLEcTtion By kKIMNeEMATICS

94/05/20 18.51%

muon

Pe

P, missing

1 | 3 1 1
\4
163.3°
hadrons
- 200 MeV

Y, Nl— w X
i




KINEMATICAL SELECTION
OF EVENTS

AZ(um)
| . ———w w § "8‘

- _ - _ g.r']|-1vlllrvltrttlllIII'T"["".-
V_LN-—-P(—C—-D/A ) X or (‘l:—-aa' )X i
CHECK KISBEMATICS w b
- T :‘:‘j
Px s 2 YOS &

I i o Vv 1
NI s <1 82 &% -
M / T L. EQ 5o N
t ! 2 8? S5 ]

Y (P~ Px) & g8 g '
r LP(PX"P:‘) s " ) ‘
£ 5 |
Px ! ]

HADROW J€T X . 18

4 N

MEASURE DIRECTION) OF T TRALK I v
C I ]

DEDUCE E"t FROM P BALANCE ot i1




Table |

Elficiency of t- detcction

Experiment ¢~ Decay mode Branching  Efficiency
ratio (BR) (€}

N¢* Background Background

O BRETRIEEY

after vertex out

CHORUS  uVpve 0.178 0.008 23 0.27
h(nn®)vy 0.50 0.046 29 0.72
rrtne(nn®ive 0.138 0,065 12 0.71
£iotal=BR - £ 0.0494 64 1.70 0.4

* The number of events corresponds (o sin226 = 510 and Am?2 40eV2? and a run of 2 4.101%
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NOMAD STATUS

15 APRIL Q%4 Jutqﬂf
INSTALLED +TESTED

2 /11 (4/11}
a/a (afa)

TRiIcGER + VETO
DRIETCHAMBER MODULES

TRANSITION RADATION
MoDULRS

DRAaFTCH I TR R ADIATION
R eGionN)

2_/5 (.5/5)

PRE SHOWER (NST. + TESTED

Pb GLASS CALORMETER CALLRRATED

MUON CHAMBERS mast. ¢+ TRSTED

ED OF ConSTRUCTION OF ORAETCH.

s FEB, 1448

Expesiment T Decaymode Bramching Efficiency N¢* Backgrowsd Background

after verex ot

®©

ratio (BR)

0.098 23 027

0.178

CHORUS p-¥pve

0.72

0.046 29

0.50

b~ (mx®pwr

T (Ex®)vr

0.7

0.065 12

0.138

0.4

64 1.7

0.04%94

Ewial=BR: £

4.6

39
11
13

0.135
0.039

0.178
0.178

0.138

Ve ¥V
0.1

| NOMAD

Wpl™+v 1

<02
<02

<0.2

0.077

0.014

vz T xt+nn °

3

1

0.020

0.23

WP

6.8

78 6.8

0.0477

€ total

5-10-3 and Am22 40eV?2 and a run of 2.4-1019

#* .
The number of events corresponds to sin220
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LSS 4

Slope 3.5%

Slope 6.5% Target

Ame (eV2/ct)
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