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W at RHIC
• It’s the first measurement in proton + proton. 
• Flavor decomposition of anti-quark 

polarization in the proton. 
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(real) W in the world
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UA2  1983
PLB 476 (122) 1983

Central Calorimeter 

With a track

shower

One shower

Track energy cluster match

The first observation
Sqrt(s)=540GeV, p+pbar, ∫L=20/nb
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Large Electron Positron Collider (LEP)
LEP I (1989-1993) : Z physics. 18 million Z bosons produced

LEP II (1996-2000) : W physics. 80,000 W’s produced. (Energies from 161 GeV
– 209 GeV) W’s produced in pairs.
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Tevatron
• p+pbar collider
• Mass, width 

→ New particles coupling to W’s. 
→ +top mass = Higgs mass

• Different decay channel → Lepton unitality
• W+/W- asymmetry → unpol PDF 
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Run2 .. 2/fb!



HERA
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sqrt(s)=301GeV

Compared with SM prediction.
Measured cross section.

Limit WWγ



Kinematics at RHIC
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How to detect W at PHENIX
PHENIX detector

○ Leptonic decay mode 
× Mass reconstruction

Good for detecting electrons (central arm) and muons (muon arm).
(However) It doesn’t have the 4pi coverage. 

At the central arm

W+

W-

d-bar u

u-bar d
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e-
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ν

ν



Run9 W analysis (central arm)
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Analysis Outline

― Integrated luminosity,       
― Relative luminosity

1. EMCal trigger, energy

2. Tracking

3. Charge

4. Event shape
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Central arm : W → e 



Analysis issues

―Electron ID at this high energy (above 15GeV) .  
Cerenkov counter (RICH) : charged pions are also above the threshold
Energy/momentum cut : It's not effective because of low momentum

resolution (small bend) ∆p/p~40%@40GeV.
EMCal shower shape : Efficiency evaluation at this energy region is difficult.
Energy Scale.  

―Charge sign
Small bend : origin of the track, angle at the drift chamber

―High collision rate (~2MHz)
Multi-collision and pile up
BBC z-vertex position (calculated from the arrival times) is affected.    
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pT spectra
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What is the background components?
pT[GeV/c]

Both charges

Jacobian peak (MW/2)
+ background

With a relatively loose cut, 
pT calculated from EMCal energy deposit. 



Background components

● Accidental track match
● Cosmic rays
● pi0

● True track match
● Charged hadron + hadronic shower
● Pi0 decay / direct gamma + conversion
● Charm/Bottom decay (true electrons)
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FONLL tells the contribution is small.



True background

● Z bosons decay
● Most likely we miss the partner leptons.
● W/Z~10, but for W- → electron, it's not 

negligible.

● W to tau, tau to electron
● Small contribution?
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How can we estimate them?

• Full MC. (event generator + PISA)
– It’s hard to maintain everything is correct. 

• Data driven method
– Jet events by requiring away side activity

• PHENIX acceptance introduces a large bias

– Combination with minimum MC. 
• Today’s talk
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Component 1:
Raw EMCal hit distribution

They should be mostly pi0 (at high pT, merged pi0)

* Since cosmic rays hit EMCal from any direction,
it is not necessarily the true energy deposit.

* Shower shape cut also reduces another factor 10.  

Energy [GeV]
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 : Clusters in collision timing
: Clusters out of collision timing
: Subtracted after normalization (60-200GeV)

Data

Presenter
Presentation Notes
black: in tofgreen: out tofred : intof-0.42*outtof (normalized 60-200GeV)  



Component 2:
Hadronic clusters
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pT[GeV/c]

Output
“input”

pQCD(piplus)*#MC/bin*0.35

Use only shape. 

MC (pQCD weight + PISA) 



Procedure
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EMCal cluster distribution after subtracting cosmic background. 

* (Conversion + Accidental) * DC acceptance

Hadron cluster distribution

* Scale So that the sum matches to 10-20GeV region. 



pT spectra with BG cure
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0
~2 (45<pT<70)

pT[GeV/c]

Pi0/gamma
h±
sum

Pi0/gamma 
is the dominant
source at high pT
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Cross check 1

Around 20GeV, it is consistent with pi0:pi+:pi-=1:1:1
Expecting MC is correct within a factor 2 or so. 

pi0*1/(0.05*0.5)
chad*1/(eff_MC*0.5)

0.5 here is for DC acceptance,
But it's arbitrarily for the 
comparison.
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Original 
Charge:neutral
ratio



Cross check 2

Without HBD
e_conv=0.036, 
adc=0.5

Integral (28,50)
123-52.8=70.2

With HBD
e_conv=0.016, 
adc=0.5

Integral (28,50)
97-33.0 = 64.0 The conversion probability

needs to be confirmed.  

HBD hit requirement
(|dz|<6cm, |dphi|<0.08)
increases S/N, with a little loss due
to the efficiency.  
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Remove HBD backplane 
conversions



Tracking (charge sign)
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No inner tracking system (yet) in the magnetic field.
(HBD cluster is too large.)

The origin (x0,y0) determination
DC angle resolution vs the integral of magnetic field 



(x0,y0) determination
The shift to the nominal value from zero field runs analysis  (#1~#17)
The east carriage was moved between #6 and #7.

0.66mm
West dx West -dy

East dx

East dy Carriage 
movement?

It is enough 
controlled.
(DC resolution 
~2mm.)
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East carriage moved. Time



Confirmed by J/psi mass peaks
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BPM value

0.2m
m

East 
carriage

East 
carriage

BPM sign is flipped
All vertical, half horizontal.  
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DC angle resolution

At 40GeV,
α=2.3mrad 
(∝1/momentum)

dα=1.1mrad from 
zero field run

++ magnetic field

DC angle α at 40GeV [mrad]

One track resolution

2 sigma effect for the charge determination is expected.
e- has more contamination.
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e+

e-

Integrals are roughly
adjusted to the expected ratio.



After the correction

west east
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pT from EMCal energy

Angle =0 is aligned. You can tell the resolution from here too. 



Region insensitive to charge sign

If pT is high, pair track is induced both of X1 & X2 plane.
2mm*2/ 4cm = 10% -> 5% of track may have sign mis-ID
(4cm: 1cell)

29

~4cm (20 [mrad.])
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278796-7107057

Close to the wire
(according to 
DCboard calculation)
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Those tracks are rejected. 

X1

X2

PC1



Cross section calculation
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True Rate (total incl. elastic)

All Orders Expectation 
(εBB=0.5,εBN=εBS=0.28*εBB)
No Correction

Data:
BBMeas = 1 – e^(-BBTrue)
BBMeas = 1 – e^(-BBTrue) + BN*BS

Integrated Luminosity
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BB
C 

M
es

ur
ed

Ra
te >2 collisions/crossing

R_mesured
Only we count 1.

Single side*2 

Luminosity

I^2/ size  …  from vernier scan 
(also multi coll corrected.)

* Vertex cut (30cm:0.499)  
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Acceptance and efficiency
from run qa with (# of track)/(# of MB)
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East Arm

West Arm

Example: X2 plane (QA hist)

South Side North Side

time

φ

33

The performance in Run9 500GeV 
was the worst for recent years.  
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One scale factor is applied. 

MC tuning for a reference run

Black: simulation (pT=10,20,30,40,50)
Red: data (pT>2.0GeV)

North + South

North 

South

W0 W1 W2 W3 E3 E2 E1 E0

Systematic uncertainty for the scale factor 
is calculated by the sigma of the ratio 
value of data & simulation 

(ratio) = (integral of a sector; data)/(integral of a sector; sim)
weighted on number of bins in phi dist.,
exclude E1 & E3 part

Sys error
~7%
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Integrate all runs

South Side

North Side

Fit with 2 parameters
(1 for scale, another for N_CLK)

3.7 clock gate width got from fit
-> use this value for the rate correction
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Rate dependence of (# of Trk)/(# of MB) 
for stable part

It makes sense, since
L / v = 2cm / (~50micron/ns) 
= ~400ns = ~4 clocks 



All runs are accumulated
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From this plot, we extracted the phi dependent efficiency. 

After the rate correction.

Black: MC
Red: data all runs



With PISA

(acceptance) * (eff) ~ 14.4%
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Single particle MC * phi dependent efficiency

(← 35% is the ideal)



Cross section (Fit with PYTHIA)
Using fit function for bg

Fit with “R LL E” option
PYTHIA scale 1.43+-0.21

Positive charge
Fit with “R LL E” option
PYTHIA scale 1.76+-0.25

Negative charge
Fit with “R LL E” option
PYTHIA scale 0.14+-0.37
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PYTHIA/RHICBOS
~ 1/1.5



Fit by hand for check
Distribution of p1*p2*p3*…*pn  (n: number of bins)

+/-

+

-

Negative signal is very small. 
But 1~1.5 is the spot? It’s just a bad luck with low statistics?

It looks root gives consistent values.
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Spin asymmetry
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Isolation cut
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ΣE  < 2GeV

We can apply any cut 
to improve S/N ratio,
if it’s spin independent

+ -

90+% of signal is kept (red histograms)

Presenter
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Isolation cut (figure)Positive, negativeMost of them are preserved. Positive first 



Statistics

BBC vtx cut scaler counts
70G*4= 280G events 

*10^3

B,Y= ++, +-, -+, --
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The method I presented last time

When P_Y=P_B,
there are two parameters 

p0: mean
p1: ε_raw  (raw asymmetry)

→ Homework: 
For those low statistic sample, we should use Poisson distribution. 

Nsig/Nbbcscalerx10^-3
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Probability calculation by hand
For each step (mean and ε_raw), 

create  Σ log(P(m;n))  (summed for 4 spin conf.) 
Get the fraction to have values below Σ log(P(m;n_data)).

This result : ε_raw=-0.29+-0.11

Traditional result (ε_B,ε_Y)=(-0.23, -0.38)     
1/sqrt(39*2)=0.11

It is not always Gaussian.

Compared to the result shown last Friday.
10% difference, 30% error increase.
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Raw asymmetries (positive particle)
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BG
Signal 

pT range 
[GeV/c]

raw asymmetry

Background 12-20 0.035±0.047
Signal 30-50 -0.29±0.11

Presenter
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Physics asymmetry 

3/30/2010 46

Raw asymmetry
→ Physics asymmetry (AL)

x 1/<P>  beam polarization
x Dilution factor

(BG from Z, hadron)

First non-zero asymmetry 
in PHENIX central arm.

Presenter
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What were not expected?
● More accidental match.

● To avoid the effect of multi collision and BBC 
bias, we can use only phi match.

● More π0/γ contribution
● Pair track search?

● Loss of DC wire neighborhood (10%)
● Can we retract DC next time? 
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Next runs
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Central arm

3/30/2010 49



Run11 Central arm W outlook

• Luminosity ~25/pb? (*3.) 
• Better PC/DC performance ( * ~2.)
• High pT track with angle? (DC in off position) ( * 

1.1)
• VTX for z match and for an isolation cut (& pT cut 

can be lowered in the asymmetry measurement.)  
(*~1.5)

• VTX works only |z|<10cm  ( * <1) 
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( ) is the gain factor to Run9 (8.6/pb with vertex cut) 



Material outside VTX
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Material outside VTX
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A lot more conversion photons are expected….. 



Muon arm
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54

Need fast level 1 trigger with 
momentum selectivity 

Design Luminosity
√s = 500 GeV  σ=60mb

L = 1.6 x1032/cm2/s

Total X-sec rate＝9.6 MHz

MuID LL1 (current trigger)
RF=200 ~ 500

DAQ LIMIT=1-2 kHz
（for μ arm）

Required RF
10,000

W signal 

W’s in the PHENIX Muon Arms

A bit of development necessary… PYTHIA

3/30/2010
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RPC1

RPC3

r=3.40m

MuTr
(II) MuTr front end electronics

(MuTr-FEE Trigger)

PHENIX Muon Trigger Upgrade

(I) 2 dedicated trigger Resistive 
Plate Chambers (RPC) stations 
(CMS design):      
~ 1 degree pitch in ϕ

Additional absorber necessary for offline background rejection3/30/2010 55

To identify collision bunch. 
MuTr doesn’t have a time resolution.



Muon arm challenges
• MuTrTRG

– A big pulse (neutron?) affects all region
• MuTr-1 recapacitation helps. But is it enough?
• We need to know the origin of the big pulse to reduce.

• Decay in flight in the MuTr module
– To kill low momentum Kaons, ~3 additional 

interaction length of absorber is necessary.  
(10ton/arm !!) 

• Cosmic chance coincidence look OK.
• Of course, all new electronics need to be 

working.
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vs STAR

• Central arm acceptance 
– 6 times more

• Forward acceptance
– Forward GEM tracker will be installed from ~2012.

• TPC Space charge problem?
– Compared with the current 200GeV AuAu run
pp/AuAu=Rpp/RAuAu * 2/<Npart> 
= 10MHz/5kHz * 2/109 = 40
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Impact on the global analysis
Daniel de Florian
At High pT workshop
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Next program

• AN (Sivers function)
– Transverse spin running time. 

• Charm with VTX (neutrino side of W→e- decay) 
– Need to identify a charm jet.
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Measurement of quark Sivers function
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PRL 103, 172001 (2009) prediction 
(input)

Lepton 



Summary

• W boson is a good probe to separate the 
quark flavor.  And RHIC is pol p+p collider.  

• We didn’t have much experience of analyzing 
high pT electrons. We learned a lot. 

• Hermetic detector would be nice. Hopefully 
STAR is screwed up with high rate…..
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