&
First Pb+Pb results from

Helen Caines - Yale University - on behalf of the ALICE Collaboration

WE'VE SHOWN THAT THE RECENT UNEXPLAINED
BEHAVIOR 1S DIFFERENT THAN THE

PREVIOUS UNEXPLAINED BEHAVIOR. FOCUS on Heavy_'on results
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Highest energy man-made collisions ever!

Setup started Nov 4
First collisions Nov 7
Stable beams Nov 8

>8ubin 4 weeks
Propp > 2x10%°
(""1/20 o@mabePb)

Pb-Pb Vsnn = 2.76 TeV
Total energy
Pb+Pb @ sqrt(s) = 2.76 ATeV 287 TeV/beam

2010-11-08 11:29:42
Fill : 1444

Run: 137124
Event : 0x00000000271EC693

p-p Vs=0.9 TeV ~8x108 MB (+ ~3x105 MB 2009)

Vs=2.36 TeV ~4x10* MB
Vs=7.0 TeV ~8x108 MB, (~1x108 muon, ~2x107 high Nen) Increasing daily
\s=2.76 TeV ~7x107 MB, (~9x10¢ muon, ~1x108 high tower (18 nb-' MB))
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Expectations based on RHIC results

LHC plasma hotter, denser, longer lived
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Expectations based on RHIC results

LHC plasma hotter, denser, longer lived

| F. Karsch, et al. Nucl. Phys. B605 A ]
RHIC o/ T4 —*

/T

3 flavour
2 flavour

T, = (173 +/- 15) MeV
e, ~ 0.7 GeV/fm® T [MeV] -

100 200 300 400 500 600
Open questions: same sQGP?
different evolution?
how do heavy quarks interact with the medium?
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ALICE - configuration for 2009/10-11

e ITS, TPC, TOF, HMPID, FMD, VO, TO, ZDC, Muon Arm, Acorde, PMD, DAQ (100%)

e TRD" (7/18) (E 10/18 Dec) iy TS ) (D) (Pl )
e EMCAL" (4/10) ([wmm]10/10 Jan)
* PHOS (3/5) * upgrade to the - S roto 7 i
e HLT (~60%) (Eg?tiigﬁ'yf?ms? l;)thi;r/]sics o —— . ) &
R [ | Mo
Vo Lo

TRIGGER

{
TPC CHAMBER

~116m

i4 e
ABSORBER
I Collaboration:
ALICE is Detector:
fuIIy o > 1000 Members
_ Size: 16 x 26 meters 5 100 Institutes
operational | weight: 10,000 tons > 30 Countries
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Detector performance: tracking and PID

dE/dx signal in TPC (a.u.)

TOF PID - pp @ 7 TeV

—

-y
a” 10¢
TPC
08—
10~ 0_7;
~7% at 10 GeV/c |06
% 05— l%‘ o
- 04 |
. = “ALICE Performanc TOF (G =~ 90 pS)
ALICE performance 03 21 May 2010 150k channels!
work in progress BRI R ~
Dec. 2009 025y L
raaal 1 1 1 a2 a3l ' ' 1 pxcharge (Gevlc)
1 10 Py {GeV/c) .E.1ooo: — _—
\ \ g 900} work in progress '@'
\ PbPb =276 TeV @ - i progr
1200 \Q \ @\ ¢ % 800 pp @\'s = 900 GeV (2009 data) St .
1000 b\ 5 7% Si vertex detector
Y 600
L\ ® pT (min) <100 MeV/c
He 500
800 e\ g TE
;5_f ‘\ 4H_e performance 4002_ , = 10
TPC dE/dx | *°f =4
. \ '\: . \\\_\‘. ~ (o) 200 :_'
400 e o=~ 5-6% E o ik
A | )| s 1
200} T ) ) o L — R
B - el momentum * sign [GeV/c]
15 2 2.5 35 | Pointing and vertex resolution also close to design

Rigidity £ (Gevic)
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Detector performance: tracking and PID

dE/dx signal in TPC (a.u.)

N p!‘.. P,
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21 May 2010

TOF (o =90 ps)
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Dec_zoog 0.2-5I\IJ[IMI\ 2 léllll4‘l\ll5|-1
: 2 a3l M " y 32 32 a3aal M M M p x charge (GeV/c)
1 10 p (GeVic) 7 1000F —_—————
\‘ 5‘. :._
\ PbPb @\, = 2.76 TeV 8 | workinprogress '@'
\ @\ ° 3 —pp @\'s = 900 GeV (2000 data) T .
\\ =] =
\ x — H
-\ Anti-nuclei S ok Si vertex detector
He | 2 3 pT (min) <100 MeV/c
\ ‘\ \L\ E— Fae
i, ) performance = -
A TPC dE/dx -
) N \";\:‘a.\ \.\'\"*‘»\\ (O- = 5-6%) _E.V; e
N Toar T - P
e ) ] . EET 05 1 15 2
» - el momentum * sign [GeV/c]
1 15 2 25 35 | Pointing and vertex resolution also close to design
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Centrality and Triggering

Pb-Pb MB Triggers:
2 out of 3 from

VOA 2.8<n<5.1

V0C Bainy VoA

ZDC |n| < 8.7 .
SPD hits

Nbin, Npart from Glauber calculations

ZDC Amplitude (au.)
g § B E B

_— e ENyS.Lett. B696 (2011) 30-39
3 - a Pb-Pb \/s = 2.76 TeV .
= 20 ) R = E.. TR e |
- —
E 15: 0-5% _ %
3 u p N lﬁ1o2
5 C _ —— Glauber fit
% 10_— —] 0 \\
- p— *M
8 :@ . R YV
SE = ;
B 70-80% - S £
| e N N — 10 |81 8 3
0 1000 2000 S &
TPC tracks (uncorr.) Py |15 R N NN [P S IR P e S
0 5000 10000 15000 20000

VZERO Amplitude (a.u.)

VO signals and mid-rapidity
multiplicity - strong correlation Helen Caines - Yale - DIS - April 2011 6




Charged particle multiplicity

dNcn/dn = 158414 (stat)+76 (sys) 5% most central Pb-Pb at 2.76 TeV

o] ALICE
—e—_ . Empirical :::‘Gl:lom
.. _______ P_Q_QD__QWE_T}!_@] ______________ Result on high side of
e Albacete (7] .
—o— Saturation/ " ® expectations
N - Aaturation/ knarzeev et al. (9] :
e Shadowing Khuzavo:.l. (9] - OppOSIte to RHIC
e Kharzeev et al. [10]
N Armesto et al. [11)
° Eskola et al. [12)
' e Bozeketal [13) PRL 105, 252301 (2010)
. ‘ Other Sarkisyan et al. [14)
e ) Humanic [15)
1000 1500 2000
dN,,/dn
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Charged particle multiplicity

dNcn/dn = 158414 (stat)+76 (sys) 5% most central Pb-Pb at 2.76 TeV

o ALICE

Empirical Busz
HIJING 2.0 [5]

pQCD DPMJET Il [6]

Levin et al. [8]

| o | Saturation/ knarzeev et ai. 9)
Shadowing Kharzeev et al. [9)

Kharzeev et al. [10]
Armesto et al. [11)
Eskola et al. [12)

° Bozek et al. [13)

Other Sarkisyan et al. [14)

Humanic [15)

1500 2000
dN,,/dn

A-A =1.9x p-p
nuclear amplification!

Result on high side of
expectations
- opposite to RHIC

PRL 105, 252301 (2010)

® AA(0-5%)ALICE A pp NSD ALICE
B AA(0-5 %) NA50 o pp NSD CMS
A AA(0-5%)BRAHMS + pp NSD CDF

* AA(0-5%)PHENIX 0 pp NSD UA5
7 AA(0-5%) STAR ¥ pp NSD UA1

¥ AA(06%)PHOBOS x pp NSD STAR
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11111 1 llllllll
102 10°
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Charged patrticle yields per participant pair
Soft processes: Hard processes:
~ Npart ~ overlap volume ~ Nbin ~ Npart" (n=0-1.17)
Independent of Vs More important as Vs increases

PRL 206, 032301 (2011)
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III|III|III|III|II
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IIII|IIII|IIII|III

® O Pb-Pb 2.76 TeV ALICE © Au-Au 0.2 TeV

« pp NSD 2.76 TeV

Interpolation 2.36 & 7 TeV
# pp Inel 2.76 TeV

2
=
({e]
N
AN
]
2
=
(7))
N
>
v
®©
2 o
~
=
5
~
20
°)
o

1 1 | 1 1 1 1 | 1 1 1 1
100 200

o
w
(=
o
S
£
S t
N
=
o
o

Centrality dependence:

LHC ~ RHIC!

Nuclear
amplification
independent of \s

Geometry
dominates bulk
production

(dN_/dn)/(( Npart>/2) Sy = 0.2 TeV
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Test of shadowing/saturation models

Shadowing/saturation: reduces the number of soft gluons
number hard scattering centers effectively reduced
effect amplified in nuclei
limits rise in multiplicity

Centrality dependence
very sensitive to:

Initial conditions
saturation

system evolution
— Kharzeev et al.

—=- HUJING 2.0 These two “simple”
Armesto et al. measures p|ace

+ pp NSD — DPMJET Il { fraint
+ pp Inel .. Albacete strong constraints on

PRL 206,032301 (2011) models
100 200 300 400

(N__/
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Space-time evolution of the system

| —
R

W
[ S—

long

RouR R

400 ——————— N ,

- A E89527, 3.3, 38,43 GeV .
3500 A NA4987,125,17.3 GeV =

-~ W CERES 17.3 GeV SO
300 ¥ STAR 62.4, 200 GeV . —:

- O PHOBOS 62.4, 200 GeV L’ ’ m
250 ®  ALICE 2760 GeV Le* =
2003_ "‘¢¢¢ _f
150 g % %ﬁ' 3
100} E,A =

50 PLB 696, 328 (2011)
% 500 1000 1500 2000
(dN h/dT] )

Two-pion Bose-Einstein correlations - data on source size and lifetime

RoutRsideRIong =V

V scales ~ linearly with multiplicity

central central
VLHc ~ 2X VRHIC

~ 300 fm3
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Space-time evolution of the system

Two-pion Bose-Einstein correlations - data on source size and lifetime

E895 2.7, 3.3, 3.8, 4.3 GeV

NA49 8.7, 12.5, 17.3 GeV
CERES 17.3 GeV

STAR 62.4, 200 GeV
PHOBOS 62.4, 200 GeV
ALICE 2760 GeV

L 4
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PLB 696, 328 (2011)
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Decoupling time Tf « Riong

6
1¢ from bang to hadronic freeze-out

Trscales ~ linearly with multiplicity/3

central central
TiHC ~ 1.4X TfRHIC

~ 10-11 fm

RoutRsideRIong =V

V scales ~ linearly with multiplicity

central central
VLHc ~ 2X VRHIC

~ 300 fm3

E895 2.7, 3.3, 3.8, 4.3 GeV
NA49 8.7, 12.5, 17.3 GeV
CERES 17.3 GeV

STAR 62.4, 200 GeV
PHOBOS 62.4, 200 GeV
ALICE 2760 GeV

eCxmp>»

4 }

2|

PLB 696, 328 (2011) ]
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Source at LHC is larger and lives longe

(dN_/dn )™

r than at RHIC
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Elliptic flow expectations

Initial state spatial

an isotropy

A

O

=

“ 1
’
’

¢
\\ /’

Final state

== momentum >

isotropy

TPy/PZ

P ,
S
% /'\\'O{\ \‘\\ /4
Y L7 7
g
Y
X

\\_/

T\fL

Normalized Counts

1.6

cos(2A®d) modulation
in particle distributions

* N . 3177 % +
I » 1031 %
sale e 0-10 %

1
0.8
0.6
0'40 0:5 1 1:5 2 2:5 3

q)Iab-wplane (rad)
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Elliptic flow expectations

Initial state spatial Final state cos(2A®d) modulation
an isotropy == momentum ==  in particle distributions
isotropy

= 31-77 %
s 10-31 %
o 0-10 %

Normalized Counts

2.5 3
¢Iab-qulane (rad)

At RHIC: Ideal hydrodynamical models including QGP phase
describe elliptic and radial flow

QGP— perfect fluid

At LHC: Ideal hydrodynamics ~10% increase in elliptic flow
consequence of higher {pr)
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Elliptic flow - unidentified particles

0.08

3

g

o

g

3

PRL 105, 252301 (2010)

1
Ly
1

® ALICE

¥ STAR

< PHOBOS

0 PHENIX

B NAYY
CERES

+ E877

* EOS

A ES95

¥ FOPI

1

i V, versus Vs, (GeV) }

¥ 20— 30 %]
%:' centrality _J

10°

v (pt int.)LHC ~1.3x (pr int.)RHIC

Viscous hydro. with smaller corrections at

LHC predicts such large increase
G.Kestin & U. Heinz, Eur.Phys. J. C 61, 545 (2009)
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Elliptic flow - unidentified particles

PRL 105, 252301 (2010) _ _ _
V. vorsus Voo (GeV) v2 (pt int.)LHC ~1.3x (pt int.)RHIC

3 ¥ o] Viscous hydro. with smaller corrections at

centrality _J - )
LHC predicts such large increase
G.Kestin & U. Heinz, Eur.Phys. J. C 61, 545 (2009)

0.08

—te
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I
I

g

I
I

® ALICE

¥ STAR

< PHOBOS

0 PHENIX

B NAYY
CERES

+ E877

* EOS

o

At a fixed pr:
v2(2700) ~ v2(200)~ v2(62) ~
« vos v2(39) > v2(11) > vo(7)

sl Next step: spec:les/mass dependence

3 8

1

-y
o
r'S

STAR Prellmmary
(a) 0251 Charged Hadrons

= Fit to 200 GeV data + ]
@

Charged Hadrons
o Q “* D= *u

Au + Au Collisions, 20-30% -

® \s, =276 TeV (Pb + Pb) R u + Au Collisions, v, (EP} {40-50%)
. O \,’%l = 200 GeV

) \If =200 GeV STAR i \ oA - N\, " 624 GeV
¥ s, =624 GeV [ oliminary . i N
a \ﬂ =39 GeV . ' A \h_ 1.5 Gev

2 3
p+(GeV/c)

v, {4}

o
N>




Anti-baryon/baryon ratio at mid-rapidity

\ngeV] ALICE: p-p collisions
10

Ratio independent of pr

p/p ratio

Vs <1 TeV:
Ratio < 1 — Finite baryon transfer

0.6 from beam to mid-rapidity

* BRAHMS
< Ll
- PHENIX Vs < 7.0 TeV:

0.4 » PHOBOS Ratio consistent with unity

* STAR
| 1 1

|
7 8 9 10 _
Ay Results leave little room

for any diagrams
transporting baryon
number to mid-rapidity
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Anti-baryon/baryon ratio at mid-rapidity

\ngeV] ALICE: p-p collisions
10

—_

Ratio independent of pr

p/p ratio

Vs <1 TeV:
Ratio < 1 — Finite baryon transfer
from beam to mid-rapidity

o
o)

o
o))

* BRAHMS
< Ll
- PHENIX Vs < 7.0 TeV:

0.4 » PHOBOS Ratio consistent with unity

« STAR
02, 5 1o
Ay Results leave little room
for any diagrams
_ transporting baryon
0.9 TeV: p/p = 0.957+0.006(stat) £0.014(syst) number to mid-rapidity

7 TeV: p/p =0.990+£0.006(stat) £0.014(syst)

PRL 105, 072002 (2010)
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Global observables summary
Energy density > 15 GeV/fm3— x3 RHIC

Freeze-out volume ~300 fm3— x2 RHIC

Time scale until decoupling 10-11 fm/c — x1.3 RHIC

Essentially no baryon transfer to mid-rapidity at Vs =7 TeV

Elliptic flow as expected from hydro-dynamical calculations —
Need Vs dependent viscous corrections

Initial state saturation effects smaller than expected

PID global/bulk observable studies underway
e Teh, ,Mb, Tfo, N/S etc etc coming soon
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Hard process
10* 1

£
3]
=
o
©

1_—.".

-g.'- ALICE Pb+Pb\ S, =2.76 TeV

.c; 102 _—\ e  Centrality 0-5%

-4 e Centrality 70-80%
™ Q.lv-

&

- high pr

10"\ .

1E™S>

, - Clear shape change o, :
107 ¢ at high pr for central N\ . E
- . collisions o, o,
10-4 - ®e ., _] — .o.. .o.. —
- ¢ e _ | a .~ B
_ ¢, * o [ ALICE Pb+Pb\'S,, = 2.76 TeV % %]
'|0'6 N ! 2, i e Centrality 0-5% -gt,_-
~ PLB 696 (2011) 30 t 1 [ e centrality7080% 1
10‘8 1 1 | 1 I 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 11 11 l 1 1 1 L1 1 11 I
0 5 10 15 20 pt(GeVic) 1 10 pr (GeVic)

Clearer picture via
Nuclear Modification Factor:

Yield(A — A)(pr)

p-p reference:
Interpolation of 0.9 and 7 TeV data

7/ TeV data scaled by NLO QCD calc.

Raalpr) =

Yield(p — p)(pr) X Npin
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High pt suppression

3
v

| «0-5% PLB 696 (2011) 30 -
*70-80%

ALICE Pb+Pb \ s = 2.76 TeV

CDF low Vs
reference

J"\ NLO scaling fromn
0.1 g Vs =0.9 TeV

0 5 10 15 pr (GeVic)
Raa(0-5%) << Raa(70-80%)

For pr> 7 GeV/c Raa rising

Enough data to reach 50 GeV/c
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High pt suppression

3
v

0.1

PLB 696 (2011) 30 _

Raa

2 0-5%

*70-80% _
ALICE Pb+Pb \ s = 2.76 TeV

CDF low Vs
reference

4"\ NLO scaling fromn
: Vs =0.9 TeV

0.1

0

5 10 15  pr (GeV/c)
Raa(0-5%) << Raa(70-80%)

For pr> 7 GeV/c Raa rising

h* ALICE Pb+Pb\ s, = 2.76 TeV (0-5%)
h* STAR Au+Au\ S, = 200 GeV (0-5%) -
h* PHENIX Au+Au\ 8, = 200 GeV (0-10%)

PLB 696 (2011) 30

0

flatter spectrum —

5 10 15
Min.Raa(LHC) = 0.5xMin.Raa(RHIC)

pt (GeV/c)

more opaque medium

Enough data to reach 50 GeV/c
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High pt suppression

5 10 15
RaA(0-5%) << Raa(70-80%)

For pr> 7 GeV/c Raa rising

0

pt (GeV/c)

I I 1 I I 1 I I I I I I I 1 I I I I I I
> > .
& | * h*ALICE Pb+Pb\[s,, =2.76 TeV (0-5%)
- *0-5% PLB 696 (2011)30 ™| . 4 pHENIX AutAun s, = 200 GeV (0-10%)-
*70-80% — 70 =
ALICE Pb+Pb \ 5,y = 2.76 TeV = x° PHENIX All-l-All\fsN 200 GeV (0-10%)
1
CDF low Vs
reference
J"\ NLO scaling fromn
01 L _ Vs=0.9 TeV |01
1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l — y i " . l " i g y l " . g y L " . i " l -
0 5 10 15 pr (GeV/c)

flatter spectrum —

Min.Raa(LHC) = 0.5xMin.Raa(RHIC)

more opaque medium

Enough data to reach 50 GeV/c
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Jet like correlations -

30<p,_<4030<p__ <400-10% |

ALICE [ComFnso<p, <15040<p __ <60010% |
d I ) h a d ron. = __—
correlations: 8~ . — o N
No j SN
background 2
subtraction

5
@ A rad]

Near-side jet correlation: Evident for all prt

“ridge” structures: There at low pr
Not at high pr

Away side jet correlation: Small even in p-p
due to x-swing
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Jet like correlations

[ 30< P < 4030< Prassoc < 4.00-10% |
ALICE

o T I T T T [ T T T I T T T I T T T I ]
= 1 Away side ALICE preliminary |
25 E:_BGeVIC<me<15GeV/cpmsét<pmg_:
T 0-5%/60-90% i
20 T .
1.5 B
T Line: v, subtracted -
T v v o by oy T

00 = 4 6 8 10
pT.assoc (GeV/C)

| CorrFn 8.0 < pnﬁg <15.040< P,

di-hadron
correlations:
No
background
subtraction

< 6.0 0-10% |

Near-side jet correlation: Evident for all prt

“ridge” structures: There at low pr
Not at high pr

Away side jet correlation: Small even in p-p

due to x-swing

laa < 1 even for high prassoc
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Heavy flavor

L T L B o o e o e
Pb—Pb\}§=2.76 TeV, 2.1 10° events, 5 < p, < 8 GeV/e

+ . D’— K

N w
g 2

.‘.
ALICE Performance

L Centrality: 0-20% 25/02/2011

- Significance (3 6) 5.8+ 1.4
. S(30)1038+252

N
3
°l|

Entries / 10 MeV/c?

D0 and D* via
secondary vertices

B(30) 31382+ 149 Mean = 1.866 + 0.005

lIlllllll[IllllllllllllIllllll

PWG3-D2H-038

Sigma = 0.022 + 0.006

[lllll“

TA75 18 485 1.9 195 2 2,05 Fwr276TeV, 1.2 107 min. bias ovents,p,> 8 GeVie
Invariant Mass (Kn) [GeV/c?] . PN

200!~ ' + D> Krn'n

2 00: T ALICE Performance
4 i + 25/02/2011

1

_ 2 150] |
ngh pT (5_1 5 GeV/C).u E Cent:allty: 0-100%

expected from full 100k G1gma = 0.025 £ 0,005
2010 Pb-Pb dataset 505_ Significance (30) 5.2+ 1.1

S (30) 296 + 63 .
! ! 1 | B(I30)289|3t441 1j
17 175 18 185 19 195 2 205
Invariant Mass (Knn) [GeV/c?]

Bottom deduced from leptonic decays

llllllll

PWG3-D2H-037

of

Charm vs bottom high pr
suppression measurements possible
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Heavy flavor

L e e T LIS AL B B B B e
Pb—PbV§=2JG TeV, 2.1x 10° events, 5 < P, < 8 GeVic

D’—

N w
g 2

+ + Kn*

+
ALICE Performance

25/02/2011

N
3
°II

Entries / 10 MeV/c?

L Centrality: 0-20%

- Significance (3 6) 5.8+ 1.4
S (30) 1038 + 252
B (30) 31382+ 149

Mean = 1.866 + 0.005

Sigma = 0.022 + 0.006

lllllllllllllllllllllllIIlllll

PWG3-D2H-038

D0 and D* via
secondary vertices

Jhp->un at forward rapidity

ALICE Performance
PbPb \s=2.76 TeV
2/12/2010

Events/0.05 GeVic?
o
o

500
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L TR B
175 1.8
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Invariant Mass (Kn) [GeV/c?]
0200/ /T

f

Centrality: 0-100%

£15
High pr (5-15 GeV/c)d |

[ Mean =1.865 1 0.005
| Sigma =0.025 + 0.005

expected from full 100

2010 Pb-Pb dataset

501

|

of

2,05 [w=276 TeV, 1.2 x 10 min. bias events, p, > 8 GeV/c

ALICE Performanci

Significance (30) 5.2+ 1.1
S (30) 296 + 63
| B(I:!o) 289|3t44l

400

D" 5 K n*n*

300

25/02/2011 200

IIII]IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

) I I
34

1 1 l 1 1 1 I
36 38
M, (GeV/c?)

...t Expect afew 1000 J/W from

N
(-]

:

o
w

3.2

PRRFI SNTURT T S S ST S S
17 175 18 185 19

Invariant Mass (Knn) [GeV/c?]

Bottom deduced from leptonic decays

195 2

ia  full 2010 Pb-Pb dataset

Charm vs bottom high pr
suppression measurements possible

Quarkonia suppression/
enhancement results also
possible
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Extreme p-p events
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p-p data hard for models to describe

Here ATLAS-CSC OK but fails to
describe pT distribution

0.9 TeV: EPJC Vol. 65 (2010) 111
0.9 and 2.36 TeV: EPJC Vol. 68 (2010) 89
7 TeV: EPJC: Vol 68 (2010) 345
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Extreme p-p events
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Here ATLAS-CSC OK but fails to
describe pT distribution

0.9 TeV: EPJC Vol. 65 (2010) 111
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0-1

sy

N5 =236 TeV (x 10)

J5=09TeV (x 1)

ALICE
INEL>0
Il <1 2 units of pseudorapidity

1 I 1 1 L l 1 L

20 40
MQliplicity N,

\s=7 TeV 1:100 events
(dNen/dn) ~6  dNen/dn ~ 30

3 8 § §
© F=TTI T TTm T T T 77T

Similar multiplicities to Cu-Cu events

collectivity and QGP?7?7?

0.9 and 2.36 TeV: EPJC Vol. 68 (2010) 89
7 TeV: EPJC: Vol 68 (2010) 345
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Summary and outlook

— Strong high pt suppression observed — highly opaque
medium

— Jet/High pt and heavy flavor studies just starting

— Investigating extreme p-p events — who knows what
they will reveal?

As expected larger, denser, longer lived and more
opaque source created at LHC than at RHIC

Outlook
— Long shutdown delayed until 2012
— Pb-Pb running expected in 2011 and 2012

ALICE and the LHC operating wonderfully
Details of the QGP at 2.7 TeV emerging rapidly
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Back-up slides
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Di-hadron correlations: Iaa

«Q | ] I I I I I I I I I I I I I I I | I I I I I I I I l I I I I I I I | |
£ _ Near side ALICE preliminary | Away side ALICE preliminary _
%‘ 2 5 8.GeVic < Py 15.GeVIe. . Prys S Prisg 1. 8GeVic< P <15 GeVic .. Prasssoc S Prug _
" | = 0-5% /Pythia T m 0-5% / Pythia :
2.0 :._ A 60-900/0 l Pythia ...................... _.::_. A 60-900/0 ! Pythia ............................ _:
1.5F T :
1,05 : -
0_5:_ e _: aE
- Line: v, subtracted T Line: v, subtracted -
0 0— oo o b o b e o e e o T
T2 4 6 8 10 2 < 6 8 10
. O —— pT.assoc (GeVlc) pT.assoc (GeV/c)
3 04f Vie<o  <15Gevie
3 [ doweer™ <oceve
23 0.30 } ALICE preliminary ]
o ~L Stat. uncertainties only . . .
e — Near side: Yield enhanced in central Pb-Pb
£ oo — 6090% : Away side: Yield suppressed in central Pb-Pb
0.1 :
: t t ’I:«'-
0.0% % >l Helen Caines - Yale - DIS - April 2011
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dNcw/dpT at 0.9 TeV
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fit / data
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PLB693,2010

pp, INEL,\'s = 900 GeV, |n| < 0.8
—e— ALICE data

—— mod. Hagedorn fit

..... power law fit, p. > 3 GeV/c

ALICE systematic uncertainties
—e— mod. Hagedorn
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107"

Invariant cross-section:

Powerlaw fit to flat log-log region
(pr>3 GeV/c)

n=6.63 £0.12 (stat) £ 0.1 (sys)

Modified hagedorn distribution
gives good description of data
over whole pt range measured

Pr INEL

= (0.483 £ 0.001(stat) £ 0.007(sys) GeV/c
P1” nsD

= 0.489 + 0.001(stat) £ 0.007(sys) GeV/c

Data not described by MCs
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dNcw/dpT at 0.9 TeV
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—e— ALICE data
—— PHOJET
PYTHIA D6T (109)
.............. PYTHIA ATLAS-CSC (306)
— — PYTHIA Perugia0 (320)
IR }

ALICE data unclertainties

Invariant cross-section:

Powerlaw fit to flat log-log region
(pr>3 GeV/c)

n=6.63 £0.12 (stat) £ 0.1 (sys)

Modified hagedorn distribution
gives good description of data
over whole pt range measured

Pr INEL

= (0.483 £ 0.001(stat) £ 0.007(sys) GeV/c
P1” nsD

= 0.489 + 0.001(stat) £ 0.007(sys) GeV/c

Data not described by MCs
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(p.)(GeVlc)

ratio

{pt) as function of multiplicity at 0.9 TeV

T

= T
i ] S
[ pp, INEL, \/5 = 900 GeV, [n | < 0.8 ] > [ pp.INEL, V5 = 900 GeV, [1| < 0.8
ia b P, > 500 MeVic ] ALICE data 3 P> 150 MeVic Il ]
3 a4 ALICE DATA ] =55 = ALICE DATA ]
. PYTHIA DET (109) goes downto <« | Tg:(iTQdEJDGTUOQ) ]
- — - PYTHIAATLAS-CSC (306) ] - —-PYTHIAATLAS-CSC (306
12 . 1 50 MeV/C [ ~—-PYTHIA Perugia0 (32(0) :

L~~~ PYTHIA Perugia0 (320)

0.7 E L Lt
Details of low ' '
pT production

important - not
well described

C = by any mOdel :u PN T T T TS T T S I [:
1l15 z_ . ‘--.‘ —z 1‘15 f_ T T T ] 'l.-.l“vl T T E
11F E 11 F E
105 | £ 105 | S
P S = L L LV LLLY R g B
g

f ==
095 F"" T~ — 0.95 _,_K—&/_
0.9 "_\_\‘" 0.9 ;//\,_,é
0.85 F E 0.85 | E

05101520253035:'0 0 "B 10 15 20 25 30 35 40
ch

e Perugia-0 - fails for mult. - describes <pt> for pt>500 MeV/c - fails for pr>150 MeV/Cch:

e Other PYTHA - fail for <pt> in both cases
* Phojet - describes mult - fails for <pt> in both cases
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{pt) as function of multiplicity at 0.9 TeV

ratio
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107 1

e Other PYTHA - fail fc. -
* Phojet - describes mult

Main shape difference at high pr
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Identified particle spectra at 0.9 TeV

TPC, ITS and ToF used to identify particles

LT TT
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Strange hadron spectra at 0.9 TeV

'T 12— T LN B B BN AL R B 10 E— 1 A B B A BN B B B
§ = ALICE Preliminary pp, INEL,\s= 0.9 TeV : § - ALICE Preliminary pp, INEL,Vs= 0.9 TeV 3
8 C s ot stat. uncertainties only ALICE KS @ ) 8 C stat. uncertainties only ~ ALICE ¢ @ ]
=, 10" & —— PHOJET R =i —— PHOUJET PR

~ S 2 PYTHIA DBT (109) = :/ e = R PYTHIA DBT (109)
v - L PYTHIA ATLAS-CSC (306) = 102 50 T S e PYTHIA ATLAS-CSC (306) —
2 - T O ----- PYTHIA Perugia 0 (320) & c --=+- PYTHIA Perugia 0 (320) -
Z|° 102 & - — C ]
o %’_ = g = .
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- 2 —

Z 00 Z10° .
= E = E ]
< = < E 3
3 - 3 F ]
: S -
0.5 F ]
g E g 0.5 = E
g 05 1 15 , 25 3 35 09 05 1 5 3 . B ¥ S
p. (GeV/c (GeV/c)

KOs underestimated at high pr,
® OK within uncertainties !
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Strange hadron spectra at 0.9 TeV

KOs underestimated at high pr,
® OK within uncertainties !
Strange baryons off by factor 3!
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Lots of work to do for strangeness
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0.9 TeV compared to other energies

~ 1S
) | .
> Species dependence of {pr) very
3 ~+- ALICE 0.9 TeV
n  STAR 02 TeV : [ similar to RHIC
\C/l 1 ll J.
[ 4,
1: £ty "
1" |
: ; : M
05 ALICE Prelimina et T T T T T T -
- @ — ]
| 0181 ALICE Preliminary E
- 0.16 — —
- K p K A\ S LA - .
r " K ‘ P ’ z 0.14— ALICE S
0 ..................... T . — ]
0 05 1 15 o012 + —
: B - 7 .
Particle mas: g 01 * ‘% i 5@5 —
- Tevatron -
0.08 - A STAR UA5 .
0o6— NAA49 —
Very interesting to see 0.04 =
what happens at 7 TeV 0.02[ =
(and 14 TeV) 0:] 1 | I 1 | 1 1 L1 1 | | 1 1 | | L1 1 | :
10 102 10°

\'s (GeV)
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0.9 TeV compared to other energies

<p_> (GeV/c)

T

15
| Species dependence of {pt) ver
~ ALICE 0.9 TeV 1 P P P Y
@ STAR 02 Te : I ; similar to RHIC
L 11 l :
}: s L | Integrated K/ has little
b4 4
| R : dependence on s
| . M
05 | ALICE Prelimina T T T T . =
. » — ]
| 018E ALICE Preliminary (5 =
| 0.16|— =
: K p K A =L A - 7
BT e ALICE E
0 0.5 1 1.5 0.123— + L —f
Particle mas: 5 0.1 ¥ ‘% i 4 =
- Tevatron -
0.08 - A STAR UA5 =
0.06— NA 49 —
Very interesting to see 0.04 =
what happens at 7 TeV 0.02 =
(and 14 TeV) ofi.] Ll i =
10 1Q/§(GeV) 10
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K/mr & p/1T ratios as function of p+

Not very good agreement with event generator (not surprising)
ALICE data for 0.9 TeV

—e— ALICE,\s = 900 GeV

—e— ALICE,\'s = 900 GeV
—e— E735,\'s = 300 GeV

—e— E735,\'s = 540 GeV {
—o— E735,\'s = 1000 GeV * + -

—e— PHENIX,\'s = 200 GeV

-

—+— E735,\'s = 1800 GeV

(K +K)/(n*+7)

-+ _+:

Pythia - CSC 306 Pythia - CSC 306

Pythia - D6T 109 Pythia - D6T 109

Pythia - Perugia0 - 320 -.---.. Pythia - Perugia0 - 320

05 1 15 2 25 0.5 1 1.5 2 2.5
p, (GeVic) p, (GeV/c)

K/ practically independent on Vs
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N/KOs ratio at 0.9 TeV

)

_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIlllllll
= STAR pp@200GeV —=— UA1 pp@630GeV
e CDF pp@630GeV —e— CDF pp@1800GeV
—— ALICE pp@900GeV ) @ ALICE preliminary

INEL p+p aty's = 900 GeV
2009 data

0
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EN
EaN

Baryon/Meson ratio for
different collision energies

(A+R)(2K

-
N

—

Surprising agreement
between RHIC (200) and
LHC (900)

SRS Bi=

|

o
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o
>

Surprising lack of
agreement between LHC
(900), CDF (630,1800)
and UA1 (630)

&
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~
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s F
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Surprising lack of

agreement between CDF
Need further investigation (6?30) and UA1 (630) for

pt > 1.5 GeV/c

Is it due to different triggers, acceptances,
feed-down corrections.... ?
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Event shape analysis

* Transverse Sphericity Si:

A1, A2: eigenvalues of momentum tensor

/’

small S} r'e
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Particle correlations NVs=0.9 and 7 TeV

Background not subtracted dAg Mean p(Ao)

pp\s=0.9TeV,1.5GeV/ic<p_<p,, pp\s=7TeV,1.5GeV/c<p_<p,, pp\s = 7 TeV, 1.5 GeVic < B <P,
R N L T T L B T o I I IR —
10 ALICE prefiminary 3 < p,<4GeVic 7 10F ALIGE preliminary 3 < p, <4GeVic 3 4= —
- : PYTHIA ] : PYTHIA ] - Alice preliminary 3<th<4 GeV/e -
- 3 /) PYTHIA —
2% oo
' i - ..
L @) 1§44 gy s iy //%
9‘ S 4 =
i 2 | ) 6<p, <8 GeVic |
B “&..“‘ . “A“.‘M.“&“‘w PO 0000 Mi‘v‘&‘“ - 9 3: {
; i // _o.': 2: %
> N
X 2% /4 4 LAY, r//.‘ “
-~ E A% E »" / < th 4 —:
M /%/ ] i ; 10<p, <15 GeVic ]
v ) B a7 1B ! ) e
‘%‘, f?/"i/ 7 %’/’{//’7/‘ I 2 }{/
1 0-1 :é g, J/ﬁ’ g, 2! //A/%;/%Aé VY777 A i;
. 1 1.5 0 . 1.5 1 05 1 15
A0 [rad/n] A0 [rad/x] Ao [rad/x]

Uncorrelated background at 7 TeV >> 0.9 TeV

Correlations present down to low pt correct, {pt)

Soft UE multiplicity not

OK

Perugia good at high ptt but not correct below py, ~ 4 GeV/c
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Monte Carlo score card so far

DoT Perugiad CSC PHOJET MC << data

-20% -17% +3% 2% = MC >> data
MC = data

N, >10 N>5 N, >10
p,>4GeV/c p>1GeV/c p>1GeV/c

p,>1GeV/c

-24% -21% 2% -8%
N, N, >10 N, >5 N, >20 N, >15
n -27% -24% -4% -17%
N, >30

th ch

>
|—
({o)
™
N
>
|—
N

Conclusion:
no tested MC'’s (adjusted at lower energy) does really well

tuning 1-2 results is doable, getting everything right will require more effort
(hopefully during the exercise we’ll learn us something on soft QCD
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Triggering and data samples

«  “Minimum bias” trigger:
coincidence with beam pickup
counters (BPTX) + at least one
charged particle in 8 units of n
(All ALICE read out)

— SPD or VOA or VOC
— 95% Oinelastic

« Also a high multiplicity trigger

2.0 <nspo< 2.0 .
f1sPo and a muon trigger

2.8 <nvoa< 5.1
-3.7<nvoc<-1.7

e
Dec 2009: § | — sisincailf e
0.9 TeV ~ 0.3 M min bias £ F SH1 8 trggers (20 £
2.3 TeV ~ few 100k min bias § ool :
(no stable beams multiplicity measurements only) ¢ S - ool /.'. -
April - Oct 2010: o P -
0.9 TeV ~ 3 M min bias V4 o
7.0 TeV ~ 800 M min bias -+ / / ~
~ 250 k high muilt. ‘°°" r- = /I’ LHC fill number
Ran with reduced luminosity after July :—;&,‘é&, ”fm” ,Z',, G s
Date
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Event classes

p-p collisions at 0.9 and 2.36 TeV p-p collisions at 7 TeV

INEL and NSD Diffraction is essentially

Use measured cross sections unknown

for diffractive processes Hadron-level definition of
events (similar to ATLAS:

Phys. Lett. B 688 (2010) 21)
All events that have at least

one charged primary particle
Use Pythia and Phojet to assess in |n|<1 “INEL>0"

effect of different kinematics of Minimizes model dependence
diffractive processes

Change MC generator fractions
(SD/INEL, DD/INEL) so that
they match these fractions

INEL: MBor (SPD or VZEROA or VZEROC) + offline background suppression
NSD: MBanp (VZEROA and VZEROC) + offline background suppression
INEL>0: INEL and at least one charged primary particle in |n| < 1
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Bose-Einstein Correlations
Sourooradius vs pair momentum

: 3 L) T T T T T T T T T T T T — 1.6 T T T T T T T
= [ O ABCOMWppayss#4Gev  E [ " arXiv:1007.0516
_=j C o ABCDHW pp at "§=82 Gev _é i { ] ) T T T I T T T I T T T I T T T I T T T |
i o[ ™ E735pPat V5=18TeV © 14 |0| B Usina diff tb I ]
b * STARppat y5=200 GeV i % ¥ E 1 iy elinsreil gEelnee E
@ ALICE pp at y5=900 GeV 121 ¥ = _
Py . - i 1 ]
- B N f;f . -
: % U I {g { { 1 T = 9 B
15 % E . o8| { { J - \\ .
i % . E % 1 :
[ I ] - 1 - E
1+ g 5 : i 1 - -
B N . L _ . ) i
O . e phojet baseline _
i § arXIV. 1 007-051 6 04 '-— . STAR i "_ - 200 GeV _'- = pytr"a baseline .
C [ ppatys = e 1 ~— x flat baseline ]
05k |0| . | m E735pPat\s=18TeV i i
. : e 0.2 [~ # ALICE pp at \s=900 GeV 7] N R R B
N Source radius vs N, i ] 02 04 06 08 !
0 i PO RN TR SN (NN ST TR TN TN NN TN SR SN TN NN SR SN SN SN N S 0 [ TINMNT S S SS T  T  [S S T S ] <kT> (Gevie
0 3 10 15 20 0 0.2 0.4 0.6 0.8 1
<dN_/dn <k.> (GeVic)
. ch
Results:

- Radius increases with N,, comparable to ISR, RHIC, TeVatron
- ~ constant vs <k;> ! dependence usually interpreted as sign of ‘flow’ in HIC
- neglecting non-BE correlations (‘flat baseline’) can cause k;dependence (at high Vs) !
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