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FIG. 3: Background-subtracted azimuthal angle difference distributions for different ptrigT (columns) and passocT (rows) in 0-12%
central Au+Au collisions (solid circles) and d+Au reference results (open circles). The rapidity range is |η| < 1 and as a result
the rapidity-difference |∆η| < 2. Open red squares show results for a restricted acceptance of |∆η| < 0.7, using tracks with
|η| < 1

. The solid and dashed histograms show the upper and lower range of the systematic uncertainty due to the v2 modulation of
the subtracted background.

smaller than in d+Au. For 6 < ptrigT < 10 GeV/c (right-
most column in Fig. 3), a narrow peak appears at large
passocT in Au+Au, similar to what is seen in d+Au colli-
sions and at higher pT in Au+Au collisions [7].

Although the shape of the away-side distribution
changes with ptrigT and passocT , there seems to be no grad-
ual broadening as a function of pT : the rising flanks of

the away-side distribution are at similar ∆φ in the entire
range 0.5 < passocT < 2.5 GeV/c and 2.5 < ptrigT < 6. In
fact, it could be argued that the away-side distribution
is as broad as possible; there is no ∆φ region without
correlation signal.

The broad away-side correlation structure in Au+Au
collisions is a truly remarkable observation. Although
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FIG. 3: Background-subtracted azimuthal angle difference distributions for different ptrigT (columns) and passocT (rows) in 0-12%
central Au+Au collisions (solid circles) and d+Au reference results (open circles). The rapidity range is |η| < 1 and as a result
the rapidity-difference |∆η| < 2. Open red squares show results for a restricted acceptance of |∆η| < 0.7, using tracks with
|η| < 1

. The solid and dashed histograms show the upper and lower range of the systematic uncertainty due to the v2 modulation of
the subtracted background.

smaller than in d+Au. For 6 < ptrigT < 10 GeV/c (right-
most column in Fig. 3), a narrow peak appears at large
passocT in Au+Au, similar to what is seen in d+Au colli-
sions and at higher pT in Au+Au collisions [7].

Although the shape of the away-side distribution
changes with ptrigT and passocT , there seems to be no grad-
ual broadening as a function of pT : the rising flanks of

the away-side distribution are at similar ∆φ in the entire
range 0.5 < passocT < 2.5 GeV/c and 2.5 < ptrigT < 6. In
fact, it could be argued that the away-side distribution
is as broad as possible; there is no ∆φ region without
correlation signal.

The broad away-side correlation structure in Au+Au
collisions is a truly remarkable observation. Although

Angular correlations: current status

Away-side peaks are broadened in A+A

Dihadron double-peak structure 
pronounced in central events at lower pT

STAR and PHENIX 3-particle correlations 
suggest conical shape
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FIG. 3: Background-subtracted azimuthal angle difference distributions for different ptrigT (columns) and passocT (rows) in 0-12%
central Au+Au collisions (solid circles) and d+Au reference results (open circles). The rapidity range is |η| < 1 and as a result
the rapidity-difference |∆η| < 2. Open red squares show results for a restricted acceptance of |∆η| < 0.7, using tracks with
|η| < 1

. The solid and dashed histograms show the upper and lower range of the systematic uncertainty due to the v2 modulation of
the subtracted background.

smaller than in d+Au. For 6 < ptrigT < 10 GeV/c (right-
most column in Fig. 3), a narrow peak appears at large
passocT in Au+Au, similar to what is seen in d+Au colli-
sions and at higher pT in Au+Au collisions [7].

Although the shape of the away-side distribution
changes with ptrigT and passocT , there seems to be no grad-
ual broadening as a function of pT : the rising flanks of

the away-side distribution are at similar ∆φ in the entire
range 0.5 < passocT < 2.5 GeV/c and 2.5 < ptrigT < 6. In
fact, it could be argued that the away-side distribution
is as broad as possible; there is no ∆φ region without
correlation signal.

The broad away-side correlation structure in Au+Au
collisions is a truly remarkable observation. Although
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A.  Adare

Higher pT: peak shapes in π0-h±

Au+Au shapes are 
broadened at 
lower pTtrig,  but 
consistent with p
+p at high pTtrig

2-peak away side 
structure not 
observed for pTtrig 
> 7 GeV/c  
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STAR h±-h±

Strong shape 
transition as 
pTtrig, pTassc 
increase.

What is the 
cause of this 
evolution?
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FIG. 3: Background-subtracted azimuthal angle difference distributions for different ptrigT (columns) and passocT (rows) in 0-12%
central Au+Au collisions (solid circles) and d+Au reference results (open circles). The rapidity range is |η| < 1 and as a result
the rapidity-difference |∆η| < 2. Open red squares show results for a restricted acceptance of |∆η| < 0.7, using tracks with
|η| < 1

. The solid and dashed histograms show the upper and lower range of the systematic uncertainty due to the v2 modulation of
the subtracted background.

smaller than in d+Au. For 6 < ptrigT < 10 GeV/c (right-
most column in Fig. 3), a narrow peak appears at large
passocT in Au+Au, similar to what is seen in d+Au colli-
sions and at higher pT in Au+Au collisions [7].

Although the shape of the away-side distribution
changes with ptrigT and passocT , there seems to be no grad-
ual broadening as a function of pT : the rising flanks of

the away-side distribution are at similar ∆φ in the entire
range 0.5 < passocT < 2.5 GeV/c and 2.5 < ptrigT < 6. In
fact, it could be argued that the away-side distribution
is as broad as possible; there is no ∆φ region without
correlation signal.

The broad away-side correlation structure in Au+Au
collisions is a truly remarkable observation. Although

5

p
T assc

pTtrig

arXiV:1004.2377



A.  Adare

Jet-hadron correlations
Trigger on fully reconstructed 
jet; study away side in Au+Au 
and p+p to access D(z).

Jet energy scale, background 
handling in progress (see talk by 
E. Bruna today)

FastJet anti-kT with Rc = 0.4

Must know jet energy, 
fragmentation 
function...complicated to 
connect with h-h.

6
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The two-source model
Jet-bkg. separation nontrivial

Are jets and UE 
independent? What about

- jet-medium interactions

- initial and final-state radiation

Background shape: 

B0(1+2v2ABcos2Δϕ) is an 
approximation

Higher moments (esp. v3) may 
be non-negligible
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elliptic flow. The pair distribution can be expressed as

N same(!φ) = ξ
(
1 + 2va

2vb
2 cos 2!φ

)
Nmixed(!φ) + Jet(!φ)

(10)

Where the Jet(!φ) represents all pairs from (di)jets. The
integral of N same can be written as

∫
d!φN same(!φ) = Nevts〈nanb〉 +

∫
d!φJet(!φ). (11)

Comparing to Eq. (9), we obtain

ξ = 〈nanb〉
〈na〉〈nb〉

. (12)

Thus, ξ is simply the ratio of the trigger-partner combinatoric
rate in the same event to that in mixed events, which can
be bigger than unity because of centrality smearing (see
discussion in Sec. III E). An alternative approach used to fix ξ
is to assume that the jet function has zero yield at its minimum
!φmin (ZYAM) [18,52].

Finally, the ratio of jet-induced pairs to combinatoric pairs
from mixed events, the jet-induced hadron-pair ratio (JPR) is
given by

JPR(!φ) ≡ Jet(!φ)
Nmixed(!φ)

= N same(!φ)
Nmixed (!φ)

− ξ
(
1 + 2va

2vb
2 cos 2!φ

)
. (13)

A representative correlation function is given in Fig. 2 for 0–
5% Au+Au collisions and for triggers and partners in 2–3 and
1–2 GeV/c, respectively. It shows a peak around !φ ∼ 0 and a
broad structure around !φ ∼ π . The dashed line indicates the
estimated elliptic flow modulated background via the ZYAM
method. The area between the data points and the dashed line
reflects the jet-induced pair ratio. It is only a few percent
relative to the background level.

We define εa, εb as the single particle efficiency within
the PHENIX pseudorapidity acceptance (|η| < 0.35). The true
numbers of triggers and partners are given by

〈
na

0

〉
=

〈
na〉/εa;

〈
nb

0

〉
=

〈
nb

〉/
εb. (14)

(rad)φ∆
0 2 4

)φ∆
C

 (
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1.03
0-5%

<3 GeV/ca
T

<2<pb
T

1<p

FIG. 2. (Color online) Correlation function for 2 < pa
T < 3, 1 <

pb
T < 2 GeV/c in 0–5% Au+Au collisions. The dashed line represents

the estimated elliptic flow modulated combinatoric background using
zero yield at minimum (ZYAM) method (see Sec. III E).

For uncorrelated sources, the triggers and partners are uniform
in azimuth. Thus the true combinatoric pair distribution for
mixed events is flat with !φ with a density of 〈na

0〉〈nb
0〉/(2π ).

The yield of jet-induced pairs per event (JPY) is given as the
product of the combinatoric pair rate and the hadron-pair ratio,

JPY(!φ) =
〈
na

0

〉〈
nb

0

〉

2π
JPR(!φ) = 〈na〉〈nb〉

2πεaεb
JPR(!φ)

=
∫

d!φNmixed(!φ)
2πNevtsεaεb

[
N same(!φ)
Nmixed(!φ)

− ξ
(
1 + 2va

2v
b
2 cos 2!φ

)]
. (15)

Thus far, we have made no distinction between trigger
and partner hadrons. As discussed earlier in Sec. II, the
correlation function, hadron-pair ratio, and hadron-pair yield
are symmetric between the trigger and partner pT , i.e.,

C
(
pa

T , pb
T

)
= C

(
pb

T , pa
T

)
,

JPR
(
pa

T , pb
T

)
= JPR

(
pb

T , pa
T

)
, (16)

JPY
(
pa

T , pb
T

)
= JPY

(
pb

T , pa
T

)
.

The associated partner yield per trigger, Yjet ind(!φ) is ob-
tained by dividing the hadron-pair yield per event with the
number of triggers per event,

Yjet ind(!φ) = JPY(!φ)
na

0
=

∫
d!φNmixed(!φ)

2πNaεb

×
[

N same(!φ)
Nmixed(!φ)

− ξ
(
1 + 2va

2vb
2 cos 2!φ

)]
.

(17)

Yjet ind is often referred to as the per-trigger yield or conditional
yield. It is clearly not invariant to the exchange of trigger and
partner pT .

The analysis proceeds in the following steps. We first
measure the correlation function of Eq. (8). We then obtain
the efficiency for partner hadrons (εb) and the elliptic flow
coefficients for the two hadron categories (va

2 , vb
2 ). We then

determine the background level (ξ ) via the ZYAM background
subtraction method (see Sec. III E), followed by a calculation
of the per-trigger yield according to Eq. (17). Subsequently,
we obtain the hadron-pair yield by multiplying the per-trigger
yield with the inclusive charged hadron yield [6] integrated in
the corresponding trigger pT range.

According to Eq. (6), the hadron-pair yields calculated
from the per-trigger yields are independent of which hadron,
from the pair, is used as trigger. We used this fact to cross-check
the efficacy of our analysis. Figure 3 compares the hadron-pair
yields obtained when the trigger and partner pT is exchanged
in p + p collisions (in pa

T ⊗ pb
T ). The open symbols indicate

the results for low-pT trigger hadrons in association with
high-pT partners. The filled symbols show the converse. A
similar comparison for 0–20% Au+Au collisions is shown
in Fig. 4. Overall good agreement is indicated by these
distributions. It is important to emphasize here that there is
no a priori reason for these distributions to be identical, since
the cuts on trigger and partner hadrons are a little different
(cf. Sec. III B) and therefore could lead to somewhat different
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FIG. 6: (a) Elliptic flow, v2, and (b) triangular flow, v3, as a function of transverse momentum, pT, in bins of number of

participating nucleons, Npart, for particles at mid-rapidity (|η| < 1) in
√
sNN = 200 GeV Au+Au collisions from the AMPT

model. Error bars indicate statistical errors.

nucleons in Figures 8(a) and (b), respectively. It is ob-
served that V3/V2 increases with centrality and with the
transverse momentum of the trigger particle. Comparing
inclusive correlations from STAR and PHOBOS, it is also
observed that the value of V3/V2 is higher for STAR
measurements. We have found that the ratio V3/V2
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FIG. 7: Top: the ratio of triangular flow to elliptic flow,

�v3� / �v2�, as a function of number of participating nu-

cleons, Npart, for particles at mid-rapidity (|η| < 1) in√
sNN = 200 GeV Au+Au collisions from the AMPT model.

Open points show different transverse momentum bins and

the filled points show the average over all transverse momen-

tum bins. Bottom: the ratio of different pT bins to the average

value. Error bars indicate statistical errors.

calculated for the same PHOBOS measurement in the
range 1.2 < |∆η| < 2 is consistent with the values
for 2 < |∆η| < 4 within the systematic uncertainties.
The difference between the STAR and PHOBOS mea-
surements is, therefore, likely caused by the difference
in pseudorapidity acceptance and the lower transverse
momentum reach of the PHOBOS detector compared to
STAR.
Also shown in Fig. 8 is the magnitude of V3/V2 in

the AMPT model with similar η, ∆η and pT selections
to the available experimental data. The calculations
from the model show a qualitative agreement with the
data in term of the dependence of V3/V2 on the
pseudorapidity region, trigger particle momentum and
centrality. Since the V3 component of two-particle
correlations in the model is known to be mostly due to
the triangular anisotropy in the initial collision geometry,
this observation suggests that triangular flow may play
an important role in understanding the ridge and broad
away-side structures in data.
A closer look at the properties of the ridge and broad

away-side is possible via studies of three particle correla-
tions. Triangular flow predicts a very distinct signature
in three particle correlation measurements. Two recent
publications by the STAR experiment present results on
correlations in ∆φ1-∆φ2 space for |η| < 1 [26] and in
∆η1-∆η2 space for |∆φ| < 0.7 [50]. In ∆φ1-∆φ2 space,
off diagonal away-side correlations have been observed
(e.g. first associated particle at ∆φ1 ≈ 120◦ and second
associated particle at ∆φ2 ≈ −120◦) consistent with
expectations from triangular flow. In ∆η1-∆η2 space, no
correlation structure between the two associated ridge
particles was detected, also consistent with triangular
flow.
In summary, we have introduced the concepts of par-

ticipant triangularity and triangular flow, which quantify
the triangular anisotropy in the initial and final states

B. Alver, G. Roland                           arXiV:1003.0194

PRC 78 014901 (2008)
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A.  Adare

ZYAM and weak correlations

Relatively small bias where peaks are separated (peripheral, 
p+p, high pT). N.B.: bkg. modulation also typically small.
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A.  Adare

ZYAM and weak correlations

Relatively small bias where peaks are separated (peripheral, 
p+p, high pT). N.B.: bkg. modulation also typically small.

Background overestimated where broad peaks merge, 
subtracted shape highly sensitive to v2 uncertainty for weak 
correlations (central, low pT)
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A.  Adare

Simulating background effects

Pythia jets + thermal bkg.

Generate ~20 GeV 
PYTHIA p+p jets for 
reference correlation

9
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A.  Adare

Background effects: expectations
Distinguish 2 particle sources: jet (J) and background (BG).

NA,B = total # triggers, partners.        nA,B = NA,B/Nevents.

If all triggers are from jets, background introduces an uncorrelated 
pedestal:

10
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Distinguish 2 particle sources: jet (J) and background (BG).

NA,B = total # triggers, partners.        nA,B = NA,B/Nevents.

If all triggers are from jets, background introduces an uncorrelated 
pedestal:
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Background effects: expectations
Distinguish 2 particle sources: jet (J) and background (BG).

NA,B = total # triggers, partners.        nA,B = NA,B/Nevents.

If all triggers are from jets, background introduces an uncorrelated 
pedestal:
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Triggers
Example event: 

2*3 / 2 pairs/trigger

Add 1 fake trigger: 

(2+1)*3 / (2+1) 
pairs/trigger

If nB > 0, adding BG triggers does not change the total per-trigger pair yield 
NAB/NA.

But the correlation is 
weakened....
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A.  Adare

Background-contaminated trigger particle sample:

Trigger purity f:

Jet peaks are diluted by the factor f.

But the Δϕ-integrated yield is unchanged. 

Fake trigger - true jet partner pairs add uncorrelated pedestal.

Adding BG triggers 11

f ≡ NA
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Background-contaminated trigger particle sample:

Trigger purity f:

Jet peaks are diluted by the factor f.

But the Δϕ-integrated yield is unchanged. 
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A.  Adare

hjet-h correlations

What if we require the trigger particle to 
be part of a reconstructed jet?

In each event, measure angular distance 
ΔR to nearest jet for each trigger particle 
A:

Require ΔR < RC for hjet-h.

How does shape, yield change vs. inclusive 
h-h?

12

∆R ≡
�

(φjet − φA)2 + (ηjet − ηA)2
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A.  Adare

hjet-h correlations - MC 13
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To start: produce h-h correlations in pythia.

Add isotropic thermal background; calculate 
hjet-h.  Trigger particles are inside ΔR = RC = 
0.4.
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To start: produce h-h correlations in pythia.

Add isotropic thermal background; calculate 
hjet-h.  Trigger particles are inside ΔR = RC = 
0.4.

Background pedestal:

1/2π * dNch/dη Δη * Nall/Nch *                        
Nth(1-2 GeV)/Nth(all pt)

1/2π * 1300 * 1.5 * 0.105 = 32.8 
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Add isotropic thermal background; calculate 
hjet-h.  Trigger particles are inside ΔR = RC = 
0.4.

Background pedestal:

1/2π * dNch/dη Δη * Nall/Nch *                        
Nth(1-2 GeV)/Nth(all pt)

1/2π * 1300 * 1.5 * 0.105 = 32.8 

Pedestal subtraction recovers PYTHIA yield 
(dark points).
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hjet-h correlations - MC 13
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Add isotropic thermal background; calculate 
hjet-h.  Trigger particles are inside ΔR = RC = 
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 - peak yield is f = 0.24 x the hjet-h yield
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A.  Adare

What is the real-world h-h bkg?
Uncorrelated sources at lower pT:

- additional semi-hard scatterings or 
un-reconstructed jets 

- recombination / coalescence

- thermal fluctuations

- radially boosted soft particles

....?

h-h interpretation complicated in A+A.

Enhancing the jet-like component adds 
valuable information.

14



A.  Adare

hjet-h vs. h-h
hjet-h differs significantly from inclusive h-h:

(a) At given trigger pT,  hjet-h samples harder collisions 
and lower-z hadrons

(b) Fewer triggers from soft bkg. sources: thermal, 
ReCo, hydro, etc.

(c) hjet-h “misses” some jets from 2nd, 3rd, nth semi-
hard scattering...not sampling minbias jet cross-section.

Also: hjet-h results may depend sensitively on jet 
definition! Under investigation.

15



A.  Adare

Trying hjet-h in Au+Au data
To maximize recoil parton L and ΔE, 
trigger on hadrons near energetic 
reconstructed jets.

FastJet anti-kT with RC = 0.4

pT,jet > 10 GeV/c, corrected for 
background: 

pT,jet = pT,meas - ρA

fragment particle pT > 2 GeV/c

16

Use STAR high-tower triggered data.

HT trigger requires > 5-6 GeV in one EMC tower

 - High Tower trigger energy mostly neutral

 - HT trigger, + using high pT charged tracks, accesses hard jets



A.  Adare

Additional considerations
Event selection

Reject events with no reconstructed 
jets, even for inclusive trigger particles. 
Same events sampled for ΔR vs. 
inclusive correlations.  

Acceptance effect

Requiring full jet cone in STAR η 
acceptance increases near-side assoc. 
yield.  Thus some enhancement 
occurs even with no background. 
(Corrections are possible)

17
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A.  Adare

hjet-h in HT Au+Au, p+p
Blue: Event contains a 10+ GeV jet, but 
no ΔR cut

Red: Same events, with ΔR<0.4

Same v2 currently used for both as 
initial estimation

ZYAM applied for consistency with 
STAR h-h analyses

How to interpret enhanced correlation?

- sampling higher Q2 events

- removing non-jet background?

Au+Au yields larger than p+p at low 
pTB...qualitatively consistent with 
measured h-h IAA.

18
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hjet-h in HT Au+Au, p+p
Blue: Event contains a 10+ GeV jet, but 
no ΔR cut

Red: Same events, with ΔR<0.4

Same v2 currently used for both as 
initial estimation

ZYAM applied for consistency with 
STAR h-h analyses

How to interpret enhanced correlation?

- sampling higher Q2 events

- removing non-jet background?

Au+Au yields larger than p+p at low 
pTB...qualitatively consistent with 
measured h-h IAA.
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Understanding the results....
What, precisely, causes the peak enhancement in hjet-h 
correlations?

 - Selection of more energetic partons?

 - Reduction of uncorrelated background?

 - If both, what is the relative contribution of each 
effect?

What is the true v2 of trigger hadrons inside jet cones?

These are topics of active investigation...many ideas to 
study effects more differentially. 

Stay tuned! 
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Conclusions

Triggering on more jet-like particles

- strongly enhances the correlation strength

- diminishes evidence of 2-peak features, rather than 
enhancing them.

- accesses harder events (esp. in triggered data) and 
shouldn’t be directly compared with MB h-h

- much of the “background” removed in hjet-h may very 
well be from un-associated jet production...requires 
careful interpretation.
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Backups 21
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hjet-h correlations
What if we require the trigger particle to be part of a reconstructed jet?

In each event, measure angular distance ΔR to nearest jet for each trigger 
particle A:

Require ΔR < RC for hjet-h.

22

∆R ≡
�

(φjet − φA)2 + (ηjet − ηA)2

Assoc.

Jet axis

ΔR

Triggers

jet
!-

A
!

-1 -0.5 0 0.5 1

# 
tr

ig
ge

r p
ar

tic
le

s,
 N

or
m

al
iz

ed
 to

 p
ea

k

-310

-210

-110

1

jet
"-

A
"

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

# 
tr

ig
ge

r p
ar

tic
le

s,
 N

or
m

al
iz

ed
 to

 p
ea

k

-310

-210

-110

1

pTA (GeV/c)
2.5-3
3-4
4-6
6-10

Larger fraction of triggers inside jet at high pT

0-10% Au+Au (High-tower trigger)



A.  Adare

Trigger purity fraction in HT data 23
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pi0-h IAA
IAA > RAA, 
and rises with 
trigger pt

reflects 
hardening of 
spectra

Enhancement at 
low pTB
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v2 input
Pair v2 from fit to STAR data

Mean of event-plane and v2{4} measurements used

Assume (as usual) v2AB = v2A*v2B

Important assumption: v2(DR < 0.4) = inclusive v2

However: v2 uncertainty is reduced in DR < 0.4 sample 
when propagated to subtracted result (larger peak yields).
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PHENIX h-h away-side IAA 26
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dN/dpTtrig, 2007 HT Au+Au data 27
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Zero Yield At Minimum
ZYAM continues to be 
used in correlation 
analyses

Fluctuations at ZYAM point 
can underestimate 
background

Absolute background 
normalization avoids such 
biases....
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FIG. 5: (Color online) Crosschecks on ZYAM under subtrac-
tion due to statistical fluctuations for both back-to-back and
modified jet shapes

from a Gaussian whose mean and width are given by the
measured value and its uncertainty. The ZYAM proce-
dure is then performed on the generated distribution and
a ZYAM background normalization is extracted. The
statistical uncertainty of the ZYAM method is thus es-
timated by the variation of the background level over
multiple repetitions of this procedure. Such a calcula-
tion demonstrates that simply taking the statistical un-
certainty of the one or three points in the first two imple-
mentations leads to an underestimation of the statistical
uncertainty, since it does not account for any positional
shift in ∆φ of the ZYAM point.

Some failures in the ZYAM method can be tested by
using a known distribution under various levels of sta-
tistical sampling. There is a strong downward tendency
in the ZYAM procedure that must be carefully avoided
in order to extract reliable per-trigger jet pair yield esti-
mates. The procedure here is similar to that in extracting
the statistical scatter only it is the average offset from the
true value that is being examined. Clearly the true value
in the measured distribution is not known. However, a
mock distribution similar to the measured distribution
can be asserted and then tested under statistical sam-
plings similar to the data. We show the results of two
such tests of functional forms. One distribution was cho-
sen to follow a back-to-back shape. The other was given
an offset away-side peak. Both results appear in Fig 5.
The choice of functional form does not significantly al-
ter the resulting under subtractions for the two cases
tested. The jet to background ratio was not varied in

these tests. The single-bin implementation of ZYAM is
shown to be extremely sensitive to catching sizable statis-
tical fluctuations at low statistics. The three-bin method
is more robust against fluctuations, but also fails badly.
The functional fit ZYAM method works best, but is not
completely robust against failure without the addition
of sensible constrains on the fits to the correlation func-
tions. No constraints, such as reasonable jet widths, were
required in these tests. Unreasonably narrow jet widths
(less than one ∆φ bin) are responsible for the failures in
these fits at low statistics.

To summarize, the ZYAM method may fail in two
cases. The method may over subtract if there is a sig-
nificant amount of jet yield at the ZYAM point. The
method also has problems in some implementations with
under subtraction when applied at low statistics. Given
the sensitivity of the ZYAM method to low statistics or
extremely modified jets, it is good practice to confirm
the results independently with the ABS method in these
cases.

V. THE UNDERLYING EVENT

The ABS background levels in the most peripheral bins
have been found to lie below the ZYAM background [5].
Qualitatively, this is expected because the ZYAM as-
sumption puts an upper limit on the background level.
However, it is possible that measurements are also sensi-
tive to the underlying event, as seen in p+p collisions [15].
The underlying event is thought to be composed of ini-
tial and final state radiation as well as soft parton in-
teractions besides the one that created the observed jet.
These multi-parton interactions are not entirely uncor-
related with the jet. Furthermore, as the background in
a small system is the result of very few soft parton in-
teractions, the multiplicity resulting from a single soft
interaction to both trigger and partner may become an
important effect to model. Thus these effects may intro-
duce additional correlations in the background beyond
the centrality correlations which are removed by ξ.

In large systems, where the background multiplicity
is almost entirely driven by impact parameter, these
variations in the combinatorial background play a much
smaller role in the average background multiplicities.
Here the difference between ZYAM and the ABS back-
ground can bracket the uncertainty on the background
subtraction. The ABS method will underestimate the
background by not including any underlying event and
ZYAM will overestimate the background, possibly remov-
ing some jet signal. In the small systems at higher mo-
menta, even this extreme in physics assumptions trans-
lates into a small uncertainty on the extracted condi-
tional yields. However, small systems at lower momenta
fair less well and subtractions may produce significant
uncertainties in the extracted conditional yields.

PRC 81 014908 (2010)
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(this is usually not never done)
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FIG. 5: (Color online) Crosschecks on ZYAM under subtrac-
tion due to statistical fluctuations for both back-to-back and
modified jet shapes

from a Gaussian whose mean and width are given by the
measured value and its uncertainty. The ZYAM proce-
dure is then performed on the generated distribution and
a ZYAM background normalization is extracted. The
statistical uncertainty of the ZYAM method is thus es-
timated by the variation of the background level over
multiple repetitions of this procedure. Such a calcula-
tion demonstrates that simply taking the statistical un-
certainty of the one or three points in the first two imple-
mentations leads to an underestimation of the statistical
uncertainty, since it does not account for any positional
shift in ∆φ of the ZYAM point.

Some failures in the ZYAM method can be tested by
using a known distribution under various levels of sta-
tistical sampling. There is a strong downward tendency
in the ZYAM procedure that must be carefully avoided
in order to extract reliable per-trigger jet pair yield esti-
mates. The procedure here is similar to that in extracting
the statistical scatter only it is the average offset from the
true value that is being examined. Clearly the true value
in the measured distribution is not known. However, a
mock distribution similar to the measured distribution
can be asserted and then tested under statistical sam-
plings similar to the data. We show the results of two
such tests of functional forms. One distribution was cho-
sen to follow a back-to-back shape. The other was given
an offset away-side peak. Both results appear in Fig 5.
The choice of functional form does not significantly al-
ter the resulting under subtractions for the two cases
tested. The jet to background ratio was not varied in

these tests. The single-bin implementation of ZYAM is
shown to be extremely sensitive to catching sizable statis-
tical fluctuations at low statistics. The three-bin method
is more robust against fluctuations, but also fails badly.
The functional fit ZYAM method works best, but is not
completely robust against failure without the addition
of sensible constrains on the fits to the correlation func-
tions. No constraints, such as reasonable jet widths, were
required in these tests. Unreasonably narrow jet widths
(less than one ∆φ bin) are responsible for the failures in
these fits at low statistics.

To summarize, the ZYAM method may fail in two
cases. The method may over subtract if there is a sig-
nificant amount of jet yield at the ZYAM point. The
method also has problems in some implementations with
under subtraction when applied at low statistics. Given
the sensitivity of the ZYAM method to low statistics or
extremely modified jets, it is good practice to confirm
the results independently with the ABS method in these
cases.

V. THE UNDERLYING EVENT

The ABS background levels in the most peripheral bins
have been found to lie below the ZYAM background [5].
Qualitatively, this is expected because the ZYAM as-
sumption puts an upper limit on the background level.
However, it is possible that measurements are also sensi-
tive to the underlying event, as seen in p+p collisions [15].
The underlying event is thought to be composed of ini-
tial and final state radiation as well as soft parton in-
teractions besides the one that created the observed jet.
These multi-parton interactions are not entirely uncor-
related with the jet. Furthermore, as the background in
a small system is the result of very few soft parton in-
teractions, the multiplicity resulting from a single soft
interaction to both trigger and partner may become an
important effect to model. Thus these effects may intro-
duce additional correlations in the background beyond
the centrality correlations which are removed by ξ.

In large systems, where the background multiplicity
is almost entirely driven by impact parameter, these
variations in the combinatorial background play a much
smaller role in the average background multiplicities.
Here the difference between ZYAM and the ABS back-
ground can bracket the uncertainty on the background
subtraction. The ABS method will underestimate the
background by not including any underlying event and
ZYAM will overestimate the background, possibly remov-
ing some jet signal. In the small systems at higher mo-
menta, even this extreme in physics assumptions trans-
lates into a small uncertainty on the extracted condi-
tional yields. However, small systems at lower momenta
fair less well and subtractions may produce significant
uncertainties in the extracted conditional yields.

However, any known bkg. normalization methods use 2-
source factorization, requiring some bkg. shape 
assumption.


