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M

BE THE QUARK GLUON PLASMA?

@ Transformation of nuclear matter into a deconfined phase at high temperature
@ Strongly connected with the asymptotic freedom J

o L
> 2088 N 0 '
= 2 ~ Quarks and Gluons
- 2 Critical point? '
= : ishpoiit
E % \ . OGC‘q,,,?
3
g W
é‘ 100k 2 Hadrons e,,o,‘_‘;y__
ki ' & {f 4"’3’%.
Qf-: 2,
< %
" Color Sup:
- Neutron stars  conductor?
p : - Ii;i
Nuclei Net Baryon Density

S. BionDINI (TUM) YS-IMPRS WORKSHOP 2014

RINGBERG JULY 16-19 2014



M

WE HOPE TO REPRODUCE IT?

@ the high energy heavy ions colliders, such as the LHC, are the right place

collisions thermalization hydro hadronization freezeout

S
>

TIME SCALES FOR QUARK GLUON PLASMA
@ Formation time 79 ~ 1 fm (in physical units 3.3 x 1072*s)
@ Life time of equilibrated deconfined phase 7 ~ 10 fm
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MOTIVATION AND INTRODUCTION

WHAT COMES OUT FROM QGP?

Pb+Pb @ sqrt(s) = 2.76 AT,

2010-11-08 11:30:46

Fill : 1482

Run: 137124

Event : 0x00000000D3BBH

@ very high particle multiplicity in the final state
@ demanding and challenging experimental analysis
@ clean probes are needed...is it possible to have any?
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MOTIVATION AND INTRODUCTION

HARD PROBES FOR QGP

CAN WE GET INFORMATION ABOUT A SO SHORT-LIVED STATE 7

@ A possible way is by exploiting hard probes, T. Matsui and H Satz (1986)

Q@ jet quenching Typical time scale  Thag < 7o

@ quarkonia suppression
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HEAVY QUARKONIUM IN A THERMAL BATH

HEAVY QUARKONIUM IN VACUUM AND IN MEDIUM

BOUND STATE OF HEAVY QUARK AND ANTI-QUARK

Q S @ Coulomb potential
) (short distance part)
S
S as
e V(r) = -Cr—

— O r

Q S

DEBYE MASS mp(T) ~ gT

@ Yukawa screened potential
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MANY ENERGY SCALES...

1) Non-relativistic scales (bound state):
M > My > Mv?

2) Thermodynamic scales:
©T > mp

@ The hierarchy may hold for T(15)
5GeV > 1.5GeV > 0.5GeV

@ The relation 7T > mp is true in the weak coupling regime:
when g is assumed to be small, mp ~ gT

S. BionpiNt (TUM) YS-IMPRS WORKSHOP 2014 RINGBERG JULY 16-19 2014



EFT ror QCD

HOW TO DISENTANGLE THE DIFFERENT SCALES FROM
1 _ .
Locp =—53G"GA, 4+ Q (iP — M) Q + Lijgnt

@ A useful way: Effective Field Theory

@ Select the right degrees of freedom
@ Build the effective Lagrangian

@ Perform calculations with a simplified version of Locp

@ We are interested in the spectrum of QQ = binding energy (Mv?) J

o The EFT is pN RQCD E ~ Mvz, N. Brambilla, A. Pineda, J. Soto and A. Vairo (1999)

@ The Lagrangian acquires a Schrodinger equation-like form

| V(r) obtained form QCD |
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HE IN A THER\

PNRQCD IN VACUUM

PNRQCD LAGRANGIAN
@ Assuming the hierarchy M > % > Mv?

Lonrgep = [ drTr{ST(idy — hs) S + OF (iDy — hs) O}
+gTr{OTF- ES +SiF. E‘o} —3GMaGE, + -

@ where we have defined

@ Singlet field S, Octet field O
g hso:ﬁ‘i‘v(o)"‘ﬂ"‘
’ m e M X X

O V= —Cre

¢
&

All the scales bigger than Mv? contribute to the potential v(©
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HEAVY QUARKONIUM IN A THERMAL BATH

AND IF THE TEMPERATURE ENTERS...

@ We take the scales 7 T and mp bigger than the binding energy J

1 / r>nT > mp>M V2, N. Brambilla, J. Ghiglieri, P. Petreczky and A. Vairo (2008)

1% & 1% &

WE DO A MATCHING FROM
o pNRQCD — pNRQCDyt;, where

V(I’, Tv mD) = _CF% + VR(I’, T7 mD) + i\//(r, T7 mD)

o Vr: mass of QQ state, V: related to the width

i = (Re(V))
K —E+iT i{r—_zam(v»
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WHAT IS A THERMAL WIDTH?

o The interactions with the medium can break the Q@ bound state

WHAT DOES Vg MEAN? THE QQ MASS CHANGES

@ The invariant .~ ™ reconstructed mass may be

(0) (0)
My > My OF My < Myy

WHAT DOES V), MEAN? THE QQ OBTAINS A THERMAL WIDTH
@ For 7 ~ 10 fm and I ~ 10 MeV

N(QQR) ~ Noe "™ = Nge=%5 ~ 0.6

S. BionDINI (TUM) YS-IMPRS WORKSHOP 2014 R RG JULY 16-19 2014 12 / 17



SMALL ANISOTROPY IN QGP

SMALL ANISOTROPY

QGP IS A RATHER COMPLICATED SYSTEM...

o Longitudinal (beam axis) expansion bigger than the radial expansion

1) Different temperatures
2) Different partons momenta

‘ Local momentum anisotropy : 5‘

@ Spectrum and width of the QQ depend on in medium parton distributions

VR(ra T) — VR(f, Tyf) and Vl(r7 T) — V[(f, Tyf)

MODELLING THE ANISOTROPY
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SMALL AN PY IN QG

SMALL ANISOTROPY IN PNRQCD

° ¢1 +qf +&(G-[)? = qjf(1+€), by assuming g1 < g

o = f(q§) = where Tesr = ﬁ <T

1
eq” /TefT —1

CALCULATION IN PNRQCD: 1/r > 7T > Mv? > mp

@ 1-Loop in pNRQCD
qr~aT @ Matching with pNRQCD 1

&

®

27 Ce T2 m2a2CeNET?r arctan
VR(r7 Tvg) = < 7TO‘?,[\/]F + 9 € £

@ Recover the limit for f —> 0, N. Brambilla, M. Escobedo, J. Ghiglieri, J. Soto and A. Vairo (2010)

2 2 2
VR(r7 T,f) — (27ra35A€IFT2 4+ OlSCSNFT r) (1 _ % 4 %2 _|_)
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CONCLUSIONS

@ Quark Gluon Plasma is a complicated system to study
@ Hard probes may be useful tools

¢

Quarkonia suppression in medium

Detailed study of QQ potential at finite temperature

©

©

Exploit EFTs to simplify the multi-scale problem

©

Small anisotropy in the parton distribution

©

Address the ™ yield in Pb-Pb collisions
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CONCLUSIONS

PHENOMENOLOGY AT LCH

HAT COULD BE THE SCALES AT LC
o Let us focus on the T(1S) and To = 500 MeV

1
M>7Z7TT>mD>Mv2

1
7T ~ 7(300,400) MeV = ~ (1300, 1500) MeV
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HIERARCHIES
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