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Quark-Gluon Plasma

Temperature

Baryon density

» QCD: strong force describes the interactions
between quarks and gluons forming hadrons.

» Lattice QCD predicts a deconfined state of
matter (QGP) at high temperature.

» QGP can be recreated in Heavy-lon Collisions
(HIC) at hadron colliders.

» QGP lifetime is small (~2-4 fm/c at RHIC,
~15-20 fm/c at the LHC)*, a direct observation
of the QGP is not possible.

» Experimental probes of QGP: jet quenching,
Neutron stars strangeness enhancement, quarkonia, etc.

*1fm/c~ 1024 sec
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Quarkonia, a key tool for the QGP

b + b = bottomonia (Y(nS))
<> Heavy quark pairs produced in the initial hard partonic collisions.

<> Suppressed by Debye color screening:
+* Color charge of one quark masked by surrounding quarks.
s Prevents q@ binding in the QGP.
¢ Debye screening radius (A,) vs quarkonium radius (r).
% A, < r = the quarks are effectively masked from each other.
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Suppression vs enhancement

b + b = bottomonia (Y(nS))
<> Heavy quark pairs produced in the initial hard partonic collisions.
<> Suppressed by Debye color screening:

+* Color charge of one quark masked by surrounding quarks.
s Prevents q@ binding in the QGP.

¢ Debye screening radius (A,) vs quarkonium radius (r).

% A, < r = the quarks are effectively masked from each other.

<> Recombination
v In central HIC, N__> 1. (RHIC: ~10; LHC: ~100).
v Regeneration of J/{ pairs possible from independently produced c & T

os3es

» Leads to an enhancement of J/Y (or less dramatic suppression if 2 effects compete).
[ No/small regeneration is expected for bottomonia.
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Nuclear matter effects

CNM effects
Elementary collision Cold nuclear matter(CNM) | + Hot nuclear matter effects
No nuclear matter effects effects without QGP (related to QGP formation)
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Nuclear matter effects
gt P

CNM effects
+ Hot nuclear matter effects
(related to QGP formation)

Main observable:

R Y4 ratio of the production yield in AA to that in pp, scaled
AA

N.,Y,, bythe number of binary nucleon-nucleon collisions.

“*If R, # 1 = there are some nuclear matter effects.
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J/U suppression in Pb-Pb
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Low-p- J/Y in Pb-Pb

ALICE preliminary
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» p; spectrum is similar to the photo-production seen in UPC (b>2R).
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<p:>of J/Y in Pb-Pb
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» Significant reduction of J/{ <p;2> in Pb-Pb as compared to pp collisions.

» Opposite trend at RHIC and SPS energies.

» Transport model with regeneration component reproduces data at
different energies.
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Y(2S) vs J/Y in Pb-Pb

PRL 113 (2014) 262301
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1 » High-p; J/U and §(2S) are

suppressed, consistent with
the sequential melting.

1 > At lower p;, and forward y,

less Y(2S) suppression.

» At high p;, enhanced

suppression in central events.
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Bottomonia in Pb-Pb

PLB 738 (2014) 361 CMS-PAS-HIN-15-001
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Nuclear matter effects

P 5@@%

Cold nuclear matter(CNM)
effects without QGP

0
l

» To disentangle hot and CNM effects, p-Pb collisions are needed @

as an intermediate step between Pb-Pb and benchmark pp collisions. “SH#

¢ In p-Pb collisions different kinds of CNM effects can be considered:

@ Initial-state:
v' gluon shadowing
v" gluon saturation

@ Final-state:
v" nuclear absorption

@ Coherent parton energy loss

L;w l. Lakomov, LHCP 2015, 01/09/2015 13

NSZA



J/Y vs pr and y in p-Pb

JHEP 1402 (2014) 073 | arXiv: 1503.07179
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» Rppb = 1 for all pt at backward y, and for high pr at forward v.
» At forward vy, Rpeb increases with pr.
» As a function of rapidity, Rppb decreases from backward to forward vy.

» Shadowing and coherent Eloss: fairly reproduce p; and y dependence,
except low pr at forward y, where coherent Eloss underestimates the data.

» CGC: overestimates the suppression at forward-y over the full pr range.
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» No difference between prompt and non-prompt J/ Rppp at backward y.
» At forward y, the difference <25%.

» Small non-prompt fraction + large uncertainties => safe to compare to inclusive.
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» Large J/Y suppression at forward y, increasing with N

» Consistent with no CNM effects at backward y
» Large uncertainties at mid-y.
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vs p; and centrality
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» Large CNM effects in most central events: Q ,, increases with p; at both
backward and forward y.

» At small centrality Q,pp, is consistent with unity for backward and forward y.

» Surprising trend in ATLAS at high p; for the most peripheral collisions.
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» Harder p; distribution at forward y than at backward y.

> Atbackward y, the <p;?> ,, = <p;*>_ in peripheral collisions.

» Such a strong p; broadening indicates a presence of Multi-Parton
Interactions in p-Pb collisions.
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P(2S) vs J/YP in p-Pb

< P(2S) is more weakly bound state with respect to J/.

£ T anxivi140s.3796 & 148 | ALICE Preliminary
1\3_) 0.9 a3 ] =20 r Auiﬁcwgs-)P:\wu;F;F({)IZ'*XVTz(Zoss)_>e*eass -going direction)
& F Esq1.2F : ALICE z-Pb z::; 502 T:V »4.4<:<}lfm5<<»é.9é?ssjgginlgZ?r:cnon
% 0'85 G i S PHENIXd-A}J\sNN=200 Ge\i({ycm5|<c(¥.%5), PRL111,202301(2013))
dort b4 I i
206F C %
e | sl H |
£ ALICE p-Pb@5.02 TeV o6k
2 0al PHENIX d-Au@200 GeV oak $
5 02f  auce peb, (myms02Tev . ,FALICE forward y
:_ u , d-Au, \/sTN= .2 Te <
O1§ PHENIX, d-A 0.2 TeV -ALIICE Ibacll(walrd yl I I |
S T S I S S R O =246 "8 10 12 14 16 18
Yoo <Nrcr(')lf|">, <N2§"“>
> [W(29)/3/W]pp gau is sSuppressed compared to pp. &'° PP (50 502 TeV
’ 6 A P
> )(2S) suppression in p-Pb depends on centrality. 14} Jq{;" \ T e
. . . . 12— 2S .
> Similar behaviour in ALICE p-Pb and PHENIX d-Au. f —&>~_"" """ L arkiv:1411.0549 |
N
 Dependence on y? on energy? o8 =
. . . o8 —ffi— .
1 Model with comover interactions + EPS09 agrees .. —#
with ALICE and PHENIX. Final state effect? 02}
0'.11.]1...I....In.nl....l..nlu.;I.;..I..Hl.. L

L;w l. Lakomov, LHCP 2015, 01/09/2015 19 Yems

NSZA



P(2S) vs J/YP in p-Pb
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Y(nS) in

p-P

b
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» Similar suppression of Y(1S) and (prompt) J/{.

> Y(2S)/Y(1S) decreases with increasing multiplicity.
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J/U: from p-Pb to Pb-Pb

Hypothesis

JHEP 1506 (2015) 055

v" Assume similar x in Pb for Pb-Pb@Vs,=2.76 TeV and in p-Pb@Vs,,=5.02 TeV.

v’ Factorization of shadowing effects in p-Pb and Pb-Pb = R

" ALICE inclusive Jhp—
141 A

pPb

fe]

o

o]

0
oc
_5; 1 0L B Reypy 25y, <4), (S =276 TeV,
o1,
sa - (Phys. Lett. B734 (2014) 314)
o
P
e}
sE

: ® Ry (2.03<y  <3.53)x Roi" (-4.46<y_ <-2.96), |5, =502 TeV

1.4

Hpopo

0-90% +‘

1.2

pPb’

0.2

Shad

pbpb = Rppb(Y20) x Rpp(y<0).

| ALICE inclusive JA) — e*e’

r 2 = . . .
| ® Rp,(-1.37<y_ <0.43), |s,, =5.02 TeV mi d'ra pld |ty
| W Reupu(ly,, 1<0.8), |Syy = 2.76 TeV, 0-50 %

T

p Pb)forwx(p Pb)back 0-8:
0.6

04f s . 0.4f
- forward rapidity Pb—Pb_$_ [

2 4 6 8 10
P, (GeV/c)

» High p;:suppression in Pb-Pb due to hot nuclear matter effects (QGP).
» Low p;: less or same suppression with R, ,, compared to R[S)Eapdb.

— Hint for (re)co
o)

NSZA

mbination in Pb-Pb?
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Summary

Quarkonium production in Pb-Pb is mainly dominated by the hot nuclear matter effects.
In p-Pb: strong CNM effects in quarkonium production; depend on p;, y and centrality.

a
a
d The CNM effects are higher in the most central collisions, decreasing towards peripheral.
d Strong p; broadening is found at forward y.

d

No model is able to reproduce precisely all observables, though shadowing and
coherent energy loss work well.

The Y(2S) is suppressed more than J/ in p-Pb compared to pp collisions.
Comover model can describe different behaviour of the 2 charmonium states in p-Pb.
Some inconsistencies between ALICE and ATLAS: p; dependence or reference issue?

Data taking of pp@5.02TeV are appreciated.
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Thank you!
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Backup slides
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p-Pb detector setup

* Shift in y__ in p-Pb collisions

LHC beam asymmetry (E,,=1.58*A TeV, E =4 TeV) = |Ay| s = 0.5 Log(Zp,A,/Z,Ap) = 0.465

2 Pb-going direction
Pb —— (backward rapidity)

&
-
Pb-p
|
& l ;ylab =0
ycms = O
J/U, U(2S), Y(nS) > pru:-4.46 <y, <-2.96 Jb > ete:-137<y,..<0.43

J/, W(2S), Y(nS) 2 pru:2.03<y,..<3.53
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Prompt J/Y in p-Pb
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Y(1S) vs Y(2S) cross-sections

PLB 740 (2015) 105

* Y(1S) cross-sections in p-Pb@5.02 TeV (ALICE):
~4.46<y, <-2.96:  5.57 +0.725% £ 0,60 b
2.03 < Y s < 3.53: 8.45 + 0.945tt + 0,775t b

* Y(2S) cross-sections in p-Pb@5.02 TeV (ALICE):
~4.46<y. <-2.96:  1.85%0.61t%t £ 0,325 b
2.03<y,  <3.53: 2.97 +0.825tat + 0,505t pib

< [Y(2S)/Y(1S)] in p-Pb@5.02 TeV (ALICE):
~4.46<y,. <-2.96):  0.26+0.09 +0.04
2.03<y,  <3.53: 0.27 +0.08 + 0.04

< [Y(2S)/Y(1S)] in pp@7 TeV (ALICE):
2.5<y<4.,0: 0.28 £0.08

» For ALICE no evidence of different CNM effects on Y(2S) compared to Y(1S).
0 CMS measured at mid-y [Y(2S)/Y(1S)],p,/[Y(2S)/Y(1S)],, = 0.83 + 0.05%%" + 0.05°¥s*

L;{RW |. Lakomov, LHCP 2015, 01/09/2015

—~
o) - ALICE p-Pb | s = 5.02 TeV, inclusive Y (18)-u"w', p_ >0
= 12r Ly (446<y  <-296)=58nb", L, (203<y_  <353)=50nb’
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Q 10 Correlated uncertainties: 1.6%
S B
©
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Coherent parton energy loss in Pb-Pb

£ 12 T
© [ 090%Pb-Pb\s=276TeV i
1 — [ ——
F. Arleo et al. -
1 L 08—_ 4 . . .
arXiv:1407.5054 B 1 < Factorization of the effects in p-Pb
P saams B o ] .
osf = - and Pb-Pb is also assumed.
i_‘_/// B =
0.4 i -
L [ E loss Jry -
02F [T E loss Y -
- e ALICE J/y (syst global =+ 8 %) .
o] ISP I I P RN P U RS P P
54 3 2 94 0 1 2 3 4 5
y
g1.2_lllllllllllllIlllllIlllllllll]lllllllll- §12 llllllIlllllIlllllIllll]llllllllllllll-
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» Good job of the model (if the regeneration does indeed compensate the Debye screening).
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