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Number of produ
ed η
′Chiral symmetry is partially restored =⇒ η′ mass de
reases =⇒more η′ produ
ed

Hagedorn formula:
σ ∼ mη′

αe− m
η′T
ond

σ: produ
tion 
ross se
tionmη′ : the mass of the η′

α = 1 − d/2, where d is the e�e
tivedimension on the expansionT
ond : temperature, where the η′ isprodu
ed
Change of the number of theprodu
ed η′:N∗

η′Nη′

=

(m∗

η′mη′

)α e mη′
−m∗

η′T
ondthe ∗ denotes the in medium valuesthe values without a ∗ are the values inva
uumthe 
hange 
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De
ay produ
ts of the η′Number of the η′ 
an be analysed only from it's de
ay produ
tsDe
ays:
η′ → γ + γ (2.1%)Hard to analyse (π0 → γ + γ)
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Two-parti
le 
orrelationBosons =⇒ Bose-Einstein statisti
 =⇒ Correlation between pionsHalo: long lived resonan
es =⇒ no
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|S̃C (q,K ) |2
|S̃C (q = 0,K ) |2 ; (

√
λ∗ =
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Two-parti
le 
orrelationCollision of two parti
les
⇓Hot and dense matter formed:

η′ is produ
ed with lower mass
⇓More η′ is produ
ed
⇓

η′ → π+ + π− + π+ + π− + π0average mT = 200 MeV
⇓Pions not 
orrelated with the
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⇓

λ∗ measures the 
orrelation
⇓Value of λ∗ is loweredMónika K®faragó, Máté Csanád A method of η′ reje
tion in high-energy Au+Au and p+p 
ollisions 6 / 17



Two-parti
le 
orrelationCollision of two parti
les
⇓Hot and dense matter formed:

η′ is produ
ed with lower mass
⇓More η′ is produ
ed
⇓

η′ → π+ + π− + π+ + π− + π0average mT = 200 MeV
⇓Pions not 
orrelated with the
ore's pions
⇓

λ∗ measures the 
orrelation
⇓Value of λ∗ is lowered

 [GeV]TTransverse mass     m
0.2 0.4 0.6 0.8 1 1.2

*m
ax

λ/ *λ
R

el
at

iv
e 

in
te

rc
ep

t  
   

0

0.2

0.4

0.6

0.8

1

1.2

Resonances: UrQMD
*=958 MeV’ηm
*=900 MeV’ηm
*=700 MeV’ηm
*=500 MeV’ηm
*=250 MeV’ηm
*=50 MeV’ηm

PHENIX Sinyukov
PHENIX preliminary
STAR Gauss
STAR Edgeworth

Resonances: UrQMD
*=958 MeV’ηm
*=900 MeV’ηm
*=700 MeV’ηm
*=500 MeV’ηm
*=250 MeV’ηm
*=50 MeV’ηm

PHENIX Sinyukov
PHENIX preliminary
STAR Gauss
STAR Edgeworth

Resonances: UrQMD
*=958 MeV’ηm
*=900 MeV’ηm
*=700 MeV’ηm
*=500 MeV’ηm
*=250 MeV’ηm
*=50 MeV’ηm

PHENIX Sinyukov
PHENIX preliminary
STAR Gauss
STAR Edgeworth

Resonances: UrQMD
*=958 MeV’ηm
*=900 MeV’ηm
*=700 MeV’ηm
*=500 MeV’ηm
*=250 MeV’ηm
*=50 MeV’ηm

PHENIX Sinyukov
PHENIX preliminary
STAR Gauss
STAR Edgeworth

Resonances: UrQMD
*=958 MeV’ηm
*=900 MeV’ηm
*=700 MeV’ηm
*=500 MeV’ηm
*=250 MeV’ηm
*=50 MeV’ηm

PHENIX Sinyukov
PHENIX preliminary
STAR Gauss
STAR Edgeworth

Resonances: UrQMD
*=958 MeV’ηm
*=900 MeV’ηm
*=700 MeV’ηm
*=500 MeV’ηm
*=250 MeV’ηm
*=50 MeV’ηm

PHENIX Sinyukov
PHENIX preliminary
STAR Gauss
STAR Edgeworth

Resonances: UrQMD
*=958 MeV’ηm
*=900 MeV’ηm
*=700 MeV’ηm
*=500 MeV’ηm
*=250 MeV’ηm
*=50 MeV’ηm

PHENIX Sinyukov
PHENIX preliminary
STAR Gauss
STAR Edgeworth

Resonances: UrQMD
*=958 MeV’ηm
*=900 MeV’ηm
*=700 MeV’ηm
*=500 MeV’ηm
*=250 MeV’ηm
*=50 MeV’ηm

PHENIX Sinyukov
PHENIX preliminary
STAR Gauss
STAR Edgeworth

Resonances: UrQMD
*=958 MeV’ηm
*=900 MeV’ηm
*=700 MeV’ηm
*=500 MeV’ηm
*=250 MeV’ηm
*=50 MeV’ηm

PHENIX Sinyukov
PHENIX preliminary
STAR Gauss
STAR Edgeworth

Resonances: UrQMD
*=958 MeV’ηm
*=900 MeV’ηm
*=700 MeV’ηm
*=500 MeV’ηm
*=250 MeV’ηm
*=50 MeV’ηm

PHENIX Sinyukov
PHENIX preliminary
STAR Gauss
STAR EdgeworthR. Vértesi, T. Csörg® and J. Sziklai:Phys.Rev.Lett. 105 (2010) 182301A hole in λ∗ at 200 MeVNeeds to be done:Proof that this is 
aused by thede
rease of the mass of the η′Mónika K®faragó, Máté Csanád A method of η′ reje
tion in high-energy Au+Au and p+p 
ollisions 6 / 17



How to �nd de
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ay produ
ts of the η′Square of the invariant mass: m2inv = (E1 + E2)2 − (p1 + p2)2Simulation: Pions 
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ay of η′:
Ranges 
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Loss and e�
ien
yIs the reje
tion of the η′ working?Che
ked in simulation:
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Simulationsa: from η′, 
riteria √b: from η′, 
riteria ⊗E�
ien
y: aa+b 
 : not from η′, 
riteria √d : not from η′, 
riteria ⊗Loss: 

+d
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Simulation of the arrangement of dete
torsdon't have dete
tors everywherenot all pions are dete
ted
⇓

π+, π+ 
oming from an η′

⇓no other pair with whi
h m2inv
riteria are satis�ed
⇓e�
ien
y be
omes worsegeometri
 a

eptan
e given in ϕ and θ(pseudorapidity: η = − ln [tan (θ/2)])Simulations on 200 GeV:STAR, PHENIXSimulations on 14000 GeV:CMS, ALICEMónika K®faragó, Máté Csanád A method of η′ reje
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Results: 200 GeV proton-proton
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Results: 14000 GeV proton-proton
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Results: 14000 GeV proton-proton
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Results: 200 GeV gold-gold
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Results: dependen
y on the impa
t parameter and on pT
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Results: dependen
y on the impa
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SummaryWhy? Sear
hing for a proof for the partial restoration of the
hiral symmetryMethod: From m2inv ranges it 
an be determined whether apion is a de
ay produ
t of η′Results:Dependen
y on the geometri
 a

eptan
eDependen
y on the number of parti
lesDependen
y on impa
t parameterChe
ked with three simulationsMethod works in all 
asesPubli
ation:VI Workshop on Parti
le Correlations and Femtos
opy 2010:Csanád M. and K®faragó M.: arXiv:1101.1192European Physi
al Journal A: Csanád M. and K®faragó M.:arXiv:1101.1276Further plans:Optimization of m2inv rangesAnalysis of experimental dataMónika K®faragó, Máté Csanád A method of η′ reje
tion in high-energy Au+Au and p+p 
ollisions 16 / 17



Thank you for yourattention!



Invariant massSquare of invariant mass: m2inv = (E1 + E2)2 − (p1 + p2)2Cal
ulations for the η′ → η + π+ + π− de
ay (
 = 1):m2inv = m21 +m22 + 2√m21 + p21√m22 + p22 − 2p1p2 
osϕ =

= 2m2
π
+ 2√m2

π
+ p21√m2

π
+ p22 − 2p1p2 
osϕEη′ = E1 + E2 + Eη,pη = −p1 − p2mη′ =

√m2
π
+ p21 +√m2

π
+ p22 +√m2

η
+ p21 + p22 + 2p1p2 
osϕEnergy of η is:smallest: p1 = p2 and ϕ = πbiggest: p1 = p2 and ϕ = 0By substituting these: 0.078 GeV 2/
2 < m2inv < 0.168 GeV 2/
2By 
al
ulating the same for the η → π+ + π− + π0 de
ay:0.078 GeV 2/
2 < m2inv < 0.166 GeV 2/
2



Che
king of the simulation
Number of pairs, ratio of the geometri
 
uts, pseudorapiditydistribution, angle distribution:
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m2inv of pions from the η′ de
ay
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m2inv of all pions
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m2inv of all pions
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DataRHIC: gold-gold: √snn = 10− 200 GeVproton-proton: √s = 20− 500 GeVLHC: proton-proton: √s = 7 TeVLead-lead: 0.32 − 2.76 TeV
η′ 
ompensates it's mass loss from the impulse =⇒ produ
ed η′have a small transverse impulsem∗

η′
2 + p∗

η′
2 = mη′

2 + pη′2Pions have small transverse impulse too: average 138 MeV
η′ → π+ + π− + π+ + π− + (π0 or γ) (12.19%)Chiral transition: 150 MeVQuark-hadron transition: 170 MeVFodor, Z. and Katz, S.D.: arXiv:0908.3341 (2009)
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