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Why measure of parity violation 
in electron scattering? 

§ Because	  it’s	  hard	  and	  physicists	  like	  challenges.	  
§ PV	  gives	  access	  to	  the	  weak	  interac8on	  at	  low	  
energy	  (well	  below	  the	  mass	  of	  the	  Z0).	  
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1st Generation PV experiment 
PV-DIS in 1977 
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Phys.	  Lef.	  77B,	  347	  (1979)	  

sin2θW = 0.20±0.03 
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Abstract	  
We	  have	  measured	  parity	  viola8ng	  asymmetries	  in	  the	  
inelas8c	  scafering	  of	  longitudinally	  polarized	  electrons	  from	  
deuterium	  and	  hydrogen.	  	  For	  deuterium	  near	  Q2	  =	  1.6	  (GeV/c)
2	  the	  asymmetry	  is	  (-‐9.5×10-‐5)Q2	  with	  sta8s8cal	  and	  systema8c	  
uncertainBes	  each	  about	  10%	  



PVDIS variables 
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Weak	  PV	  

Electromagne8c	  

§ The	  couplings	  g	  depend	  on	  electroweak	  physics	  as	  
well	  as	  on	  the	  	  weak	  vector	  and	  axial-‐vector	  
hadronic	  current.	  

§ Both	  new	  physics	  at	  high	  energy	  scales	  as	  well	  as	  
interes8ng	  features	  of	  hadronic	  structure	  come	  
into	  play.	  

§ A	  program	  with	  many	  targets	  and	  a	  broad	  
kinema8c	  range	  can	  reveal	  the	  physics.	  

Kinema8c	  factor	  

APV =
σl − σr

σl + σr
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Is	  the	  glass	  half	  full	  
or	  half	  empty?	  



PVDIS variables 
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Cahn and Gilman, PRD 17 
1313 (1978) polarized 
electrons on deuterium 
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PVDIS variables 
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Cahn and Gilman, PRD 17 
1313 (1978) polarized 
electrons on deuterium 
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A	  

ZSoLID?	  (See	  
talk	  by	  J.	  Erler)	  



PVDIS—Electroweak couplings and sin2θW 
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(With	  large	  acceptance	  
apparatus—SOLID)	  

Recall:	  	  sin2θW	  projects	  couplings	  onto	  Standard	  Model—
measurements	  of	  couplings	  to	  elucidate	  extensions	  to	  the	  S.M.	  
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PVDIS variables 
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Cahn and Gilman, PRD 17 
1313 (1978) polarized 
electrons on deuterium 
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QCD	  
§ Parton	  distribu8ons	  (u,	  d,	  s,	  c)	  
§ Charge	  Symmetry	  (CSV)	  
§ Higher	  Twist	  (HT)	  
§ Nuclear	  Effects	  (EMC)	  



QCD: 
Charge Symmetry Violation 
We	  already	  know	  CSV	  exists:	  
§ u-‐d	  mass	  difference 	  δm	  =	  md-‐mu	  ≈	  4	  MeV	  
	   	  δM	  =	  Mn-‐Mp	  ≈	  1.3	  MeV	  

§ electromagne8c	  effects	  
	  
§ Direct	  observa8on	  of	  CSV—very	  exci8ng!	  
§  Important	  implica8ons	  for	  PDF’s	  
§ Could	  be	  a	  par8al	  explana8on	  of	  the	  NuTeV	  anomaly	  
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For APV in electron-2H DIS:  

Broad	  χ2	  minimum	  

(90%	  CL)	  

MRST	  PDF	  global	  with	  fit	  of	  CSV	  
Mar8n,	  Roberts,	  S8rling,	  Thorne	  Eur	  Phys	  J	  

C35,	  325	  (04)	  

MRST (2004) 
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For APV in electron-2H DIS:  

Broad	  χ2	  minimum	  

(90%	  CL)	  

MRST	  PDF	  global	  with	  fit	  of	  CSV	  
Mar8n,	  Roberts,	  S8rling,	  Thorne	  Eur	  Phys	  J	  

C35,	  325	  (04)	  

MRST (2004) 
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QCD: 
Higher Twist 

From	  the	  Quark	  Parton	  Model	  (QPM)	  to	  QCD	  
1.  Add	  DGLAP	  evolu8on	  
2.  Add	  higher	  order	  terms	  in	  the	  Operator	  Product	  Expansion	  (OPE)↔Higher	  Twist	  Terms	  

Parton	  Model—
leading	  twist	  

Di-‐quarks	  

Quark-‐gluon	  
diagram	  

What	  is	  a	  true	  
quark-‐gluon	  
operator?	  

Quark-‐gluon	  operators	  
correspond	  to	  	  

transverse	  momentum	  

QCD	  equa8ons	  
of	  mo8on	  
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QCD: 
Higher Twist--MRST Fits 

x Q2
min 

D(x) D/Q2
min (%) 

LO N3LO LO N3LO 

0.1-0.2 0.5 -.007 0.001 -14 2 

0.2-0.3 1.0 -.11 0.003 -11 0.0 

0.3-0.4 1.7 -.06 -0.001 -3.5 -0.5 

0.4-0.5 2.6 .22 0.11 8 4 

0.5-0.6 3.8 .85 0.39 22 10 

0.6-0.7 5.8 2.6 1.4 45 24 

0.7-0.8 9.4 7.3 4.4 78 47 

F2(x,Q2)=F2(x)(1+D(x)/Q2)	   Q2=(W2-‐M2)/(1/x-‐1)	   Q2
min=Q2(W=2)	  

MRST,	  PLB582,	  222	  (04)	  

Higher	  twist	  
falls	  slowly	  
compared	  to	  

PDF’s	  
at	  large	  x.	  

Order	  of	  DGLAP	  
influences	  size	  	  

of	  HT	  

If	  C(x)~D(x),	  there	  is	  large	  
sensi8vity	  al	  large	  x.	  
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 Need Full Phenomenology 
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relevant	  structure	  

func8ons	  

BIG	  
Small;	  use	  ν	  data	  

(Higher	  twist	  workshop	  
at	  Madison,	  Wisconsin)	  

υγ
33 18

5 FF z =

Isospin	  rota8on	  of	  
νd	  charge	  current	  
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Why HT in PVDIS is Special 
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Bjorken,	  	  
PRD	  18,	  3239	  (78)	  
Wolfenstein,	  

NPB146,	  477	  (78)	  

Zero	  in	  QPM	  

Higher-‐Twist	  valance	  
quark-‐quark	  correla8ons	  

HT	  in	  F2	  may	  be	  dominated	  	  
by	  quark-‐gluon	  correla8ons	  

Isospin	  decomposi8on	  
before	  using	  PDF’s	  

Vector-‐hadronic	  piece	  only	  

Use	  ν	  data	  for	  small	  b(x)	  term.	  



Future PVDIS Measurements 
at JLab 

§ JLab	  Hall	  A	  6	  GeV	  
See	  talk	  by	  Xiaochao	  Zheng	  

	  
§ JLab	  Hall	  C	  Baseline	  Spectrometers	  (12	  GeV)	  

	  
§ JLab	  Hall	  A	  SOLID	  Spectrometer	  (12	  GeV)	  

Paul	  E.	  Reimer,	  	  PAVI	  11	  

9	  September	  2010	  
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12 GeV Hall C 
Baseline equipment 

§ Measurement	  with	  baseline	  spectrometers	  
§  Sensi8ve	  to	  both	  Hadronic	  effects	  and	  to	  Standard	  Model	  effects	  

xBj	  

€ 

δAD
AD

12	  GeV	  

90%	  CL	  

MRST	  global	  fit	  

Approximate	  KinemaBcs	  

xBj	   Q2	  

(GeV2	  )	  
E’	  

(GeV)	  
Θ	  

(deg)	  
W2	  

(GeV)	  
Ad	  

(ppm)	  	  

0.35	   3.3	   6.0	   13.5	   7.1	   -‐285	  

Uncertainty	  	  (δAd/Ad	  ×10-‐3)	  
Sta8s8cal	   5.0	  

Systema8c	  
Polarimetry	   5	  
Q2	   4	  
Rad.	  Corr.	   4	  

Total	  Syst.	   7.6	  

If	  there	  is	  something	  interes8ng	  (Charge	  Symmetry	  Viola8on	  or	  Standard	  Model	  devia8on)	  the	  
experiment	  may	  be	  able	  to	  see	  it—but	  baseline	  equipment	  expt.	  cannot	  tell	  the	  difference.	  

9	  September	  2010	  
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SoLID:  A large acceptance apparatus for JLab Hall A 

§ Moderate	  running	  Bmes	  
–  Large	  Acceptance	  
–  High	  Luminosity	  on	  LH2	  &	  LD2	  	  

§ Befer	  than	  1%	  errors	  for	  small	  bins	  
§ Kinema8cs:	  

–  Large	  Q2	  coverage	  
–  x-‐range	  0.25-‐0.75	  
– W2	  	  >	  4	  GeV2	  

	  

§  Spectrometer	  requirements:	  
–  Solenoid	  contains	  low	  energy	  
backgrounds	  (Møller,	  pions,	  etc)	  

9	  September	  2010	  
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Search for a Solenoid 
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§  There	  are	  a	  number	  of	  Solenoids	  available	  
right	  around	  Rome	  



Search for a Solenoid 
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§  There	  are	  a	  number	  of	  Solenoids	  available	  
right	  around	  Rome	  

§ And	  even	  period	  appropriate	  
transporta8on	  schemes	  



Step 1:  Find a solenoid—“The usual suspects” 

	  
§ MEGA	  (Hall	  D)	  
§ New	  Hall	  D	  design	  

§ All	  could	  work	  within	  the	  
constraints	  of	  our	  physics	  needs	  

§ Present	  effort	  focused	  on	  
CLEO	  Magnet	  

02	  June	  2011	  

Paul	  E.	  Reimer	  

25	  

CLEO	  

CDF	  

ZEUS	  



SoLID:  A large acceptance apparatus 

§ Moderate	  running	  Bmes	  
–  Large	  Acceptance	  
–  High	  Luminosity	  on	  LH2	  &	  LD2	  	  

§ Befer	  than	  1%	  errors	  for	  small	  bins	  
§ Kinema8cs:	  

–  Large	  Q2	  coverage	  
–  x-‐range	  0.25-‐0.75	  
– W2	  	  >	  4	  GeV2	  

	  

§  Spectrometer	  requirements:	  
–  Solenoid	  contains	  low	  energy	  backgrounds	  (Møller,	  pions,	  etc)	  
–  Polarized	  e-‐	  beam	  (M.	  Poelker,	  M.	  Pif)	  
–  Trajectories	  measured	  a�er	  baffles	  	  
–  Fast	  tracking—GEM	  (E.	  Cisbani),	  par8cle	  ID,	  calorimetry,	  and	  pipeline	  electronics	  
–  Precision	  polarimetry	  (0.4%)	  (see	  talks	  by	  	  S.	  Glamazdin,	  E.	  Chudakov,	  K	  Aulenbacher	  A.	  
Narayan,	  M.	  Friend)	  

9	  September	  2010	  
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Statistical Errors (%) vs. Kinematics 

4	  months	  at	  11	  GeV	  

2	  months	  at	  6.6	  GeV	  

Error	  bar	  σA/A(%)	  
shown	  at	  center	  
of	  bins	  in	  Q2,	  x	  

StaBsBcal	  sensiBvity	  for	  SOLID	  spectrometer	  
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Coherent Program of PVDIS Study 

Strategy:	  requires	  precise	  kinema8cs	  and	  broad	  range	  

x Y Q2 
New Physics no yes no 

CSV yes no no 
Higher Twist yes no yes 

Fit	  data	  to:	  

§ Measure	  Ad	  in	  narrow	  bins	  of	  x,	  Q2	  with	  0.5%	  precision	  
§ Cover	  broad	  Q2	  range	  for	  x	  in	  [0.3,0.6]	  to	  constrain	  HT	  
§ Search	  for	  CSV	  with	  x	  dependence	  of	  Ad	  at	  high	  x	  
§ Use	  x	  >	  0.4,	  high	  Q2	  to	  measure	  a	  combina8on	  of	  the	  Ciq’s	  

AMeas. = ASM

�
1 +

βHT

(1− x)3 Q2
+ βCSVx

2

�
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QCD: 
Charge Symmetry Violation 
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PVDIS on the Proton: d/u at High x 

Deuteron analysis has large	

nuclear corrections (Yellow)	


APV for the proton has no 
such corrections 

(complementary to BONUS) 

)(25.0)(
)(91.0)()(
xdxu
xdxuxaP

+

+
≈

3-‐month	  run	  
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CSV in Heavy Nuclei: 
EMC Effect 

5%	  

§ Mean	  Field	  approach	  to	  es8mate	  an	  
EMC-‐like	  effect	  for	  N	  ≠	  Z	  nuclei	  

§ Possible	  explana8on	  for	  NuTeV	  
anomaly	  which	  used	  iron	  target.	  
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CSV in Heavy Nuclei: EMC Effect 
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CSV in Heavy Nuclei: EMC Effect 



What about NuTeV? 
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Apologies	  to	  J.	  Erler	  for	  
photoshopping	  his	  plot	  



What about NuTeV? 
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p-‐n	  CSV	  and	  isoscaler	  CSV	  
Bentz,	  Cloet	  Londergan,	  
Thomas	  PLB693	  462	  2010	  
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p-‐n	  CSV	  and	  isoscaler	  CSV	  
Bentz,	  Cloet	  Londergan,	  
Thomas	  PLB693	  462	  2010	  

Flavor	  Dependent	  Shadowing	  
Brodsky	  PRD70	  (2004)	  116003	  	  

Apologies	  to	  J.	  Erler	  for	  
photoshopping	  his	  plot	  



What about NuTeV? 

9	  September	  2010	  

Paul	  E.	  Reimer,	  	  PAVI	  11	  

38	  

p-‐n	  CSV	  and	  isoscaler	  CSV	  
Bentz,	  Cloet	  Londergan,	  
Thomas	  PLB693	  462	  2010	  

Flavor	  Dependent	  Shadowing	  
Brodsky	  PRD70	  (2004)	  116003	  	  

Other	  Models????	  
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proton-‐neutron	  CSV:	  
•  tested	  with	  APV	  fit	  

on	  deuterium	  
Neutron	  Excess	  CSV	  
•  tested	  with	  Lead	  

target	  

Apologies	  to	  J.	  Erler	  for	  
photoshopping	  his	  plot	  



SIDIS and Transverse Spin with the SoLID Spectrometer 
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E12-11-007: SIDIS using Longitudinally Pol. 3He and SoLID 
a study of spin-orbital correlation 
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Slide	  from	  Jian-‐peng	  Chen	  
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•  Semi-‐Inclusive	  DIS	  π±	  producBon	  
•  Longitudinally	  Pol.	  3He	  target	  effec8ve	  pol.	  neutron	  target,	  achieved	  world-‐best	  performance	  
•  SoLID	  large	  symmetric	  acceptance	  detector,	  high	  sta8s8cs	  and	  befer	  angular	  modula8on	  separa8on	  

•  ExtracBon	  of	  novel	  TMDs	  

• 	  	  
• 	  	  
• 	  	  

• Many	  predicBons	  available	  
•  First	  La�ce	  QCD	  calcula8on	  
•  Light-‐cone	  quark	  model	  and	  others	  

• No	  GPD	  Correspondence	  
•  Genuine	  sign	  of	  intrinsic	  transverse	  mo8on	  

•  Links	  to	  Collinear	  PDFs	  
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Summary 
§ Measurements	  of	  Parity	  Viola8on	  in	  Deep	  
Inelas8c	  Scafering	  contain	  a	  wealth	  of	  
informa8on	  about:	  
–  The	  Standard	  Model	  
–  Charge	  Symmetry	  (CSV)	  
–  Higher	  Twist	  (HT)	  

§  For	  the	  complete	  picture—to	  unravel	  the	  
full	  richness	  of	  the	  physics	  reach	  of	  this	  
process	  a	  dedicated—a	  large-‐acceptance	  
spectrometer	  is	  needed.	  

§  SoLID	  will	  also	  provide	  cri8cal	  nuclear	  
structure	  test	  (NuTeV	  sin2θW)	  

§  Large	  addi8onal	  program	  of	  SI-‐DIS	  planned	  
for	  SoLID	  spectrometer	  
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