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Overall	
  LANL	
  Heavy	
  Ion	
  Physics	
  Visions	
  
•  QGP	
  (Quark	
  Gluon	
  Plasma)	
  proper@es	
  	
  (NSAC	
  Milestones	
  DM5,	
  DM12)	
  

–  Quarkonia	
  suppression	
  &	
  heavy	
  quark	
  (HQ)	
  energy	
  loss	
  
•  CNM(Cold	
  Nuclear	
  MaXer)	
  physics	
  (NSAC	
  Milestone	
  DM8)	
  

–  Gluon	
  satura@on,	
  CNM	
  dE/dx	
  etc	
  with	
  quarkonia,	
  HQ	
  &	
  direct-­‐photons	
  at	
  forward	
  rapidity	
  
–  Provide	
  baseline	
  for	
  QGP	
  studies	
  

•  Tools	
  
–  PHENIX	
  Forward	
  region	
  with	
  Muon	
  Tracker,	
  FVTX,	
  MPC-­‐EX	
  *	
  
–  E906	
  fixed	
  target	
  Drell-­‐Yan	
  (DY)	
  at	
  Fermilab	
  for	
  quark	
  dE/dx	
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•  Go	
  more	
  forward	
  at	
  sPHENIX	
  (Super	
  PHENIX)	
  
–  Smaller-­‐x	
  for	
  stronger	
  CNM	
  effects	
  
–  Longitudinal	
  dynamics	
  and	
  QGP	
  forma@on	
  

•  Tools	
  
–  Small-­‐angle	
  (down	
  to	
  2deg,	
  η	
  =	
  2~4	
  )	
  forward	
  spectrometer,	
  	
  
–  PID,	
  quarkonia,	
  HQs	
  and	
  DY	
  *	
  	
  

•  Precision	
  EM	
  probes	
  at	
  ePHENIX/EIC	
  (Electron	
  Ion	
  Collider)	
  
–  Final	
  state	
  CNM	
  dE/dx	
  
–  Gluon	
  satura@on	
  and	
  dynamics	
  in	
  e+A	
  collisions	
  

*	
  Complementary	
  to	
  LANL	
  forward	
  spin	
  physics	
  studies	
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LANL	
  HI	
  Programs	
  at	
  RHIC	
  and	
  FNAL 
PHENIX	
  Detector	
  at	
  RHIC	
  -­‐	
  comprehensive	
  p+p,	
  d+A,	
  A+A	
  program	
  to	
  study	
  light	
  and	
  heavy	
  quark	
  

produc@on,	
  vector	
  meson	
  produc@on,	
  take	
  advantage	
  of	
  detector	
  upgrades	
  

FNAL	
  E906	
  -­‐	
  unique	
  access	
  to	
  unambiguous	
  cold	
  nuclear	
  maXer	
  quark	
  energy	
  loss	
  via	
  Drell-­‐Yan	
  

Tevatron	
  800	
  
GeV	
  

Main	
  
Injector	
  120	
  

GeV	
  

E906	
  Dimuons	
  @Fermilab	
  
-­‐	
  Pat’s	
  talk	
  

PHENIX@RHIC	
  
-­‐ 	
  Mike	
  
-­‐ 	
  Melynda	
  
-­‐ 	
  Cesar	
  
-­‐ 	
  Chris@ne	
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The	
  Goals	
  of	
  QGP	
  &	
  CNM	
  Physics	
  
-­‐	
  Understand	
  the	
  Proper@es	
  of	
  QGP	
  
-­‐	
  Explore	
  the	
  QCD	
  phase	
  diagram	
  
-­‐	
  Novel	
  CNM	
  physics	
  &	
  QGP	
  baseline	
  

•  Before	
  collision	
   •  Ini@al	
  state	
  
	
  	
  	
  	
  	
  CNM	
  effects	
  

•  QGP	
   •  Hadron	
  gas	
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•  Hadrons	
  
detected	
  

Heavy	
  Ion	
  Collision	
  –	
  Time	
  Evolu@on	
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Time	
  (fm/c)	
  

-­‐	
  Gluon	
  satura@on	
  
-­‐	
  Parton	
  shadowing	
  	
  
-­‐	
  CNM	
  Parton	
  energy	
  loss	
  



•  Parton	
  dE/dx	
  &	
  QGP	
  
proper@es	
  
(NSAC	
  DM10,	
  12)	
  
–  Radia@on	
  &	
  collisional	
  dE/dX	
  	
  

•  Light	
  vs	
  heavy	
  quarks	
  	
  
–  CNM	
  effects	
  

•  QGP	
  color	
  screening	
  &	
  heavy	
  
quarkonia	
  “mel@ng”	
  
(NSAC	
  DM5)	
  	
  
–  Color	
  screening	
  &	
  

recombina@on	
  
–  CNM	
  effects	
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Jet	
  suppression	
   J/Psi	
  suppression	
  

*>part<N
0 50 100 150 200 250 300 350 400

AA
R

0

0.2

0.4

0.6

0.8

1

1.2

1.4 >0 (preliminary)
T

 = 2.76 TeV), 2.5<y<4, pNNsALICE (Pb-Pb 
>0 (arXiv:1103.6269)

T
 = 0.2 TeV), 1.2<|y|<2.2, pNNsPHENIX (Au-Au 

>0 (nucl-ex/0611020)
T

 = 0.2 TeV), |y|<0.35, pNNsPHENIX (Au-Au 

coll
> is weighted by N

part
(*) ALICE <N

h Achieved	
  QGP	
  Densi@es	
  

RHIC	
  

LHC	
  



•  Heavy	
  Quark	
  and	
  heavy	
  quarkonium	
  physics	
  

•  and	
  much	
  more…	
  	
  

LANL-­‐Led	
  Latest	
  PHENIX	
  Upgrade:	
  FVTX,	
  Run12+	
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Dimuon	
  Mass	
  (pp@200GeV	
  simula@on)	
  

w/	
  FVTX	
  J/Psi	
  

Psi’	
  

New	
  Tools:	
  
-­‐ 	
  Open	
  D,	
  B	
  
-­‐ 	
  J/psi,	
  Psi’	
  
-­‐ 	
  Drell-­‐Yan	
  
-­‐ 	
  W+/-­‐	
  

w/o	
  FVTX	
  

Melynda’s	
  Talk	
  



LANL	
  Physics	
  Program	
  –	
  QGP	
  &	
  CNM	
  Now	
  and	
  Near	
  Future 

LANL	
  Proposed	
  Program:	
  Precision	
  heavy	
  flavor	
  measurements,	
  beXer	
  vector	
  meson	
  
measurements	
  with	
  FVTX+MuTr	
  in	
  d+A	
  and	
  AA	
  collisions	
  at	
  RHIC	
       
    

QGP	
  &	
  J/Psi	
  Suppression	
  in	
  A+A	
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CNM	
  &	
  J/Psi	
  Suppression	
  in	
  d+A	
  HQs	
  energy	
  loss	
  in	
  A+A	
  

Mike’s	
  Talk	
  

Rapidity	
  y	
  

RdA	
  



E866 J/Ψ data 

	
  Quark	
  shadowing	
  and	
  final	
  state	
  absorp@on	
  +	
  

	
  Gluon	
  shadowing	
  +	
  

	
  An@-­‐shadowing	
  +	
  	
  

	
  dE/dx	
  	



Kopeliovich	
  etal	
  Nucl	
  Phys	
  A696	
  (2001)	
  669-­‐714	
  

q,	
  
g	
  

Novel	
  CNM	
  Effects	
  and	
  QGP	
  Baseline	
  
•  Parton	
  (an@)shadowing	
  
•  Gluon	
  satura@on	
  physics	
  	
  

(NSAC	
  DM08)	
  	
  
•  Parton	
  energy	
  loss	
  in	
  CNM	
  

(NSAC	
  DM10,12)	
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Q2 = 1.69 GeV2 

EPS08 
EPS09 

nDS 

EKS98 
HKN07 

x 

Gluon	
  shadowing	
  

Pat’s	
  Talk	
  



Recent	
  LHC	
  Efforts	
  –	
  Jet	
  Energy	
  Loss	
  	
  

9	
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µ+	
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h 

Jet	
  fragmenta@on	
  in	
  QGP,	
  LANL	
  LDRD	
  

LANL roles: 
 Led first CMS Z0 analysis in Pb+Pb collisions and publication! 
 T-2 providing theoretical model calculations 

LANL LDRD funded ($2.4M) FY09-11 
Not supported by DOE at present, but may have an opportunity in the future  
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PRL	
  106,	
  212301	
  (2011)	
  

in the silicon tracker results in a pT resolution between 1%
and 2%, for pT values up to 100 GeV=c.

The centrality of AA collisions, i.e., the geometrical
overlap of the incoming nuclei, is related to the energy
released in the collisions. In CMS, centrality is defined as
percentiles of the distribution of the energy deposited in the
HFs [13,14]. The centrality classes used in this analysis are
30%–100%, 10%–30%, and 0%–10% (most central), or-
dered from the lowest to the highest HF energy deposit.

Events are preselected if they contain a reconstructed
primary vertex made of at least two tracks, and an offline
coincidence of both of the HFs with a total deposited
energy of at least 9 GeV. These criteria reduce contribu-
tions from single-beam interactions with the environment
(e.g., beam-gas and beam halo collisions with the beam
pipe), ultraperipheral electromagnetic collisions, and
cosmic-ray muons. The acceptance of this selection is
(97! 3)% of the hadronic inelastic cross section [13].

The events are also selected by the two-level trigger of
CMS. At the first hardware level, two muon candidates in
the muon detectors are required. At the software-based
higher level, two reconstructed tracks in the muon detec-
tors are required, each with a pT of at least 3 GeV=c. In
order to study the dimuon trigger efficiency, events are
also collected with a single-muon trigger, requiring pT >
20 GeV=c. For Z bosons, the trigger efficiency is estimated
to be ’ 94%.

Muon offline reconstruction is seeded with ’ 99% effi-
ciency by tracks in the muon detectors, called stand-alone
muons. These tracks are then matched to tracks recon-
structed in the silicon tracker by means of an algorithm
optimized for the heavy-ion environment [14,15]. For a
muon from Z decays the tracking efficiency is ’ 85%, less
than in the pp case, as the track reconstruction requires
more pixel hits to lower the number of combinations, due
to the high multiplicity. Global fits of the muon and tracker
tracks, called global muons, are used to obtain the results
presented in this Letter.

Background muons from cosmic rays and heavy-quark
semileptonic decays are rejected by requiring a transverse
(longitudinal) impact parameter of less than 0.3 (1.5) mm
from the measured vertex. Loose criteria applied on the
reconstructed muons result in the dimuon mass spectrum
shown in Fig. 1. No muon isolation criteria are applied, as
they are expected to have reduced efficiency in the high
particle density of the PbPb environment. The fraction of Z
decays removed by the applied selection criteria is esti-
mated to be ’ 2:6%. A conservative upper limit of 4% for
the residual background is estimated by extrapolations of
various shapes from the low mass region, and no correction
is applied. Thirty-nine Z candidates are observed in the
mass interval 60–120 GeV=c2. Their distribution is con-
sistent with the one from pp data at 7 TeV [6], scaled down
to 39 counts and limited to the 60–120 GeV=c2 mass range
as displayed by the histogram in Fig. 1.

Muon trigger, reconstruction, and selection efficiencies,
as well as acceptance, are estimated using the PYTHIA 6.424
simulation [16] with CTEQ6L PDFs [17] and full GEANT4
[18] detector simulation. To take into account the effect of
the higher PbPb underlying-event activity, simulated Z
decays are embedded in measured PbPb events at the level
of detector hits and with generated vertices matched to the
measured ones. These events were processed through the
trigger emulation and event reconstruction chain. Track
characteristics, such as the number of hits and the !2 of
the track fit, have similar distributions in data and simula-
tion. The detector acceptance ", defined as the fraction of
Z bosons produced at rapidity jyj< 2:0 that decay into
muons with j#j< 2:4 and pT > 10 GeV=c, is estimated to
be 78%. Within this acceptance, the overall trigger, recon-
struction, and identification efficiency " averages to 67%,
and varies by less than 10% as a function of centrality.
The individual components of this efficiency are also

estimated with a data-driven technique, called tag-and-
probe, similar to the one used for the corresponding pp
measurement [6]. It consists in counting the Z candidates
with and without applying the probed selection on one of
the muons: (1) the stand-alone muon reconstruction effi-
ciency is probed with tracker tracks; (2) the silicon tracker
reconstruction efficiency is probed with stand-alone
muons; (3) the trigger efficiency is probed by testing the
trigger response to global muons from a sample triggered
by a single-muon requirement. The last is also checked
with high-quality reconstructed muons fromMB events. In
all cases, these data-driven efficiencies agree with those
derived from simulation within the statistical uncertainties.
The total systematic uncertainty on the Z yield is esti-

mated to be 13% by summing in quadrature the following
contributions. The largest one is associated with the
tracking efficiency and taken as the 9.8% precision of the
above-mentioned data-driven efficiency determination.
Similarly, the uncertainty associated with the dimuon
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FIG. 1 (color online). Dimuon invariant mass spectra. Full
squares are opposite-sign dimuons, while the empty circle shows
a unique like-sign dimuon candidate. The histogram shows the
corresponding distribution measured in pp collisions at 7 TeV
within 60–120 GeV=c2, scaled to the 39 PbPb candidates.
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LANL	
  Contributed	
  PHENIX	
  Muon	
  Trackers	
  (10	
  years	
  ago) 
Muon	
  Tracker	
  Contribu@ons	
  -­‐	
  Designed,	
  built,	
  installed,	
  commissioned	
  muon	
  tracker	
  systems.	
  
Current	
  Responsibili@es	
  -­‐	
  DC	
  Member,	
  provide	
  on-­‐call	
  expert	
  shivs	
  per	
  run,	
  coordinate	
  and	
  perform	
  

maintenance	
  and	
  improvement	
  each	
  shut	
  down,	
  working	
  closely	
  with	
  Muon	
  Trigger	
  upgrade	
  
Muon	
  Tracker	
  Analyses	
  -­‐	
  Have	
  provided	
  much	
  of	
  the	
  simula@on	
  and	
  reconstruc@on	
  sovware,	
  as	
  well	
  

as	
  online	
  QA	
  sovware	
  for	
  the	
  Muon	
  Trackers.	
  	
  Lead	
  roles	
  in	
  most	
  muon	
  physics	
  analyses	
  (QGP,	
  
CNM	
  &	
  Spin)	
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Forward	
  Silicon	
  Vertex	
  Detector	
  (Today) 
Completed	
  –	
  installed	
  end	
  of	
  2011,	
  significant	
  effort	
  needed	
  for	
  commissioning	
  
Physics	
  Running	
  –	
  FY12,	
  plus	
  5-­‐10	
  years	
  (mul@ple	
  beam	
  types,	
  energies,	
  etc.)	
  
LANL	
  Role	
  –	
  Project	
  Management,	
  oversight	
  of	
  commissioning,	
  support	
  throughout	
  data	
  taking	
  

runs,	
  leading	
  role	
  in	
  physics	
  analysis	
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VTX/FVTX	
  side	
  view	
  

FVTX	
  Sensor	
  and	
  Readout	
  Electronics	
  Developed	
  at	
  LANL	
  	
  



Fermilab	
  E906	
  ST-­‐1	
  Chambers	
  and	
  ST-­‐4	
  MuonID	
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•  Installed	
  in	
  March,	
  2011	
  
•  Tested	
  with	
  cosmic	
  rays	
  
•  Ready	
  for	
  beams	
  

Sta@on-­‐4	
  muID	
  detectors	
  

Stat-­‐4	
  MuID	
  (new	
  LDRD)	
  

Stat-­‐1	
  DC	
  (old	
  E866)	
  



Plan	
  for	
  the	
  Future:	
  Super-­‐PHENIX	
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PHENIX	
  as	
  of	
  2012	
  



Leitch	
  (d+Au),	
  Aidala	
  (spin),	
  van	
  Hecke	
  

The	
  PHENIX	
  Decadal	
  Plan	
  2011-­‐2020	
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MPC-­‐EX?	
  

~	
  2018	
  

Cesar,	
  Chris@ne’s	
  Talks	
  



LANL	
  Future	
  Program:	
  the	
  Big	
  Picture	
  

FVTX+MUON	
  

2012	
   2017	
   2022	
   2027	
  

HI/CNM:	
  	
  heavy	
  quark	
  dE/dx,	
  color	
  screening,	
  small-­‐x	
  gluon	
  
satura@on	
  with	
  D,	
  B,	
  J/Psi,	
  Psi’,	
  Upsilons,	
  DY	
  

Spin:	
  	
  sea	
  quark	
  polariza@on,	
  transverse	
  spin	
  physics	
  via	
  W,	
  
D,	
  B,	
  J/Psi,	
  DY	
  etc.	
  

eRHIC/EIC	
  

HI/CNM:	
  QGP	
  property	
  and	
  CNM	
  with	
  Jets,	
  J/Psi,	
  HQ,	
  DY	
  

Spin:	
  Transverse	
  spin	
  physics	
  with	
  DY,	
  jet,	
  D,	
  B	
  and	
  iden@fied	
  hadrons	
  	
  

HI/CNM:	
  e+A,	
  small-­‐x	
  CGC	
  physics,	
  dE/dx	
  	
  

Spin:	
  e+p,	
  e+3He,	
  polarized	
  SIDIS	
  

E906	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Pol.	
  Drell-­‐Yan/JPARC?	
  

HI/CNM:	
  quark	
  dE/dX	
  	
  

Spin:	
  Polarized	
  Drell-­‐Yan	
  to	
  test	
  QCD	
  

15	
  LANL	
  Heavy	
  Ion	
  Internal	
  Review	
  1/10/2012	
  

Forward	
  sPHENIX	
  s/ePHENIX	
  R&D	
   ePHENIX	
  



Funds	
  Suppor@ng	
  PHENIX	
  Team	
  Efforts 

DOE	
  Supported	
  Efforts	
  

Heavy	
  Ion	
  Physics	
  -­‐	
  RHIC	
  Heavy	
  Ions	
  and	
  Cold	
  Nuclear	
  MaXer	
   	
  ~$2.5M/year	
  
Medium	
  Energy	
  Physics	
  -­‐	
  RHIC	
  and	
  JLAB	
  Spin,	
  Cold	
  Nuclear	
  MaXer	
  ~$1M/year	
  
FVTX	
  (Project	
  management,	
  construc@on	
  funds) 	
   	
   	
   	
  ~$2.5M	
  at	
  LANL	
  
VTX	
  (construc@on	
  funds	
  for	
  Walt	
  Sondheim)	
  
PHENIX	
  Muon	
  Tracker	
  -­‐	
  con@nued	
  maintenance	
  &	
  improvement,	
  expert	
  shivs,	
  etc.	
  	
  	
  	
  	
  	
  

LDRD-­‐Supported	
  Efforts	
  

First	
  Unambiguous	
  Measurement	
  of	
  Jet	
  FragmentaAon	
  and	
  Energy	
  Loss	
  in	
  the	
  QGP	
  (P-­‐25,	
  P-­‐23,	
  T-­‐2)	
  
2009-­‐2011	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  $575k/year	
  ($2.4M/6	
  yrs)	
  
The	
  First	
  Precise	
  DeterminaAon	
  of	
  Quark	
  Energy	
  Loss	
  in	
  Nuclei	
  (P-­‐25,	
  T-­‐2)	
  	
  
2008-­‐2010	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  $250k/year 
Chris@ne	
  Aidala,	
  Frederick	
  Reines	
  Post-­‐Doc,	
  2009-­‐2011 	
   	
   	
  $180k/year 	
   	
  	
  
Andrew	
  PuckeX,	
  Director’s	
  funded	
  Post-­‐Doc,	
  2010-­‐2011 	
   	
  $125k/year 	
   	
  	
  
Cesar	
  Da	
  Silva,	
  Director’s	
  funded	
  Post-­‐Doc,	
  2010-­‐2012 	
   	
   	
  $125k/year	
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Personnel	
  Contribu@ng	
  to	
  Heavy	
  Ion	
  Program	
  in	
  FY12 
Technical	
  Staff	
  Members	
  :	
  	
  	
  

HI	
  (4.5	
  FTE):	
  	
  Chris@ne	
  Aidala	
  (0.75),	
  Melynda	
  Brooks	
  (0.9),	
  Jon	
  Kapus@nsky	
  (0.2),	
  David	
  Lee	
  (0.2),	
  
Mike	
  Leitch	
  (0.4)	
  ,	
  Ming-­‐Xiong	
  Liu(0.25),	
  Pat	
  McGaughey	
  (0.7)	
  ,	
  Hubert	
  van	
  Hecke	
  (0.9)	
  ,	
  Walt	
  
Sondheim	
  (0.2)	
  	
  

MEP	
  (1.95	
  FTE):	
  	
  Xiaodong	
  Jiang	
  (1.0),	
  Mike	
  Leitch	
  (0.2)	
  ,	
  Ming-­‐Xiong	
  Liu	
  (0.75)	
  

Post-­‐Docs/Students	
  :	
  	
  	
  
HI	
  (3.5	
  FTE):	
  MaX	
  Durham,	
  Kwangbok	
  Lee,	
  Cesar	
  Da	
  Silva	
  (LDRD),	
  Kun	
  Liu	
  (GRA),	
  Lei	
  Guo,	
  Zhengyun	
  
You,	
  Catherine	
  Silvestre	
  (LDRD)	
  

MEP(1.7):	
  Chris@ne	
  Aidala	
  (LDRD),	
  Jin	
  Huang,	
  Kun	
  Liu	
  (GRA),	
  Han	
  Liu,	
  Andrew	
  PuckeX	
  (LDRD)	
  

Addi@onal	
  LDRD-­‐supported	
  Staff	
  in	
  FY11:	
  
Andi	
  Klein	
  (P-­‐23),	
  Gerd	
  Kunde,	
  Pat	
  McGaughey,	
  LDRD	
  PD	
  mentors	
  (Brooks,	
  Leitch,	
  Jiang)	
  	
  

Full-­‐Time	
  Visitors:	
  	
  
Xiaorong	
  Wang	
  (NMSU),	
  Hugo	
  Pereira	
  (Saclay)	
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Note:	
  HI,	
  MEP,	
  Lev	
  recently	
  



LANL	
  Heavy	
  Ion	
  and	
  Medium	
  Energy	
  Physics	
  Ac@vi@es 
RHIC	
  Analyses	
  -­‐	
  HI	
  	
  

•  QGP	
  and	
  CNM	
  studies	
  using	
  vector	
  meson,	
  open	
  heavy	
  flavor	
  analyses	
  from	
  d+A	
  and	
  A+A,	
  
especially	
  using	
  FVTX	
  +	
  Muon	
  Trackers	
  

E906	
  
•  Providing	
  sta@on-­‐4	
  muon	
  iden@fier	
  system	
  and	
  sta@on	
  1	
  chambers	
  
•  CNM	
  energy	
  loss	
  using	
  FNAL	
  E906,	
  data	
  collec@on	
  star@ng	
  FY12	
  

RHIC	
  Analyses	
  -­‐	
  Spin	
  	
  
•  Share	
  many	
  analysis	
  tools	
  with	
  HI	
  program	
  
•  Sea	
  quark	
  contribu@on	
  to	
  spin	
  through	
  W	
  program,	
  FVTX	
  improvement	
  of	
  background	
  
rejec@on,	
  LANL	
  exper@se	
  in	
  MuTr	
  performance;	
  Sivers	
  universality	
  test	
  with	
  DY,	
  Transverse	
  
Single	
  Spin	
  Asymmetry	
  (TSSA)	
  measurements	
  of	
  D,	
  B,	
  η,	
  J/ψ	



CMS	
  HI	
  Efforts	
  (done)	
  
•  Z0-­‐tagged	
  jet	
  analysis,	
  heavy-­‐flavor	
  jet	
  analyses,	
  fixed	
  pixel	
  detector	
  readout	
  

JLAB	
  Spin	
  efforts	
  (done)	
  	
  	
  
• 	
  Neutron	
  TSSA	
  (PuckeX	
  through	
  LDRD)	
  

PHENIX	
  &	
  E906	
  Hardware	
  Efforts	
  
•  Con@nued	
  maintenance	
  of	
  Muon	
  tracker	
  systems;	
  MuID	
  system	
  for	
  E906	
  
•  Lead	
  FVTX	
  detector	
  installa@on,	
  commissioning,	
  maintenance	
  and	
  data	
  analysis	
  
• MPC-­‐EX,	
  s/ePHENIX	
  upgrade	
  R&D	
  and	
  physics	
  program	
  development	
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Some	
  Key	
  Roles 
PHENIX	
  Deputy	
  Director	
  for	
  Upgrades:	
  Leitch	
  
PHENIX	
  Execu@ve	
  Council:	
  Aidala,	
  Leitch	
  
PHENIX	
  Physics	
  Working	
  Group	
  Conveners:	
  Aidala,	
  Brooks,	
  Leitch,	
  da	
  Silva	
  	
  
PHENIX	
  Detector	
  Council	
  Members:	
  Leitch	
  (current	
  muon),	
  Brooks	
  (past	
  muon,	
  fvtx),	
  McGaughey	
  
(past	
  muon),	
  van	
  Hecke	
  (past	
  MVD) 	
  	
  	
   	
  	
  
FVTX	
  Project	
  Managers:	
  Brooks,	
  Kapus@nsky	
  
Integra@on	
  &	
  Engineering,	
  VTX/FVTX	
  Mechanical	
  Lead	
  Engineer:	
  Sondheim	
  
PHENIX	
  Subsystem	
  managers:	
  Lee	
  (Muon	
  Tracker	
  Mechanical),	
  Kapus@nsky	
  (FVTX	
  sensor,	
  FPHX)	
  	
  
PHENIX	
  Run	
  coordinator:	
  Leitch	
  (run07,	
  run08),	
  van	
  Hecke	
  (run13)	
  
PHENIX	
  Period	
  coordinators:Aidala,	
  	
  Butsyk,	
  Leitch,	
  Liu,	
  van	
  Hecke,	
  da	
  Silva	
  	
  
PHENIX	
  Single	
  Muon	
  Working	
  Group	
  Convener:	
  	
  Liu	
  
PHENIX	
  Single	
  Electron	
  Working	
  Group	
  Convener:	
  	
  Durham	
  
PHENIX	
  Quarkonia	
  Working	
  Group	
  Convener:	
  	
  da	
  Silva	
  
PHENIX	
  Paper	
  wri@ng	
  commiXees:	
  	
  all	
  
PHENIX	
  Decadal	
  Plan	
  Wri@ng	
  CommiXee	
  –	
  Leitch,	
  Aidala	
  
PHENIX	
  Speakers	
  Bureau:	
  Leitch,	
  Aidala,	
  Brooks,	
  da	
  Silva	
  	
  
Co-­‐Convenor	
  of	
  RHIC	
  II	
  pA/Forward	
  physics	
  group	
  –	
  Leitch	
  
NSAC	
  Long	
  Range	
  Planning	
  CommiXee:	
  Lee	
  
APS	
  Hadron	
  Physics	
  Topical	
  Group	
  Execu@ve	
  Member	
  -­‐	
  Leitch	
  (past)	
  
E906	
  Subsystem	
  Manager:	
  Liu	
  
JLab	
  Experiments	
  Co-­‐Spokespersons:	
  Jiang,	
  Guo,	
  Huang,	
  PuckeX	
  	
  
CMS	
  Heavy	
  Ion	
  Dilepton	
  Physics	
  Convener:	
  Silvestre	
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Summary:	
  Proposed	
  LANL	
  5+	
  Years	
  Heavy	
  Ion	
  Program 
RHIC	
  Physics	
  	
  

•  QGP	
  parton	
  energy	
  loss,	
  color	
  screening,	
  recombina@on,	
  CNM	
  physics	
  
•  Advance	
  vector	
  meson	
  analyses,	
  precision	
  open	
  heavy	
  flavor	
  analyses	
  from	
  d+A	
  and	
  A+A,	
  
especially	
  using	
  FVTX	
  +	
  Muon	
  Trackers	
  

•  Develop	
  a	
  new	
  physics	
  program	
  with	
  forward	
  sPHENIX,	
  a	
  joint	
  effort	
  of	
  HI/CNM/Spin	
  

RHIC	
  Hardware	
  Efforts	
  
•  Con@nued	
  maintenance	
  of	
  Muon	
  Tracker	
  and	
  FVTX	
  Systems	
  
• MPC-­‐EX	
  and	
  s/ePHENIX	
  upgrade	
  at	
  forward	
  direc@on	
  	
  

E906@Fermilab	
  
•  Providing	
  muon	
  iden@fier	
  and	
  sta@on-­‐1	
  tracking	
  systems	
  
•  Cold	
  nuclear	
  maXer	
  energy	
  loss	
  using	
  FNAL	
  E906,	
  data	
  collec@on	
  star@ng	
  FY12	
  

Funds	
  Requested	
  from	
  DOE	
  
•  0.5	
  FTE	
  increase	
  to	
  maintain	
  RHIC	
  efforts	
  including	
  new	
  FVTX	
  support	
  
•  Plus	
  1	
  post-­‐docs	
  added	
  to	
  support	
  s/ePHENIX	
  upgrade	
  in	
  FY12	
  

New	
  Staff	
  Hiring:	
  
•  New	
  hire	
  1	
  HI	
  staff	
  in	
  FY12	
  	
  to	
  maintain	
  current	
  Heavy	
  Ion	
  effort	
  
•  1~2	
  staffs	
  in	
  next	
  3~5	
  years	
  to	
  replace	
  re@ring	
  seniors	
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Backup	
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RHIC	
  Physics	
  Focus	
  	
  
1)	
  At	
  200	
  GeV	
  top	
  energy	
  
	
  	
  	
  	
  	
  -­‐	
  Study	
  medium	
  proper*es,	
  EoS	
  
	
  	
  	
  	
  	
  -­‐	
  pQCD	
  in	
  hot	
  and	
  dense	
  medium	
  

2)	
  RHIC	
  beam	
  energy	
  scan	
  
	
  	
  	
  	
  	
  	
  -­‐	
  Search	
  for	
  cri*cal	
  point	
  
	
  	
  	
  	
  	
  	
  -­‐	
  Chiral	
  symmetry	
  restora@on	
  

	
  	
  Polarized	
  spin	
  program	
  
	
  	
  	
  	
  	
  	
  	
  -­‐	
  Study	
  proton	
  intrinsic	
  proper*es	
  

	
  Forward	
  program	
  
	
  	
  	
  	
  -­‐	
  Study	
  low-­‐x	
  proper@es,	
  search	
  for	
  CGC	
  
	
  	
  	
  	
  -­‐	
  Study	
  elas@c	
  (inelas@c)	
  processes	
  (pp2pp)	
  
	
  	
  	
  	
  -­‐	
  Inves@gate	
  gluonic	
  exchanges	
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LANL	
  Future	
  Program:	
  the	
  Big	
  Picture	
  

FVTX+MUON	
  

2012	
   2017	
   2022	
   2027	
  

HI/CNM:	
  	
  heavy	
  quark	
  dE/dx,	
  color	
  screening,	
  small-­‐x	
  gluon	
  
satura@on	
  with	
  D,	
  B,	
  J/Psi,	
  Psi’,	
  Upsilons,	
  DY	
  

Spin:	
  	
  sea	
  quark	
  polariza@on,	
  transverse	
  spin	
  physics	
  via	
  W,	
  
D,	
  B,	
  J/Psi,	
  DY	
  etc.	
  

eRHIC/EIC	
  

HI/CNM:	
  QGP	
  property	
  and	
  CNM	
  with	
  J/Psi,	
  HQ,	
  DY,	
  Jets	
  

Spin:	
  Transverse	
  spin	
  physics	
  with	
  DY,	
  jet,	
  D,	
  B	
  and	
  iden@fied	
  hadrons	
  	
  

HI/CNM:	
  e+A,	
  small-­‐x	
  CGC	
  physics,	
  dE/dx	
  	
  

Spin:	
  e+p,	
  e+3He,	
  polarized	
  SIDIS	
  

E906	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Pol.	
  Drell-­‐Yan/JPARC?	
  

HI/CNM:	
  quark	
  dE/dX	
  	
  

Spin:	
  Polarized	
  Drell-­‐Yan	
  to	
  test	
  QCD	
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Forward	
  sPHENIX	
  s/ePHENIX	
  R&D	
   ePHENIX	
  



2012 2013 2014 2015 2016 2017 

200,500 GeV p+p 
200 GeV Au+Au 

200,500 GeV p+p 
200 GeV Cu+Au 

500 GeV p+p 
200 GeV d+Au 

500 GeV p+p 
200 GeV Cu+Au, 

U+U 

200 GeV Au+Au 
62 GeV Au+Au 

p+He3 
??? 

RAA c+b 
RAA J/ψ, Ψ’ 

RAA c, b 
 J/ψ, Ψ’ 
DY in pp 

RdAu c, b, J/ψ, 
ψ’,ϒ, DY 

RCuCu c,b,J/ψ, 
ψ’,ϒ, DY 

RAA ϒ, DY 
62 GeV c,J/ψ, 

ψ’ 

(yr. data taken; 
analysis ~1 yr 

later) 

E906 dE/dx Fermilab/
JPARC 

Pol. DY? 

1st high-lumi 
HI Run 

2nd high-lumi 
HI Run 

Z0, ϒ RAA & jet 
shapes 

Z0-jet tagging Z0-jet A+A 
fragm. Modif. 

A	
  6-­‐year	
  View	
  for	
  the	
  LANL	
  HI	
  Physics	
  Program	
  

Physics	
  with	
  FVTX	
  for	
  mul@ple	
  species	
  of	
  collisions	
  

E906	
  startup	
  

PHENIX	
  Decadal	
  Upgrades	
  

LHC:	
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Distribu@on	
  of	
  Personnel	
  for	
  HI	
  Efforts:	
  FY12-­‐FY15 

FY12  
(TSM + PD) 

FY13 
(TSM + PD) 

FY14 
(TSM + PD) 

FY15 
(TSM + PD) 

RHIC 
Analyses 

3.5 + 2.8 ~3.85 + 2.8 ~3.85 + 2.8 ~3.85 + 2.8 

FVTX* 0.25 + 0.1 0.25 + 0.1 0.25 + 0.1 0.25 + 0.1 

MuTr * 0.25 + 0.1 0.25 + 0.1 0.25 + 0.1 0.25 + 0.1 

E906 ** 
Analyses 

0.5 + 0.42  ~0.5 + 1.0 
(LDRD) 

~0.5 + 1.0
(LDRD) 

~0.5 + 1.0
(LDRD) 

Total Staff*** 4.5 + 3.42 ~4.85 + 4.0 ~4.85 + 4.0 ~4.85 + 4.0 

* 	
  FVTX/MuTr	
  have	
  addi@onal	
  effort	
  supported	
  by	
  Medium	
  Energy,	
  construc@on	
  
** 	
  E906	
  Effort	
  is	
  co-­‐supported	
  by	
  Heavy	
  Ions	
  and	
  Medium	
  Energy	
  
*** 	
  Assume	
  addi@onal	
  DOE	
  (0.5FTE	
  +	
  1PD)	
  from	
  FY13	
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Distribu@on	
  of	
  Personnel	
  for	
  HI	
  Efforts:	
  FY08-­‐FY11 

FY08  
(TSM + PD) 

FY09 
(TSM + PD) 

FY10 
(TSM + PD) 

FY11 
(TSM + PD) 

RHIC 
Analyses 

2.35 + 1.5 2.4 + 1.1 2.4 + 1.0 3.5 + 1.9 

FVTX* 1.5 + 0.4 
(plus LDRD) 

1.7 + 1.0 1.9 + 1.0 0.25 + 0.1 

MuTr Maint. 0.25 + 0.1 0.25 + 0.1 0.25 + 0.15 0.25 + 0.1 

LHC 
Analyses 

0.5 + 1.0 
(LDRD) ~1.0 + 1.0 ~1.0 + 1.0 ~1.0 + 1.0 

Total Staff 4.1 + 2.0 4.35 + 2.25 4.55 + 2.35 4.5 + 2.5 

*FVTX	
  will	
  have	
  addi@onal	
  effort	
  supported	
  by	
  Medium	
  Energy,	
  construc@on	
  
**E906	
  Effort	
  will	
  be	
  co-­‐supported	
  by	
  Heavy	
  Ions	
  and	
  Medium	
  Energy	
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Collision	
  Centrality	
  

27	
  LANL	
  Heavy	
  Ion	
  Internal	
  Review	
  1/10/2012	
  



Fixing cross-talk problems by 
terminating anodes in Muon Tracker – 
Important especially for W 
measurements in muon arms 
(LANL, RIKEN, Korea U.) 

Work on station-1 to put termination on 

New capacitors that connect 
anodes to terminators 

Terminators designed 
and installed 

28	
  

PHENIX Muon Tracker Repair Work in 2010 Shutdown 
& Status for Run11 
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