
Ming	  Liu	  
Los	  Alamos	  Na/onal	  Laboratory	  

Drell-‐Yan	  Transverse	  Single	  Spin	  Asymmetry:	  
	  
•  Polarized	  120	  GeV	  proton	  beam	  from	  the	  

Fermilab’s	  Main	  Injector,	  E-‐1027	  

•  Polarized	  proton	  (NH3)	  target,	  	  design	  &	  
construcRon	  at	  	  LANL	  

•  Polarized	  Target	  Drell-‐Yan	  (LOI	  submiUed	  
to	  PAC	  2013)	  
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Opportunity	  for	  a	  Polarized	  Target	  Drell-‐Yan	  
Experiment	  @Fermilab	  
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E906/SeaQuest	  Dimuon	  @Fermilab	  
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Flavor	  Asy
mmetry	  

E906	  dbar/ubar	  projecRon	  

d (x)
u(x)

!1 x = 0 ~ 0.3

X=0.0~0.3	  

Thanks	  J.C.	  Peng	  for	  the	  flavors!	  



The	  Physics	  
all	  about	  sea	  quarks	  

•  Sea-‐quark	  flavor	  asymmetry	  
•  Sea-‐quark	  orbital	  angular	  

moRon	  and	  Sivers	  funcRon	  at	  
x	  =	  0.0	  ~	  0.3	  

•  Proton	  spin	  puzzle	  
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!q ~ 30% (pol. SIDIS)

!G ~ 1
2
"30% (?) (RHIC # spin)

L ~ 30%? (FNAL?)
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L	  =	  1	  L	  =	  0	  

P = c1 p + c2 p,!
0 + c3 n,!

+ +...



One	  possible	  explanaRon	  (Sivers	  
effect):	  	  quark	  transvers	  moRon	  
generates	  a	  lei-‐right	  bias.	  

	  

! 

   AN =
"# $"%

"# +"%

& + (ud ) favors left
&$ (du ) favors right

Transverse	  Single	  Spin	  Asymmetry	  	  	  
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Anselmino	  et	  al	  PRD	  79	  54010(2009)	  
	  

Sea	  quark	  Sivers:	  not	  much	  constraint	  by	  SIDIS	  data	  

X=	  0.02	  –	  0.5	  
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Drell-‐Yan	  Transverse	  Single	  Spin	  Asymmetry	  @Fermilab	  
SeaQuark	  Sivers	  Effects	  

•  The	  first	  precise	  measurements	  of	  
seaquark	  Sivers	  distribuRons	  

•  @	  large	  x	  =	  0.1~0.4	  where	  significant	  
Sivers	  Asymmetry	  observed	  in	  pol.	  SIDIS	  

•  Sea-‐quark’s	  Sivers	  Funcs	  poorly	  known	  

6	  5/21/13	   Ming	  Liu,	  	  Pol	  Workshop@Fermilab	  

d 2!
dxtdxb

=
4"# 2

9x1x2s
e2[qb(xb )! qt (xt )+ qb(xb )q(xt )]

"
4"# 2

9x1x2s
e2[qb(xb )! qt (xt )]

E906	  Coverage	  

Pol.	  Target	  

x2

Sivers Asymmetry in Drell-Yan
pp   µ+µ-X,  4<Mµµ<9 GeV
Fermilab polarized target
Pbeam=120 GeV
8 cm NH3 target, Ptarget=0.8

A N

F.	  Yuan	  



LANL	  High	  Density	  Polarized	  
Proton	  (Neutron)	  Target	  
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•  SuperconducRng	  dipole	  magnet	  
–  Temperature	  ~	  1	  K	  
–  MagneRc	  Field:	  	  5	  Tesla	  
–  10cm	  long	  NH3	  target	  

•  Proved	  capable	  of	  handling	  high	  luminosity	  
–  up	  to	  ~	  1035	  	  	  	  (Hall	  C)	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ~	  1034	  	  	  (Hall	  B)	  

Pol	  ~	  70%	  
I	  ~100nA	  



Proposed	  Timeline	  
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LOI	  &	  Approval	  

2013	   2014	   2015	   2016	  

Build	  Pol.	  Target	  

InstallaRon	  @E906	  	  
and	  take	  data	  

Preliminary	  results	  of	  1st	  
anRquark	  Sivers	  asymmetry	  



Pion	  Cloud	  or	  Tornado	  ?	  
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Y.	  Goto	  4/2010	  CERN	  DY	  	  

-‐ 	  Polarized	  DY	  Dimuon	  Exp.	  at	  Fermilab	  Main	  Injector:	  120GeV	  

Proposed	  Future	  Polarized	  DY	  Exp’s	  

Ming	  Liu,	  	  Pol	  Workshop@Fermilab	  5/21/13	  



Drell-‐Yan	  Transverse	  Single	  Spin	  Asymmetry	  @Fermilab	  
SeaQuark	  Sivers	  Effects	  

•  The	  first	  precise	  measurements	  of	  
seaquark	  Sivers	  distribuRons	  

•  @	  large	  x	  =	  0.1~0.4	  where	  significant	  
Sivers	  Asymmetry	  observed	  in	  pol.	  SIDIS	  

•  Sea-‐quark’s	  Sivers	  Funcs	  poorly	  known	  

xF = x1 - x2

AN
DYSivers Asymmetry in Drell-Yan

pp   µ+µ-,  4<Mµµ<9 GeV
FermiLab ideal setup
Pbeam=120 GeV, 1019 beam protons
10 cm NH3 target, PT=0.8

A N
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Current	  E906	  	  
Coverage	  

E906	  Coverage	  

Pol.	  Target	  


