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Mass reduction of
the n" meson In hot
QCD matter

Work in progress

Marton Vargyas
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Outline

« Introduction
* Channels of observation
« Simulation results

e Summary
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Symmetries in the 3 quark model

+» Un(1) explicitly broken

* Chiral symmetry: u)=su(@), su), u(1) U, 1)
~+ SU(3), SU(3)i flavour spontan. broken
* U(3)

— 9 Goldstone bosons = pseudoscalar mesons

— 9. Goldstone boson = n’
— mn, — 958 MeV nJ 2 mr]

— Nontrivial vacuum
— N’ gains extra mass

11/29/2011 Vargyas - Mass modification

- & ® & & p ¥ @ & & ¥R B B B B B B @

- — . o - b BN s e

RS e Bl e s [E—



- & ® & & p ¥ @ & & ¥R B B B B B B @

e e s ——

— o — — — -

- Bl

Symmetry restoration

. » In a hot, dense medium

— "asymptotic freedom”: o, decreases
— U,(1) restored
— Nontrivial vacuum vanishes

» Mass drop!

- my = m*n, + Am (broken symm.)
— m*n, ~ 400-700 MeV

— Kapusta et al.:

has to be near to the n mass
arXiv:hep-ph/9507343v2
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Consequences of a mass drop

e

.+ Light mesons: Hagedorn formula
N~ emT
— T=170 MeV (Hagedorn-temperature)

— — -

— Initially few n": N /N0 ~ 2:102 | Max. 50-times
— With mass drop: N, /N° ~ 1 enhancement

« Conseguence: more n’in the spectra
— Annihilation cross section is small
— Free path is long, width does not increase
significantly
— So n’ decays in the vacuum with the “original” mass
' (958 MeV)
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Channels of observation

d, LN d, " (BR=43%)
N'->ntn (ntnn®) : <m>~250MeV A characteristic p; range

Non-correlated pions A BEC

d>o

A Would be convincing; however, miserable S/B ratio (n°—yy)
o BRI

A Higher n'/= ratio at low p;-values
A Enhancement in the £+~ spectrum at low invariant masses
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'Channels of observation | 1

1

. A A mass drop was observed in © BEC

N’ has long lifetime, decays into pions
Core-halo picture: more n’ mesons enhance halo

Core:
T - ,\);,
|I - 2 , |
’: a:: — Ncore Halo:
' o o M, o, Kg
N . +N

halo core

Measurable through
the intercept parameter
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1.2

X
N i -

.. Channels of observation | |

i

»: » RHIC data: Clear signs of low-p; halo enhancement

“++ n*n* correlation T
- * Central Au+Au (200 GeV) ;- = =
»  (at Mid-rapidity |n|<0.1) = f
. 8 ol ! Letessier et al., no mass drop —i
I: ] .‘%0-6?/{‘ Letessieretal.,rrn.*=340MeV i
«' » Best fit (model dependent) £ T it
. Soar L et
. ol L o v 1
..: o2 'Iq}:nsversg-smass 0ﬁ81T [GeV] !

.

', * +50/4-280 " |

‘emyt= 34000 £ 45 MeV
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Channels of observation

e

, » Direct photons
<T> =~ 100 MeV

__.h_
—
=
(]

—h
o
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« Double exp. spectra

'~ » First part:
. similar to the n’ slope

N 12) V(2 wmy) o’ Nidm, dy (¢*/1GeV®)
= =

e il
—h
=
H

108

'-i-l-h-l-I-i-l_|-lt|l-i-l-

11/29/2011 Vargyas - Mass modification

0.5

b

-

— e — - — o —

- & ® & & p ¥ @ & & ¥R B B B B B B @



.. 1
. -
.. Channels of observation | 3
. 1
- . . T AR UL L == S B S R
a: ¢ DI Iepton|c z ' F min. bias Au+Au at \[s,, = 200 GeV =
. channel 817N pseoove NN L e
L & ; 10_3 p—>ee e ct — ee (random correlation)
= ®— ee & Tee =
“ : % \ f R ) — ee & Tee E
. z 10 a
. S RN
o JoRTl b S .....
. % % """"""""" . .
. T 3o bty m edederaa Lo iactoa, ‘i.":.* Jerersbredesslesdoe W
. . - 0 0.5- 1 . 15 2 25 3 35 n [4GeWc%5
« ' Au+Au invariant e+ e- pair yield ’
u Significant excess in PHENIX 200 GeV Au+Au
s !

Not present in p+p data
Excess must be an effect of the hot, dense medium
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Simulation

Cocktail _AuAu —i— 200 GeV Au+Au
- sy ee
s E e
o g
5510'2 - FEEENY ?::fss.‘#eeee
- | — N7 ee
é . x . Jiy— ee
Il '— ee
g 0 ! ITTTT :'p:n processes
o l ll Ay x sum
210 \ If
-— 5 _
5 1l i Data and parameters
107 ¢
N from PPG 088
\
10°° i\

l] 5 1 4.5 5

m,, (GeV/c?)

15 2 25

Original dilepton cocktail reproduced (from PPG088)
9*108 events, y%/NDF (0.15<m_,<0.7)=4.6,CL=0.011%
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Simulation

« The n’ enhancement:

f,= exp(-(m*-m)/T)
where m=958 MeV, T=177 MeV

~» Channel n"->n(nr) taken into account via

N, Ny N, f
fn = =1+ ( l) N BR(n' —> n+mm)
n
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Simulation results
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Cocktail_AuAu-URQMD

S107 &
“Qu" _
'E'jlf.l'3 I'i: TIT
"'z"'- 3
fote A
10% & |
10°
107
10:&,0 } iﬁk&%\\?%?”

s | Simulation parameters:
5 f =7.49,f ~=45.0,m". =400 MeV
|

11/29/2011

—4+— 200 GeV Au+Au
'y ee

n—7 ee

p— ee

]
w— ee &N eo

s ge & 1) ee

sum

45 5
m,, (GeV/c?)
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Simulation results

CucktaiI=AuAu-Letessier

= o
[0 L

=]
'
[

—i— 200 GeV Au+Au

'y ee
n—7 ee
p— ee

]
w— ee &N eo

s ge & 1) ee

open processes
sum

1/N dN/dm,, (c*/GeV)

0 0.5 1 2 2.5 3

Simulation parameters:
f =4.75,f =67.6, m". .= 340 MeV

% 1 'jﬁ&x\}l\ﬁxm.I...I..'.;..L.I.J.l..L.l...l..

45 5
m,, (GeV/c?)
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| Simulation results
1 Cocktail_AuAu-Stachel —— 200 GeV Au+Au
— 'y ee
-1 n—7 ee
4 %4 0 -_;‘? p— ee
o 2 w— ee & n'ee
“010- s ge & 1) ee
— — n'—>7ee
B Jiy— ee
' _E: 0 w'— ee
| = open processes
I > sum
| <10+
i -

N

0.5 1

-

5
m,, (GeV/c?)

1ISimulation parameters:
f =4.97,f =67.6, m". .= 340 MeV
|
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Simulation results

CucktaiI=AuAu-ALCOR

—i— 200 GeV Au+Au

'y ee

- 0
» Simulation parameter
s f =5.25,f =43.4, m". ;=490 MeV
y2/NDF (0.15<m_<0.7)=2.25,CL=1.8%

11/29/2011

0.5
S.

n—7 ee
p— ee

w— ee &n“ee
soos (o ee &1 ee

sum

\

45 5
m,, (GeV/c?)
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Simulation results
il
1 Cocktail_AuAu-Kaneta —— 200 GeV Au+Au
- = -y ee
— n—=7v7 ee
& ! % EE—; p— ee
a Q 2 % w— ee & n'ee
1 “01 0 g H q]‘—) ee & 1 ee
| i i R, jf:ieeee
i .E: w'— ee
m | o open processes
' % sum
»
| =7
. 1
|
. {
! Y
- I
.
'
! \
a ! : ol &\\’\\: e o Lo Ly
b ] 0 0.5 1 1.5 4.5 5
Simulation parameters: m,, {GEW‘EE}

»

! 1

f. =3.48, f = 25.6, m". = 530 MeV
v2/NDF (0.15<m_, <0.7) = 1.35, CL = 23.16 %
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Summary

« Better agreement in the LMR

* Detailed simulation

* pr dependence — in progress

e Other in-medium effects/

—
(00)
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Context
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» PHENIX Au-Au collision:
-+ LMR dilepton enhancement not explained

» DATA n’ — yee JY¥ — ee
i <035 n— yee ¥ — ee
g Pr>02GeVic __pysqee s cT - ee (PYTHIA)
p—ee  mmes ¢t — ee (random correlation)
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*In case of a significant in-
mediumnQ Yl aa Y2

*Enhanced number of nQ
particles (Hagedorn)

N ~ e-m/T
*May be a significant

contributor of the excess on
the whole region (0.12-1 GeV)
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Simulation results

11/29

Original dilepton spectra

(c7IGeV)
<

ee

1/N dN/dm,
=1

m*= 958 MeV e

—i— 200 GeV Au+Au

555w ee & n'ee
h— ee & ee

—— n'=y ee

Jhy— ee

y'— ee

cE— ee (PYTHIA)

sum

I
ILJ‘IJL;:J::lILL |||“|||||_
4 45
m.. (GeV/c?)
Original dilepton spectra
=107
% ? —i— 200 GeV Au+Au
Q * oY ee
S : —EAN RAANS |l =g
By m*=500 MeV | =
Eg “osh s ee & nlee
k= H— ee & nee
= — 'y el
20 el
Z y'— ee
- cC— ee (PYTHIA)
10«1 sum
i
10°® 1
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10°® { I
[
107 1
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0 25 3 4 45
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ee
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=
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Original dilepton spectra

e T

m*=700 MeV |

—+— 200 GeV Au+Au

555 1w ee &n'ee
H— ee &1 ee

'y ee

Jiy— ee

y'— ee

¢t— ee (PYTHIA)

sum

4 45
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Original dilepton spectra

m*= 300 MeV

—i— 200 GeV AutAu
"=y ee

—in—yee
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.. Output/Input spectrum .
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i 1
L] s L]
«: * Low pT enhancement in n & n ol
il | | | n spethra from |FIHIC 200‘ GeV | . | | | 1 specltra from Il!HIC 200 ‘GeV | . |

, central Au+Au correlation data B ot central Au+Au correlation data B §
i 102, no mass drop ; 10 \‘“‘ ......... no mass drop ; i -
i Letessier et al. ] L 'Q“ — = Kanetaet al. 1wl
10 \ — : = Kaneta et al. = "10;—.' .... ,.,:_‘%’ """ UrQMD = I
l% " total tai - g : T i . ' I
E ~ otal uncertainty N E — \_. total uncertainty N
- 138 . L
—~ N | —~ 1L \“\.\ _ |
R 1 E ~—. 1
z T B — N \u _ |
L ] I \"\..\ I
10— E 107 a
L - : ]
- LTS J i 1t
10-2:_1 L l L 1 L I L 1 1 I L L 1 J L L L ] L L L J 1 l 1 1 l: 10-2:_1 L L l L 1 L I L 1 1 I L L 1 ] L L L ] Il L L J 1 L Il l 1 1 I_: 1
] 0 0.2 04 0.6 0.8 1 1.2 1.4 1. 0 0.2 04 0.6 0.8 1 1.2 14 1.6l i
. m-m,, [GeV] m;-m, [GeV] ,

" A An enhancement factor of 25 to 68 A An enhancement factor of 5.2to 7.5 '
' depending on model depending on model '

I ’ . z . )4 - I
® A Enhancement breaks m, ¢scaling at A Enhancement at low-p; ¢ C Fits =
’i low-p; measured data at high-p; ’i
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Context

e

. A Approximate SU(3) symmetry
A Spontaneous symmetry breaking®

A 9 Goldstone bosons

A U,(1)-breaking terms
A n’ extra mass

— @

. In hot medium, n’ mass reduced to quark model mass
 Signal: Enhanced n’production@low p-

— o — — — =
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A N~em/T
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