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PH ENIX



Outline	
  

•  Mo2va2on	
  	
  
•  Silicon	
  Vertex	
  Detectors	
  of	
  PHENIX	
  
•  Selected	
  PHENIX	
  measurements	
  
– Forward	
  J/ψ	
  and	
  ψ’	
  ra2o	
  via	
  di-­‐muon	
  channel	
  
in	
  p+p,	
  p+Al	
  and	
  p+Au	
  collisions.	
  

– Forward	
  B	
  to	
  J/ψ	
  ra2o	
  via	
  di-­‐muon	
  channel	
  in	
  
p+p	
  and	
  Cu+Au	
  collisions.	
  

•  Summary	
  and	
  Outlook	
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•  Heavy	
  flavor	
  is	
  a	
  good	
  probe	
  to	
  study	
  
the	
  full	
  evolu2on	
  of	
  the	
  medium	
  as	
  it	
  
is	
  produced	
  in	
  the	
  early	
  stage	
  of	
  
nuclear	
  collisions	
  due	
  to	
  its	
  high	
  mass	
  
(mc,	
  mb>>ΛQCD).	
  	
  

•  Quarkonia	
  are	
  expected	
  to	
  dissociate	
  
sequen2ally	
  in	
  the	
  QGP	
  due	
  to	
  color	
  
screening	
  melt	
  in	
  later	
  stage,	
  and	
  can	
  
be	
  treated	
  as	
  a	
  thermometer	
  to	
  
probe	
  the	
  QGP	
  temperature.	
  

•  Interac2on	
  with	
  the	
  medium	
  (Cold	
  
Nuclear	
  Macer/	
  Hot	
  Nuclear	
  Macer)	
  
is	
  not	
  well	
  understood.	
  

•  Need	
  to	
  measure	
  mul2ple	
  observables	
  in	
  different	
  
processes	
  to	
  isolate	
  the	
  ini2al/final	
  state	
  and	
  cold/hot	
  
nuclear	
  macer	
  effects.	
  	
  

CNM	
  effect:	
  co-­‐mover	
  absorp2on	
  

Hot	
  Nuclear	
  effect:	
  QGP	
  forma2on	
  



Silicon	
  Vertex	
  Detectors	
  of	
  PHENIX	
  
•  The	
  silicon	
  vertex	
  detectors:	
  VTX(installed	
  since	
  2011)	
  and	
  

FVTX(installed	
  since	
  2012)	
  make	
  the	
  new	
  heavy	
  flavor	
  measurement	
  
possible	
  in	
  p+p,	
  p+Al,	
  p+Au,	
  Cu+Au	
  and	
  Au+Au	
  collisions.	
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MuTr:1.2<|y|<2.2,	
  φ=2π	
  	
  

MuID:1.2<|y|<2.2,	
  φ=2π	
  	
  

p,	
  Cu	
  

p,	
  Au,	
  Al	
  

•  VTX:	
  	
  
–  With	
  |y|<1.2	
  and	
  φ≈2π	
  coverage.	
  
–  provide	
  precise	
  vertex	
  and	
  tracking	
  

measurements	
  for	
  D,BàX+e.	
  

•  FVTX:	
  	
  
–  With	
  1.2<|y|<2.2	
  and	
  φ=2π	
  coverage.	
  
–  provide	
  precise	
  tracking	
  and	
  improved	
  

resolu2on	
  for	
  di-­‐muon	
  mass	
  
measurements	
  for	
  J/ψ,	
  ψ’	
  àμ+μ,-­‐BàJ/ψ	
  
and	
  D,	
  B	
  separa2on.	
  



Explore	
  the	
  CNM	
  effect	
  via	
  charmonia	
  (J/ψ	
  and	
  ψ’)	
  	
  
•  Mid-­‐rapidity	
  ψ’	
  RdAu	
  measured	
  at	
  PHENIX	
  in	
  d+Au	
  collisions	
  

has	
  different	
  trend	
  and	
  magnitude	
  of	
  suppression	
  versus	
  Ncoll	
  
from	
  the	
  J/ψ	
  results.	
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Number	
  of	
  binary	
  
nucleon-­‐nucleon	
  	
  
inelas2c	
  collision	
  

PRL	
  111,	
  202301	
  
(2013)	
  

•  Similar	
  ini2al	
  state	
  effect	
  
(shadowing,	
  energy	
  loss	
  
etc.)	
  on	
  J/ψ	
  and	
  ψ’.	
  

•  Indica2ons	
  of	
  impacts	
  from	
  
final	
  state	
  effects	
  cause	
  the	
  
difference.	
  

•  Can	
  we	
  study	
  this	
  in	
  
forward/backward	
  rapidity	
  
and	
  different	
  collision	
  
system?	
  



Rela2ve	
  ra2o	
  of	
  ψ’	
  to	
  J/ψ	
  vs	
  rapidity	
  
•  Centrality-­‐integrated	
  rela2ve	
  ra2o	
  of	
  ψ’	
  to	
  J/ψ	
  vs	
  rapidity	
  for	
  

forward	
  and	
  backward	
  p+Au,	
  p+Al	
  and	
  mid-­‐rapidity	
  d+Au.	
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•  The	
  J/ψ	
  and	
  ψ’	
  have	
  similar	
  suppression	
  at	
  forward	
  rapidity.	
  
•  Strong	
  rela2ve	
  suppression	
  is	
  observed	
  at	
  back	
  rapidity.	
  

p/d	
   Au/Al	
  
p	
   Au	
  



Possible	
  contribu2ons	
  to	
  the	
  differen2al	
  suppression	
  
•  Time	
  spent	
  inside	
  the	
  nucleus	
  

–  Longer	
  2me	
  and	
  path	
  length	
  spent	
  by	
  the	
  cc-­‐bar	
  in	
  Au-­‐	
  (Al-­‐)	
  
going	
  direc2on	
  than	
  the	
  p-­‐	
  going	
  direc2on.	
  

	
  	
  

•  Absorp2on	
  by	
  Co-­‐movers?	
  
–  Charmonium	
  can	
  break	
  up	
  in	
  the	
  presence	
  of	
  co-­‐movers.	
  
–  Higher	
  par2cle	
  density	
  in	
  the	
  Au-­‐	
  (Al-­‐)	
  going	
  direc2on	
  may	
  cause	
  
larger	
  suppression.	
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–  According	
  to	
  the	
  crossing	
  
2me	
  τ	
  dependent	
  model	
  
fit	
  on	
  world	
  wide	
  data	
  (PRC	
  
87	
  (2013)	
  054910),	
  very	
  small	
  
contribu2ons.	
  	
  

–  This	
  effect	
  can	
  not	
  explain	
  
the	
  backward	
  rapidity	
  
suppression.	
  



Rela2ve	
  ra2o	
  of	
  ψ’	
  to	
  J/ψ	
  vs	
  rapidity	
  
•  Centrality	
  integrated	
  rela2ve	
  ra2o	
  of	
  ψ’	
  to	
  J/ψ	
  vs	
  rapidity	
  for	
  

p+Au,	
  p+Al	
  and	
  d+Au	
  (mid-­‐rapidity).	
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•  The	
  trend	
  of	
  the	
  rapidity	
  dependency	
  is	
  consistent	
  with	
  co-­‐
mover	
  dissocia2on	
  model.	
  

•  New	
  model	
  calcula2ons?	
  Plasma	
  effect	
  in	
  central	
  collisions?	
  

E.	
  Ferreiro,	
  PLB	
  	
  749	
  (2015)	
   New	
  calcula2on	
  allows	
  for	
  short	
  QGP	
  phase	
  in	
  
central	
  collisions	
  +	
  hadron	
  resonance	
  gas.	
  

Du,	
  Rapp	
  NPA	
  943	
  (2015)	
  

Need	
  calcula2ons	
  at	
  forward	
  rapidity	
  



Study	
  the	
  Hot	
  Nuclear	
  Macer	
  effect	
  via	
  open	
  heavy	
  
flavor	
  produc2on	
  	
  

•  Suppression	
  of	
  the	
  inclusive	
  Heavy	
  flavor	
  RAA	
  provides	
  evidence	
  
of	
  strong	
  coupling	
  between	
  the	
  heavy	
  flavor	
  and	
  medium.	
  

SQM2016	
   Xuan	
  Li	
  (LANL)	
   9	
  

PRL	
  98,	
  172301	
  (2007)	
  

•  Low	
  PT	
  heavy	
  flavor	
  produc2on	
  
is	
  dominated	
  by	
  charm	
  
produc2on,	
  need	
  to	
  separate	
  
charm	
  and	
  bocom	
  and	
  study	
  
the	
  mass/flavor	
  dependent	
  
quark	
  energy	
  loss.	
  	
  

•  Measure	
  B-­‐meson	
  directly?	
  	
  

RAA	
  

Ivan,	
  PLB649,	
  139	
  (2007)	
  

pT	
  (GeV/c)	
  



Can	
  we	
  measure	
  B	
  meson	
  in	
  forward	
  rapidity?	
  
	
  B-­‐>J/ψ-­‐>μ+μ-­‐	
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J/ψ	
  	
  

Prompt	
  
hadron	
  

μ+	
  

μ-­‐	
  

J/ψ	
  	
  

B

μ+	
  

μ-­‐	
  

DCAR	
  

	
  
	
  
	
  

	
  
	
  
	
  

•  Different	
  shapes	
  of	
  
the	
  Distance	
  of	
  
Closet	
  Approach	
  
along	
  the	
  radial	
  
projec2on	
  (DCAR)	
  of	
  
prompt	
  par2cles	
  and	
  
decayed	
  par2cles	
  
make	
  the	
  separa2on	
  
of	
  B	
  decayed	
  J/ψ	
  and	
  
prompt	
  J/ψ	
  feasible.	
  

•  B	
  mesons	
  measured	
  in	
  the	
  forward/backward	
  rapidity	
  with	
  
longer	
  decay	
  length	
  may	
  probe	
  different	
  QGP	
  evolu2on	
  stage	
  in	
  
heavy	
  ion	
  collisions	
  from	
  the	
  mid-­‐rapidity	
  region.	
  



Analysis	
  strategy	
  for	
  the	
  B	
  to	
  J/ψ	
  ra2o	
  
measurement	
  (I)	
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•  Signal	
  determina2on	
  
–  Generate	
  prompt	
  J/ψ	
  

and	
  B	
  to	
  J/ψ	
  events	
  in	
  
full	
  simula2on	
  (PYTHIA
+GEANT+RECO)	
  for	
  p+p	
  
with	
  realis2c	
  vertex	
  and	
  
dead	
  maps	
  etc.	
  

•  Obvious	
  DCAR	
  shape	
  
difference	
  between	
  
prompt	
  J/ψ	
  and	
  B	
  to	
  
J/ψ.	
  

2012	
  200	
  GeV	
  Cu+Au	
  data	
  

•  Clear	
  J/ψ	
  peaks	
  are	
  
found	
  in	
  both	
  p+p	
  
and	
  Cu+Au	
  data.	
  

510	
  GeV	
  p+p	
  simula2on	
  

Prompt	
  J/ψ	
  -­‐>	
  μ+μ-­‐	
  
B	
  -­‐>	
  J/ψ	
  -­‐>	
  μ+μ-­‐	
  

Muon	
  DCAR	
  (cm)	
  



Analysis	
  strategy	
  for	
  the	
  B	
  to	
  J/ψ	
  ra2o	
  
measurement	
  (II)	
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•  Signal	
  determina2on	
  
–  Generate	
  prompt	
  J/ψ	
  

and	
  B	
  to	
  J/ψ	
  events	
  in	
  
embedding	
  for	
  Cu+Au	
  
with	
  realis2c	
  vertex	
  and	
  
dead	
  maps	
  etc.	
  

•  Obvious	
  DCAR	
  shape	
  
difference	
  between	
  
prompt	
  J/ψ	
  and	
  B	
  to	
  
J/ψ.	
  

2012	
  200	
  GeV	
  Cu+Au	
  data	
  

•  Clear	
  J/ψ	
  peaks	
  are	
  
found	
  in	
  both	
  p+p	
  
and	
  Cu+Au	
  data.	
  

200	
  GeV	
  Cu+Au	
  embedding	
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Analysis	
  strategy	
  for	
  the	
  B	
  to	
  J/ψ	
  ra2o	
  
measurement	
  (III)	
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•  Fit	
  on	
  DCAR	
  in	
  data	
  to	
  simultaneously	
  determine	
  the	
  prompt	
  J/ψ	
  
and	
  J/ψ	
  from	
  B-­‐meson	
  decay	
  yields	
  and	
  extract	
  the	
  B	
  to	
  J/ψ	
  
frac2on.	
  	
  

(cm)RMuon DCA
0.25− 0.2− 0.15− 0.1− 0.05− 0 0.05 0.1 0.15 0.2 0.25

Co
un

ts

1

10

210

 Fit (-2.2<y<-1.2)ψ J/→B 

2012 510 GeV p+p data

Total fit

ψB-menson decayed J/

ψPrompt J/

Combnatorial BKG

Mis-matching BKG

 BKGcc-

 Fit (-2.2<y<-1.2)ψ J/→B 

 (cm)
R

Muon DCA
0.25− 0.2− 0.15− 0.1− 0.05− 0 0.05 0.1 0.15 0.2 0.252−

1.5−

1−

0.5−

0

0.5

1

1.5

2

PULL(DATA-FIT)PULL(DATA-FIT)

PH ENIX
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2012	
  200	
  GeV	
  Cu+Au	
  collisions	
  



B-­‐>J/ψ	
  frac2on	
  in	
  510	
  GeV	
  p+p	
  data	
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•  The	
  B-­‐>J/ψ	
  frac2on	
  does	
  not	
  have	
  a	
  strong	
  energy	
  
dependence	
  for	
  J/ψ	
  pT	
  <	
  5GeV/c	
  region.	
  	
  

•  Indicate	
  that	
  200	
  GeV	
  p+p	
  baseline	
  follows	
  the	
  same	
  trend?	
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B-­‐>J/ψ	
  frac2on	
  in	
  200	
  GeV	
  Cu+Au	
  data	
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•  The	
  B-­‐>J/ψ	
  frac2on	
  measured	
  in	
  the	
  Cu+Au	
  collisions	
  at	
  
PHENIX	
  is	
  much	
  larger	
  than	
  the	
  LHC	
  results.	
  	
  

•  Assuming	
  the	
  frac2on	
  is	
  0.1	
  in	
  200	
  GeV	
  p+p	
  collisions,	
  the	
  
RCuAu	
  defined	
  as	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  is	
  less	
  suppressed.	
  	
  

•  PHENIX	
  and	
  LHC	
  RAA	
  follow	
  the	
  same	
  trend.	
  
RCuAu
B→J /ψ =

FB→J /ψ
CuAu

FB→J /ψ
pp = 0.1

RCuAu
inc.J /ψ



B-­‐>J/ψ	
  RAA	
  in	
  200	
  GeV	
  Cu+Au	
  data	
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•  Cu-­‐going/Au-­‐going	
  B-­‐meson	
  RCuAu	
  measured	
  in	
  Cu+Au	
  data	
  
agrees	
  with	
  the	
  PHENIX	
  mid-­‐rapidity	
  electron	
  RAuAu	
  from	
  
bocom	
  decay,	
  and	
  is	
  different	
  from	
  STAR	
  D0	
  RAuAu	
  at	
  the	
  same	
  
energy.	
  

•  Is	
  bocom	
  produc2on	
  less	
  suppressed	
  than	
  the	
  charm	
  
produc2on	
  in	
  the	
  forward	
  rapidity	
  in	
  the	
  low	
  pT	
  region?	
  	
  

PRC	
  93,	
  
034904	
  
(2016),	
  
QM15	
  



Summary	
  	
  

•  Differen2al	
  suppression	
  of	
  ψ’	
  to	
  J/ψ	
  rela2ve	
  ra2o	
  in	
  	
  
p+Al	
  and	
  p+Au	
  data	
  shows	
  strong	
  evidence	
  of	
  final	
  
state	
  effects.	
  
–  The	
  co-­‐mover	
  model	
  provides	
  a	
  reasonable	
  descrip2on.	
  	
  
–  Other	
  theory	
  calcula2ons?	
  

•  First	
  measurement	
  of	
  J/ψ	
  from	
  B	
  decays	
  in	
  forward/
backward	
  rapidity	
  at	
  low	
  pT	
  are	
  achieved	
  in	
  both	
  510	
  
GeV	
  p+p	
  and	
  200	
  GeV	
  Cu+Au	
  collisions.	
  	
  
–  No	
  center	
  of	
  mass	
  energy	
  dependence	
  for	
  low	
  pT	
  J/ψ	
  from	
  
B-­‐meson	
  decay	
  in	
  p+p	
  collisions.	
  

–  Small	
  nuclear	
  modifica2on	
  of	
  integrated	
  pT	
  and	
  centrality	
  
averaged	
  B-­‐mesons	
  in	
  Cu+Au	
  data,	
  which	
  is	
  in	
  agreement	
  
with	
  other	
  measurements	
  and	
  theory.	
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Outlook	
  

•  Large	
  data	
  set	
  in	
  various	
  types	
  of	
  heavy	
  ion	
  collisions	
  
collected	
  at	
  PHENIX	
  provide	
  opportuni2es	
  to	
  study	
  
– ψ’	
  to	
  J/ψ	
  ra2o	
  in	
  run14/16	
  Au+Au	
  collisions	
  to	
  
demonstrate	
  hot	
  nuclear	
  macer	
  effect	
  like	
  color	
  
screening	
  in	
  QGP.	
  

–  Study	
  the	
  D/B	
  separate	
  single	
  muons	
  in	
  run12/15	
  p+p,	
  
run15	
  p+Au	
  and	
  run14/16	
  Au+Au	
  collisions	
  with	
  
higher	
  sta2s2cs.	
  

–  Forward/backward	
  B	
  to	
  J/ψ	
  via	
  di-­‐muon	
  channel	
  in	
  
run15	
  p+p,	
  p+Au,	
  run14/16	
  Au+Au	
  collisions	
  to	
  
understand	
  CNM	
  and	
  hot	
  nuclear	
  macer	
  effect.	
  

•  More	
  nice	
  results	
  to	
  come.	
  



Backup	
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The	
  Forward	
  Vertex	
  Detector	
  (FVTX)	
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Sensor HDIHDI

FPHX Chips (13 per column)

Mini-strips are oriented to 
approximate an arc

! Sensor
"  2 columns of strips
"  1664 strips per column
"  strip length 2.8 to 11.2 mm
"  75 micron spacing
"  48 wedges per disk (7.5˚/

sensor, 15˚/wedge)
"  0.5 mm overlap with adjacent 

wedges

! FPHX Chip
"  1 column readout
"  128 channels 
"  ~ 70 microns channel spacing
"  Dimensions –9mm x 1.2 mm 



Forward	
  J/ψ	
  and	
  ψ’	
  measurement	
  in	
  p+p	
  collision	
  
•  With	
  improved	
  mass	
  resolu2on	
  provided	
  by	
  FVTX,	
  clear	
  J/ψ	
  

and	
  ψ’	
  iden2fica2on	
  via	
  di-­‐muon	
  channel	
  (1.2<|y|<2.2)	
  in	
  
run15	
  200	
  GeV	
  p+p	
  data.	
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•  The	
  forward	
  ψ’	
  to	
  J/ψ	
  ra2o	
  measured	
  in	
  p+p	
  collisions	
  is	
  
consistent	
  with	
  the	
  global	
  data.	
  	
  	
  

p	
   p	
  



p+A	
  pT	
  dependence	
  

Xuan	
  Li	
  (LANL)	
   22	
  

Low	
  pT,	
  backwards	
  rapidity	
  ψ(2s)	
  yields	
  
consistent	
  with	
  ZERO.	
  	
  

SQM2016	
  



How	
  about	
  asymmetric	
  nuclear	
  collisions?	
  
•  In	
  200	
  GeV	
  p+Al	
  collisions.	
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p	
   Al	
  

•  Even	
  with	
  raw	
  data,	
  clearly	
  the	
  ψ’	
  yield	
  is	
  suppressed	
  
rela2ve	
  to	
  J/ψ	
  in	
  the	
  Al	
  going	
  direc2on.	
  



Comparison	
  with	
  the	
  LHC	
  results	
  
•  Similar	
  suppression	
  trend	
  for	
  the	
  rapidity	
  dependence.	
  More	
  

suppression	
  in	
  LHC	
  especially	
  in	
  the	
  forward	
  rapidity?	
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LHCb,	
  QM15	
  
ALICE,	
  JHEP	
  12	
  (2014)	
  

•  Larger	
  co-­‐mover	
  contribu2on	
  in	
  the	
  LHC	
  era?	
  Gluon	
  
satura2on	
  change	
  spectroscopic	
  charmonium	
  states	
  ?	
  

JHEP	
  12	
  (2014)	
  073	
  



Distance	
  of	
  Closest	
  Approach	
  (DCA)	
  defini2on	
  
•  Defini2on	
  of	
  the	
  DCAR.	
  

25	
  Xuan	
  Li	
  (LANL)	
  

•  Track	
  projec2on	
  to	
  the	
  primary	
  
vertex	
  xy	
  plane.	
  The	
  projec2on	
  
(xproj,	
  yproj)	
  	
  and	
  the	
  primary	
  
vertex	
  (x0,y0)	
  forms	
  the	
  DCA	
  
vector	
  (xproj-­‐x0,	
  yproj-­‐y0).	
  

•  For	
  p+p	
  data,	
  we	
  use	
  the	
  beam	
  
average	
  x0,	
  y0	
  values.	
  

•  We	
  define	
  DCAR	
  is	
  along	
  the	
  
direc2on	
  of	
  the	
  detector	
  radial	
  
direc2on.	
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Analysis	
  strategy	
  to	
  separate	
  charm	
  and	
  bocom	
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•  Decay	
  length	
  (cτ):	
  
–  Charm	
  hadron:	
  cτ(D0)=123μm,	
  cτ(D±)=312μm.	
  
–  Bocom	
  hadron:	
  cτ(B0)=455μm,	
  cτ(B±)=491μm.	
  

DCAT=L-­‐R	
  

Unfolding	
  

PRC	
  93,	
  034904	
  (2016)	
  

•  Measure	
  the	
  Distance	
  of	
  Closet	
  Approach	
  (DCA)	
  which	
  is	
  
propor2onal	
  to	
  the	
  decay	
  length.	
  	
  

•  Simultaneously	
  extract	
  sta2s2cally	
  separated	
  charm	
  and	
  bocom	
  via	
  
Bayesian	
  Unfolding.	
  

•  Based	
  on	
  different	
  life2mes	
  and	
  decay	
  kinema2cs.	
  



Study	
  the	
  Hot	
  Nuclear	
  Macer	
  effect	
  via	
  D/B	
  produc2on	
  	
  
•  The	
  bocom	
  frac2on	
  has	
  different	
  pT	
  dependence	
  between	
  p

+p	
  collisions	
  and	
  Au+Au	
  collisions.	
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PRC	
  93,	
  034904	
  (2016)	
   PRC	
  93,	
  034904	
  (2016)	
  

•  New	
  analysis	
  with	
  the	
  high	
  sta2s2cs	
  run14	
  Au+Au	
  data	
  is	
  
ongoing.	
  

•  From	
  the	
  RAA	
  results,	
  
–  Bocom	
  has	
  similar	
  suppression	
  as	
  

charm	
  for	
  high	
  pT	
  region.	
  
–  Bocom	
  may	
  be	
  less	
  suppressed	
  in	
  

the	
  low	
  pT	
  region.	
  



Analysis	
  strategy	
  for	
  the	
  B	
  to	
  J/ψ	
  ra2o	
  
measurement	
  (I)	
  

•  J/ψ	
  determina2on:	
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2012	
  200	
  GeV	
  Cu+Au	
  data	
  

•  Clear	
  J/ψ	
  peaks	
  are	
  found	
  in	
  both	
  p+p	
  and	
  Cu+Au	
  data.	
  



Can	
  we	
  measure	
  B	
  meson	
  in	
  forward	
  rapidity?	
  

•  B	
  mesons	
  measured	
  in	
  the	
  forward/backward	
  rapidity	
  with	
  
longer	
  decay	
  length	
  may	
  probe	
  different	
  QGP	
  evolu2on	
  
stage	
  in	
  heavy	
  ion	
  collisions	
  from	
  the	
  mid-­‐rapidity	
  region.	
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•  PHENIX	
  provides	
  good	
  access	
  to	
  low	
  pT	
  B	
  mesons	
  via	
  B	
  to	
  J/
ψ	
  decay	
  channel	
  in	
  the	
  forward	
  and	
  backward	
  rapidity	
  in	
  
both	
  p+p	
  and	
  heavy	
  ion	
  collisions.	
  

Kinema2cs	
  of	
  B	
  mesons	
  probed	
  by	
  PHENIX	
  FVTX	
  in	
  PYTHIA	
  simula2on	
  	
  



Can	
  we	
  measure	
  B	
  meson	
  in	
  forward	
  rapidity?	
  
	
  B-­‐>J/ψ-­‐>μ+μ-­‐	
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J/ψ	
  	
  

Prompt	
  
hadron	
  

μ+	
  

μ-­‐	
  

J/ψ	
  	
  

B	
  

μ+	
  

μ-­‐	
  

DCA	
  

DC
A R

// ẑ

FV
TX

Tracks	
  from	
  decayed	
  par2cles	
  
have	
  asymmetric	
  projec2on.	
  

•  Distance	
  of	
  Closest	
  Approach	
  (DCA)	
  of	
  
track	
  projec2on	
  in	
  the	
  xy	
  plane	
  from	
  
the	
  primary	
  vertex.	
  

•  DCA	
  has	
  becer	
  resolu2on	
  in	
  radial	
  (r)	
  
than	
  azimuthal	
  (φ)	
  direc2on.	
  Use	
  
DCA(r)	
  for	
  this	
  analysis.	
  

•  Different	
  DCA(r)	
  shapes	
  of	
  prompt	
  
par2cles	
  and	
  decayed	
  par2cles	
  make	
  
the	
  separa2on	
  of	
  B	
  decayed	
  J/ψ	
  and	
  
prompt	
  J/ψ	
  feasible.	
  



Invariant	
  mass	
  of	
  di-­‐muons	
  
•  In	
  2012	
  510	
  GeV	
  p+p	
  (top)	
  and	
  Cu+Au	
  (bocom)	
  data.	
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Comparison	
  of	
  DCA(r)	
  between	
  data	
  and	
  simula2on	
  (p+p)	
  
•  DCA(r)	
  of	
  J/ψ	
  decayed	
  muons	
  with	
  integrated	
  p	
  and	
  p	
  dependence.	
  
•  Fit	
  the	
  DCA(r)	
  core	
  region	
  to	
  extract	
  the	
  DCA(r)	
  resolu2on.	
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•  Good	
  agreement	
  between	
  data	
  and	
  simula2on	
  for	
  DCA(r)	
  
resolu2on.	
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Test	
  the	
  fit	
  package	
  in	
  Toy	
  MC	
  
•  Generate	
  pseudo-­‐data	
  according	
  to	
  the	
  shape	
  of	
  foreground	
  

and	
  background.	
  Use	
  the	
  same	
  fit	
  packages	
  applied	
  in	
  data.	
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ffit	
  VS	
  fgen	
  

ffit	
  

ffit	
  

•  Good	
  linearity	
  between	
  generated	
  and	
  B	
  to	
  J/ψ	
  ra2o.	
  
•  Final	
  results	
  from	
  data	
  are	
  under	
  collabora2on	
  review.	
  	
  

	
  

Prompt	
  J/ψ	
  
B	
  to	
  J/ψ	
  	
  



HF	
  con2nuum	
  background	
  frac2on	
  
•  Fit	
  the	
  di-­‐muon	
  mass	
  to	
  extract	
  the	
  HF	
  con2nuum	
  
background.	
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•  Total	
  background	
  (10.1%)	
  only	
  consists	
  of	
  HF	
  con2nuum	
  
background	
  (4.7%)	
  and	
  mixed	
  event	
  background	
  (5.4%).	
  

•  HF	
  con2nuum	
  background	
  is	
  comparable	
  with	
  the	
  mixed	
  
event	
  background	
  within	
  the	
  mass	
  cut	
  window.	
  

Xuan	
  Li	
  (LANL)	
  SQM2016	
  

)2Mass (GeV/c
2 2.5 3 3.5 4 4.5 5 5.5 6

1

10

210

2012 510 GeV p+p (1.2<y<2.2)

North FVTX
signal+background
Total BKG
Combinatorail BKG
HF BKG

2012 510 GeV p+p (1.2<y<2.2)

)2Mass (GeV/c
2 2.5 3 3.5 4 4.5 5 5.5 6

1

10

210

2012 510 GeV p+p (-2.2<y<-1.2)

South FVTX
signal+background
total BKG
Combinatorial BKG
HF BKG

2012 510 GeV p+p (-2.2<y<-1.2)



Analysis	
  strategy	
  for	
  the	
  B	
  to	
  J/ψ	
  ra2o	
  
measurement	
  (II)	
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•  Background	
  determina2on	
  
–  Dimuon	
  combinatorial	
  background	
  using	
  mixed	
  events.	
  
–  FVTX-­‐Mutr	
  track	
  mis-­‐matching	
  using	
  topological	
  detector	
  event	
  mixing	
  

technique.	
  
–  Heavy	
  flavor	
  con2nuum	
  (dominated	
  by	
  ccbar),	
  generated	
  in	
  simula2on	
  

with	
  frac2on	
  determined	
  in	
  data.	
  

 (cm)RMuon DCA
0.4− 0.3− 0.2− 0.1− 0 0.1 0.2 0.3 0.4

Co
un

ts

1

10

210

2012 510 GeV p+p (-2.2<y<-1.2)

Raw data

Combinatorial BKG

 BKGcc-

Mis-matching BKG

2012 510 GeV p+p (-2.2<y<-1.2)

PH ENIX
preliminary

2012	
  200	
  GeV	
  Cu+Au	
  collisions	
  



B-­‐>J/ψ	
  RAA	
  in	
  200	
  GeV	
  Cu+Au	
  data	
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•  Cu-­‐going/Au-­‐going	
  B-­‐meson	
  RCuAu	
  measured	
  in	
  Cu+Au	
  
data	
  agree	
  with	
  mid-­‐rapidity	
  Bocom	
  decayed	
  electron	
  
RAuAu	
  result	
  at	
  the	
  same	
  energy.	
  

•  Is	
  bocom	
  produc2on	
  less	
  suppressed	
  than	
  charm	
  
produc2on	
  in	
  the	
  forward	
  rapidity	
  in	
  the	
  low	
  pT	
  region?	
  	
  



B-­‐>J/ψ	
  RAA	
  in	
  200	
  GeV	
  Cu+Au	
  data	
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•  Cu-­‐going/Au-­‐going	
  B-­‐meson	
  RCuAu	
  measured	
  in	
  Cu+Au	
  
data	
  agree	
  with	
  mid-­‐rapidity	
  Bocom	
  decayed	
  electron	
  
RAuAu	
  result	
  at	
  the	
  same	
  energy.	
  

•  Qualita2ve	
  agreement	
  with	
  theore2cal	
  calcula2ons	
  for	
  Au+Au	
  
and	
  Cu+Cu	
  collisions	
  at	
  mid-­‐rapidity.	
  

Ivan,	
  PLB649,	
  139	
  (2007)	
  


