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RHIC as a polarized proton collider 
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Transverse single spin asymmetry measured at 

RHIC 
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U. D’Alesio, F. Murgia,  

Phys. Rev. D 70, 074009 (2004) 

 

C. Kouvaris, J. Qiu, W. Vogelsang, F. Yuan,  

Phys. Rev. D 74, 114013 (2006) 

B.I.Abelev (STAR), Phys. Rev. Lett. 101 (2008) 

Significant spin effects are found 

at xF>0.3; the x-range does not  

overlap with SIDIS   

 



Theory prediction for Drell-Yan process 

• Sivers function: 

• In QCD   
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DIS: attractive Drell-Yan: repulsive 

As a result: 

  ),(ˆ̂ˆ 1 



 kxfkPS TT

Test of this relation is a test of TMD factorization 



Theory prediction for DY – new development 
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•SIDIS and RHIC pion production do not overlap in momentum fraction (x) 

•Attempts to describe both result in a sign “mismatch” conclusion [Kang, 

Qiu, Vogelsang, Yuan,  PRD83 (2011) 094001] 

Combined analysis of SIDIS 

and inclusive pion production 

leads to the conclusion that 

the u-quark Sivers function 

has a node at x~0.4 

Essential to test predicted  
sign change for DY in  
same kinematics as SIDIS  

A. Prokudin, Z.B. Kang, “Opportunities for Drell-Yan Physics  

at RHIC” workshop (May, 2011) 
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Motivation for a feasibility experiment at RHIC 
 

• Forward upgrades of STAR and PHENIX are major undertakings and would 

benefit from a feasibility demonstration of forward DY production.  

• Forward DY production is of interest for more than just the analyzing power, 

e.g. most robust observable to low-x parton distributions for intercomparison 

to a future electron-ion collider.   

• ANDY can run in parallel with RHIC W program. 

ANDY goals  

• To establish that large-xF low-mass dileptons from the DY process can be 

discriminated from background in √s=500 GeV p↑+p collisions. 

 

• To provide sufficient statistical precision for the analyzing power for DY 

production to test the theoretical prediction of a sign change compared to 

transverse single spin asymmetries for semi inclusive deep inelastic 

scattering. 
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Requirements for DY 

• Luminosity (Lint ~150/pb required) 

 

• Background Reduction 

o  electron/hadron discrimination 

o  Charged/neutral discrimination and photon conversion background 

o  Open heavy flavor (c, b) production 

o  Is a magnet plus tracking required for forward DY? 
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Comments… 

•  RHIC pp luminosity largest at s=500 GeV 

•  partonic luminosities increase with s  

•  net result is that DY grows with s 

•  in any case, largest s probes lowest x 

  Consider large-xF DY at s=500 GeV 

Collision energy dependence of DY production 

ŝ1/σ̂ has γqq * 

sx

M
xxxx

F

FF

2

21  and  large 

 Forward DY production probes valence 

region for “beam” and x210-4 for “target” 

for s=500 GeV (M>4 GeV/c2) 
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Schematic of detector considered 
Original plan for Run-11 

E.C. Aschenauer                  BNL PAC, June 2010 

Equipment in place: 
  
 Hcal is existing 2x9x12  
   modules from E864  
   (NIM406,227) 
 BBC and ZDC 

 
Goal: 
 
 establish impact of 3 IR  
   operation on PheniX and Star  
   luminosity 
 calibrate HCAL 

 absolute Energy scale   
   with r, F,  Ks 

 gains with cosmics 
 measure the hadronic  
   background to bench mark  
   MCs further 
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Schematic of detector considered 
Run-12 configuration 

• HCal is existing 9x12 modules 

from E864 

• ECal is modeled as only 

(3.8cm)2x(45cm) lead glass 

• Preshower would require 

construction 

PHOBOS split dipole expected  

to be in place, but not used 
 

Goal: to acquire data sample  

to observe J/y  e+e- , Υ  e+e-  

and dilepton continuum between 

these signals as a benchmark for 

DY feasibility 
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Schematic of detector considered 
Run-13 configuration 

 

• HCal is existing 9x12 modules from E864  

• ECal is modeled as only (3.8cm)2x(45cm) 

lead glass 

• Preshower would require construction 

• PHOBOS split-dipole magnetic field in 

GEANT model 

• Fiber tracker stations and MWPC require 

construction 

Uses PHOBOS split dipole  

for charge sign 

Goal: to acquire 2nd data sample with 

tracking  to quantify the role of charge 

sign discrimination in suppressing 

backgrounds   
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Background estimate 

Comments: 

• Conversion photons significantly reduced by p0gg veto 

• Preshower thickness tuned, although perhaps is not so critical given photon veto 

• Linearly decreasing dN/df (fast-simulation model for hadronic response of ECal) estimates 

smaller hadronic background  increased sophistication needed for reliable estimates, 

although other model uncertainties could easily dominate 

• Open heavy flavor backgrounds also estimated and found small due to large rapidity 
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Run-11 implementation 

Left/right symmetric HCal 

Left/right symmetric 

 ECal 

Left/right symmetric 

preshower 

Trigger/DAQ electronics 

Blue-facing BBC 

Beryllium vacuum pipe 
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Schematic of detector for Run-11 
Polarized proton collisions at s=500 GeV from 

February to April 2011 

•  Beam-beam counter (BBC) for 

minimum-bias trigger and luminosity 

measurement from PHOBOS [NIM 

A474 (2001) 38] 

•  Zero-degree calorimeter and shower 

maximum detector for luminosity 

measurement and local polarimetry 

(ZDC/ZDC-SMD, not shown) 

•  Hadron calorimeter (HCal) are 

modules of 9x12 lead-scintilating fiber 

cells from AGS-E864 [NIM406, 227] 

•  Small ECal (~120 lead glass cells, 

(4cm)2x40cm) loaned from BigCal at 

JLab 

•  Newly constructed preshower detector  

(two planes, 2.5 & 10 cm) 
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Impact of IP2 collisions 

IP2 collisions have begun <3 hours after physics ON with minimal impact on 

IP6, IP8. Adequate luminosity for ANDY (10 pb-1/week for s=500 GeV polarized 

proton collisions) is projected for subsequent runs. 

Minimal impact on 

STAR,PHENIX 

Fri. 8 April 

1.501011/bunch 
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~2mr crossing angle 

~1.6mr crossing angle 

~0mr crossing angle 

systematically increased 
thresholds for IP2 

collisions 

Integrated luminosity in Run-11 

• Presently, no accidentals correction 

(found to be large in some stores for 

ZDC).  All rates are scaled by bunch-

crossing scalers, following 20110330 

access and subsequent timing 

adjustments. 

• Effective BBC cross section has been 

revisited through full simulations and 

now is in better agreement with 

vernier scan measurements 

(fill=15457) 

• Jet analyzing power measurement 

sets goal of 10/pb for run11 

Many thanks to C-A for IP2 collisions 



Calibration of Hadron Calorimeter 
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ADC spectra from 9x12 cells of HCal module for cosmic-ray triggers 

• Relative gains – with   

  cosmic ray muons 

 

• LED system to monitor 

  stability 
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• HCal clusters are subjected to 

event selections to suppress 

hadronic response: (1) single-tower 

clusters; (2) x,y location of the 

cluster is outside of ECal shadow.  

 

• The selected clusters are 

converted into four momenta of 

incident particles, assuming they 

are produced at the event vertex 

and they are photons, using a 

scaling factor to convert cluster 

energy into incident total relativistic 

energy.   

 

• Invariant mass is computed from 

inclusively pairing all such clusters 

for the event.  

Calibration of Hadron Calorimeter 

• Require: (1) 1-tower clusters; (2) 

E>1.8 GeV; (3) |x|>50 cm to avoid 

ECal shadow; (4) >1 clusters to 

form pairs; (5) Epair>5 GeV; and 

(6) zpair<0.5. 

• Apply to 20M minimum-bias 

events from run11 data 

• Apply to 20M PYTHIA events 

subjected to BBC charge sum 

trigger emulation (no vertex cut) 

• Data and simulations are both 

absolutely normalized, so PYTHIA 

is expected to provide a good 

basis for QCD backgrounds to DY. 

• Hadronic corrections expected to 

be small.  Mass reconstructions to 

demonstrate this are underway. 

Absolute energy scale - based on p0gg reconstruction 
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Jet Trigger 

 

• Jet trigger sums HCal response 

excluding outer two perimeters 

(rather than just two columns 

closest to beam) 

• Definition is consistent with 

objective of having jet thrust 

axis centered in hadron 

calorimeter modules 

• HCal energy scale is now 

determined 

• >750M jet-triggered events 

acquired during RHIC run11 

Hadron calorimeter is quiet 

~107ns before jet event 

Hadron calorimeter is quiet 

again ~107ns after jet event 



21 

Towards Forward Jets 

• Good agreement between data and PYTHIA/GEANT simulation for summed HCal 

response excluding outer two perimeters of cells  QCD backgrounds can be 

modeled 

• Good agreement between data and simulation for jet shape 

• Next up:  forward jet analyzing power 
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Forward Jet Energy Scale 

• Jet energy scale determined by 

association analysis of 

simulation 

• Required to add ECal energy 

deposition to masked summed 

HCal response 

• Small rescaling (<10%) of HCal 

energy scale is applied, likely to 

account for hadronic corrections 
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Status of ANDY 

Projected sensitivity of ANDY for 

Lint=100 pb-1 for pp collisions at 

s=500 GeV requiring g M>4 GeV/c2, 

pT<2 GeV/c and 0.1<xF<0.3 

• Calorimetry required for experiment is at BNL. It 

is on loan from JLab until July 2014. 

• Layout for second stage (no magnet) is 

complete, with specification of azimuthally 

complete HCal, ECal and segmented preshower 

detector. 

• Existing split dipole does require modification to 

match acceptance of final calorimetry plan. 

• Staging of apparatus awaits funding review. 

• At present, first attempt at transverse spin DY 

measurement will be in RHIC run13. 

Measurements of  forward pion and jet production 

with small ECal might be possible in run12  

at s=200/500 GeV.  



Backup 
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Run?? implementation 
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Proposed configuration of the ANDY ECal as seen 

from IP2. The inner calorimeter is a 32-row × 32-

column matrix of (3.8 cm)2 × 45 cm lead-glass 

detectors with a central 6-row × 4-column hole for 

the vacuum pipe for the beams. It is surrounded by 

(40 mm)2 × 40 cm lead-glass detectors. The 

calorimeter separates into two halves that can be 

translated to larger |x|. 

y-z view at x=0 (top) and x-z view at y=0  (bottom)  

showing the relationship of the model=6 ECal and 

HCal. These schematic views show only the lead-

glass of ECal and the active portion of HCal. 
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Previous Work on Low-Mass DY at a Collider 

p+p DY at ISR, s=53,63 GeV              

Phys. Lett. B91 (1980) 475 

Comments (note: large xF at collider breaks new ground)… 

•  e+e- low-mass DY done at ISR and by UA2 [see review J.Phys. G19 (1993) D1] 

•  UA2 [PLB275 (1992) 202] did not use magnet / CCOR did [PLB79 (1979) 398] 

•  most fixed target experiments do m+m- DY 
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Pair mass from bare EMcal 

arXiv:0906.2332  arXiv:0907.4396  

• pair mass backgrounds well modeled 

• J/ye+e- observation with bare EMcal at <xF>~0.67 emboldens DY consideration 
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Impact of Collisions at IP2 
The anatomy of initiating collisions at IP2 

Early after a RHIC store is set up, beams are 

colliding at IP6 (STAR) and IP8 (PHENIX).  Beams 

are transversely separated at IP2 (ANDY).  The 

arrow indicates when collisions begin at IP2 

After the beam intensity decays to a threshold 

(here, 1.3 1011 ions/bunch), collisions begin at 

IP2.  There is loss of beam in the Yellow ring. 

The beam loss is monitored.  The spikes in the 

Blue ring are due to insertions of carbon ribbons 

for measuring the beam polarization.  Beam-

beam tune shift causes loss of ions in Yellow 

when collisions begin at IP2.  This loss typically 

decays with time, as shown. 

Luminosity at IP6 (STAR) and IP8 (PHENIX) is 

mostly constant when collisions are initiated at 

IP2 (ANDY).  
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• Select from jet-trigger events for 

HCal “high-tower” to be centered 

in module 

• Display for each detector of each 

module the ADC count as color 

scale (black=greatest count 

yellow=lowest count) 

• Events look “jetty”, as expected  

• Cosmic ray trigger is essentially 

the same as jet trigger, except that 

the threshold on the summed 

calorimeter response is set at 5 

pC (20 counts) 

• This is a trigger that will work 

without beam.  We have other 

cosmic-ray triggers that will work 

with beam, when commissioned, 

for continuous monitoring. 

• The tracks test noise, patterns, 

etc. 

HCal events 
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Run-11 AN(Jet) 
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FIG. 7: (color online). The est imated quark and gluon Sivers cont ribut ions to the t ransverse single spin asymmet ry for the

p↑p → jet + X process, at
√

s = 200 GeV c.m. energy in the cent ral (left panel) and forward (right panel) rapidity region as
a funct ion of pj T , from pj T = 2 GeV up to the maximum allowed value, obtained adopt ing the paramet rizat ion sets SIDIS 1

(quark cont ribut ion: solid red line; gluon cont ribut ion: dashed green line) and SIDIS 2 (quark cont ribut ion: dot ted blue line;
gluon cont ribut ion: dot -dashed cyan line). The dot ted black vert ical line in the right panel delimits the region beyond which
the SIDIS parameterizat ions for the quark t ransversity dist ribut ion are present ly plagued by large uncertaint ies. Similar result s,
with some differences in the total size and in the relat ive weight of the quark and gluon cont ribut ions are obtained considering

different c.m. energies.

maximized Sivers effect is therefore large in the full pj T range with lit t le dependence on the c.m. energy.
Concerning numerical est imates obtained adopt ing the available parameterizat ions SIDIS 1 and SIDIS 2 for the

quark Sivers funct ion, and the updated bound on the gluon Sivers funct ion, the situat ion is the following:
1) In thecentral rapidity region, for both SIDIS1,2 setsand all energiesconsidered the quark contribut ion ispract ically
negligible. Instead, the gluon contribut ion can be at most of the order 10÷ 15% at the lowest pj T values but decreases
quickly with the increasing of pj T . However, at least for

√
s = 200 and 500 GeV, it can st ill be about 2-4% in the

upper pj T range. The measurement of a comparable Sivers asymmetry in these kinemat ical configurat ions could then
be a clear indicat ion for a gluonic contribut ion to the Sivers effect .
2) In the forward rapidity region the quark cont ribut ion is small and negat ive at pj T = 2 GeV for both sets adopted,
while at large pj T values it is negligible for the SIDIS 2 set and posit ive and of the order 2-4% for the SIDIS 1 set .
The gluon contribut ion can be sizable at very low pj T values but becomes negligible quickly as pj T increases.

As an example, in Fig. 7 we show the est imated quark and gluon Sivers contribut ions to the transverse single
spin asymmetry for inclusive jet product ion in the central (left panel) and forward (right panel) rapidity regions at√

s = 200 GeV, obtained adopt ing the SIDIS 1 and SIDIS 2 parameterizat ions for the quark Sivers funct ion and the
updated bound for the gluon Sivers funct ion (assumed to be posit ive).

I V . CON C L U SI ON S

In this paper we have presented a study of the azimuthal asymmetries measurable in the dist ribut ion of leading
unpolarized or spinless hadrons (mainly pions) inside a large-pT jet produced in unpolarized and single-t ransverse
polarized proton proton collisions for kinemat ical configurat ions accessible at RHIC. To this end, we have adopted
a generalized TMD parton model approach with inclusion of spin and int rinsic parton mot ion effects both in the
dist ribut ion and in the fragmentat ion sectors. We have shown how a detailed phenomenological analysis of these
effects can be very useful in shedding light on several aspects of azimuthal and transverse single spin asymmetries in
(un)polarized hadronic collisions. It may also help in clarifying the role played by the quark(gluon) Sivers dist ribut ion
and by the Collins(-like) fragmentat ion funct ion in the sizable single spin asymmetries observed at RHIC for forward
pion product ion. Available parameterizat ions for the TMD quark t ransversity and Sivers dist ribut ion funct ions,
obtained by fit t ing SIDIS and e+ e− data, are present ly largely unconst rained for light -cone momentum fract ions
x ≥ 0.3, that is the region playing a fundamental role for forward pion product ion at RHIC. The transverse single spin
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200GeV 

Non-zero jet analyzing power essentially a prerequisite before 

proceeding to Drell Yan 

arXiv:1103.1591 jet AN measurements are 

required to clarify signs of quark/gluon 

correlators related to Sivers functions. 

from p+pp 

“old” Sivers function 

“new” Sivers function 

s=200 GeV 

• Sivers effect only (no Collins effect contribution) 

• Need AN(Jet)  measurements before DY 

• With ~10/pb & P=50%, ANDY run11 could measure AN(Jet)  

 


