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Size: 16 x 26 meters

Weight: 10,000 tons
Detectors: 18
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The Time Projection Chamber

Specifications
» Designed for dN _ /dn=8000

* In|<0.9, radius 0.9-2.5m

°Ina 0.5 T Solenoidal Field

@ 570k channels, 80MB/event

* 3% radiation length

® Quter diameter 5 m, Length 5 m
» Largest ever

HV electrode (100 kV)

field cage

readout chamber

Christine Nattrass (UTK), PHENIX Focus, 12 April 2011 4



Particle identification

0 =5-6%

TPC dE/dx

pp @ 7 TeV

ALICE performance
" work in progress

No vertex cut !

-3 -2 -1 0 1 2 3
dEdX distribution (ITS signal, truncated mean) |Entries 148725 | .
| Rigidity (GeV/c)
-E-?'OO_ Fr "7 T pp @900 GeV (passd) | I 2
;:;" N ITS standalone ;
SEOO Cuts: chi2<10, DCA<0.8, 4+1 ITS pis —| - C
0 1 1=
= - I
E‘soo_ Vertex detector q - i
: ~\.'p;(min)<100MeV/c 1 149 B
400 _____ — 08—
¥ 1 1 o~ o ALICE Performance
300f — - p+p at Vs = 900 GeV (2009 data)
2001 =k 0.6 — TOF
J00F- ] - 150k channels!
- € e 04l o =90 ps
L | | I [ T T T T | [ O T T Flooovov o b by b b by by 1y
0 101 1 0 05 1 1.5 2 25 3 35 4

momentum [GeV/c]

momentum p (GeV/c)
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A simple picture of a heavy ion
collision

Christine Nattrass (UTK), PHENIX Focus, 12 April 2011



Jets as a probe of the quark gluon
plasma

Christine Nattrass (UTK), PHENIX Focus, 12 April 2011



One jet “absorbed” by the medium

Christine Nattrass (UTK), PHENIX Focus, 12 April 2011



Jet quenching

: -
e ATLAS

Phys. Rev. Lett. 105, 252303

nucleus nucleus

Phys. Rev. Lett. 105, 252303 (201

Calorimeter

Towers Calorimeter

Towers
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http://arxiv.org/abs/arXiv:1011.6182
http://prl.aps.org/abstract/PRL/v105/i25/e252303

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:

R 14

1.2

1.0

0.8

R _ dQNAA/dedn 0.6
AT Ty ad?orr [dprdn) 0.4
0.2

0.0

high-p_hadrons mostly come from jets

R« 1

"soft"

O3 i 2 3 3 S 6

Transverse Momentum (GeV/c)
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0.1

Experimental results

e 0-5% Pb-Pb \[s,,, = 2.76 TeV
© 70 - 80%

r % -| <&—— No suppression

¢ (bserved

¥ [fm]

N Renk _ 8 GeV hadron

o
x [fm]
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http://arxiv.org/abs/1012.1004

Experimental results

& L L L L n:E '-I IA;_léElgb-'Pbl\f_ EI?F.;TéU(;J 5f|}| -
e 0-5% Pb-Pb \[Sy, = 2.76 TeV - STAR Au-Au \[s,,, = 200 GeV (0 - 5%)
) 70 - 80% . PHENIX Au-Au \[s,,, =200 GeV (0 - 10%)
A e L % — 1 __l """""""""""""""""""""""""""""""""""" -
_fwiﬁ§§§§ L } % : ] % |
i * . aclaEid
= o L]
. . = oL =
9.1__ e - N 0.1 —
'Phys. Lett. B 696,(2011) 30-39 | | i | | |
ﬂ' 5 1(] 15 20 GIIIII5llII-IclIIII15IIII20

P, (GeV/c) P, (GeV/c)
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http://arxiv.org/abs/1012.1004

Look in two dimensions

Associated

n = -In(tan(6/2))

Christine Nattrass (UTK), PHENIX Focus, 12 April 2011
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B<PggeAEYV
1 Prassac>2 GEV e -

Associated / s P
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n two dimensions in Au+Au

470~ 3<p11 <4 GeV

460 - >2 Ge‘v‘
45!] -

p‘1 EI.SEDE

#entries

Christine Nattrass (UTK), PHENIX Focus, 12 April 2011
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Dihadron Correlations

‘ 3.0< pT’mg <4.020< P1assoc

< 3.0 0-10%

* Study two-particle correlations
with per-trigger yields

1 dN assoc d 1 d N ;]e
an assoc <e;
N, —dA >
° Lot%ger P ¢ trzg dA¢dA,7
- Ridge

— Hydrodynamics, flow

 High
g Py 80<p. <15040<p
Ttrig T,ass

e S 6.0 0-10%

— Quenching/suppression, broadening
* C(alculate near side (around @= 0) and away side
(¢p= 1) yields
» Compare central and peripheral = I,

C(A9, An)

e Compare AAandpp =2 [,

Remaining slides gratuitously stolen from

Jan Fiete Grosse-Oertringhaus at Moriond
Measurement of ICP and IAA-Jan Fiete - .. ____ _  __

perf rmance

be Pb 2. 76 Te

Christine Nattrass (UTK), PHENIX Focus, 12 April 2011




Pedestal and Flow

—> Indicate difference in measurement if v, 0.22
was subtracted

.y
SR

. = r | ' ' ' | ' ' ' | ]
* To calculate yields, pedestal needs to be ™ 4Gevic< P, <6GeVic -
determined 3w 0.5¢ 8GeVic<p, <15GeVic
* Fit in region around 172 (ZYAM) 2 0-5%
- Different ways to estimate uncertainty % o - " —— —
e Estimate radial flow (v,) contribution i 3 0.28! 4GeVic<p__ <6GeV/c -
. — . — : —
using ALICE flow measurement % 8 i 8 GeVic<p,, <15Gevic 4
- Flow subtraction quite controversial s - 0-5% .
, ond , Z 0.261 ALICE preliminary -
= Measure in a region where the signal °_ i Stat. uncertainties only
dominates over pedestal and v, modulation = B JF b
Z 0.24; 1 ]
(8 GeV/c <p,, <15 GeV/c) = i 1 |

0.20:

]

AR
0.18 770 2/ ;
different A¢ (rad.)

Measurement of ICP and IAA - Jan Fgg%ﬁgs%-a()lgringhaus V2 contri bUt]I’Pn

Christine Nattrass (UTK), PHENIX Focus, 12 April 2011 17




Yield Extraction

» After pedestal (and optionally v,) 0-5%
. . . . 0
subtraction), integrate to obtain yield Y 60-90%
— Near side -0.7 < @< 0.7 9 o4k | | ]
_ LS, L 8GeVic<p  <15GeVic -
- Away side -0.7 < @—T11<0.7 3 i H 4Gevic<p  <6Gevic ]
. . © - } ALICE preliminary -
* In bins of associated p;: p;,, S 030 1 o inceraintiesony
 Divide yields to obtain [, and I, z : —os%
A 0-2__ — 60-90% i
L I | | |
i I | I I
» 0.1 | | L
. C I Iy ]
Ji . _ Ycentml (p T ,trig Pr ,assoc) - | "+I++: .
CP (pT,trig ” pT,assoc) _ YAA . 0 O_Mw i .
peripheral (p T, trig 2 p T ,assoc) - 0 2 4
y A (rad.)
[ . — Y (pT,trig : pT,assoc) '
AA (pT,trig > pT,assoc) _ Ypp . ] ] ]
(PT,mg D7 assoc) integration windows
Measurement of ICP and IAA - Jan Fiete Grosse-Oetringhaus 18
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o B | [ [ | | [ [ [ | [ [ [ | [ [ [ | B
— [ Near side ALICE preliminary _
2_5:____B___Ga_w_q_s_’-.__pmg__ﬁ.__1__5___{3_a_w_q _______________ pT,.am_ﬁ_ﬁ_pmg ___________________ _:
- 0-5% / 60-90% -
20 :_ ................................................................................................................................................................... _:
1 _5:_ ................................................................................................................................................................ _:
I N
1.0 N N —
0.5 :_Pm ntsﬂatpe destal .................................................................................................
i Line: v, subtracted
DO | I I | | I I I | I I I | I |
2 4 6 8 10
pT+assc:c (GEVIC)

Measurement of ICP and IAA - Jan Fiete Grosse-Oetringhaus

ICP

Flat pedestal subtraction -
data points

Vv, subtracted - line

— Difference only at low p;

Statistical and systematic
uncertainties (shaded area)
shown

flat pedestal

v, subtracted

19
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ICF’

-Slightly enhanced near-side: |, ~
-Away side suppressed: I., ~ 0.6 ...

2.5

2.0

1.5

1.0

0.5

0.0

I..(2)

B | I I I | I | I I I | I I I | 1 | I I I | I I I | I I I | i
_ Near side ALICE preliminary | Away side ALICE preliminary
: ___B___Ge'_w.qﬁ_p ......... f:__j__5___i3_e.w.r_; _______________ S 3 M — _: _____ 8...(3&1{!_@5_[3 ......... f-?...l_5_._G_e_w_r_; _______________ U+ Se— _:
- 0-5%/60- 90% T 0-5%/60- 90% ]

:_Pomtsﬂatpedestal .................................................................................................... _:_ ........................................................... | Wy P omtsﬂatpedestal—
~ Line: v, subtracted - Line: v, subtracted -
B | ] ] ] | | ] | | ] ] ] | ] ] ] | T | | ] ] | ] ] ] | ] ] ] | | ] ] | ]

2 4 6 8 10 2 4 6 8 10
pT,assoc (GEVIC) pT+asscc (GBVIC)

1.2 ...

unexpected and interesting
expected from in-medium energy loss

v, contribution small except in lowest bin, there v, subtraction may be significant

Christine Nattrass (UTK), PHENIX Focus, 12 April 2011



* Interesting to study yield with respect to
unquenched (pp) case
— No pp data taken at 2.76 TeV, yet

— Use a MC

* Pythia6 tune Perugia-0 has been found to
describe dihadron correlations at 0.9 and

7 TeV well

— Using a scaling factor between 0.8 and 1
— Interpolate to 2.76 TeV
* Factor 0.93 &+ 13% (stat/syst)

—> Use scaled Pythia reference to calculate

[

AA Pythia

I,, Reference

Measurement of ICP and IAA - Jan Fiete

1N, AN, q0c/dAG

1N, AN g0c/dA0

| |—Data

T I T T T I T
BGeVic<p <B8GeVic )
rg a

1GeVic=p . < 4 Gelic

Christine Nattrass (UTK), PHENIX Focus, 12 April 2011

1 U [Ty ALICE preliminary N
i pp 0.9 TeV uncorrected |
:|:|: Stat. uncertainties only |
i 0.9 TeV |
0.5 ¢+ .
[t h& ﬁ
# A
A T
0.0ffr, | [thdT | |
0 2 4
A¢ (rad.)
" |—Data I ﬁée\fl‘c*lpnl ﬂlﬂﬁlewlc I:
i _ 1GeVic=p T:m <4 Gellc 7
1 5 __ Ik b ALICE preliminary ]
- pp ¥ TeV uncorrected 7
I + Stat. uncertainties only |
1.0 7
- 7 TeV
: Data -
050 ~*° Pythia -
0.0 TE.:'é:._l_.E:rﬂf‘T-—T . ._TT"'#-_-
0 2 4
Ao (rad.)
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I AA,Pythia

(_lJ B | I I I | | I I | I I I | il | I I I | I I | I I | I I I | ]
D'F;: _ Near side ALICE preliminary | Away side ALICE preliminary _
_g 2_5_ ___B___Qahf_!_qﬁ.p _________ 5_._1._5__{3_53{;@ _______________ Prssoe~Pra — —+- B...Ga_\ff.q_f;_.p ......... ﬁ..ﬂ..ﬁ...@.ﬁ.‘_«{z_’g _______________ Prssor = Pra — __
- | m 0-5% / Pythia 1 | m 0-5%/Pythia i
2. 0 :_ ‘ 60-90% f Pythia ........................................................................................ __:_ ‘ 60-90% jf Pythia ...................................................................................... _:
1.5 - - ]
1_0:_.... :_ _:
05 I « . &— L i
- Points: flat pedestal T Points: flat pedestal—
- Line: v, subtracted T Line: v, subtracted -
D 0_ | | | | | | | | | | | | | | | | il | | | | | | | | | | | | | | | | |
T2 4 6 8 10 2 4 6 8 10
pT,assm: (GEVIC) pT,assoc (GGV/C)
Central events Peripheral events
‘Near side enhanced |, i, ~ 1.5 Near side enhanced |, ;. ~ 1.2

-Away side suppressed |, pia ~

Christine Nattrass (UTK), PHENIX Focus, 12 April 2011

0.5-0.7 ,, -Away side |, ;.. cOnsistent with 1
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PHENIX, PRL 104, 252301 (2010)

L, pyiac ALICE vs. RHIC

Y 1 v I v I v I v I v I i 1
B i} - T .8
L o n pT_4-5 GeVic | _E
e 0-20% Au+Au a
1 —_—é
L $ f
2
i 7-9 GeV/c
i R, \="p, =35 GaVic
"& ZOWW, s, = 1.66 GaV/ifim
1E i mum ACHNS, K =4.1= 0.6
1D-1' L | L 1 L # 1 L 1 L 1 L I_'
i 2 3 4 5 6 7
partner p

1.0

0.5

0.0

B | [ [ | [ [ [ | [ [ [ | [ [ [ |
i Away side ALICE prellmlnary _
: _____ 8 GeVic<p __ﬁ.g_ﬁ__1_.5___G_a_Vf_c _______________ p.r.asm_ﬁ.pm — __
B u 0-20% / Pythia ]
- ¥ PHENIX 7-9 GeV 0-20% / pp .
B n PHENIX 9-12 GeV 0-20% /pp | ]
— a0 —
B R S - ea P omtsﬂat pedestal—
- Line: Vs subtracted -
B | | | | | | | | | | | | | | | | | ]
2 4 6 8 10
pT,assoc (GEV!C)

PHENIX subtracts v, > compare ALICE line with PHENIX
*STAR measurement in sllghtly dlfferent varlable (zT) and d+Au reference

E-'[?-,}

D-‘-U-‘-U ! Dd.ﬂ.u

Away 5|de |Ad -] < 0.63

107

v d+AU min bias
O Au+Au 20-40%
Au+Au 0-5%

S = bt

1 1 1 1 I 1 JI.
0.6 0.8 1

Christine Nattrass (UTK), PHENIX Focus, 12 April 2011

zr = p(assoc) / p_{trig)

STAR, PRL97,162301 (2006)

-3
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Conclusions

e Jet suppression at the LHC 1s greater than at RHIC

— We will be able to quantify this better once we
analyze the 2.76 TeV data

e The ridge 1s also at the LHC

More information on ALICE
 ALICE web site

 US LHC Blog posts

Christine Nattrass (UTK), PHENIX Focus, 12 April 2011
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http://aliceinfo.cern.ch/
http://blogs.uslhc.us/author/christine-nattrass
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TRD, TOF, HMPID

Transition Radiation Detector
o p.>1 GeV electron 1d, p >3 GeV trigger

* 540 modules, 4.8 cm radiator with 1.2M
channels
*» MWPC readout

Time Of Flight
» Multi-gap Resistive Plate Chambers
(MRPC)

@ 50 ps resolution at ~5m
° In|<0.85, Ap=2m

High Momentum PID

» Proximity focused, Ring Imaging
Cherenkov RICH

* In|<0.6, Ap=n/3

* PID I<p<6 GeV

Christine Nattrass (UTK), PHENIX Focus, 12 April 2011



PHOS

PHOton Spectrometer
» PbO,W crystal calorimeter

s v’ for 1<p<100 GeV
s n|<0.12, A¢p=100°
* o(E)/E = 3%, o(Xx,y)=4mm

Christine Nattrass (UTK), PHENIX Focus, 12 April 2011
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EMCal

Funding approval: Feb. 2008
(~ALICE Upgrade: US, Italy, France,
CERN, Finland)

— 7+2/3 US Super-Modules (SM)

— 3 EU SMs (Italy and France)

— Construct and Install 2008-2011

Lead-scintillator sampling calorimeter

13 k towers (s \\{\;\‘\‘:“.
Each tower AnXAp=0.014 X 0.014 | ; g i ‘\ik
Shashlik geometry 5 ilf ey '\ \

///IIf -
s

—
R
&

Avalanche phototodiodes
An=1.4,Ap=107°
o(E)/E=0.12/NE + 0.02

Christine Nattrass (UTK), PHENIX Focus, 12 April 2011



EMCal Assembly

@ 3072 1dentical modules, 2x2 towers
@ 1.5° taper in

@ Tower granularity on = o¢ = 0.014
2 20.1 Xo

@ 77 layers Pb:Sc =1.44 : 1.76 mm

"

Christine Nattrass (UTK), PHENIX Focus, 12 April 2011 29
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