


‘5 Exploring QCD at high temperatures

Quark-gluon plasma
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Simple expectations for heavy 1on physics at the LHC

SPS RHIC LHC
Vs (GeV) 17 200 5500
dN_/dn ~700 ~1200 ~2000-8000
T/T 1.1 1.9 3.0-4.2
e (GeV/fm’) 3 5 15-60
<2 2-4 >10

Toor (fm/c)

28x
2-7x
Hotter

Denser

Longer lived
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Pb+Pb collisions
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¢ Results in pp

Physics in p+p
* Collect reference data for heavy-ion program
* Many signals in Pb+Pb measured relative to pp
* Some require ~ 10° minimum-bias events
* Comprehensive study of minimum bias events at the LHC
* Testing and improvement of models
- Particle production (low p_, particle identified data)
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Results in pip

Physics in p+p
* Collect reference data for heavy-ion program
* Many signals in Pb+Pb measured relative to pp
* Some require ~ 10° minimum-bias events
* Comprehensive study of minimum bias events at the LHC
* Testing and improvement of models
- Particle production (low p_, particle identified data)

Published results
= N, multiplicity & distributions

w900 GeV:
9900 GeV, 2.36 TeV:

w7 TeV:

= p/p ratio (900 GeV & 7 TeV)
= Momentum distributions(900 GeV)
= Bose-Einstein correlations (900 GeV)

EPJC: Vol. 65 (2010) 111
EPJC: Vol. 68 (2010) 89

EPJC: Vol. 68 (2010) 345
PRL: Vol. 105 (2010) 072002
PL B: Vol. 693 (2010) 53
PRD: Vol. 82 (2010) 052001
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¢ Results in pp

® Prepared for submission
= Identified particles (TUK,p)
= Strangeness (K',A,=,)

® Ongoing analyses
=7 TeV pp spectra, HBT, identified particles, strangeness
©High multiplicity
= Tt and N transverse momentum spectra
= Heavy flavour: charm (D',D’, D*), ¢,b —> L, e
= J/P => yy, ee
= pQCD: event topology, 2-particle correlations, jet fragmentation, ...
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65;1 dN ,/dn versus \s

dN_/dn versus s Relative increase in dN_,/dn
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Results:

increase with energy significantly stronger in data than MC'’s
- ALICE & CMS agree to within 1 0 (< 3%)
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A Monte Carlo scoreboard
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¢ Multiplicity distributions
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e Data from 900 GeV

e Substantial discrepancies between Monte Carlo and the data
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e Data from 900 GeV, 2.36 TeV

e Substantial discrepancies between Monte Carlo and the data
o Agreement between ALICE & CMS
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¢ Multiplicity distributions
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¢ Monte Carlo scoreboard
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¢ . Momentum distributions at 900 GeV

p. distribution
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¢ . Momentum distributions at 900 GeV

p. distribution
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Momentum distributions at 900 GeV

p. distribution
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¢ Monte Carlo scoreboard
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<p,> versus multiplicity
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Monte Carlo scoreboard
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¢ Identified particle spectra
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¢ Identified particle spectra
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¢ Identified particle spectra
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¢ Identified particle spectra

- 10 =
o F £ - -
% -, \dentified Particle p, @ - e Kaon p; distributions @
g i m K P ALICE Preliminary : %ié stable & decays
o~ 1 3 Statistical Error Only
T u B
E 22/7/2010 %%it Not ully correcied
3101 @ —o—1* (TOF) -
“}10 - W@o {}0{} —&7* (ITS) B K — Il vV %ﬁ
& f e %o 7 (ITS Global) | |
- B {:ﬁ?:}{} o —+K' (TPC) %ﬂ?
102k 0000++ —<K* (TOF) B o —o
g O T |- K (ITS) Statistical error only
- +i ~+K'(TSGlobal)| =+ 1 TPC+TOF
| «— TS dE/dx ——p (TPC) -
—&—p (TOF -
10 . TPCdE/dx %Ezns;) [ ==l _(;i *
- . TOF |~ p(ITS Global) ~ —5— K'+ K", Kinks
i 3 detectors i
4 | G od agreement. | | 5 nTethods| for measurmq kaons
10 I Y I | I N A e IIIIIIIIIIIIIIIIIIIIIIII
0 05 15 2 25 3 35 4
p, (GeVic) 0 0.5 1 1.5 2 2.5 3
P, (GeV/c)

—
Christine Nattrass (UTK), US LHC User's Meeting, Oct. 29, 2010 17



p/p ratio
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¢ . Strange particles at 900 GeV
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Strange particles at 900 GeV
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trange particles at 900 GeV
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| (P °
.7 Strange particles at 900 GeV
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* PYTHIA and PHOJET consistentl¥ below data
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Monte Carlo scoreboard

Christine Nattrass (UTK), US LHC User's Meeting, Oct. 29, 2010

variable/tune Dé6T Perugia0 CSC PHOJET
dNCh/dn -20% -17% +3% -2%
>/ N, N >10 N >5 N >10
)
g P, p,>4 GeV/c p> 1 GeV/c p>1GeV/c
8 <p> p,> 1GeVic
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¢
E dN_/dn -24% 21% 2%
(o}
2 Nch Nch>20
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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 Dé6T Perugia0 CSC PHOJET
dN_/dn -20% -17% +3% 2%
> N N _>10 N _>5 N _>10
O
g P, p,> 4 GeV/e p,> 1 GeVie p,> 1 GeVie
8 <p.> p.> 1 GeV/e
KOS, A, A
¢
3| AN sdn -24% 21% 2% -8%
© N N >20 N >15
(\i ch ch ch
> dN,/dn -27% -24% 4% -17%
|_
™~ Nch Nch>30
MC <<<< Data MC << Data MC = Data -
Conclusion:
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¢ /\/K S ratio at 900 GeV

— | | 1 | T 1 | | |
°§m1 4 STAR pplznnﬁev —a— um pﬁ@EBDGEU Ks m. <25and A tnl<z
= —s— CDF pp@630GeV —e— CDF pp@1800Gev Nl <1
15 1 o [ =& ALICE pp@9300GeV @ ALICE preliminary
=" . INEL p+p atys = 900 GeV
2009 data
| {ﬁ T
0.8 ﬁl}

<
T

BARARARREERRRRRNRAN
i
¥
J
|
i
.

o
(&)

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
pT{Gew:}

e Very good agreement between STAR (200 GeV) and ALICE (900 GeV)
« Very different from CDF (630/1800) and UA1 (630) for p_> 1.5 GeV

o
C T

e - UA1(630) and CDF(630) don’t agree either ...

o Different triggers, acceptance, feed-down correction?
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https://twiki.cern.ch/twiki/pub/ALICE/PWG2SpectraTopicalBaryonMesonRatio/UA1ratioLambdaK0s.jpeg

¢ More to come...
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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 ................................... .......................................... ; .........................................
o and - 73 comblned
1 4_+.# ........................ :..é....pp,.at..ﬁ:.a.@.@..@ey...2.@99..r.u.n....f?«..k.l.Q.E...p.rgl.!mm@.ry...
" - Pb+Auat\[5,=17.2 GeV, CERES 5
B + : .
.................. +__
Ao s S e

08 1
q (GeV/c)

radius ~/width
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¢ Bose-Einstein co

rrelations

QM enhancement of identical Bosons at small
momentum difference:

* Enhancement of e.g. like-sign pions at low 2.5
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...

L L s
O ABCDHW pp at\s=44 GeV
o ABCDHW pp at\/s=62 GeV

E735 pp at \/s=1.8 TeV

# STAR pp atVs=200 GeV
e ALICE pp atVs=900 GeV

| | | | | 1 1 1 I. L1 1 | I. L1 | | | | | 11 ] | I

£
= 1.5
£
o 1.8 as x E
16 ] 1 ¢
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4 - O
| L — + P p,..-.':.1.!..:.JE:.Q.@.Q..Qe.}.ff....Z.Q.Qﬁ.r.u.n....ﬁ.k.l.Q.E...r:)..r@.l.!.m.!.n@.ry... 5
n - Pb+Au at sN =17.2 GeV CERES 5
-+ | ] 0.5 PRD: Vol. 82 (2010) 052001
.................. +_ :
i_;.ﬂ‘ri—i—i‘i;=:
: D 1 1 1 1 I 1 1 1 1 I. L L L I} ] 1 ' I i | 1 1
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] -ch Ir:ln:v-

08 1
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radius ~/width

Source radius vs N
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& D and D* dN/dp,

— H. FT T T | T | T T | T 1T | T T | ' T T3
. [ T 1 | T 1 | I T 1 | T 1 I T 1 | I T T | T 1 ] : L -
c [ _ i [~ -+ o+ ]
5 D> K e ] 3 D -Knan o ]
g =
S F E S F E
u_:n E N ALICE Preliminary E o + ALICE Preliminary -
S ' stat. errors only - 7 | stat. errors only -
> [ - | —= & ]
—_— +
T - _ () . :
P - Pp.NS = 7 TeV : ZIS 5 ppNE=TTeV 3
© - 10° min. bias events 7 © ' 10® min. bias events -
I 7 l ]
L L | -
- : 3 * E
: Calculation: FONLL | 1
B scaled to integral of data | E Calculation: FONLL E
= 3 g L scaled to integral of data i
:l L | S | S | S | S | S | - |: - C 1 1 | | 1 1 | | 1 1 | | 1 1 | | 1 1 1 | 1 1 1 | | |E %
0 2 4 6 8 10 ézw 14 0 2 4 6 8 10 12 14
p, [GeVic] p, [GeVic]

- 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, !)

—
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¢ J/Q production at 7 TeV

JP - up,y =2.5-4.0

JIY — e*e |y| <1

'| T

Monte Carlo (y2/dof=1.2)

[ ]
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5:104 : " ow
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Measurement of J/y over wide pseudorapidity range
Rapidity spectra
Transverse-momentum spectra

R
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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

o L
'% i s ALICE 2.5<y<4.0 L= 11.6 nb"
E - Lo LHCb 2.5<y<4 L= 14.2 nb"'
o —— (ICHEP 2010)
El_ e — &
o
O - —_—
.“‘E- B =
i —+—
S L —§—
10— E
E p+p — Jhy + X,\s =7 TeV — §
B >
-  25<y<4,L=11.6 nb" —— E
. ALICE Preliminary &
T E
o
10‘2IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 1 2 3 4 5 6 7 8 9 10
P, (GeVic)

do,,, /dy (ub)

12

10

" ALICE preliminary
- ® ete’, |y|<0.88

pp.\s=7 TeV

—
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<. Fl ' lori
¢ cctromagnetic calorumeter
4<p. <6GeV/ic
Rawnvs p "
= +
T 5000 A = 4057.37 + 34.92
R e e s \ 1 = 135.565 + 0.076
>SN s s s L W o =9.864 + 0.094
Q,, I .............. ................................... - ........... 4000 % pﬂ =-1402.8+170.3
_g“_n- - ' ~ALICE performance i T p,=29.8+2.6
> 10* bt s N O S pp@\S?TeV ............. "ALICE performance p.=-0.1 0.0
° i 5 : - EMCAL 3000 — PP @\s=7 TeV 2
I 04T 020 0 EMCAL
[ S S T A A - 08/10/2010

2000 — j

1000 W

L 1 1 | 1 1 | ‘II\ |\ \|I\ |
B EE SN P i ¥ % 50 100 150 200 250 300
4 6 8 10 12 14 16 18 20 M, (MeV/c?)

P GeV/c

« EMCal: -0.7 <n< 0.7, 80°<¢p< 120° in 2010
— 80°<p< 180° in January 2011 — Ahead of schedule!

« DCAL: -0.7 <n< 0.7, 260°<p< 320° in 2013

. Access to di-jets, y-jet, improve p_reach of e
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¢ Conclusions

e Results from p+p collisions
o Multiplicity, spectra
e p/pratio
 Identified particles
- T.Kp
_ KA
S
- 2,0Q,X*%K*
- DD’ I/
* Bose-Einstein correlations
e Improve our understanding of p+p collisions

e Monte Carlos need improvement

« Eagerly awaiting Pb+Pb

—
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¢ Backup slides

—
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% :
‘%ﬁi The ALICE Collaboration

—

SpainfCuba
Romania P

~1000 Members South Africa
63% from CERN
member states

India
Armenia
Ukraine

~30 Countries
~100 Institutes JNR

~150 MCHEF capital cost |
(+magnet) Netherlands

Slovak Rep>_p rk
Czech Rep. enma

US ALICE

11 Institutions53 members (inc. 12 grad. Students)
Cal. St. U. —=San Luis Obispo, Creighton
University, University of Houston, Lawrence
Berkeley Nat. Lab,Lawrence Livermore Nat.
Lab, Oak Ridge Nat. Lab,Ohio State University,
Purdue University, University of Tennessee,
Wayne State University, Yale University

] Countries member of the
ALICE Collaboration (04/2008)}

Christine Nattrass (UTK), US LHC User's Meeting, Oct. 29, 2010 44






EMCal

Current coverage:
An=1.4,A0=39° (R=0.3 max)
Full calorimeter installation scheduled

for 2012

@ Lead-scintillator sampling calorimeter SERAX
@ 13 k towers RS \“\\\‘\'\~
o Each tower AnXAp=0.014 X 0.014 Ry }}}}\'}“
@ Shashlik geometry | Ll il V-
@ Avalanche phototodiodes = ““‘:7-; ’351‘???'72
o An=1.4,A0=107° SR S
o o(E)/E=0.12/NE + 0.02 '
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‘@ - ALICE detectors and acceptance

Central barrel-0.9 <1 < 0.9
@ Ao = 2x tracking, PID (TPC/ITS/TRD/ToF)
@ single arm RICH (HMPID)

)
@ single arm e.m. cal (PHOS) <,
o
@ jet calorimeter (EMCal) £
%ﬁ
Forward muon arm-2.4 <n <-4
@ absorber, 3 T-m dipole magnet
5 tracking + 2 trigger planes

Multiplicity detectors-3.4 <n <5
@ including photon counting in PMD

Trigger & timing detectors
@ 6 Zero Degree Calorimeters
@ TO:ring of quartz window PMT's
@ VO:ring of scintillator Paddles

=
(=]

1 [ %]
(=] T 1 | 1T 1 | T 1 | T 1 | 1T | I

[==]

[=2)

.

ALICE detector n acceptance

 TPC (full tracking)

f SPD inner layer
' VOA

I I I ) ) )
MIl.L'_LL'..Ll.'L!.'J.L..'LL'J.lL..'LL']lI...'.L'LLIJ.'_n_lLl_Ih_n_LlJL_._I W

o

Beam
pipe

X |||||0|| ||l| n.
Pseudorapidity n

=0 =1

Il
LN

ALICE TPC

= -In(tan(e/2))
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