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Physics goals

Characterize:
- minijets 

- femtoscopic correlations

Taking into account contributions from
- resonances and photon conversion
- elliptic flow (v

2
)

- momentum conservation
- …

Each correlation source has a unique distribution on (Δη,Δφ).

(particles from fragmentation of "hard scattered" partons, 
which have too low energy in comparison to the underlying 
event to be reconstructed event-by-event)
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Motivation

● Analyzed ∆η∆φ correlation functions at sqrt(s)  0.9 TeV, 2.76 TeV, 
7 TeV: energy dependence over an order of magnitude.

● Analysis performed for different charge combinations (like-sign: positive 
and negative pairs, unlike-sign pairs, all pairs). Femtoscopic correlations 
occur only for identical particle pairs.

● Pair transverse momentum binning used, because femtoscopic effects 
and “minijets” expected to depend differently on it.

● Multiplicity dependence: expected decrease of correlations per pair for 
both “minijet” and femtoscopic components.

●  Testing hypothesis of “minijets” as the background of femtoscopic CF.

Małgorzata Janik – Warsaw University of Technology28/11/2011, Zimányi '11
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Signal distribution Background distribution

Same event pairs Mixed event pairs

ΔηΔφ Experimental Correlation Function

Ratio signal/background
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ΔηΔφ angular correlations - definitions
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Anatomy of the ΔηΔφ correlation function
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Anatomy of the ΔηΔφ correlation function
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Anatomy of the ΔηΔφ - minijets

Does not need p
T
 cut-off: no trigger particle is 

specified. Different method of looking at jets.

η=-ln tan(θ/2)

Two peaks:
1) For particles from the same jet (red):
- Δφ ~ 0
- Δη ~ 0
2) For particles from opposite jets (blue):
- Δφ ~ π
- Δη ~ depends on jets. So with many events we have ~ const
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Anatomy of the ΔηΔφ correlation function
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Anatomy of the ΔηΔφ correlation function
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Resonances
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Anatomy of the ΔηΔφ correlation function

28/11/2011, Zimányi '11 Małgorzata Janik – Warsaw University of Technology
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Data sample & analysis

● The proton-proton collisions registered by ALICE in 2010 and in the 
beginning of 2011 were used for the analysis:

➢ ~12M minimum bias events @ 900 GeV,

➢ ~13M minimum bias events @ 2.76 TeV,

➢ ~530M minimum bias events @ 7 TeV.

● Corresponding analysis on Monte Carlo generators (Pythia, Phojet) was 
performed.

● Analysis was performed on primary particles within acceptance range of       
|η|<1.0  and transverse momentum range p

T
>0.12 GeV/c which were 

reconstructed by the ALICE Time Projection Chamber (TPC) and Inner 
Tracking System (ITS) detectors.

● Electron-positron pairs coming from gamma conversion are removed.

● We observe a combination of undesired physics effects (gamma conversions), 
true physics correlations (Coulomb interaction) and detector effects (track 
splitting/merging) in the (0,0) bin. Their systematic study is under way, at the 
moment we assign a systematic uncertainty of at least 0.1 for this bin, < 2% 
for all others.

28/11/2011, Zimányi '11 Małgorzata Janik – Warsaw University of Technology
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Energy dependence

0.9 TeV 2.76 TeV 7 TeV

Correlations increase with increasing collision energy: 
enhanced production of “minijets”?

28/11/2011, Zimányi '11 Małgorzata Janik – Warsaw University of Technology
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Charge dependence

Similar for all energies

Femtoscopic 
correlations 
enhance near-
side peak for 
like-sign pairs.

28/11/2011, Zimányi '11 Małgorzata Janik – Warsaw University of Technology

Shape of near-
side peak 
differs for like- 
and unlike-sign.
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Multiplicity determination

● Cuts and multiplicity ranges 

adapted from femtoscopic 

analysis – to compare results 

from different methods.

● For each multiplicity range in 

the 7 TeV sample the number 

of like-sign pairs is 

comparable.
➢ M5: 29-34,
➢ M6: 35-41,
➢ M7: 42-51,
➢ M8: >51

8 multiplicity bins: 
➢ M1: <12, 
➢ M2: 12-16,
➢ M3: 17-22,
➢ M4: 23-28,

28/11/2011, Zimányi '11 Małgorzata Janik – Warsaw University of Technology
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Multiplicity dependence
increasing 
multiplicity

pp 7 TeV

Decreasing 
correlation (per 
pair) with rising 
multiplicity

17≤N
ch

≤22

N
ch

<12

42≤N
ch

≤51

      all     like-sign (positive)     unlike-sign

   Longitudinal ridge structure 
is visible only for unlike-sign 
pairs, for low multiplicities
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Multiplicity dependencePythia 7 TeV

increasing 
multiplicity

Decreasing 
correlation (per 
pair) with rising 
multiplicity

17≤N
ch

≤22

N
ch

<12

42≤N
ch

≤51

increasing 
multiplicity

      all     like-sign (positive)     unlike-sign

   Strong production of “minijets”

No femtoscopic correlations in Pythia!
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Non-femtoscopic background in correlation functions

● Structure well-described by MC

● Our hypothesis is that “minijets” are 
non-femtoscopic “background” in the CF

● There is a direct connection between Δη, 
Δφ and the q

inv
 momentum components:

 
● Structures visible in Δη-Δφ influence 
femtoscopic CF 

arXiv:1101.3665 [hep-ex]

N
ch

k
T

qout ~ pT , 1− pT , 2

qside ~( pT ,1+pT , 2)Δϕ
q long ~ ( pT ,1+ pT , 2)Δ η

28/11/2011, Zimányi '11 Małgorzata Janik – Warsaw University of Technology
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“Minijet” hypothesis

● The hypothesis that “minijets” are non-femtoscopic “background” in the 
femtoscopic correlation functions enforce very strong predictions. 
“Minijets”:

➢ decrease with multiplicity, same as femtoscopic correlations

➢ stronger for unlike-sign than for like-sign, opposite to femtoscopic 
correlations

➢ rapidly rise with transverse momentum of the particle, opposite to 
femtoscopic correlations

➢ second component, “away-side”, should be observed (with analogical 
behavior, but dispersed in Δη), no such component for femto

● Our aim is to validate it 

● Competing explanation can be proposed: hydro

➢ arXiv:1106.5120 [hep-ph] Sinyukov, Akkelin

28/11/2011, Zimányi '11 Małgorzata Janik – Warsaw University of Technology
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p
T
-sum dependence cut

Bins of p
T
-sum:

0.0  – 0.75 GeV/c

0.75 – 1.5 GeV/c

1.5  – 2.25 GeV/c

2.25 – 100 GeV/c

Since femtoscopic effects are strongest 
for small pair transverse momenta, we 
needed to develop a cut dependent on 
such observable.

We chose the sum of transverse 
momenta of both particles:

28/11/2011, Zimányi '11 Małgorzata Janik – Warsaw University of Technology

pTsum=∣ p⃗T1∣+∣ p⃗T2∣
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7 TeV, p
T
-sum dependence 

like-sign (++)

unlike-sign (+ -)

smaller
Bose-Einsein 

correlations decrease 
with increasing p

T

Correlations coming from 
“minijets” increase with 

increasing p
T

Correlations coming 
from “minijets” increase 
with increasing p

T
 also 

for like-sign pairs

No Bose-Einstein correlations 
for unlike-sign pairs

0< pTsum<0.75 (GeV/c) 0.75<pTsum<1.5 (GeV/c) 1.5< pTsum<2.55(GeV/c)
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p
T
-sum

&
multiplicity

dependence

Unlike-sign pairs

pp @ 7 TeVp
T-sum

Correlations 
increase with 
p

T
-sum and 

decrease with 
multiplicity, 
consistent with 
“minijets” 

0< pTsum<0.75 (GeV/c) 1.5< pTsum<2.55(GeV/c) 2.55< pTsum<100 (GeV/c)

2≤N ch≤11

17≤N ch≤22

42≤N ch≤51

N
ch

28/11/2011, Zimányi '11 Małgorzata Janik – Warsaw University of Technology
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   Like-sign pairs
(positive)

pp @ 7 TeV

2≤N ch≤11

17≤N ch≤22

42≤N ch≤51

N
ch

p
T-sum

p
T
-sum

&
multiplicity

dependence
Dependence 
consistent with 
combination of
correlations coming 
from “minijets” 
increasing with 
p

T
-sum and 

decreasing with 
multiplicity plus
femtoscopic 
correlations 
decreasing with 
both p

T
-sum and 

multiplicity.

28/11/2011, Zimányi '11

0< pTsum<0.75 (GeV/c) 1.5< pTsum<2.55(GeV/c) 2.55< pTsum<100 (GeV/c)

Małgorzata Janik – Warsaw University of Technology
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Conclusions

● Analysis of pp data for three energies 0.9, 2.76 and 7 TeV over 
eight multiplicity ranges and vs. pair charge combination.

● Possible to disentangle femtoscopic and minijet contributions 
using p

T
-sum cut and pair transverse momenta analysis. 

Femtoscopy dominates at low p
T
, minijets at high p

T.

● We observe: 
➢ Decrease of all correlations per pair with multiplicity

➢ “Minijet” correlations rise with pair momentum, stronger for 
unlike-sign, main limiting factor in k

T
 dependence femtoscopic 

analysis

➢ Longitudinal ridge only for unlike-sign, low multiplicity, low p
T,
 

not reproduced by Pythia

➢ Pythia describes general trends for “minijets” qualitatively, not in 
details

28/11/2011, Zimányi '11 Małgorzata Janik – Warsaw University of Technology
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Backup
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arXiv:1101.3665 [hep-ex]

N
ch

k
T

Pythia &
ALICE data
pp @ 7 TeV

   π+π-

(unlike-sign pairs)

28/11/2011, Zimányi '11

femtoscopic 
functions

Małgorzata Janik – Warsaw University of Technology
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arXiv:1101.3665 [hep-ex]

N
ch

k
T

   π+π+

(like-sign pairs)

Pythia Perugia-0

pp @ 7 TeV

28/11/2011, Zimányi '11

femtoscopic 
functions

Małgorzata Janik – Warsaw University of Technology
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   Like-sign pairs
(positive)

Pythia  Perugia-0

pp @ 7 TeV
2≤N ch≤11

17≤N ch≤22

42≤N ch≤51

N
ch

p
T-sum

p
T
-sum

&
multiplicity

dependence

Correlations 
coming from 
“minijets” 
increase with 
p

T
-sum and 

decrease with 
multiplicity.

No femtoscopic 
correlations for 
low multiplicities!

28/11/2011, Zimányi '11

0< pTsum<0.75 (GeV/c) 1.5< pTsum<2.55(GeV/c) 2.55< pTsum<100 (GeV/c)

Małgorzata Janik – Warsaw University of Technology



34/29

   Unlike-sign pairs

Pythia Perugia-0

pp @ 7 TeV
2≤N ch≤11

17≤N ch≤22

42≤N ch≤51

N
ch

p
T-sum

p
T
-sum

&
multiplicity

dependence

Correlations 
coming from 
“minijets” 
increase with 
p

T
-sum and 

decrease with 
multiplicity.
Stronger for 
unlike-sign.

No femtoscopic 
correlations for 
low multiplicities!

28/11/2011, Zimányi '11

0< pTsum<0.75 (GeV/c) 1.5< pTsum<2.55(GeV/c) 2.55< pTsum<100 (GeV/c)
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