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= PID in ALICE: detectors and techniques
» some details on Particle ldentification (PID) in ALICE

pr-shape

= ldentified particle spectra in central (0-5%) Pb-Pb collisions
» T, K, p spectra in central (0-5%) Pb-Pb collision at /s = 2.76 TeV
» comparison with different models and RHIC data

= pr-spectra as a function of event-by-event flow
» flow vector definition
P jet contamination estimation
» spectra modification in events with high elliptic flow (30-40% centrality)

Integrated yields

= Thermal production of hadrons in central (0-20%) Pb-Pb collisions
» comparison with RHIC and thermal model prediction
» thermal fit to integrated particle yields in ALICE

= Summary
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PID in ALICE: detectors and
techniques

Pb-Pb @ sqrt(s) = 2.76 ATeV

2011-11-12 06:51:12
Fill : 2290

Run : 167693

Event : 0x3d94315a

ALICE

A JOURNEY OF DISCOVERY
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In this analysis:

= Inner Tracking System (ITS)
» standalone tracker, extends low-pt reach
» energy loss in the silicon

— Detector descrlptlon

ALICE Collaboration et al 2004 J. Phys. G: NucI Part. Phys. 30 1517
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In this analysis:
= Inner Tracking System (ITS)

» standalone tracker, extends low-pt reach

» energy loss in the silicon [1 ZDC

16 m from |.P

= Time Projection Chamber (TPC) {
» main tracking system
» energy loss in the gas
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In thlS analysis: ALICE Collaboration et al 2004 J. Phys. G: Nucl. Part. Phys 30 1517
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chambers
» standalone tracker, extends low-pr reach 233
» energy loss in the silicon ZDC Muon
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= Time Projection Chamber (TPC)
» main tracking system
» energy loss in the gas
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In this analysis: ALICE Collaboration et al 2004 J. Phys. G: Nucl. Part. Phys. 30 1517
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Detector description
il | ALICE

In this analysis: | ALICE Collaboration et al 2004 J. Phys. G: Nucl. Part. Phys. 30 1517
= Inner Tracking System (ITS Tracking
g y ( ) chambers

» standalone tracker, extends low-pt reach
» energy loss in the silicon [1 ZDC ]

16 m from I.P.
= Time Projection Chamber (TPC)

i i e
» main tracking system e
. —
» energy loss in the gas PR LS LT )
= Time of Flight (TOF) l» gt 7[5 R

» tracks extrapolated from ITS-TPC
» resolution ~85ps (Pb-Pb)

ZDC
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magnet
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» VZERO A (2.8<n<5.1)
» VZERO C (-3.7<n<-1.7)
» trigger, centrality selection, event plane
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PID Analyses
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Identified particle spectra in central
(0-5%) Pb-Pb collisions

Pb-Pb @ sqrt(s) = 2.76 ATeV

2011-11-12 06:51:12
Fill : 2290

Run : 167693

Event : 0x3d94315a

ALICE

A JOURNEY OF DISCOVERY
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QIMZ Central (0-5%) Pb-Pb collisions

ALICE
| [T T T T T T T T T T T T T T data:
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QIMZ Central (0-5%) Pb-Pb collisions
ALICE
data:

-
o
o
I

I 1 1 1 1 I ]
~o— ALICE, Pb-Pb |, =276 TeV || . small extrapolation at low pt
—#— STAR, Au-Au,\s,, =200 GeV _ |arge radial f|OW

PHENIX, Au-Au,|S.. = 200 GeV+ _ .
U-AU\ Sy = 200 Ge (<Br> = 0.65 + 0.02 ~10% higher w.r.t. RHIC)

fii7
B,
Dy
105 S N
e
:‘ L
M
b N
x
PO TR

Q
>
(O]
e
~
> 10k =
Q - .
2 | _
<\+23 to e TRy e T (< 100) _ model compatrison:
- B TPt = e 5 ] .
g _ e o KK x10) T nIIE:Z;Id(Vlicaus h[Z]gO)
— 107 Ll viSH2+1 DDDD @sé:;@j@pw(m) . B (Hy 'jo rQMD) _
= S K o TOen 4f - (viscous corrections that lower the
T 10% o keakd 0 _ effective T
10° [ | N Krakovlv | (?-5% Centrzlil coIIisionsI - Ch)
s 2 ! Y - — : : :
3 3 [t e ot Hydro (with refined late fireball
s [ ThmmEmmE description) works at the LHC.
8 g : - 1 r '/| —r r r 1 :
B | 5 K"+ K 7] - (ALICE Collaboration) arXiv:1208.1974vI| [hep-ex]
8 I A ot —
- T — - (STAR Collaboration) Phys.Rev. C79,034909 (2009)
O ettt rstrtrssridl -(PHENIX Collaboration) Phys.Rev.C69,034909 (2004)
2 - D+P B - (Blast Wave) E. Schnedermann, J. Sollfrank, and U.W. Heinz, Phys.
O RO S SO _ Rev. C48, 2462 (1993)
0 - e A . - (VISH2+1) C. Shen, UW. Heinz, P. Huovinen and H. Song, (201 1),
I E N E N T A arXiv:1105.3226 [nucl-th]
0 1 2 3 4 S - (HKM) Y. Karpenko,Y. Sinyukov, and K.Werner, (2012), arXiv:
1204.535 | [nuck-th]

- (Krakow) P Bozek, Phys. Rev. C85, 034901 (2012)
L
Leonardo Milano, Univ. & INFN, Torino, Italy Quark Matter 2012 7



http://arxiv.org/abs/1208.1974v1
http://arxiv.org/abs/1208.1974v1

&
o 10°
S~
% 10°
)
=
° 10°
Q.
o
~~
Z
© 10
|_
Q.
|=¢
o
— 10"
>
P
~—~
103

Data/Model

© a2 N O @ma NO - N

Leonardo Milano, Univ. & INFN, Torino, Italy

QIMZ Central (0-5%) Pb-Pb collisions
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data:
- small extrapolation at low pr
- large radial flow

(<Br> = 0.65 = 0.02 ~10% higher w.r.t. RHIC)

model comparison:

- VISH2+1 (Viscous hydro) WQM uPdatel

- HKM (Hydro+ UrQMD)
- (viscous corrections that lower the
effective Tch)

- MUSIC (EbyE, 3+1D Hydro, UrQMD):100 events

Hydro (with refined late fireball
description) works at the LHC.

- (ALICE Collaboration) arXiv:1208.1974vI| [hep-ex]

- (STAR Collaboration) Phys.Rev. C79,034909 (2009)

- (PHENIX Collaboration) Phys.Rev.C69, 034909 (2004)

- (Blast Wave) E. Schnedermann, J. Sollfrank, and U.W. Heinz, Phys.
Rev. C48, 2462 (1993)

- (VISH2+1) C. Shen, UW. Heinz, P. Huovinen and H. Song, (201 1),
arXiv:1105.3226 [nucl-th]

- (HKM) Y. Karpenko,Y. Sinyukov, and K.Werner, (2012), arXiv:
1204.535 | [nucl-th]

- (Krakow) P. Bozek, Phys. Rev. C85, 034901 (2012)
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ALICE

...to further investigate the hydro behavior of pr-spectra...

Pb-Pb @ sqrt(s) = 2.76 ATeV

2011-11-12 06:51:12
Fill : 2290

Run : 167693

Event : 0x3d94315a

ALICE

A JOURNEY OF DISCOVERY
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Flow vector definition
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P Qnz = E w; cos(ng; ),
Flow vector definition: o i l "7 i = channels of VZERO detector
. | wi = multiplicity of channel i
Qny = § :’w.,; sin(ne;), ®; = angle of channel i

1

flow vector is a powerful tool to select
P. . see Sergey Voloshin (13 August) I
events with different v; —
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Flow vector definition ' %

ALICE

Flow vector definition: Qnz = Z w; cos(ng;),

1

i = channels of VZERO detector
. wi = multiplicity of channel i
Qny = Z w; sin(ne;), ®; = angle of channel |

flow vector is a powerful tool to select
P. . see Sergey Voloshin (13 August) I
events with different v; e

VZERO-C central barrel VZERO-A

large rapidity gap
q-vector
centrality selected: 30-40%
3.7 1.7 -08 08 2.8 5.1 n >
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Flow vector definition %

ALICE
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Flow vector definition: Qna = E :wi cos(ng;),

1

i = channels of VZERO detector
wi = multiplicity of channel i

Qny = Z w; sin(ne;), ®; = angle of channel i

1

flow vector is a powerful tool to select
P. . see Sergey Voloshin (13 August) I
events with different v; -

VZERO-C central barrel VZERO-A

large rapidity gap
q-vector
centrality selected: 30-40%
3.7 -7 -08 08 2.8 5.1 n >

- Integrated elliptic flow at the LHC is ~ 30% larger
w.r.t. RHIC*

- Event-by-event this increase can be much larger

- If we integrate cos(2®) in 21T we do not
expect any modification of the pr-spectrum

- we look at q; distribution:

*ALICE Collaboration, Phys. Rev. Lett. 105,252302 (2010) Q,/ \/ multiplicity
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Flow vector distribution %
ALICE

q2 = Qa/+/multiplicity

T T AL

o= : PERFORMANCE
N : : : : : : -

) 107 o e R o T 16/7/2012

8 a | | f et Keep potential biases under control:

104 centrallty3040% ________________ ______________ .
’ ’ » multiplicity bias

- v2 increases with decreasing
centrality™

g 11—t : """"""""""""""""""""""""""""""""""" B 5

B L | - . _

= 05 0 ) jet contribution

S | Han : - is the large g2 due to an

increased jet contribution?

1 l L 1 1 l L L L _I= Ll 1l l Ll 11 l L1 11 l L 1l l

1 L1l 1 Ll 1l l
0 1 2 3 4 5 6 7 8 9

Iq2I from VZERO (A+C) detector

We want to select the 10% highest (lowest) elliptic flow events

see Alexandru Dobrin Florin
. (14 August) *ALICE Collaboration, Phys. Rev. Lett. 105, 252302 (2010)
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Checks on potential biases %

ALICE

M
QIZ

» Multiplicity bias
- centrality from tracks in the central barrel instead of VZERO

- bin 30-40% obtained as the sum of 10 bins 1% wide shift negligible
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Checks on potential biases %

ALICE

M
QIZ

» Multiplicity bias
- centrality from tracks in the central barrel instead of VZERO

- bin 30-40% obtained as the sum of 10 bins 1% wide shift negligible

» Jet contribution:

Background:
br_tot = total pr in the event
density = pt_tot/acceptance

Energy in a cone:

* seed particle: (pb7>5GeV/c)

® pr_sum = sum of pt in R<0.3
* area=TT x R72

* br_jet= pr_sum - density x area

Leonardo Milano, Univ. & INFN, Torino, Italy Quark Matter 2012 |2



QIMZ Checks on potential biases %

ALICE

» Multiplicity bias
- centrality from tracks in the central barrel instead of VZERO

- bin 30-40% obtained as the sum of 10 bins 1% wide shift negligible

100 [ PO-PB =276 eV T

= centra;]ity 30-40% ALICE

» Jet contribution:

BaCkground: 10-5 ...................... ............................................................................................ PERFORMANCE _........i..
pr_tot = total p1 in the event . 16/7/2012
density = PT_tot/accePtance 10—6 S ............................. ............................. ................ + “Nof'qz“-selection .....

—n— —4— 10% lowest g,

Energy in a cone: 5 :
10—7 ........... .............................. ............................ T PRI _+_ -1 op/o hig hest q .......

1/N,,o?N/(dp.dn) (GeV/c)™?

* seed particle: (pb7>5GeV/c) 5 =
® pr_sum = sum of pt in R<0.3 \ - Cone Algorlthm Raw ’ | -
. area:-l—r X RA2 10 é.pT’see >5 GeV/c .R .......... 03 .................... ._ ............................ i ............................ ..?E
* br_jet= - densi : i i %
PTJEt PT—Sum denS’ty X area 10—9 b S [ e R e oo e Ceeeee e froone o Qe et e e i-—=
S0 15 [EEEE 1t 1 It L
& ; ;
(@)
g
o ‘
- method reliable only c=és -
above ~20 GeV/c Z 05 b e O — S — -

- ratio is flat,“jet” 20 40 60 80 100
contribution similar charged raw jet p_(GeV/c)

PN,y
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ALICE

- Ratio of raw spectra, efficiency

pr-spectra vs E-by-E flow

)
N

s L PPl (g2 76TV e ] does not depend on q; selection
o g _ : centrality 30-40% -
|5 = S : : - . .
o |8 i < I - AUCE - Modification of the pr-spectrum:
o) ! : : .
2 | @ _Tx ol i 1 . large q2 = harder spectrum,
ol 1 I_TT Y P ................................................. ; ..... a0 [aaasaasssasansass EEEERS P p—
X (9 Butu s i .
o |8 i 1 opposite for small g

S I ................................................... .............. _ - Vanishing at high pr.

L AL . L O L not due to jet contribution
o |G ' 5 . [ Systematic error 5
» |o 5 .| Statistical error: 5
g Q@ — g . @ Normalization error g -
D : : 5 5 5
o |?
9 | 1 e i
S lo H + +
T - :+ + T + -
' +
0-95 _I ...... I ..... I ............. I ..... I ...... I ...... I ...... I I ...... I ...... i.l ...... I ...... I ............ I ...... I ...... I i ...... I ...... I_
0 2 4 6 8 10
pT(GeV/c)
VZERO-C central barrel VZERO-A
_ I B
>
3.7 -1.7 -0.8 0.8 2.8 5.1 N

Leonardo Milano, Univ. & INFN, Torino, Italy Quark Matter 2012 |3



pr-spectra vs E-by-E flow

1,05 [ POPD SN TR TE.TOM s fA
o g : . . centrality 30-40% -
ﬁ 5 4P : PQLII-}IEHERY :
2|3 + -
< | ' 1HeEE] ] T [ e R -
0 O .
S § : : :
. + All Charged o s*+r .
I R "K4K 12 IO N _'
1 i 1 i 1 i 1 i ——t——+—
c 105 o  IRSITIISRIN USRI I
o ke [ Systematic error
» |© 5 5 | Statistical error: ;
g Q@ — g . =z Normalization error g -
ol — o
2 ! L4
O |0 .
_ 1 + -
+
0.95 T I T —
| | | | | | I | | | | | | I | | | I | |
0 2 4 6 8 10
P, (GeV/c)
VZERO-C central barrel VZERO-A
g-vector
>
-3.7 -1.7 -0.8 0.8 2.8 5.1 n

ALICE

- Ratio of raw spectra, efficiency
does not depend on q; selection

- Modification of the pr-spectrum:
large q2 = harder spectrum,

opposite for small g

- Vanishing at high pr.
not due to jet contribution

- same effect for all the particles

- hint of mass ordering!?

Are v> and radial flow correlated?

Leonardo Milano, Univ. & INFN, Torino, Italy
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ALICE

Pb-Pb @ sqrt(s) = 2.76 ATeV

2011-11-12 06:51:12
Fill : 2290

Run : 167693

Event : 0x3d94315a

ALICE

A JOURNEY OF DISCOVERY

Leonardo Milano, Univ. & INFN, Torino, Italy Quark Matter 2012 | 4



Q{% Thermal production of hadrons

ALICE

»n 0.3 i - |
S | A2 particle+anti-particle .
00.25 , | ; e ]
el — PRELIMINARY () -
O T :
= i 1
T 02 | 1 R
o [ %] <}> + ol
e, ! Hﬁ + % T 1
Tois[ b LW
=TTy + :
0.1 :— B \s\=2.76 TeV (ALICE, 0-20%, preliminary) ]
i O \Suy=0-2 TeV (STAR) -
0.05 — ] \sy=0-2 TeV (BRAHMS) B
- A \8yy=02 TeV (PHENIX) 1

O T I

px3  Ax4 Ex30 Qx200 ¢x20 K*°x10

A

- feed down correction: pstar (-37%) TteHenix (- 10%)

- decreasing ratios at the LHC?
- p/Tt and A/TT different at the LHC
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Thermal production of hadrons
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- feed down correction: pstar (-37%) TteHenix (- 10%)

- decreasing ratios at the LHC?
- p/Tt and A/TT different at the LHC

- Tcn =164 MeV from lower energies extrapolation
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Thermal production of hadrons

S

eSS NSNS AL ICE
> 10°C - 5 . s o
»n 0.3 5 5 5 5 5 S | Pb-Pb \s\=2.76:TeV 3
c - | - T z 7 Z Co T E Lo E L]
o - -~ particle+anti-particle - T [ 5 5 o .
a | XXz ] ] — A R
00.25 ALTCE — - g g L o
-+ i PRELIMIMARY i § .'. §
= I | ] AeE
T 0.2 % % — lé - : L W
s F " - o "
= 0 o [ 10 s S SR
=B " %%] —H T L : B
20.15 &b - = i
> [ T + + | Loy I S . ]
i ; : : — i 15~ m Data: ALICE, 0-20% (preliminary) =
0.1+ B\ =276 TeV (ALICE, 0 20%, prellmlnary) — i oW g
E O |02 TeV (STAR) E T Thermal model fit, 52/Ny=39.6/ 9 rrmusees i
= (] {8=0-2 TeV (BRAHMS) - T=152 MeV, V=5300 fm’ (u =1 MeV fixed) | ]
0.05 - — - : .
B A \sy=0.2 TeV (PHENIX) ] “x KKp p AT = o o 0 K0
B —— Model, T=164 MeV ]
O I I I I . . . . .
K ox3  Axd  Ex30 ©x2000x20 KPx10 Integrated yields at midrapidity:
- data are feed down corrected,
_ >k0 o o
- feed down correction: pstar (-37%) TtpHeNIX (- 10%) ¢ and K™ not included in the fit
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- decreasing ratios at the LHC?
- p/Tt and A/TT different at the LHC

- Tcn =164 MeV from lower energies extrapolation

-Ten =152 MeV from fit
A.Andronic, P. Braun-Munzinger, . Stachel, Nucl. Phys.A 772 (2006) 167

Leonardo Milano, Univ. & INFN, Torino, Italy Quark Matter 2012 |5




)
N

»n 0.3 . 5 |
- B pou ]
o _ i
s [ QY 5 o
00.25 ALICE —
"q") : PREI;.IHINFIRY O __________ o
T o2 | % = _}

9 } %5 %} SEEEECEEE T

© v %%3 """ _+% To
©0.15 Nl

= A

| M=2.76 TeV (ALICE, d-20%, preiiminary)
O \sy=0.2 TeV (STAR)
] \sy=0.2 TeV (BRAHMS)
/\ \sy=0-2 TeV (PHENIX)
—— Model, T=164 MeV
----- Model, T=152 MeV

o
—h

0.05

Ex30 Q%200 ¢x20 K*°x10

A

px3 Ax4

- feed down correction: pstar (-37%) TteHenix (- 10%)

- decreasing ratios at the LHC?
- p/Tt and A/TT different at the LHC
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Thermal production of hadrons
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Integrated yields at midrapidity:
- data are feed down corrected,

- ¢p and K™ not included in the fit
Teh = 152 MeV from fit to LHC dN/dy

- possible extension™: hadronic interactions
*lan Steinheimer, Jorg Aichelin, Marcus Bleicher,
arXiv:1203.5302v1 [nucl-th]

*Francesco Becattini, Marcus Bleicher, Thorsten Kollegger,
Michael Mitrovski, Tim Schuster, Reinhard Stock,
arXiv:1201.6349vI [nucl-th]
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» Identified particle spectra in central (0-5%) Pb-Pb
- Strong radial flow in central collisions (~10% larger with T2
respect to RHIC) e i
- Models with a refined late fireball description are able to
reproduce better the experimental data

1N, 1/2np. #N/(dp_dy) (GeV/c)?
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» Thermal production of hadrons
- Particle ratios consistent with RHIC except for p/TT and A/TT

- Studies ongoing...improvement from experiments + feedback : 7
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Pb-Pb @ sqrt(s) = 2.76 ATeV

2011-11-12 06:51:12
Fill : 2290

Run : 167693

Event : 0x3d94315a

ALICE

A JOURNEY OF DISCOVERY
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- Mg vanishing at the LHC

(ALICE Collaboration) arXiv:1208.1974v| [hep-ex]

- K/11 similar to RHIC, in agreement with thermal model prediction
- p/TT below the expectations, same behavior observed in hydro
model without explicit description of hadronic phase
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Particle ratios
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(-0.8<n<0.8) with EP from VZERO-C (-3.7<n<-1.7)
Cutting on g, from VZERO-C also investigated (see backup

;) for unbiased (black) and SE (5% high, 10% low) events
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08/14/12 A. Dobrin - Quark Matter 2012

see Alexandru Dobrin Florin
(14 August)

5% high q,
10% low q,
No q, selection

Non-flow contributions significantly
reduced using n gap

Smaller ratios due to smaller flow
and multiplicity - method sensitivity
to the event shape

v,~ shape (ratio almost constant) at
least up to p.=6 GeV/c

Effect of event shape fluctuations
becomes small for p_ >6 GeV/c
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