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� Generic framework for multi-particle correlators.

� Exact and efficient evaluation.

� Requires only single pass over data.

� Includes acceptance and efficiency corrections.

� Recursive algorithms extend implementation to n-particle
correlations.

� New observables proposed.

Generic framework

� Generic framework extended to differential flow.
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� Possible biases from particle selection criteria in differen-
tial flow analyses.
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� Biases due to finite detector granularity calculated.

In depth analysis of biases

T
p0 0.5 1 1.5 2 2.5 3 3.5 4

T
dN

/d
p

0

50

100

150

200

250

300

350

400

310×

uniform efficiency

non-uniform efficiency

〉〉2〈〈 〉〉3〈〈 〉〉4〈〈 〉〉5〈〈 〉〉6〈〈 〉〉7〈〈 〉〉8〈〈

-k
/1

0
〉〉k〈〈

0

0.5

1

1.5

2

2.5

3 uniform efficiency
non-uniform efficiency

-weights
T

non-uniform efficiency + p

Left: Example pT efficiency profile. Right: pT -weights (blue circles) removes bias from efficiency (red squares),
recovers input (black squares).

Using pT -weights for efficiency and ϕ-weights for acceptance corrections

Average m-particle correlation in harmonics n1, n2, ..., nm:

〈m〉n1,n2,...,nm
≡

〈
e
i(n1ϕk1

+n2ϕk2
+···+nmϕkm)

〉
.

Factorization implies analytical mean value [1]:

µ〈m〉n1,n2,...,nm
= vn1 · · · vnme

i(n1Ψn1+···+nmΨnm).

Values estimated directly in single pass over data, using the weighted Q-vectors, Qn,p ≡
∑M

k=1w
p
ke
inϕk.

Equations given for the 2- to 4-particle correlators; Recursive algorithms for any n−particle correlators.

This establishes a wealth of new observables to probe non-linear effects of hydrodynamics, e.g,:

〈〈cos(mϕ1 + nϕ2 −mϕ3 − nϕ4)〉〉,

which for m 6= n has the isotropic parts of the 4-particle cumulant given by:

〈〈cos(mϕ1 + nϕ2 −mϕ3 − nϕ4)〉〉c = 〈v2
mv

2
n〉 − 〈v2

m〉〈v2
n〉 ≡ SCm,n,−m,−n.

à C++ and Mathematica code at: http://www.nbi.dk/~cholm/mcorrelations/

The complex made simple
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AMPT[2] with LHC tune[3] for new observables. AMPT predicts non-zero values for correlations of event-by-
event fluctuations between v2 and v3 and between v2 and v4. New observables provide valuable information
on non-linear hydrodynamic effects.

New observables - The Standard Candles
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