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sin? By in Neutrino Scattering
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Coupling oc [0,

For an isoscalar target (equal number of protons
and neutrons) of only u,d quarks at tree level:

Llewellyn Smith Relation (CCFR):

v, v(D) ‘ V(D)
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To extract sin® @y from the measured ratio a number of
corrections must be applied (radiative corrections, heavy
quark effects.isovector target correction, higher twist, Rp).
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Electroweak Radiative Corrections

Three types of corrections to electroweak processes:

e QED Corrections
e Weak Vertex Corrections and Box Diagrams

e Self-Energy Diagrams in boson propogators

W t 7 t
b t

> Fermion, gauge boson and Higgs loops contribute

> Different treatment = different renormalization schemes

My*

on—shell

.9
* On-shell scheme: | sin” 0y =1

* Dependence on myop and mpgiggs is weak
(quadratic in my,,, logarithmic in m H.,:ws)

= Effective measurement of My
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Neutrino Experiments Before NuTeV

Results limited by large correlated uncertainty
= technique had hit a brick wall
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Charged-Current Production of Charm

e Modeled by leading-orderﬂ slow-rescaling: & = z(1 + gé)

e Parameters model from CCFR in dimuon events (¢ = p.X)
(S. Rabinowitz), m, = 1.31 +0.24 GeV, k = 0.37 £ 0.05
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NuTeV’s Technique

Charm Production and Charm Sea Errors are Large
— Need a Technique Insensitive to Sea Quarks

Paschos-Wolfenstein Relations:

v v
p- — i = ONC

Vv
occ — 0CC

T
— —sin‘ By )
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e R~ manifestly insensitive to sea quarks
> Charm production error from dy-quarks only

(Cabibbo suppressed and at large x)

> Charm, strange sea errors negligible

> Correlated cross section components cancel (higher
twist, boson—gluon fusion, ...)

e Requires Separate v and 7 Beams

= NuTeV SSQT
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NuTeV Beamline

__Quadrupole Train

l :";di——.‘.“'*'Wrong-Sign X
DUMPED
~ — Protons
V4 DUMPED
. V' — Right-Sign ©,K

ACCEPTED

Resulting beam is almost purely v or v
depending on the sign selection:

Contamination Fractions:

Type Measured fraction of events
vinvmode < 1x1073
v in 7 mode | < 2x 1077

Beam is ~1.8% electron neutrinos
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NuTeV Detector

_AB-E Detector -~ Fermilab E815 (NuTeV)

690 tons: Fe-Scint-DC
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e Target/Calorimeter:

> 168 Fe plates (3m X 3m X 5.1cm)

> 84 liquid scintillation counters (every 10.2cm steel)
To trigger the detector
To measure the visible energy
To determine the longitudinal event vertex

To ascertain the event length

> 42 drift chambers (every 20.4cm steel)

1o <-‘:~%E.;'=s_>]a:~il transverse vertex ol event

e Toroidal Spectrometer:

15kG field (Pr = 2.4 GeV/c)
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Neutral Current/Charged Current

Event Separation

- — Event Length
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Statistical separation of NC and CC events based on
distribution of longitudinal energy deposition in the
calorimeter (“event length”).

R ~ SHORT events  NC candidates _ Length < 20
tmeas — TONG events  CC candidates — Length > 20
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NuTeV vs CCFR

e Charm production — [~ technique

e Electron neutrino contamination — S55O)T
(20% uncertainty in K production)

Beam v/ Analyzed Neutrinos (E))  Ve,Ve
CCFR QT  simultaneous 0.81M (mixed) 160 GeV  2.3%
NuTeV SSQT  separate  1.305M (v), 0.299M (¥) 125 GeV 1.8%

e CCFR twice

e NuTeV continuous
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How NuTeV Ran

e 1996-1997 fixed target run

e Received total integrated proton intensity 3.22 x 1018

e Overall data-taking efficiency of 89% — 2.86 x 1018
POT recorded

Total Protons on Target
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NuTeV: Integrated Protons on
Target
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