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1. Introduction

LHC detectors: Atlas, CMS, LHCb, ALICE

Pb - Pb at LHC:

NINESRNS

LHC - B CERN . .
- zghoint 8 e AT IAS ALICE max. 5.52 TeV/ par"rlcle pair

: é : : Point 1 I’ﬁpointz

1st lead beam Nov 6, 2010
@276 TeV

- PbPb @ 2.76 TeV 2011/12
- pPb @ 5.02 TeV 2012/13

- PbPb @ 5.52 TeV planned
in 2015.

QFTHEP_2013



LHC Detectors

CMS*

da Vinci style

= 60 HI people

Alice™: L3 magnet * heavy-ion capability
=1,000 HI people QFTHEP_2013 4



2. Stopping: Net protons/baryons and gluon saturation

Stopping occurs mainly through the interaction of valence quarks with gluons

Artwork: UFRA

At RHIC (= 0.2 TeV) and LHC (= 5.52 TeV) energies, initially a state of
very high gluon density is formed, which transforms into a strongly

coupled quark-gluon plasma, and then hadronizes after =10-%3 s into
mesons and baryons.

Search for signatures of the QGP, and the initial Gluon Condensate in
net-baryon (proton) distribution functions.
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== H1PDF 2009
Q% =10 GeV?
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Structure functions (pdfs)
from e + p deep

inelastic scattering (DIS)
at HERA (DESY)

N Xg /20

+ Gluon structure functions grow with increasing Q2% and 1/x
+ At small x and high energy, gluons dominate the dynamics.

¢ The gluon distribution should saturate at very small x. The
saturation scale is 1/3 .~
Qi(x) ~ Az~ A~ 0.3

S

—> Saturation effects should be more pronounced in nuclei



Microscopic formulation of baryon transport
for RHIC, LHC physics

» The net-baryon transport occurs through valence quarks:

» Fast valence quarks in one nucleus scatter in the other nucleus by

exchanging soft gluons, and are redistributed in rapidity space.

The valence quark parton distribution is well known at large x, which
corresponds to the forward (and backward) rapidity region, and it can be
used to access the small-x gluon distribution in the target.

Y. Mehtar-Tani and GW, Europhys. Lett. 94, 62003 (2011)
Phys. Lett. B688, 174 (2010)
Phys. Rev. C80, 054905 (2009)
Phys. Rev. Lett. 102,182301 (2009)

GW, Prog. Part. Nucl. Phys. 59, 374 (2007)
Phys. Rev. C 69, 024906 (2004)



The differential cross-section for valence quark production with rapidity y
and transverse momentum p+ in a high-energy heavy-ion collision is

dN 1 1
2 .2 le1%(3717Qf)90(51727201*)

2 p—
d*prdy  (27)2 p7
The contribution of the valence quarks in the forward moving nucleus
to the rapidity distribution of hadrons is then (integration over p-):
dN C d2pT
Y PT AN A

Valence quarks Gluons

Where the transverse momentum transferis pr,

the longitudinal momentum fraction carried by the valence quark

s z1=pr/vsexp(y)

and the soft gluon in the target carries 9 = pT/\/g exp(—y).
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Starting from Eq. (4) in hep-ph/0211324 (A. Dumitru, L. Gerland, M.
Stikman) and integrate it over k;

A—hX
%=%/ ‘”“/ dz= fo/p(2,Qs) Dnja(=Qs) w(Zhe), (1)

where ©(k¢) = kZC(k;). Recall that » = 5‘; e?. Performing the following change

of variables

u=<, (2)
;k: = I\/;e_y.~ (3)
Eq. (1) can be rewritten as
do.pA—th —
W - / / — Dh/q )fq/p(vaS) 99(:3\/;6 y)'
_ % L[ il Qs)] Fare (@.Q4) playe)
. 21r (f:: ./0‘ du Dh/q(u,Qs):I Ifq/p(fB,Qs) 99(1\/;3—!’)»
C [ldx
o~ w ) = x fq/p(x, Qs) 0l (zv/se™¥

where C' =~ fol du Dpjq(u,Qs), up to logarithms this is a constant.

QFTHEP_2013



Stopping in relativistic heavy-ion collisions

As in deep inelastic scattering, geometric scaling is expected:

The gluon distribution depends on x and p7 only through the scaling
variable p%./Q?(z) with the saturation scale

Qs (@) = AYPQgz™?

where A =0.1-0.3 (fit value in DIS at HERA is A = 0.3 in agreement with
next-to-leading order BFKL results of A = 0.288 ).

Test this in comparison with SPS and RHIC data
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Perform a change of variables

2

T=x1, To=xe Y, pr=x’se Y

then the rapidity distribution can be written as a function
of a single scaling variable ©

7 =In(s/Q3) — In AY3 — 2(1 + A)y

dN, . C [‘dz 2N
&0 =5 | T @) eaPe)

x
For sufficiently large values of x, or the corresponding rapidity,
the net-baryon rapidity distribution is a function of a single variable
that relates the energy (s) dependence to the rapidity (y) and
mass number (A) dependence.

There are 3 parameters: C, A, Q,.
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Net-baryon rapidity distributions at

100+

| NA49
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SPS, RHIC, and LHC

»Central (0-5%) Pb+Pb (SPS) and Au+Au (RHIC)
Collisions

»Dashed black curves: @t = 0.08 GeV2, A=0
Solid red curves: QZ = 0.07 GeV2, A=0.15
Dotted black curves: (2)= 0.06 GeV?2, »=0.3

» A larger gluon saturation scale produces more
baryon stopping, as does a larger value of A.

>The saturation scale is  Q?(x) = A1/3ng_)‘

Y. Mehtar-Tani and GW, Phys. Rev. Lett. 102,182301 (2009).
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Net-baryon rapidity distributions at

Particle identification region in ALICE

1
|

5.52 TeV

M |
. \
-\
-\ \L
N

y
Y. Mehtar-Tani and GW

| DY/ B PR R L nlu"
108 6 4 2 0 2 4 6 8

Phys. Rev. Lett. 102,182301 (2009)

|
10

LHC: prediction

> Central (0-5%) Pb+Pb collisions, Ybeam = 3.68

»Dashed black curve: A= 0
Solid red curve: A=0.15
Dotted black curve: A=0.3

»A larger gluon saturation scale produces
more baryon stopping; the fragmentation
peak position is sensitive to A

» The midrapidity value of the net-baryon
distribution is small, but finite:
dN/dy (y = 0) = 4. The total yield is normalized
to the number of baryon participants, Ng = 357.

Measurements with particle identification will be
confined to the yellow region for the next years
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Net-proton rapidity distributions at RHIC and LHC

Au collisions at RHIC energies of 0.2 TeV is compared with BRAHMS data [12] in a y2—

minimization as in Fig. 1.

Y. Mehtar-Tani and G. Wolschin, Phys. Lett. B688, 174 (2010)
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Mean rapidity loss: from AGS to LHC

Dotted black curve: A=0.3
Solid red curve: A=0.2

| Dashed black curve: A=0
4 (no x-dependence: the mean rapidity loss reaches

” | a limit at large beam rapidities )

red star: theoretical prediction for LHC

| Hence, the value of A could be determined in
05 4 ¢ & —oheavy-ion collisions at large energies (beam

y rapidities) above RHIC energies from the mean
rapidity loss, or the peak position.

62.4 GeV and 200 GeV RHIC data are from BRAHMS, Phys. Lett. B 677,
267 (2009). 17.3 GeV SPS data are from NA49, low-energy data from
AGS.

Y. Mehtar-Tani and G.Wolschin, Phys. Rev. Lett. 102,182301 (2009).
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Conclusion 2: Stopping

¢ In a QCD-based microscopic model, we have calculated the net-
baryon transverse momentum and rapidity distributions for heavy
systems at RHIC and LHC energies.

% LHC: The model allows (in principle) to determine the gluon
saturation scale from data on the mean rapidity loss, or from the
position of the fragmentation peaks of net-baryon distributions in
future forward-physics experiments.

** Midrapidity Pb + Pb results at LHC energies have been obtained in
the microscopic model, and will be compared to net-proton (and net-
kaon) data once available.
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3. Particle production: Relativistic Dif fusion Model
(RDM)

%R(y,t) = _a% [J (y)R(y,t)} +Dy§—y2[R(y,t)]2‘q

R (y,t) Rapidity distribution function. The standard linear Fokker-Planck equation

corresponds to q = 1, and a linear drift function. For the three components
k = 1,2,3 of the rapidity distribution,

0 1 0 02
. R ! .t —_— —— = |:’e — R ! ,lL:| DA—R y .,t
57 Lk (y: 1) By (Yeq—vy)-Rr(y,t) |+ Y 52 k(y,1)

Diffusion term, Dy=const.

Relaxation time and diffusion coefficient are related through a
dissipation-fluctuation theorem. The broadening is enhanced due to

Linear drift term with relaxation time T,

collective expansion.
< y1.2(t) >= Yeqll —exp(—t/7y)| FYmax exp (—t/7y)

mean value
0-212.'2.cq(t) = D;-QquTy[l - GXp(—Qt/Ty)]

variance

Linear Model: G. Wolschin, Eur. Phys. J. A5, 85 (1999); with 3 sources: Phys. Lett. B 569, 67 (2003); PLB 698, 411 (2011);

M. Biyajima, M. Ide, M. Kaneyama, T. Mizoguchi, and N. Suzuki, Prog. Theor. Phys. Suppl. 153, 344 (2004)
QFTHEP_2013 17



Diffusion of produced particles in pseudorapidity space

Pseudorapidity distributions of produced particles are obtained through the
Jacobian transformation

dN dNdy pdN dN  GW, J.Phys. G40, 045104 (2013)
" dydn Edy J(n, (m)/{pr)) 7, D.Roehrscheid, GW, Phys. Rev. C86, 024902

(2012)
J(n, (m)/(pr)) = cosh(n)-
[1 + ((m)/(pr))* + sinh?(n)] /2.
with the rapidity distribution :
in the three-sources model 0.99
0.981
dil\'rch yt = Tin r S F
( dy 1) — ;\clth(y., Tint) % 097;
+N2Ro (Y, Tint) + N Reg(y, Tine). 0,967
and the rapidity 0'95; :
4 2 0 2 4
y = 05-In((E +p)/(E —Dp)) n

Figure 1: The Jacobian dy/dn for < m >= m; and average transverse momenta (bottom
to top) < pr >=0.4,0.6,0.8,1.2,2 and 4 GeV /c.

QFTHEP_2013 18



Comparing data with the RDM prediction

Central PbPb @ 2.76 TeV  pregiction GW in PLB 698, 411 (2011)

2000--//
1500 / \\\ ]
i / \ { Prel. ALICE data
_g - J/ \ 1 QM 2011 Annecy
I ) . 1
< _ \ -
© I / \ ]
/
I TITTT \
i , \ ] ata
y ‘. 1 (PHOBOS)
0 /./ | o | \.\ 1 130 and 200 GeV
-10 -5 0 ) 10
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Comparison with RHIC and LHC data

LHC: PbPb@2.76 TeV
0-5% central
"] collisions, RDM-result
| adjusted to ALICE

:_ ] dN/dn [prel. data K. Safarik
1500F LHC | et al, QM 2012 Washington]

2000_' —r 1 T T T T 1T T r T T 1

— I
= 1000} ]
= [ | RHIC: PHOBOS
I 1 AuAu data 0-6%
500 71 @ 0.13 and 0.2 TeV [3]
[ 1 with RDM-results
oL—". N T _>~_1 (x?-minimization)
-10 -5 0 5 10

n [1] ALICE collab., PRL 105, 252301 (2010)

GW, J. Phys. G40, 045104 (2013)
[2] ALICE collab., PRL 106, 032301 (2011)

dN/dn (n=0) = 1584 £ 4 (stat.) £ 76 (sys.) [1] [3] B.B. Back et al.,PHOBOS coll., PRL 87,

1601160 [2] 102303 (2001); PRL 91, 052303 (2003);
QFTHEP_2013 PRC 83, 024913 (2011) 20



RDM %2 fits to prel. LHC/ALICE results for 2.76
TeV PbPb GW, J. Phys. G40, 045104 (2013)

2000_ - - 1 r - - 1 - - - 1 T 1
1500}

1000}

dN/dn

500 |

: Prel.Data: K. Safarik et al.
I ALICE Coll., QM2012
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Parameters of the 3-sources RDM
at RHIC and LHC energies

Table 1. Three-sources RDM-parameters Tin: /7y, I'1 2.9, and Ngg. N_° is the
total charged-particle number in the fragmentation sources, N,, the number of charged
particles produced in the central source. Results for < y;» > are calculated from
Ybean and T, /T,. Values are shown for 0-5% PbPb at LHC energies of 2.76 and
5.52 TeV in the lower two lines, with results at 2.76 TeV from a y?-minimization
with respect to the preliminary ALICE data [2], and using limited fragmentation as
constraint. Corresponding parameters for 0-6% AuAu at RHIC energies are given for
comparison in the upper four lines based on PHOBOS results [1]. Parameters at 5.52
TeV denoted by * are extrapolated. Experimental midrapidity values (last column)
are from PHOBOS [1] for |g| < 1, 0-6% at RHIC energies and from ALICE [13] for
In| < 0.5, 0-5% at 2.76 TeV.

SNN  Ybeam Tint/'ry < Y12 > l—‘1,2 ng Nclh+2 Ngg % n=~0
(TeV)
0.019 F3.04 0.97 F1.16 283 0 1704 - 314:t23[1]
0.062 F4.20 0.89 F1.72 3.24 205 2793 210 463:1:34[1]
0.13 F4.93 0.89 F2.02 3.43 246 3826 572 579:t23[1]

0.20 F5.36 0.82 F2.40 3.48 3.28 3933 1382 655+49 [1]
2.76 F7.99 0.87 F3.34 499 6.24 7624 9703 1601460 [13]
5.52 F8.68 0.85* F3.70 5.16% 7.21* 8889* 13903* 1940*




3 sources, and prediction for 5.52 TeV PbPb

e Centrality 0-5%

2000 |
S__1 500 |
S |
S 1000 |
500 |

O- e L Seel . S~ |

-10 -5 0 5 10

n GW, J. Phys. G40, 045104 (2013)
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LHC: Small fragmentation-source contributions

Charged hadrons

n
30 :
25 m A A m
% 20 i W [ I i
D _ W W | \"‘ .'/ [/ .tylll
2- 15} | 1; ‘ ‘I"-..I \\, + 5’/ l‘ \l‘
% 1o $ b + y/a
5 ii ” ; \\\\: W ) //;/\‘ |‘ I. ;I
-~ | \I |‘ |' \\1\115:“,5;;_5_:‘7:__:_7_%;5;;:}’ ,!’ \’ |I I‘
0 -8‘".: _I6 ! -4 1? " 0 i 4 \ 6 i\ 8
y

Net protons

at midrapidity

PbPb @ 2.76 TeV:

The smallness of the fragmentation sources at midrapidity

is in qualitative agreement with results from our QCD-
based microscopic model

Y. Mehtar-Tani and GW, Phys. Rev. Lett. 102,182301 (2009);
PRC C80, 054905 (2009)

for net-baryon distributions, which indicates a midrapidity
net-baryon yield dN/dy(y=0) = 4, corresponding to
12 valence quarks, as cp. to 1248 valence quarks in the

system (the net-baryon distribution has no gluon-gluon
source )

YMT&GW, Phys. Lett. B688, 174 (2010);
GW, Phys. Lett. B 698, 411 (2011)

QFTHEP_2013 24



Content of the sources as function of energy

20000———————
Z Centrality 0-5%
15000 (RHIC 0-6%)
c [ _
ZO 10000 1 Fragmentation
i sources
_ 1
5000 og(snn/so)
: T Central source
0 e S e ~ 044
0.01 0.1 1 10 NN

\/SNN (TeV)

GW, J. Phys. G40, 045104 (2013)
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Charged-hadron distributions in pp:
3-sources relativistic diffusion model (RDM)

| 14 TeV pp
| 7 TeVv
| 2.36 TeV

| 0.9 Tev (LHC injection energy / UA5)

Data: CMS collab., V. Khachatryan et al.,
J. High Energy Phys. 02, 041 (2010);

(_)10 -5 0 5 10 Phys. Rev. Lett. 105, 022002 (2010);
n UAS collab., R. Ansorge et al., Z. Phys. C 83,
357 (1989);
pp charged-hadron TOTEM collab., G. Antchev et al.,
pseudorapidity EPL 98, 31002 (2012)
gzteadziyond =25 3-sources RDM calculation: see GW, EPL 95, 61001 (2011) [Europhys. Lett.]
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dN,_y/dn
L O R - T =T O = TS O R PR S W - S ) bt ra w - w

b

3-sources model (RDM): Centrality dependence
of the asymmetric dAu system @ 0.2 TeV

R “‘1::4"_
T T T 71 T
| centrality
| 60-80%
_p=056
— '/’.
/
I~ /
- / ——
i / N

QFTHEP_2013

200 GeV dAu

PHOBOS data Phys. Rev. C72, 031901
(2005)

G. Wolschin, M.Biyajima,T.Mizoguchi,
N.Suzuki,
Annalen Phys. 15, 369 (2006)

Asymmetric systems are more sensitive to
details of the nonequilibrium-statistical
evolution than symmetric systems

27



3-sources model (RDM): Preliminary calc. for
pPb @ 5.02 TeV

Min. bias 5.02 TeV pPb @ LHC

o p,= 4 TeVic
20 N Zl *k ZQ
i VSN 2p, = 5.02TeV
\/ Al *AQ i Pr ©
15F
10} Ybeam = F In(v/SNN/Mo)
; — F8.586
S
oL——r T e L ' — Calculation: GW, J. Phys. G40, 045104 (2013)
-10 -5 0 5 10 Midrap. data: ALICE collab., PRL 110, 032301

n (2013)
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Conclusion 3: Particle production

** Charged-hadron production at RHIC and LHC energies has been
described in a Relativistic Diffusion Model (RDM).

%* Predictions of pseudorapidity distributions dN/dn of produced
charged hadrons in the 3-sources RDM at LHC energies rely on the
extrapolation of the diffusion-model parameters with In(/syy)

¢ In agreement with a QCD-based microscopic model, the contribution
of the fragmentation sources from quark-gluon collisions at LHC
energies is very small at midrapidity, but substantial at larger values
of pseudorapidity .

¢ Between RHIC and LHC energies, the midrapidity gluon-gluon source
becomes more important than the fragmentation sources.

¢ The centrality dependence of the three sources has been
investigated in direct comparison with the preliminary ALICE data.

QFTHEP_2013
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4. Upsilon Suppression in PbPb @ LHC

Events/(GeV/c?)

2
| IIIIIII| I I% I IIIIIIII

Y suppression as

- CMS Preliminary | . a sensitive probe for
10° PbPb\[Spy=2.76 TeV = the QGP
L, =7.28ub’ -
. » No significant effect
of regeneration

> my=3m, » cleaner
theoretical treatment

» More stable than J/y

Eq(Y,s) = 1.10 GeV
En(J/y) = 0.64 GeV

p# >4.0 GeVlc

T T IIIIIII

L L

10 10
m,, (GeV/c?)

CMS Collab., CMS-PAS-HIN-10-006 (2011)
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Y(nS) states are suppressed in PbPb @ LHC:
CMS

U S L B R I UL B i '
raoo] AR SN M A clear QGP indicator
3 £ Cent. 0-100%, ly| < 2.4 .
—1000 L, =150 b -1 1. Y(1S) ground state is suppressed in PbPb:
S PP i icews ] R, (1S) = 0.56+0.08+0.07 in min. bias
£ 800 } .
& ¥ -
o[ [ S 1 2. Y(2S, 3S) states are > 4 times stronger
600 - fp i, — eRPEPERt o gyppressed in PbPb than Y(1S)
B ) ks background |
4001 Jiig pp shape N
i P Fwseled 1 RL(Y(2S)) = 0.12  0.04 (stat.) + 0.02 (syst.)
200— —
Raa(Y(3S)) = 0.03 + 0.04 (stat.) £ 0.01 (syst.)

| I | [ L1 1 1 I | I | l L1 1 1 I L1 11 l | .| I L1 11
07 8 9 10 11 12 13 14
Mass(u*w) [GeV/c?]

= CMS Collab., PRL 109, 222301 (2012)
NPbe (QQ) [Plot from CMS database]

NCOHNpp(QQ) QFTHEP 2013 31
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Screening, Gluodissociation and Collisional
broadening of the Y(nS) states

» Debye screening of all states involved: Static suppression

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

» 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

F. Vaccaro, F. Nendzig and GW, Europhys.Lett. 102, 42001 (2013)

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

dary
- — + —e
3 |\rp r

4as * 27 sin(rz/rp)
—1 T dz 1 -
3 0 (1 + z2)2 (rz/rp)

Screened potential: rpy Debye radius, o 5= 0.37 the strong coupling constant

at the soft scale o.° = a (m,o)
accounting for short-range Coulomb exchange,
o = 0.192 the string tension (Jacobs et al.; Karsch et al.)

Imaginary part: Collisional damping (Laine et al. 2007, Beraudo et al. 2008)

rot =T [47ag(2N.+ N;)/6]/2 = m,, Debye mass

1 1 _r/rl)]

V(r,T)=orp [] - e_r/r"}
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Radial wave functions of Y(nS) states

From the numerical solution of the
Schoedinger equation with complex potential V(r)

- A
<r2> — 1.61 fm 1 2m — 2— ~+ V(T) — M ’lj)(f) = ()
| K

T =170 MeV

e

“-..... 1 Y(1S) groundstate very stable against
T—oMov]{ screeningforT<4.1T,

Figure 1: (color online) Radial wave functions of the T(1S5),(25), (3S) states
(solid, dotted, dashed curves, respectively) calculated in the complex screened
potential eq.(1) for temperatures T = 0 MeV (bottom) and 170 MeV (top)
with effective coupling constant @,rs = (4/3)ay = 0.49, and string tension

. 41 o =0.192 GeV2. The rms radii < r* >!/2 of the 2§ and, in particular, 3S state
\\ 1 strongly dependend on temperature 7', whereas the ground state remains nearly
L meall : unchanged.

From: F. Nendzig and G. Wolschin,
arXiv:1207.6227 (Proc. HP2012)
QFTHEP_2013



Cross section for gluodissociation

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

14mra, E? 1 . 1 )
M=3733 Mr(us;e—E" I13~H+E)r|t)

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

IM(t=0) = Eo

1 1l4na, E?
== — _— s ) O —_— _'n,"/v
o ‘53 3(L| (Hs+e€— E)T|Y)
B 2ma F

5 (V178 (Hs + e — B) 7[v).

Gluodissociation cross section in leading order, with coulombic wfct

QFTHEP_2013 35



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 coulombic + string eigenfunctions

oo

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

9 my,

for the Gluodissociation cross section.

QFTHEP_2013 36



Gluodissociation cross section

10 — ] 1
A — —~
8 - o(2S) 1 0.8 &
= | | x &
'S 6 thermal 0.6 g
= Gluon distr. \Z
T 4 ; - 04 <
© -
2
=
2 1025

(= - SRV, 0

10 100 1000
E, (MeV)

Figure 2: (color online) Gluodissociation cross sections o gjss(nS) in mb (lhs
scale) of the T'(1S) and T'(2S) states calculated using the screened wave func-
tions calculated from the complex potential eq. (1) for temperatures T = 170
(solid curves) and 250 MeV (dotted curves) as functions of the gluon energy
E,. The thermal gluon distribution (rhs scale, solid curve for T = 170 MeV,
dotted for 250 MeV) is used to obtain the thermally averaged gluodissociation
Cross sections.

F. Brezinski and GW, PLB 707 (2012) 534 / F. Nendzig and GW, Proc. HP12 Cagliari



Thermally averaged gluodissociation cross sections

00 2
nS L 9d nS p dp
< O diss >= 27r2'ng A Udiss(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

Gluodissociation width of the Y(nS) states: Cross section x gluon density

QFTHEP_2013 38



Damping and gluodissociation width of the Y(nS)

500 |
> Gluodissociation and 400 |
Collisional (damping) width 2 500 |
are of the same order of = '
. 200
magnitude
100 |
» Damping becomes dominant 0 [
at T 2 300 MeV 6 _ (b) 1—\diss/l—‘tot """""
:' Fdamp/l—\tot """"""
5 F s
> Since the excited states melt ol Feome/L s
due to screening at high T, 5 5 :
damping and gluodissociation ]
are relevant for these 2 ]
states only at low ol
temperature. 0 L v g l?
100 200 300 400 500 600
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Y(1S) very stable wrt screening

From: F. Nendzig and G. Wolschin,
PRC 87, 024911 (2013)



Dynamical fireball evolution

Dependence of the local temperature T on impact parameter b, time t,
and transverse coordinates x, y (Bjorken scaling for the time evolution):

Taa(b,z,y) (tqcp Y3
TAA(O.&O&O) t

T(b* ta 'I’? y) — TC

with the nuclear overlap (thickness function) T,, (b,X,y).

The number of produced bl_;_pairs is proportional to the number
of binary collision, and the nuclear overlap

Nyp (b, z,y) < Neon(b, z,y) o< T'an(b, z,y)

Preliminary suppression factor (without feed-down):

Rpl‘el _ fdef(ll’,d’y TAA(b,«. T y) e ftoFO dt I'tot (b,t,z,y)
A4 [ @b [ dzdy Taa(b,z,y)




Feed-down cascade including % and x.p states

Relative initial populations in pp computed
using an inverted cascade from the final
populations measured by CMS and CDF(Xp)
[Nfinal(1S):=1]

Mass (MeV)
ooy Y(11020)
109004
Thresholds:
S L N R R I U R U U BB,
10700+ B*B*
Ninia ' - e omEA
10500+
Ninitial
3S: 0.387 10300, %,y (2P) Xy, (@P) Xyp (2P) 3
e 2P: 0.976
10100} s T o ~
1P
2S:0.371 0900 | %o (1P) %1 (1P) 3 %o (1P)
1P: 1.29
9700 +
T
M
9500 +
n, (19)
Y(1S)
18:0458 = _ ) ) ) 4




Theoretical vs. exp. (CMS) Suppression factors

» Screening (potential model)

» Gluodissociation (OPE with string tension included)

> Collisional damping (imaginary part of potential) te: Y formation time
. togp: QGP lifetime
» Feed-down from excited states T @t 200-800 MeV
1.2 + | ' ' §

t-= 0.1 fm/c
tagp= 4, 6, 8 fm/c

0 100 200 300 400

QFTHEP_2013 "



RAA(2S)

Raa(3S)

0.8

0.6

0.4

0.2

Theoretical vs. exp. (CMS) Suppression factors

» Screening (potential model)

» Gluodissociation (OPE with string tension included)

» Collisional damping (imaginary part of potential)

» Feed-down from excited states
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Leaves room for additional
suppression mechanisms
in particular, for the excited
states.
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Conclusion 4: Upsilon suppression

+** The suppression of the Y(1S) ground state in PbPb collisions at LHC
energies through gluodissociation, damping, reduced feed-down and
screening has been calculated for min. bias, and as function of
centrality, and is found to be in good agreement with the CMS resuilt.
Screening is not decisive for the 1S state except for central collisions.

** The enhanced suppression of the Y(2S, 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 central collisions. There is
room for additional suppression mechanisms, in particular for peripheral
collisions where discrepancies to the CMS data persist. Screening is
very relevant for the excited states.

Thank you for your attention, and for organizing QF THEP |
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