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Beam	
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  with	
  SM1/2	
  magnets	
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  for	
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π-­‐K	
  separa*on	
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  spin	
  decomposi/on	
  

in	
  this	
  talk	
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Deep	
  Inelas?c	
  Sca^ering	
  	
  cross-­‐sec?on	
  

Inclusive	
  Deep	
  Inelas/c	
  scaQering	
  cross-­‐sec/on	
  
Ø  Structure	
  func/ons	
  
	
  

	
  unpolarised	
  	
  F1(x,Q2),	
  	
  F2(x,Q2)	
  →	
  unpol	
  .	
  PDFs	
   	
  q(x)	
  
	
  Polarised	
   	
  g1(x,Q2),	
  g2(x,Q2)	
  →	
  pol.	
  PDFs	
   	
   	
  ∆q(x)	
  

	
  

From	
  Longitudinal	
  double-­‐spin	
  asymmetry:	
  

→ 
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New	
  A1
p(x)	
  &	
  g1p(x)	
  from	
  2011	
  200	
  GeV	
  data	
  Measurements of g1
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NEW	
  2011	
  COMPASS	
  proton	
  data	
  with	
  200	
  GeV	
  muon	
  beam	
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à	
  Lower	
  x,	
  higher	
  Q2	
  
à	
  Improve	
  staCsCcs	
  on	
  proton	
  target	
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COMPASS	
  data	
  on	
  g1p,d(x,Q2)	
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Polarised	
  Structure	
  func?ons	
  

Inclusive	
  Deep	
  Inelas/c	
  scaQering	
  cross-­‐sec/on	
  
Ø  Structure	
  func/ons	
  

	
  unpolarised	
  	
  F1(x,Q2),	
  	
  F2(x,Q2)	
  →	
  unpol	
  .	
  PDFs	
   	
  q(x)	
  
	
  Polarised	
   	
  g1(x,Q2),	
  g2(x,Q2)	
  →	
  pol.	
  PDFs	
   	
   	
  ∆q(x)	
  

	
  

From	
  Longitudinal	
  double-­‐spin	
  asymmetry:	
  

→ 

→ 
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  spin	
  of	
  the	
  nucleon	
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Longitudinal	
  spin	
  decomposi/on	
  

Jq	
  ≈30%	
  
How	
  do	
  different	
  flavors	
  
contribute	
  ?	
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The	
  spin	
  of	
  the	
  nucleon	
  

Sz
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=
1
2
ΔΣ+ΔG + Lz

q + Lz
g

Longitudinal	
  spin	
  decomposi/on	
  

How	
  do	
  different	
  flavors	
  
contribute	
  ?	
  

→ 

Contribu?ons	
  determinable	
  in	
  Semi-­‐inclusive	
  DIS	
  

Jq	
  ≈30%	
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Hadron	
  Asymmetries	
  in	
  SIDIS	
  

Deuteron	
  
PLB	
  680	
  (2009)	
  217-­‐224	
  



PSHP	
  2013,	
  Frasca/,	
  Nov.	
  10-­‐13	
  	
  N.	
  Makke	
  

Hadron	
  Asymmetries	
  in	
  Semi-­‐Inclusive	
  DIS	
  
Deuteron	
  
Proton	
  2007	
  

PLB	
  680	
  (2009)	
  217-­‐224	
  

PLB	
  693	
  (2010)	
  227-­‐235	
  

à First	
  Kaon	
  SIDIS	
  asymmetries	
  on	
  a	
  proton	
  target	
  
	
   	
  Soon:	
  new	
  results	
  on	
  2011	
  proton	
  data	
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Polarized	
  PDFs	
  from	
  Semi-­‐inclusive	
  DIS	
  	
  

Using:	
  
Ø  MRST	
  unpolarised	
  PDF	
  Δq(x,Q2)	
  	
  
	
  	
  	
  	
  	
  	
  (Phys.	
  LeQ.	
  B636	
  (2006)	
  259)	
  
	
  
Ø  DSS	
  fragmenta/on	
  func/ons	
  	
  
	
  	
  	
  	
  	
  	
  (Phys.	
  Rev.	
  D75	
  (2007)	
  114010)	
  
	
  
Ø  Δs	
  =	
  Δsb	
  

LO Flavour Separation
• results are published in PLB 693 (2010) 227

• curves are DSSV NLO parametrisation Phys. Rev. Lett. 101 (2008)
072001; Phys. Rev. D80 (2009) 034030.

• good agreement between COMPASS data and DSSV parametrisation
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22-X-2012 M.Stolarski, QCD-N 2012 page 9Good agreement between COMPASS data and DSSV parametrization, but 
what about Δs ? 

Determine 5 flavor separated PDFs from Leading 
Order fit of the 10 measured asymmetries 

Soon:	
  new	
  results	
  on	
  2011	
  proton	
  data	
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The	
  ∆S	
  PUZZLE	
  

Ø  	
  Inclusive	
  DIS	
  (	
  ∫g1(x)dx,	
  SU(3)	
  flavor	
  symmetry	
  +	
  axial	
  charged	
  of	
  baryons)	
  
	
   	
   	
  	
  
	
   	
   	
   	
   	
   	
  2ΔS	
  =	
  -­‐0.08	
  ±	
  0.01stat.	
  ±	
  0.02syst.	
   	
  PLB	
  647(2007)	
  8-­‐17	
  

	
  
Ø  	
  Semi-­‐Inclusive	
  DIS	
   	
   	
  2ΔS	
  =	
  -­‐0.02	
  ±	
  0.02stat.	
  ±	
  0.02syst. 	
  PLB	
  693	
  (2010)	
  227-­‐235	
  

	
   	
  	
  
	
  à	
  Strong	
  dependence	
  on	
  the	
  choice	
  of	
  fragmentaCon	
  funcCons	
  RSF	
  =	
  Dstr

K/Du
K	
  

EMC	
  

DSS	
  

Large	
  sensiCvity	
  of	
  ∆S	
  to	
  strange	
  to	
  favored	
  FF	
  raCo	
  
à	
  Try	
  to	
  extract	
  from	
  Kaon	
  mulCpliciCes	
  	
  

HKNS	
  
DSS	
  
DIS	
  



PSHP	
  2013,	
  Frasca/,	
  Nov.	
  10-­‐13	
  	
  N.	
  Makke	
  

Ø  Relevant	
  any	
  /me	
  a	
  hadron	
  is	
  emiQed	
  in	
  a	
  high	
  energy	
  collision	
  	
  	
  
Ø  flavor	
  separa/on	
  of	
  polarised	
  parton	
  distribu/on	
  
Ø  extrac/on	
  of	
  polarised	
  gluon	
  density	
  
Ø  Key	
  role	
  in	
  single	
  spin	
  asymmetries,	
  transversity	
  	
  	
  
Ø  Heavy	
  ion	
  studies	
  of	
  QGP	
  

Ø  	
  Universal	
  ó	
  Determinable	
  from	
  global	
  fits	
  on	
  different	
  observables/reac/ons	
  
Ø  Depend	
  on	
  energy	
  frac*on	
  of	
  the	
  fragmen/ng	
  parton	
  transferred	
  to	
  the	
  hadron	
  

	
   	
   	
   	
   	
   	
   	
   	
  	
  
	
   	
   	
   	
   	
   	
   	
  z	
  =	
  Eh	
  /	
  Ei	
  

Ø  Energy	
  conserva/on	
  sum	
  rule:	
  

Ø  Describe	
  the	
  collinear	
  transi/on	
  of	
  a	
  parton	
  i	
  into	
  a	
  final-­‐state	
  hadron	
  h	
  
carrying	
  momentum	
  frac/on	
  z	
  	
  

Ø  Dh
i(q,g)	
  gives	
  the	
  density	
  of	
  hadrons	
  produced	
  a`er	
  partons	
  hard	
  scaaering	
  

Fragmenta?on	
  Func?ons	
  

qi 
h 

Dh
i(z) 
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  sum	
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Ø  Describe	
  the	
  collinear	
  transi/on	
  of	
  a	
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  i	
  into	
  a	
  final-­‐state	
  hadron	
  h	
  
carrying	
  momentum	
  frac/on	
  z	
  	
  

Ø  Dh
i(q,g)	
  gives	
  the	
  density	
  of	
  hadrons	
  produced	
  a`er	
  partons	
  hard	
  scaaering	
  

Fragmenta?on	
  Func?ons	
  

qi 
h 

Dh
i(z) 

	
  
Several	
  glob

al	
  NLO	
  QCD	
  
analyses	
  exi

st	
  (HKNS,	
  DS
S,	
  LSS,	
  KRE,	
  

KKP,	
  AKK,	
  …
)	
  	
  

à  Use	
  different
	
  data	
  sets	
  &

	
  assumpCons	
  BUT	
  	
  

	
  significantly
	
  disagree	
  



Access	
  to	
  FFs	
  via	
  high-­‐energy	
  reac?ons	
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e+e-­‐	
  annihila?on	
  into	
  hadrons	
  
	
  
Ø  Precise	
  data	
  from	
  LEP	
  (+	
  new	
  prel.	
  Results	
  from	
  BELLE	
  &	
  BABAR)	
  
Ø  Clean	
  process	
  (sole	
  dependence	
  on	
  FFs)	
  
Ø  Narrow	
  scale	
  coverage	
  (far	
  from	
  target	
  scales)	
  
Ø  Only	
  sensi/ve	
  to	
  singlet	
  combina/on	
  (Du	
  +	
  Dd	
  +	
  Ds	
  +…)	
  

Hadron-­‐hadron	
  collisions	
  

Ø  Large	
  sensi/vity	
  to	
  gluon	
  FF	
  
Ø  Larger	
  theore/cal	
  uncertain/es	
  
Ø  Strong	
  dependence	
  on	
  PDFs	
  

Semi-­‐inclusive	
  DIS,	
  	
  	
  l	
  N	
  -­‐>	
  l ’	
  h	
  X	
  
	
  	
  

Ø  Allows	
  flavor/charge	
  separa/on	
  
Ø  Wider	
  scale	
  coverage	
  
Ø  Access	
  to	
  larger	
  z	
  	
  
Ø  Non-­‐negligible	
  dependence	
  on	
  PDFs	
  
Ø  Poorly	
  known	
  strange	
  parton	
  distribu/on	
  
Ø  study	
  the	
  hadronisa/on	
  process	
  in	
  nuclear	
  medium	
  (using	
  different	
  targets)	
  



Hadron	
  mul?plici?es	
  in	
  SIDIS	
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Relevant	
  observables:	
  Hadron	
  Mul?plici?es	
  

Knowledge	
  of	
  unpolarised	
  PDFs	
  essen/al	
  
§  u(x),	
  d(x)	
  well	
  known	
  
§  s(x)	
  poorly	
  known	
  ó	
  can	
  be	
  accessed	
  from	
  hadron	
  mul*plici*es	
  	
  

	
  
Kinema/c	
  dependence	
  on	
  x, Q2,	
  z:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Flavor	
  separa/on:	
  

	
  à	
  Binning	
  in	
  x,	
  Q2,	
  z	
  required	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  à	
  Par/cle	
  iden/fica/on	
  required	
  
	
   	
  à	
  	
  High	
  sta/s/cs	
  needed	
  

Requirements	
  fulfilled	
  by	
  COMPASS	
  
	
   	
   	
  	
  
	
  	
  	
  	
  	
  in	
  the	
  kinema/c	
  domain	
  	
  

Q2	
  >	
  1	
  GeV2,	
  W	
  >	
  5	
  GeV,	
  0.1	
  <	
  y	
  <	
  0.7,	
  0.004	
  <	
  x <	
  0.7, 	
  0.2	
  <	
  z	
  <	
  0.85	
  



Mul?plicity	
  measurement	
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Acceptance	
  correc?on	
  
	
  
o  Simulate	
  DIS	
  events	
  with	
  physics	
  

generator	
  (LEPTO)	
  =>	
  Mgen
	
  

o  Simulate	
  the	
  detector	
  response	
  
using	
  GEANT	
  toolkits	
  and	
  
reconstruct	
  data	
  =>	
  Mrec	
  

o  Es/mate	
  acceptance	
  correc/on	
  
factor	
  for	
  limited	
  geom.	
  and	
  
reconstruc/on	
  efficiency	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
a	
  =	
  Mrec/Mgen	
  

o  Correct	
  real	
  data:	
  

Par?cle	
  iden?fica?on	
  
	
  
o  Measure	
  iden/f./misiden/f.	
  

Probability	
  matrix	
  	
  

And	
  unfold	
  data	
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→ 
2S(x)<<5Q(x) 
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S(x)≈0	
   x-­‐independent	
  

distribu/on	
  ✔	
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S(x)	
  >	
  0	
   	
  
o  Nega/ve	
  ∆S	
  ?	
  Solves	
  tension	
  

between	
  DIS	
  and	
  SIDIS…	
  	
  
o  No	
  sensi/vity	
  to	
  strangeness	
  ?	
  
o  NLO	
  effects	
  ?	
  	
  
o  Or	
  significant	
  contribu/ons	
  

from	
  diffrac/ve	
  produc/on	
  ?	
  

BUT	
  No	
  visible	
  x dependence	
  

Ongoing	
  studies	
  to	
  reduce	
  systemaCcs	
  and	
  increase	
  high	
  x	
  bins	
  

→ 
2S(x)<<5Q(x) 
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SIDIS	
  data	
  collected	
  in	
  2004	
  with	
  6LiD	
  target	
  

23	
  x,	
  Q2	
  intervals	
  Kinema/c	
  range 	
  	
  
•  Q2	
  >	
  1	
  GeV2	
  	
  
•  0.1	
  <	
  y	
  <	
  0.9	
  
•  W	
  >	
  5	
  GeV	
  

Differen/al	
  SIDIS	
  cross-­‐sec/on	
  

MulC-­‐dimensional	
  analysis:	
  
	
  23	
  x,	
  Q2	
  intervals	
  
	
  8	
  z	
  bins	
  and	
  40	
  pT2	
  bins	
  	
  

4-­‐dimensional	
  acceptance	
  correc/on	
  
5%	
  systema/c	
  uncertain/es	
  

(cf.	
  A.	
  Mar/n’s	
  talk)	
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Work	
  ongoing	
  to	
  extract	
  same	
  observables	
  from	
  2006	
  data	
  with	
  Par?cle	
  iden?fica?on	
  

(cf.	
  A.	
  Mar/n’s	
  talk)	
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Main	
  mo/va/on:	
  
	
  transversity	
  from	
  hadron	
  pair	
  transverse	
  spin	
  asymmetry	
  (measured	
  at	
  COMPASS)	
  

Unpolarised	
  di-­‐hadron	
  
fragmenta/on	
  func/ons	
  

Interference	
  fragmenta/on	
  func/ons	
  

Experimentally	
  measured	
  
asymmetries	
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Ø  First	
  introduced	
  in	
  the	
  late	
  1970’s	
  to	
  study	
  the	
  hadron	
  structure	
  of	
  jets	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  Konishi,	
  Ukawa	
  and	
  Veneziano,	
  Phys.	
  Lea.	
  B	
  78,	
  243	
  (1978)	
  
	
  
Ø  Needed	
  in	
  NLO	
  calcula/ons	
  in	
  αS	
  for	
  hadron	
  pair	
  produc/on	
  in	
  e+e-­‐	
  annihila/on	
  

Phys.	
  Lea.	
  B	
  578,	
  139	
  (2004)	
  

Ø  Useful	
  to	
  inves/gate	
  the	
  in-­‐medium	
  effects	
  in	
  heavy	
  ion	
  collisions	
  	
  
	
  	
  	
  	
  	
  	
  	
  Phys.	
  Lea.	
  L	
  99,	
  152301	
  (2007)	
  

Ø  	
  Key	
  element	
  to	
  access	
  transversity	
  distribu/on	
  of	
  the	
  nucleon	
  (h1)	
  in	
  SIDIS	
  

Ø  Describe	
  the	
  probability	
  that	
  a	
  quark	
  of	
  given	
  flavor	
  (qf)	
  fragments	
  into	
  a	
  final-­‐
state	
  hadron	
  pair	
  	
  

DiFFs	
  needed	
  in	
  several	
  high	
  energy	
  processes	
  with	
  final	
  state	
  hadrons	
  

Dihadron	
  Fragmenta?on	
  Func?ons	
  (DiFFs)	
  

qi	
   h+	
  

Dh+h-­‐
q(z)	
  

h-­‐	
  

BUT	
  no	
  measurements	
  !	
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Main	
  mo/va/on:	
  
	
  transversity	
  from	
  hadron	
  pair	
  transverse	
  spin	
  asymmetry	
  (measured	
  at	
  COMPASS)	
  

	
  
Based	
  on	
  SIDIS	
  data	
  collected	
  in	
  2004	
  

Event	
  selec/on	
  	
   	
  	
  
•  Q2	
  >	
  1	
  GeV2	
  	
  
•  0.1	
  <	
  y	
  <	
  0.9	
  
•  W	
  >	
  5	
  GeV	
  

Hadron	
  selec/on	
  	
  	
  
•  z1,2	
  >	
  0.1	
  
•  xF1,2 >	
  0.1	
  
•  Emiss	
  >	
  3	
  GeV	
  
•  RT	
  >	
  0.07	
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Weak	
  Q2	
  dependence	
  

Q2	
  

Main	
  mo/va/on:	
  
	
  transversity	
  from	
  hadron	
  pair	
  transverse	
  spin	
  asymmetry	
  	
  

SPIN2012	
  
First	
  measurements	
  in	
  Minv,	
  z=z1+z2,	
  Q2	
  bins	
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Hadron	
  pair	
  mul?plici?es	
  

[	
  0.3,	
  
Minv	
  

First	
  measurements	
  in	
  Minv,	
  z=z1+z2,	
  Q2	
  bins	
  	
  

Significant	
  Minv	
  and	
  	
  z=z1+z2	
  dependences	
  (as	
  expected)	
  
Trend	
  and	
  shape	
  reproduced	
  by	
  LEPTO	
  (no	
  parametrizaCons	
  yet	
  exist)	
  	
  	
  



PSHP	
  2013,	
  Frasca/,	
  Nov.	
  10-­‐13	
  	
  N.	
  Makke	
  

Summary	
  

Ø  Preliminary	
  results	
  on	
  hadron	
  mul/plici/es	
  
o  Broad	
  kinema/cal	
  ranges	
  
o  3-­‐Mul/dimensional	
  binning	
  
o  Iden/fied	
  pions	
  and	
  kaons	
  	
  

	
  
Ø  Improved	
  kaon	
  iden/fica/on	
  with	
  reduced	
  systema/c	
  errors	
  	
  

with	
  ongoing	
  studies	
  to	
  reduce	
  systemaCcs	
  
	
  
Ø  First	
  measurement	
  of	
  uniden/fied	
  hadron	
  pair	
  mul/plici/es	
  for	
  the	
  

perspec/ve	
  of	
  extrac/ng	
  Dihadron	
  fragmenta/on	
  func/ons	
  

Ø  More	
  high	
  precision	
  measurement	
  on	
  the	
  list	
  
§  PT2	
  dependent	
  pion	
  and	
  kaon	
  mul/plici/es	
  in	
  (x,Q2,z)	
  bins	
  
§  Iden/fied	
  hadron	
  pair	
  mul/plici/es	
  in	
  (z,Q2,Minv)	
  bins	
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g1p,d	
  and	
  related	
  sume	
  rules	
  

from	
  neutron	
  and	
  hyperon	
  decays	
  

	
  ∫g1dx	
  	
  
➥	
  Moments	
  

a3=	
  
a8=	
  

∆Σ=a0=	
  0.30±0.01±0.02	
  

 (∆s+∆s)=1/3(a0-a8) = -0.09 ± 0.01 ± 0.02   
_	
  

g1
p =
1
2
4
9
Δu+Δu( )+ 19 Δd +Δd( )+ 19 Δs+Δs( )"

#$
%

&'

Singlet :ΔΣ = (Δu+Δu)++(Δd +Δd)+ (Δs+Δs)#
$

%
&

NS :Δq3 = (Δu+Δu)− (Δd +Δd)#
$

%
&

NS :Δq8 = (Δu+Δu)+ (Δd +Δd)− 2(Δs+Δs)#
$

%
&

g1
d =
1
2
1
9
Δu+Δu( )+ 49 Δd +Δd( )+ 19 Δs+Δs( )"

#$
%

&'

NLO:	
  DGLAP	
  links	
  q	
  and	
  g	
  

Γ1
p = g1

p x( )
0

1
∫ dx; Γ1

d = g1
p x( )

0

1
∫ dx

     Γ1
p − Γ1

d =
a3
6
(1+α 2corr)  (Bjorken SR)

+	
  

Blümlein,	
  Böacher	
  arXiv	
  1101.0052	
  

Δu = Δd = Δs = ΔsAssume	
  SU(3)	
  flavor	
  symmetry:	
  	
  

	
  6(Γ1p-­‐Γ1n)/(1+α2	
  corr)	
  =	
  gA/gV=	
  1.28±0.07±0.10	
  

Phys. Lett. B 690 (2010) 466 

Phys. Lett. B 647 (2007) 330 
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