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I. Introducing NuSOnG

NuSOnG: Neutrino Scattering On Glass

A proposed new fixed-target neutrino experiment at FNAL

 High Energy: 800 GeV protons from the Tevatron

 High Statistics: high intensity, sign-selected beam, large detector

 Leptonic Processes: large fine-grained detector to measure 
    outgoing electrons with good resolution

 High Precision: “ratio-like” measurements
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NUTEV CHARM II

Physics in this talk assumes 1.5E20 POT in ν , 0.5E20 POT in ν

High energy, 
very pure beam 

(×20 POT) 

Fine-grained, 
massive detector 

(×6 mass) 

+

The Experimental Design

Go beyond the best of the NuTeV and CHARM II experiments
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NuSOnG will measure:

● NC ES

● CC QE (IMD)

● NC DIS

● CC DIS

Goal:

-ES/IMD at 
0.7% precision!
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A unique opportunity for precision measurements in
these channels!
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Leptonic Precision Observables

 NC ES:  y-spectra and total x-secs

leptonic:
very clean
SM physics,
but lower
statistics
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 CC QE (IMD):  

Well determined
in the SM from 
muon decay!

IMD requires
high energy flux!

Tevatron-based
beam necessary

Rem:
IMD has interesting
kinematic property:
E_mu(lab) > 10.9 GeV!
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 Ratios for precision measurements:  

NEW

● Fluxes in the numerator and denominator cancel exactly!
● rho-Parameter not canceled. Sensitive to NP!
● Only possible with high-energy neutrino flux due to 
  IMD threshold

R_ES/IMD rather unique!

For a review of radiative corrections to ES and IMD see: hep-ph/0403168
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Hadronic Precision Observables

 gL  and   gR  are effective L and R

q couplings

Paschos-Wolfenstein (PW):

Much higher statistics, but 
involves hadrons/nuclei!
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Purely leptonic
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New!

goal:  0.7% error goal:  0.4% error

NuSOnG measurement goals

R_ES/IMD R^-
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Furthermore:

 Measure

 Reduce the error on the DIS 
  effective couplings by a factor 2:

 Goals are based on detailed, conservative estimates
  It is likely to obtain even better precision! 

to 1.3%

see, arXiv:0803.0354

(normalized to IMD using 
the 'low nu method')
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II. NuSOnG Physics Opportunities

● EW precision measurements [see part I.]
➔ in the leptonic sector
➔ in the hadronic sector

● EW precision measurements provide
➔ tests of the SM; indirect probes of New Physics
➔ model-independent constraints on NP
➔ model-dependent constraints on NP (of course)

● QCD studies 

● Direct Searches of New Physics
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Model-independent Constraints on NP

see talk by A. de Gouvea in WG2

A lot of exciting physics!
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Model-dependent Constraints on NP

see talk by A. de Gouvea

Any explanation for new physics found at the LHC has to be consistent 
with (ew) precision measurements!

Precision measurements serve as Lie Detectors (Polygraphs)!

Also the little lies of the SM will be detected...if there are any
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QCD studies with NuSOnG

● NuSOnG can do all what 
NuTeV/CCFR could, but better: 
fine-grained detector, 
very high statistics

● Some QCD-studies are required for the ew precision
measurements in the hadronic sector
[strangeness asymmetry, isospin violation, nuclear effects]

● NuSOnG will have several targets:
The kinematic range matches eRHIC 
and complements Minerva

SiO2 , C , Al ,Fe , Pb

CHORUS

NuTeV
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Kinematic coverage of NuSOnG
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Observables

Differential fully inclusive DIS cross section:

High statistics: Measurement of all 6 structure functions!

Flavor separation of the PDFs! (wide kinematic range)

NOTE: These are nuclear structure functions and nuclear PDFs (NPDF)

However, the data are very interesting for the global proton PDF fits

Need to understand nuclear effects: use different targets



   

Nuclear correction factors for F_2(iron)

see talk by Jorge Morfin, WG2

Are nuclear corrections
in charged-lepton and
neutrino DIS different?

Note that the 
correction factors
for different observables
are expected to differ!

Correction factor for F_3
could be different!

NuSOnG can study these issues and test the
universality of the NPDFs! VERY IMPORTANT
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Observables -cont-

Inclusive charm production:  'opposite sign dimuon events'

● Directly sensitive to the strange quark PDF
● Sign-selected beam: independent meas. of 
● ~1% of the total CC event sample! High statistics!
● Allows also extraction of charm quark mass, V_cd, 
 semileptonic branching ratio B_c~10%
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xF3 and Isospin Violation 

  xF3 uniquely determined by neutrino-DIS

  The sum is sensitive to the valence quarks

Nonsinglet QCD evolution, determination of 

  The difference can be used to constrain isospin violation
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QCD for PW-style analysis

non-isoscalarity
of the target

QCD effects higher order
ew effects

due to strangeness
asymmetry: due to isospin

violation:
higher order
QCD effects

NuSOnG can 
address this 
in-situ with 
high precision!

see, e.g., hep-ph/0405221
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QCD studies: Summary

NPDFs, Nuclear correction factors, neutrino vs antineutrino,

PDFs, strange PDF, strangeness asymmetry,Isospin violation,

precise strong coupling constant, 

all 6 neutrino structure functions,
low-x and low-Q structure functions, 
diffractive charm production, NC charm production, 

Fragmentation functions (?),

V_cs, B_c A RICH Program
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● Search for IMD in the anti-neutrino mode:

● Non-unitarity of the neutrino mixing matrix 

● Searches for new particles observed through
decays in the regions between the detector
subsections

Direct Searches of NP

νµ+e− →  µ−+νe
forbidden in 
the SM
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L/E dependent Not!

Appearance has same effect!

At L=0 there will be an instantaneous transition
between neutrino species!

Nonunitarity of the 3 neutrino mixing matrix

Direct Tests for New Physics
e.g. “Matrix Freedom”

Strongest constraints  (from rare decays) for instantaneous νµ→ νe 
     are at the 1 ×10−4 level

hep-ph/0705.0107
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look for 
excess νe

events here!

Instantaneous νµ→ νe

at the 1 ×10−4 level
gives an ~10% increase 
in νe rate at Eν~350 GeV

• Look for excess νe’s in a range not expected

• Look for “wrong sign” IMD

νµ+e− →  µ−+νe    -- this should not occur!
 But if  νµ → νe , then νe+e− →  µ−+νµ     … same signature!

Seeing both
would be a
striking 
signature!

Un
iqu

e

Ca
pa
bil
ity
!

improve the present limit by a factor of 10,

and reach few x  10– 4 level
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III. Conclusions

● perform ew precision measurements in both
the leptonic and hadronic sector 

● test the SM and constrain new physics at the TeV scale

● make important QCD measurements
(PDFs, NPDFs are needed in many experiments...)

● perform direct searches for new physics

NuSOnG can


