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

» No significant effect
of regeneration

> my=3m, Cy cleaner
theoretical treatment

» More stable than J/y

Eq(Y,s) = 1.10 GeV
Eq(J/y) = 0.64 GeV
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Y(nS) states are suppressed in PbPb @ LHC:
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A clear QGP indicator

1. Y(1S) ground state is suppressed in PbPb:
RaalY(1S)]: 0.62 + 0.11 (stat) £ 0.10 (sys)

Npypy(QQ)
Ncollep (QQ)

2. Y(2S, 3S) states are suppressed in PbPb:
Y(25+3S)/Y(1S)|pp = 0787015 +0.02
Y(25+3S)/Y(1S)|pppy = 0.247235 +0.02

Raa =

(min. bias)
CMS Collab., PRL 105, 252301 (2010), and this conf.
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2. Screening, Gluodissociation and Collisional
broadening of the Y(nS) states

» Debye screening may prevent the formation of (or dissolve the) Y states
before gluodissociation occurs: Start with the consideration of screening,
with initial populations estimated from pp results at the same c.m. energy:
static suppression

» At LHC energies gluon-induced dissociation of the Y(1S) ground state
Is expected to yield a large contribution to its suppression due to
the substantial thermal gluon density in the qgp at midrapidity (=16/fm”3
at T=400 MeV): dynamic suppression

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

» Feed-down from the excited Y states to the ground state substantially
modifies the populations: indirect suppression
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Screening treated in a nonrel. potential model

Real part:

V(r,T)=o0rp [1 - e_r/rD] - [aeﬁ 4 Zefl o—r/rp
' ’,’D .7':

Screened potential: ry Debye radius, o= 0.471 effective coupling
accounting for short-range Coulomb exchange,
o = 0.192 string tension (Jacobs et al.; Karsch et al.)

'7’51 =T [dmas(2N.+ Nrf)/ﬁ]l/2 = my, Debye mass

ag

mp(T)

E(T)=M —2m — + aegmp(T’) Binding energy at

temperature T,;

M=Meson mass
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Figure 1.2: Screened Cornell potential for a.,g = 0.471, ¢ = 0.192 GeV? and different
values of the Debye mass mp in units of GeV.
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wave function (fm'1/2)

wave function (fm'1/2)

Radial wave functions of Y(nS) states

|
0.25 fm

From the numerical solution of the
Schoedinger equation

Qm—%—l-V('r)—.M Y(r) =0

l l050 fm > 12 7

<r'>""=0.73fm
. | i

1.5 -

’ FIG. 1. (color online) Radial wave functions of the
1 ] Y(1S5),(25), (35) states (solid, dotted, dashed curves, respec-
05 “‘\ i tively) calculated in the screened Cornell potential for temper-
N atures T' = 0 MeV (bottom) and 200 MeV (top) with effective
0 ‘.‘-'I i e e coupling constant a.g = 0.471, and string tension o = 0.192
05 b A 1 | GeV2. The rms radii < 72 >/2 of the 25 and, in particular,
B R T=0MeV 35 state are strongly dependent on temperature 7T, whereas

g b b7 L L L L the ground state remains nearly unchanged.
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From: F. Brezinski and G. Wolschin,
Phys. Lett. B 707 (2012) 534 (arXiv:1109.0211)
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Cross section for gluodissociation

Born amplitude for the interaction of gluon clusters according to
Bhanot&Peskin in dipole approximation / Operator product expansion

M — 14To E? E o ( 1 . 1 )FW’)

3 3 Hs +e¢— E Hs+e¢+ F

The cross section is obtained via the optical theorem from the forward
scattering amplitude

IM(t=0) = Eo

1 1l4na, E? s
=253 3 —(¢Y|rmd (Hs + € — E)7|¢)
2ma . E ,
=% (Y|7d (Hs + € — E)T|Y)

Gluodissociation cross section in leading order, with coulombic wfct
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Insert a complete set of eigenstates Xk) of the adjoint repulsive
(octet) Hamiltonian with eigenvalues k?/m to consider also the
string part of the potential:

on?a,E [
o= Tgl /dko (k*/m +¢e— E) '/dsr r (7)) xx(7)
0

2

which yields an expression that can be extended to include
the screened rather than the coulombic eigenfunctions

oo

om0, E k2
onS (B) = 2 / dké(—+en—E) w"S (k)|

9 my,

for the Gluodissociation cross section.
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Cross section results singlet to octet, coulombic wfct

o158 =

28972 m 1 g + 37 exp [arctan(q1)/(2q1)] _ |E
12 Vem?2(1+¢)° explr/(dq1)] —1 . €n

688072 [m 1 @+ 3, ? exp [arctan(g2)/q2]
025 = — | L~ ¢ :
=76 Vem(lt+ @) 83%2) “exp[r/(2q)] - L

o (TT43m Pfm 1l Gtg [, 299 2, 408 , ? exp [3arctan(gs)/(2g3)]
3 16 e m2 (1 + q2)° 25815 " 258183 ) T exp[37/(4gs)] — 1

n
m = Agn For z, —> 0 the expression by Bhanot&Peskin results

256r fm 1 q;
op = —
P 3 cem2(1L+ Q) For 1S etc.

1S result agrees with effective field theory: Brambilla, Escobedo, Ghiglieri, Vairo 2011
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Figure 2: (color online) Gluodissociation cross sections g445:(nS) in mb (lhs scale) of the
T(1S) and T(2S) states calculated using the screened Cornell potential for temperatures
T =200 (solid curves) and 250 MeV (dotted curves) as functions of the gluon energy E,.
The thermal gluon distribution (rhs scale, with my = 0; solid for T' = 200 MeV, dotted
for 250 MeV) is used to obtain the thermally averaged cross sections through integrations
over the gluon momenta.

F. Brezinski and GW, PLB 707 (2012) 534
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Thermally averaged gluodissociation cross sections

00 2
nS L 9d nS p dp
< O diss >= 27r2'ng /0 Udz'ss(E) exp [E(p)/T] —1

Table 1: Thermally averaged cross sections < 04is¢(nS) > in mb for the gluodissociation

of the T(15),(2S), (3S) states at four different temperatures T and my = 0 in 2.76 TeV
PbPb. The values include screening as described in the text; 25 and 35 states are screened

completely at high 7'

T < 04iss(1S) > < 04iss(25) > < 04iss(35) >
(MeV) (mb) (mb) (mb)

400 0.094 — —

300 0.141 0.041 -

200 0.124 0.465 0.152
170 0.080 0.783 0.604

Dynamical model for the expanding fireball with QGP lifetime ty5p and

Y formation time t; as free parameters; v,=0.9¢c, v,=v,=0.6¢
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Collisional damping through imaginary potential

400 I - I ' T ' T ' | ' |

i rdlss(1 S) —t
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—~

B0 T yamp(18) - ' Calculated damping widths
0T 1};“1% _______ . ) for Y(1S) and X» (1P),

< 250 " Typmp(1P) - and corresponding gluo-

2 p00 | Ttl1P) e - dissociation widths.

150 | n

Medium contributions from hard
thermal loop approx., to 1st order

Ar A,
Hyjg=————+W 8(7“)
=> Complex potentials: / AM M /
exp(—mpr ,
V1/8 — 01/8 [mD - ( " = ) - ZTCb(mD’r)] Ch = —Oleff
> 2z sin(zz) Cs = +as/(2N,)
— d 1
Cb(iU) /O : (1 -+ 22)2 [ Tz ] Laine et al. 2007; Beraudo et al. 2008
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3. Feed-down cascade including % and x,p states

T (11020) Initial populations in pp computed using an
inverted cascade from the final

populations measured by CMS and CDF( X'p)
[Nfinal(1s):=1]

T (10860)

N

initia -~~~ 1@ __

Ninitial
3S:0.387

2P: 0.976
2S:0.371

1P: 1.29

hadrons
1S: 0.458 Il
T T(1S)
15

JPC _ o-+ 1—- 1+- o++ 1++ 2++



Feed-down cascade for hadronic and radiative transitions

Decay matrix for the five states involved

( 1— Mx.ag 0 0 0 0 \
.'"12;')4_35 1— 1"’[_)((_-219 0 0 0
D= Mss 3s Mss. op 1 — Mx. 2s 0 0
Mipe as Mipeap Mipcas 1 —Mxeap 0
\ Mis. as Miscap Mise s Misc1p 1 — Mx. s )
with My, 35 = Myp,_ 35 + Mag, 35 + Myp, 35 + Mis. 3s

Mx . op = Mag. ap + Mipcap + Misc ap,
Mx 2s = Mipeas + Mise as,

My 1p = Mg, 1p,
My, 15 =0. (use a cumulative decay matrix C since multiple decays
may occur before detection of the states)

Calculate final from initial population vector

Pinal = CPritial.
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4. Comparison with CMS data

Suppression factor: tocp: QGP lifetime

t-: Y formation time

R “MS(1S) = 0.62+0.11(stat)+0.10(sys) , min. bias (0-100%)

Model result for
for

t-=0.1 fm/c, togp=8 fm/c: R, (1S)=0.60
t==0.5 fm/c, togp=8 fm/c: R, (1S)=0.71

Ratio of yields:

Y(2S+3S)/Y(1S)|pp = 0787018 +0.02
Y(25 +35)/Y(18)lpomy = 02473 +0.02 CMS data

Model result for

t-=0.1 fm/c, togp=8 fm/c: (25+3S)/15=0.46 +0.26/-0.08

(theoretical uncertainties from error bars in the input data)

> Leaves room for additional suppression mechanisms
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Theoretical vs. exp. Suppression factors

Consider
» Screening (potential model)

» Gluodissociation (OPE with string tension included) t Y formation time
F.

» Collisional damping (imaginary part of potential) togp: QGP lifetime

> Feed-down from excited states Tmax @ tg2 200-800 MeV

Y(1S) Y(2S+3S)/Y(1S)
1 § I I T I T I I T I T I T I T I T I T I 1
L x 4 |
ol I ? oy % ,,,,,,,,,,,,,,,,,,,,, ¥—— “ } 108 _
L 1 | )
T N
< 06 F l I L T4 % % -4 0.6 ;
N A L1 | 2
0.4 + exp. uncertainty + 1 T s 0_43
o
0.2 :E"z - 8; ;m;g M CMS measurement - l 1027
tr=1.0fmc —— F
O | | L | | | | L | | | | | | 0
0 2 4 6 8 10 12 0 2 4 6 8 10 12
tagp (fm/c) tagp (fm/c)

Leaves room for additional suppression mechanisms
in particular, for the excited states.
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B. Conclusion

“* The suppression of the Y(1S) ground state in PbPb collisions at LHC
energies through screening, gluodissociation, damping and reduced
feed-down has been calcu?a ed, and is found to be in good
agreement with the CMS result.

¢ The enhanced suppression of the Y(25+3S) relative to the 1S state
in PbPb as compared to pp collisions at LHC energies (CMS) is
consistent with the model within the (large) error bars for
sufficiently small Y formation times. There is room for additional
suppression mechanisms.

* Need data with better statistics for a detailed comparison:
expected from the Nov/Dec 2011 LHC run for 2.76 TeV PbPb.
New CMS data: 20x more Y events - see this conference !
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