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Motivation: the intriguing suppression of excited states in pA ‘

The facts: data from RHIC & LHC
 PHENIX: relative 1 (2S)/J/1 suppression in dAu collisions @ 200 GeV
e ALICE & LHCb: relative {(2S)/J/y suppression in pPb collisions @ 5 & 8 TeV
 CMS & ATLAS: relative \(2S)/J/y  suppression in pPb collisions @ 5 TeV
« CMS & ATLAS: relative Y(nS)/Y(1S) suppression in pPb collisions @ 5 TeV
 LHCb & ALICE: relative Y(nS)/Y(1S) suppression in pPb collisions @ 8 TeV

* |nitial-state effects —-modification of nPDFs / parton E loss- identical for the family
* Any difference among the states should be due to final-state effects

. . . . . 2
* Atlow E: relative suppression explained by nuclear absorption Oy, c.iup @ M meson

At high E: too long formation times t;=y 7,>>R

Consensus: Oy .y, is getting small at high energies and
may be the same for ground and excited states

A natural explanation would be a final-state effect acting over sufficiently long time
=> interaction with a comoving medium?
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Comover-interaction model CIM: Bases ‘

* In a comover model: suppression from scatterings of the nascent @ with comoving
medium of partonic/hadronic origin Gavin, Vogt, Capella, Armesto, Ferreiro ... (1997)

* By essence of their comoving character, these can interact with the fully formed
states after 0.3-0.4 fm/c

e Stronger suppression where the comover densities (multiplicities) are large. For
asymmetric collisions as proton-nucleus, stronger in the nucleus-going direction

* Rate equation governing 4,2
the quarkonium density: TdL (b,s,y) = —0%7° p(b,s,y) p<(b,s,y)
T
co—Q
0 cross section of quarkonium dissociation due to interactions with comoving medium

» Survival probability from integration over time: T¢/To = p«°(0,5,¥)/ppp(¥)

p°(b,s,y) ]}
Ppp(}’)

g(b,s,y) = 'exp {—GCO‘Q p(b,s,y) ln[
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Past CIM results for charmonia at RHIC and LHC ‘

oo~ ¥ ongmally fitted from SPS data: 0.65 mb for J/\p and 6 mb for y(2)
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Setting the scene for the bottomonium family ‘

* The bottomonium family is much richer than the charmonium one

* v firstparticle discovered at the LHC ATLAS PRL 108 (2012) 152001

e [t allows for a much finer studies with 3 Y states (decaying into dimuons)

It comprises excited states which are not too fragile [as opposed to e.g. the ¢’ ]
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Setting the scene for the bottomonium family

* The bottomonium family is much richer than the charmonium one

* ¥, firstparticle discovered at the LHC ATLAS PRL 108 (2012) 152001

e [t allows for a much finer studies with 3 Y states (decaying into dimuons)

It comprises excited states which are not too fragile [as opposed to e.g. the ¢’ ]

Feed-down structure at low p- is quite different than CDF measurement at p;>8GeV

Sapore Gravis Review arXiv:1506.03981 from LHCb data

Low pT Low pT Low pT
BmFrom 2S:7-8 %
From 3S <1 %

BFrom 1P :~15%
BFrom2P:~4 %
BMFrom3P:~2 %

W Direct: ~70 %

BFrom3S:?<?4 %
From3P:?7<?3 %
B From 2P : ?<? 20 %

mDirect: ?7>?70 %

B From 3P :?<? 30 %

M Direct: ?>?270 %

(a) T(1S) (b) T(2S) (c) T(3S)

High pT High pT High pT
BMFrom 2S:12-16 %
From 3S:2-3 % BMFrom 3S:4-8 %
mFrom 1P : 26-32 % From 3P : 3-6 % mFrom 3P : 30-50 %
From 2P : 4-8 % B From 2P : 20-40 % m Direct: 50-70 %
M From 3P :2-4 % m Direct: 50-70 %
/ W Direct: ~45 %

* Y(3S)is far from being 100% direct
* Inthe region of the Y PbPb and pPb data, the Y(1S) is not 50% direct
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Setting the scene for the bottomonium family ‘

* The relative suppression of the excited Y is probably the cleanest observable to fix
the comover suppression magnitude [without interference with other nuclear effect]

 However, not enough data to fit all the 6 00~ i [the feed-downs discussed above

d
* We needed to develop a new strategy by going to a were used|

microscopic level accounting for the momentum of the comovers

E. G. Ferreiro USC Comovers GSI 16/20 Dec 2019



Setting the scene for the bottomonium family

* The relative suppression of the excited Y is probably the cleanest observable to fix
the comover suppression magnitude [without interference with other nuclear effect]

 However, not enough data to fit all the 6 00~ i [the feed-downs discussed above

d
* We needed to develop a new strategy by going to a were used|

microscopic level accounting for the momentum of the comovers

e We take: GCO_QbB . (1 B EBinding @ E. G. F., J.P. Lansberg, arXiv:1804.04474
— Ugeom E.,

Ogeom = TG
Epinding = 2Mp — Mg, , i.e. the threshold energy to break the bound state
‘ E® = y/p*+m2, the average energy of the comovers in the quarkonium rest frame
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/

* We average over BE distribution of the comovers — P(E®; Teg) o< |1 /(e Uerr)- 1)
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the comover suppression magnitude [without interference with other nuclear effect]

 However, not enough data to fit all the 6 00~ i [the feed-downs discussed above
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* We needed to develop a new strategy by going to a were used|
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e We take: GCO_QbB . (1 B EBinding @ E. G. F., J.P. Lansberg, arXiv:1804.04474
— Ugeom E.,

Ogeom = TG
Epinding = 2Mp — Mg, , i.e. the threshold energy to break the bound state
‘ E® = y/p*+m2, the average energy of the comovers in the quarkonium rest frame

/

* We average over BE distribution of the comovers — P(E®; Teg) o< |1 /(e Uerr)- 1)

 We derive the energy- foe AE® P(E®: Torr) o (E)
averaged quarkonium- o Jge
thr
comover interaction (o= "W T, B)= -
cross section: f dE® P(E*; Tesr)
JEZ
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Setting the scene for the bottomonium family ‘

%600 ;_ O pPb with gluon comovers
= 500 F Z PoZD wih dluon comovers Using pPb CMS and ATLAS data at 5.02 TeV
= - P WIth pion comovers . .
= 400 [ A PbPowith pion comovers | | we fit T_and n. Also with PbPb CMS data
300 i— #
200 & f% By varying n between 0.5 and 2, we obtain
100 |- T.in the range from 200 to 300 MeV
ofl b e 1 1L poth for partons or hadrons
0.25 0.5 0.75 1 1.25 1.5 1.75 2 2.2;15

* High stability in the mentioned temperature range with running n

gw e
°© The mean values for the dissociation
I cross-sections for the bottomonium
------------------------------------------------------------------------- family in a comover medium made of
o ———— pions (continuous line) or gluons
A e (discontinuous line).
200 — 250 — 2&0 - 2(150 - 2é0 — 300 From down to up: 1S, 1P, 25, 2P, 3S, 3P

T(MeV)
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Double ratio Y(nS)/Y(1S) in pPb & PbPb @ 2.76 & 5.02 TeV ‘

For n=1 and T=250 £ 50 MeV:

T pPb at 5.02 TeV

CIM Exp
-193 <y<1.93 CMS data
T(2S)/ T(1S) 0.91 +£ 0.03 0.83 + 0.05 (stat.) + 0.05 (syst.)
T(3S)/ Y(1S) 0.72 £ 0.02 0.71 + 0.08 (stat.) + 0.09 (syst.)
—20<y<1.5 ATLAS data
T(2S)/ Y(1S) 0.90 + 0.03 0.76 + 0.07 (stat.) + 0.05 (syst.)
T(@3S)/ T(1S) 0.71 £ 0.02 0.64 + 0.14 (stat.) = 0.06 (syst.)

S 1.4 N T T T T
— | PbPb2.76 TeV Y(2S)/Y(1S) T PbPb 5.02 TeV Y(2S)Y(1S) 1 1 PbPb 5.02 TeV Y(3S)Y(1S) T
L 12|y <24 +lyl <24 +  Flyl<24 T ]
Z 1 ] T

I R X
+5 4 18-
TS 1 &
i1 ’
klllll111111111111111111111111111lllkllFﬁkllllllllllll11111]1111}1111}1111]11l‘l: Tl NG Tt pd | v
0 50 100 150 200 250 300 350 40 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Npart Npart Npart

Y(nS)/Y(1S) well reproduced in PbPb collisions without any other phenomena needed
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Consistency check: Y(1S) nuclear modification factor in pPb ‘

« Now that the g°~ < are fixed, we need to check the consistency with the
absolute suppression of Y(1S)

e Other nuclear effects which cancel in the double ratio, do not cancel anymore,
i.e. shadowing

o [ T T T T T T T T T T "l T T T | T ]
: 5 1.6 ®TeV
* We take into account o0 - PFD Sele .
nCTEQ1S e E
1.2 -
e Comovers damp down A ..o s
the antishadowing peak 0 8:_ + i E
=> better agreement T T -
with ALICE 0.6~ -
- $ATLASY(1S) .
0-4:— 4LHCb, Y(15) =
- ALICE, Y(1S) ]
E. G. F., J.P. Lansberg, 0'2: * .
arXiv:1804.04474 ob—L v 11 T | ]
-4 -2 0 2

4 yc.m.s.
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Consistency check: R, ,, for Y(1S) and Y(2S) @ 2.76 TeV ‘

é _|_I L | T T 1 | T T 1 | 1T T 1 | ]
o 1.6 — ]
* We take into account 1'4:_ T ]
nCTEQ15 (as for R ;) 1 oLl T .
B T o-100%
1t = |
0.8 § M E
* We do show the : T T o
signicant uncertainty 0.6 N\ W[ e T =
of the barely known 0 43_ B I N T
gluon nPDFs Trmeked & B : _
02F 1 e I = -
o:| T T . e g ;
0 100 200 300 400

part
The magnitude of suppression -taking into account nCTEQ15-
is well reproduced without the need to invoke any other phenomena
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Consistency check: R, ,, for Y(1S), Y(2S) and Y(3S) @ 5.02 TeV ‘

1.2

* We take into account 1
nCTEQ15 (as for R ;)

e We do show the

signicant uncertainty 0.4 - -
of the barely known - -
gluon nPDFs 0.2 ' W m -
- T, “- . -
O_, R I T e e ERERREE BEr s b e St '|%|‘
0O 50 100 150 200 250 300 350 400
Npart

The magnitude of suppression -taking into account nCTEQ15-
is well reproduced without the need to invoke any other phenomena
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Reaction rates (work in progress)

* In order to compare with other transport models, we are trying to obtain the
temperature dependence of the inelastic reaction rate

« Let us convert our cross sections into dissociation widths T'? = o (E®; T) p°.

CO

CO _ __c0-Q/co P
FE®, T) = 0 %E™)
~oO CO
l—Q T) = j dE° co—-Q Ec© P
o E 7D

OO EQ " co
Ty = nagj dE*° [1 - ﬂ"] £

EQ ECO eEco/T il 1
thr
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R

eaction rates (work in progress)

S 035F = .
- F —TAMU 1 06F .
0.3 —— Tsinghua E 055 :
025 — Duke 4 E :
- — KSU 3§ 04F =
02F Santiago 2 .
0.15F- 1% E
0.1F 4 02F E
007 0.2 03 04 05 05 01 02 TTTORTTTeATTTOE 06
> 04F Y(1S),IpT=10 Gev E o.7§ Y(29), pj=10 GeV E
O 0.35F - F
~ - 1 06
~ 03F - :
o 1 05F
0.25 - E c
0.2F E o.4§—
0.15F 5 03¢
0.1F 4 02F
0.05F 3 01f
00702 03 TTodTTOETTToe o4 0 TR ATTToE 06
T (GeV) T (GeV)
* Neither shadowing nor recombination included
* printegrated
e Formation time 0.3 fm
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Reaction rates (work in progress) ‘

> O7F Jnp,p.=0 | 3 2F w@S)p=0 | A

S sk 3 18F -

~ F _TA.MU 1 16F =

0.5 — Tsinghua 3 14E 3

- Santiago 3 .,.E E

04 — 1.2 C B

g RIS E

0.3F 1 o8 .

0.2F 4 o6 E

- 1 04F =

0.1 — -] 0.2 Z_ _Z

063 5 2071 02 03 04 05 06

o O7F Jnp,p =5Gev 3 2F y(28),p =5 GeV E

S o6F 418 E
— E .
0.5 = E
04 i— /—i
0.3F -
0.2F 3
0.1f 3

00T 02 03 04 05 06 %71 02 03 04 05 06

T (GeV) T (GeV)

* Neither shadowing nor recombination included
* printegrated
 Formation time 0.3 fm
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Reaction rates (work in progress)

> 07F Jhp, p =0 4 2F \‘»(23): p.=0 I I I E
o : T - : T 1
g 0.6 3 3 1.8 a3 =
= f —IaWU 1 16f £
05F —Tsnnghua 4 14F 3
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0.4 -] 1.2 -
s 1 1
03F 7 osk
0.2 3 osf
: 1 0.4F
0.1 ERY -
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— - 3
0.5 - e
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O - N i L n
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* Neither shadowing nor recombination included
* printegrated
e Formation time 0.45 fm
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Physical interpretation: what the nature of the comovers is ‘

* C(Casel: The medium is hadronic in pPb collisions, while it is gluonic in PbPb

e The most common expectation: The relevant d.o.f. are hadrons in pPb
collisions where the QGP is not produced whereas the gluons become
relevant in the hotter PbPb environment with the presence of QGP

* Case ll: Both in pPb and PbPb collisions, the medium is made of hadrons, i.e.
the comovers can be identified with pions

 Bothin pA and AA collisions, Y not affected by the hot (deconfined) medium

* Possible interpretation: melting temperature of the Y(1S) and Y(2S) is too
high to be observed and the Y(3S) is fragile enough to be entirely broken by
hadrons. Bottomonia unaffected by the presence of a possible QGP

* Case lll: Bothin pPb and PbPb collisions, the medium is made of partons, i.e.
the comovers can be identified with gluons

 Comovers are to be considered as partons in a (deconfined) medium
* A QGP-like medium is formed following pPb collisions at LHC energies
e CIM: effective modelling of bottomonium dissociation in the QGP
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