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The	  ATLAS	  detector	  

E.	  Rossi	  -‐	  DIS	  2013	  

Roger JonesMoriond Electroweak Week  – 2011

The ATLAS Detector

• For B-physics measurements, requirement on excellent tracking capabilities 
and muon identification available with the ATLAS detector.
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•Muon Spectrometer
•|η|<2.7
•Toroid B-Field, average ~0.5T
•Muon Momentum resolution 
σ/p< 10% up to  ~ 1 TeV

•Inner Detector
•|η|<2.5, 
•Solenoid B=2T
•Si Pixels, 
•Si strips, 
•Transition Radiation Tracker (TRT)
•σ/pT ~ 3.4x10-4 pT + 0.015  for (|η|<1.5)
•Used for Tracking and Vertexing:
• Precise momentum 
    and lifetime measurements

Wednesday, 16 March 2011

Muon	  Spectrometer	  
²  |η|<2.7	  
²  Toroid	  B-‐Field,	  average	  ~0.5	  T	  	  
² Muon	  Momentum	  resolu7on	  

σ/p	  <	  10%	  up	  to	  ~	  1	  TeV	  

Inner	  Detector	  
²  |η|<2.5,	  	  
²  2	  T	  solenoidal	  magne7c	  field	  
²  Si	  Pixels:	  resolu7on	  10/115	  μm	  in	  Rϕz	  
²  Si	  strips:	  resolu7on	  17/580	  resolu7on	  130	  μm	  in	  Rm	  in	  Rϕz	  
²  Transi7on	  Radia7on	  Tracker	  (TRT)	  resolu7on	  130	  μm	  in	  Rϕ	  
²  σ/pT	  ~	  3.4x10-‐4	  pT	  +	  0.015	  for	  (|η|<1.5)	  	  
²  Used	  for	  	  Tracking	  and	  Vertexing	  
Precise	  momentum	  and	  life.me	  measurements	  

ATLAS is a general purpose detector, designed to be sensitive to a wide range 
of physical phenomena: SM rediscovery, Higgs, SUSY, BSM,... also Flavour 
physics (Large b production cross-section [few100µb], excellent muon detection 
and tracking performance) 
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ATLAS	  Heavy	  Flavours	  overview	  	  
HF	  sensitive	  to	  new	  physics	  

ATLAS	  advantage:	  high	  luminosity	  

E.	  Rossi	  -‐	  DIS	  2013	  

Wide	  program:	  
²  Inclusive	  b,	  c	  production	  	  
² Production	  with	  jets	  
² Charm	  production	  
² Onia	  production	  (see	  D.	  Price	  talk)	  
² B-‐hadron	  production	  
² Rare	  decays	  (see	  Dewhurst	  talk	  )	  
² CP	  violation	  (see	  Dewhurst	  talk	  )	  

2012 

B-‐physics	   triggers	   based	   on	  
single	   and	   di-‐muons:	   in	   2011	  
and	  2012	  lower	  threshold,	  on	  
both	  muons,	  at	  4	  GeV.	  

2012 
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ATLAS	  B	  Spectroscopy	  Highlights	  	  

E.	  Rossi	  -‐	  DIS	  2013	  

Bc
± 

Λb 

Best  Λb lifetime measurement 
Competitive mass measurement 

Phys. Rev. Lett. 108 (2012) 152001 

B± 

B0d	  →J/ψK0*	  B0s→J/ψφ	  

Bd	  →K*μμ	  

ATLAS-‐CONF-‐2013-‐038	  ATLAS-‐CONF-‐2011-‐050	  

	  χb	  observa.on:	  Phys.	  Rev.	  D	  87	  (2013)	  032002	  	  
Search	  for	  rare	  decays	  (Bo

s	  →	  μμ	  ):	  Phys.	  Le4.	  B713	  (2012)	  180-‐196	  

ATLAS-‐CONF-‐2012-‐028	   ATLAS-‐CONF-‐2013-‐008	  
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Open	  beauty	  produc7on:	  
•  b-‐hadron	  (Hb)	  produc7on	  cross	  sec7on	  from	  D*μX	  final	  states	  
•  B+	  produc7on	  cross-‐sec7on	  from	  J/ψμ±	  final	  states	  

b-‐hadron	  production	  at	  LHC	  
² The	  produc7on	  of	  heavy	  quarks	  at	  hadron	  colliders	  provides	  a	  
challenging	  test	  of	  QCD	  predic7ons.	  

² b-‐hadron	  produc7on	  cross	  sec7on	  has	  been	  predicted	  at	  NLO	  
accuracy	  for	  long	  7me.	  

² b-‐hadrons	   are	   important	   backgrounds	   for	   many	   new	   physics	  
searches,	  therefore	  a	  be4er	  understanding	  of	  their	  produc7on	  
is	  crucial.	  

E.	  Rossi	  -‐	  DIS	  2013	  
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HbàD*μ:	  candidates	  selection	  

Selec.on:	  
² Trigger	  on	  muon	  with	  pT	  >	  	  6	  GeV	  
² Fit	  D0-‐vertex	  and	  b	  -‐vertex	  simultaneously	  
² D0	  candidate:	   Fit	   oppositely	   charged	   tracks	  
pairs	  with	  pT	  >	  	  1	  GeV	  	  to	  common	  vertex	  to	  
form	  the	  D0	  	  candidate	  

² D*	  	  candidate:	  Combine	  D0	  candidate	  with	  a	  
track	   of	   opposite	   charge	   to	   the	   kaon	  
candidate	  track	  with	  pT	  >	  	  250	  MeV	  	  to	  form	  
the	  D*	  	  candidate:	  
§  pT	  (D*)	  >	  4.5	  GeV	  
§  |m(Kπ)	   -‐	  m(D0)|<	   64(40)	  MeV	   if	   |η|	   >	   1.3	  
and	  pT	  (D*)	  >	  12	  GeV	  (elsewhere)	  

² B	  candidate:	  if	  2.5GeV	  <	  m(D*μ)	  <	  	  5.4	  GeV	  

E.	  Rossi	  -‐	  DIS	  2013	  

L∫ dt = 3.3pb-1 2010, 7TeV( )Data	  sample:	  
Nucl.	  Phys.	  B864	  (2012)	  341-‐381	  

HbàD*μ	  
	  	  	  	  	  	  	  	  	  	  ↳πD0	  

	  	  	  	  	  	  ↳Kπ	  
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²  ND*μ:	  number	  of	  reconstructed	  D*μ	  pairs	  
²  fb:	  frac7on	  of	  D*μ	  candidates	  from	  a	  single	  b	  decay	  (MC)	  
²  ε:	  reconstruc7on,	  trigger	  and	  selec7on	  efficiency	  
²  L:	  integrated	  luminosity	  of	  the	  collected	  data	  sample	  
²  B:	  total	  branching	  ra7o	  B(D*àD0π)B(D0à	  Kπ)	  world	  average	  value	  (2.63±0.04)%	  
²  factor	  2:	  ND*μ	  counts	  both	  D*+μ-‐	  and	  D*-‐μ+	  

	  

HbàD*μ:	  analysis	  method	  

E.	  Rossi	  -‐	  DIS	  2013	  

Unfolding	   is	   used	   to	   account	   for	  
kinema7cs	  of	  the	  missing	  par7cles	  

Acceptance	  correc7ons	  and	  branching	  ra7o	  
B(bàD*μX)=(2.75±0.19)%	  are	  used	  to	  obtain	  

the	  b-‐hadron	  produc7on	  cross	  sec7on	  
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HbàD*μ:	  reconstructed	  candidates	  

E.	  Rossi	  -‐	  DIS	  2013	  

	  Signal	  composi7on	  shown	  in	  the	  D*μ	  
invariant	  mass	  distribu7on	  

	  B	  candidates	  iden7ed	  as	  opposite	  sign	  	  D*μ	  
excess	  in	  the	  	  D*	  invariant	  mass	  distribu7on	  



9	  

Measured	  cross	  section	  σ	  (pp	  àHbX	  àD*μX)	  

E.	  Rossi	  -‐	  DIS	  2013	  

σ	  (Hb	  àD*μX)	  measured	  in	  the	  kinema7c	  intervals:	  
u  pT	  (D*μ)	  >	  4.5	  GeV	  |η|	  (D*μ)	  	  <	  2.5	  
u  pT	  (μ)	  >	  6	  GeV	  |η|	  (μ)	  	  <	  2.4	  
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Unfolded	  cross	  section	  σ	  (pp	  àHbX)	  

E.	  Rossi	  -‐	  DIS	  2013	  

²  Unfolded	  distribu7ons:	  correct	  pT	  	  and	  η	  distribu7ons	  with	  MC	  to	  account	  for	  the	  kinema7cs	  of	  X	  
²  Correct	  with	  branching	  frac7on	  B(HbàD*μ)	  
²  Decay	  acceptance	  evaluated	  with	  POWHEG+PYTHIA	  NLO	  

Extrapolate	  to	  full	  phase	  space:	  
ATLAS:	  σ	  (pp	  àHbX	  )	  =	  360	  ±9(stat	  )	  ±34(syst	  )	  ±25(Br	  )	  ±12(Lumi	  )	  ±77(ext.	  +acc.	  )μb	  
LHCb1	  [Phys.	  Le:.	  B694	  (2010)	  209]:	  σ(pp	  àHbX	  )	  =	  284	  ±20(stat	  )	  ±49(syst	  )	  μb	  
(LHCb	  result	  doesn't	  include	  extrapola7on	  uncertainty)	  

Results	  are	  
compa7ble	  

Hint	  of	  underes.ma.on	  by	  NLO	  QCD	  predic.ons	  (though	  covered	  by	  theore.cal	  uncertain.es)	  
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B±	  J/ψμ±:	  candidates	  selection	  

E.	  Rossi	  -‐	  DIS	  2013	  

Selec7on:	  
²  J/ψμ+μ-‐:	   J/ψ	   candidate	   with	  

mass	  in	  the	  range	  [2.7,3.5]	  GeV	  	  
² muon	   tracks	   of	   the	   selected	   J/ψ	  	  

candidate	   are	   fi4ed	   to	   a	   common	  
vertex	   with	   an	   addi7onal	   charged	  
track	  of	  pT	  >	  	  1	  GeV	  

²  B±	   	  candidate:	  retain	  B±	   	  candidate	  
if	  pT	  >	  	  9	  GeV	  and	  |y|<	  2.3	  

ATLAS-‐CONF-‐2013-‐008	  
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B±à	  J/ψμ±:	  cross-‐section	  
² NB

reco:	  number	  of	  reconstructed	  signal	  events	  
² A:	  kinema7c	  acceptance	  
² εB:	  efficiency	  reconstruc7on	  for	  signal	  events	  
² L:	   integrated	   luminosity	   of	   the	   collected	   data	  

sample	  
² B:	  total	  branching	  ra7o	  

E.	  Rossi	  -‐	  DIS	  2013	  

MC@NLO+HERWIG:	  predicts	  lower	  produc7on	  cross	  sec7on	  and	  so~er	  pT	  spectrum	  than	  
the	  one	  observes	  in	  data,	  which	  becomes	  harder	  for	  |y|	  >	  1.	  

POWHEG+PYTHIA:	  good	  agreement	  in	  absolute	  scale	  and	  in	  the	  dependence	  of	  pT	  and	  y	  

Differen7al	  cross-‐sec7on	  
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B±à	  J/ψμ±:	  cross-‐section	  

E.	  Rossi	  -‐	  DIS	  2013	  

MC@NLO+HERWIG:	  predicts	  lower	  produc7on	  cross	  sec7on	  and	  so~er	  pT	  spectrum	  than	  
the	  one	  observes	  in	  data,	  which	  becomes	  harder	  for	  |y|	  >	  1.	  

POWHEG+PYTHIA:	  good	  agreement	  in	  absolute	  scale	  and	  in	  the	  dependence	  of	  pT	  and	  y	  

POWHEG+PYTHIA	   MC@NLO+HERWIG	  
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B±à	  J/ψμ±:	  cross-‐section	  

E.	  Rossi	  -‐	  DIS	  2013	  

Fixed-‐Order-‐Next-‐to-‐Leading	  Logarithm	  (FONLL)	  (with	  fbB+	  =	  (0.401	  ±	  0.013))	  is	  in	  good	  
agreement	  with	  the	  measured	  dσ/dpT	  .	  
Results	  also	  in	  good	  agreement	  with	  CMS.	  
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Summary	  and	  Outlook	  
²  ATLAS	   has	   an	   active	   heavy	   Vlavour	   programm:	   beneVits	   from	   higher	   luminosity	  

(and	  sometimes	  increased	  pT	  thresholds)	  but	  also	  more	  difVicult	  environment	  due	  
to	  pileup	  

² Presented	  results	  in:	  
² b-‐hadron	  production	  cross-‐section	  from	  D*μX	  Vinal	  states	  3.3	  pb-‐1:	  Nucl.	  Phys.	  
B864	  (2012)	  341-‐381	  

² Production	   cross	   section	   of	   B+	   at	   √s	   =	   7TeV	   (B±à	   J/ψμ±):	   ATLAS-‐
CONF-‐2013-‐008	  

² Data/Theory	   comparison:	   few	   production	   measurements	   in	   tension	   with	   the	  
corresponding	  theory	  predictions,	  although	  in	  agreement	  within	  uncertainties.	  

² Aim	   at	   continuing	   improving	   the	   understanding	   of	   heavy	   Vlavor	   and	   quarkonia	  
hadroproduction	  and	  theory-‐experiment	  convergence.	  

² Other	  interesting	  results:	  	  
u  QCD	  production	  
u  rare	  decays:	  Br(Bs→μμ)	  <	  4.2x10-‐9	  at	  95%	  	  	  
u  CP	  Violation:	  φs	  =	  0.22	  ±	  0.41stat.±	  0.1syst.	  rad	  (see	  A.	  Dewhurst	  talk)	  
u  Quarkonia	  results	  update	  (see	  D.	  Price	  talk)	  
u  Further	  results	  and	  updates	  in	  progress	  

E.	  Rossi	  -‐	  DIS	  2013	  
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Observation	  of	  B±	  mesons:	  B±→J/ψK±	  

E.	  Rossi	  -‐	  DIS	  2013	  

	  	  

ATLAS-CONF-2010-098 
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ATLAS Preliminary

Reference channel for other B decay measurements. 
Cross section measurement imminent. 
 

Data taken from June to August 2010, using single- and di-muon triggers: 
ü  Di-muon in the J/ψ mass range combined with a third track (kaon mass assigned). 
ü  Fitted 3-track vertex, with J/ψ mass constraint on di-muon 
ü  Unbinned maximum likelihood: the Gaussian signal description uses per candidate 

uncertainties; for the background the mass distribution is modelled with a linear 
function 

MJ/ψK+	  (MeV)	   MJ/ψK+	  (MeV)	  

μ+μ-‐	  



18	  

B±→J/ψ(μμ)K±	  

E.	  Rossi	  -‐	  DIS	  2013	  

	  	  

Background suppression by applying a cut on transverse decay length Lxy > 0.3 mm  
Factor of 6 reduction in background with ~13% loss of signal. 
 

ATLAS-CONF-2010-098 
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Positive and negative states are observed with consistent fitted parameters 

B+	   B-‐	  

Mass	  compa)ble	  with	  PDG	  value:	  
ATLAS:	  M(B)	  =	  5283.2	  ±	  2.5	  MeV	  	  PDG:	  M(B)	  =	  5279.17±	  0.29MeV	  

MJ/ψK+	  (MeV)	   MJ/ψK+	  (MeV)	  

MJ/ψK+	  (MeV)	  MJ/ψK+	  (MeV)	  
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HbàD*μ:	  analysis	  method	  

Unfolding	   is	   used	   to	   account	   for	  
kinema7cs	  of	  the	  missing	  par7cles	  
and	  obtain:	  

E.	  Rossi	  -‐	  DIS	  2013	  

ND*μ:	  number	  of	  reconstructed	  D*μ	  pairs	  

fb:	  frac7on	  of	  D*μ	  candidates	  from	  a	  single	  b	  decay	  (MC)	  

ε:	  reconstruc7on,	  trigger	  and	  selec7on	  efficiency	  

B:	  total	  branching	  ra7o	  B(D*àD0π)B(D0à	  Kπ)	  
world	  average	  value	  (2.63±0.04)%	  

L:	  integrated	  luminosity	  of	  
the	  collected	  data	  sample	  

factor	  2:	  ND*μ	  counts	  both	  D*+μ-‐	  and	  D*-‐μ+	  

Acceptance	   correc7ons	   and	  
branching	   ra7o	   B	   (bàD*μX	   )	   are	  
used	  to	  obtain:	  
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Systematics	  on	  NLO	  QCD	  predictions	  for	  σ	  (pp	  àHbX	  àD*μX)	  

² Scale	  uncertainty,	  determined	  by	  varying	  μr	  and	  μf	  	  independently	  to	  μ/2	  
and	  2μ	  ,	  with	  the	  addi7onal	  constraint	  1/2	  <μr/μf<	  2μ,	  and	  selec7ng	  the	  
largest	  posi7ve	  and	  nega7ve	  varia7ons	  

² mb	   	  uncertainty,	  determined	  by	  varying	  the	  b-‐quark	  mass	  (4.75	  GeV)	  by	  
±0.25	  GeV	  

² PDF	   uncertainty,	   determined	   by	   using	   the	   CTEQ6.6	   PDF	   error	  
eigenvectors;	   the	   total	   uncertainty	   is	   obtained	   by	   varying	   each	  
parameter	  independently	  within	  these	  errors	  and	  summing	  the	  resul7ng	  
varia7ons	  in	  quadrature	  

² Hadronisa7on	  uncertainty,	  determined	  in	  PYTHIA	  by	  using	  the	  Peterson	  
fragmenta7on	  func7on	  instead	  of	  the	  Bowler	  one,	  with	  extreme	  choices	  
of	  the	  b	  -‐quark	  fragmenta7on	  parameter:	  b=0.002	  and	  b=0.01	  

E.	  Rossi	  -‐	  DIS	  2013	  
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Phys.Lett.	  B707	  (2012)	  438-‐458	  

ATLAS	  pp:	  	  |η|	  <	  2.5,	  	  4	  <	  pT(µ)	  <	  100	  GeV	  
	  
Perturbative	  calculations	  in	  agreement	  at	  
low	  pT	  	  but	  deviate	  at	  higher	  pT	  
	  
FONLL	  doing	  well	  in	  the	  full	  range	  covered	  	  	  	  

Inclusive	  muons	  cross	  section	  from	  heavy	  Vlavours	  in	  pp	  	  

E.	  Rossi	  –	  DIS	  2013	  
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B0d→J/ψK0S	  

E.	  Rossi	  -‐	  DIS	  2013	  

Decays	  of	  neutral	  B	  mesons	  into	  CP	  eigenstates	  are	  of	  par7cular	  interest	  for	  B-‐	  physics:	  	  
ü  CP	  viola7on	  studies	  
ü  decay	  channels	  have	  an	  easily	  iden7fiable	  experimental	  signature	  
ü  The	  B0d	  life7me	  measurement	  presents	  an	  opportunity	  for	  tes7ng	  the	  theore7cal	  predic7ons	  of	  the	  

Heavy	  Quark	  Effec7ve	  Theory	  (HQET)	  and	  perturba7ve	  QCD	  (pQCD).	  	  

proper	  decay	  7me	  	  >	  0.35	  ps	  	  

μ+μ-‐	  
π+π-‐	  

Mμμππ(MeV)	   Mμμππ(MeV)	  

B0d	  measured	  mass	  is	  consistent	  with	  the	  world	  average	  5279.50	  ±	  0.30	  MeV	  
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B0d→J/ψK0*	  and	  B0s→J/ψφ	  

E.	  Rossi	  -‐	  DIS	  2013	  

The	   solid	   line	   is	   the	   projec7on	   of	   the	   result	   of	   the	  
unbinned	  maximum	   likelihood	   fit	   to	   all	   candidates	   in	  
the	  mass	  range	  from	  5050	  MeV	  to	  5550	  MeV.	  	  

The	  solid	  line	  is	  the	  projec7on	  of	  the	  result	  of	  the	  
unbinned	   maximum	   likelihood	   fit	   to	   all	   J/ψ(μ
+μ-‐)φ(KK)	   candidates	   in	   the	   mass	   range	   from	  
5150	  MeV	  to	  5600	  MeV.	  

B0s→J/ψφ	  

Select	  2	  muon	  tracks	  candidates	  
Select	  2	  addi7onal	  tracks,	  assume	  K0*→K+π-‐	  or	  φ→K+K-‐	  
Fit	  4-‐track	  vertex;	  constrain	  μ+μ-‐	  to	  M(J/ψ)	  
Apply	  cuts	  on	  M(φ)	  or	  M(K0*)	  
Unbinned	  maximum	  likelihood	  fit:	  Gaussian	  signal,	  linear	  background	  

MJ/ψK0*	  (MeV)	  
MJ/ψKK	  (MeV)	  

B0d→J/ψK0*	  and	  an7-‐B0d→J/ψK0*	  	  
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D-‐mesons	  production	  

	  	   ü   D‐mesons are produced in c and b fragmentation 
ü   c and b quark production are hard processes (mQ >> ΛQCD) 
ü   Theoretical calculations available up to NLO+NNLO level 
ü   Still large theoretical uncertainties (scales, multiple interactions) 

Reconstruc.on	  of	  D-‐mesons	  already	  feasible	  with	  first	  ATLAS	  data	  due	  to:	  
²  	  large	  cross-‐sec2on	  values	  	  
²  	  clean	  D-‐meson	  signatures	  	  
²  	  precise	  ATLAS	  tracking	  and	  vertexing	  

expected cc and bb cross sections in p-p collisions at √s = 7 TeV:  
σ(cc ) ∼ 4.4 mb σ(bb) ∼ 0.24 mb 
first charm processes reconstructed in ATLAS: 

D*+→D0π+→(K-π+)π+ (+c.c.) 
D+→K-π+π+ (+c.c.) 
Ds

+ → Φ π+ → (K-K+)π+(+c.c.) 

E.	  Rossi	  -‐	  DIS	  2013	   24	  
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D-‐mesons	  production:	  D*	  

	  	  

D*+→D0π+
soF→(K-‐π+)π+

soF	  (+c.c.)	  

Build D0 signal from M(Kπ) for D*± candidates 
Additional discrimination from mass difference  
ΔM = M(Kππs)-M(Kπ) 
 
Use presence of secondary vertex and properties of 
hard process to guide cut selection to enhance signal  

E.	  Rossi	  -‐	  DIS	  2013	  

²  Minimum	  bias	  trigger	  
²  Hard	  produc7on	  and	  fragmenta7on	  cuts	  

on	  pT(D*),	  pT	  (K,π),	  pT	  (D*)/ΣET	  
²  Charge	  constraints	  q(K)=-‐q(π,πs)	  
²  Vertex	  reconstruc7on	  D*±,	  D0	  	  
²  Decay	  length	  LXY(D0)>0	  

D0	  

D*-‐D0	  

Mesons 
PDG	  Mass	  
(MeV) 

ATLAS	  Mass	  
(MeV) 

D*	  -‐	  D0 145.42	  ±	  0.01 145.54	  ±	  0.05(stat.) 

D0 1864.83	  ±0.14	   1865.5	  ±	  1.4(stat.) 

MKπ	  (GeV)	  

ΔM=MKππso~
−	  MKπ	  (GeV)	  
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D-‐mesons	  production:	  Ds+	  and	  D+	  	  	  

	  	  
Ds

+ → Φ π+ → (K-K+)π+(+c.c.) 

Secondary Vertex 

π+ 

K+ 

K- D
s

+ Φ 

Cτ(Ds+) ≈ 150μm Interaction Point 

E.	  Rossi	  -‐	  DIS	  2013	  

Interaction Point 

Secondary Vertex 

π+ 

π+ 

K- D+ 

Cτ(D+) ≈ 312μm 

D+→K-π+π+ (+c.c.) 

Mesons	   PDG	  Mass	  (MeV)	   ATLAS	  Mass	  (MeV)	  

D±	   1869.60	  ±	  0.16	   1871.8	  ±	  1.1(stat.) 

Ds
±	   1968.47	  ±0.33	  	   1971.5	  ±	  4.6(stat.) 

26	  

M(KKπ)	  (MeV)	   M(Kππ)(MeV)	  
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D	  meson	  differential	  cross	  sections	  w.r.t.	  pT	  

E.	  Rossi	  -‐	  DIS	  2013	  

D±	  D*±	  

pT(D*±)	  (GeV)	   pT(D±)	  (GeV)	  

Experimental	  uncertain7es	  
dominated	  by:	  	  
ü  luminosity	  
ü  tracks	  reconstruc7on	  
ü  D	  selec7on	  efficiency	  

	  
Data	  higher	  than	  NLO	  predic7ons,	  but	  within	  large	  theore7cal	  (scale)	  uncertain7es	  

	  

MC	  Uncertainties	  due	  to:	  	  
ü  renormalization	  scale	  
ü  factorization	  scale	  
ü  small:	  qmass	  PDF	  and	  hadronization	  


