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Outline

» Introduction

> Resonance Production in pp Collisions at Vs,, = 5.02 TeV
v' Data set and analysis cuts
v QA plots
v" Results:
-- Signal extraction, p; spectra, dN/dy and <p;>

> Resonance Production in Pb-Pb Collisions at Vs,, = 5.02 TeV
v' Data set and analysis cuts
v QA plots
v Results:
-- Signal extraction

» Summary
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Why Resonance?

v Due to short life time (~ few fm/c) of
resonances, they can be used to study the

evolution of the system formed in heavy-ion
collisions

Chiral Symmetry Restoration
Expect mass shift and width broadening

v Particle Production Mechanisms:

Hydrodynamics: particle masses determine

shapes of p; spectra

Recombination: baryon/meson differences

in shapes of p; spectra
v" In-medium Energy Loss:

Study of nuclear modification factor Chemical Kinetic measured
v Properties of Hadronic Phase: freeze-out freeze-out

Rescattering vs. Regeneration:
Study of yield, particle ratios, compare

resonances with different lifetimes o
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K*0(892)->Kr, BR = 66.6%, Lifetime ~4 fm/c

1020)->K*K-, BR = 48.9%, Lifetime ~46 fm/c
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What We Know?

. . 8 0.4 oopp7TeV ]

» Rescattering vs. Regeneration: Eo_% [H] = ¢ Pb-Pb 2.76 TeV |
v K'9/K- ratio is suppressed in the most central ®o03 . H
Pb-Pb collisions L., KK % ]

v /K" ratio does not exhibit a strong centrality & 0ok H H ;
dependence ol b hg

v’ Indicates rescattering of the K'® decay products Y t ﬁq) . 5|
in the hadronic medium 00'5 e Thermal Model
Phys. Rev. C 91, 024609 (2015) | ALICE = Ty =156 Mev |

0 2 4 6 8 10 12

(AN /dn)"®

» In-Medium Energy Loss:

v" More suppression of K than other hadrons at E 12 Popb s —276Tev (05%  ALICE
low p; (consistent with rescattering) i "

v' p and ¢ exhibit different trend at intermediate p;
(recombination?)

v" Similar suppression of all hadrons at high p;
(no flavour dependence)

Interesting to look at new (run-ll) data for pp and

Pb-Pb collisions at \/SNN = 5.02 TeV 0 2 4 6 ‘é‘ | ‘1‘0‘ | ‘1‘2‘ | ‘1‘4‘ | ‘1‘6‘ | ‘1‘8‘ | ‘2‘0‘ |
P (GeV/e)
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Resonance Production in
pp Collisions at \s,, = 5.02 TeV

- ALICE Performance, pp Vs = 5.02 TeV
— MB triggers: L = 2.5 nb™

- Dimuon triggers: L = 112.1 nb”
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Data Set & Analysis Cuts

U Data: pp @ 5.02 TeV O MC: pp @ 5.02 TeV
Period: LHC15n (ESD, pass1) Period: LHC15I1b (ESD)
Trigger: INT7 Trigger: INT7
Run No.: 244340, 244343, 244351, 244355, Run No.: 244340 244351

244359, 244364, 244377 Number of events: ~2.0 M

# 244369 244374 244375 (No TOF)
Number of events: ~24.1 M (|[Vz| <10 cm)

Q Single Track Cuts: StandardITSTPCTrackCuts2011()
> pr>0.15GeVie v|Pair Rapidity| < 0.5

> |n| <0.8
» |(DCA),| < 2.0 cm d PID:
> |(DCA)y| < (0.0105+0.0350/p, ") For ¢: [Ino,| <3.0in TPC
» TPC and ITS refits For K*:|no, «| <2.0inTPC
» Minimum number of clusters in SPD = 1 Ino, x| <3.0in TOF as Veto
» Number of cross rows in TPC > 70 .
» CrossedRowsOverFindableClusters > 0.8 Eui\i)eer:tol\gg\l/g%ts mixed: 5
5 ;
[T e er <4 VerocZ s 20 (10.<V, < oo
» Reject kink daughters Multiplicity bin: 5
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~ Vertex Z distribution

QA plots
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K*0 Reconstruction

0.6%p <0.8 (GeVi)
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Background Subtraction: Event Mixing
Normalization Range: 1.1 — 1.2 GeV/c?

0.6<p <0.8 (GeV/c)

x10 %2/ ndf 35/38
4 = Prob 0.6088
Yield  2.903e+04 + 1.057e+03

K*O Mass 0.8895 + 0.0009

3L P, 1.17e+04 + 2.11e+03
P, —2.296e+04 + 4.579e+03

P, 1.113e+04 + 2.442¢+03

- 1.2
m,,, (Gev/c?)

Fit function :

1 YT ,
X +p M. +p M. +
2w (M, —m) +(m2) T e

Fit Function: Breit-Wigner for Signal + Pol2 for Residual Background

Fitting Range: 0.72 — 1.15 GeV/c?
Width fixed to the PDG value
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¢ Reconstruction

0.6 <p_<0.8 (GeV/c) 0.6<p_<0.8 (GeVic)
«10° T . x10° 22/ ndf 56.9 /59
“2;0_7 - O : Prob 0.5533
> [ S -
o [ . > 05+ Yield 4273 +552.1
EO.S - ¢ g i ¢ Mass 1.019 +0.005
E - || i Reso 0.001169 + 0.003269
c [ I 04
0.5~ B - Py 68.28 +36.43
O [ . c P, 0.05831 + 970786.25000
0.4 | l S|g+Bkg 8 0.3~ P, 65941552
A Bk |
: H 9 ©
0.3}
: R
0.2 ¥
: J ¥ E Y I syt l % ‘%
of gl e A
O-"'!'l""l""[“"lll" N TR EE TN EE TS RN NS N |
0.95 1 1.05 1.1 115 1.2 1 101 1.02 103 104 105 1.06
m,, (GeV/c) (G v/ 2)
m. ev/C
inv

Background Subtraction: Event Mixing
Normalization Range: 1.04 — 1.06 GeV/c?

Fit Function: Voigtian for Signal + Pol2 for Residual Background
Fitting Range: 0.995 — 1.06 GeV/c?
Width fixed to the PDG value
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. - © - .
v' Mass agrees with the | 310350 ¢ PP@502Tev  m Daa
'_ 0} - enerate ]
PDG value both for data °*°% = o3k O MC Reconstructed:
- - @ - e PDG Value 3
and MC' & O.QW =1.025F .
(&) C 3
3 ; 1,02k ]

S ossf- TUE

2 - K®, pp @ 5.02 TeV 1.015F

= 0.8-— m Data C

C *O ® Generated 1.01 -

C K O Reconstructed -
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. r Data Fixed to PDG O] - ® MC Generated 3
PDG Value in data. - ® Generated = 0.0055F O MC Reconstructed
0'07: O Reconstructed '§ 0.005 E e PDG Value 3
— C s F 3
% oos- 0.0045F i E
q>) - [Foee O XX [N (OO TI TCCCN CECCCCCCEEERE  CERRTRrr
S L 0.004F =
. 005 - E
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February 6-7, 2016 ALICE-India Collaboration Meeting Chitrasen Jena 10

Mass and Width




Uncorrected Spectra and Efficiency

Raw Spectra
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Corrected Spectra

107! ‘}‘/\ B DL DL DL AL DAL LA DAL LN DAL B
S 102 o (yl<05) ® pp5TeV
102k W 5.02 TeV o O pp 7 TeV (Published
. O 7 TeV (Published) =
> ey 3 107
- 10°F - Q
~| o ] "3 T_
‘\-’c © B L] o 4 %
e 10%F O S A
aV ; ml] NZ -@-
iz f . © 10° )
10°F L 2 .
- n < -~
N K*O * - 10—6 ¢
10°° - *——3
1 I L1 II L III Ll 11 L1 I III 1 IIII I L1 1 I L1 I I L1 I L1 I I L I-
o 1t 2 3 4 5 6 7 8 o 1 2 3 4 5 6 7 8
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» Spectra comparison between 5.02 TeV and 7 TeV look reasonably good.

N.B. Normalized events in pp 5.02 is not corrected for trigger efficiency.
In pp 7 TeV, the trigger selection efficiency for inelastic collisions was 85.2%
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dN/dy and <p>

F oo dN/dy (data+fit) = 0.0909 + 0.0023 (stat)
E 2
® R <p,> (data+fit) = 0.8568 +0.0150 (stat)
2o Fit levy 1
L Range: 0.00-8.00 GeV/c | _
= -

dN/dy = 0.0864 +0.0023| 3
T =0.2095 +0.0097
n =6.1459 +0.3273
m =0.8960

¥2/ndf = 5.1179 =

P, (GeVl/c)

- R L e S B e e R
—_— - =
§ C e %2 / ndf 15.08 /14 | J
[O) Prob 0.3726 |
S 102k n 7.547 £0.538 | —
> = T 0.284 +0.013 | 3
o dN/dy  0.03088 +0.00086 | -
o
pd 3

3
=2
~
b sl

10‘45

107°

P, (GeV/c)

v' only statistical errors are shown.

Levy-Tsallis Function:

d°N _ dN/dy(n—1)(n—2) y

dp,dy

nlT (nT +m,(n—2))

Pr

—n

(

\ nl

K*0 dN/dy <ps>
5.02 TeV | 0.0909 + 0.0023| 0.8568 + 0.0150
7 TeV | 0.097 £ 0.0004 1.01 £ 0.003

o dN/dy <p>
5.02 TeV | 0.0337 £0.0013| 1.037 +£0.0219
7TeV | 0.032+0.0004 | 1.07 +0.005
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Resonance Production In
Pb-Pb Collisions at Vs, = 5.02 TeV

Run:244918
Timestamp:2015-11-25 11:25:36(UTC)
System: Pb-Pb

Energy: 5.02 TeV
I E E  ———  — — ———————— — — — ——————E_ _ _—
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Data Set & Analysis Cuts

U Data: Pb-Pb @ 5.02 TeV
Period: LHC150 (ESD, pass1)
Trigger: INT7
Run No.: 244918 (Golden Run)
Number of events: ~145 k (|Vz| <10 cm)

O Single Track Cuts: StandardITSTPCTrackCuts2011()
» pr>0.15 GeV/c

> |n| <0.8 v'|Pair Rapidity| < 0.5

> |(DCA),| < 2.0 cm Q PID:

» |(DCA)y| < (0.0105+0.0350/p;11) For ¢: |[nok| <3.0in TPC

» TPC and ITS refits For K*: [ng, | <2.0inTPC

» Minimum number of clusters in SPD =1 Ino, | <3.0in TOF as Veto
» Number of cross rows in TPC > 70

» CrossedRowsOverFindableClusters > 0.8 Q Event Mixing:

> TPC *per cluster < 4 Number of events mixed: 5

> ITS 2 per cluster < 36 Vertex-Z bins: 20 (-10 <V, < 10 cm)
» Reject kink daughters Multiplicity bin: 5
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QA plots

Vertex Z distribution
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K*0 Reconstruction: LS method

0.0< p, < 5.0 (GeV/c)

. 51 0°
§0.1 2— e
= - - —
& ~ T
3 01— = —
5 L - -
8 + - T
0.08|— -
N Sig+Bkg -
0.06/— B kg
0.04|—
- %*
0.02|— K 0
B I 1 1 | | 1 I 1 | | 1 1 1 I 1 1 1 1 | 1 1 1 1
86 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 15

Background Subtraction: Like Sign
Normalization : 2V(N**)x(N-)

m;,, (Gev/c?)

0.0< P, < 5.0 (GeV/c)

- x10° %2/ ndf 5.85/10
& i
[&) - Prob 0.8277
= 035 K*0 Yield  3.674e+05 + 7.544e+04
[¢b] u
S o3k -+- Mass 0.8951 + 0.0037
o i!_ P, —1.3346+06 + 6.344e+05
QV ul
= 0.25 P, 4.109e+06 + 1.443e+06
® - + P, —2.608e+06 + 8.099¢+05
| - 0.2
g T
¢ 0.15F +
0.1F _I_
0.05F- t +
of e T ++
—0.05F ++
C l 1 1 1 L l L 1 1 L l L L L 1 l 1 1 1 L [ 1 1 1 L
0.7 0.8 0.9 1 1.1 1.2

m,, (Gev/c?)

Mass = 0.8951 + 0.0037 GeV/c?
Width = 47.4 £ 0.6 MeV/c? (Fixed)

Fit Function: Breit-Wigner for Signal + Pol2 for Residual Background

Fitting Range: 0.76 — 1.15 GeV/c?

February 6-7, 2016

ALICE-India Collaboration Meeting

Chitrasen Jena 17



¢ Reconstruction: LS method

0.0< p, < 10.0 (GeV/c)

0.0< p, < 10.0 (GeV/c)

%10° «x10° 21 ndf 82.41/59

& 16k & i Prob 0.02376
Q i L 10 Yield 1.136e+05 + 1.661e+04
> - % i / Width 0.008552 +0.001489
g 1.4 s 8- Al Mass 1.019£0.000
: — Py 1.488e+04 + 2.197e+03
1\: 1.2~ = 6 P, 106.3 + 2259.4
0 - B2 - P, -1.402e+04 + 2.077e+03
[ . = g \
S 1 / Sig+Bkg 5 } {
Q L -
g ®) [
O osf ; Bkg 2

1 Te L1

099;5' — : — '1.55' — '1f1' — ‘1.'15' S E 101 102 103 104 105 1.06
m, . (GeV/c?) m,,, (GeV/c?)
. . . Mass = 1.019 + 0.000 GeV/c?
Background Subtraction: Like Sign Width = 8.55 + 1.5 MeV/c?

Normalization : 2V(N**)x(N-) Significance = 17.2

Fit Function: Breit-Wigner for Signal + Pol2 for Residual Background
Fitting Range: 0.995 — 1.06 GeV/c?
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¢ Reconstruction: EM method

0.0< P, < 10.0 (GeV/c)

. x10°
1) 1.6_— NQ
s @ s
O 1.4 )
= i =
T 12f z
2 | y
S 1 . 5
S o Sig+Bkg 3
0.6]-
0.4
0.2}
_l l L l L L l L L L 1 l 1 1 L L
Qg5 1 1.05 1.1 1.15 1.2
m,,, (GeV/c?)

Background Subtraction: Event Mixing
Normalization Range: 1.04 — 1.06 GeV/c?

Fit Function: Breit-Wigner for Signal + Pol2 for Residual Background

Fitting Range: 0.995 — 1.06 GeV/c?
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0.0< p, < 10.0 (GeV/c)

x10° 22 1 ndf 46.62 /59
- Prob 0.8786
Yield 7.04e+04 + 8.73e+03
- ¢ Width 0.005359 + 0.000805
Mass 1.019+0.000
- P, 2.591€406 + 1.979e+03
P, —5.109e+406 £ 2.061e+03
— P, 2.515e406 £ 1.881e+03

Illll l I

1.05 1.06

m,,, (GeV/c?)

Mass = 1.019 £ 0.000 GeV/c?
Width = 5.34 + 0.08 MeV/c?

Significance = 10.6
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Summary

> First look at K*®and ¢ production in pp and Pb-Pb collisions at \/SNN= 5.02 TeV.
> Corrected spectra have been obtained for K**and ¢ in pp collisions.

» Initial results look very promising.

» Signals have been extracted in integrated p; bin in Pb-Pb collisions.

» PID calibration needs improvement in both these datasets.

Outlook:

» Systematic checks are ongoing for K**and ¢ in pp collisions.

» Need higher statistics to extract the signal in differential p; and centrality bins in
Pb-Pb collisions.

» Checking the low intensity runs (12 runs are available) for Pb-Pb collisions.
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Back-up

]
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What We Know?
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Invariant Mass Distributions for K™
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Invariant Mass Distributions for ¢
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