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Outline

• Overview of Drell-Yan experiments with 
meson beams

• What have we learned from these 
experiments 

• What we would like to learn in the future
• Summary 
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First Dimuon Experiment

29 GeV protonp U Xµ µ+ −+ → + +

Lederman et al. PRL 25 (1970) 1523

Experiment originally 
designed to search for 
neutral weak boson (Z0)

Missed the J/Ψ signal !

“Discovered” the Drell-Yan 
process
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The Drell-Yan Process
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Exp P (GeV) targets D-Y events

WA11 175 Be 500 (semi-exclusive)

WA39 40 W (H2) 3839 (all beam, M > 2 GeV)

NA3 150, 200, 280 Pt (H2) 21600, 4970, 20000 (535, 121, 741)

NA10 140, 194, 286 W (D2) ~84400, ~150000, ~45900 (3200, --, 7800)

E331/E444 225 C, Cu, W 500

E326 225 W

E615 80, 252 W 4060, ~50000
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Exp P (GeV) targets D-Y events

WA39 40 W (H2)

NA3 200 Pt (H2) 1750 (40) 

E331/E444 225 C, Cu, W
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Exp P (GeV) targets D-Y events

WA39 40 W (H2)

NA3 150, 200 Pt 688, 90

Exp P (GeV) targets D-Y events

WA39 40 W (H2)

NA3 200 Pt 170

Exp P (GeV) targets D-Y events

WA39 40 W (H2)

NA3 150, 200 Pt 275, 32

E537 125 W, Cu, Be 380
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Ratios of ( ) / ( ) Drell-Yan cross sectionsA p Aπ − + +
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Ratios of ( ) / ( ) Drell-Yan cross sectionsC Cπ π+ −+ +
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( ) versus ( ) Drell-Yan cross sectionsW Wπ π− ++ +

( ) ( )W Wσ π σ π− ++ > +

WA39, 40 GeV

2.3 2.7 GeVM< <

 GeV

4.0 5.0 GeVM< <
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( ) versus ( ) Drell-Yan cross sectionsW p Wπ − + +

Valence quark -distribution
in pion is broader than that
in proton 

x

E537, 125 GeV
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Ratios of ( ) / ( ) Drell-Yan cross sectionsK D Dπ− −+ +

From NA3; 150 GeV, Pt target
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0.18 0.07(1 ) softer -valence than -valence in kaonR x u s±− ⇒
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Difference of ( )and ( ) Drell-Yan cross sectionsD Dπ π− ++ +
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Difference of ( )and ( ) Drell-Yan cross sectionsK D K D− ++ +
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Attemps to extract the pion valence quark distribution

0.5 0.46( ) 0.72 (1 )F x x xπ = −

NA3, 200 GeV

E331, 225 GeV
BNL, 22 GeV

WA11, 175 GeV

0.5 1.27( ) 0.90 (1 )F x x xπ = −

0.5 1.57( ) 2.43 (1 )F x x xπ = −
0.45 1.17( ) (1 )F x Ax xπ = −
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Attemps to extract the pion valence quark distribution

NA3, 200 GeV

0.442 1.248( ) (1 )F x Ax xπ = −

E537, 125 GeV

E615, 252 GeV

0.6 1.26( ) (1 )F x Ax xπ = −

A global fit to all data is needed
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• OW-P (PRD 30, 943 (1984))
– LO QCD
– J/Psi data from NA3 and WA39; D-Y data 

from  E537 and NA3

Four pion PDF sets available at LHAPDF library
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• ABFKW-P (PL 233, 517 (1989))
– NLO QCD
– Direct photon data from WA70 and NA24; 

Sea-quark distribution from NA3 

Four pion PDF sets available at LHAPDF library
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• GRV-P (Z. Phys. C53, 651 (1992))
– LO and NLO QCD
– Only valence and valence-like gluon at initial 

scale. Sea is entirely from QCD evolution

Four pion PDF sets available at LHAPDF library
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• SMRS-P (PR D45, 2349 (1992))
– NLO QCD
– NA10 and E615 D-Y data, 

WA70 direct photon data

Four pion PDF sets available at LHAPDF library
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TDimuons at high p  are dominated
by quark-gluon process. They are 
senitive to pion's gluon distribution,
just like direct-photon production

PR D58, 074012 (1998)
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( Pt) / ( Pt) ratios for J/  productionK π− −+ + Ψ

Ratios for D-Y

Similar behavior at large  for D-Y and J/  production?Fx Ψ

From NA3; 150 GeV, Pt target

Ratios for J/Ψ
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• Use GRV for pion and kaon PDF and 
CTEQ5L for proton PDF

• Use same normalization factor for pion and 
kaon beams

• Take into account the proton and neutron 
numbers in the platinum target

• Compare the calculation with NA3 data

J/  production in the Color Evaporation ModelΨ
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J/  production in the Color Evaporation ModelΨ

Pt /J xπ − + → Ψ + Pt /K J x− + → Ψ +

 annihilation is important at large Fq q x−
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Comparison between data and calculations

same pdf for  and K π− −

The / ratios of J/  production at large  might indicate

a softer  in  than , similar to the D-Y data?
FK x

u K s
π

−

Ψ

( Pt) / ( Pt) ratios for J/  productionK π− −+ + Ψ

modified pdf for K −

Modified kaon PDF 
has the ubar  valence 
quark distribution  
multiplied by (1-x)0.18 

and the strange quark 
distribution divided 
by (1-x)0.18
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Drell-Yan decay angular distributions

Collins-Soper frame

Θ and Φ are the decay polar 
and azimuthal angles of the 
μ+ in the dilepton rest-frame

A general expression for Drell-Yan decay angular distributions:

*"Naive" Drell-Yan (transversely polarized , 
no transverse mo 1, 0, 0mentum)

γ
λ µ ν= = =→

In general : 1, 0, 0λ µ ν≠ ≠ ≠

2 21 3 1 cos sin 2 cos sin cos 2
4 2

d
d
σ νλ θ µ θ φ θ φ

σ π
      = + + +      Ω      

*
1 2

*( )h h x l l q qxγ γ+ −+ → + → + + →+
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Decay angular distributions in pion-induced Drell-Yan

Z. Phys.

37 (1988) 545

T0  and  increases with pν ν≠

Dashed curves 
are from pQCD 

calculations

NA10  π- +W
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Decay angular distributions in pion-induced Drell-Yan
Phys. Rev. D 39 (1989) 92 

1, 0, 0  and they vary with , , andTm p xµµ πλ µ ν≠ ≠ ≠

E615  Data 252 GeV π- + W

λ λ λ

µ µ µ

ν ν ν

2(GeV/c )mµµ xπ (GeV/c)Tp
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Decay angular distributions in pion-induced Drell-Yan

Data from NA10  (Z. Phys. 37 (1988) 545)

Is the Lam-Tung relation violated?

Violation of the Lam-Tung relation suggests interesting new origins 
(Brandenburg, Nachtmann, Mirkes, Brodsky, Khoze, Muller, Eskolar, 
Hoyer,Vantinnen, Vogt, etc.)





140 GeV/c 194 GeV/c 286 GeV/c
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Boer-Mulders function h1
┴

κ1=0.47, MC=2.3 GeV

22
1 12 2( , ) ( )T TkC HT

T H
T C

M Mh x k c e f x
k M

αα
π

−⊥ =
+

1

1

1  represents a correlation between quark's  and
    transverse spin in an unpolarized hadron (ana
   is a time-reversal odd, chiral-o

logous to Coll
dd TMD p

ins fu
arton distributio

nction)
n

   

T

h

h

h k⊥

⊥

⊥

•

•

•

1 1

1 1

can lead to an azimuthal dependence with h h
f f

ν
⊥ ⊥  

∝   
  

2 2

1 2 2 216
( 4 )

T C

T C

Q M
Q M

ν κ=
+

Boer, PRD 60 (1999) 014012

ν>0 implies valence BM functions for pion and 
nucleon have same signs



Can one test the predicted sign-change from DIS 
to D-Y for pion’s B-M function?  
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1) From NA10 pion Drell-Yan data, one deduces that the product
of the pion valence quark B-M function and the proton valence
quark B-M function is positive. Using -quark dominance, 
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From TDIS to TSIDIS at EIC
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TSIDIS (Tagged Semi-Inclusive DIS)

TSIDIS

underlying process:

1)  An independent check of pion's PDF
2) Could a
  D
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Summary and future Prospect
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Summary and future Prospect
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(see talk by 
       Stephane Platchkov)

 Need D-Y data on  and  

   *  Need J/  data (to pr
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