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Upsilon states in Heavy ion collision

x10° PbPb 368 ub™ (5.02 TeV)
g :__I L I L I LI I LI I LI I LI l—_ § 1.4:
- pt* <30 GeV CMS - (4 _
o] = |yuu|<24 ] 1.2}
- i3 ' . - R
- - 1 P >4 GeV ] AA
> 7:_ n"|<2.4 B 1t
O - : | ] [
G 6F i1 Centrality 0-100% $ PbPb Data =~ :
S 55_ — Total it : 0.8
E 45_ ---- Background _g 0.6;
g g ----Rpp scaled g - !
o F E 0.4 v
LU n . L
il ] [ ®®
- m 0.2:
- O
0: caov v by v by v by by by a . 00 Y(3S) Y(ZS)
8 9 10 11 12 13 14

m,.,- (GeV)
Y (Ilb) mesons provide evidence for color charge screening that sequentially

Increases w.r.t. binding energy
- This presentation reviews the recent observation of upsilon state modifications in
pPb and PbPb collisions at 5.02 TeV
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Upsilon states in Heavy ion collision

2011-2013
PbPb : JSNN = 2.76 TeV, L =166 l.lb‘l

pPb : sy = 5.02 TeV, L = 34.6 nb-!
PP : Jsww = 2.76 TeV, L = 5.4 pb-!

Runl

, WSu'pkplression of éxcited Y(-nS) in ”Pbe at 276 TeV |

[PRL 107 (2011) 052302] F

Quarkonium production in PbPb collisions at |
2.76 TeV }
[JHEP 1205 (2012) 063] ,'

Obsefrvati’or'l of Y(nS) sUppression at 2.76 TeV

[PRL 109 (2012) 222301]

, Suppression of Y(nS) in PbPb at 2.76 TéV |

[PLB 770, 357(2017)]

, Event activity of Y(nS) in pPb at 5.02 TéV |
[JHEP 04 (2014) 103]

Run2

2015
PbPb : /sy = 5.02 TeV, L = 368 ub-!
PP : ~/S\n = 5.02 TeV, L = 28 pb-!

, Suppress’ion of Y(nS) in Pbe at 5.02 TeV | |

[PRL 120 (2018) 142301] }

}+ Nuclear modification of Y(nS) in PbPb at 5.02 TeV |

[PLB 790 (2019) 270]

New data 2017-2018 PbPb : /Sy\n = 5.02 TeV, L ~ 1.6 nb-!, pp : ~/Snnv = 5.02 TeV, L ~ 300 pb-!
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Upsilon states in Heavy ion collision

: wSu'p-plression of excited Y(-nS) in PbPb at 2.76 TeV j

CMS, pp,\/s = 2.76 TeV
p’;, >4 GeVic,n"| < 2.4
p}' < 20 GeV/c
L, =225 nb™

t  [PRL 107 (2011)

From the first PbPb run at LHC, we
observed different ratio of Y(nS)/Y(1S)
between pp and PbPb.

Sequential melting?

Events /( 0.14 GeV/c?)

7 a 9 10 1 12 13 14
up invariant mass [GeV/c?)

The observation led us to measure the

double ratio  Raaof Y(nS)

“ CMS, Pb-Pb)\[S;y = 2.76 TeV

.C: p:>4GeVIc_. ml<24
Raa Of Y(1S) > P <20 GeV/c
g_ Ly = 7.28 ub™
« Precision measurement for very few s
corrections beyond signal counting £ 1 + + 4
Q
>
* |solates the final state effects from - T ; {'
production mechanism T TS PRTEE P S B
10 1 12 13 14
e Used 7.3 ub-l up invariant mass [GeV/c?]
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Upsilon states in Heavy ion collision

Observation of Y(nS) suppression at 2.76 TeV |

I-PRL 109 (2012! 222301l —l LI I LI I LI I I I LI I LI | LI I LI I-
ot i b e 14— CMS PbPb \/SN =2.76 TeV o
i —#- Y (1S), stat. unc. L. =150ub’ i
1.2 Y (1S), syst. unc. ly| <2.4 —
_ —4— Y'(2S), stat. unc. " _
1 + 1Y (2S), syst. unc. p. >4 GeVic -
In the following year, we got 20 times more i 000 ]
data g 08[ 40-50% 20-30% =
o i + i
| 50-100% -
. . 0.6 — + 10-20% ]
* First measurement of Raa vs centrality L + 5-10% 0-5% -
* Not enough statistics for Y(3S) 0.4 - " .
measurement i H D ¢] $ |
- i8] -
e Used 150 pb-t (x20 than 2010) 021~ ~
0 -l L1 1 I 111 l 1111 l L1 11 l L1 11 I 111 I 1 l¢]l l L1 1 l-
0O 50 100 150 200 250 300 350 400
Npart
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Upsilon states in Heavy ion collision

~ CMS pPb s, =5.02 Tev CMS PbPb \Syy = 2.76 TeV ]
L ey [<193,L=31nb" T Iy, /<24 L=150 ub" -
¥ 95% upper limit ]

PRL 109 (2012) 222301

pi >4 GeVic

=
In 2013, we took pPb data at 5.02 TeV e 1
(%x

* pPb serves as cold nuclear baseline

-+-- pPb/pp

 Drop of double ratios observed in pPb §0'8:_ | @ _:
less than PbPb but in the analogous Cg, . Y(2S) Roa L .

= 0.6 Y(3S) Roa —

manner — r Y(1S) Ry, YS R 3

A

« confirmed that large suppression of 04 p _
excited states is primarily due to hot i :
medium (QGP) 0_2:_ #‘l# PbPb/pp _:

Y(2S)/Y(1S) Y(3S)/Y(1S)
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Lessons from Run | result

- Y(nS) is suppressed by interaction with
medium, but not exactly as predicted by the
classical sequential melting picture All-or- T/T, 1 /{r) [fm]
nothing switch by temperature threshold

2 |- | Y(1S)
- Yet, suppression is higher for more excited = @
states = | % (1P)
- Suppression smoothly depends on the 12wl 7/y(15) Y'(2S)

centrality

Xb‘(zp) Y'(35)

=T WGP w(z2s)

- Results with more statistics and in different
collision energy would be useful to
comprehend the thermal property of QGP, as
a function of space and time
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Upsilon results with Run |l data

[PLB 790 (2019) 270]
-1 -1
+ Nuclear modification measured for - FDPb 368/464 ub , pp 28.0 pb_ (.02 TeV)
1_2__ p. <30 GeV CMS - _
all three states - <24 T :
- Cent. -
- + ““““““““ g8 oL~ g% oL~ LI o-100% -
[ o Y(1S) []Y(@S) T Y(2S) 1 |
0.8/e ®Y@S) []YBS) TYEBS) I -
<E 1 -+ -
<C L 4 i
< o6, E
il | 4 _
il ® Looa-l
0.4H 0 : d 1
- @ i
0.2 H # " $ 1
i % - ik
|
O_I L1 1 I | | I | | I | I | ] L | I | | | 1 @ | II % | I
O 50 100 150 200 250 300 350 400 == === .

<Npart>

" . Q'
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Upsilon results with Run |l data

[PLB 790 (2019) 270]
+ Nuclear modification measured for - FbPb 368/464 b, pp 28.0 pb (5.02 TeV)
1 ol p, <30 GeV CMS - —
all three states - <24 T ]

r | —_ --------- Cent.
1
: 1— ““““““ regn ol osor I o007

| _ | ® YZ1 S) [1Y@S) T Y(@2S) 1 :

- Dedicated trigger for un-prescaled ;0.8}e = Yl2s) []Y@S) ¥ Y(3S) T -
<1 T 2 4 _

peripheral collision o6l [l : T N
o . g T :

- to illuminate the moment of turn- :045__ l ' T . -
Raxa Of excited state , -

0.2~ 8 # ., T -

[ 1 i

i

|
O 50 100 150 200 250 300 350 400

: <Npart>

ST w ot
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Upsilon results with Run |l data

[PLB 790 (2019) 270]
» Nuclear modification measured for - POP 368/464 ub. pp 28,0 pb” (5.02 Tev). :
all three states l2p Fy]:z?fev CMS + -
/(R soct ssi oL T o o0

o Y(1S) []Y(@S) T Y(2S)

»  Same ordering of suppressionin 0.8} = YeS) []Y(3S) T Y(@3S)

< =
< [
Raa(Y(1S)) : 0.376 +0.013 (stat) = 0.035 (syst) I
Raa(Y(2S)) : 0.117 +0.022 (stat) + 0.019 (syst) 0.417 o

Raa(Y(3S)) < 0.096 in 95% C.L. 0.2

- Raa Gradually decreases for higher

0""""l""l""l""l'"l""l"@' %

|
centrality for 1S and 2S O 50 100 150 200 250 300 350 400

<Npart>

 Hints for rapid turn-on at very .

>
peripheral collision ( > 70%) ' "
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Upsilon results with Run |l data

[PLB 790 (2019) 270]
. g . -1 -1
+ Nuclear modification measured for 223087402 ub . pp 280 pb_(5.02 TeV)
1.2+ p, <30 GeV CMS -
all three states - <24 :

L s oL ss ol LIl o

Raa(Y(3S)) < 0.096 in 95% C.L.

0.2H

_ o il o Y(1S) []Y(@S) T Y(2S) :

- Same ordering of suppressionin  0.8je = Y2S) []1Y(3S) T Y(@39) .
< =N _

<C L _

RAA(Y(1S)) : 0.376 =0.013 (stat) = 0.035 (syst) Il o j
Raa(Y(2S)) : 0.117 =0.022 (stat) = 0.019 (syst) 0.47 7 () - B

L. #
- Raa Gradually decreases for higher ! $
O|||||!||||||||||||||
centrality for 1S and 2S 0 \50 #00 150 200 R50

« Strong suppression of 3S .
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[Comparison with 2.76 TeV] Raa vs centrality

[PLB 790 (2019) 270] [PLB 770, 357(2017)]

PbPb 368/464 ub™, pp 2|8.0 plb'1 (5.|02 Te|V) PbPb 368/464 ub™', pp 28.0 pb™ (5.02 TeV)
__LI [ | LI | LI | T T | T T T T T T L |_ _I T T T | T T | T T | T T | T 11 | T T | T T | T 11 | I_
1.6[7| p_<30Gev CMS 1.6~ p <30Gev CMS
14 _ lyl <2.4 Supplementary - 14 3_ lyl <2.4 Supplementary -
o : - .
1.201 — 1.2 —
11 S H
< - + &[5y, = 5.02 TeV : < - 5 =276TeV ® |5 =502TeV .
C 0.8je % -0~ |5 = 2.76 TeV — oC 0.8 i 68% CL ¥ 95%CL
0.6 % . - 0.6/ H -
N C 1 .
0.4 & @ = 0.4 -
= (@ | - .
0.21 - 0-2% $ Juit . -
O:I L1 1 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L 111 | I: O_I S | S | L | L | I | L1 | L EI I % |
0 50 100 150 200 250 300 350 400 0 50 100 150 2|\(1)0 250 300 350 400
<Npart> < part>
Y(1S) Y(23)

= Monotonic dependence on centrality is
clearer in 5.02 TeV

= Similar suppression in both energies

= Raa(5.02) / Raa(2.76) = 1.2 £ 0.15

= compatible within uncertainties
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[Comparison with 2.76 TeV] Raa vs pr

[PLB 770, 357(2017)]

[PLB 790 (2019) 270] .b™", pp 28.0 pb™ (5.02 TeV) PbPb 368 ub™, pp 28.0 pb™* (5.02 TeV)
_IIII|IIII|IIII|IIII|IIII|IIII _III|IIII|IIII|IIII|IIII|IIII
1.2 Wyl<24 CMS 1.2 Wyl<24 CMS
- Cent. 0-100% Supplementary - Cent. 0-100% Supplementary
T e vas T p—— Yes)
0.8l ~6— sy = 2.76 TeV 0.8 sy =276TeV
- T ~@-\[s,, =5.02 TeV - ' & \[s,, =5.02 TeV
<C - <
T 0.6 | C 06 N
- o)
e Q L=
0.4 toiel ] ® 2 e B 0.4 .
e
0.2_— N 0-2_ [ - | B
[ i ﬁ T
O_Illll II|I I|III|IIII|III_ OI;II|IIITI|I I|III|IIII|III_
0 5 10 15 20 25 30 0 5 10 15 20 25 30
p_ (GeV) p_ (GeV)
 Extended high-pt reach by 10 GeV for 5.02 TeV
* No significant pt dependence for Y(1S) and Y(2S) in both energy
e (Compatible suppression for both energies
" 26 June 2019 Initial Stages 2019



Comparison with models at 5.02 TeV

........ PbPb 368/464 ub", pp 28.0 pb™ (5.02 TeV) ____ PbPb368/464 ub” pp 28.0 pb” (5.02 TeV)
o p. <30GeV MS — — pT<30GeV 1
1 25 IyI<2.4 Y(1 S) C S _ 1'25 lyl<2.4 Y(ZS) CMS E
BT W oo o | T H
0.8lel" "% Krouppa, Strickland 0.8 Krouppa, Strickland Y(2S) —
< WS 47 n/s=1 ] < N 4x n/s=1 ]
m< 06— oM. — 4m n/s=2 - Q:< 0.6 — 4m n/s=2 ® Data —
R ] - 4w n/s=3 68% CL
0.4F R S - 0.4 § 95% CL —
02:_ epats _: 02 { [ ~_ --------------- _;
g':::::::::::::::::::::::::::::::::::::::;.: _ O:: ..... """"";k"'g{'k"(;"""":_
g [ZZ) Data total uncorrel. unc. ¢ Krouppa, Strickland - [0 Data total uncorrel. unc X D:Jou::a ricklan
_GC) 1.5 ¢ Du, He, Rapp o _| |_CIE) pp i
|_
- Bose e ombbd S 1
T YR I 1 G - s - R -
e 05 | = R IR e RFRTRTRTS AT AP B .
050 700 150 200 250 300 350 400 06 TE0 500 550500 450 400
<Npart> <Npart>
<Krouppa & Strickland> <Du, He & Rapp>
« Y(1S) : 600 MeV « Y(1S) : 500 MeV
Melting temperature — . y(5g) : 230 MeV . Y(2S) : 240 MeV
«  Y(3S):170 MeV «  Y(3S) : 190 MeV
Initial temperature ——» «  To={641,632,629} MeV *  To=550-800 MeV
~B7% di ; . . . .
67% direct production of . No regeneration Regeneration included
Y(1 S) for both model Universe 2 (2016) 16 Phys. Rev. C 96, 054901
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pt dependence

<Krouppa & Strickland> <Du, He & Rapp>
PbPb 368 ub™, pp 28.0 pb* (5.02 TeV) PbPb 368 ub™’, pp 28.0 pb™ (5.02 TeV)
_IIII|II|||||||||||||||||||||| _IIII|IIII|IIII|IIII|IIII|IIII_
L lyl<2.4 L lyl<2.4 CMS -
1" Cent 6-100% S &bﬁ/éh&éh’té’rjf E | Cent.0-100% . Supplementary E

0.8 _ Krouppa, Strickland o Y(1S

) (1S) Total ® Y(1S) N

[ 4 y/s=1 Y(2S) Y(1S) Regeneration @ Y(2S) :

< 0.6 — 4n ns=2 D Y(3S) 68% CL 1Y(2S) Total -
oC - I 45 n/s=3 J Y(3S) 95% CL 1

OI; ||||||||||||||_—|||||||||||| O_TT||||M
0 5 10 15 20 25 30 0 ) 10 15 20 25 30

P, (GeV) .
Universe 2 (2016) 16 Phys. Rev. C 96, 054901
pT dependent regeneration competes with

High speed upsilon can escape QGP
—> Smooth increase Raa for pr

suppression
—> Predicts broad bump near pt =10 GeV

Yet, both models are compatible with data within statistical uncertainty.
Have to check high pr > 20 GeV —> Need more data
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Comparison with Charmonia results

TTT T 7] I|:)|l:|)||:)|l:|)|?|6|8| |I|L|l:)|-:|’| |p|p| |2||8|-|O| P|b|-|1|(|5|.|c|)|2| I?Y) 1 6 Pbe 368/464 Mb-1’ pp 280 pb-1 (502 TeV)
| | . _I | | T 11 | T 11 | T 11 | ' T 11 | T 11 | T 11 | ' T 11 | [ | |
-~ Cent. 0-100%, lyl <2.4 CMS - - CMS T g
1 Gramonia (Er 00 o1 785003 Supplementary | 1.4 Charmonia (EPJC (2018) 78:509)  Supplementary = ]
- Prompt Jiy ® Y(1S) ] - % Prompt Jy, lyl <2.4, 6.5 <p_<50 GeV 1 i
0.8 :fo ;ZZZ; 24 HKlyi<zd = Y(28) B 1.2 brompt w(2S), Iyl < 1.6, 6.5 < p. <30 GeV T B
b yyi<is Y(3S)68% CL - - g Cent. |
; J Y@ eHCL ] 1:'{ ““““““““ 68% CL  95% CL " 0.100% |
< 0.6 1 2 L e Y(1S) [IY(@S) TY@S) T -
0 I | 1 0.8 : T i
i + + | hil= = Y(2S) Y(3S) T Y(3S) T ]
0.4% | | _ O.6u:-.- . L p_ <30 GeV, lyl <24 —— —
* 1 04f T T® -
- ] @ W | i
0.2 | — B H ﬁ ® ik I i
Z% #Ii ] 0.2~ * ﬁ % *® -
O_||,|T||||||||||||||||||||||||||||||||||||||_ O_""'"'|'"'l""l""l%"l""l @ LT %‘_

0O 5 10 15 20 25 30 35 40 45 50 0O 50 100 150 200 250 300 350 400

P (GeV) <Npart>

« Very similar behavior between Charmonia and Bottomonia
- Y(1S) aligns with J/psi(1S)
- Y(2S) aligns with  psi(2S)

- Any geometrical indication?
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Remarks and plan

«  Raaof Y(1S), Y(2S) and Y(3S) were measured as 12__...395’2.331‘?:.&? L2200 Pb..‘?(‘:’iglv_?__ -
a function of pr, rapidity and centrality, improving S b Supplementary & E

the previous results at 2.76 TeV

o Y(1S) []Y(@S) 7 Y(2S)

0.8l =Y@S) []Y@S) §Y3S) T —
- Consistent with 2.76 TeV data within & o6l R RS
uncertainty (Models predicted -16%) 0.4f \\ te |
- Clearer dependence on centrality, yet we need 0.2] T
more data for peripheral collisions to find the 55106 15 25 e
< art>
turn-on curve Of RAA PbPb 2018 part?al dataset at VS _502 TeV
: .. AN i ' E
- The Y(3S) peak is not visible yet 107E Trgger selections ~~ CMS
= double muon inclusive Preliminary 3
. . . - [ J/y region 3
- Compatible with both two different models 10°- WEEER Y + high masses -
: : T oL Jhp ]
- pt dependence study with higher statistics - ¥(1,2,38)
may help to resolve N3 E
g 107 E
LI 102k .
- New data with ~4 times more statistics was taken OE 4 evi .
in 2018. It will lead us to much more interesting 13 m
. Y I Lol R R
physics, so stay tuned! T 10 10°

26 June 2019 Initial Stages 2019 17



BACKUP
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Comparison with 2.76 TeV

[PLB 770, 357(2017)]

[PLB 790 (2015) 270) b pp 28.0 pb™ (5.02 TeV) PbPb 368 b, pp 28.0 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 I
1.0 P, <30 GeV CMS 1.0 P, <30GeV CMS
E Cent. 0-100% Supplementary E Cent. 0-100% Supplementary
P e e
: Y(1S) _ : Y(29) -
08_— —9—\/%:2.76T9V N 08‘_ —EI—\/%:2.76T9V N
r —0—\[s, =5.02TeV T & \[s,, =5.02TeV
st Y(1S N - S Y(2S |
< = 4 < - 4
@C 0.6 ( ) 4 @ o6} ( ) .
L ¢ ¢ ¢ 4 L 4
L 0O B ]
OAd—e & | & —¢ [ % ; 0.4 B
0.21 N 0ol | :
: : === mull. :
O_ coeoo ey e b by gy | O_ coeoo b by oy | : L1 * L1
0 0.5 1 1.5 2 0 0.5 1 1.5 2
lyl lyl

* No dependence on rapidity
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