


Phase diagram of nuclear matter

T., GeV QGP
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How to make a Quark Gluon Plasma
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The phase transition in the laboratory
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ptp collisions
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Pb+Pb collisions

Pb+Pb @ sqrt(s) = 2.76 ATeV

N 2010-11-08 11:29:42
AN Fill : 1482
Run : 137124

Event : 0x00000000271EC693

Christine Nattrass (UTK), University of Virginia, 30 March 2011



Size: 16 x 26 meters

Weight: 10,000 tons
Detectors: 18
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dN ,/dn versus Vs

dN_/dn versus +s Relative increase in dN_ /dn
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Eur. Phys. J. C (2010) 68: 345-354
Eur. Phys. J. C (2010) 68: 89—108

Results: Eur. Phys. J. C (2010) 65: 111-125
increase with energy significantly stronger in data than MC'’s
- ALICE & CMS agree to within 1 0 (< 3%)
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Particle identification

TPC dE/dx
0 =5-6%

pp @ 7 TeV

ALICE performance
" work in progress

No vertex cut !
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Identified particle spectra
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p_/p ratio
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0.9 TeV: p/p = 0.957+0.006(stat) +0.014(syst)
7 TeV: p/p = 0.990+0.006(stat) +0.014(syst)
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Strange particles at 900 GeV
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» PYTHIA and PHOJET consistently below data
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http://arxiv.org/abs/arXiv:1012.3257

Monte Carlo scoreboard

» None of the tested MC’s (adjusted at lower energy) does really well
* Tuning one or two results is doable, getting everything right will require more effort
(and may, with some luck, actually teach us something on soft QCD rather than only turning knobs).

variable/tune D6T Perugia0 CSC PHOJET
dN_/dn -20% -17% +3% -2%
> N, N >10 N >5 N >10
()
g P, p,>4 GeV/c p> 1 GeV/c p,>1GeVie
8 <p> p,> 1 GeVie
KOS, A, A
¢
3| dN sdn -24% 21% 2% -8%
o c € ch
> dN /dn 27% 24% 4% 17%
l_
~ Ny N_>30
G <<<< Data [ RO S
Conclusion:

Christine Nattrass (UTK), University of Virginia, 30 March 2011
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Charged particle multiplicity in central Pb+Pb

Phys. Lett. B 696 (2011) 30-39
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How do the models compare?

Phys. Lett. B 696 (2011) 30-39
° ALICE

o HIJING 2.0 [5]
o DPMJET Il [6]
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A simple picture of a heavy ion
collision

Christine Nattrass (UTK), University of Virginia, 30 March 2011
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Jets as a probe of the quark gluon
plasma

Christine Nattrass (UTK), University of Virginia, 30 March 2011
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One jet “absorbed” by the medium

Christine Nattrass (UTK), University of Virginia, 30 March 2011
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Jet quenching

Calorimeter
Towers

e ATLAS

Phys. Rev. Lett. 105, 252303

nucleus

Calorimeter

Towers

Christine Nattrass (UTK), University of Virginia, 30 March 2011
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Single particles

e Measure spectra of hadrons and compare to those in p+p
collisions or peripheral A+A collisions

o Ithigh-p_hadrons are suppressed, this 1s evidence of jet

quenching

« Assumption: sufficiently

e Unmodified spectra:
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Experimental results
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Experimental results
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Hydrodynamical flow

out-of-plane 10{ Au+Au \/S';N = 200 GeV
b=7 fm

T - -H"\-\. -

Equipotential lines
0  arXiv:nucl-th/0305084

Non-central Collisions 10 5 0 5 (i) 10
 When nuclei collide, the overlap region 1s roughly

elliptical

e [f we have a fluid when we collide nuclei, there will be

pressure gradients, pushing particles out
lChristhnQNattmss (UTK), University of Virgjnia, 30 March 2011




Elliptic flow at 2.76 TeV

Phys. Rev. Lett. 105, 252302 (2010)
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Elliptic flow at 2.76 TeV
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Conclusions

e ALICE 1s capable of precision measurements in p+p
and Pb+Pb

* QGP at the LHC already appears to be hotter and
denser than at RHIC

 We will have many, many more probes available at
the LHC

More information on ALICE
 ALICE web site

 US LHC Blog posts

Christine Nattrass (UTK), University of Virginia, 30 March 2011
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How do we know it's a QGP?

* Temperature — 1t 1s hot enough to match where we
think 1t should be

e Jet quenching — high momentum quarks and gluons
get stopped 1n the medium

 Hydrodynamical flow — 1t moves like a fluid of
quarks and gluons

e Chemistry — what we produce 1s roughly at
equilibrium

Christine Nattrass (UTK), University of Virginia, 30 March 2011 29



Momentum distributions at 900 GeV
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<p.> versus multiplicity
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e Substantial discrepancies between Monte Carlo and
the data

Christine Nattrass (UTK), University of Virginia, 30 March 2011




Multiplicity distributions
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e Very good agreement between STAR (200 GeV) and
ALICE (900 GeV)

e Very different from CDF (630/1800) and UA1 (630)
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Chemistry - equilibrium
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. Nuglear Physics A Volume 757, 102|-183:

200 GeV "¥Au + "¥"Au central collision

e Ratios of particles expected from a model

* Even strange quarks are at equilibrium!

—
Christine Nattrass (UTK), SCUWP, January 16, 2011
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Bose-Einstein correlations

QM enhancement of identical Bosons at small
momentum difference:

* Enhancement of e.g. like-sign pions at low
momentum difference qinv=|p-p,|

= Measure the space-time evolution of the
dense matter formed in heavy-ion collisions.

= |nterpretation for “small systems” (p+p, e*+e’)
is less obvious...

o 18
1.6 b .......................................... e $ —
andn: o comblned : ]
14_+_+ ____________________________________ p_at__f:_a_@_(l_.@_ey____2_009 run, ALICE prehmmary i
+ Pb+Au at SN =17.2 GeV CERES 7
I | i

q (GeV/c)

radius ~/width
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Bose-Einstein correlations

QM enhancement of identical Bosons at small
momentum difference:

* Enhancement of e.g. like-sign pions at low
momentum difference q inv=|p 1-p2|

= Measure the space-time evolution of the
dense matter formed in heavy-ion collisions.

= |nterpretation for “small systems” (p+p, e*+e’)
is less obvious...

o 1.8
16 __________________________________________ e ; ]
andn: i comblned _
14‘_+_+ ________________________ f_..5____np_at___f:_a_@_(l_.@_ey____2_009 run, ALICE prehmmary i

+ Pb+Au at SN =17.2 GeV CERES .

q (GeV/c)

radius ~/width

(fm)
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- Most of the cross section at low p;
- Shape at low p; very uncertain

- 10° MB events => measure below 1 GeV
(PID important at low p, !)

Christine Nattrass (UTK), University of Virginia, 30 March 2011

24



J/W production at 7 TeV
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J/W production at 7 TeV

very good agreement with LHCb pt spectra and cross section
cross-section measurement in central-forward regions match
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Christine Nattrass (UTK), University of Virginia, 30 March 2011

Strange particle production at central rapidity in proton-proton collisions at Vs = 0.9 TeV
with ALICE at LHC (Submitted?)

Transverse momentum spectra of charged particles in proton—proton collisions at Vs=900
GeV with ALICE at the LHC (Physics Letters B 693 (2010) 53-68)

Two-pion Bose-Einstein correlations in pp collisions at Vs=900 GeV (Phys. Rev. D 82,
052001 (2010))

Midrapidity Antiproton-to-Proton Ratio in pp Collisons at Vs=0.9 and 7 TeV Measured by
the ALICE Experiment (Phys Rev Lett Vol.105, No.7, (2010))

Charged-particle multiplicity measurement in proton—proton collisions at Vs=7 TeV with
ALICE at LHC (Eur. Phys. J. C (2010) 68: 345—-354)

Charged-particle multiplicity measurement in proton—proton collisions at Vs=0.9 and 2.36
TeV with ALICE at LHC (Eur. Phys. J. C(2010) 68: 89-108)

First proton—proton collisions at the LHC as observed with the ALICE detector: measurement
of the charged-particle pseudorapidity density at Vvs=900 GeV (Eur. Phys. J. C (2010) 65: 111-
125)
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Evolution of the Universe

Inflation
Quark Soup

?

2 10° sec

T Need temperatures
2:10 sec around
1.5-10"?2 K
FirtGalades | 6 SEC ~10° times hotter than the

core of the sun

3 min

108 yrs

10° yrs ?
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Exploring QCD at high temperatures

Quark-gluon plasma
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E—‘Iﬂ "3€p1-1ﬁqg§r,$#>%i =

8 1Pi>2GeV

Assomated 3

Phys.Rev.C80:064912,2009

----ﬂ@ay-side
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In two dimensions in Au+Au

Phys.Rev.C80:064912,2009

470> 3<p11 <4 GeV

g P2 GV
450 -

#entries
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