
• Background: 
– NuTeV measurement of the Weinberg angle, using the 

Paschos-Wolfenstein ratio – the Anomaly (2002)
– CCFR-NuTeV measurements of dimuon production in

scattering (2001)
– CTEQ Global QCD Analysis of Parton Distributions

Strangeness Asymmetry of the Nucleon 
and the NuTeV Anomaly 

–Constructive interaction between CTEQ-NuTeV
• Prospect:

νν, -

• Recent development: 
– “CTEQ” global analysis of the strangeness sector of nucleon 

structure, using the CCFR-NuTeV dimuon data; and its impact 
on the NuTeV anomaly (Aug, 03 —)
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except for NuTeV, perhaps …

Bethke: 
αs 2002

The SM Works Amazingly Well, …. except ….

P. Gambino, LepPho2003:  global EWWG fit



NuTeV 
Anomaly

without NuTeV

MH=91 GeV, MH<202 GeV at 95%CL
χ 2/dof=16.8/14  26.5% prob

fit

Global EWWG fit

MH=96 GeV, MH<219 GeV at 95%CL
χ 2/dof=25.4/15  4.5% prob

fit
with NuTeV

(Gambino)



It was inspired by, and is related (but not identical) to, the 
Paschos-Wolfenstein Ratio: 

(isoscalar target, …) 

The NuTeV             measurement:2sin Wθ
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SM explanation(s) or Signal for New Physics?



SM: Corrections to the P-W Relation Due to 
Strangeness Asymmetry, Isospin Violation, … etc.

where

:   charm-mass kinematic 
correction factor

CCFR-NuTeV: PR D65, 111103 (2002)

(Weinberg Angle)

Emphasis of this talk



CCFR-NuTeV Analysis of Strange Quarks
and the Weinberg Angle Measurement

• Ingredients to the CCFR-NuTeV dimuon analysis:
–Data on
–Fragmentation functions

heavy quark fragmentation: 
–Buras-Gaemer Para./CTEQ/GRV non-strange partons
–Strange distributions given by

• ⇒   Gave parameters κ and α; but no actual plots of s(x,Q), …

Will come 
back to this 
ansatz later!



Define: 

and the corresponding momentum fractions:

In particular, it is [S-] that is proportional to X-sec. 
differences, hence it is the relevant quantity directly 
appearing in the P-W ratio correction term.

CCFR-NuTeV (PR D65, 111103) claimed [S-] ~ 0.0027 ± 0.0013
--in the opposite direction of accounting for the anomaly.

For discussing implications of the strange quark on 
NuTeV anomaly, the key is the Strangeness Asymmetry.  



Previous work on SM 
corrections to R-:                               
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neutron excess
strange asymmetry

NLO correction
(NuTeV : LO)

These corrections have been under close scrutiny by 
many authors, in particular BPZ (Barone et.al) and 
Davidson et.al. (including new physic senarios).

Davidson etal, Barone etal, 
Miller/Thomas, Kulagin, … etc. 

Conclusion? Inclusive! ;   “only a comprehensive global 
QCD analysis can clarify the relevant issues involved … ”

+ …



“CTEQ” Global Analysis of the Strangeness Asymmetry

• Same ingredients as “CTEQ6” analysis (almost)
• Add CCFR-NuTeV dimuon data (and a few more updates)
• Allow a non-symmetric strangeness sector:

Parametrization of the Strangeness sector (at some Q=Q0)

Where x0 is to be determined by the strangeness number 
sum rule condition [s-] = 0.



# of events:

Strangeness Structure of the Nucleon: 
Dimuon Production in        Scattering

• This is the process that provides the most direct (LO) constraints 
on the strangeness sector of the parton structure of the nucleon.

ν, ν-

(d is Cabibbo suppressed)

Modeling needed for com-
paring theory with data.



Qualitative Expectations: 
(really by hindsight)

Or, negative [S-] case: 
just flip the curves.

Which way is it going to be?

Theory [S-]
(e.g. Λk fluctuation) +

Expt.: CCFR-NuTeV dimuon: 
- s-(x) in 0.01 < x < 0.3
BPZ: + s-(x) for x > 0.5

+

Because of strangeness # SR:

s-(x) function must look like:
∫ =− 0)( dxxs

positive [S-], one crossing, case:

S(x)

xS(x)



What did we find? 

Three representative 
“best fits” with 
different small-x 
behavior:

0.001 < [S-] < 0.003

Cf. CCFR-NuTeV: 
- 0.0027 ± 0.0013

Along with many other 
examples with similar 
characteristics. (Later)



Processes having some sensitivity to s-

Processes having no sensitivity to s- (majority)

Normalized χ2 values

5 representative fits obtained using LM method



Quality of fit to the neutrino dimuon data

(Data points are color-coded according to x; for each x, they are ordered in y.)



What does this analysis say about 
the Strangeness Asymmetry?

Use the Lagrange 
Multiplier Method 
in the CTEQ global 
analysis toolkit to 
probe the full 
range of [S-] 
consistent with 
theory and 
experiment.

Neutrino dimuon 
prod. data sets

Other data sets 

Rule of thumb:

The 3 σ anomaly 
corresponds to
[S-] × 100 ' 0.5 



The Lagrange Multiplier Method in Global Analysis

Constrained fits using 
modified χ2 function:

and vary λ over an appropriate range.

Neutrino dimuon 
prod. data sets

Other data sets 



What about the 
CCFR-NuTeV claim 
(to the contrary); and 

the BPZ analysis?

A picture is better than a 
thousand words?

The CCFR ansatz:

violates Strangeness # SR and 
QCD evolution.

s(x)

xs(x)

BPZ: (i) inclusive X-secs are 
not sensitive to s-(x); (ii) large-
x behavior of s-(x) not natural.



Main Conclusions of the CTEQ Study
• By including dimuon data (which is sensitive to                
at LO), and by fully exploring the allowed parameter space in a 
global QCD analysis, we now have a good general picture of the 
status of the strangeness sector of nucleon structure.  (More than 
just some specific fits to data.)

)(and)( xsxs

• Experimental constraints on                         are still relatively 
weak.  There are still large uncertainties in any specific region 
of x, as seen from the wide range spanned by even the good 
fits A,B, C. Because of other sources of uncertainties, the band
of possible s-(x) values will be considerably wider. 

)(sand)(
_

xxs

• However, the strong interplay between the existing experimental
constraints and the global theoretical constraints, particularly sum 
rules, places quite robust limits on acceptable values of the 
strangeness asymmetry momentum integral [S-].



Implication on the NuTeV anomaly

• We estimate that -0.001 < [S-] < 0.004. A sizable negative [S-] 
is disfavored by both dimuon and other inclusive data.  (Non-
perturbative theoretical models also disfavor this possibility.)

We have done a NLO calculation of the P-W ratio, based on a 
recent work of Kretzer and Reno, using the new CTEQ PDFs.

According to this calculation, a value of [S-] < 0.0017 (central 
value) can reduce the NuTeV anomaly from a 3 σ effect to 1.5 
σ; a value of [S-] ~ 0.003 – 0.004 would then reduce it to within 
1 σ. The actual effect on the NuTeV measurement must await re-
analysis by the experimental group, correcting current flaws, 
extending to NLO, as well as taking into account global 
constraints.



Other Corrections to P-W Relation and NuTeV Analysis
(Londergon, WIN03)

Isospin Violation in PDF

Sather

MRST
L/T



What’s happening?

Some very lively discussions and interaction have taken place 
between various members of CCFR-NuTeV collaboration and 
our group. (both in public and in private setting).

The CCFR-NuTeV analysis is a dedicated one, focusing on 
the dimuon process, particularly the experimental aspects.  
The theoretical model used has a number of rather serious 
flaws.

The CTEQ analysis is a global analysis, using all available 
experimental constraints and the full implementation of PQCD.  
However, in this first try, the dimuon data sets are only included 
in an approximate way.

What do we agree on? The two analyses are quite different!

What’s Next?  ….



(MacFarland, WIN03, 10.08)
What Needs to Be Resolved?

• Functional form does not 
evolve correctly
– from Q0 of 12.6 GeV2 to 

range of 4-100 GeV2

• Strangeness number Sum-
rule violated

• Not global fit -- with 
outside PDFs, d-quark 
distributions not adjusted 
for changes in s(x)

• NLO global fit to Inclusive 
processes; LO cross-section 
for dimuons;

• Dimuon acceptance 
corrections to data model-
dependent;

• mc used isn’t CCFR-NuTeV 
best fit to dimuon data

• Nuclear corrections for proton PDFs handled consistently in two analyses?

NuTeV CTEQ

These concerns have been 
studied recently by us. The 
results contributed to the 
updated uncertainties quoted.



What to Expect?

• Full NLO analyses are under active development 
by both groups—with help from each other.  If 
done properly by both, the apple and the orange 
must converge to a universal fruit—the strange 
quark distribution of nature.

CTEQ group: 

• A full analysis of the newly opened up 
strangeness sector—s+(x) and s-(x).

• This is just one aspect of the continued 
effort to refine our understanding of the 
parton structure of the nucleon in general.



?



Neutrino X-sec. Ratios, NuTeV measurement & P.W. Ratio



Wilson Coefficients:
the quark W.C. to Fi.

NLO QCD Corrections to the P-W Relation



 strange asymmetry  (Q2=20 GeV2)
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Results on the strange sea asymmetry from BPZ
 strange asymmetry  (Q2=20 GeV2)
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without CCFR, same asymmetry
as in previous studies
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0
( ) d 1.8 3.8 10xs xs x −− = ± ×∫

using all data sets, the asymmetry
is strongly reduced

1 3

0
( ) d 1.8 0.5 10xs xs x −− = ± ×∫

momentum asymmetry is 
compatible with zero

all data

no CCFR


