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The ALICE Heavy lon Experiment
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ALICE Detectors & Acceptance

central barrel -0.9<7<0.9
- Adp = 27 tracking, PID (TPC/ITS/ToF)
- single arm RICH (HMPID)
- single arm e.m. cal (PHOS) ALICE detector n acceptance

. . h d particl
- jet calorimeter (proposed EMCal) (charge paTﬁ%e{Sme tracking)

it TP C

.—.—i_,_i_!SF'D inner layer

forward muonarm 2.4<np<4

- absorber, 3 T-m dipole magnet
10 tracking + 4 trigger chambers

multiplicity detectors -5.4 <7< 3
- including photon counting in PMD

dN_, /dn (Pythia)

]
S L R L

i

trigger & timing detectors
- 6 Zero Degree Calorimeters 3 4
- TO: ring of quartz window PMT's E— 5y
- VO: ring of scint. Paddles Pseudorapidity n
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Centrality Determination in ALICE

Event by event determination of centrality:
Zero Degree Calorimeters (ZDC) +
Z Electro-Magnetic calorimeters (ZEM)
E(ZDC) , E(ZEM) \ N Impact parameter (b)

spec part

% 05 1 15 2 25 3 35 4 45 5
Ezem (TEV)
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Zero Deqgree Calorimeters (ZDC)
 Forward calorimeters

— 8 m (ZEM cal.) and 116 m (ZP, ZN) from IP Proton | Neutron | EM
. . ZDC (ZP)| zDC (zZN)| zDC
— trigger on impact parameter (spectators) _ _
effective A> dependence wrt LHC axis
ZDC (ZN)
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ALICE - Global Tracking

After cluster finding, start iterative process through
central tracking detectors, ITS+TPC+TRD

* Primary Vertex from ITS

* Track seed in outer TPC

* Propagate to vertex, track in ITS
» Back-propagate in TPC and TRD

« Extrapolate and connect
to outer PID detectors

* Final refit inwards
(for VO, 1-prong decays)
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Track Efficiency

e

_ : i [—e— efficiency - dN/dy~2000 ;
BO— IR RPN fed B efficiency - dN/dy~4000 |.---: s
: : : —— efficiency - dN/dy~6000 :

: : : —»— efficiency - dN/dy~B000
60| | 8 fake ratio - dN/dy~2000
B g g g O fake ratio - dN/dy~4000
= i | —&— fake ratio - dN/dy~6000

a0l | —e— fake ratio - dN/dy~8000

Efficiency normalized to humber of
generated particles at primary vertex
within the central acceptance |n[<0.9

protons - large absorption
kaons - decays on flight
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Efficiency (%)

For realistic particle densities

combined efficiency well above
and fake track probability below
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Momentum Resolution

Robust, redundant tracking from < 100 MeV/c to > 100 GeV/c
Little dependence on dN/dy to dN/dy = 8000

——TPG
—=— ITS+TPG
—=— ITS+TPG+TRD

—— TPC
—=— ITS+TPG
—— [TS+TPG+TRD
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Transverse momentum resolutlon {32)

|

|

p, (GeV/c) p, (GeVic)

at low momentum dominated by at high momentum determined by
- ionization-loss fluctuations - point measurement precision

- multiple scattering - and the alignment & calibration
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ldentified Particle Spectra

Particle reconstruction and identification capabilities: unique to ALICE
Global tracking (ITS-TPC-TRD) + dE/dx (low p+ + relativ. rise), TOF, HMPID, PHOS, ...
Invariant mass, topological reconstruction

Acceptance / efficiency / reconstruction rate (¢) / contamination
p; range (PID or stat. limits) for 107 central Pb-Pb and 10° min. bias pp

For ~ 20 particle species for-1 <y <+1 and 4 <y <+25
) 7, K p:0.1-0.15 to 50GeV  mm) Weak or strong decaying particles: to 10-15 GeV

c:l"_"h. T | T T T T | T T T T Mld rapldlty T T T T | T T T T | T 5 1
5[
S o Mesons Baryons §F m PID in the
[ —— _ ‘ = K relativistic rise
o _ — () () . # ;
w15k ALICE Estimates lva Ppb-Pb BB . §
% (mid-rapidity) FE () wE
iz —
E 1f////////’//////////’////////ﬁ¢I L _ A (A) i
S i KX W PP
= AL SIS O I dE/dx (TPC+ITS)
o K{] I Secondary Vertex Reconstruction ot
I:T 0.5 _5 T 7 Invariant Mass Reconstruction
K* - PHOS
=— HMPID
H!!%%U"””l””l”””.”|”.|”|||””.|”|.ml!”””””””m.{p.ﬂ:. o TmeOTRigHt .
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b, (GeVic) P, ( ) o- (GeVic)
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Material Budget

Beam pipe 0.26 Beam pipe 0.45 Beam pipe 0.23
Pixels (7.6 cm) 2.73 Pixels (12 cm) 4.45 Pixels (10.2 cm) 7.23
ITS (50 cm) 743 |SCT (52 cm) 14.45 |TIB (50 cm) 22.23
TPC (2.6 m) 13 TRT (1.07 m) 3245 |TOB (1.1 m) 35.23

L L L L R L LR T
[l support [[]ssp [ ]sPD
Brc [sop []Beam pipe

= Ideal Reconstruction and identification low p; : lowest material budget
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Heavy lon Physics at the LHC

LHC Heavy lons —
- guided by pQCD predictions
- expectations (detector simulations) based on RHIC extrapolations and theory
- lesson from RHIC — guided by theory + versatility + “expect the unexpected”

Soft Physics at LHC —
- smooth extrapolation from SPS — RHIC — LHC?
- expansion will be different (v,, HBT, T o & Tiins

strange/charm particles & resonances)

0.04 a1 Q.12

4 inv (GeVIc)
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Soft Physics in ALICE

“ala RHIC”

- Expansion dynamics different from RHIC due to timescales, densities
- All soft physics measurements as at RHIC so far (+ extended PID)

- Day 1 physics +

Event Characterization (baseline, shadowing, CGC, ....)
centrality, transverse momentum and pseudo-rapidity distributions
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Charged-Particle Multiplicity Density

Integrated multiplicity distributions from Au-Au/Pb-Pb collision
and scaled pp collisions

FHOROS 200 GeV lyl<05 ALICE-
RHIC comb. 130GeV At = 170 dN,/dy = 2600

FHOBOS 56 GeV :
NA49 (SPS) saturation model

ES66/E917 (AGS) Eskola hep-ph/050649

JAS
CDF

dN/dy = 1200

In(V's) extrapolation

- e
g TR
o i

— ﬂla_ﬂ';_...

10 L0 LOo0 LoQaa0
J. Phys. G 30 (2004) 1540 Vs (GeV)

ALICE designed (before RHIC) for dN_,/dy = 3500
design checked up to dN_,/dy = 7000
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Soft Physics in ALICE

Event Characterization (baseline, shadowing, CGC, ....)
- Multiplicity, centrality, transverse momentum and pseudo-rapidity distributions

Bulk Properties of the Medium (T, 4, ... )
ihadronic resonances
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Equilibrium / Non-Equilibrium at LHC?

ALICE Estimates : Equilibrium vs Non Eq. particle ratios

Br <t Qg <
N

|[I | 1 € 'ﬁ
= - + : - !_ e
SRIMIEE m I <%

B. Hippolyte et al.

EPJ C49 (2007)
updated with 0707.4154

Non-equilibrium [l |
S (YS =3- 5) = oy

oversaturated
107" +

e
Equilibriumy, =1 [

— THERMUS v2.0 'f: =1 T=170% 5 MeV Ho= 174 MeV

O
-

STAT. MODEL %=1 T =161+ 4 MeV b= 0.8712 MeV
() SHAREV12  y4=1 T = 156 MeV n_ =2.57 MeV

5

B SHARE v1.2 'f:=3—>5 T=135— 125 MeV pE=2.28—>2.?DMeV

=161 % 4 MeV
ug = 0.8+1.2-0.6 MeV

= at LHC expect: T

Many additional questions: strangeness enhancement? Correlation volume?
Evolution in pp & PbPb?
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v/

¢~ Hadro-production: equilibrium vs. non ec!uilibrium
cu

Statistical thermal models describe mid-rapidity p;-integrated production of baryons

and mesons over a large energy range.
Baryo-chemical potential [z and Chemical freeze-out Temperature T,

|.Kraus et al., in arXiv0711.0974 [hep-ph] ALICE Estimates : Equilibrium vs Non Eq. particle ratios
Ev 2 <mugk 822 <mx & B X B e w & < m, ¥ <k
S~ S~y TSN = 0 - = kK < L, o = = XY = ==
ke Kinig L <Wgga B Y Y BRMIGT m a3 <%
T T T _ T T T T T T T T 1 O e
1?- E = = E ® . % "é 1 g@ = & = A L . _E
- " = ] i .
- aoew TS B - . ]
b s B 7 B B B ! ™ 4
102F . - s 6 O g m -
E ™ T T SR ol
C ] R
10’ C + ]
E .? C ® @ -‘
= = Grand Canonical,, "3 - - m
10 ; " Ca”"”ica'pp’ Re=21m . é " [— THERMUS v2.0 y7=1 T=170+5 MeV u, = T4 MeV T
g canonicaly, Re=1.5m ; C |- STALMODEL 4#=1  T=16124MeV  p_ =0.872MeV 1
L Canonical,,, R_=1fm - 102 O SHAREV12 %=1 T = 156 MeV 1, =2.57 MeV -
£ = Canonical,, R=0.751m CE - [M SHAREVI2  4%=355 T=135125MeV u_=2285270MeV | ]
10-6 L ‘ I | I N I I | C 1 L L L | L L L L | 1 L L L | ]
= Expectations at LHC: T, =161+4 MeV Eq. [ I.Kraus et al., J.Phys.G32 (2006) S495 ]
[B =0.8+1.2-0.6 MeV [A.Andronlg et al., Nucl. Phys. A772 (2006) 167 ]
Non Eq. [ J.Rafelski et al., Eur. J. Phys. C45 (2006) 61 ]

Note: Anti-particle/particle ~ unity will be difficult to constrain but can be used for addressing baryon transport

B.Hippolyte Hot Quarks 2008 - Estes Park 29



Soft Physics in ALICE

Event Characterization (baseline, shadowing, CGC, ....)
- Multiplicity, centrality, transverse momentum and pseudo-rapidity distributions

Bulk Properties of the Medium (T, u, ... )
- Particle ratios, hadronic resonances

Chiral Symmetry Restoration

Collision Dynamics (space-time evolution, transport properties)
- Momentum correlations (HBT)
- Collective Flow (radial, anisotropic)
- Baryon number transport

Fluctuations
- Event-by-event — particles, momentum, ...
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Resonances — Hadrons

* Time difference between chemical and kinetic freeze-out
* In medium modifications of mass, width, comparison of hadronic and leptonic
channels — partial chiral symmetry restoration?

* Reconst invariant mass spectrum, background subtract (like-sign method).
» Mass resolutions ~ 1.5 - 3 MeV . p; statistical limits: 8 (p) to 15 GeV/c (¢,K*)

o ~ 6 (1020) > K*K-
g 16 F)O(f7’7()) — Tt ég 60
g E [0)]
g 106 central Pb-Pb s % s
8 "2F Y =~ % Mass resolution
0E gy g % ~1.2MeV
8= *H H = 20F
o/ K*(892)° — K n ok
E 15000 central Pb-Pb of |
2t 300 E
0
0

1 1 1
1.01 1.02 1.03 1.04

C . )
Invariant mass (GeV/c?) o RN IS (I

Mass resolution
~ 2-3 MeV

100F

oF

P IR B I PR UM U PP
0.75 0.8 0.85 0.9 A 1 1.05 1.1 1.15 1.2

Invariant mass (GeV/c?)
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Resonances @, J/

* In medium modifications of mass, width, comparison of hadronic and leptonic
channels — partial chiral symmetry restoration?

p |GeV/c 1.5 2.0
Rejection m the 1PC 2500 | 2000
Rejection m the TRD 40 30

Rejection in the TPC+TRD | 10° | 6x10%

2 x 107 Pb+Pb events

)02 0.04 006 098 1 1.02 1.04 304 05 06 07 08 09 1
o, ¢: S/B~0.10-0.15 Meff(e'e from ¢) [GeV/c?] Meff(e'e from p) [GeV/c?]

Jhy: S/IB 0.4 -0.6

7 072 074 076 078 038 ) 3.05 3.4 3.15
Meff(e'e from ) [GeV/c?] Meff(e’e from Jiy) [GeV/c?]
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Resonances w, JIw) - ete

* In medium modifications of mass, width, comparison of hadronic and leptonic
channels — partial chiral symmetry restoration?
2 x 107 Pb+Pb events

700F
600"
500F

1400
1200

: 1000?
400 800
300; 600}
200; 4001
100 :

2001

-100+

ool b by b v Loy
0.5 0.6 0.7 0.8 0.9 1 1.1 1.2
Meff(e+e-) GeV/c?

J g
_2{] 1 1 | | I | | 1 1 | | 1 1 1 | 1 1 | | ]
g.Z 24 26 28 3 3.2

Meff(e+e-) GeV/c?

2 x 107 Pb+Pb events - o, ¢: significance =12 - 15

J/y: significance = 40 - 50
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Soft Physics in ALICE

Event Characterization (baseline, shadowing, CGC, ....)
- Multiplicity, centrality, transverse momentum and pseudo-rapidity distributions

Bulk Properties of the Medium (T, u, ... )
- Particle ratios, hadronic resonances

Chiral Symmetry Restoration
- Short-lived resonances & medium-modified masses

Collision Dynamics (space-time evolution, transport properties)
- Momentum correlations (HBT)
(radial, anisotropic)
- Baryon number transport

Fluctuations
- Event-by-event — particles, momentum, ...
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vV, Predictions for the LHC

Au+Au Charged, b=6.3fm
CGC+hydro, T'=100MeV
—4&— CGC+hydro, T"=169MeV
=  CGC+hydro+cascade

—— EOS with phasé transition
Hadron gas EOS

Heinz, Kolb,
Sollfrank

Hirano et al ,

th/0701075v2

RHIC LHC

II\\I\Il 1 \\IIII\‘ 1 | I I |
102 10° 10*

\|Syy [GeV]

eV
PHOBOS 130 GeV |7
PHOBOS 62.4 GeV |
PHOBOS 19.6 Ge

LHC
STAR.
PHOBOS | 7
PHENIX
NA49
CERES ||
E877
& E895
EOS
+ FOPFI

N.Borghini and
U.A.Weidemann, J.Phy.G
35 (2008) 023001

Ll
1000
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Heavy lon Physics at the LHC

LHC Heavy lons —
- guided by pQCD predictions
- expectations (detector simulations) based on RHIC extrapolations and theory
- lesson from RHIC — “expect the unexpected”

Soft Physics at LHC —
- smooth extrapolation from SPS - RHIC — LHC
- expansion will be different (v,, HBT, T o & Tiins

strange/charm particles & resonance

Hard Probes at LHC —
- significant increase in hard cross sections
— Ohard /Ototal ~ 2% at SPS
50% at RHIC

- “real” jets, large p; processes Gpp (LHC ) ~ 100 oy, (RHIC

- abundance of heavy flavors — 6. (LHC) ~ 10 . (RHIC)

- probe early times, calculable — precision studies!
John Harris (Yale U.) BNL Physics Seminar,2 September 2008




Hard Probes in ALICE

Heavy Quarks

(mass/color dep. of parton E-loss)
- Displaced vertices (D° — K n+) from TPC/ITS
- Electrons in Transition Radiation Detector (TRD)
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Heavy Quarks in ALICE - p, Coverage

D% > Kr Boe+X
3?25_!!!||||||||||||||||||||||||||||||_ E 25_---|---||----..................._
s [ « PP 115 - ¢ PP ]

i E - :

E 20 p-Pb m.b. — E 20— + Pb-Pb 5% -
s F + Pb-Pb 5% B .
2 5 112 15k -
1 B 1 l® N . ]
@ B — A - D - ]
g, [ 1&g 10 .
m© 10_— — - — - |5 - !
& . : e 4 ] & B & :
-:.t:..'._‘_ e —— — 5__ __

ST =g - e ” [ oo *++—-—_‘ o " :

_ L1 L1 v o v by by by b by oy Ly | B |k H‘;‘}-.l;—FTﬁTﬁ T -

0 2 6 8 10 12 14 16 18 20 %22 6 8 10 12 14 16 18 20

p, [GeVic] electron p [GeVic]

1 year at nominal luminosity
(107 central Pb-Pb events, 10° pp events)
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o
O 7

E-loss calc.: Armesto, Dainese,
Salgado, Wiedemann

1 year at nominal luminosity
(107 central Pb-Pb events, 10° pp events

John Harris (Yale U.)
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é __ :] MC syst. err
I'.Y.' 14: - s rescal. syst. err D+ —> KTCTE
b 12__ - syst. err. on centr. selection and W.S. profile
s g=0
1 e ———————
0.8
0.6
04 425, m¢ = 1.2 GeV
- ? c— 1.
0.2 e
l}: T Y N Y NN N N N T N B mc =A6 l l |
0 2 4 6 10 12
P, (GeVic)
;{( 1.4 [(TT T [T T T[T T T[T T T [T T T [T T T [T T T[T T T[T T T [TTT]
v [ B-—oe Pb-Pb, 0-5%
§ 1.2 . —
b= - q=0 .
3 1 ~
L O .
0.8 -
0.6 m, = 4.8 GeV -
041 "‘Ra = 25--100 GeV2/fm—
C — ]
B _|__|_
0.2 - s i
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Hard Probes in ALICE

Heavy Quarks

(mass/color dep. of parton E-loss)
- Displaced vertices (D° — K n+) from TPC/ITS
- Electrons in Transition Radiation Detector (TRD)

Quarkonia

(Initial T, Debye screening, recombination,..)
-Jhy, Y, Y (excellent), Y”(2-3 yrs), v’ (very difficult)
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uarkonia Perig z C
O 2101010 entral Pb-PDb
Charmonia p*u | Charmonia e*e- | Bottonia p*u- Bottonia e*e-
f I
(J1U | J{ +
3 3.5 dM_u_ T T 85 9 95 10 ‘::I'f{GE W |Imﬂulnnl|m|sl
-4 <n<-25 n|<0.9 |-4<n<-25| |n/<0.9
65 MeV 35 MeV 90 MeV 90 MeV
Y 30, Y 12,
S8 J/y 150, Jhy 245 ) Y21, Y8
) Y’ 8
Pe v, WV, Y, Y, Y Y, Y,noY"
¢ Jy 0-20 GeV | Jy 0-10 GeV | 1 0-8 GeV =




Hard Probes in ALICE

Heavy Quarks

(mass/color dep. of parton E-loss)
- Displaced vertices (D° — K n+) from TPC/ITS
- Electrons in Transition Radiation Detector (TRD)

Quarkonia

(Initial T, Debye screening, recombination,..)
-Jhy, Y, Y (excellent), Y”(2-3 yrs), v’ (very difficult)

Jet Quenching

(E-loss, parton density, fragmentation, medium response)
- Jets, v, pi-zeros, leading particles to large p+
- Modification of fragmentation
- Medium response to E deposition - dissipation on near- and away-side
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Detectors Utilized for High o Jet, ¥, e Physics

Tracking - PID: ITS+TPC+(TOF, TRD)
» Charged particles |7| < 0.9

* Momentum resolution (Ap/p < 6%)
to 100 GeV/c

 Tracking down to 100 MeV/c
* Particle ID & heavy flavor tagging

EMCal
* Energy from neutral particles
* Pb-scintillator, 13,000 towers
« A =107°, |n| < 0.7
« Energy resolution = 10.6%/NE + 2.1%
* Trigger capabilities

PHOS

* Hi-res electromagnetic spectrometer
(PbWOQO, crystals)

« y—Trigger

|n| < 0.1, 220°< ¢ < 320°
- AEJE, = 3%/E,

* Ax/x = 23%/NE,

John Harris (Yale U.)
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ALICE EMCal

3 fopfunding Jan. 2008

|




1 Year AQo:

Delivered to CERN

John Harris (Yale U.) BNL Physics Seminar,2 September 2008




EMCal Space Frame above ALICE

i




Lowering EMCal Space Frame down ALICE Shaft

| jljl
7l B
N I 1 |:. I". -




ttom of Shaft /into ALICE

“" e T
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, ' - (A B A
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EMCal Space Frame Being Inserted into ALICE
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EMCal Space Frame in Place in ALICE




Physics with the ALICE EMCal

Utilize Initial Hard Parton Scatterinq

- High energy jets, photons and heavy flavors —|requires EMCal and triggering
Exploit large kinematic range of jets at LHC
Measure jet structure & medium-induced jet modification
Investigate energy loss mechanism with
quark-tagged jets (heavy flavor decays)
gluon jets (light hadron leading)
v — jet coincidences

- Low energy particles correlated with trigger or quenched jet

—|requires ALICE acceptance, robust tracking, & PID to low/high p+

Investigate energy propagation in medium to determine medium properties

John Harris (Yale U.) BNL Physics Seminar,2 September 2008




ALICE PPR, part Il 100 GeV Jets

—— Charged +

Charged

Leading charged particle
R=0.4 cone

|
i
i
i
i
=
i
=
i
=
i

L.
1"'|--|--4..]---r-~4--L4 |. Lol | | L I -

60 70 80 90 100
E_nm [GeV]

EMCal significantly improves ALICE jet capabilities
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Anticipated Capabilities of ALICE with EMCal

EMCal improves detector capabilities:  Ep

- Fast trigger ~10 -100 enhancement of jets N

| Annual yields in ALICE

T
Q

10" :‘L_
. . (o] = i i
- Improves jet reconstruction (plus TPC) 5 FE <— Ogeom I N
O ' i i '
I Wb S O Pb+Pb minblas
- Good y/n? discrimination wtoEL binary scaling from p+p
] - L=0.5/mb/s; 1 year=10° s
In r. V r- _108§_ ................................................. L]
creases coverage 27 EMCAL: AnxAd=1.4x110"
- Good electron/hadron discrimination Bl ? T
EMCal extends the physics of ALICE: 10°
104/ year in mlnblas Pb+Pb _@‘ ............. N — ‘

inclusive jets: E;~ 200 GeV
dijets: E;~ 170 GeV
% pr~ 75 GeV

| T IIIIIII“I TTTTIT

107

—IIIIIIIIIIIIEIIIEIII!\IIIIIIIIIII

inclusive y: pr~ 45 GeV 0 20 40 60 80 100 120 140 160 180 200
E3" (GeV) or ch"t (GeV/c)

inclusive e: pr~ 30 GeV Thanks — P.Jacobs
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et-finding — Much Work Already at LEP & Tevatron
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=0.3

fraction of energy outside R

0.7)

Midpoint Algorithm (R

~0.35 - CDF preliminary

p + p experience (CDF)

PYTHIA Tune A

~ PYTHIA (no MPI)

0.1 <IY*I1<0.7
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=0.3

- most of energy within R
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Start of Jet-finding at RHIC and LHC

E
= = STAR (hep-ex/0608030)
. 31055' p+p = jet+ X
Experience from STAR 3 r \5=200 GeV
.2.-105:? midpoint-cone
-p + p at 200 GeV & one=04
f1n4r 0.2{1]{0.8
: e : sWWE =
- Mid-point jet cone algorithm, R = 0.4 g -
10 E
- note uncertainty on jet p; scale - F .
105 —&— Combined MB E
- extension of techniques to Au + Au S ormbine S
10~ —*— Combined HT —
(see Hard Probes talks = —— NLOQCD (Vogelsang) e 7
. i3 NLO + Nonperturbative 3
of Joern Putschke & Sevil Salur) = | | | | 3
- 1-32: | | Syslemlalia unﬂerlainiy (b)::
8 1.4 = e Theory scale uncertainty B
: 1-05 r"l'-‘j:--..;i: ........................................................... _ ----------------- g E
s 06 ..:mﬁtﬁ;;mmww{m uuuuuuuuuuuuuu
1] o «*
0.2 | | | o -
0 10 20 30 40 50

p; [GeV/c]
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Jet-finding Approach with Heavy lons

D + p experience (CDF) 100 GeV jet in central Pb+Pb

- most of energy within R =0.3

A + A approach (current attempts)

R I A — g

- suppress “soft” heavy ion background by

-preut: p;>1-2GeV/c

Energy (GeV)

-use small jetconesR=0.3-04
- estimate remaining background by

- EbyE out-of-cone background energy

Issues to understand:
- effects of acceptance
- event-by-event fluctuations
- elliptic flow
- other effects of real data!
J. Putschke (ECT Workshop 2008)
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Using Jet Cone Algorithm
Comparing Pb + Pbtop + p

- Jet energy determination from

g2 &

2

R.=0.4 pr>1GeVic

(Pb+Pb) (GeV)
3

rec
Jet
III|\II|III|III|III|III|III|III|III|III

- Subtract EbyE out-of-cone background E
- Minor influence of background

< 10% E difference for E;;> 100 GeV

100 120 140 160 180 200

v p+pR =04 p=10GeV rec
04, Eje(P+P) (GeV)
s Pb+PbR=04, p1:1 0 GeV

Pb + Pb spectra = p + p spectra
- for pr > 50 GeV/c

2
+
8
Q
=
S
&
3
E

\s=5.5 TeV

rec
Jet

<G>=50 GeV%fm

do/dE

II|IIIIIII|IIIIIII|III|III|III
80 100 120 140 160 180 200

Erec (G EV)

Jet
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etting to the Fragmentation Functio

In PbPb

Jet energy determination from
R.=0.4 pr>1GeVic

Charged particles for FF & from
R.=0.7 pr> 0 GeV/c

w102

>

<Epppu>~150 GeV

<(>=50 GeV¥fm

]

______ deal R.=1.0, p=0.0 GeV
p+p R =0.4, pt:1 0 GeV
—— Pb+PbR=0.4, p=1.0 GeV

J. Putschke, ECT 2008

Fragmentation function measurementupto £ ~4.5-5

Influence of heavy-ion background at ¢ > 4.5

John Harris (Yale U.)
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Measuring the PbPb Fragmentation Function

. o 45¢ A2
4— :
R.=0.4 \ p;>1GeVic ; - A Pb+PDR=04,p=1.0GeV
S 350
g 35 Annual ALICE run statistics
o e - <Epu>~175 GeV
o 2 F Pb+Pb 0-10%: <g>=50 GeVfm
o -
151 I
n 15_ """ 1 """"""""""""""""""""""""""""""""""
0.5= A Large background corrections,
: . :_I— 5% sys. uncertainty assumed £
Char ed arthIeS for FF - B | | | | | | | | | | | | | | | | | | | | | E | | | |
% 1 2 3 4 5
R.=0.7 SRGNCTAVIN | i ke ECT 2008 &=In(E .. /p,)

More studies of background are needed & underway!
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ALICE Jet Trigger Yields in an LHC
Pb + Pb Year

Jet yield in 20 GeV bin

System jet trigger? || Nigs (125 GeV) | Nies (175 GeV)
Pb+Pb cent y 1.1 x 10* 1700
2100 320
Pb+Pb periph 410 62
8 1
p+Pb 8.8 TeV 2.7 x 10*
250 40
pt+p 14 TeV 6.9 x 10°
1200

Includes acceptance, efficiency, dead time, energy resolution

Large gains due to jet trigger

Large variation in statistical reach for different reference systems
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B-|et Physics

Quark vs gluon E-loss in medium

B-jets - pure sample of quark jets

o
n

Fragmentation Function of b-quark

- (b)
- O ALEPH91 GeV
- @ OPAL 91 GeV
A SLD 91 GeV —ﬁ;

1/ d(m’de
— 9
st n [R] n [FS]

—
n

_5_—{:4:“"—#'
O

0 01 0’7' 0304 05 06 07 08 09
X
B

John Harris (Yale U.)

I |\ T % 17T U 1T T 17 T 17T T 17T T T1T
chks et' aI nucl: th/0512076 dN /dy = 1000
g

L =3.5fm

glue

L = 5.0 fm

up,down

G IAY
VBN
X
\ A
W20

ud quarks.. poLV+ET Ful Seore 5

Gluons  DGLV+BT: Full Geometry  TGJ

10
Py (GeV)

Measure B-jet Fragmentation Fctn

- harder fragmentation of b-quark
(higher <z>)

- Ejet measured more precisely

- Better measurement of FF
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Electron ID for B-jet Tagging in ALICE

p_(TPC)=48.0 +-1.0

e-aff. 0.8, 0.00 <p/e<1.02
e-aff; 0.9, 0.00 <p/e< 1.08

Electrons
Pions

—

p/E pion rejection > 1000 with

electron efficiency of 80%

John Harris (Yale U.)

Electron ID based on p/E

Track-Cluster matching

Test-beam data being analyzed

Cluster in fiducial volume

—h
o
=

——gleceff=038

eleceff=09

-t
)

n rejection (1/eff)

10 20 30 40 50
track momentum [GeV/cl
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Semi-leptonic B yields in ALICE EMCal

Annual electron yield in Ph+Pb for pT>p:”t
5 10"
o
f\" —m"GEL All electrons —
- E o
f 10° 51 Bottome = 1k
o 3 Conversion e E -
2 10 — Charm e s F
Q 407 — n%n, etc. e s L.
= F W boson e o
W 0f = o [
£ = o
< |10° = 80
K = s E
>0t = .
© = .
s |10°
- = .
< |10t
:I I BT A I A A L1 Lovv v bvv v bvvv o b e b v b 102 E bottomyall EEEE:EEEEEEEEEEEEEEEEEE i
0 > 101202 3038 ‘}Ecut (ésewcs)o ] @ chamial R M
T -] O cFromB/all
" ® Yl
~--1 @ (pn)yall
1[}.3IIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 5 10 15 20 25 30

~ 5000 electrons with p; > 30 GeV/c from B’s e-trigger pT [GeV]

Mark Heinz (& Jenn Klay) — ECT 2008
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ALICE with EMCal Trigger & Electron ID

5 107E
| dR vs trig-pt: elec vs quark | _dR_pt E of — () < pT(elec) < 10 GeVic

” . s g | 0% --
5 Moany 1282| B2 —— 10<pT(elec) < 100 GeV/c
E ~( RMS x  0.2368 O] 8 10— .
g : RMSy 1048 = 0 < pT(elec) <100 GeV/c
O soEENRIRR. " b e S —— -
o i H 5 _______________________________________________________________
? 00 LI N NS W S N N | —fz00f 10 1

Thu Nev 22 12:50:24 2007
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B-jet P, GeV/c

B-jet measurements up to ~ 90 GeV

Mark Heinz (& Jenn Klay) — ECT 2008
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Tagqging Jets with Photons

Strategy (event by event):

-\
AN/

=

Search for identified prompt photon (in PHOS)

with largest p; (E , > 20 GeV)

Search for leading particle :

(I)y B (I) leading "~ 180°
Ejcading > 0.1 E,

leading

Reconstruct the jet :
Particles around leading with p; > 0.5 GeV/c,
inside a cone of R = 0.3.
2 configurations:

charged and neutral hadrons (TPC+EMCAL) and
charged only (TPC).

PHOS

Thanks - Gustavo Conesa Balbastre — INFN Frascati
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Particle Identified Fragmentation Functions

MLLA + LPHD Sapeta, Wiedemann hep-ph/0707.3494 K"

medium jet
vacuum jet

i Ej (—14.5GeV O =2

[ — (vacuum)

[ — KT (vacuum) X 2.5

- = p(p) (vacuum) x 2.5

i [ S Tci'i (medmum)

[ K* (medium) %25
P p(p) (medium) x 25 /4

Ratios of dN h.-"a:lp.I

E,, = 100 GeV

ALICE PID and EMCal
will enable this kind of

PID’ed FF measurements
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Summary

ALICE - versatile, general purpose heavy ion detector at LHC
will contribute significantly to understanding of (soft & hard) HI physics

ALICE EMCal (construction started) - provides significant high p; & jet physics
will measure and trigger on jets, y’'s, n°’s, electrons
will allow B-jet (quark-jet) tags
jet triggering — essential for jets in pp, pPb & peripheral PbPb
triggered jets — enable study of response of medium in lower p; sector

Jet-finding in full simulations
jet reconstruction & fragmentation function mod. studies are possible
jet energies up to ~ 225 GeV possible (stats), 10% sensitivity at £ ~ 4

B-jets from full simulations
measurements possible up to 80 to 90 GeV (stats in one PbPb month)
allows investigation of differences in quark & gluon jet energy loss

Work continues
establish best jet algorithm for heavy ions
deal with background, jet-splitting & jet-merging
develop heavy flavor (quark) tag algorithms
determine y-jet capabilities through full simulations in ALICE




ALICE in 2008 LHC Run

Complete — fully installed & commissioned

— ITS, TPC, TOF, HMPID, MUONS, PMD, V0, T0, FMD, ZDC,
ACORDE, TRIGGER, DAQ

Partially completed

— TRD (20%) to be completed by 2009

— PHOS (40%) to be completed by 2010

— EMCAL (0%) to be completed by 2010/11
At start-up full hadron and muon capabilities

Partial electron and photon capabilities
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ALICE Goals for Data

First physics in ALICE will be pp - important reference data for heavy-ions
Unique pp physics in ALICE - examples

— multiplicity distribution

— baryon transport

— measurement of charm cross section major input to pp QCD physics

First 10° PbPb events: global event properties
— multiplicity, rapidity density
— elliptic flow
First 106 PbPb events: source characteristics and spacetime evolution

— particle spectra, resonances
— differential flow analysis
— interferometry
First 10" PbPb events: high-p,, heavy flavours
— jet quenching, heavy-flavour energy loss
— charmonium production
Eventual goals - bulk properties of medium
— energy density, temperature, pressure
— heat capacity/entropy, viscosity, sound velocity, opacity
— susceptibilities, order of phase transition
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