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Today

@ Focus on the émz% in pp, pPb and PbPb CMS results

) B PbPb (and pp) 2.76 TeV
m) Y (1S), Y(2S), Y(3S): pp and PbPb 2.76 TeV, pPb 5.02 TeV
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CusS : dimuon acceptance
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@ J/Y

b pp: pr>0GeV/e (1.6<|y|<24), pr>2 GeV/c (1.2<|y|<1.6), pr>06.5GeV/c (|y|<1.2)
b PbPb: pr>3.5 GeV/c(1.6< |y|<2.4), pr=5.5 GeV/c (1.2< || <1.6), pr>6.5 GeV/c (|y|<1.2)
O Y

b pp:pr>0GeV/e
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http://www.springerlink.com/content/238j520qx7016j84/
http://www.springerlink.com/content/238j520qx7016j84/
http://www.springerlink.com/content/v287172w5w507051/
http://www.springerlink.com/content/v287172w5w507051/
http://arxiv.org/abs/1303.5900
http://arxiv.org/abs/1303.5900

@ Open beauty: B — J/1y(up) + X
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@ Same procedure in both pp and PbPb:
B Reconstruct the W secondary vertex
B 2D fit of invariant mass and lj,yy — b-fraction in each pr, y, centrality bin— yields >
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b-fraction = [non-prompt J/Y] / [inclusive J/y]

JHEP 02 (2012) 011 ' JHEP 1205 (2012) 063
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@ Pp: %%%n%fi?crease with pr (~30% at pr~15GeV/c) and as high as 60% at
pr=60GeV/c

@ PDbPb: a different way of looking at the difference in en loss between ccbar and bbar
6
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@ high-pr: 6.5< pr <30GeV/c

) hlnts of less suppression at mid-
rapidity
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@ forward: 1.6<|y|<2.4

B hints of less suppression at lower-pr



Beauty vs Charm
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@ Centrality (pr, y integrated): slow decrease of suppression
mp 50-100%: factor ~1.4
) (0-10%: factor 2.5
@ In central PbPb collisions, at the LHC: Racharm < Ry p\beauty
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CMS-PAS HIN-12-003

Heavy VS Light CMS-PAS HIN-12-004

CMS PAS HIN-12-014
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@ Atlow-pr(B—=]/1): different suppression pattern

@ A\t high-pr (fully reconstructed b-jets): similar suppression

® Note luon jets dominant at LHC --- energy loss gluon > energy loss light quark --- not there yet for mass dependence
of en loss
9
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@ Hints of interesting (some unique) teatures in the pr, y, and cent. dependence of Raa
B More statistics would be nice
) pp: already on tape ~20x more data (2013 pp run at 2.76 TeV)
p 2011 PbPb re-processed : 40% more data (improved muon reconstruction algorithm in PbPb)

@ Thete is something we predicted right: Raa® < Raa® in central PbPb at the LHC

10
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@ Closed beauty: Y(18), Y(2S), Y(3S)
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state Y(1s) Y@s) Y(@3S)
Mass(GeV) | 9.46 | 10.0 | 10.36
AE (GeV) | 1.10 | 0.54 | 0.20

Y(1S), Y(2S), Y(3S)

@ Relatively close cross-section x branching ratios, close in mass
B initial effects (before the hard-scattering that produced the bb) should be similar

p nPDFs (shadowing, etc), initial parton energy loss

@ Ditferent in size, binding energy (and formation time)
) final effects of the medium on each state expected to be different (ordered/sequential)

p after hard-scattering, before and after the bound state is formed

p Debye screening, partonic and hadronic break-up, nuclear absorption

@ Ditferent (and largely unknown) feed-down contributions
) different effects of the states on the medium

® With vacuum production mechanism not understood color-singlet state
p if in any way different for the 3 states, then it would affect differently the medium ‘/"/ﬁ‘i

@ Or...7

Cartoons by P. Faccioli
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Double ratio N
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The excited states, Y (2S) and Y (3S), are more suppressed than the ground state,
@ PP g
Y(18)

@ But, in absence (by cancellation) of initial effects, the suppression due to the remaining

final effects does not depend significantly on the event centrality.

M) most ‘peripheral’:s 50-100% 3
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@ 25 more suppressed than 1S
@ 1S suppression consistent with excited state suppression only (~50%)

@ Ordering: RaaYC)<RAAYEI<RAL YD)

|4
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pPb 2013, pp 2013
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@ Pp: 5.4 pb™ (~20x more than pp 2011)

@ pPb: 31 nb
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Introductory remarks
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@ PA asymmetric collisions (~0.47 rapidity boost):

B chose analysis cut so that |[N* oy | < 1.93 — | ydimuon oy 1<1.93

p for p+ Pb:in LAB frame, -2.4 <m < 1.47

p for Pb+p:in LAB frame, -1.47 <n <24 Ref. system | Pb+p

@ Pp: LAB=CM: |n|<1.93 LAB 24 | -047 | 147
coLLIsION s | o | s

@ Binning in 2 event-activity variables:
B corrected Niaek! " <24 pr>400 MeV/c

B aw transverse energy measured in HE, Epln1>4

B chose bin upper limits to be multiple of the average value measured in 2 minimum bias

triggered sample (1 track with pr>0.4GeV/c per pp or pPb bunch crossing).

" ... L
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Invariant mass distributions
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® Signal extraction in pp, pPb and PbPb same procedure

B Unbinned maximum log likelihood with 1S, 2S/18S, 3S/1S variables in the fit
p Signal: 3 Crystal-Ball functions (Gaussian with low-side tail replaced by a power-law)

p Background: errorFunction * exponential (all background parameters free)
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and sqrt(s) dependence of the pp reference

b &
o |

Y (2S)/Y (1S) Y(3S)/Y(1S)

Q[ - — i T (nS)
B e PO | o e Byp(V(0S))
= [T i [M] Rppb(T(ls))
Z 4o PbPb s, =276 Tev_|  LT(159)1PP
8 B u IngMI <24 |
= —— 95% Upper i RO, PbPb: PRL 109 (2012)
g + ] B slichtly different rapidity (|yewm | <2.4)
0 0'8:_ + ) 2011 pp dataset
% 0.6]- @ pPb
% . 4:_ B systematic uncertainties from signal extraction

@ PPb vs PbPb: larger double ratios in pPb

B sucoest additional (and/or stronger) final effects in PbPb that affect more the excited states
than the ground state

B but, theoretical modeling needed to extrapolate from pPb (1 Pb ion) to PbPb (2 Pb ions)
@ pPb vs pp:

B cxcited states suppressed more than the ground state in pPb compared to pp collisions
(significance <30) 8
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Y(nS)/Y(1S) vs Exini>  _E1 EIE
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CMS pPb m =5.02 TeV
Preliminary

® Y (2S)/T(1S)

® Y(3S)/Y(1S)
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(@ Ratios corrected for acceptance and etficiency
(@ Systematic uncertainties: from signal extraction
B »dditional 7-9% global uncertainties

@ Abscissae are the bin-average in the dimuon
sample

@ Weak dependence of excited to the ground state ratio wrt Er/M=

B individual datasets consistent with being flat
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tracks

@ Significant decrease of Y (nS)/Y(1S) with increasing multiplicity, in pPb AND pp
@ Can think at 2 ways to produce this dependence, at play alone or together
) \ ‘affects’ the multiplicity
p in both pp and pPb ~2 extra tracks in 1S events compared to 2S and 3S events
) the multiplicity ‘affects’ the Y

) activity around the Y breaks the states 20
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Y(nS)/Y(1S) compare PbPb
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@ 2011 PbPb single ratios Y(2S)/Y(1S) corrected

for acceptance and efficiency
B |oo-x axis to plot all samples on the same figure

B small overlap between most ‘central” pPb and
most peripheral PbPb (50-100%)

@ PbPb: no significant dependence on Nicks, but large uncertainties (need more PbPbll!)

@ Lhe PbPb points are below all the pPb data points, but uncertainties too big to tell if
already in most central pPb the level of suppression 1s the same as in PbPb peripheral
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Quarkonia yield and event activity

ALICE
Phys.Lett. B712 (2012) 165-175
_ A
ALICE pp s =7 TeV -
(4]
B Jyv-2utu (25<y<4) ;
® Jy—»e'e (lyl <09) L_)
a
| . = see talk by
Normalization uncert.: 1.5% . .
Camelia Mironov
(Tuesday)
>
Event activity
Similar to dijets, strong correlation of
hard probe and event activity
Gunther Roland International Conference on the Initial Stages of High-Energy Nuclear Collisions llla da Toxa September 2013
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Self-normalized ratios: Y (nS)/<Y(nS)>

@ Yicld versus event-activity, both normalized to their average

® Acce)ss to individual-state variations (as opposed to excited states relative to the ground
state

B ; replacement of the Rpa, Raa type of measurements; it can be done also for pp

@ Note: PbPb from PRL 109 (2012), detived from ratios of -S

Ran = Lpp  Y(1S)|porb €pp
TaaNMms Y(nS)|pp €pPopo

Tuesday, September 10, 13
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@ Er:all slopes consistent with 1
B very different <Er>: 3.5 (pp), 14.7 (pPb), 760 GeV(PbPb)

24
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Self-normalized ratios: Y (nS)/<Y(nS)>= _M
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5L CMS Preliminary 1 @ Yield versus event-activity, both normalized to
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4 e i
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@ Ninck: less coherent behaviour (related to the Y(nS)/Y(1S) variations)
@ Morte or less surprising:

B oPb and PbPb: Neon scaling

B op: multi parton interaction
p  should have the same effect on 1S, 28 and 3S

P ‘most central’ pp shows differences ... need more data (7, 8TeV ?) 25
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Summary II: Closed beauty
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- LI | L | I
- CMS pp ¥s=2.76 TeV

CMS pPb m =5.02 TeV
Preliminary

® Y(2S)/TY(1S)

® Y(3S)/T(1S)

PbPb: sequential suppression in order of binding energy of the bottomonium states

1
0
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o
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tracks

18), Y25), Y(3S)
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:_CMS Preliminary

gh Y(1S)

7: pp 2.76 TeV  pPb 5.02 TeV PbPb 2.76 TeV
- O Y(1S) ® Y(1S)

g O Y(28) m Y(2S)
- 3L Y(3S) ¥ Y(3S)

?

C Vg l< 1.93 o]
A= e —
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: i
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tracks

® pPb: double ratios [Y(nS)/Y(1S)]pes / [Y(0S)/Y (1S)]pp
p higher than measured PbPb

®

@ Y (nS)/<Y(nS)>: increase with increasing event activity in pp, pPb and PbPb

p hinting to the presence of additional effects in pPb than in pp , different for 1S and (2§, 3S)

tracks

Y (nS)/Y(1S): decrease with increase of charged-particle multiplicity in both pp and pPb

(less pronounced when measured versus energy deposited at large pseudorapidity)

p reflect an influence of the particles on the Y and/or

p reflect a different multiplicity associated with the Y states production
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Multiplicity binning (x-axis)

 ALICE pp Vs=7 TeV

B Jy—uu(25<y<4)

dN,, /dy
(dN, hp/dy) |

I ® Jy—e'e (lyl<0.9) (o]
I Normalization uncert.: 1.5% [
S =
1
_
I w
- R
! 1 1 l L 1 I L 1
0 2 4

Tuesday, September 10, 13

ALICE, arXiv:1202.2816

"y yield dVy,, /dy as a function of the charged particle multiplicity densities at mid-rapidity dN,y,/dn).
es are normalized by the corresponding value for minimum bias pp collisions ((dNy,,, /dy), (AN, /dn)).
e measurements at forward rapidities (J/y — " u, 2.5 < y < 4) and at mid-rapidity (J/y —»e7e ",

. The error bars represent the statistical uncertainty on the J/y yields, while the quadratic sum of the
point systematic uncertainties on the J/y yield as well as on dN, /d7) is depicted as boxes.

(dzND/dyde) / (d2N°/dyde)

B feed-down unc.

J/W: PLB712 (2012) 165

Charm: preliminary

B I I 1 1 | I I I I I I I I 1 I 1 I I I | I I I I I 1 "]
14— pp /s =7 TeV -
- — ¢ D° meson, lyl<0.5, 2<p <4 GeVic ]
- ALICE - # D’ meson, lyl<0.5, 2<pT<4 GeVic
121 nadaw | D™ meson, lyl<0.5, 2<p <4 GeVic ]
L +7%J-3% normalization unc. not shown -
10 - -
- ¢ Jy—e'e, lyl<09,p>0 7
- ¢ Jy -, 25<y<40p -
8 [ 1.5% normalization unc. not shown T>O l ]
61 | -
4 : -
N @ == ]
2 = ]
_ B _
., - AP R R R B -
04 3 B fraction hypothesis: x 1/2 (2) at low (high) multiplicity =
0.2F -
= =
02 b =
-0'4 E.. 1 P S SR S SR S SR R _:
0 1 2 3 B 5 28
dN,,/cn / (dN_/chn)


http://arxiv.org/abs/1202.2816
http://arxiv.org/abs/1202.2816

Y(nS)/Y(1S) com

pare PbPb
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O.5_l|ll| | | IIIIllI | | IlIIIII |

— 0.5 | | T T T | | T T TTI | | T T TTI —
- | | | - -
g—) E CMS Preliminary T(ES)r(1s) T(2SyY(1S) E 9 E CMS Preliminary TESYr(1s) T(2Sy1(1S) -
;’0.45 — y |<1.93 f pp2.76TeV © pp2.76TeV  — ;’0.45 — ly_|<1.93 f pp2.76TeV © pp2.76TeV  —
= r M m pPb502Tev @ PPb5.02TeV 7 == | M m pPb5.02Tev ® pPb5.02TeV -
£ 04 % PoPb276Tev 4 £ 04 25 PbPb 2.76 TeV
— 035F /<24 ] P~ 035F /<24 ]
0.3F — 0.3F % —
0.25[ % % <H - 0.25 % + =
0.2F ¢ o = 0.2F % ¢ g =
- 3 : 2 - g ]
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5 | 5 =y & F z
0.1= 5@ + %3-—_ 0.1 #]+ " E[}'—_
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> <2.
ET Ntracks

—

@ 2011 PbPb single ratios Y(25)/Y(1S) corrected for acceptance and efficiency
B [oo-x axis to be able to plot all samples on the same figure
B small overlap between most ‘central’ pPb and most peripheral PbPb (50-100%)
@ PbPb: large uncertainties (dependence on Niracks /Er is not pronounced)

@ The PbPb points are bellow all the %)Pb data points, but uncertainties too big to tell if
already in most central pPb the level of suppression 1s the same as in PbPb peripheral
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