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@ Introduction

B bottomonia and heavy-ion collisions

) CMS bottomonium measurements in HI collisions

@ Measurement

B nuon reconstruction

B Y (nS) yields extraction

@ Results

B production of Y(nS) states in PbPb and pp, with respect to the ground state
b [Y(S)/Y(IS)]anpp
B production of Y(nS) states in PbPb compared to pp
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Bottomonium in HI collisions

@ Under better theoretical control than charm

) mass of the quark higher
B no B-hadron feed-down
B nPDF effects smaller (Q*>100GeV)

state Y(1S) Y(@2S) Y(39)
Mass(GeV)  9.46 | 10.0 10.36

(@ S similar states: close in mass, with relatively close
cross-section X branching ratios

AE (GeV) | 1.10 | 0.54 | 0.20

@ The relative yields analysis of the 3 states
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least suppressed
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B cancels cold nuclear matter effects T/T¢
p nPDFs (shadowing, etc)

p initial parton energy loss

~similar suppression

p final state nuclear absorption (if negligible at LHC 1.2
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most suppressed

% (2P) \ (melts first)

) carries only effects related to final (hot) medium =Tc %(P)"_w(2s))

. - , , * suppression wrt pp
D different binding energies —> colot screening occurs at

different temperatures — sequential melting —
thermometer of the final state medium
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Bottomonium in HI collisions with CMS
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@ ! (1S) -- ground state

m 20-100 %: Raa = 0.62 + 0.11 £ 0.10
m 0-20% :Raa=0.60 £0.12 £ 0.10

B |css suppressed than ]/

@ [(25+3S) -- excited states

Y(25+3S)/Y(1 S)|Pbe 031012 +0.03
TRTECIT S)lpp 21_p15 V.

X23=

B more suppressed than Y(1S)
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PbPb 2011: 150 ub-!

Q,]\ | | | | | | | | | | | | | | | |
O = l CMS Preliminary =
S o -
3 - JAhp pp & PbPb \'s,.. =2.76 TeV -
O 104k Y(1 ,2,38) NN_1 ]
ig’ E LMt(FwﬂDt» = 15C)Ht) E
— | _ -1 _
t [ i ll) Lint (pp) =231 nb —
o "l ]
3| _
W 10°E =
i /
102 \ N __
NN \ NN =
NN NN -
SO .
NN N ANARRRRARNRRN \
s\\\\\\\ AN Ha Y AR RN RN NN R R R RN\ 7
OO NN AR RN RN RN RN R RN R RN N
1() SOOI \ AR NN NN NN N N N N R R R R R R RNRNNINY ]
AR RN RN R RN NN NN OO OO =
BN NN N NN N N N O OO\ R —
o NN NN NN OO N _
N NN NN NN N NN NN NN \* I\ —
LALLM HH  OIOTODHHHHn ]
;R\\\\\\Q\\\\\\\\\\\\\\\\\\\ ARV RN RN RN RN \ —
AR R RN RN \\\\\\\\\s\\\\\\\\\\\\\\\\\\\ AR NN RN KRR
AN NN NN NN NN NN NN NN NN NN NN NN NN RN NNNY
1-@%&8&\\\\\\\\\\\ NN NN OO —_—
N NN NN NN N N N OOy N\ =
OO AR RN RRLIRR BN R SN AR RN RN RN RN RN R RN RN N N\ _—
ERVRRRNNNNNN NN e AR RN RN RN R RN RN N\ N\ —
BN NN 'E\\\ NN NN NN NN NN N\ N\
N N N NN NN NN N N N NN NIy N N\
NN YNNG RONNRONSNGENONINONINONNONONONSNONONSN NN SOOI i | L DO

10 10°
1 e m,, (GeV/c®)
@ results:

B PbPb: 150 ub! (20 times more data than 2010)
B oo : 231 nb! (same as for 2010 results)
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Muon reconstruction

Key:

Muon
Electron
Charged Hadron (2.g. Fion) P
— — — - Neutral Hadron (e.g.Neutron)
'''' Photon C

®

4T

Silican
Tracker

4 =
Electromagnetic
> caomac
j 'l Calorimeter
Hadron Superconducting
Calorimeter Solenoid

Iron retum yoka intersparsed
with Muon chambers

Iransverse slice
through CMS

@ Global muons = tracker + muon stations

g 0.8~CMS Simulation -

) s PYTHIA + EvtGen + PHOTOS k

B D cuts at analysis level: 8 07ppp \s =2.76 TeV b T

o . . < lyl <2.4 MLLL R

) reconstructed both inside-out and outside-in 048 .’ ,o 6

. . . 05 " * & _:
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@ For upsilon analysis: pr*> 4 GeV/c, |n*|<2.4 oak* .o E
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Y (nS) yield extraction: pp

® Unbinned max likelithood fit N% 502_ Preliminary CMSpp (s =276 TeV -
G Iyl < 2.4 .
@ Slgnal 5 401~ P, >4 GeVl/c 7
> L L. =231 nb’
B 3 Crystal-ball: Gaussian core & power law tail E 30 i
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B Free parameters:

p yield, resolution and mass for Y(1S)
p yield ratios: Y(2S+3S)/Y(1S), Y(2S)/Y(1S)

p tail parameter, O (transition Gaussitan—>power-law) m,, (GeV/c)
B Fixed parameters:

p n (MC), exponent for tail description

. . . Raw ratios
p resolution forced to scale with PDG mass ratios (no acceptance or efficiency corrected)
@ Background T(QS)
—|pp — 0.56 =0.13 = 0.01
B 2nd order polynomial T(15)
| 1(39)
p Free parameters: all — 041 +0.11 +0.02
Y(1S) E




Y (nS) yield extraction: PbPb

—~ 800__|‘ L | L | L | L | L | L | L 1__
® Unbinned max likelihood fit S 7005 Preliminary ” CMS PbPb s =2.76 TeV -
8 i Cent. 0-100%, lyl < 2.4 :
@ Signal (same as for pp) S 600~ Pl >4 GeV/c 3
~ N L. =150 ub’ .
B 3 Crystal-ball: Gaussian core & power law tail € 5P : E
AT a00F- e data B

B Free parameters: total fit

. U Y N LR background
) yield, resolution and mass for Y(1S)

b vicld ratios: Y(28+38)/Y(1S), Y(2S)/Y(1S)

p tail parameter, A (transition Gaussian—>power-law)

-FiXedparameterS: 0:IIII|IIII|IIII|IIII|IIII|IIII|IIII:

p n (MC), exponent for tail description m,, (GeV/c?)

p resolution forced to scale with PDG mass ratios

® Background (‘shoulder’-like structure) Raw ratios_(0-100%)

M) cxponential x error function (no acceptance or efficiency corrected)
- 2 [r* _p
. f'd' — — >~ ! 1{ T QS
B Free parameters: all erf(x) T ./O e ( )’Pbe 0194 0.03 L 0.01
) exponential decay constant T(15)
p crror fct shoulder mean and width iggi pupy < 0.07 (95%C.L.)
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Double ratio: [Y(nS)/Y (1S)]even / [Y(0S)/Y (1S)]pp

@ Measure the relative suppression of the excited states relative to the ground state
@ Simultancous fit to pp and PbPb data

B Sional: common shape and parameters to all 6 CB (same @, n, 0 and Y (1S) mean)
B Backoround: left to float separately
@ Uncertainties:

B imperfect acceptance+efficiency cancelation: 1%
) fitting (10%0)
p  Final state radiation modeling: variations from fixing CB parameters to MC expectations

p  Background modeling: constraining parameters from like-sign and track-rotated dimuon
spectra, then fitting the opposite-sign spectra

) use largest variation for equivalent sources, and added in quadrature otherwise

0-100%:  [Y(2S5)/T(15)]|popry
T (25)/T(1S)]|pp

Y (35)/Y(15)]|pvpy
T(35)/T(1S)]|pp

Suppression pattern: Y (3S)>Y(2S)>Y (1S)

b 0

= 0.21 £0.07 = 0.02 (5.40‘ Signifﬁcance)

< 0.1 (95%C.L.)




Double ratio: [Y(2S)/Y (1S)]eorn / [Y(2S)/ Y (1S)]pp

% _I T | T 11 | T 11 | T 11 | T 11 | T 11 | T 11 | T I_
D 1.4~ CMS Preliminary, PbPb\ s, =2.76 TeV
| p i
< —— stat. unc. L. =150 ub _
@ 1.2 syst. unc. lyl <2.4 ]
% [ pp unc. pi >4 GeV/c ]
g ¢ 1
|—|§ — —
a“) L _
— 0.8— —
— - 40-50% -
§ B 20-30% i
= 065 5-100% 30-40% -
Z _ 0-5% |
0.4 o + 10-20%  5-10% _
I s _
@ -
| ®_
0.2_— -
- ® -
O_I L1 1 | I | | I | | I | | I | | I | | [ | | L1 1 I_

0 50 100 150 200 250 300 350 400

Npart

@ In absence (by cancellation) of cold nuclear matter effects, Y'(1S) and Y'(2S)

B show no obvious centralitty dependence, within uncertainties, of the remaining hot
nuclear matter induced eftects




Nuclear modification factor: Raa(Npart)
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@ Clear centrality dependence, with Y'(2S) mote suppressed than Y(1S)
) Y (1S): 0.41£0.05%0.04 (0-5%)— 1.01£0.18+0.12 (50-100%)
) \Y'(2S): 0.11£0.02£0.06 (0-5%)— 0.30£0.07£0.16 (50-100%)

@ Relative suppression, for both states: ~2.5 trom 0-5% — 50-100%




Nuclear modification factor: Raa(Npart)
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(@ Suppression pattern in most central collisions, as expected from sequential melting
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Summary (1)

II|IIII|IIII|IIII|III
CMS PbPb |'s,, = 2.76 TeV
Cent. 0-100%, lyl < 2.4

L. =150 ub’

pi >4 GeV/c

. . . o :
@ First separate measurement, in HI collisions, of > _ & Preliminary ”
the relative suppression of Y(2S) and Y(3S) excited 2 [ ° iabt:b .
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(@ Suppression pattern as expected in the sequential -
melting scenario 3001
Y(3S)>Y(28)>Y(1S) “F,
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O No centrality dependence, within uncertainties,
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of the [Y(2S)/Y(1S)]roes / [Y(2S)/Y(1S)]pp
0-100%:
T(25)/Y(LS)]|Popo
T(25)/T(15)][pp
Y (35)/T(15)][pory
T (35)/T(15)][pp

< 0.1 (95%C.L.)

= 0.21 +0.07 + 0.02 (5.40 signifficance)




Summary (2)

@ Raa: Y(1S)
B dectailed centrality study

B deccrease of suppression from ~0.4 in 0-5% to

~1 1n 50-100%0

@ Raa: Y(25)

B first time measured in HI collisions

B more suppressed than the ground state and still

suppressed in 50-100% centrality bin
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Feed-down fraction from the excited states

state | f;(pp) [%]|.

Y suppression pattern

1 E)((35) | lras)| s2+0 feed-.down
Xb(2P) | Y@25) fraction from
o excited states
08 Xb(l P) ‘ 7 X'b(lp) 26 + 7
06 -
04

xs(2P)| 10 £ 7

02 |

S.Digal et al
T(35)| 2+05 PRD 64, 2001
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Update of last year result

[Y(25)/Y(15)]|pope
[Y(25)/T(1S)]|pp
[Y(35)/Y(15)]|pops
[Y(35)/T(15)]lpp
[T(25 +35)/T(15)]|pvps
[T(25 +35)/T(L5)]|p

= 0.21 + 0.07 £ 0.02 (5.40 signifficance)

< 0.1 (95%C.L.)

= (0.15 2= 0.05 = 0.02




