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MOTIVATION AND INTRODUCTION

QCD PHASE DIAGRAM

@ QCD phase diagram is explored in present day colliders and experiments
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o effective hydrodynamics description (bulk properties)

@ hard probes, highly energetic particles not in equilibrium with QGP
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MOTIVATION AND I UCTION

HEAVY QUARKONIUM AND QGP

@ Medium effect can dissociate the QQ

T. Matsui and H. Satz (1986)

—mp(T)r
V(r) = —CF% — —CFOcse

@ At some T, the bound state ceases to
exist due to Debye screening

= Suppressed yield of dilepton decay channel
Raa(QQ)

POTENTIAL MODELS NATURALLY FOLLOW F. Karsch, M. T. Mehr and H. Satz (1988)

@ Medium effect entirely encoded in a T-depended potential

@ Solve the Schrodinger equation — rather good agreement
A. Bazavov, P. Petreczky and A. Velytsky (2009)

o Still lacking a first principle derivation from QCD
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MOTIVA

ToOwWARDS A QCD DERIVED POTENTIAL

PERTURBATIVE COMPUTATION OF REAL-TIME POTENTIAL

M. Laine, O. Philipsen, P. Romatschke and M. Tassler (2007)

o inthe case 7T > 1/r ~ mp = Im(V) > Re(V) and I = —2(Im(V))

e~ "MD"
r

VHTL = —QSCF +2i%f(mgr)

— o

@ Different dissociation mechanism: Landau damping

WHAT IS THE TEMPERATURE AT LHC TODAY?

") Many studies suggest Tmax == 450 MeV M. Habich, J. L. Nagle and P. Romatschke (2014)
@ T(1S): 1/r ~ 1500 MeV > 7T ~ 1200 MeV, 1/r > mp ~ 800 MeV

Can we address different hierarchies?
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UARKONIUM AT THE LHC

EFTS FOR HEAVY QUARKONIUM

MANY ENERGY SCALES ARE THERE: (perturbative regime and weak coupling)

1) Non-relativistic scales (bound state):
m>> mv (1/r) > mv? (E)

2) Thermodynamic scales:
wT > mp

@ The potential — matching coefficient of EFT
o T #0: pNRQCDrTL

N. Brambilla, J. Ghiglieri, A. Vairo and P. Petreczky (2008)

N. Brambilla, M. A. Escobedo, J. Ghiglieri, J. Soto and A. Vairo (2010)
lsaT>mp>E, Y>aT>E>mp
@ Thermal corrections to Coulomb potential
ReVs = —Cras/r+6V(r, T)

@ Thermal width (Landau damping and singlet-octet break up)

4
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EFTS FOR Q M AT THE LHC

NUCLEAR MODIFICATION FACTOR AND POTENTIALS

TOWARDS PHENOMENOLOGY OF QUARKONIA SUPPRESSION

@ Interesting studies for T(nS) with 77 > 1/r ~ mp

e mor CrT
VL = —asCr . +2ias F

f(mpr) + non-perturbative ansatz
mpr

@ Solve the Schrodinger equation numerically and plug the 't in

Raa(T(nS)) oc e~ S 7Tr(7)

M. Strickland (2012), F. Nendzig and G. Wolschin (2013) and (2014)

@ Address the same problem with EFT potentials

DIFFERENT HIERARCHIES
@ 1/r> 7T > E > mp: real and imaginary part of V,(r)

@ 1/r ~7T > mp > E: imaginary part of V(r), missing the real part
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UM AT THE LHC

Vi(r) FOR 1/r ~ 7T

STRATEGY OF THE CALCULATION M. A. Escobedo and J. Soto (2010)
@ We start with NRCQD at T =0
o the 1/r and 7 T are integrated out at once — match with pNRQCDyy,

L (e —1) Ani(p)

Vs(r) = CFg I
A =1 (Ar+ D4 +A5), Ag = AR + AYMRAR

RETARDED GLUON SELF ENERGY IN pg L p~ 7T

p—2ko
p+2kg

} — light-quarks

Re [N (p)] = - TFN{ L~ [ dko ko ne (ko) [ (ﬁ - 2%) In

p—2ko
p+2ko

2 2 3|
+ E5 [5° dko ko n (ko) [ 2t (_kT? + 2% sig) L

} — gluons
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EFTS FOR QUARKONIUM AT THE LHC

RESULT AND CHECK

LIGHT QUARKS CONTRIBUTION: mf).q = TrNeg? T2/3

Re[6V] = —% Qs rm%,,q szﬂ Qs r TmeC(3) + CF47'r 775 Fo(rT)

JLUON CONTRIBUTION mp = Ncg?T?/3

Re[5Vg]———0tsmeg CFwC(3)+CFa5mD Fg(rT)
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1) Different temperatures

2) Anisotropic parton momenta

‘ Local momentum anisotropy : f‘

@ The anisotropy effects on the QQ spectrum studied for 7T > 1/r ~mp

Y. Burnier, M.Laine and M. Vepsalainen (2009), A. Dimitru, Y. Gou, and M. Strickland (2009)

@ We can address within EFTs the case 1/r>> 7T > E > mp

MODELLING THE ANISOTROPY

f(k) = fiso ( k% + &(k - n)z) _

VI +€(k-n)2 -1
e T —1
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EFT AND ANISOTROP

WE START WITH PNRQCD: 1/r>aT > E > mp

LpNRQCD = — 2 F2, F# + 37, G;iBq; + [ ¢ Tr {ST (idg — hs) S + OF (iDo — ho) O

+ V4 (Ofr- gES +h.c.)+%of{r.ge,0}+m}

@ Match pNRQCD onto pNRQCDyTy,

@ T encoded in a redefined potential

SE(E) = —ig” Cr g 1*° [ St ez 46 Di(ko, k)1’

© Momentum region ko ~ 7T and k ~ 7 T. Since 7T > (E — ho)

i = ! —[' E ko + N
E—h,—ko+in —ko+in (—ko+in)?

@ At leading order in as we obtain

5\/5(',’ T,f) — WasngTZ (g + Neasr + Ncas(rn)z) arctan &

m 4 4r £

T Cl2 2
+ chZ;:ErST (1 _ arctj\g\/g) (r2 _ 3(I’ . n)Z)
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o Effect of the scale E within pPNRQCDyr,

@ Octet unexpanded,

~ T
° f(k) " ky/1+&cos? 6 +

& &

@ Thermal width from the scale E: [ = —2 (n, /[ImdX(E)|n, /)

M(T.€) = ( N2CrodT + 4 B T(Cr + /vc)) oh (%)

n2

1
+( N2CradT + EET(Cr — )) (Tr5e) s \%Z)_”(“f) (2£00[€0)(2£0 m|¢ m)

@ Check with £ — 0, we recover the known result
N. Brambilla, M. A. Escobedo, J. Ghiglieri, J. Soto and A. Vairo (2010)
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EFT AP

CHECK WITH KNOWN LIMITS

REAL PART OF THE POTENTIAL (FOR T(1S))
VS(r’ T,f) — _CF% T %NCCF(IE T2r —+ 32_r:,,CFa5 T2 + O(é’)

F(T,8) = IN2CralT + 5CRaST(Cr + Ne) + O(€)
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AND OUTLOOK

CONCLUSIONS AND OUTLOOK

o QQ potential in medium is important to address R(QQ)AA
@ EFTs allow to explore several hierarchies patterns, for example

1)r>aT>mp>E, 1/r>7T>E>mp

@ EFT potentials may be useful as input to Schrodinger equation and
quarkonia suppression at LCH

@ Address further relaxation of the hierarchies

@ Anisotropy may play a role in quarkonia suppression

@ Anisotropy of QGP can be treated within EFTs

@ We can derive the spectrum (E,T) for QQ at LO within
1/r>nT > E> mp

@ To improve the calculation — Gluon polarization at finite T in anisotropic
plasma with no HTL approximation

S. BionDINI (TUM) QWG 2014 CERN NOVEMBER 10-14 2014 14 /



	Motivation and introduction
	EFTs for quarkonium at the LHC
	EFT and Anisotropic QGP
	Conclusions and Outlook

