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N Introduction

CMS detector

EM Calorimeter (ECAL) Hadron Calorimeter (HCAL)
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N Introduction

Heavy-lon data sets

Integrated
Year luminosity
PbPb

pPb@5.02TeV, 2013

CMS Integrated Luminosity, pPb, 2013, vs = 5.02 TeV/nucleon

Data included from 2013-01-20 14:08 to 2013-02-10 05:05 UTC
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= MinBias Trigger

=» Photon Trigger

= Jet Trigger

=» (Di)Muon Trigger

__ ® High-multiplicity Trigger
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http://cms-service-lumi.web.cern.ch/cms-service-lumi/publicplots/int_lumi_per_day_cumulative_ppb_2013.png

"
Centrality determination

m Collision centrality related to the S $ b
energy deposit in forward - W
calorimeters (HF) and multiplicity
measured in Inner Tracker
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"
Two-particle correlations

Signal pair distribution: Background pair distribution:
1 d2Nsame Event ] 1 d2Nmix
S(AnAp) = ArdA B(An,Aco)=N AdA
N, dAndAg we JATdAQ

Event 2

4,
LR,
il
ittt
L
s

S(AN,AQ)

sttt
1

same event pairs mixed event pairs

Associated hadron yield per trigger:
[An = massoc - qtrig J 1 dN™T SAnAg)

= dyassoc _ tri _B 0,0
EE N, dandag O Banag)
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0 Experimental results

Two-particle correlations

Pb Pb 2.76 TeV P p 7/ TeV

35-40% IN>110, 1.OGeWc<pT<3.OGeWc

4<p;9<6 GeV/c
2<pssoc<4 GeV/c

—_ =l 1
NP~ OO

1

d2 Npalr
Nyg0AN dA¢

JHEP 07 (2011) 076 -4 | .
ong-range (An), near-side (A¢~0)
EPJC 72 (2012) 2012 :
) ( ) correlations JHEP 09 (2010) 091

Unexpected ,ridge” in high-multiplicity pp collisions
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0 Experimental results

Two-particle correlations
First results for pPb

PLB 718 (2013) 795

CMS Preliminary

_ offline
pPb s\, =5.02 TeVIN_ "~ <35
1<p, <3GeVic

Low multiplicity

L[5 020 - 0
g5 0181 FH5
D 0,161 A

1.—24- 1

0 100 200
Ntrkofﬂine

Ny 0ffline — number of offline tracks with p>0.4GeV/c

Ridge is not observed in low-multiplicity pPb collisions
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0 Experimental results

Two-particle correlations
First results for pPb D Pb

PLB 718 (2013) 795

CMS Preliminary
_ offline
pPb ys\, =5.02 TeVIN_"" = 11q

1<p <3GeVle =" 1 ™ T

10* E

g |13 1.8f 10° -
o5 1.7

cscg L. 102 3

-2 1.6{7 10 -

=
4 4 1 2
0 100 200
Ntrkofﬂine

Ny 0ffline — number of offline tracks with p>0.4GeV/c

Ridge-like structure observed in high-multiplicity (central) pPb collisions
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"
Ad—projected correlation function

PLB 718 (2013) 795 CMS pPb \'s = 5.02 Te

1<p’<2GeVic
1< p:ssoc <2 GeV/c

Comparison of pPb and pp:

‘ \

d2 Npalr
g B T

- ',‘ 0‘ t\‘
* pPb5.02TeV ® : m:w' A
_ 0 pp/TeV .QOC."
C_U | Q J
< 0.05} @ - /
,_l 2 | @ » ) Average over -4
Z _ ® @™ ) ridge region
® QQ . (2<|An[<4)
RO %~ ® )\ S 4 ZYAM
[ * M| M ]
0 T Al 2 3

Magnitude of the ridge in pPb much larger than in pp
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CMS

1.45-

Experimental results

Integrated associated yield

pPb Vs =5.02 TeV, N= 110
R e e e R

2<|An|<4 |

1< p?g <2 GeVic

“1< p*’rSsoc <2 GeVic

PLB 718 (2013) 795

pr and multiplicity dependence:

L (a) CMS Preliminary N:Jfﬂine = 110 l
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= Similar behaviour for pPb and pp collisions

% But, trends for pPb much stronger than for pp
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"
Integrated associated yield

For high statistics pPb 2013 data set, study for events with even higher
multiplicity possible = direct comparison with PbPb collisions

PLB 724 (2013) 213

pr and multiplicity dependence:

n L S L L L S R I B L
< IAan|>2 [220<N;, "™ <260 - S | 1AnI>2 mPbPb |s, =276 TeV
S 0 1<p™>"<2GeVic ] S 0.6F ® pPb s, = 5.02 TeV, 2013
8 0.6 cMmS T } 8 - CMS [1pPb |y, = 5.02 TeV, 2012 ]
N - szbfﬁ'\' Zi’;itv . N 5Pb CGC Opp (s=7TeV -
% 0 4__ OPFD Sy =202 TeV 1 % 0.4/~ — @?(proton)=0.336 GeV? 0 S
> - .l- — . > - Qg(proton)=1 .008 GeV> m Ll
3 " m m T 2 | -+ Q(proton)=1.680 GeV> O
e - = el .
© © 0 o- |
5 02rm o0 ’ 7 5 02 - o0 ?®
S [_e® ® o & T | B o.0% - |
o B ® ] 2 | Hg & - l
< ) . < ﬂﬁ @ ...
0 | ] ] L ] | | L O ol AT R A SO TR ST NN NN SN NN TR N N R
0 ) 10 0 100 200 300 |
trig offline
o (GeV/c) N,

= Similar behaviour for pPb and PbPb collisions

» But, trends for pPb not as strong as for PbPb
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0 Experimental results

Long-range correlations: Pb+Pb, p+Pb, p+p

Pb Pb 2.76 TeV p Pb 5.02 TeV o p 7TeV
—§ §— U

35-40%

CMS pPb \[s,, = 5.02 TeV, N%/"™ = 110
1<p, <3GeVic e

(®) (d) N>110, 1.OGeWc<pT<3.OGeWc

=
s o = |3 18 0 .y =
= 1 Q ‘: o
NS SN ‘%;5 N o:'-‘:i""‘:""“'"‘,v"":“&‘ - =
,“““\“ ] ‘_|z ) :;“3"»,‘5-' > AT ‘\&:;f“.‘:'” N =
' 4
-4 -4
JHEP 07 (2011) 076 PLB 718 (2013) 795 JHEP 09 (2010) 091
EPJC 72 (2012) 2012 PLB 724 (2013) 213

Explanation of the effect:

Fluctuations of the
initial geometry and
hydrodynamical evolution

Origin unclear for the small systems:

— hydrodynamical behaviour
(but not really expected)
— initial-state gluon saturation (CGC)
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"
Elliptic (v,) and triangular (v;) flow harmonics

Azimuthal anisotropy harmonics determined from a Fourier decomposition of
long-range two-particle A¢ correlation functions: N

001 PbPb |5 =276 TeV

ppbm 02 TaV = v; in PbPb and pPb coincide for all multiplicities

(but very different collision geometry for PbPb and pPb)
T R R R - challenge to theoretical models

offline
Ntrk

PLB 724 (2013) 21 — ~142 ) (v,) cos(nAg)
T T I(O 3) \ ‘3‘ T L I B A L L R AL ng dﬂﬁb E
" (a) PbPb \s,,, = 2.76 TeV T (b) pPb \5, = 5.02 TeV ]
010~ 0.3<p. <3 GeV/c 000 _
L T .._-'—... - 1 Elliptic flow (v,) reflects the
L .,." ..-..., | di he initial
i e® gu ™ 1 — ] n=2 medium response to the initia
&L x L 1 I.... 0_0 80%88ss | collision geometry
0.05- et LI LR B BT 8 B
B ® v {2, IAnI>2} T, ]
i --=v,{2, 1AnI>2}, NJ'"°<20 sub. : *
L m v, {4} i . .
0.00 PbPb and pPb collisions
0 100 200 300 o0 100 200 800 are similar:
Ntcn;fline N;:Jrilme
r L] -
=% v, and v; increase with
e e N0 sub |~ Triangular flow (v multiplicity for both systems
oal. 32, » N ' g e /) reflects fluctuations
- 0.3<p _<3GeV/c @ 1\ 7 of the initial geometry
- 1 =% However, the magnitude of
=700 . v, smaller in pPb than in PbPb

0.00
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0 Experimental results

Other evidence of hydro flow in pPb?

m If azimuthal correlations are due to hydro flow, there must be also a mass
splitting of p; spectra - "radial flow”

m  Study PID spectra using information on energy loss (dE/dx) in silicon tracker

CMS

1 — e ;
pPb, Vs = 502 TeV,L=1pub™" 14 FpPb, Yy =5.02TeV  n=0.35 | — Data |]
3t = 12 = o | 8 Fp-082GeYoc pr=0775Gevc |~ Fit
- 7Es - oom || xndi=108 | K |
25 6.0 - 5 = -0.0! —P N
= 4.0 o 8 F8=-00 102 &
5 2.0 e ;
= ap ™ 00 =5F 10
) Z 0
= 1 S 4 Fo,=0 10
S 15 ¢ 3 ag =0 1071
= 3 [%=0 2
£ 10°
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2|
05 1|
0 | TR (I8 5} L 0 :‘
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T

m Identified hadron p; spectra:

1/Ngy 2N / dy dpy [(GeVic) ']
o]

pr [GeV/c]

B. Boimska (NCB)J) Epiphany Conference, Cracow, 10.01.2014 15



Event multiplicity

T’ [GeVic]

Experimental results

Other evidence of hydro flow in pPb?

Multiplicity dependence of p; spectra: - | rXivi1307.3442
45 F pps-so2Tev | g 1 as _pI—P;:’*u"E;_E;ggLéUI S T 'Kt'_- 3o Ep'_p'm"g;s_'g;_;-r'ev' L Ilﬂ-r_JIE
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g 'l,’g/n, "\ '-.... Niracks -§ 5 - ":,ﬁ'zmmm;,% . __ ‘§ 25
= 3 me e, g eee i P s T
5 g% ;EG"‘;Q%M* — 2 LU s 5
o iy = b, Beg, "*ee  4p5] N e ™ ) oA
o o e B
R A I /e i
3 1 \Qﬁ ﬂ'w“’;::::_ = 8l 3 g e — '3 :Ltjrr%%(gr o?cl)"nr;ilcr:f)ends
0s | h‘:;."".-;.‘.* e _;% o5 F h’%ﬁ “ - ___‘ 7 inn [<2.4
“fPions  fee Tt —— Kaons ™~ G
UI} D.SI "1"‘—‘—‘15 I H ul} ‘IU.E .I.1II 1.5 0
pr [GeVic] pr [GeVic] pr [GeVic]
07 ,
' pPb data 5.02 TeV Inverse slope parameter T’ taken from
oo E pr exp(-m+/T’) fits
0.5 -
= T’ larger for heavier particles
0.4 |- —
®» T’ increases with particle multiplicity in
0.3 -
the event
02 N ] - - - -
Observations reminiscent of radial flow:
0.1 . K+~ p/p TslopeN Treeze-out + M<UR?
0 0.2 0.4 0.6 0.8 1 1.2 radial flow velocity
m[Gercz]
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Experimental results

Identified hadrons: <p;> vs. multiplicity

arXiv:1307.3442

CMS
""""" T TT T T
—— g*
1.6 | o ﬁi H ” 7]
14 [ ,‘_/Eﬁ' i ] P
i ki ]
L g P LL [} J
1.2 | s T 1 "pPb b
) ALICE PbPb ]
= .
o 1 N
o, .
£ ) J
~ 08¢ ALICE PbPb’]
0.6 | im
ALICE PbPb
0.4 ]
0.2 : 1 1 L L | L 1 L L | L L L | L 1 1 L | 1 L 1 1
0 50 100 150 200 250

N tracks

pp (0.9, 2.76, 7 TeV), pPb (5.02 TeV)

PbPb (2.76 TeV, periph to central bands)
ALICE (PRC88(2013)044910)

pPb collisions:

®» <p>: pions < kaons < protons

= strong dependence of <p;> values on
multiplicity

Comparison to pp and PbPb:

=% pPb behaves similarly to pp for N, <40
but it is flatter for larger N ..\«

=®» <p> grows higher for pPb than for PbPb

For large Ny cs:
- PbPb is a mix of soft and hard collisions

- for pPb most violent collisions are selected
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q
Nuclear modification factor

Raa — the first tool for jet quenching studies

(Yield in AA) Raa>1 enhancement
Raa=1 no medium effect

RAA — . .
Ncorl (AA) x (Yield in pp) Raa<1 suppression

T T T T phph 2,76 TeV

g *Z (0-100%) |y| < 2
em W (0-100%) p: > 25 GeVic, "] < 24
—x»— |Isolated photon (0-10%) In| <1.44

2 PLB 710 (2012) 256
W PLB 715 (2012) 66
' PAS-HIN-13-004
2
o

Non-strongly interacting probes
(control probes) are not modified

—
9]
| ¥ I N rrri I LI I LI
—_—
L1 1 | | 11 1 1 I 11 1 I 11 1 |
N

o 1 by the medium
ofe vt v vt vyt vy, 11 Production scales with Ny, Raa=1
0 20 40 60 80 100

p, (m ) [GeV]
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q
Nuclear modification factor

PbPb 2.76 TeV

2.5- 1 1 1 I I I 1 I 1 1 1 I I I 1 I 1 1 | I i
| —— *Z (0-100%) |y| <2 _
[ ——m— W (0-100%) p! > 25 GeVic, || < 2.1 i
- —=— Isolated photon (0-10%) In| <1.44 -
2[— m==g== Charged particles (0-5%) |n| <1 -
| IS B /v (0-100%) Iyl <24 1 EPJC 72 (2012) 1945 JHEP 05 (2012) 063
150 1 charged hadrons & b-quarks
& L 1 are suppressed, Ry <1
1'_____{7___*___ 4
[ ¢ i
05 ; t 4 o ¢ g
;‘ T
_'1_.- i high p; reach
O- 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I ]
0 20 40 60 80 100

p, (m,) [GeV]

=» Control probes are unsuppressed
=» Hadrons are modified (jet quenching)
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q
Nuclear modification factor

PbPb 2.76 TeV arxiv:1312.4198 | | PAS-HIN-12-004
2.5- 1 | | I 1 1 | I | 1 1 I | | | I 1 1 ] I i -l | I 1 | 1 | I 1 | 1 | I ] | 1 | I 1 | 1 ] i
- —— "Z (0-100%) |y| <2 - - CMS *PRELIMINARY PbPbys,, = 2.76 TeV .
| —s— W (0-100%) p" > 25 GeVic, | <21 i | i . ]
L+ Isolated photon (0-10%) I| <1.44 - . J L dt=7-150ub -
2 g Charged particles (0-5%) |n| <1 = — —a—— *Inclusive jet (0-5%) | <2 =
[ *B - Jiy (0-100%) |y| <24 i [ —=— *bdet (0-10%) n| <2 ]
15 ] [ ]
T r . - :
e | - - high p; reach
R o | SRR 7
| + : | + .
0.5 + ¢ . ¢ d L ma TS
;‘ ++ i . ¢ + + + : :- . Na 4 ‘_+$ F + i :
T 1 ]
0- 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I ] -l 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ]
0 20 40 60 80 100 100 150 200 250 300
p_(m ) [GeV] P [GeV]
% Control probes are unsuppressed Jet Ryp=0.5
= Hadrons and jets are modified (jet quenching) First measurement

: . : o —j 1l
» b-jets are similar to inclusive jets of b-jet Ry, !!
B. Boimska (NCBJ) Epiphany Conference, Cracow, 10.01.2014 20



0 Experimental results

Nuclear modification factor
Reference data: pPb 5.02 TeV

PAS-HIN-12-017

2:|||||| T T T T ] Charged hadrons
18:_ —=e—— pPb s, =5.02 TeV, charged particles _: 0.5 < pT <100 GeV/C
1.6:_ H'_"_‘I—N_‘ _:
— 1.4F ToERE - ®» Ropp~1 for 2<p;<30 GeV/c;
Vooob Y H ]| no jet quenching
s |-Zr _ — gl [ | Sl | _
O - C s gaEs -0 T
E 1 7 Tt - rrn'gﬁ"!"'_' SOus e S B ks —_\
= - LR gis . ® Rypp>1 for pr>30 GeV/c
£ 0 8__ r‘,.,"'. e ] . .
=R - (antishadowing?)
@ g 7 \
0'42_ CMS Preliminary _: s antishadowing Ef&ﬁﬁ
0-2:_ Ncoll=6'9 _: ya-'
0_|||||| Ll Ll I PDE
10 1 RznPDF
P, [GeV/c]
10° 10” 10" 1
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"
Dijet events in PbPb collisions

l‘leading’ PRC 84 (2011) 024906

Dijet Imbalance

I R 1A N | PLB 712 (2012) 176
= : @ PbPbys, =276 TeV—" Pr,1>120 GeV/c] n
g 0.2] ey " I pr2>50 GeV/c |
< peoEoonli, Ap23r 2 * exp. DATA
§ o ¢ + A g Y‘subleading’ _ ref. DATA
m + i
D) @
¢ 50-100% | 0-10% 1
5020 06 os 1 02 04 06 08 » Dijet py Imbalance (_AJ)
Ay = (pr Py JPr P ) Dy Pro increases with centrality
Asymmetry: A; = N > Direct observation of jet
Prat Pro quenching in central PbPb
Dijet Azimuthal Correlation collisions
T e T
o _ ® PbPbVs,=2.76 TeV . .
5 [ S = Jets remain essentially back-
= to-back (A¢~n) for all centralities
S 107F b +++ - Propagation of high p; partons in
R m H' ﬁ ¢ dense nuclear medium does not lead
sk H_PL _ to a strong angular decorrelation

0 05 1A¢5 Y R oy BT Y
12 A= ‘¢jet1 _¢jet2
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=
|s there jet quenching in pPb for dijets?

PAS-HIN-13-001

Dijet Imbalance

I
. p,,>120,p_,>30GeVic  (b) | PYTHIA (PP)
- ' ' 1 @ pPb
075~ Ml <3 A0, ,>2m/3 —
Foo . ] » pr./pt for pPb dijets the same as in pp
TN 07k o O . g ’ -
SR = B 2 | > no jet quenching observed
065:_ _ = Jets remain back-to-back (Ad~mn) for
| a ] all centralities
I I3|OI - I4|DI - I5|OI I 6|D l
MI>4
%‘_ eV %‘_ Duet Azimuthal Correlatlon
— E
p Pb p Pb

Centrality characterized
by E; at large |n|

No final state effects observed
for dijets in pPb > Can we
access the initial state effects?

Event fraction

Ao, (radians) ' Ao, (radians)
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0 Experimental results
Dijet n distribution

For different centrality classes: My = innlr
j

Centrality characterized by E; at large ||

L L L B B
i > = | PAS-HIN-13-001
05 E;'F['"' Y classes (GeV): pPb, 5.02 TeV -+
o <20 7
- 20 - 25 -
0al © 25-30 Fhy <=
o LoE ¢ 30-40 pe Ty ]
2 8 [+ >40 /% R .
Z |03 p.. > 120 GeVic ¥/ N ]
T o 03 Pry eVIC rif o PR ] e .
5 [ .30 Geviey s K ] For more central collisions:
‘_‘Zu 02 Aqitz > 2n/3 ,’:ﬁ’»'! ~\*::‘q\ —
i i NN 1 ™ ngye distribution shifts towards
0.1 ;?gf ‘2 3  Pb-going side (negative values)
- RN
_I | ’I | | | | | 1 | | | | 1 | | | | 1 | | | I\‘IL“:-:n N - L -
0 o 0 1 >3 ™ shape of ny, distribution also

changes - it gets narrower

Backward Forward

direction direction
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q
Dijet n distribution

Comparison to MC:

q.%h

PAS-HIN-13-001

Min. blas p Pb
F L I il ""| L L B B R R B BB
0.6F" : p?’?rHIA+HIJING (@ 3 p. > 120, P, >30 Gevic (b) I A, > 2n/3 (©
» 30'5:—PYTHIA All g5 _;; Eﬁ“’""“kzo GeV T 20Gev<Er "< 25 Gev
| =S94F E3 LD E
o |T - =
592 |
= 0.2F LL =+
0.1F P
~t ..:::—.L':%.: = - L B o o o o B
0-6¢ (d) = . (&) ¥ () 7
0.5F 25GeV<Er " <30Gev 1 30 GeV <E] "< 40Gev T T > 40 Gev
3] ® 1 1 o '
2] Zo4 e
< =° +12
zls A8,

B. Boimska (NCB))

0 1 2
_,. %(—
p Pb

Dijet pseudorapidity distribution for pPb collisions is modified
with respect to PYTHIA MC (pp)
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"
Dijet n and nuclear PDFs

0.6
 Dijet nge; distribution correlated 05E
with parton momentum fraction in sl % F
Pb-ion (xp,) = S%E
© 503k
% Results for ng;e. give constraints 12 00k
on nPDFs
R™ =nPDF/PDF
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1 ' . i . oopQdos - -

C i N | = = : u
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0 Experimental results

Quarkonia and the Quark-Gluon Plasma

o Bound states of heavy quark and antiquark
o Produced at early stage of collision (t = 1/mg= 0.05-0.15 fm/c)
o Produced in hard collisions > pQCD applicable

@
e In QGP, colour screening (Debye screening) leads to melting ':'O

: : : . S %e
of quarkonia > suppression of quarkonium yields. 1'”.,_"'
e Quarkonium states have different binding energies (radii) o %B° Q.,','
- they melt at different temperatures of the created medium. . .
Quarkonia: mass, binding energy and radius
state Iy Xe v(295) state Yas)  Y@S) Y39
Mass(GeV) 3.10 | 3.53 3.69 Mass(GeV) 9.46 10.0 10.36 y
AE (GeV) 0.64 | 0.20 0.05 AE (GeV) 1.10 @ 0.54 0.20 i ©
ro(fm) 025 036 045 r (Fm) 0.28 0.56 @ 0.78 | ‘OMev [ YUS)
240 MeV Jp, Y(28)
» Sequential melting of quarkonia > thermometer of QGP 200 mev [l Xe 195

Mocsy, EPJC61 (2009) 705
B. Boimska (NCB)J) Epiphany Conference, Cracow, 10.01.2014 27




"
Quarkonium suppression in PbPb

Y states and J/y dependence on centrality

<
<
o

(Yield in AA)

Ran "~ Neor (AA) x (Yield in pp)
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Suppression increases with
collision centrality

B. Boimska (NCB))

PRL 109 (2012) 222301
PAS-HIN-12-007
PAS-HIN-12-014

Centrality-integrated Ry, Vs. binding energy
Note: 6.5<p;<30 GeV forJ/y and y(25S)

é 1.4_ T ] [ I I i
o T CMS Preliminary 0-100%
127 PbPb\[sy, = 2.76 TeV 7
[ » Inclusive y(2S) (6.5 < p, < 30 GeVlc, |y| < 1.6) ]
0.8 [ ¥ TY(3S)(lyl <2.4), 95% upper limit ]
T4 Y(28) (lyl <2.4) -
| m prompt J/y (6.5 < p, <30 GeVic, |y| < 2.4) i
06~ % Y(15) (Iy| < 2.4) -
0_4‘_ Y{(1S) ]
i w Jhy i
0.2—y(2S) Y (2S) ]
L é Y(3S) i
O_ 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 ]

0 0.2 0.4 0.6 0.8 1 1.2

Binding energy [GeV]

Less bound states are more suppressed
than tighter bound ones - sequential
suppression of quarkonia
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0 Experimental results

Dimuon spectrum for 2013 data

| CMS Preliminary 2|013
pPb \s, =5TeV
Ly=31nb"

Y(1,2,39)

Jp|

V(2S)

pPb data

||||n'| TTTT

10°

2

Events/(GeV/c?)

10°

o
bl High statistics data collected in 2013

- study of Y (1S,2S,3S) states possible

10k
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2 " CMS Preliminary LHaoo- | - CMS Preliminary |
2 e, <183 ppiS=276TeV 2 [ M1 t oPb 5, =502Tev] O Pb
0] 700 p"l' = 4 Gelic | — p p 1G] L o >4 GeVic ]
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q
Y(nS)/Y(1S) Ratio

First results for pPb arXiv:1312.6300

Centrality integrated

@ 0_55 CMS pp y’ﬁL_:s;:'GJ?V g
5 IR
= 04F P |5 =502 TeV 3
0.355 *Li<ts 3 PPb vs pp:
035 =21 Relative production of excited state
0.25E""""""" ® pp v %@Jﬁpﬁ,m—f Y(2S) or Y(3S) to ground state
0oF * pPb 3 Y(1S) more suppressed in pPb
D.‘I5§— —i
e S
0.050 = PbPb vs pPb:
- PbPb | . N
Oy a2s)mas) Y(3S)T(13) In PbPb, presence of additional effects
leading to stronger suppression of
excited states compared to ground
PbPb < pPb < pp state
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Experimental results

Y(nS)/Y(S) vs. multiplicity

0.25

0.2

0.15

0.1

0.05

CMS Preliminary
[¥epd< 193

%

1 T Trrra T
r{3S)r(1S)  T(2SYY{1S)
I pp276Tev @ pp .76 TeV
= pPb 5.02 Tev @1 pPb 5.02 TeV

gr PbPb 2.76 Te\
|ycu|{2'4

pPb

Y4

10

107 ) 10°
£
N

tracks

Niracks -~ Number of tracks with p;>400MeV/c and |n|<2.4

B. Boimska (NCB))

arXiv:1312.6300

Y(nS)/Y(1S) decreases with event
multiplicity for all systems: pp,
pPb, PbPb"

* Large uncertainties for PbPb (need more data!)

What is the proper reference for PbPb collisions?
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" A
Summary

m CMS has broad heavy-ion program based on comparative
studies of PbPb, pPb and pp collisions

m Presented results indicate that the medium created in PbPb:

Behaves collectively (ridge, v,, v3)
Does not quench control probes (y, W, Z)
Strongly quenches partons, including b—quarks (R,,)

Causes dijet imbalance, but does not modify their angular
correlation

Suppresses quarkonia, including excited states of the Y
m For pPb also:

Hints of possible collective behaviour (ridge, v,, v3, pr spectra)
Suppression of quarkonia (Y(nS)/Y(1S) ratio)

but
No jet quenching (Rp,, dijets)

m Results for pPb collisions give constraints on nPDFs (R pp, Ngjjets)
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SILICON TRACKER
Pixels (100 x 150 um?)
CMS Detector @i

Microstrips (50-100um)

Pixel S ~210m? 9.6M channels
CRYSTAL ELECTROMAGNETIC
Tracker CALORIMETER (ECAL)
E C A I_ _ 76k scintillating PbWO, crystals
HCAL
Solenoid LRESHOWER
‘ ilicon strips
~16m¢ 137K channels
Muons
CASTOR
STEEL RETURN YOKE CALORIMETER
~13000 lonnes Tungsten +
_______________ . quartz plates
ZERO-DEGREE !
CALORIMETER |
|
: SUPERCONDUCTING
' SOLENOID
| Niobium-titanium coil
: carrying ~18000 A FORWARD
. CALORIMETER
: Steel + quanz fibres
HADRON CALORIMETER (HCAL)
Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
Overall diameter :15.0m Barrel: 250 Drift Tube & 500 Resistive Plate Chambers
Overall length 1 28.7m Endcaps: 450 Cathode Strip & 400 Resistive Plate Chambers

Magnetic field 38T

B. Boimska (NCB)) Epiphany Conference, Cracow, 10.01.2014



