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1. Introduction: Y Suppression in PbPb @ LHC
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Y suppression as
a sensitive probe for
the QGP

» No significant effect
of regeneration

> my= 3mCE> cleaner
theoretical treatment

» More stable than J/y

Es(Y,s) = 1.10 GeV
Eg(J/y) = 0.64 GeV



)

N

1

0.1 GeV/c

Events / (

Y(nS) states are suppressed in PbPb @ LHC:
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Sequential suppression of Y(nS) and J/v states
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Y(nS) states are suppressed in AuAu @ RHIC
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2. The model: Screening, Gluodissociation and
Collisional broadening of the Y(nS) states

> Debye screening of all states involved: Static suppression

» The imaginary part of the potential (effect of collisions)
contributes to the broadening of the Y(nS) states: damping

» Gluon-induced dissociation: dynamic suppression,
in particular of the Y(1S) ground state due to the large
thermal gluon density

» Reduced feed-down from the excited Y/y, states to Y(1S)
substantially modifies the populations: indirect suppression

F. Vaccaro, F. Nendzig and GW, Europhys.Lett. 102, 42001 (2013); J. Hoelck and GW, unpublished

F. Nendzig and GW, Phys. Rev. C 87, 024911 (2013); J. Phys. G41, 095003 (2014)
F. Brezinski and GW, Phys. Lett.B 70, 534 (2012)
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2.1 Screening and damping treated in a nonrelativistic
potential model

0 —mp(T) ermpr
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d(z) = / it 27 (1 - ) ,mp(T) = T\/47ras(27rT) ;
0

- From the literature

Screened potential: my = Debye mass,
o (T) the strong coupling constant;
Ce = (N2-1)/(2N,)
o = 0.192 the string tension (Jacobs et al.; Karsch et al.)
Imaginary part: Collisional damping (Laine et al. 2007, Beraudo et al. 2008,
Brambilla et al. 2008) for 2xT >> <1/r>; different form
for 2aT << <1/r>.
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Screened real part of potential, T-dep. imag. part

Constrain ReV(r) by lattice QCD
data on the singlet free energy
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Damping
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Radial wave function of Y(1S) at temperatures T

Solutions of the Schoedinger equation with complex ,
potential V(r,T,a) for the radial wave functions g,(r,T), [H(Ta T, o) — E + ZF/2]9(T) =0
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2.2 Cross section for gluodissociation

Born amplitude for the interaction of gluon clusters according to
Bhanot&Peskin in dipole approximation / Operator product expansion,
extended to include the screened coulombic + string eigenfunctions
as outlined in Brezinski and Wolschin, PLB 70, 534 (2012)

oo

on%a, B k2
i) = 25 [ ks (2t e B) (o

>
WS (k) = / dr v gso(r)g (r)
0

for the Gluodissociation cross section of the Y(nS) states, and
correspondingly for the x,(nP) states.
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Gluodissociation cross section
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Figure 3. Gluodissociation cross section og;ss (left scale) of the T(1S) and Y(2S5)
and the thermal gluon distribution (right scale) plotted for temperature 7' = 170 (solid
curves) and 250 MeV (dotted curves) as functions of the gluon energy E,.

F. Nendzig and GW, J. Phys. G41, 095003 (2014)
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Thermal gluodissociation cross section

Average the gluodissociation cross section over the Bose-Einstein

distribution of the thermal gluons in the QGP to obtain the dissociation
width at temperature T for each of the six bottomia states involved

B 8, 00 dEg Egz Odiss, nl(Eg)
Izliss, n (1) = F 0 eEe/T _ 1

(94 = 16)

With rising temperature, the peak of the gluon distribution moves to larger gluon
energies E;, whereas the dissociation cross sections move to smaller E, giving
rise to a maximum in the gluodissociation width for fixed coupling o..

(Larger cross sections at higher temperatures due to running coupling counteract.)
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2.3 Hydrodynamic expansion (ideal)

Temperature
profile for
central collisions
at different
times t

T (MeV)

Use total decay widths
I'i(b,X,y) of the bottomia
states for each impact
parameter b and time
step t in the transverse
(x1,x2) plane
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Dynamical fireball evolution

Dependence of the local temperature T on impact parameter b, time t,
and transverse coordinates x, y evaluated in ideal hydrodynamic calculation
with transverse expansion

Nz (b, 21, 2%) 1/3
1'(0. init s 171. ;’?2 — T mix\Y; “
( , Tinits L 5 ) 0 ( *Nmz‘:c(O,O, 0) )

T ]' T f T T
Nz = T"Npart + fNeoy, f=0145

The number of produced bb—pairs is proportional to the number
of binary collision, and the nuclear overlap

Nyg(b, z,y) o< Neon(b, z,y) o< Taa(b, z,y)
QGP suppression factor (without feed-down and CNM effects):

RQGP f d2b f dl‘dy ,11414(()q I, ?_/) e_ ftoFo dt Ftot(b,t,l‘,'y)

[ d?b [ dedyTaa(b,z,vy)



Model ingredients

» Consider running of the coupling
» Transverse momentum distribution
e of the Y included

c > Relativistic Doppler effect included
0 g > T, =160 MeV
Q (GeV)
a.(0) = a(u) by = IIN; — 2N¢
’ | + a(u)bg In % ’ 67 F. Nendzig and GW, J. Phys. G41, 095003 (2014)

o, (T) depends on the solution g, (r,T) of the Schrodinger eq.: Iterative solution
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2.4 Feed-down cascade including y,p states

Relative initial populations in pp computed
using an inverted cascade from the final
populations measured by CMS and CDF(X'p)
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3. Theoretical vs. exp. (STAR, CMS) suppression

» Screening (potential model)

» Gluodissociation (OPE with string tension included)

» Collisional damping (imaginary part of potential) tr: Y formation time
_ T, @ t:: initial central
» Reduced feed-down from excited states temperature
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Raa (T(lS))

1.2

Theoretical vs. exp. (CMS) suppression factors
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t-= 0.4 fm/c: Y formation time
T,= 550 MeV: central temp.
atb=0andt=t;

2.76/ 5.02 TeV PbPb

Room for additional suppression
mechanisms for the excited states:
Hadronic dissociation, mostly by pions,
is one possibility. Thermal pions are in-
sufficient; direct pions may contribute,
and magnetic dissociation.

J. Hoelck, F. Nendzig and GW,

arXiv:1602.00019 (2016)
20



Transverse momentum dependence of Y(1S)
suppression in PbPb at 2.76/5.02 TeV

I'-averaging, min. bias 0-100%

| PbPb@2.76 TeV — CMS (2015) +e~ |
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< 10% higher suppression at
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/ 2.76 TeV (calculation)

s — 5.02 TeV (prediction)

(t== 0.4 fm/c; prel. CMS data
2015/16)
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5. Conclusion Y at RHIC and LHC

¢ The suppression of the Y(1S) ground state in UU collisions at RHIC and
PbPb at LHC energies through gluodissociation, damping, screening,
and reduced feed-down has been calculated for min. bias, and as
function of centrality, and is found to be in good agreement with the
CMS result. Screening is not decisive for the 1S state except for central
collisions. The flat p; dependence is understood based on the relativistic
Doppler effect.

*¢* The enhanced suppression of the Y(2S, 3S) relative to the 1S state in
PbPb as compared to pp collisions at LHC energies (CMS) leaves room
for additional suppression mechanisms, in particular for peripheral
collisions where discrepancies to the CMS data persist. Hadronic and/or
magnetic dissociation of the excited states may be relevant.
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