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G Motivation

Boulder

[PLB 178 (1986) 416]

QUdrkonid in heavy ion collisions Volume 178, number 4 PHYSICS LETTERS B

e Quarkonium suppression —> QGP formation

e Binding enerqy ordering of suppression |
9 gy 9 PP J/w SUPPRESSION BY QUARK-GLUON PLASMA FORMATION *

—> Sequential melting T. MATSUI

_ Center for Theoretical Physics, Laboratory for Nuclear Science, Massachusetts Institute of Technology,
Color Screening Cambridge, MA 02139, USA

and

H. SATZ
Fakultat fiir Physik, Universitdt Bielefeld, D-4800 Bielefeld, Fed. Rep. Germany
and Physics Department, Brookhaven National Laboratory, Upton, NY 11973, USA

Received 17 July 1986

Experimental aspect

If high energy heavy ion collisions lead to the formation of a hot quark-gluon plasma, then colour screening prevents c¢ binding

o Nuclear mod| ﬁ Ca'l'ion facfor usi ng quarkonium in the deconfined interior of the interaction region. To study this effect, the temperature dependence of the screening radius, as

obtained from lattice QCD, is compared with the J/y radius calculated in charmonium models. The feasibility to detect this effect
clearly in the dilepton mass spectrum is examined. It is concluded that J/i suppression in nuclear collisions should provide an

Yields in heaVY ion and baseline (PP) CO“iSionS unambiguous signature of quark-gluon plasma formation.

e Sequential suppression still not fully resolved

over 36 vyears...
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https://www.sciencedirect.com/science/article/pii/0370269386914048

v

Boulder

Motivation

~ Gluo-dissociation / landau damping —~w——

di, €5, 0

@ Suppression

| Color Screening | |

[JHEP 0703 (2007) 054]

€. 4, a

¢ Debye screening [PRD 78 (2008) 014017]
— static color screening : ReVs(r,T) %Q@%%Q
* Gluo-dissociation / Landau-damping B e e e

— dynamical screening : ImVs(r,T)

o Uncorrelated ol COrrelated - ‘
@ Recombination (Regeneration) , l

* Uncorrelated recombination (off-diagonal) -1 ‘ ‘

e Correlated recombination (diagonal)

28 March 2023 Hard Probes 2023
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Quarkonia in AA with CMS

Boulder
%103 PbPb 351 ub-1 (5.02 TeV) «10° PbPb 368 Mb (5.02 TeV)
[PRL 118 (2017) 162301] 8 :_l I | I I I I | I I | I I I I | I I I |_: 9:_| 1T | L | L | L [ | 1T |_: [PLB 790 (2019) 270]
7 :— 3< pi“ <30 GeV/c — Total fit _: oy § v <2.4 -
C\’IL-; E Cent. 0-20% .--Background E . 75_ pi - 4 GeV _E
S °F _ E > 7 | wiczs :
o . J / II) A 2 b E OGS . Centrality 0-100% $ PbPbData -
0 - 6 | - b Y 1 S ‘: — Total it -
(@) B 8 [ _ 9 5 o B
o 4= § 1.9 — ~ - ': ) ---- Background .
= - 2 | ’ 0 4 5 0 —
2 s : 5 & 11 1 Y(2S) e
GC) B 35 3.6 3.7 38 3.9 Lﬁ - VN .
S o M, (GeV/c?) - - P -
Ll o - 2 E
ks E 1 =
O i | | | | | | | | | | | | | | | | | :: O: 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 :
2.5 3 3.5 4 4.5 8 9 10 11 12 13 14
2
M. (GeV/c) m,.,- (GeV)

Previous charmonium and bottomonium measurements in PbPb through dimuon decay channel
Hunt of the Y(3S) meson in PbPb collisions with CMS!

a) Larger statistics : 2015 (0.37nb-1) — 2018 (1.6nb-1)
b) Improved analysis technique : MVA application for background reduction
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https://doi.org/10.1016/j.physletb.2019.01.006
http://dx.doi.org/10.1103/PhysRevLett.118.162301

v

Boulder

Observation of Y(3S) in PbPb

PbPb 1.61 nb™ (5.02 TeV)

p_ <30 GeV/c ¢ Data

Iyl <2.4 — Total fit Observation of the Y(3S) meson in PbPb!
Centrality 0-90% -*-+ Signal
- = Background

e First clear identification of Y(3S) peak in AA!

N
N

e Significance > 50 using fit likelihood ratio

—k
oo

e MVA application to maximize signal significance

Events / (50 MeV/c?)
N

—k
o

I 'y
] 1
.'.'.'

e Finally reached to measure five S-wave quarkonium states
. I/, P(2S), Y(1S), Y(2S), and Y(3S)

28 March 2023 Hard Probes 2023 5
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Y peaks in PbPb and pp

Boulder
x10° PbPb 1.61 nb™ (5.02 TeV) x10° | PP 300 r?b'1 (5.o|2 TeV)
T T 1 | T T 1 | T T 1 | T T 1 | T T 1 | T T 1 - N T T T T T L
10 __CMS p. <30 GeV/c ¢ Data N 200 :_Y(ls) ' CMS _:
i lyl <2.4 — Total fit : 180 :_ ! Supplementary _:
& I Y(IS) Centrality 0-90% ---- Signal | o - -
O gL (o -~ Background _ NQ 1602— p_ <30 GeVic E
> i & xg : : ; : > - lyl <2.4 E
2 $LomeY(2S) |1 2™ $oa =
2 B o 7 2 120 B — Total fit |
LO 6 B ;E = 2 5 : : o LO B | 7
= | 1 8 ° °) 1 = 1000 oSl -
?) i E, 1.8 ] n 80:_ : Y(zs) -.= Background A
€ 40  : o - c - - .
o | > 16 1 S 6o | Y(35S) -
> f R T - 4 T :
LLJ ol m,,, (GeV/c?) - 40F B2 E
: : 20® E
08 9 10 11 12 13 14 38 9 10 11 12 13 14
m,. (GeV/c?) m,. (GeV/c?)

Excellent signal extraction both in PbPb and pp
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Y(nS) Raa in PbPDb

PbPb 1.61 nb™", pp 300 pb™ (5.02 TeV)

_I 1 | L | T | T | B | B | T éMISI| I_I_ ] Ordering OF Y Suppression

an 30 GeV/ T "

S D I |+ Raa(Y(15)) > Ran(¥(25)) > Ren(¥(39)
] ' T Cent. 7
1 T 0l00%
[ ¢] Y(1S) (2015 PbPb/pp) T ]
0.8 - -
< I i Y(2S) T :
D:< [ + 1 i
>0l + i Y(3S) T B
1 ¢ i :
0.4 ° Y(IS)—— o —~
LWL g 5 o | ]
- * L _
0.2 B | ay Y{TZS) |
i [¢] e o - - - il = .-
_I [ 1 | | I | L 1 1 | | L 1 1 | | L [ 1 | | I|IIII I | I | L1 1 1 | I_I_ |
00 ""50 100 150 200 250 300 850 400 (o0

» 0
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Y(nS) Raa in PbPDb

PbPb 1.61 nb™", pp 300 pb™ (5.02 TeV)

—_'"'""""'""'"""'”'""”"""E—_ 1 @ Ordering of Y suppression
S Db CMS 1 1 o Raa(Y(19)) > Ran(¥(2S) > Ras(¥(39)
N =
0.8:1 i 2} Y(15) (2015 PbPb/pp) __ _ @ Gradual decrease towards central collisions
$ oY) T :
T o6 ) Y(3S) T B
. : — Pl
0.2 T -
O_uu||||||||||||||||||||||||||||||||E|-:|h_ "

O 50 100 150 200 250 300 350 400

» 0
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Y(nS) Raa in PbPb

300 pb' (5.02 TeV)

B R - Ordering of Y suppression
CMS T ;
1 i o Raa(Y(1S)) > Raa(Y(2S)) > Raa(Y(3S))
T Cent. -
0-90% -
- Gradual decrease towards central collisions
i Possible saturation in central collisions?
B | e Dissociation ® Recombination?
- * Need more precision data
1|
® ]

28 March 2023 Hard Probes 2023 9
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Y(nS) Raa In PbPDb

PbPb 1.61 nb™ pp 300 pb (5.02 TeV)

- -

lyl <2.4
Cent. 0-90%

Y(1S) (2015 PbPb/pp)
Y (25)

Y (3S)

CMS?

.

’ ¢

- off

-

|
5 10

15

20 25 30

p_ (GeV/c)

Sequential suppression in all pr region

o Raa(Y(1S)) > Raa(Y(2S)) > Raa(Y(3S))

No significant dependence on pr

e Coincidence of multiple effects?
O Everything depends on pt
— Dissociation
— Recombination
— Feed down fraction

— Formation time

28 March 2023

Hard Probes 2023

10



KOREA

UINSBVE RS 1 TY

Model comparison Raa

T T | ||P|b|P|b| |1| |6|1| |r]|b| |F|)|p|:?0||0|p||b| |(|5| |O|2| TﬁV) T T | ||P|b|P|b| |1| |6|1| |r‘|b| |p||p|:?0||0|p||b| |(|5| |O|2| TﬁV) T T | ||P|b|P|b| |1| |6|1| r]lbl |p||p|3|9|0|p||b| |(|5| |O|2| -Il-le|V)
120 p <30 Gev/c CMS 7 p._ <30 GeVic @ CMS T T p, <30GeVic E CMS T ]
i lyl < 2.4 Supplementary | - lyl <2.4 Supplementary | Cent L lyl <2.4 Supplementary | Cent ] . .
o e Il R - e o 4 e |(D,0,0 1 w/ recombination
i [#]Y(15) (2015 PbPb/pp) 0-90% i [#] Y(1S) (2015 PbPbipp) 0-90% [#] Y(1S) (2015 PbPbipp) T 090% - =) .
- [#lves h i V69 copedsotzmam | ] & ves I 1 |®,®:w/orecombinaton
N [4]v@s) 0QS + pNRQCD 1 [#]ve@s) = v(s) (%] v(@3s) TAMU 1 ]
I =y(s) il 1% m = Y(@s) il il Hvas)
ot [f Eves 1 ot e T 7 Dves) T -
1§ * s T f--g ! Y I ] |©,0,®:w/ CNM effects
ot iy " & g ° e I : 1 1®,® : w/o CNM effects
02 = 4 - -+ . - :
| _|§]§| E| |£ | E| f| ! ‘ 1mJ ------- ]%m]"'m"l""c!jl I | | | =1 T
[ Yo N I Y N N Y I Y I I A I II\I~'I‘ i S SN [ Y N N I | I | I Y S O T e 1111 | |||||||||||||||| T e e s e |
T T | T T | T T | T T | T T | T T | |||||||| __I T | [ | [ | [ | [ | o | IIIIIIII 1 _D 50 100 150 200 250 300 350 400
120 p <30 GeVic CMS - - p <s0Gevic [@) cmMs - - (N
lyl <2.4 Supplementary Cent lyl<2.4 Supplementary 1 .. |
1 """"""""""""""""""""""""""""" {-- o000 IO\ e E-E_OQO"/_
r [#]Y(1S) (2015 PbPb/pp) CIM +nCTEQ15 | 4] Y(18) (2015 PbPb/pp) T 7 @ _
il H]vies Bvws Eves ] : Open-Quantum System + pNRQCD
! Y(3S) = Y(@S) Y(3S) Heidelberg @ . .
Y —virs) 1 _ . Coupled Boltzmann transport equation
- —Y(29) — .
ves) 1 ®] : TAMU transport model
T Tk ] . .
= = 1 @] : Comover interaction model
: . =1 % ., @] : Heidelberg model
O_ S ] \\\\\\ mi ] |||||||||||||||||II|IIII|I|IIII | | 1111 | 111 I| ]
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

<Npart>

<Npart>

Different ingredients, different assumptions... All in agreement with Y(1S) Raa

Deviations appear for excited states — Focus on excited states constraints
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PbPb 1.61 nb™", pp 300 pb™' (5.02 TeV)

_I 11 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | I__
j_ p_ <30 GeVic CMS _II - &
‘ Supplementary 3
- lyl<2.4 uppiementary Z;
[ ---- OQS +pNRQCD ---- CIM +nCTEQ15 o B
i CILECR——— i S55% Coupled Boltzmann 5
il —— Heidelberg ] ~Cent. 1 @
A 1 0-90% Z*
n b - \
o)
- + o
- T |! o
- - - 7
- T o
i 1 -
B B N Z
L 1 \f\
E 1 )
k! i _| >~
— ! Z
O_| |TTTTTT?'|L'|"|"|"|'|LT'i‘r‘i‘TI‘r'i‘r'i'Jl'r-i-T-r-!-r-i-1-r-|-7-i-1'—| | il
0 50 100 150 200 250 300 350 400

<Npart>

1.6

1.4

1.2

Double ratio of Y(3S)/Y(2S)

PbPb 1.61 nb™", pp 300 pb™ (5.02 TeV)
_I I I I | I I I I | I I I I | I I I I | I I I I | I I I I_
- lyl<2.4 CMS -
- Cent. 0-90% Supplementary -
| $|Data OQS + pNRQCD :::=- Coupled Boltzmann i
B £ TAMU —— Heidelberg 7
SIS A ——— —
e A SO
— | ~
e M P B A
0 5 10 15 20 25 30

p_ (GeV/c)

Y(3S)/Y(2S) double ratio — indicating stronger suppression for Y(3S)

Significant differences among models

* Strong constraints on models to describe both centrality and pt dependence

28 March 2023
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Recombination effect

[PRC 96 (2017) 054901] [arXiv:2302.11826] [JHEP 01 (2021) 046]
PbPb 1.61 nb™", pp 300 pb™' (5.02 TeV) PbPb 1.61 nb™", pp 300 pb™' (5.02 TeV)
|||||||||||||||||||||||||||||||||||||||||__ ] _|||||||||||||||||||||||||||||||||||||||||__ ] 10 Eizzlyl::ry ?;:zty;
2" p, <30 GeVic CMS T 1120 p <30 GeV/o CMS T ] - IR o o
[ lyl<24 Supplementary T .. 1 [ _W<24 Supplementary T .. | |
| T T | e <06
Y(1S) (2015 PbPb/pp) T 777" ‘——{ Y(1S) (2015 PbPb/pp) T 0-90% et
i i i 1 0.4-
T ’ o 0QS+pNRQCD | ’
0.8 E Y(2S) Total TAMU No recomb. - . 0.8 - E Y(2S) Total No recomb. A 0.2
< N 7 N
< | Ny(s) Y(1S) | ] - | =Y(19) Y(1S) | ]
Y(3 Al S -
Cos oS Nyes) Byes) T - 0.6 i Y9 By@s) --Y(2S) T - 0.0
v@s) My as) - = %L ~Y@BS)  Y(39) . - 1.0
0.4 TR ~0.4 E 3 Nl - 0.8- o
L ‘ _ i | . . A i < 0.6 H 3S w/o cross recombination
0.2~ A S— 102 = & HRecombination on 1 & |[Nh ¥t g mmewmae
- )ination T . 1 r = | 2 0.4{ § ¥R :
I Te———ia ] ®] I N T . * o
N Lt [T : o — NN I A IO ol AN AN L2l M o | | oy | 9 | 0.2- :*; T3 EEE: SIS m———
OO 50 100 150 200 250 300 350 400 0O 50 100 150 200 250 300 350 400 KT $ ? ---- FRaEES BE=
(N __ ) (N __) 0.0- P ————— ittt
part part : : : : :
0 100 200 300 400

@ Recent theory calculations : Importance of recombination for Upsilons!
— Correlated (diagonal) term become the dominant component

— Larger effect for excited states

28 March 2023 Hard Probes 2023 13


https://journals.aps.org/prc/abstract/10.1103/PhysRevC.96.054901
https://arxiv.org/abs/2302.11826
https://link.springer.com/article/10.1007/JHEP01(2021)046
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OQS + pNRQCD

PbPb 1.61 nb™, pp 300 pb™' (5.02 TeV)

p. < 30 GeV/c
1.4

lyl <2.4

III|III|II

—h
ti—

0.4

with recombination

|III|III|III|I

0.2

(Ny (asy NY(2S))pbe/ (NY<3S>/NY(ZS))pp

1.6 prrrr e e T T T T T T
CMS

Supplementary

OQS + pNRQCD

=== No recombination

|,,,|,,,|,,,H

O IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I_

1.6

1.4

1.2

(Ny sy NY(ZS))Pbe/ (NY(3S)/NY(23))IOP

O 50 100 150 200 250 300 350 400

<Npart>

Recombination effect

TAMU

PbPb 1.61 nb™", pp 300 pb™' (5.02 TeV)

|

III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I

p_ < 30 GeV/c

lyl <2.4

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIllllll_

DI

CMS | -
Supplementary

TAMU + -
—— No recombination 1

— Total + Cent.
= 0-90%
¢
\_ﬁ_ -
with recombinatic

0

50 100 150 200 250 300 350 400

<Npart>

Decrease of Y(3S)/Y(2S) double ratio w/ recomb. —> more recomb. for Y(2S)!
Suppression : Y(3S) > Y(2S) > Y(1S) <—> Recombination : Y(2S) > Y(3S) > Y(1S)

28 March 2023
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Recombination effect

OQS + pNRQCD

PbPb 1.61 nb™, pp 300 pb™ (5.02 TeV)

B | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

:_ lyl <2.4 CMS _: ,;&
B Supplementary - Q
" Cent. 0-90% PP Yy - 1
- OQS + pNRQCD — Z

- Voata == _II\_I(c))tglacombination ] 5
A A e - ™
I 1
5 i £
: ................................................................... \_Q
R S e  S—— S
D | f-----teeeee- o
= %)
i . §
- >
~ : ST Z
! with recombination ™3
o i ~
- - £
B | | | | | | | | | | | | | | | | | | | | | | | | | | | | | ]

5 10 15 20 25 30
P, (GeV/e)

TAMU

PbPb 1.61 nb™, pp 300 pb™ (5.02 TeV

N

lyl < 2.4 CM S
Cent. 0-90% Supplementary
TAMU
¢ | Data — ¥0tr?combination
=] Tota

| with recombination

0

5 10 15 20 25
P, (GeV/e)

Similar finding seen vs pr: Larger recombination for Y(2S) than Y(3S)

Important for sophisticated treatment of recombination for excited states

30
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[PLB 790 (2019) 270]

[EPJC 78 (2018) 509]

[JHEP 02 (2020) 041]

[arXiv:2210.08893]

Quarkonia Raa

1 2 0T | 0T | 1 | [ II:I>|bII:)IbI‘II-|6I1IrI]P-|1,I FI)Ipl3|OIOI Iplbi‘ll(l5lolzl I-I-IeI\I/)
 lyl<24 CMS _

- Cent. 0-90% Supplementary

T _

i . Jhp _

~ #Y(1S)cent. 0-100% ' ovis o4 cent. 0-100% -
- *Y(ZS) a7 ALICE, 2.5<y<4.0, cent. 0-90% -

O ] 8 %_ ’ Y(3S) P(2S) __

:#_ x CMS, lyl<1.6, cent. 0-100% a

< Hay- 2t ALICE, 2.5<y<4.0, cent. 0-90% -

< 06" _

Tk PSR T
0.4 7] Sl & o+ -

L % ¢ +++ i

|

asll -

% L —

0.2} Sy S— :

my v * _

LY ' I

O [ | 11 [ | 11 [ |11 [ |11 [ |11 [ | 11 [ | 11 [ | 11 [ | 11 [ | 11

O 5 10 15 20 25 30 35 40 45 50

p_ (GeV/c)

Raa of five S-wave quarkonium states vs pr

Enhancement of Raa for charmonia at low-pr

— Abundant charm production

Towards high-pr
— When (if any) start to see increase vs p?
— Interesting to see how much coming from

jet-fragmentation

28 March 2023
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https://doi.org/10.1016/j.physletb.2019.01.006
http://dx.doi.org/10.1140/epjc/s10052-018-5950-6
https://doi.org/10.1007/JHEP02(2020)041
https://arxiv.org/abs/2210.08893

v
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Modification in pA/AA

PbPb, pPb, pp (5.02 TeV)

— O Ry Iy, | <193 CMS -
- BR,,ly, /<24 Supplementary - -
: pT<30 GeV/c
N ¢ -
I . :
? .
B . -
I :
I - _ :
I | | :
Y(1S)  Y(28) Y(3S)

Ordering of suppression in both pPb and PbPb!

Crucial information to study cold/hot nuclear

matter effects + initial/final state effects

Current models have difficulties in describing

both collision systems

28 March 2023
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First observation of the Y(3S) meson in PbPb collisions with CMS

Highest precision of Y sequential suppression in heavy ion collisions

Excited states Y(3S)/Y(2S) giving strong constraints to models

Summary

Sequential suppression in both pPb and PbPb!

Events / (75 MeV/c?)

deol J.‘:L:l“'bt'f..L i R R B
8 9 10 11 12 13
2
m,, (GeV/c?)

x10° PbPb 1.61 nb ™' (5.02 TeV)

IIII|IIII|IIII|IIII|IIII|II
p, <30 GeV/c ¢ Data

lyl < 2.4 — Total fit
Centrality 0-90% ---- Signal

><_‘|O3 |

Events / (50 MeV/c?)

-= Background _

LTS
i."'.l
.......
!

: H
: s
L]
*
RTPTTT AT

m,, (GeV/c?) -

14

PbPb 1.61 nb™, pp 300 pb™' (5.02 TeV)

_|||||||||||||I|IIII||||||||II|IIII|IIII|__
p. <30 GeVic CMS 1

yl<2.4 Supplementary

---- OQS +pNRQCD =---- CIM+nCTEQ15 1

®/Data  ___ TAMU === Coupled Boltzmann

—— Heidelberg I
_________________________________________________________ -

I e i Fpppsdspgepspdeprpepdppgepdepapge | | T

50 100 150 éOO 256 300 éSO 400

<Npart>
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Double ratio Y(3S)/Y(2S)

| Pt|>Pb1.|61 nbl'l PP |300 |olb'1 (5-|02 Te|V) - PbPb 1.61 nb™, pp 300 pb* (5.02 TeV
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_ . |||||||||||||||||||||||||||||

p, <30 GeVic CMS lyl<2.4 CMS

yl<2.4 Cent. 0-90%

N

1.4

1.2

|

(Ny(as/Nyes)pppn/ Nyiasy Nviesyop

:|||||||||||||||||||||||||||||||||||||||||_ OIlll|||||||||||||||||||||||||
OO 50 100 150 200 250 300 350 400 0 5 10 15 20 25 30

(N p. (GeV/c)

part>

Stronger suppression for Y(3S) than Y(2S) in central collisions & overall studied pt region

Y(3S)/Y(2S) double ratio as an important probe to study different in-medium effects
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10

Recombination effect

[PRC 96 (2017) 054901]

PbPb 1.61 nb™, pp 300 pb' (5.02 TeV)

[T I I I | I I I I | I I I I | I I I | I I I I | I I I I _]
lyl < 2.4 -
- CMS y i
- Cent. 0-90% -
Supplementary
= OQS+pNRQCD S
— Total No recomb.
B &3 Y(1S) (2015 PbPb/pp)  E=vy(1S) Y(1S) i
B mmm Y(25) =y (2S) --- Y(2S) _
| e YeS) L TYBS | mYES)
:—Q—Im:._‘ ® ] [ ] -
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.96.054901
https://arxiv.org/abs/2302.11826
https://link.springer.com/article/10.1007/JHEP01(2021)046
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* Mandatory to include jet quenching for
J/ suppression : Already ongoing studies e.g. LBT

* What about bottomonia?

—> Measurement : Y in or associated with jets!
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https://www.sciencedirect.com/science/article/pii/S0370269320302380?via%3Dihub
https://arxiv.org/pdf/2208.08323.pdf
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[EPJC 74 (2014) 3092]

Feed-down fraction (%)

Feed down correction

Y(1S)

T T 1T | T T | T T | T T | T T | T T | T T | T T | T T | T T 14
80__ _|
~ A CMS7TeVY(2S)—Y(1S) @ LHCb8TeV % (1P) = Y(18) 2
-0 - 7 LHCb 8 TeV Y(2S) — Y(1S) ¢ LHCb 8 TeV x (2P) = Y(1S) -
4 CMS7TeVY(3S)— Y(1S) ¢ LHCb8TeV yx (3P)— Y(18) ]
601 LHCb 8 TeV Y(3S) — Y(1S) e
50— —
40 B — Total feed-down fraction to Y'(1S) -
a0 | -
20 e =S —
10 -
- = —O—_ . o . o A =
O_:...!....I%?%uf"?‘#&ﬁ;ﬁ#ﬁluﬁﬁlilﬁ
0 5 10 15 20 25 30 35 40 45 50

p‘TWS) (GeV/c)

Feed-down fraction (%)

Y(2S)

O
F"S = B(mS — nS)—2=

Oy

S

[T T T | T T | T T | T T | T T | T T | T T | T T | T T | T T 1]
60 4 CMS7TeV Y(3S) - Y(28) ¢ LHCb8TeV y (2P) - Y(2S) -
| ¥ LHCb 8 TeV Y(3S) - Y(25) ¢ LHCb8TeV x (3P) — Y(28) |
50 —
B — Total feed-down fraction to Y'(2S) |
40 - 4/__
- D -1 :
[ - | i
30— T —
20 —
10} £ =
B 4|
O _I L1 1 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L 11 I_
0 5 10 15 20 25 30 35 40 45 50

p‘T‘@S’ (GeV/c)

Feed-down fraction (%)

Y(3S)

60

50

40

30

20

10

N

+ LHCb 8 TeV x (3P) — Y(39)

0

5

10

15

20 25 30
p‘T“"’S’ (GeV/c)

35

40

45

50

28 March 2023

Hard Probes 2023

24



