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Meiji restoration (1867)
　Many new systems are learned 
    from Germany
    in military, laws, medical sciences, …

There are various activities to celebrate
the friendship.

It is very nice to have this workshop
on this happy occasion.
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One of subprocesses 
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V. M. Abazov et al. (D0 collaboration),
Phys. Rev. Lett. 107 (2011) 011804.

CDF-type peak is not observed!



Could be explained 
by a modification of g(x).

Jet transverse energy
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CDF experiment: PRL, 77 (1996) 438. 

p + p→ jet + X

s = 1.8 TeV,   ET
jet = 15 − 400 GeV

Comparison of theoretical calculations
with CDF experimental data. 

Signature of new physics?



JET cross sections are “explained”
by the CTEQ6 PDFs.
However, it is impossible to predict
accurate jet cross sections at large pT.

CTEQ6
CTEQ5
MRS2001



Motivation
Because the CDF finding is in the shoulder region
of the cross section, a change of a PDF may explain 
the anomaly.
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S. Alekhin, J. Blumlein, S. Klein, and S. Moch, Phys. Rev. D 81 (2010) 014032.

Until a few years ago, all the PDF analyses assumed

                 xs(x,Q0
2 ) = xs (x,Q0

2 ) = κ u(x,Q0
2 )+ d (x,Q0

2 )
2

.

In the ABKM-2010 analysis, an independent functional form is assumed
                 xs(x,Q0

2 ) = xs (x,Q0
2 ) = Asx

as (1− x)bs .  



One of subprocesses For calculating the cross section, 
accurate parton distribution functions (PDFs) need to be supplied.

MSTW (2009)

s / 2 = 1.96 / 2 TeV = 1 TeV is transferred to 
dijets with the energy 140/2 GeV = 70 GeV
⇒  parton momentum fraction x = 70/1000 ~ 0.1

According to the left figure, the PDFs seem to be  
determined well at x ~ 0.1.
⇒  However, this is not the case according to
      the HERMES collaboration.
      The strange-quark distribution s(x) is not determined at all!

 
Our work is to investigate s(x) effects on the CDF +2j.



Determination of anti-quark (sea-quark) distributions

e/μ scattering

Drell-Yan (lepton-pair production)
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p1 + p2 → µ+µ − + X

dσ ∝ q(x1 ) q(x2 )+ q(x1 ) q(x2 )

dσ ∝ qV (x1 ) q(x2 )
at  large  xF = x1 − x2

q(x2 )  can be obtained if qV (x1 ) is known.



s(x)  from neutrino-induced opposite-sign dimuon events

κ =
dx  x  [s(x,Q2 )+ s (x,Q2 )]∫
dx  x  [u(x,Q2 )+ d (x,Q2 )]∫

       Q2 = 20 GeV2

HERMES semi-inclusive measurement

ν ,  ν
E = 30 ~ 500 GeV



SYKMOO-08 (I. Schienbein et al.),
PRD 77 (2008) 054013



Flavor dependence of antiquark distributions
Perturbative QCD
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Because of  mu
2 ,  mu

2 ,  mu
2
 Q2 ,  we expect u = d = s  from the antiquark creaction

by the gluon splitting  g→ qq  in perturbative QCD.

⇒  Experimentally,  s
(u + d ) / 2

~ 0.4

                                   d
u
= 1 ~ 1.4

Non-perturbative mechanism for the asymmetries?

Ref. SK, Phys. Rep. 303 (1998) 183.

E866

E906

J-PARC
 

σ (pd)
2σ (pp)


1
2
1 + d
u

⎛
⎝⎜

⎞
⎠⎟

Fermilab experiment in progress!



GR@PPA (GRace At Proton-Proton/Antiproton collisions)

http://atlas.kek.jp/physics/nlo-wg/grappa.html

Lagrangian
↓

Feynman rule
↓

Scattering amplitude
↓

Scattering cross section
(Kinematics, Numerical integrations)

↓
Event generation

GRACE 

GRACE:  mainly for lepton collisions
GR@PPA:  GRACE is implemented
                     for hadron collisions
                     by including PDF etc.  



Assumed strange-quark distributions for analyses
s(x,Q2 ) + s (x,Q2 )⎡⎣ ⎤⎦ i = wi (x,Q2 ) s(x,Q2 ) + s (x,Q2 )⎡⎣ ⎤⎦CTEQ6L1

 wi (x,Q2 ) = weight function to express modification

Q0
2 = 2.5 GeV2   (Average HERMES Q2 ) 

•  w1(x,Q0
2 ) = 1 − tanh x − x0

Δx
⎛
⎝⎜

⎞
⎠⎟

,      x0 = 0.0796,   Δx = 0.0253 for explaining HERMES data

•  w2 (x,Q0
2 ) = 1

2
1 + tanh x − x0

Δx
⎛
⎝⎜

⎞
⎠⎟

⎡
⎣⎢

⎤
⎦⎥
u(x,Q0

2 ) + d (x,Q0
2 )⎡⎣ ⎤⎦CTEQ6L1

s(x,Q0
2 ) + s (x,Q0

2 )⎡⎣ ⎤⎦CTEQ6L1
Q2  evolution from Q0

2 = 2.5 GeV2  to  Q2 = 2MW
2  

                                          (Q2 = MW
2 + pT

2 ~ 2MW
2 )



Comments on the s(x) choice I
   Issue of fragmentation functions for  HERMES s(x) 

Large uncertainties 
in the fragmentation function  Ds

K (x,Q2 )

M. Hirai, S. Kumano, T.-H. Nagai, 
K. Sudoh, PRD 75 (2007) 094009. 



CT10, H.-L. Lai et  al., Phys. Rev. D 82 (2010) 074024.

 Uncertainty range:   0

< range


< 2   depending on the x  region



Comments on the s(x) choice II
   Large-x distribution of s(x) ?

Example: Intrinsic charm distribution

• pQCD (radiatively generated charm)
The charm distribution is simply generated by Q2 evolution. 

Q2
~ mc

2

C(x,Q2)

• Light-cone Fock space picture
p = uud + ⋅ ⋅ ⋅ + uudcc + ⋅ ⋅ ⋅ Brodsky, Hoyer, Peterson,�

Sakai (BHPS), PLB93 (1980) 451

• Meson-cloud picture
p(uud)→ D0 (uc )Λc

+ (udc),   p(uud)J /ψ (cc )

CTEQ, PRD75 (2007) 054029• Global analysis CTEQ6.5
No intrinsic c

x c+c = 0.57%
2%



W+2j

 pp → ±ν

+ 2jets

typical process
+ many processes …

Z+2j,  top,  WW,  ZW



Results on lepton+2jets



s(x) effects

Tevatron

LHC (14 TeV)

LHC 

Tevatron

 

•  s(x) modifications affect the +2j distribution
•  s(x) effects are opposite in LHC
        due to a different kinamatical-x  region which
        affects the +2j distribution. 
•  +2j distribution increases if s(x) is larger at x ~ 0.1.



Summary

 

•  Functional form of s(x) is not determined as suggested by HERMES.  
•  Three types of s(x) are considerd to calculate the +2j distribution.
        1.  global-analysis PDF      2.  Hard strange      3.  Soft strange
•  s(x) modifications affect the +2j distribution →  could partially explain the CDF excess.
•  CDF +2j  is sensitive to s(x) at x ~ 0.1.  →  +2j  increases if s(x) is larger at x ~ 0.1.
•  LHC +2j is sensitive to s(x) at x ~ 0.02. →  s(x) effects are opposite in LHC (14 TeV)
If the anomalous distribution is a narrow peak, it is difficult to explain it within the standard
model (parton distribution functions). However, the shape of the +2j distribution could be 
changed depending on s(x) at x ~ 0.1.
→  The CDF excess could (partially) come from PDF effects.

More detailed stduies are needed for x  dependence of s(x).
• Theoretical estimates for s(x).    Nucleon models, Lattice QCD?
• Experimental investigations on s(x). 
      Large uncertainties for the HERMES s(x) = s→ K  fragmentation error.
            →  Solved by KEK-Belle in the near future.
      Other DIS experiments,  RHIC, LHC experiments.
      Nuclear (Fe) corrections in ν  reactions
            →  Partially solved by Fermilab-Minerνa in the near future.  →  Wait for ν  factory?



The End

The End



 

Memorial stamps 
from Johannes Blumlein
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Martina Mende
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Tsuneo Uematsu
Werner Vogelsang
Tord Riemann
Johannes Blümlein
      The offer to use DESY computing facilities 
      on March 14 (only 3 days after the earthquake)


