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STAR Experiment at RHIC

Large Coverage: 0 < φ < 2π,  |η| < 1.0 
Uniform acceptance:  transverse momentum (pT) and rapidity (y) 
Excellent particle identification capabilities (TPC and TOF) 
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Flow is the dominant source of 
background for signals of CME 

Can U+U collisions be used to 
disentangle the two effects ?
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the symmetry axes of the two nuclei approximately par-
allel. This suppresses the contribution from side-on-side
configurations under the left peak of the idealized double-
hump structure. At the same time, slightly misaligned
tip-on-tip collisions fill in the dip between the two humps
from the idealized case [9]. The result is a single-peaked
multiplicity distribution whose center moves left (towards
lower multiplicities) as the cut on the number of specta-
tor nucleons is loosened.

Nevertheless, for sufficiently tight spectator cuts, we
still expect the collision events corresponding to the left
edge of the multiplicity distributions shown in Figure 3 to
have a larger contribution from strongly deformed side-
on-side collisions than the events from the right edge
(which will be mostly tip-on-tip collisions with small or
zero source eccentricity). Following our previous sugges-
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FIG. 4: Normalized eccentricity distributions, after making
cuts on the multiplicity distributions for the two event classes
shown in Figure 3 (top panel: 5% spectator cut; bottom panel:
0.5% spectator cut). Looser spectator cuts lead to broader
eccentricity distributions and less well-defined average eccen-
tricities.

tion [1] to select source eccentricities by cutting the multi-
plicity distribution of “zero spectator” collisions, we per-
form such cuts on the more realistic distributions shown
in Figure 3. Figure 4 shows that it still possible in this
way to select event classes with a given average source ec-
centricity: By taking the 0.5% of events with the lowest
spectator count from Figure 3 (solid histogram) and cut-
ting once more on the 5% of events with the lowest mul-
tiplicity, we obtain the eccentricity distribution shown
by the black histogram in the bottom panel of Figure 4.
This event class has an average source deformation ϵx

of about 18%, corresponding to Au+Au collisions with
impact parameters around 5.5 fm. On the other hand,
taking the same 0.5% spectator cut and selecting the 5%
events with the largest multiplicities we obtain for the ec-

centricity distribution the gray histogram in the bottom
Figure 4; this distribution peaks at ϵx = 0 and has a very
small average spatial deformation.

If one loosens the spectator cut to 5% instead of 0.5%
(dotted histogram in Figure 3) and performs the same
multiplicity selections (5% lowest or largest multiplici-
ties, respectively), one obtains the eccentricity distribu-
tions shown in the top panel of Figure 4. Clearly, these
distributions are much broader than with the tighter
spectator cut, and the average eccentricities shift down
from 17.7% to 14.2% for the low-multiplicity selection
and up from 2.2% to 4.3% for the high-multiplicity selec-
tion. Note that, since the looser spectator cut allows for
an increased contribution from non-zero impact param-
eters, the eccentricity of the nuclear overlap region can
actually exceed the ≈ 25% ground state deformation of
the single-uranium density distribution projected on the
transverse plane. This gives rise to the right tail of the
black histogram in the top panel of Figure 4. A typical
event from this tail is shown in Figure 5. One sees that
the 5% spectator cut allows for sizeable nonzero impact
parameters and numbers of spectator nucleons, and that
very tight ZDC cuts are required to ensure almost full
overlap of the two uranium nuclei.
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FIG. 5: Distribution of spectator nucleons for 200 AGeV
U+U collisions [8]. The inset shows initial entropy density
contours (s= 20, 40, 60, 80, 100 fm−3 from the outside in) for
a high-eccentricity event (ϵx = 0.325) which is included in a
“5% spectator cut” event sample, as indicated by the arrow.
The impact parameter of this collision is b= 3.14 fm, and it
produces Nspec =87 spectator nucleons.

The detailed shapes of the eccentricity distributions
shown in Figure 4 are expected to depend somewhat on
our parametrization (1,3) of the initial transverse den-
sity distribution of the produced matter. It was shown
in Ref. [4] that initial conditions motivated by the Color
Glass Condensate picture of low-x gluon saturation in
large nuclei at high energies [3] produce transverse den-
sity distributions which fall off more steeply near the edge
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FIG. 5: Distribution of spectator nucleons for 200 AGeV
U+U collisions [8]. The inset shows initial entropy density
contours (s= 20, 40, 60, 80, 100 fm−3 from the outside in) for
a high-eccentricity event (ϵx = 0.325) which is included in a
“5% spectator cut” event sample, as indicated by the arrow.
The impact parameter of this collision is b= 3.14 fm, and it
produces Nspec =87 spectator nucleons.

The detailed shapes of the eccentricity distributions
shown in Figure 4 are expected to depend somewhat on
our parametrization (1,3) of the initial transverse den-
sity distribution of the produced matter. It was shown
in Ref. [4] that initial conditions motivated by the Color
Glass Condensate picture of low-x gluon saturation in
large nuclei at high energies [3] produce transverse den-
sity distributions which fall off more steeply near the edge
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tation angle Φ, and a width of a = 0.6 has been shown
to yield good agreement with PHOBOS data [7]. The
multiplicity distribution is then obtained by integrating
(2) over Φ. The resulting distribution [1] is shown by the
gray line in Figure 3 below. Its double hump structure
results from the Jacobian dn̄/dΦ, and its asymmetry is a
consequence of the fluctuation width being proportional
to the mean multiplicity n̄. Note that the non-linear de-
pendence of the charged multiplicity on the number of
participant (wounded) nucleons, arising from the binary
collision component in our parametrization (1), leads to
a ∼ 15% variation of the charged particle multiplicity
among full-overlap U+U collisions as the relative orien-
tation of their symmetry axes is varied over the accessible
range.

The calculations of multiplicity and eccentricity dis-
tributions presented in [1] rely on the assumption that,
by monitoring spectator neutrons in the backward and
forward zero degree calorimeters (ZDCs) of the RHIC
experiments, full-overlap collisions can be perfectly dis-
tinguished from those collisions where the two nuclei are
slightly misaligned. This is impossible in practice since
even fully aligned collisions in general have a small num-
ber of spectator nucleons, arising from the dilute nuclear
surface, and this number is larger for side-on-side than
for tip-on-tip collisions (see Figure 1). Therefore, slightly
misaligned tip-on-tip and fully aligned side-on-side colli-
sions can have the same Npart and the same ZDC signal.
To assess the contamination from collisions with imper-
fect overlap on the multiplicity and eccentricity distri-
butions requires a more comprehensive study which in-
cludes non-central U+U collisions. This is the point of
this short note.

A general U+U collision is parametrized by 5 pa-
rameters, the impact parameter b and two Euler angles
Ω = (Φ, β) for each nucleus describing the orientation of
its symmetry axis relative to the beam axis and impact
parameter direction. Equation (1) for the initial entropy
density must therefore be generalized to

s(r⊥; b, Ω1, Ω2) = κs

!

α nwn(r⊥; b, Ω1, Ω2)

+ (1−α)nbc(r⊥; b, Ω1, Ω2)
"

. (3)

The multiplicity distribution is then calculated from

dP

dn
= A′

#

b db d2Ω1 d2Ω2 exp

$

−
(n − n̄(b, Ω1, Ω2))

2

2an̄(b, Ω1, Ω2)

%

.

(4)
Evaluating this 5-dimensional integral by Monte Carlo
integration, we obtain the multiplicity distribution shown
in Figure 2. Its right-most part contains the full-overlap
collisions.

We can now try to select the latter from the overall
event population by placing stringent cuts on the num-
ber of spectators (= 2 × 238 − Npart). The distribution
of the number of spectators is shown in Figure 5 below.
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FIG. 2: Multiplicity distribution (normalized to unit total
probability) for

√

s= 200 AGeV U+U collisions. The distri-
bution was generated from an impact parameter weighted sum
of approximately 200,000 events with all possible orientations
and impact parameters between the two nuclei.

In Figure 3 we show the multiplicity distributions associ-
ated with the 5% and 0.5%, respectively, of events with
the lowest spectator counts [8]. It is immediately ob-
vious that contamination from slightly misaligned colli-
sions is sufficient to completely destroy the double-hump
structure of the ideal full-overlap case, replacing it with
a single peak. By selecting low-spectator events, we bias
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FIG. 3: Multiplicity distribution for the ideal case of only full-
overlap collisions (gray line), and for the 0.5% and 5% U+U
collision events with the lowest spectator counts (solid blue
and dotted red histograms, respectively ). All distributions
are normalized to unit total probability. The vertical lines
indicate 5% and 95% cuts on the blue multiplicity distribution
for the 0.5% spectators event class.

the sample towards events with b ≈ 0, Φ1,2 ≈ 0, and

Triggering the spectators & multiplicity 
—> probe the shape of Uranium  
(interesting collision geometries) 

Kuhlman, Heinz, nucl-th/0411054, nucl-th/0506088Trigger on spectators

Trigger on multiplicity

Motivations for U+U collisions at RHIC

http://arxiv.org/abs/nucl-th/0506088
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Ultra-central U+U—> Knee-structure, different from Au+Au (oblate)
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FIG. 4: (Color online) Elliptic flow and the magnetic field
(arbitrary units) in Au+Au and U + U collisions as function
of multiplicity. The arrows indicate the multiplicities corre-
sponding to the top 2% of the collision cross section.

nity than Au+Au collisions. First, the relative variation
in v2 is almost a factor of 2 larger that that in Au+Au
collisions. Also, the variation in elliptic flow in Au+Au
collision is mostly determined by fluctuations in the ini-
tial eccentricity, which are still not very well known. In
U+U collisions the elliptic flow variation is mostly due to
variation in orientation of the nuclei at the moment of col-
lision. The corresponding estimates have much smaller
uncertainty.

While selection of the events based on the number of
spectators is very useful, it seems to be also possible to
disentangle CME and background correlations based only
on the dependence of the signal on charged multiplicity.
Figure 4 presents the dependence of the elliptic flow and
magnetic field on charged multiplicity. The elliptic flow
dependence is di↵erent for two systems, with U + U col-

lisions exhibiting a characteristic kink (cusp) at multi-
plicity ⇠ 1000 [25], reflecting the fact that high(er) mul-
tiplicity events have predominantly tip-tip orientation;
the latter also leads to a decrease in elliptic flow. Being
mostly determined by correlation of the multiplicity with
the number if participants, the magnetic field has simi-
lar dependence on multiplicity for both collision systems.
The di↵erence in the dependencies of the magnetic field
and elliptic flow on charged multiplicity can be used a as
a test for the nature of correlations contributing to the
signal.
The charge separation dependence on the strength of

the magnetic field can be further studied with collision
of isobaric nuclei, such as 96

44Ru and 96
40Zr. These nuclei

have the same mass number, but di↵er by the charge.
The multiparticle production in the midrapidity region
would be a↵ected very little in collision of such nuclei,
and one would expect very similar elliptic flow. At the
same time the magnetic field would be proportional to
the nuclei charge and can vary by more than 10%, which
can results in 20% variation in the signal. Such variations
should be readily measurable. The collisions of 96

44Ru and
96
40Zr isotopes have been successfully used at GSI [26] in a
study of baryon stopping. Collisions of isobaric nuclei at
RHIC will be also extremely valuable for understanding
the initial conditions, and in particular the initial velocity
fields, the origin of directed flow, etc.
In summary, the estimates presented in this Letter

show that a detailed analysis of central Au+Au and U+U

collisions should be able to disentangle CME and back-
ground correlations contributing to the signal observed
by STAR.
Discussions with J. Dunlop and P. Filip are grate-
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FIG. 1. (Color online) The two- and four- particle cumulant
v2{2} and v2{4} within |η| < 1 versus dNch/dη from 200 GeV
Au+Au and 193 GeV U+U collisions. Dashed lines show
U+U centralities based on dNch/dη measured in |η| < 0.5.
v42{4} (the experimentally observed quantity) is shown in the
inset without taking the fourth root in the range where it is
near zero or negative.

dent binary nucleon-nucleon collisions. The Glauber-
xhard model indicates that v2 in U+U collisions should
begin to decrease markedly for events with multiplicities
in the top 1% [13] forming a knee structure where tip-
tip collisions with larger Nbin and smaller eccentricity
begin to dominate. Vertical dashed lines in the figure in-
dicate the 1%, 0.1% and 0.01% highest multiplicity U+U
collisions. No knee structure is observed suggesting the
Glauber-xhard model may not be the correct description.
Adding more multiplicity fluctuations causes the knee
structure to disappear [26] but this will also significantly
increase the average ε2 in central collisions.

To explore the dependence of v2 on the initial eccen-
tricity ε2, we plot v2/ε2 versus dNch/dη. It was found
previously that v2/ε2 monotonically increases with in-
creasing dNch/dη and depending on the model for the
initial eccentricity may, or may not saturate in the most
central collisions [24]. Figure 2 shows v2{2}/ε2{2} and
v2{4}/ε2{4} from Au+Au and U+U collisions. ε2{2}
and ε2{4} are the second and fourth cumulants of the
participant eccentricity distributions calculated from the
Glauber-xhard model [27–29]. Both U+U and Au+Au
follow a similar trend for v2/ε2. However, a turn-over is
observed in central collisions (dNch/dη > 500). This has
not been observed previously since measurements have
typically been integrated over 5% most central [24]. The
turn-over is consistent with the model overestimating ε2
in central collisions. Increasing the multiplicity fluctu-
ations as in Ref. [26] will only increase the eccentricity
in central collisions suggesting that a different explana-
tion may be required to explain both the turn-over of
v2/ε2 and the lack of a knee structure in v2 vs dNch/dη.
Using a new set of Woods-Saxon parameters derived
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FIG. 2. (Color online) v2 scaled by participant eccentricity
from 200 GeV Au+Au and 193 GeV U+U collisions. The
eccentricity distributions are calculated in a Monte Carlo
Glauber model [27–30]. Both U+U and Au+Au follow a
similar trend for v2/ε2 and a turn-over is observed in cen-
tral collisions. The inset shows the same quantity but with
the eccentricity calculated in a constituent quark Glauber
model [18, 19] with the Woods-Saxon parameters proposed
in Ref. [30].

in Ref. [30] with a smaller diffuseness and smaller de-
formation parameter β2 in combination with the same
Glauber model, reduces the downturn in central U+U
collisions somewhat but introduces a mismatch between
the U+U and Au+Au curves with the Au+Au curves
higher while v2{4}/ε2{4} for U+U still exhibits a down-
turn (not shown). In the inset of the figure, we show
the result for a new Glauber calculation using contituent
quarks as participants [18, 19] and the new set of param-
eters [30]. This estimate for ε2 leads to a seemingly more
natural behavior for v2/ε2 with the drop in the highest
multiplicity collisions almost entirely gone. The model
will be investigated and discussed further below.

The trends of v2 versus dNch/dη are mostly dominated
by the elliptic shape of the overlap region in collisions
with a non-zero impact parameter. To study body-body
or tip-tip collisions we investigate nearly fully overlap-
ping collisions with minimal activity in the ZDCs. If
body-body collisions produce smaller multiplicities than
tip-tip collisions, we expect to see a negative slope in
v2 vs multiplicity for these collisions. A negative slope,
however, can also come from contamination from larger
impact parameter collisions. To assess their contribu-
tion we use collisions of more spherical Au nuclei as a
control sample. Figure 3 shows the elliptic flow v2{2}
of all charged particles as a function of the normalized
multiplicity (Mult/⟨Mult⟩) for two different systems. We
increase the acceptance to |η| < 1.0 to reduce multiplicity
fluctuations. The upper panel shows the results for the
1% most central events based on the smallest signal seen
in the ZDCs. Both Au+Au and U+U show a negative
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FIG. 3. (Color online) Top panels: charged particle v2{2} vs.
normalized multiplicity within |η| < 1.0. The upper panel is
for the top 1% most central events based on the smallness of
the ZDC signal, while the middle panel is for the top 0.125%.
Small boxes indicate the possible range of variation of v2 from
uncertainties in the efficiency corrections on the x-axis. Model
comparisons are described in the text. Bottom panel: The
slopes as a function of increasingly tighter ZDC centrality
selections. The systematic uncertainties are shown as bands.

slope, which indicates the effect of the impact parame-
ter is still prominent (otherwise we expect the Au+Au
slope to be nearly flat or even positive). The middle
panel of Fig. 3 shows the 0.125% most central events.
The negative slope for Au+Au collisions is smaller in
magnitude, indicating the effects from non-central col-
lisions are reduced and the variation in multiplicity in
Au+Au collisions is mainly driven by fluctuations. The
bottom panel of Fig. 3 shows how the slopes extracted
from v2 vs normalized multiplicity evolve with succes-
sively tighter ZDC sections. While the slope for Au+Au
collisions becomes less negative, the slope for U+U colli-
sions becomes steeper as the centrality selection is tight-
ened. This demonstrates that the variation of multiplic-
ity in the 0.125% U+U collisions is dominated by the
different geometries made possible by the prolate shape
of the uranium nucleus and that tip-tip collisions produce
more multiplicity than body-body collisions. Systematic
uncertainties shown as bands on the slope were estimated

by varying the fit range and efficiency corrections. Other
sources of systematic error are smaller and sub-dominant
compared to the variation due to the range of efficiencies
used in the error analysis. Due to large statistical errors,
no conclusions could be drawn from studies of v2{4} ver-
sus multiplicity in these events. We also measured v3{2}
in central collisions and found that v3{2} in the 0.125%
most central collisions are (1.410±0.006)×10−2 for U+U
and (1.380± 0.008)× 10−2 in Au+Au collisions (statisti-
cal errors only). The slope of v3 vs multiplicity was small
and negative in both systems at about −0.005± 0.002.
The U+U data in the top panels of Fig. 3 are com-

pared to the Glauber-xhard model (asssuming v2 =
ε2⟨v2⟩/⟨ε2⟩). The ZDC response was modeled by calcu-
lating the number of spectator neutrons from the Glauber
model (accounting for the charge to mass ratio of the
nucleus) and folding each neutron with the known ZDC
resolution for a single neutron. The Glauber-xhard model
significantly over-predicts the observed slope for U+U.
This indicates that the variation in multiplicity between
tip-tip collisions and body-body collisions is smaller than
anticipated if multiplicity has a significant contribution
proportional to Nbin. Given this failure, we investigate
two alternatives with no explicit Nbin dependence: a
constituent-quark Glauber model (Glauber-CQ) [18, 19]
and the IP-Glasma model [17] based on gluon satura-
tion [16]. The Glauber-CQ model neglects Nbin and
counts the number of participating constitutent quarks
NCQ with each nucleon being treated as three constituent
quarks distributed according to ρ = ρ0 exp(−ar) with
a = 4.27 fm−1 [19]. This model with σqq = 9.36 mb pro-
vides a good description of transverse energy and multi-
plicity distributions at RHIC [19] and a better descrip-
tion of v2 fluctuations than a nucleon based Glauber
model [24]. In our simulation, for each NCQ, we sample
an NBD with parameters tuned to match the distribu-
tions from p+p [25] and Au+Au at 200 GeV (n = 0.76,
and k = 0.34 for |η| < 0.5 and n = 2.9 and k = 0.86 for
|η| < 1). For both Glauber models we use two sets of pa-
rameters for the nuclear geometry, one corresponding to
the more commonly used values [29] (dashed lines) and
the new parameters proposed in Ref. [30] (solid lines).
The effect of the different parameter sets is small. The
IP-Glasma and Glauber-CQ model are also compared to
the Au+Au data (Glauber-xhard is left off for clarity) but
because of significant uncertainty in the actual shape of
a Au nucleus, it is difficult to draw conclusions from this
comparison.
In U+U collisions, both the IP-Glasma model and the

Glauber-CQ model predict slopes closer to the data. In
the Glauber-CQ model, even though there is no depen-
dence on Nbin, the average number of quarks struck in
a nucleon (NCQ/Npart) is larger in tip-tip than in body-
body collisions so that tip-tip collisions create more mul-
tiplicity. This leads to a strong anti-correlation between
NCQ/Npart and ε2 which in turn translates into a nega-

L. Adamczyk et al. (STAR Collaboration)  
Phys. Rev. Lett. 115, 222301 (2015)

- No Knee-like structure 
- Sensitivity to shape <1% event 
- Data contradicts strong binary-collision dependence of multiplicity
- IP-Glasma & Quark-Glauber —> better explain the ultra-central data.

First results on U+U collisions from STAR
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Correlation between geometry and multiplicy
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Next Step: Can we use U+U collisions to learn about CME ?  

Weak dependence  
of multiplicity on shape 
is a prediction of CGC  

Schenke, PT, Venugopalan (1403.2232)

What have we learned from the U+U collisions at 
RHIC ?

Kuhlman, Heinz, Kovchegov, nucl-th/0604038v1

• Limitations of two-component model in MC-Glauber:                            
Modifications : Quark-Glauber (nucl-th/0302071, 1509.06727), TRENTO 
(1412.4708), Shadowed Glauber (1510.01311)  

• Evidence of color coherence : CGC like initial state 

• Dominance of fluctuations, small control in triggering shape                                                    
35% variation in dN/deta —> 12% variation in v2 in (<1% ZDC)
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4

FIG. 4: (Color online) Elliptic flow and the magnetic field
(arbitrary units) in Au+Au and U + U collisions as function
of multiplicity. The arrows indicate the multiplicities corre-
sponding to the top 2% of the collision cross section.

nity than Au+Au collisions. First, the relative variation
in v2 is almost a factor of 2 larger that that in Au+Au
collisions. Also, the variation in elliptic flow in Au+Au
collision is mostly determined by fluctuations in the ini-
tial eccentricity, which are still not very well known. In
U+U collisions the elliptic flow variation is mostly due to
variation in orientation of the nuclei at the moment of col-
lision. The corresponding estimates have much smaller
uncertainty.

While selection of the events based on the number of
spectators is very useful, it seems to be also possible to
disentangle CME and background correlations based only
on the dependence of the signal on charged multiplicity.
Figure 4 presents the dependence of the elliptic flow and
magnetic field on charged multiplicity. The elliptic flow
dependence is di↵erent for two systems, with U + U col-

lisions exhibiting a characteristic kink (cusp) at multi-
plicity ⇠ 1000 [25], reflecting the fact that high(er) mul-
tiplicity events have predominantly tip-tip orientation;
the latter also leads to a decrease in elliptic flow. Being
mostly determined by correlation of the multiplicity with
the number if participants, the magnetic field has simi-
lar dependence on multiplicity for both collision systems.
The di↵erence in the dependencies of the magnetic field
and elliptic flow on charged multiplicity can be used a as
a test for the nature of correlations contributing to the
signal.
The charge separation dependence on the strength of

the magnetic field can be further studied with collision
of isobaric nuclei, such as 96

44Ru and 96
40Zr. These nuclei

have the same mass number, but di↵er by the charge.
The multiparticle production in the midrapidity region
would be a↵ected very little in collision of such nuclei,
and one would expect very similar elliptic flow. At the
same time the magnetic field would be proportional to
the nuclei charge and can vary by more than 10%, which
can results in 20% variation in the signal. Such variations
should be readily measurable. The collisions of 96

44Ru and
96
40Zr isotopes have been successfully used at GSI [26] in a
study of baryon stopping. Collisions of isobaric nuclei at
RHIC will be also extremely valuable for understanding
the initial conditions, and in particular the initial velocity
fields, the origin of directed flow, etc.
In summary, the estimates presented in this Letter

show that a detailed analysis of central Au+Au and U+U

collisions should be able to disentangle CME and back-
ground correlations contributing to the signal observed
by STAR.
Discussions with J. Dunlop and P. Filip are grate-

fully acknowledged. This work was supported in part
by the US Department of Energy, Grant No. DE-FG02-
92ER40713.
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Au+Au—> Not true for U+U
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Correlation between B-field & eccentricity 

Search for non-zero v2 & zero CME

Can U+U collisions disentangle flow & signals of CME ?  

Voloshin 1006.1020

Qualitative picture
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• General (3-particle) cumulant :  

• Lowest order (3-particle) charge sensitive cumulant :  

• The CME correlator : 

C112 = �cos((�±
1 + ��

2 � 2�3))�

Cm,n,m+n = �cos((m�1 + n�2 � (m + n)�3))�

�a,b � �cos(�a
1 + �b

2 � 2�3)�
v2{2}

� �cos(�a + �b � 2�RP )�

(3P-cumulant method) (event-plane method)

Observables for CME



• U+U 193 GeV : Year 2012 (Min-bias/ultra-central)

• Au+Au 200 GeV : Year 2004, 2007 (Min-bias), 2011 (ultra-central) 

• Centrality selection : 

– TPC uncorrected multiplicity  |η|<0.5  

– ZDC East & West ADC 

• Common QA cuts : 

– |Vr|< 2, |Vz| < 20, |Vz - vpdVz|< 2 cm 

• Acceptance cuts:  |η|<1, 0.2 GeV/c<|pT|

9

Weight estimation : 
 bin in sagitta, η-φ

TPC acceptance     
(used in this analysis)

Details of the data set
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After removing track merging and HBT peak 
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Refmult bins ZDC bins 

Stronger variation of v2 with multiplicity compared to spectators  
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Observations in 0-10%: 

• Strong correlation : nearly 
linear dependence 
between γab  & v2  

• γab~0 for v2≠0 
 0

 0.05
 0.1

 0.15
 0.2

 0.25
 0.3

 0.35
 0.4

 0.025  0.035  0.045

U+U 193 GeV 0-10%
∆η>0.025

(γ
O

S -γ
SS

) ×
 1

04

v2 {2}

RefMult binning
ZDC binning
Gang (1210.5498)

STAR Preliminary

Event plane (Refmult)

γab-v2 correlations (varying multiplicity & spectators)  



γab-v2 correlations (varying multiplicity & spectators)  

17

Dominance of fluctuations of the participants and spectators 
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MC-Glauber model with response of ZDC & TPC —> proxy for γab & v2

A pattern similar to data : γ depends on both |B2| & its alignment 
with the participant plane —> Participant & spectator fluctuations 
can’t be neglected   —> difficult to disentangle γab & v2

Simulations including detector effects
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S.Chatterjee & PT (1412.5103)

Spectator asymmetry in U+U collisions
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Large spectator asymmetry is generated when 
 one nucleus engulf the other : Body-Tip collisions 

S. Chatterjee and P. Tribedy
Phys. Rev. C 92, 011902(R) 

• v2 decreases              

• B-field increases or remains unchanged
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Spectator asymmetry in U+U collisions

Spectator asymmetry —> 
triggers event with two different 
values of B-field but the same ε2 

& vice-versa  
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Spectator asymmetry in U+U collisions

Experimental challenges : 

• Response of ZDC to 
neutrons                             

  
• Clustering of nucleons 

that introduces 
artificial de-correlation

Body-Tip events are experimentally triggered by asymmetry of ZDCs

Analysis in this direction (separating signals of flow & CME) 
and systematic studies are under progress     



• Results on azimuthal correlations in U+U collisions at RHIC have 
constrained models of initial conditions.  

• As a next step charge dependent azimuthal correlations have been 
studied in U+U & compared to Au+Au results.  

• Strong correlation between γab & v2  observed in 0-10% with γab ~0 for 
v2>0 in both U+U and Au+Au collisions. 

• Smaller than expected variation of v2 with multiplicity in central U+U 
reduces lever arm for studying dependence of γab on v2 

• New analyses under way to use U+U data to disentangle CME 
signal from backgrounds (specifically using spectator asymmetry).  

22

Summary / Outlook
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A few QA plots
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Sagitta

• Acceptance binning for weight calculation :   

Sagitta = charge*((20.*pT/3.) - √((20.*pT/3.)2 - 0.752)) 

Weight = 1/(entries in η-φ) * 1/ 

The tracking efficiency : 
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Weight estimation for cumulant calculations



26

B-field simulations in U+U collisions

t=0, x=<x>, y=<y>, z=0


