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Geometry <7
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e Centrality of the collision has large impact Wi [ Po+Pb\sy=2.76 TeV -
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Charged particle multiplicity

~/_~"

* ATLAS, CMS and ALICE have i
consistent results <
e For central PbPb collisions the Eg
multiplicity grows faster with /S than z
for pp collisions
¢ | og-scaling (seen up to RHIC
energies) is ruled out
e Multiplicity as function of number of
participants has the same shape as _
observed at RHIC energies =
§/Q
1_;
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ATLAS Pb+Pb 0-6%
ALICE Pb+Pb 0-5% (shifted)
CMS Pb+Pb 0-5% (shifted)
PHOBOS Au+Au
SPS Pb+Pb
AGS Au+Au
ALICE p+p (inel. & NSD)
ATLAS p+p
CMS p+p (NSD)
NSD p+p/p+p
inel. p+p/p+p

O o< PEA0OO A

Landau-Carruthers
---- ALICE power-law
— Log extrapolation
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ATLAS Pb+Pb 2.76 TeV
ALICE Pb+Pb 2.76 TeV

CMS Pb+Pb 2.76 TeV

RHIC Au+Au 200 GeV (x 2.15)
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Particle flow <7

e Collective respond to the initial state geometry

e Fourier analysis of the azimuthal angular distribution wrt to
the event plane

e Strong dependance on |An|

dN

— [ 1+ E 2v, cos(n[q) — (I)n])\‘T
de : )
PoPb (o276 ToV ]
L,=8ub"' 0-5% ~
2<p], p<3 GeV
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Factorization of vz works well for
|An| > 2 but breaks down for smaller

| ] LR

values due to jet production
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—actorization of harmonic flow coefficients

Factorization

v, e pim® )=, (o2 kv, (2

requires weak eta dependence and low
contributions from resonances and jets
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Particle yields:
Charged hadrons ~7_

Heavy lons arXiv:1202.2554v1

SPS 17.3 GeV (PbPb) GLV: dN/dy = 400
GLV: dNy/dy = 1400
GLV: dNy/dy = 2000-4000

1 d°N ‘/d/d 2
A+d | AYADT

RAA - N d 2N / d d : RHIC 200 GeV (AuAu)
< CO”> p+p Yapr — — YaJEM-D
/ \ ] O 7° PHENIX (0-10%) st el

O n° WA98 (0-7%)

Geometry pI'OtonS 1 5 & % I STAR (0-5%) -.- elastic, large Pesc
SPS LHC 2.76 TeV (PbPb) - YaJEM
® CMS (0-5%) — ASW
< % ¢  ALICE (0-5%) PQM: <G> = 30 - 80 GeV?*/fm -
e -]

e No suppression seen at SPS 1 2 34 10 20 100 200
e Suppression of hadrons largest at 7 GeV
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Particle yields:
Photons

Physics Letters B 710 (2012) 256-277

CMS \/s,,=2.76TeV L, (PbPb)=6.8ub" L, (pp)=231nb’"

- B L I I UL I

i —e— R,, (0-10%) ]

e No suppression observed for photons at I Syste"‘j“"”“““a‘;“y I
15+ scale uncertaint ]

ATLAS and CMS : :
e | HC results probe much higher energy range s b o
than RHIC co o=
[ PbPb(EPS09)/pp(CT10) |
0.5 - PbPb(nDS)/pp(CT10) |
- e PbPb(HKNO7)/pp(CT10) |
: — — EPSO09 PDF uncertainties :
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Particle yields:
Gauge bosons ~7_
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Heavy lons o - ATLAS Preliminary -
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periph , _ 1
R <Ncoll > d*N<" | dydp, 1_5sz 5 ub” \S=2.76 TV -
cP = t 2 AT periph -
(Nogi") d*NEZ | dydpy |
Heavy lons :
Peripheral 0.5 B
(ptp — like) T .
: s obd, o e Lo
¢ \V yield measured by fitting the muon pt spectrum 02 0.304 0506070809 1
with a signal + background template Z boson 1-centrality
100: """" [TTTTpriTrp e ety
¢ Decay of the Z boson into two muons provides a gog_a) CMS PbPb 7.2 b at\Byy = 276 TeV
very clean signature even for the most central 5 80 [-[30-1001% =
events o 70F [10-30r% -
t< 60 iy '.’."“.’."“:".":".'“.‘['1'.‘."“;:'i:'Et‘Et‘E.‘.‘i:".':'E:{E:‘E:‘E‘:".':".':'E:'_t':‘_t':‘_t‘r:‘:‘:‘, :r:::g:;:i
e Observed yields compatible with no suppression S of N
Y - [0-100]% [0-10]% 7
> 40F E
2011 data will provide more R o o isosnin |
Pz C ’ P ]
20 ereieia Paukkunen et al., idem+EPS09
accurate measu rements © 10 E_ -------------------- Neufeld et aI: MSTW-+isospin _E
- SILILICIEY Neufeld et al., idem+eloss 3
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ATLAS-CONF-2011-078

Phys. Rev. Lett. 106 (2011) 212301


http://dx.doi.org/10.1103/PhysRevLett.106.212301
http://dx.doi.org/10.1103/PhysRevLett.106.212301

Particle yields:
Jpsilon <7

< 2O T T T T T T T T T T T T
: : : @+ CMSPDbPb\/sy,=2[6TeV -
e 2010 CMS results consistent with the disappearance of s . :
higher Y-states in central HI collision T E
e Suppression of the Y ground state at low pt 15l N
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PRL 107, 052302 (2011)
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Particle yields:
J/Ps /LS
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Secondary vertex reconstruction allows S 05 B Cvs oo s Tatov (s

. . — C CMS =2. . .

measurement of proper time of J/Psi from B- a0 e e e
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e b-fraction measured in Pb+Pb similar to the 050 PpReoRTe (r ! E

measured fraction in PP collisions 04 - :

0.3 " E

¢ Both prompt and non-prompt Jpsi component 02k g4 } E

. . . E Qe ] ]

show a significant suppression 01 o arXiv:1201.5069v1-
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Particle yields:
Jets

HI collision with 2 jets, run 2011
Q\w ATL A S Run 193291, Event 11438385

‘ Time: 2011-11-15, 03:36:52 CET
A EXPERIMENT FCal SEr =19 TeV

Track jet, R=0.4

Calorimeter jet, R=0.4 Jet 1 pr = 330 Ge\;—

Jet2, pr=263Gev J A1=0-12

track pr>2 GeV
muon pr > 2 GeV

Sasha Milov  The Hunt for New Particles, from Alps to the Plains, to the Rockies Feb. 16, 2012

HI collision with 3 jets, run 2011
(i: AT L AS Run 193291, Event 5344352

Time: 2011-11-15 02:23:15 CET
A EXPERIMENT FCal SE1 = 1.5 TeV

S

——
.. W\TI 'l\

-—

Calorimeter jet, R=0.4 Jet 1, pr =206 GeV
Jet 2, pr =63 GeV
Jet 3, pr =39 GeV

Sasha Milov ~ The Hunt for New Particles, from Alps to the Plains, to the Rockies Feb. 16, 2012

}AJ =05

muon pr > 2 GeV
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Particle yields:
Jets

~/_~"

= T T - 4 LM B |
< 40-100% | S 20-40% |
= ® Pb+Pb Data =
2§ Op+pData EE 9
z CHUING+PYTHIA z

e December 2010: first observation of jet
suppression

¢ Also observed in photon + jet final state

Phys.Rev.Lett. 105 (2010) 252303
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arXiv:1205.0206 13
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Jet suppression: y

where did the energy go” 7

_incone

I\/Iissing pT” =2 _thrack COS(qbtraCk‘leeading jet)

’
out of cone -

14
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Jet suppression:

where did the energy go” 7
. incone
Missing prll = X -prak coS(track-Pieading jot) ,
out of cone
llll|ll|||l l|""|"" IIIIIIIIIIIIIIIIIIIIIIII
:(CC):M8030/ In-Cone [ (d) Iil > 0.5 GeV/c Out-of-Cone |
N -30% i 0.5-1.0 GeV/
40~ Pb+Pb \s,=2.76 TeV AR<0.8 1 10-20cevi AR=0.8
- - 1 2.0-4.0GeVic
- fL dt = 6.7 ub” . [ 4.0 - 8.0 GeV/c -m
B i I > 8.0 GeV/c N
1[ PHYSICAL REVIEW C 84, 024906 (2011) _
I T R T B A [T | ._"||||||||||||||||||||||||-
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
A, A,
¢ I[nside and outside cone tracks are unbalanced
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Jet suppression:
where did the energy go” ~7_

. in cone

ao _ track o :

MISSIﬂg pT” =2 -PoT1 COS(gbtraCk'leeadlng Jet)
4
out of cone -
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i P T (1 2.0-4.0GeVic 1t | '

B JL dt=6.7 ub T [ 4.0-8.0 GeV/c I :

B T B > 8.0 GeV/c i \ '

R |7 Y
T PHYSICAL REVIEW C 84, 024906 (2011)
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0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
AJ AJ A

¢ Inside and outside cone tracks are unbalanced
e Summing the two restores the balance
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Conclusion

e ATLAS and CMS both have very
successful heavy ion programs

e consistent results between the experiments
e CMS published 9 papers, ATLAS 5

e Main results
¢ observation of jet suppression

¢ evidence of the disappearance of higher
Upsilon states

e first observation of B suppression

e High expectations for 2011 data analysis:
many results will turn for ‘hints’ into solid
measurements

e statistics in 2011 about 20 times larger than
iIn 2010, analyses well underway

e 2012 program: p-Pb collisions

dN/ dm [GeV]

Events/(GeV/c?)

-
(@)
—

ATLAS Internal
- Data 2011 Pb+Pb
\s=276TeV L =0.15nb"

e Opposite sign: 772
o Same sign: 42
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