
Progressing toward PHENIX physics goals

Progressing well toward all physics goals in p+p – project that we would achieve 
most of MPC-EX goal with nominal schedule – nonetheless, we don’t oppose a 
modest extension of the p+p run.    

Run-15 request for p+Au @ 200 GeV with transverse polarization beam use proposal
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Figure 3.2: PHENIX preliminary results of interference fragmentation functions from Run-
06 and Run-08. Shown are three different combinations of hadron pairs. Also shown are
projections for the luminosity request in Run-15.
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pp <N>~15, 1<pT<3 GeV/c 

The “ridge” in pp collisions 

pp N>110, 1<pT<3 GeV/c 

No ridge observed in minimum bias pp or any pp MC generators 

Two-particle Δη-Δϕ correlation 
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I
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Very high multiplicity pp collisions 

Very high-multiplicity pp events are rare in nature 

10-5 – 10-6 prob. 

Very exotic  
pp events 

Raw counts of tracks! 

<Ntrk
offline>~15 for MB pp

High multiplicity 
trigger in FVTX is to be 
developed for Run15!

Slide from Wei Lei, Rice University

High Multiplicity Event is the key!

Ntrkoffline (pT>0.4 GeV/c, |η| < 2.4)
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Triggering on high multiplicity p+p at RHIC

Trigger : #track > Threshold�

~ 3/4 active wedges�

Online Coarse Track 

PHENIX forward silicon vertex (FVTX)
NtrkFVTX (1.2 < |η| < 2.2) ≥ 12 

Yield Estimate�
4

The data were obtained from p+p in the 2008 and 2009
experimental runs and d+Au in the 2008 run with the
PHENIX detector. The event centrality class in d+Au
collisions is determined as a percentile of the total charge
measured in the PHENIX beam-beam counter covering
�3.9 < ⌘ < �3.0 on the Au-going side [16]. For the top
5% central d+Au collisions, the corresponding number of
binary collisions and number of participants are 18.1±1.2
and 17.8± 1.2 respectively [16].

Charged particles used in this analysis are recon-
structed in the two PHENIX central-arm tracking sys-
tems, consisting of drift chambers and multi-wire propor-
tional pad chambers (PC) [17]. Each arm covers ⇡/2 in
azimuth and |⌘| < 0.35, and the tracking system achieves
a momentum resolution of 0.7%�1.1%p GeV/c.

The drift-chamber tracks are matched to hits in the
third layer of the PC, reducing the contribution of
tracks originating from decays and photon conversions.
Hadron identification is achieved using the time-of-flight
detectors, with di↵erent technologies in the east and
west arms, for which the timing resolutions are 130 ps
and 95 ps, respectively. Pions and (anti)proton tracks
are identified with over 99% purity at momenta up to
3 GeV/c [18, 19] in both systems.

Energy deposited at large rapidity in the Au-going di-
rection is measured by the towers in the south-side Muon
Piston Calorimeter (MPC-S) [20]. The MPC-S comprises
192 towers of PbWO4 crystal covering 2⇡ in azimuth and
�3.7 < ⌘ < �3.1 in pseudorapidity, with each tower sub-
tending approximately �⌘⇥�� ⇡ 0.12⇥0.18. Over 95% of
the energy detected in the MPC is from photons, which
are primarily produced in the decays of ⇡0 and ⌘ mesons.
Photons are well localized, as each will deposit over 90%
of its energy into one tower if it hits the tower’s center.
To avoid the background from noncollision noise sources
and cut out the deposits by minimum ionization parti-
cles (⇠ 245 MeV), we select towers with deposited energy
ETower > 3 GeV.

We first examine the long-range azimuthal angular cor-
relation of pairs consisting of one track in the central
arm and one tower in the MPC-S. Because the towers
are mainly fired by photons, and the azimuthal extent
of each energy deposition is much smaller than the size
of azimuthal angular correlation from jet or elliptic flow,
these track-tower pair correlations will be good proxies
for hadron-photon correlations without attempting to re-
construct individual photon showers. We construct the
signal distribution S(��, pT ) of track-tower pairs over
relative azimuthal opening angle �� ⌘ �Track � �Tower,
each with weight wtower, in bins of track transverse mo-
mentum pT .

S(��, pT ) =
d(wTowerN

Track(pT )�Tower
Same event )

d��
(1)

Here �Track is the azimuth of the track as it leaves the
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FIG. 1: The azimuthal correlation functions C(��, pT ), as
defined in Eq. 2, for track-tower pairs with di↵erent track
pT selections in 0%–5% central d+Au collisions (left) and
minimum bias p+p collisions (right) at

p
sNN = 200 GeV.

From top to bottom, the track pT bins are 0.2–1.0 GeV/c,
1.0%–2.0 GeV/c and 2.0%–4.0 GeV/c. The pairs are formed
between charged tracks measured in the PHENIX central
arms at |⌘| < 0.35 and towers in the MPC-S calorimeter
(�3.7 < ⌘ < �3.1, Au-going). A near-side peak is observed
in the central d+Au which is not seen in minimum bias p+p.
Each correlation function is fit with a four-term Fourier co-
sine expansion; the individual components n = 1 to n = 4 are
drawn on each panel, together with the fit function sum.

primary vertex, �Tower is the azimuth of the center of the
calorimeter tower. The wTower is chosen as the tower’s
transverse energy ET = ETower sin (✓Tower). This quan-
tity is found to be less sensitive to occupancy e↵ects
which result from multiple hits in the same tower, or a
single hit which distributes its signal between more than
one tower. To correct for the nonuniform PHENIX az-
imuthal acceptance in the central arm tracking system,
we then construct the corresponding “mixed-event” dis-
tribution M(��, pT ) over track-tower pairs, where the
tracks and tower signals are from di↵erent events in the
same centrality and vertex position class. We then con-
struct the normalized correlation function

C(��, pT ) =
S(��, pT )

M(��, pT )

R 2⇡
0

M(��, pT ) d��
R 2⇡
0

S(��, pT ) d��
(2)

whose shape is proportional to the true pairs distribution
over ��.
Figure 1 shows the correlation functions C(��, pT ) for

di↵erent pT bins, for the top 5% most central d+Au
collisions and for minimum bias p+p collisions. Near
head-on d+Au collisions show a visible enhancement of

V2 extraction from Run8 dAu 
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From PHENIX beam use proposal

Executive Summary

The PHENIX Collaboration is just completing two excellent data taking runs with high
statistics p+p at 510 GeV in Run-13 and Au+Au at 200 GeV in Run-14. In this document
we propose an exciting physics program for Run-15 and Run-16 enabled by new detector
upgrades, new machine capabilities, and new theoretical developments. Our beam use
request is specified in terms of recorded or trigger sampled integrated luminosity by the
PHENIX experiment within a particular z-vertex window, with our best estimate of the
number of weeks required to reach that goal obtained following the C-AD guidance [1].
The beam use proposal charge (included as Appendix A) requested a plan for 22 cryo-
weeks in both Run-15 and Run-16. The PHENIX collaboration request is as follows.

Run-15 Proposal (22 cryo-weeks)

• p+p @ 200 GeV with transverse polarization for 9 weeks [Physics driven goal is
50 pb�1 recorded within |z| < 40 cm and hPi = 60%]

• p+Au @ 200 GeV with transverse polarization of the proton for 5 weeks [Physics
driven goal is 190 nb�1 sampled within |z| < 40 cm and hPi = 60%. We note that
the request is with half the data switching the beams to Au+p.]

• p+Si @ 200 GeV with transverse polarization of the proton for 2 weeks [Physics
driven goal is 450 nb�1 sampled within |z| < 40 cm and hPi = 60%]

For Run-15 the highest priority is to obtain a substantial data set of p+p @ 200 GeV and
p+Au @ 200 GeV, with the proton transversely polarized. Thus, these goals are set not in
terms of weeks and rather in terms of physics sampled luminosity. We are on schedule to
have the MPC-EX upgrade detector complete and ready for physics. The MPC-EX enables
the measurement of direct photons and extends the kinematic coverage for neutral pions
at very forward rapidity. The length of the request for p+p @ 200 GeV with transverse
polarization is driven by the measurement of the direct photon AN with the MPC-EX
and open charm AN with the silicon vertex detectors, in addition to important baseline
measurements for comparison with p+A and A+A results. There is enormous excitement
in the collaboration for utilizing the new capability for running polarized p+A with a
short switchover time. For example, new measurements with the MPC-EX will utilize

i



p+Au and p+Al
Run-15 request for p+Au @ 200 GeV with transverse polarization beam use proposal
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Figure 3.7: Projected uncertainties for RpA for open charm (left) and open beauty (right) via
the measurement of single muons with displaced verticies detected with the FVTX. The open
boxes are systematic uncertainties that include contributions from the unfolding of the two
heavy flavor components.
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Figure 3.8: (left) Projected uncertainties for J/y RpA and the possible nuclear and rapidity
dependence from modeling of the d+Au measurements. (right) Projected uncertainties for
the y0 RpAu at different rapidities from 64 nb�1.

physics. As one specific example, a two week p+Si run will allow for a better statistics
measurement of the nominal physics of neutral pions and jets than the peripheral selection
d+Au result.
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p+Au 
175/nb * 0.3 * 0.7 * 0.95 * 5 ~ 70/nb 

Run-15 request for p+Au @ 200 GeV with transverse polarization beam use proposal
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Figure 3.8: (left) Projected uncertainties for J/y RpA and the possible nuclear and rapidity
dependence from modeling of the d+Au measurements. (right) Projected uncertainties for
the y0 RpAu at different rapidities from 64 nb�1.

physics. As one specific example, a two week p+Si run will allow for a better statistics
measurement of the nominal physics of neutral pions and jets than the peripheral selection
d+Au result.
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1.3/pb * 0.3 * 0.7 * 0.95 * 2 ~ 500/nb 

Run-15 request for p+Au @ 200 GeV with transverse polarization beam use proposal

while this measurement borrows a technique from spin physics, the underlying physics
measurement is directly related to cold nuclear matter. This represents a completely
unique utilization of the excellent RHIC accelerator complex. Projected uncertainties with
the requests p+Au and p+p @ 200 GeV transversely polarized running are shown in
Figure 3.4. The addition of comparable statistical and systematic precision data in p+Si
allow for a mapping out of this phenomenon. It may prove desirable in the future to
consider additional intermediate nuclei.
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Figure 3.4: Shown are the projected statistical and systematic uncertainties for the requested
polarized p+Au and p+p @ 200 GeV running. The colored curves represent a schematic
expectation from the model of Kang and Yuan and apply for transverse momentum values
below the saturation scale. These curves follow the functional form with the assumption
that Qsat = 1 GeV/c and QA

sat = A1/3Qsat, plus a delta parameter related to the form of the
Collins FF. The mapping out of the pT and A dependence is thus very important.

3.3.2 Constraining the gluon nuclear PDF

One of the main physics goals of the MPC-EX is the characterization of the gluon distribu-
tion in nuclei at low-x. It has been known for some time that low-x gluons in nuclei are
suppressed at small-x (x ⇠ 10�3) compared to in protons, but the magnitude of this sup-
pression is poorly constrained by existing experimental data. It has been conjectured that
at low-x in the nucleus the gluon density saturates below a scale Qsat, forming a universal
state known as the Color Glass Condensate. The existence of such a state would tame the
rapid growth of the gluon PDF indicated by data from HERA DIS experiments, and there
are tantalizing hints from RHIC d+Au collisions that such a state may be accessible at
RHIC. Understanding the gluon distribution at low-x in nuclei is critical to a complete
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saturation physics; HF modification

beam use proposal Run-15 request for p+Au @ 200 GeV with transverse polarization
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Figure 3.5: Distribution of the number of binary collisions calculated in a Glauber Monte-
Carlo for p+A with various nuclear targets.
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Figure 3.6: EPS09 nuclear parton distribution functions for gluons in Au (left) and Si (right)
nuclei. The grey range shows the current band consistent with existing data. The dark blue
and light blue bands show the one and two standard deviation constraints from the direct
photon measurements proposed here.

RHIC results have selected different nuclear densities via centrality selection in d+Au
collisions. These result in quantified systematic uncertainties, and for the highest transverse
momentum jet and neutral pion results there are stronger additional auto-correlations
with the centrality selections [8]. The ability to check these nuclear dependencies with
minimum bias p+A with different nuclei is critical for pinning down how these effects
depend on the nuclear density. These dependencies are a key to unlocking the underlying
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p+A concerns
• Run-15 is still only opportunity for p+A running 

• if we don’t run p+Al now, it’s a missed opportunity. Also demonstrates RHIC capability, versatility 
and relevance at a key time. 

• p+Al already at increased risk because scheduled at end of Run-15 – two weeks meets our physics 
goals (and robust against problems like the power dip) 

• scheduling details matter (from Phil’s email).   
15 May (Fri), Begin 5 week √s=200 GeV/n pAu physics run

19 June (Fri), End 5 week √s=200 GeV/n pAu physics run 


• 10 Feb to 4 May is 11 weeks, 5 days 

• starting p+Au on a Friday (15 May) is not optimal 

• extend p+p run, but not to May 4, allows starting p+Au early in work week to have smooth running 
before weekend (possibilities to start p+Au could include May 7, 11)  

• with continued excellent RHIC performance, aim for quick switchover from p+p to p+Au, keep p+Al 
in schedule


