
W	
  Physics	
  in	
  PHENIX	
  

Sanghwa	
  Park	
  
(RIKEN)	
  

1	
  

July	
  23,	
  2015	
   Spinfest	
  2015	
  workshop	
  @	
  Tokai	
  



Outline	
  

•  IntroducKon	
  
–  Physics	
  moKvaKon	
  
– W	
  measurement	
  

•  PHENIX	
  Experiment	
  
– Data	
  
– Detector	
  configuraKon	
  

•  Analysis	
  	
  
•  Results	
  
•  Summary	
  

2	
  



MoKvaKon	
  

•  Well	
  known	
  combined	
  quark	
  
PDFs	
  by	
  polarized	
  DIS	
  
experiment.	
  	
  

•  SIDIS	
  sensiKve	
  to	
  flavor	
  
separated	
  quark	
  and	
  anK-­‐quark	
  
PDFs	
  
–  Limited	
  by	
  large	
  uncertainKes	
  of	
  

fragmentaKon	
  funcKons	
  

De	
  Florian	
  et	
  al.	
  PRL	
  101,	
  072001	
  (2008)	
  	
   1
2
=
1
2
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Quark	
  &	
  gluon	
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  momentum	
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  contribuKons	
  
Quarks	
  +	
  
An&-­‐quarks	
  

ΔΣ = (Δu+Δu)+ (Δd+Δd)+ (Δs+Δs)
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What	
  and	
  How	
  to	
  Measure?	
  

•  Single	
  Spin	
  Asymmetry:	
   A(x,Q2 ) = σ
+ −σ −

σ + +σ −

•  Semi-­‐Inclusive	
  Deep	
  InelasKc	
  Scacering	
  (SIDIS):	
  

ud→ π +

ud→ π −

us→K+

!

FragmentaKon	
  
FuncKons	
  (FFs)	
  

Flavor	
  
tagging	
  

4	
  



W	
  Measurement	
  in	
  polarized	
  p+p	
  collisions	
  

•  High	
  scale	
  set	
  by	
  W	
  mass	
  
•  Maximum	
  parity	
  violaKon	
  of	
  
weak	
  interacKon.	
  	
  
	
  à	
  Fixed	
  helicity	
  of	
  incoming	
  	
  
	
  quark	
  and	
  anKquark.	
  

	
  
	
  
	
  
	
  

	
  à	
  Independent	
  from	
  FFs	
  
	
  

•  Direct	
  probe	
  of	
  the	
  flavor-­‐
separated	
  PDFs	
  

	
  

uLdR →W+

dLuR →W−

Δu,Δu,Δd,Δd

AL
W+

=
Δd(x1)u(x2 )−Δu(x1)d(x2 )
d(x1)u(x2 )+ u(x1)d(x2 )

AL
W−

=
Δu(x1)d(x2 )−Δd(x1)u(x2 )
u(x1)d(x2 )+d(x1)u(x2 )
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W	
  Measurement	
  in	
  polarized	
  p+p	
  collisions	
  

AL
W−

≈
Δu(x1)d(x2 )(1− cosθ )

2 −Δd(x1)u(x2 )(1+ cosθ )
2

u(x1)d(x2 )(1− cosθ )
2 +d(x1)u(x2 )(1+ cosθ )

2

AL
W+ ≈

Δd(x1)u(x2 )(1+ cosθ )
2 −Δu(x1)d(x2 )(1− cosθ )

2

d(x1)u(x2 )(1+ cosθ )
2 + u(x1)d(x2 )(1− cosθ )

2

•  Quark	
  flavor	
  mixed	
  
at	
  mid-­‐rapidity	
  

•  SensiKve	
  to	
  anK-­‐
quark	
  polarizaKon	
  
at	
  forward/
backward	
  
measurement	
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Polarized	
  p+p	
  data	
  @	
  RHIC	
  

•  Longitudinally	
  
polarized	
  p+p	
  data	
  
taking	
  2009	
  -­‐	
  2013	
  at	
  
√s	
  =	
  510	
  (500)	
  GeV.	
  	
  

•  Accumulated	
  data	
  
over	
  300pb-­‐1	
  
(mulKple	
  collision	
  
corrected)	
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W	
  Measurement	
  @	
  PHENIX	
  

µ-µ-

•  W	
  is	
  massive	
  (~	
  80	
  GeV)	
  
•  Short	
  lifeKme;	
  observed	
  by	
  its	
  

lepton	
  decays	
   Measure	
  electrons	
  at	
  mid-­‐rapidity	
  

Measure	
  muons	
  at	
  
forward/backward	
  
rapidity	
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PHENIX	
  Central	
  Arm	
  Detector	
  

-­‐  Measure	
  W	
  à	
  e	
  
-­‐  |η|	
  <	
  0.35	
  
-­‐  Δφ	
  =	
  π	
  
-­‐  Electromagne&c	
  Calorimeter	
  
-­‐  DC	
  and	
  PC	
  for	
  tracking	
  and	
  charge	
  separa&on	
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PHENIX	
  Forward	
  Arm	
  Detector	
  
•  Forward	
  upgrade	
  

µ

•  Measure	
  Wàµ
•  1.2	
  <	
  |η|	
  <	
  2.4,	
  	
  Δφ	
  =	
  2π
•  Fully	
  upgraded	
  in	
  2012	
  
•  MuTr,	
  MuID	
  
•  High-­‐pT	
  trigger:	
  	
  
	
  	
  	
  	
  	
  	
  	
  small	
  bending	
  in	
  magne&c	
  filed	
  	
  

	
  +	
  &ming	
  (BBC	
  /	
  RPC)	
  
•  RPCs,	
  FVTX:	
  Addi&onal	
  BG	
  rejec&on	
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W	
  KinemaKcs	
  

•  Different	
  kinemaKcs	
  at	
  mid-­‐rapidity	
  and	
  forward	
  
rapidity	
  

•  Jacobian	
  peak	
  is	
  only	
  visible	
  at	
  mid-­‐rapidity	
  	
  
•  Different	
  analysis	
  approach	
  to	
  idenKfy	
  W	
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Mid-­‐rapidity	
  Measurement	
  

•  Background:	
  
–  Photons	
  from	
  neutral	
  pion/eta	
  decays	
  

followed	
  by	
  e±	
  pair	
  producKon	
  
–  Cosmic	
  rays	
  
–  Beam	
  related	
  backgrounds	
  
–  Z,	
  charm	
  and	
  bocom,	
  other	
  W	
  decays	
  

•  Reduce	
  background	
  and	
  esKmate	
  
contribuKon	
  between	
  30	
  and	
  50	
  GeV	
  	
  
-­‐  Measure	
  high	
  pT	
  electrons	
  using	
  EMCal	
  
-­‐  DC-­‐EMCal	
  matching	
  (Δϕ	
  <	
  0.01	
  rad)	
  

	
  
•  RelaKve	
  isolaKon	
  cut:	
  

–  Main	
  background	
  discriminator	
  	
  
–  Energy	
  in	
  a	
  cone	
  of	
  R=0.4	
  divided	
  by	
  

energy	
  of	
  the	
  candidate	
  
–  reduces	
  background	
  by	
  a	
  factor	
  of	
  10	
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Gaussian	
  Process	
  Regression	
  

•  Use	
  background	
  control	
  region	
  to	
  extrapolate	
  a	
  shape	
  in	
  
the	
  30	
  to	
  50	
  GeV	
  region	
  

•  The	
  GPR	
  will	
  give	
  a	
  background	
  contribuKon	
  and	
  
uncertainty	
  

•  Cross	
  check	
  with	
  a	
  classical	
  funcKonal	
  form	
  (modified	
  
power	
  law)	
  showed	
  good	
  agreement	
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pT	
  Spectra	
   4

The measurements are performed with the two
PHENIX central arm spectrometers. Each arm covers
|��| = ⇡/2 in azimuth and |⌘| < 0.35 in pseudorapid-
ity. A comprehensive description of the PHENIX detec-
tor at RHIC can be found in [19]. The major detector
subsystems used for this analysis are the electromagnetic
calorimeter (EMCal) and the drift chamber/pad cham-
ber tracking system. Two beam-beam counters located
at ± 144 cm from the collision point along the beam line
and covering 3.1 < |⌘| < 3.9 were used to define the min-
imum bias trigger and to measure the relative luminosity
between di↵erent colliding bunch pairs.

The data were collected with an EMCal-based trigger,
which was fully e�cient for e

± with transverse momen-
tum p

e
T >10 GeV/c. The p

e
T was determined from the

energy deposited in the EMCal with energy resolution
�E/E = 8.1%/

p
E(GeV ) � 4%. The energy resolution

was determined from the pT -dependence of the widths of
reconstructed ⇡

0 and ⌘ meson mass peaks. The same ⇡

0

and ⌘ meson mass peaks were used in the energy cali-
bration of the EMCal, and were continuously monitored.
A loose time-of-flight cut was applied in the analysis to
remove noncollision background.

The tracking system was used for collision vertex re-
construction, track charge sign determination, and back-
ground suppression. The main tracking detector, the
drift chamber (DC), spanning the radial distance 2.02–
2.46 m from the beam line, measured the charged track
bending in the axial magnetic field of the PHENIX cen-
tral magnet, with a field integral of 1.15 Tm. The z-
coordinate for the tracks was obtained from the pad
chambers situated behind the DC. Reconstructed tracks
were matched with high energy clusters in the EMCal
within a cone angle of 0.02, retaining >99% of real
e

± tracks. The coordinate information from both the
calorimeter and the tracking system was used to deter-
mine the z-vertex of the event, and only events with
|z| < 30 cm were used in the analysis. The charge sign of
a track was determined from the bending angle ↵

DC

mea-
sured by the DC. A region corresponding to |↵

DC

| < 1
mrad was removed in order to minimize the possibility of
charge misidentification. This led to <3% loss of e± from
W -boson decays. The remaining opposite charge contri-
bution to the W

� (W+) signal was 4% (0.3%) in this
analysis. To eliminate ambiguity in the DC track recon-
struction, the regions in the vicinity of anode wires were
removed from the analysis, which sacrificed ⇠15% of the
DC acceptance. Accurate momentum reconstruction in
the tracking system requires the precise determination of
the beam position in the plane orthogonal to the beam
line. This was measured and monitored using straight
tracks from special runs with the magnetic field o↵.

An isolation cut was very e�cient at suppressing back-
ground events with a high degree of activity around a
candidate electron (as would happen for jet events). The
cut parameter r

iso

was defined as r
iso

= (⌃Ei) /Ee, where
Ei is the i-th EMCal cluster energy and track pT around
the electron candidate in a cone with a radius in ⌘ and
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FIG. 1. (color online). (Upper panels) Spectra for (a) e+

and (b) e� using the EMCal for momentum determination
from p+p collisions at

p
s = 510 GeV from 2013. From top to

bottom, the curves are: solid [red] is the sum between back-
ground and signal; shaded band [orange] is the background es-
timation with the uncertainty from the GPR method; dashed
[blue] is theW±/Z ! e± signal obtained from simulation nor-
malized to the data; and solid [blue] is the contribution from
Z ! e+e�. (Lower panels) Point-by-point comparison of the
data and the fit result: (datai-fit)/�i, where �i is statistical
uncertainty of the i-th data point.

� of 0.4, and Ee is the energy of electron candidate. A
candidate was kept for the analysis if r

iso

< 0.1.
Figure 1 shows the resulting yield of electron and

positron candidates for the 2013 data set. A Jacobian
peak around p

e
T =40 GeV/c corresponds to e

± from W

and Z boson decays. The isolation cut removed about
90% of the background (as was evaluated from the back-
ground dominated region between 10 and 20 GeV/c) and
left more than 90% of the signal in the Jacobian peak re-
gion untouched (as evaluated from simulations explained
below). Similar results were obtained for the 2011 and
2012 data sets. Above 30 GeV/c the remaining candidate
events after the isolation cut are dominated by W and Z

decay to electrons/positrons, and by background events
below 25 GeV/c. This background consists mainly of
high momentum electrons/positrons from conversion of
⇡

0

/⌘ decay photons, charged pions/kaons, b,c ! e de-
cays and accidental matching between high energy EM-
Cal clusters and tracks in the DC. The Z-boson con-
tribution in the signal region above 30 GeV/c was esti-
mated to be 7% (25%) for the positrons (electrons) after
all analysis cuts were applied. The asymmetry of the Z

has been estimated theoretically using the DSSV08 PDF
sets and measured by the STAR collaboration [20] to be
�0.07±0.14.
Experimentally, the longitudinal single-spin asymme-

try is defined as:

AL =
1

P

N

+ �RN

�

N

+ +RN

� , (1)

where P is the beam polarization, N+ (N�) is the num-

•  Fisng	
  with	
  simulated	
  Jacobian	
  peak	
  and	
  GPR	
  background	
  shape	
  
•  EsKmate	
  the	
  signal-­‐to-­‐background	
  raKo	
  in	
  the	
  signal	
  region	
  (30-­‐50	
  

GeV)	
  
•  97%	
  (94%)	
  of	
  positron	
  signal	
  remains	
  for	
  e+	
  (e-­‐)	
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Forward	
  Rapidity	
  Measurement	
  

•  Real	
  muon	
  background:	
  
-­‐  Open	
  heavy	
  flavor,	
  

quarkonium,	
  DY/Z	
  
-­‐  Get	
  smeared	
  into	
  high	
  pT	
  

region	
  

•  Looking	
  for	
  W	
  at	
  pT	
  >	
  16	
  GeV/c	
  

•  Large	
  Hadron	
  BG	
  contaminaKon:	
  
low	
  pT	
  charged	
  kaons,	
  pions.	
  

•  Careful	
  signal	
  idenKficaKon	
  
required.	
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Background	
  reducKon	
  
•  MulKvariate	
  analysis	
  using	
  likelihood	
  approach	
  
•  Signal	
  purity	
  <	
  1%:	
  use	
  data	
  as	
  background	
  shape	
  at	
  the	
  iniKal	
  stage	
  
•  Define	
  likelihood	
  raKo	
  (Wness)	
  based	
  on	
  signal	
  (MC)	
  and	
  BG	
  shapes	
  

(data):	
  
	
  

Wness ≡
λsig (x)

λsig (x)+λBGs(x)
λ = p(DG0,DDG0)p(chi2,DCAr)
p(RPC_DCA)p(FVTX_match)p(FVTX_cone)

Francesca Giordano

Definining the W-ness of an event

Signal likelihood based on probability density 
functions from simulated W events

Wness =
�signal

�signal + �bg

Simulations and Analysis Variables MC simulations of signal and backgrounds

Figure 1.5: Stacked yields for negativemuon candidates as a function of the kinematic
variables without wness cut for the separate subprocesses created with Pythia + PISA using
reference run 393888 as well as hadronic background as described in the text. The yields are
also displayed for the data including all contributing muon triggers. The distributions are
obtained using the reconstructed transverse momentum range from 5<pT<60 GeV/c..

13

� = [p(DG0, DDG0), p(DCA), p(�2),

p(RPC DCA), p(FV TX match), p(FTV X cone)]

30

Background likelihood based on pdfs from 
bg-dominated data (signal < 1%)

Unlikely a 
W-event

Very likely a 
W-event
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Background	
  reducKon	
  
•  MulKvariate	
  analysis	
  using	
  likelihood	
  approach	
  
•  Signal	
  purity	
  <	
  1%:	
  use	
  data	
  as	
  background	
  shape	
  at	
  the	
  iniKal	
  stage	
  
•  Define	
  likelihood	
  raKo	
  (Wness)	
  based	
  on	
  signal	
  (MC)	
  and	
  BG	
  shapes	
  

(data):	
  
	
  

Wness ≡
λsig (x)

λsig (x)+λBGs(x)
wness	
  

wness	
  à	
  1:	
  signal-­‐like	
  event	
  
	
  
wness	
  à	
  0:	
  background-­‐like	
  event	
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W	
  Signal	
  Fit	
  

•  Axer	
  the	
  pre-­‐selecKon,	
  perform	
  
2D	
  unbinned	
  maximum	
  
likelihood	
  fit	
  in	
  independent	
  
variables:	
  rapidity,	
  effecKve	
  
bending	
  angle	
  (dw23)	
  	
  

dw23≡ pT× sinθ ×dφ23

S/B	
  raKo:	
  	
  
~30%-­‐50%	
  
depending	
  on	
  
the	
  arm/charnge	
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6

final result is a weighted average of asymmetries from
two beams. A likelihood method was also used in order
to deal with the lower statistics, particularly in the 2011
and 2012 data sets.

The two rings at RHIC with counter-propagating
beams are designated yellow (y,Y) and blue (b,B). The
number of expected counts µyb for the data sample can
be expressed as:

µyb = RybN (1+b·ALPB+y·ALPY +b·y·ALLPBPY ) (2)

where Ryb is the relative luminosity between the colliding
beam helicity configurations, y (b) denotes the helicity of
the two colliding beams and takes the value of +1 (�1)
for positive (negative) helicity, the parameter N is an
average count, PB and PY are the polarizations of the
two beams, ALL is the double spin asymmetry. The spin
asymmetries were calculated by maximizing a likelihood
function defined using Poisson statistics as:

L =
Y

y=±1,b=±1

P (µyb, Nyb) , (3)

where Nyb is the spin sorted yield. To calculate the 2013
positive and negative ⌘ bin asymmetries a generalized
form for these equations was used.

e
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FIG. 2. (color online). Asymmetry results from the com-
bined 2011 and 2012 data sets for |⌘| < 0.35 (black circles)
and the 2013 data (red squares) separated into two equal ⌘
bins between -0.35 and 0.35. The green line and shaded re-
gion shows a theoretical calculation using CHE [15] with the
NNPDFpol1.1 PDF sets [8], while the dashed magenta line
shows the DSSV14 calculation [27].

Table II summarizes the AL results. Both of the asym-
metry calculation methods employed gave consistent re-
sults for all the data sets. The systematic uncertainties
were obtained by propagating the systematic uncertain-
ties of the dilution factors to the final asymmetry values.

The asymmetry in the background region was also mea-
sured and for all cases the asymmetry was consistent with
zero, within uncertainties.

TABLE II. Longitudinal single-spin asymmetries, AL, for
the 2011 and 2012 data sets (combined) spanning the entire ⌘
range of PHENIX (|⌘| < 0.35), for the 2013 data set separated
into two ⌘ bins, and for the combined 2011-2013 data sets.

Lepton Data Set h⌘i AL

e+ 2011+2012 0 -0.27 ± 0.10 (stat) ± 0.01 (syst)

2013 ⌘ > 0 0.17 -0.38 ± 0.07 (stat) ±0.01 (syst)

2013 ⌘ < 0 -0.17 -0.35 ± 0.07 (stat) ±0.01 (syst)

2011–2013 all 0 -0.35 ± 0.04 (stat) ±0.01 (syst)

e� 2011+2012 0 0.28 ± 0.16 (stat) ± 0.02 (syst)

2013 ⌘ > 0 0.17 0.10 ± 0.13 (stat) +0.02
�0.01 (syst)

2013 ⌘ < 0 -0.17 0.17 ± 0.12 (stat) +0.03
�0.01 (syst)

2011–2013 all 0 0.17 ± 0.08 (stat) ±0.02 (syst)

These results are shown in Fig. 2 with two theoretical
calculations: (CHE) [15] for the NNPDFpol1.1 [8] and a
recent calculation [27] using the DSSV 14 PDF sets [28].
While the DSSV 14 curve was obtained from a global
fit of DIS and SIDIS data (including recent COMPASS
results [9, 10]), the NNPDFpol1.1 uncertainty band con-
tains the 2012 STAR [20] result for flavor separation in
addition to DIS data. The theoretical asymmetry calcu-
lations agree with the data within 1.5 � uncertainty of
the data points. These results will be used to further
constrain the quark and anti-quark polarized parton dis-
tributions functions at an intermediate Bjorken x value
of roughly MW /

p
s = 0.16.
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FIG. 3. (color online). Asymmetry results from the combined
2011–2013 data sets from PHENIX [red] circles and the STAR
2012 [20] W results [blue] stars and their respective DSSV 14
theoretical predictions.
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PH ENIX
preliminary

•  Mid-­‐rapidity	
  results	
  has	
  been	
  recently	
  submiced	
  to	
  the	
  arXiv	
  
–  included	
  in	
  the	
  recent	
  global	
  analysis	
  

•  Preliminary	
  results	
  at	
  forward/backward	
  rapidiKes	
  
•  Mid-­‐rapidity	
  and	
  forward	
  rapidity	
  results	
  show	
  good	
  agreement	
  with	
  theory	
  

predicKons	
  
•  AL	
  at	
  backward	
  rapidity	
  tends	
  to	
  be	
  smaller/posiKve	
  

Δd

Δu
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AL	
  Results	
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PH ENIX
preliminary

•  Mid-­‐rapidity	
  results	
  has	
  been	
  recently	
  submiced	
  to	
  the	
  arXiv	
  
•  Preliminary	
  results	
  at	
  forward/backward	
  rapidiKes	
  
•  Mid-­‐rapidity	
  and	
  forward	
  rapidity	
  results	
  show	
  good	
  agreement	
  with	
  theory	
  

predicKons	
  
•  AL	
  at	
  backward	
  rapidity	
  tends	
  to	
  be	
  smaller/posiKve	
  

Phys.	
  Rev.	
  D	
  91,	
  094033	
  (2015)	
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Cross	
  SecKon	
  Results	
  

•  Cross	
  secKon	
  for	
  the	
  Wàe	
  using	
  2009	
  data	
  (Phys.Rev.Lec.
106:062001)	
  

•  Preliminary	
  for	
  the	
  Wàµ	
  using	
  2013	
  data:	
  consistent	
  with	
  
predicKon	
  within	
  large	
  systemaKc	
  uncertainty	
  

) [pb]± l→ BR(W×)±W→(ppσ

50 100 150 200 250 300

Sa
m

pl
ed

 ra
ng

e

| < 2.5η1.1 < |

 < 0.35η-0.35 < 

 < 1.0η-1.0 < 

RHICBOS

PYTHIA

CHE

PRD85 (2012) 092010
 e→STAR W

PRL 106 (2011) 062001
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ContribuKons	
  to	
  systemaKc	
  
uncertainty	
  for	
  Wàµ
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Summary	
  
•  W	
  cross	
  secKon,	
  single	
  spin	
  asymmetry	
  AL	
  are	
  
measured	
  using	
  all	
  available	
  data	
  collected	
  at	
  
PHENIX	
  

•  Mid-­‐rapidity	
  measurement	
  (Wàe):	
  
–  Final	
  AL	
  result	
  has	
  been	
  submiced	
  to	
  the	
  arXiv	
  
– Work	
  in	
  progress	
  on	
  the	
  cross	
  secKon	
  measurement	
  
using	
  2013	
  data	
  

•  Forward	
  rapidity	
  measurement	
  (Wàµ):	
  
–  Preliminary	
  results	
  	
  
– Ongoing	
  analysis	
  efforts	
  to	
  reduce	
  systemaKcs	
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Backup	
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W	
  measurement	
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PYTHIA:	
  x1,	
  x2	
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W	
  Trigger	
  System	
  

MuTRG	
  
ADTX	
  

MuTRG	
  
MRG	
  

Level	
  1	
  
Trigger	
  
Board	
  

MuTr	
  
FEE	
  

ResisKve	
  Plate	
  Counter	
  
(RPC)	
  (Φ	
  segmented)	
  

B	
  

2	
  planes	
  

5%	
  

95%	
  

Trigger	
  

Trigger	
  

Trigger	
  

InteracKon	
  Region	
   Rack	
  Room	
  

OpKcal	
  

1.2Gbps	
  

Amp/Discri.	
  
Transmit	
  

Data	
  
Merge	
  

MuTRG	
  

RPC	
  
FEE	
  

Trigger	
  events	
  with	
  straight	
  track	
  
(e.g.	
  Δstrip	
  <=	
  1)	
  

RPC	
  /	
  MuTRG	
  data	
  are	
  
also	
  recorded	
  on	
  disk.	
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Event	
  selecKon	
  and	
  basic	
  cuts	
  
•  Select	
  high	
  EMCal	
  clusters	
  
•  Match	
  to	
  DC	
  tracks	
  
•  Reconstruct	
  the	
  z	
  vertex	
  posiKon	
  	
  
•  Remove	
  problem	
  areas	
  in	
  the	
  DC	
  
•  Remove	
  tracks	
  that	
  have	
  a	
  very	
  
small	
  bending	
  angle	
  to	
  increase	
  
purity	
  

27	
  



Gaussian	
  Process	
  Regression	
  
28	
  

•  CorrelaKon	
  funcKon	
  encodes	
  how	
  much	
  each	
  data	
  
point	
  influences	
  the	
  neighboring	
  points	
  

•  Hyperparameters	
  are	
  determined	
  through	
  
minimizaKon	
  over	
  data	
  

•  When	
  funcKonal	
  form	
  is	
  not	
  known	
  apriori	
  
•  Shix	
  focus	
  from	
  prior	
  knowledge	
  over	
  parameters	
  
to	
  prior	
  over	
  funcKons	
  (with	
  some	
  minimal	
  
constraints)	
  

C.	
  Gal	
  



FuncKon	
  ExtracKon	
  

•  Sampling	
  over	
  these	
  funcKons	
  and	
  filling	
  a	
  2D	
  histogram	
  (as	
  on	
  the	
  
right)	
  will	
  give	
  a	
  Gaussian	
  distribuKon	
  for	
  each	
  predicKon	
  point	
  

•  The	
  mean	
  of	
  the	
  Gaussian	
  distribuKon	
  is	
  the	
  predicKon	
  and	
  the	
  sigma	
  
is	
  the	
  uncertainty	
  

•  The	
  GPR	
  we	
  use	
  does	
  this	
  mathema2cally	
  through	
  the	
  equa2ons	
  I	
  
presented	
  in	
  the	
  PWG	
  and	
  in	
  the	
  Group	
  mee2ng	
  but	
  basically	
  this	
  is	
  
the	
  only	
  way	
  I	
  can	
  think	
  of	
  to	
  present	
  this	
  informa2on	
  in	
  a	
  couple	
  of	
  
slides	
  

5/19/2014	
   PHENIX	
  W-­‐>e	
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Trigger	
  Efficiency	
  

1.	
  Scanned	
  contribuKons	
  of	
  each	
  
trigger	
  combinaKon	
  within	
  the	
  
muon	
  data	
  	
  

Used	
  all	
  muon	
  arm	
  
triggers	
  to	
  maximize	
  
staKsKcs	
  

<	
  PHENIX	
  physics	
  triggers	
  >	
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Trigger	
  Efficiency	
  

2.	
  Measure	
  the	
  trigger	
  efficiencies	
  
for	
  each	
  trigger	
  combinaKon	
  using	
  
electron	
  trigger	
  samples	
  

<	
  PHENIX	
  physics	
  triggers	
  >	
  

Electron	
  /	
  photon	
  triggers	
  

wness
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

210

310

-µSouth 

muon candidates | ERT trigger samples

muon trigger fired | muon candidates | ERT trigger samples
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Trigger	
  Efficiency	
  

2.	
  Measure	
  the	
  trigger	
  efficiencies	
  
for	
  each	
  trigger	
  combinaKon	
  using	
  
electron	
  trigger	
  samples	
  

<	
  PHENIX	
  physics	
  triggers	
  >	
  

Electron	
  /	
  photon	
  triggers	
  

wness
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

210

310

-µSouth 

muon candidates | ERT trigger samples

muon trigger fired | muon candidates | ERT trigger samples
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Trigger	
  Efficiency	
  

3.	
  Calculate	
  the	
  total	
  trigger	
  
efficiency	
  for	
  all	
  trigger	
  
combinaKons	
  

<	
  PHENIX	
  physics	
  triggers	
  >	
  

Electron	
  /	
  photon	
  triggers	
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dw23	
  for	
  Hadron	
  Background	
  

Extrapolate	
  
by	
  2D	
  fit	
  

p(wness, dw23) = p(wness) ⋅p(dw23 | wness)

2D	
  model	
  of	
  dw23-­‐wness	
  

wness	
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Extrapolate	
  
by	
  2D	
  fit	
  

p(wness, dw23) = p(wness) ⋅p(dw23 | wness)

2D	
  model	
  of	
  dw23-­‐wness	
  

-­‐	
  Fit	
  model:	
  Coaxial	
  double	
  gaussian	
  
-­‐	
  Vary	
  parameters	
  linearly	
  

Slice	
  of	
  dw23	
  distribuKons	
  

dw23	
  for	
  Hadron	
  Background	
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Extrapolate	
  
by	
  2D	
  fit	
  

p(wness, dw23) = p(wness) ⋅p(dw23 | wness)

2D	
  model	
  of	
  dw23-­‐wness	
  

dw23	
  for	
  Hadron	
  Background	
  

2D	
  fit	
  result	
   Extrapolate	
  the	
  fit	
  
funcKon	
  to	
  the	
  
target	
  wness	
  region.	
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Muon	
  Background	
  EsKmaKon	
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  muon	
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from	
  like-­‐sign	
  muon	
  pairs	
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•  Real	
  muon	
  background	
  is	
  fixed	
  in	
  the	
  signal	
  fit	
  
•  Muon	
  background	
  is	
  esKmated	
  by	
  di-­‐muon	
  events	
  



Muon	
  Background	
  EsKmaKon	
  

•  Muon	
  	
  background:	
  Open	
  heavy	
  
flavor,	
  quarkonia,	
  Drell-­‐Yan/Z	
  

	
  
•  Various	
  muon	
  background	
  

processes	
  are	
  combined	
  together	
  
before	
  construcKng	
  probability	
  
density	
  funcKons.	
  	
  

•  RelaKve	
  contribuKons	
  à	
  scale	
  
factors.	
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Single	
  Spin	
  Asymmetry	
  

AL =
1
P
N+ −N−

N+ +N−
× 1.0+ BG

SIG
#

$
%

&

'
(

•  Corrected	
  Single	
  Spin	
  Asymmetry:	
  

•  Both	
  beams	
  are	
  polarized	
  à	
  measure	
  independently	
  and	
  combined	
  

Nα,β =σ 0 +ασ L
Blue +βσ L

Yellow +αβσ LL

Background	
  does	
  not	
  have	
  
asymmetry,	
  but	
  dilute	
  the	
  signal	
  
asymmetry	
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Single	
  Spin	
  Asymmetry	
  

AL =
1
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N+ −N−

N+ +N−
× 1.0+ BG
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•  Corrected	
  Single	
  Spin	
  Asymmetry:	
  

•  Both	
  beams	
  are	
  polarized	
  à	
  measure	
  independently	
  and	
  combined	
  

Nα,β =σ 0 +ασ L
Blue +βσ L

Yellow +αβσ LL

Background	
  does	
  not	
  have	
  
asymmetry,	
  but	
  dilute	
  the	
  signal	
  
asymmetry	
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MuTr	
  posiKon	
  resoluKon	
  

•  Using	
  the	
  cosmic	
  data	
  
-­‐	
  Measure	
  momentum	
  for	
  	
  
	
  incoming	
  and	
  outgoing	
  tracks	
  
-­‐  Compare	
  data	
  with	
  MC	
  
-­‐  Noise	
  RMS	
  to	
  be	
  tuned	
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PISA (used the latest PISA version with run11 geometry including RPC3 from Richard
Hollis) and then run PISA output through the analysis code used in the cosmic data
analysis to extract two arms tracks and pT smearing.

Figures 10 and 11 show σ∆pT
for positive and negative muons, respectively, from

data and simulations. These two figures show good agreement between data and
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Figure 10: µ+ σ∆pT
as a function of outgoing track pT from data (empty blue circles) and

simulation (full red circles).

simulation for both positive and negative charges and the momentum smearing (σ∆pT
)

ranges from 0.5 GeV/c at pT = 1 GeV/c and up to 10-12 GeV/c at pT = 40 GeV/c.
However, the data runs out of statistics before 20 GeV/c and can’t do reliable fit of
∆pT distribution. The agreement between data and simulation in this study also shows
that the current simulation represents the data very well and thus validate using these
simulations to study backgrounds and other effects. That is very important conclusion
since we rely heavily on the simulation to study several other sources of background.

5 Charge Reconstruction Efficiency

The two arms cosmic tracks are also used to determine the charge reconstruction effi-
ciency, the ability to distinguish positive and negative charges up to very high pT , 40
GeV/c. The strategy is to look at the tracks that enters from the back of one arm and
calculate the probability that they are reconstructed with same sign in the other arm.
The cosmic muons that pass through both muon arms are used and the reconstruction
efficiency for each charge sign is defined as the ratio of outgoing reconstructed tracks
to the number of incoming reconstructed tracks with same charge sign as a function
pT . Assuming that the rate of the outgoing tracks that have different charge sign from

12
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Figure 11: µ− σ∆pT
as a function of outgoing track pT from data (empty blue circles) and

simulation (full red circles).

incoming tracks is an inefficiency in charge reconstruction. The cosmic data results
are also compared to charge reconstruction efficiencies obtained from the simulation
described in the previous section.

Figures 12 and 13 show the charge reconstruction efficiency from cosmic data com-
pared with those from simulation for negative and positive charges, respectively.

The reconstruction efficiency is consistent between cosmic data and simulation for
the negative charge and above 90% up to 40 GeV/c, while it is inconsistent for positive
charge and for cosmic data it drops to below 80% at 40 GeV/c. To understand the
source of the positive efficiency loss, several possible sources were investigated especilly
those help isolate the two arms tracks like the vertex, η, and φ difference between
entreing and outgoing tracks.

Figures 14, 15 and 16 show the charge reconstruction efficiency versus ∆η, ∆φ,
and ∆z, respectively, for positive and negative charges. The reconstruction efficiency
is consistently lower across each of the variables and other studies also failed to identify
the source of the efficiency loss. A possible source of the difference could be Lorentz
angle and further studies are needed.
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Cross	
  Check	
  of	
  the	
  Fit	
  

•  Create	
  a	
  trial	
  data	
  set	
  enKrely	
  of	
  simulaKon.	
  
•  Signal,	
  background	
  contribuKons	
  are	
  known	
  prior.	
  
•  EsKmate	
  the	
  efficiency	
  of	
  the	
  method	
  used	
  	
  

	
  à	
  predict	
  possible	
  over/under	
  esKmaKon	
  	
  
	
  à	
  take	
  the	
  relaKve	
  difference	
  as	
  systemaKc	
  uncertainty	
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SystemaKc	
  Uncertainty	
  

•  SystemaKc	
  uncertainty	
  sources:	
  	
  
	
  -­‐	
  S/BG	
  Fit	
  
	
  -­‐	
  Trigger	
  efficiency	
  correcKon	
  
	
  -­‐	
  Muon	
  background	
  
	
  -­‐	
  MuTr	
  posiKon	
  resoluKon	
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SimulaKon	
  Tuning	
  	
  

•  Produced	
  W/Z	
  signal	
  and	
  various	
  background	
  MC	
  
simulaKons	
  to	
  support	
  the	
  analysis	
  (PYTHIA	
  +GEANT3)	
  

•  Rate	
  dependence	
  of	
  detector	
  performance:	
  

BBC Rate[MHz]
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MuID	
  detector	
  hit	
  efficiency	
   MuTr	
  detector	
  hit	
  efficiency	
  

Observed	
  degradaKon	
  of	
  hit	
  
efficiency	
  as	
  collision	
  rate	
  
increases	
  

direcKon	
  of	
  
luminosity	
  
decreasing	
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