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Study of strongly interacting matter under extreme conditions
of temperature and energy densities

Study the QCD phase transition from hadronic matter to a
deconfined state of quarks and gluons - The Quark-Gluon

Plasma. 1

Study the physics of the Quark-Gluon Plasma
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hard
probes

ALICE

@ global observables:
multiplicities, rapidity distributions

@ geometry of the emitting source:
HBT, impact parameter via
zero-degree energy flow

Q@ early state collective effects:
collective flow

Q@ degrees of freedom as a function of T:
hadron ratios and spectra

@ deconfinement:
charmonium and bottonium spectroscopy

@ energy loss of partons in QGP:
jet quenching, high p, spectra,
open charm and open beauty
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Zero Degree Calorimeters
~ 100m away from the interaction point

Two-source model for particle
production according to negative
binomial distribution

coll

Nch~f*Npart+(1'f) *N
inel —
O,,"® =64 +5mb

Centrality classes are determined
by integrating the measured
distribution above the cut.
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Charge particle density per nucleon pair

increases by factor of 2 from peripheral
(70-80%) to central (0-5%).

Multiplicity increases by factor of 2
between Sy, = 0.2 and 2.76 TeV.

Dependence of multiplicity is very similar
between Sy, = 0.2 and 2.76 TeV.

Impact parameter dependent gluon shadowing
(Sq) limits the rise of particle production with
centrality
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<dE/dn> vs.\'s,, for Central Au-Au/Pb-Pb Collisions
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Energy Density at LHC is at least 3 times more than that at RHIC
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@ global observables:
multiplicities, rapidity distributions

@ geometry of the emitting source:
HBT, impact parameter via
zero-degree energy flow

Q@ early state collective effects:
collective flow

Q@ degrees of freedom as a function of T:
hadron ratios and spectra

@ deconfinement:
charmonium and bottonium spectroscopy

@ energy loss of partons in QGP:
jet quenching, high p, spectra,
open charm and open beauty
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The radii of are significantly larger compared to RHIC

PLB 696, 328 (2011)

14th EDS Blois workshop, Qui Nhon, 20.12.11



_ ALICE

~ 400 : : :
(= - A [E89527 33, 3.8,4.3GeV ]
< g350F A NA4987,125,17.3GeV 3
£ F W CERES 17.3 GeV + ]
€. 300F * STAR62.4,200GeV 3
T osof o ALCEZBOGEY '
= nd e .
@ ool i Volume at decoupling: ~ 5000 fm?
150F %%% = R~7fm
100F & E
sof % _; X2 of RHIC
O —"""B00 1000 1800 2000
(de‘/dr\)
g F4 Eeis27,3558, 43080 ]
g - A NA4987,6 125, 17.3 GeV
& .| ®™ CERES17.3GeV E ]
10 % STAR624,200 GeV ]
- O PHOBOS 624, 200 GeV
8:- ® ALICE 2760 GeV _
! Zé}ﬁ* | Lifetime from collision to freeze out
N a4 ]
af At ] ~ 10 fm/c
2 ] 30% longer
% "2 T4 6 8 10 12 14

(dN_/fon)"™
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@ global observables:
multiplicities, rapidity distributions

@ geometry of the emitting source:
HBT, impact parameter via
zero-degree energy flow

Q@ early state collective effects:
collective flow

Q@ degrees of freedom as a function of T:
hadron ratios and spectra

@ deconfinement:
charmonium and bottonium spectroscopy

@ energy loss of partons in QGP:
jet quenching, high p, spectra,
open charm and open beauty

14th EDS Blois workshop, Qui Nhon, 20.12.11



ALICE

y y o
X
Radial Flow . I
Elliptic Flow Directed Flow

E_d3N l —dzN ]+2+§°°: (P, y) cos[n(ep — Wr)]
= Un(pr, y) cos[n(p —We)] ¢,
d’p 27 pidpidy el m
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C(A9, An)

Odd terms become negative at large
pr (influence of away-side jet)

V,is necessary !

PRL 107, 032301 (2011)

blue curve: sum (not a fit!)
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pEso 152 GeVle A
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W »
L w%#%

S R—
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1 < n <5 describe shape

ALICE
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Slope changes at LHC vs RHIC

Very strong radial flow

° B = 0.66 at LHC
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@ global observables:
multiplicities, rapidity distributions

@ geometry of the emitting source:
HBT, impact parameter via
zero-degree energy flow

Q@ early state collective effects:
collective flow

@ degrees of freedom as a function of T:
hadron ratios and spectra

@ deconfinement:
charmonium and bottonium spectroscopy

@ energy loss of partons in QGP:
jet quenching, high p, spectra,
open charm and open beauty
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@ global observables:
multiplicities, rapidity distributions

@ geometry of the emitting source:
HBT, impact parameter via
zero-degree energy flow

Q@ early state collective effects:
collective flow

Q@ degrees of freedom as a function of T:
hadron ratios and spectra

@ deconfinement:
charmonium and bottonium spectroscopy

@ energy loss of partons in QGP:
jet quenching, high p, spectra,
open charm and open beauty
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Inclusive J/{ R,,%80% = 0.49 + 0.03 (stat.) + 0.08 (sys.)
<12
e inclusive J/y in Pb-Pb \[s = 2.76 TeV, 2.5<y<4, p >0
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Rather small suppression & centrality dependence
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1.4
LE u ALICE (Pb-Pb Sy = 2.76 TeV), 2.5<y<4, p >0
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Less suppression than RHIC!
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[ Pb-Pbat s, =276 TeV  m ALICE,p >0GeVic

% VS prllinary . > 3 Gevie Nuclear Shadowing models — CSM at LO
shadowing calculated with EKS98 and nDSg

parameterization for PDF

: ]
0al ﬂ . Raa ~ 0.7 => medium induced suppression is stronger
- Shadowing
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1 DA B - | SHM - deconfinement + thermal equilibration of cc pairs
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! 7 TM - rate of production & suppression
0.6 7 with and without shadowing
0.4 —» shadowing + Cronin effect — can be tuned further
i do,, /dy=0.15 mb
0.2
Db On of Recombination ?
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Thermalization - J/W¥ elliptic flow
Knowledge of shadowing — p+Pb data.

part
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Larger suppression observed at ATLAS
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Different prand y
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ALICE

@ global observables:
multiplicities, rapidity distributions

@ geometry of the emitting source:
HBT, impact parameter via
zero-degree energy flow

Q@ early state collective effects:
collective flow

Q@ degrees of freedom as a function of T:
hadron ratios and spectra

@ deconfinement:
charmonium and bottonium spectroscopy

@ energy loss of partons in QGP:
jet quenching, high p, spectra,
open charm and open beauty
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Nuclear Modification Factor ®

ALICE

Production cross section of hard probes in Pb-Pb collisions is expected to scale with
the number of binary nucleus-nucleus collisions (Pb-Pb is superposition of pp)

Medium affects initially produced (colored) probes
Departure from binary scaling expectation quantifies medium effects
Study in-medium energy loss by measuring inclusive particle spectrum (dN_/dp;)

Compare Pb-Pb and pp collisions scaled with number of
binary
collisions (from Glauber calculation)

» A N/ do.d Particle production in Pb-Pb
A4
<N coll 2]\7 ey ded Particle production in pp

INEL
<Ncoll> - <TAA> "Op
Nuclear overlap function <T, ,>

from Glauber (corresponding to the
number of binary collisions)
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No p;dependence for peripheral
Stronger parton energy loss in central collisions compared to RHIC

Clear increase for p;> 7 GeV/C !

Not observed in RHIC
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ALICE, charged particles, Pb-Pb
Sy =2.76TeV, |n|<0.8

s ||

il
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#20-40% i
©40-80% ALICE
ALICE Preliminary
0 20 a0 e0 T e0 00
P, (GeVlc)

With increasing pr

Less central => less Ry,

10"

ALICE

<R\a> In py bins vers. N,

ALICE, Pb-Pb,\'s = 2.76 TeV

1 I I I 1 I 1 I 1 I 1 I ] I 1
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_ ALICE
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e °;° i ALICE\js,, = 2.76TeV, |y|<0.75 . Kg :
RI1® 1.4 S . N
oI i * K +K ’

0O - i
~— T v+ charged 1

5 1.2¢ .
o [ = A i
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0.8F 0 .
[ ALICE I
0.6 . ]
- Preliminary )
0.4 :
r e
0.2
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Universal R, for p; > 7 GeVI/C
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I ALICE Performance b
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1'4 - L 7t= RAA 0'200/0 CC ——:
-  ALICE Preliminary -1
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ALICE

R, prompt charm = R, , pions
for p; > 5-6 GeV

R, charm >R, pion for p <
5 GeV ? — better error
estimation

Qualitative expectation:
R,, Charm >R, , Mesons
— AE gluon > AE quark
(Casimir factor)

— AE massless parton > AE
massive quark ('dead cone')
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e M0 = 2.4 GV: charm [] centraiparel: y1 <09
T %%=Qeev:tmu(y . Muonam: 25<n <4

10 S
107 10® 10® 10™ 10° 10® 10" 1 107 10° 10® 10™ 10° 10* 10" 1
X, Xz

Very low X-range accessible to ALICE for heavy-flavour production

Suppression of Charm production > Beauty production

Separate the R,,’s — In Central barrel

14th EDS Blois workshop, Qui Nhon, 20.12.11




_ ALICE

—

(o] E
ov' E ppAS=7 TeV, det:2.6 nb’
> 101
& ;E —4— ALICEbc—e
L2 102k —§— ¢ — e fromALICE D mesons
> = 8
(:.;’ o [ ] FoNLLbc e
5 10°¢ FONLLc — e
E B
> 104
S E '
Q_ -
3 105§—l
o -
100 B
& l
o 7
10 EE ALICE Preliminary
s u l 7% normalization error
10 T BT B B
0 2 4 6 8 10
pT(GeV/c)

Charm contribution from D2h data compared with total HF electon yield
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R,, prompt D

1.21 T T T ]
B ALICE Preliminary i
1-‘-‘-‘-'-‘--'-'--'-'-‘-'-‘-‘-'—'-'-‘-'— il v
: ®  Ra, and statistical unc.
0.8 B [[] Data systematic unc. i
B - Correlated systematic unc.
0.6/ ]
0.4 + + ]
0.2 |EI | l | ]
B Pb-Pb,\}sNN=2.76 TeV,6 < P, D° <12 GeVic 7
| | |

0 60-80% 40-60% 20-40% 10-20% 0-10%

Centrality

CR,
)

'y

inclusive muon ch in Pb-Pb\fsNN=2.76 TeV, 6 GeVIc<p'<10 GeVic, -4<n<-2.5

peripheral=60-80%
Not decay background subtracted

inclusive muop R

°© ° o
- - )

III|III|III|IIII

et
N

',
ALICE Preliminary { $1

L, .=2.48 ub™

[ | systematic error of normalization

40-60% 20-40% 10-20% 0-10%

= D seems more suppressed than HF electrons (inclusive-cocktail)

= Similar results for HF muons (inclusive — n1+K)

= More energy loss for charm than for beauty?

Very large systematic errors

Better knowledge of gluon shadowing — pA collisions
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ALICE

T T T T T

 PRELIMINARY (+10% scale) ' ' '
B I i i A B vl — S T—
~ -O- ATLAS ' | f | .

2011 Luminosity Production

120

Latest il included: 2342

gl -C- AUCE PO

All Experiments: L =406.5 ub”

100—_ . Lead-Lead Collisions . . . . ... . .p=d77 el

Integrated Luminosi

.....................................

delivered integrated luminosi
(=2}

8 & 8 8
|

L
312

ol | | | | |
310 315 320 325 330 335 340

day of year 2010

~20 times more data!
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— Data

2]

c

8 {00 0 e Signal only

o é ===== Background only

~— B ALIC = Signal + Background
§+:L 80 [ ALICE performance
B 5=7 TeV
T - ppg(\)g/zoﬂ 42/ndf = 63.53 / 52
Z 60l S=57+10
O B S/B(20) = 1.80 + 0.67
B SIGNIF(20) = 6.06 + 0.98
40 |— * o = 154 + 24 MeV
B Mass = 9605 + 32 MeV
20

6 8 10 12 14
M, (GeV/c?)

Y peak (not resolved) observed in p-p at forward rapidity — experimentally difficult

Y physics
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_ ALICE

First Pb-Pb data of 2010- 3 weeks of low luminosity
run ~ 30 M MB!

ALICE & RHIC results are consistent in the regions of
overlap e.g V,, fluctuations, baryon/meson
enhancement.

The bigger&hotter&longer-lived fireball is expected
to lead to better quantitative results e.g n/s.

Already some surprises!
— Larger mass spltting for V,
— Strong radial flow
— Necessity of V,
— Increase of charged particle R,, at high p;
— Small and centrality independent R, , for J/W at high p;
— Universal Rp at high p;
— Rpa Charm ~ R,, mesons at high p;

Newer ideas with 2011 data.
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500'15 | ALICE preliminary, Pb-Pb events at\[s, = 2.76 TeV
<N | centrality 10%-20%
| [e]7* v,{SP. an/>1}
0.1  [4]K" v,{SP. |an/>1}
- [a]P. v, (SR lanp>1} '
L 5 l I i!
| s rL 2
0.05 |- L
. I . .. r. . |
e om
L &y L}
L 2 u
- l_l'." ALICE
0 _!..l 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 Il 1
0 0.2 0.4 0.6 0.8 1
(m-my)/n_ (GeV)
EU0'15 | ALICE preliminary, Pb-Pb events at\[s,, = 2.76 TeV
<N | [ centrality 40%-50% |
| [e]7 V(8P Ian>1} {6
0.1F K v (P jani>1} i i ﬁk} I i g
B [=]P, v,{SP, |an|>1} F # § i i {
I 3 MY P
L !i
L O
0.05 ey
L E ! pd
i L
L E;
- ii ALICé
0|IIIIIIIIIIIIIIIIIIIIIIIIIIIIlIII[IIIIIIIIIllIII

0 01 02 03 04 05 06 07 08 09 1
(m-my)/n, (GeV)

(B

ALICE

For Central collisions:
Quark scaling appears to work for & and K at low pT
Quark scaling does NOT work for protons at low pT

Quark scaling may work (large errors) for w, K, p

at high pT for peripheral collisions
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ALICE

1.4
é r Pb-Pb at \IS_NN =276 TeV = ALICE preliminary
m 1 2 :_ IncluSIVe J/\l’ -+« Statistical Hadronization (arXiv:1106.6321)

C pT > 0’ 25 <y <4 Transponl(arxiv:0901.2757) . .
e Drrseontomariozzion Statistical model (successful at
o % oy 1dy=0:25 mb RHIC and SPS) would suggest less
- //// """""""""""""""""""""""""""""" suppression at LHC, but large uncertainties
o6t e , 7 “Needs a precise charm cross-section
. X @ y
04  TTEmm— 2 2 "Needs better knowledge of gluon
02f 90z (=010 D shadowing (pA collisions)
0050 H00 150 200 250 300 350 400
part
<141
o« - s ALICE (Pb-Pb\s—NN =276 TeV), 2.5<y<4, pT>0 (preliminary)

1'2—_ —— EPSO09 (R. Vogt , priv. comm.)

) P T JI¥ (B) = 10% (LHCb) => R, ,(prompt)

C T lower by = 0.05

08r T shadowing(LHC) > shadowing(RHIC) ? =>
0.6 Bl _______ n Raa goes up !
! L —E}— f cold nuclear matter suppression ?
0.2

o- 40-80% T 2040%  10-20% 0-10%

centrality
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_ ALICE

Net charge: 00 =N*-N-

Hadron Gas: ¢ = +1; g% =1 QGP: g = t¥5, +%; q*=1/9, 4/9

=> Fluctuation of net charge is sensitive to charge state: hadron gas or QGP

(6Q%)| =1for QGP and
D=4 N, 3 for hadron gas

Measure of Dynamical Net Charge fluctuations:

Viaym) =V (=) 7V (star)
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ALICE
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ALICE

-

ALICE Preliminary, Pb-Pb events at \[sy, = 2.76 TeV

[ e |ALICE

- m STAR preliminary é
- - PHOBOS o, ALIC

(v {21 - v,{4y)/2)

o

o

NN
I

0.02 -

IIIIIIIIIlIIIIlIIIIlIIIIIIIIIIIIlIlIlIIIIlIlllIlI

0 5 10 15 20 25 30 35 40 45 30
centrality percentile

Fluctuation dependence on centrality — same as RHIC

14th EDS Blois workshop, Qui Nhon, 20.12.11



(B

ALICE

Py ¢ = arctan Py

px
CC—— px

(pi) =)

) GEC

Initial spatial anisotropy

Elliptical flow

= <y2> ; <x2> Final momentum anisotropy

Reaction plane defined by
“soft” (low p;) particles
AQO = — ngeaction Plane

x 1+ Q@COS(ZAQO)
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_ ALICE

03 * Vl2) 40%-50%
0.25 = v e
ll(«@mk»
0.2 .
= v, as function of p,
practically no change with energy !
extends towards larger centrality/
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02 £ I8 e
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_ ALICE

PRL 105, 252302 (2010)

L ¥

f R | L L | L

ALICE
STAR
PHOBOS
PHENIX
NA49
CERES
E877
EOS
E895
FOPI

& %

< > X + O WO

30% increase in magnitude
compared to Au-Au collisions at
Sy = 0.2 TeV caused by

increase in mean pt

10 10°
sy (GeV)

—

10°

- F
o
ES

The system produced at the LHC behaves as a very low viscosity fluid (departure from a
perfect fluid behaviour as compared to RHIC observation - /s = 1/4x = 0.08).
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ALICE

= - ALICE preliminary, Pb-Pb events atyfs, = 2.76 TeV
B centrality 10%-20%
0.3
[ [@In*, V,{SP, |an[>1}
| @K Vv,{SP, jan>1}
| [EP. v,{SP, |An|>1} . - gn
02 [Srasiic ! Significant departure for protons
B (CGC initial conditions) H - "
- |_ws=02) in Central collisions
0.1
I ALICE
0 oo by v v b v by gy
0 0.5 1 1.5 2 25 3 3.5
P, (GeVlc)
>°l r ALICE preliminary, Pb-Pb events atm =2.76 TeV
0.3 r centrality 40%-50%

@, v,{SP, anj>1)
Ki. VZ{SP, |An|>1}

P, (5P > HH ; Reasonable agreement with Hydro

0.2
[ for peripheral collisions.

0.1

—hydro LHC
(CGC initial conditions)

i (n/s=0.2)
L ALICé
0 o v b v b b b vy
0 0.5 1 1.5 2 25 3 3.5
P, (GeVl/c)
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ALICE

ALICE preliminary, Pb-Pb events at\[s, = 2.76 TeV
(PHENIX data: Au-Au@200 GeV)

K ~RHIC hydro
0.2 DK (PHENIX) RHIC hyar

- [p (PHENIX) éCGC |n|t|al conditions)
[ [ v, {2, [anf>1} n/s=0.2)

015 @K, v g2, [an>1)
C P, v, {2, lan>1}

T T 1T

0.1

0.05

IIIIIIIIIII

_______ centrality 20%-40% Oé

0.05 (CGC initial conditions)

(n/s=0.2) 0
centrality 30%-40%
ty 30%-40% A LicE

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'III
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P, (GeV/c)

Or ALIC
11 1 I 11 I 11 I 111 I 11 1 I 11 I 11 I 111 | T T B |
0 02 04 06 08 1 12 14 16 18 2
p, (GeVic) o
«0.25 _ Larger mass splitting at LHC than RHIC
> L ALICE preliminary, Pb-Pb events at\fs = 2.76 TeV
- (STAR data: Au-Au@200 GeV) ]
- B /'//l/(
0.2 En(STAR) 1
- [Ip (STAR) P ;/*/i’
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0.1F
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C —LHC hydro

0
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— — - o« 102
s s Flyl<05 5  Elyl<0.5 0
> S - > F
8 10° 4 8 12 4 s 3
= ALICE S 10°E ALICE 2 B ALICE
- PRELIMINARY - F PRELIMINARY - PRELIMINARY
% % Pb-Pb |8, =276 TeV % % - PO-Pb |8, =276 TeV %|%h10 § MHN POPD |8, =276 TV
5102 s S 2
10F - / 2 SRR
E 1k /
10 L &/
1k :
1 = 1l —— 20-30%
- K+ 10°E — sa0% P
| —e— 40-50% [~ —e— 40-50%
L[ —— s0-60% - —— 50-60%
107 statistical and systematic uncertainties 10 E*—I Gk : . NgNLc ciictical and Sysleqmalic Uncorapies " —— 60-70% statistical and systematic uncertainties
0 0.5 1 1.5 2 5 3 0 02 04 06 08 1 12 14 16 18 2 2: 10% 0.5 1 15 2 25 3
p, [GeVic] p; [GeVic] p, [GeVic]

ALI-PREL-2704

Blast wave model fits to the observed yields and <p>
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ALICE

Q.
o Pb-Pb at\ s, = 2.76 TeV
g
g reliminary , © =
E 10— o E' r
o
A Multi-strange baryon production

T . increases in Pb-Pb collisions at
d L Sy = 2.76 TeV with respect to p-p
Vv &
T~
©
2 |
R :

1 L1 111 lll 1 1L 11 llll 1 L1
1 10 10°
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T T ] T T T
&1 -2 inciusive muon Ry, in Pb-Pb\s =276 TeV, 6 GeVic<p <10 GeVic, 4<1<2.5 % 1.2~ : -
- peripheral=60-80% 3 I ]
né Qlovereremrrreeeberernssssnnsssessesssesssssssass! Not decay background subtracted | & o bt [ € P> 4:5GeV/c N
g l-----.----I-------------------.:a- ( -------------l--
1
Eo0.8" HF W, p> 4.5 GeV/c 0.8l I
St ¥
0 0.6 o= . ' 0.6/ I
S04~  ALICE Preliminary % | 0.4|-Pb-Pb, \[gy, = 2.76 TeV N
B ; | —e—e" |Yl<0.8 4.5 GeVic < p <6 GeVic |
0.2 L,.~=2.48 ub 0al : E
““L[____] systematic error of normalization <L |
: :ALICE Pr%iminary normalization uncertainty
1 1 1 1 | l | | ]
0 40-60% 20-40% 10-20% 0-10% 0 60-80% 50-60% 40-50% 20-40% 10-20% 0-10%

Muon R, at forward rapidity > Charm R,, at central rapidity
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_ x10° %102
> @ ALICE Preliminary Pb-Pb at \ s, = 2.76 TeV > i @ ALICE Preliminary Pb-Pb at \ S, = 2.76 TeV
s :*: Centrality 0-80% s 1 Centrality 0-80%
e \\¢ 3 | e *
O © r \\\
2 e | -
§el T ~
0 0
~ =
- Pionv, (SP) S " - Pionv,(SP) ~8
==~ Pionv, (EP) \§ : == Pionv, (EP) \\'
=== SP(EP)Fit) = Cxn §§* | —@— Chargedv, withfit(m) = Cxn [+
-1+ Overall syst. error. < -1 Overall syst. error.
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- ALICE Preliminary
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pp, 7 TeV

Inclusive J/Y cross sections at 7 TeV
— 0y (Jy]<o.9) = 10.7 £ 1.00 (stat) + 1.70 (syst) + 1.60 (\AHE=+1) -2.30 (AHE=-1) pb
— 0, (2.5<y<4) = 6.31 + 0.25 (stat) £ 0.76 (syst) + 0.95 (ACS=+1) -1.96 (ACS=-1) pb
Inclusive J/Y cross sections at 2.76 TeV
— 0y (Jy]<o0.9) = 6.44 * 1.42 (stat) + 0.88 (syst) £ 0.52 (lumi) + 0.64 (AHE=+1) -1.42 (AHE=-1) pb
— 0, (2.5<y<4) = 3.46 £ 0.13 (stat) + 0.32 (syst) £ 0.28 (lumi) + 0.55 (\CS=+1) -1.11 (ACS=-1) pb

31G:|IIIIIIIIIIII.III.IIIIIIIIIIIIIIIIIIlIIIIII|I||l|l|: ’a _IIIIIIIIIlllllllllllllllllllIllllllllll
=. - ALICE preliminary m . S ALICE preliminary
= Ol e eeN-7TeV,L-56nt" (Phys. Lett. B704, 442(2011)) e h o *
.%" C A p'w Ns=7 TeV, L=13.3 ni' (Phys. Letlt. B704, 442(2011)) « ] O] 1
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The Perfect Fluid (®
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Viscous Hydrodynamics
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ALICE

Data Samples of 2010

Beam Energy # of Events
pp 900 GeV 300 k MB 2009, analysis finished
pPp 900 GeV ~8 M MB 2010, partially analyzed
pPp 2.36 TeV ~40 k MB 2009, only ITS, dN/dn
pp 7 TeV ~ 800 M MB 2010

~ 50 M muons

~ 20 M high N,
PbPb 2.76 TeVIN |~30M MB 2010
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