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!
!

!  The$study$of$short-lived$hadronic$resonances$in$heavy-ion$collisions$provides$informa6on$about$the$hadronic$phase$of$the$system.$
!  Resonance$measurements$in$small$systems$set$the$baseline$for$heavy-ion$collisions$and$contribute$to$the$understanding$of$par6cle$produc6on$mechanisms$through$

comparison$with$different$model$predic6ons.$

1.   Physics$Mo6va6on$

6.$Summary$
!  Energy$and$mul6plicity$dependence$of$φ$produc6on$in$pp$collisions$at$LHC$

energies$is$studied.$
!  Significant$hardening$of$the$pT$spectra$is$observed$with$collision$energy$and$

charged$par6cle$mul6plicity$in$pp$collisions.$$
! No$significant$collision$energy$dependence$of$resonance$produc6on$is$observed$

for$events$with$similar$mul6plicity,$as$observed$for$other$iden6fied$hadrons.$
! φ(1020)$produc6on$at$a$given$mul6plicity$appears$to$be$independent$of$collision$

energy$instead$depends$on$event-mul6plicity$of$the$low$pT$bulk$of$the$par6cles.$

Particle Particle Mass 
(GeV/c2)

Mean lifetime 
(fm/c)

Decay 
Channel

φ(1020) 1.019 ~45 K+K-

K*0(892) 0.896 ~4.2 π+K-, π-K+

!!

3.$Signal$extrac6on$and$Invariant$mass$spectra$
!  The$uncorrelated$background$was$es6mated$using$two$different$techniques:$

like-sign$par6cle$pairs$from$the$same$event$and$event$mixing.$[1,2]$
!  In$ different$ pT$ intervals,$ raw$ yields$ are$ obtained$ from$ the$ combinatorial$

background$subtracted$signal$distribu6ons.$
! φ(1020)$ peak$ is$ fiVed$ with$ Voig6an$ func6on$ and$ residual$ background$ is$

fiVed$with$2nd$order$polynomial.$

2.$A$Large$Ion$Collider$Experiment$(ALICE)$

Detectors$used$
!  Inner$Tracking$system$(ITS)$
•  $Tracking$$
•  $Vertexing$
!  Time$Projec6on$Chamber$(TPC)$
•  Main$tracking$detector$
•  Par6cle$iden6fica6on$(dE/dx)$
•  Momentum$measurement$
!  Time$of$Flight$(TOF)$$$
•  PID$via$6me$of$flight$measurement$
!  V0$
•  Trigger$
•  Mul6plicity$es6mator$

!  At$the$LHC,$ALICE$has$collected$data$in$pp$collisions$at$√s$=$0.9,$2.76,$5.02,$
7.0,$8.0$and$13.0$TeV.$

!  Global$tracking$in$ALICE$is$performed$using$ITS$and$TPC.$
!  In$order$to$improve$the$global$momentum$resolu6on,$tracks$are$accepted$

only$in$the$range$|η|$<$0.8$and$with$pT>$0.15$GeV/c.$

!!

1.   B.$Abelev$et$al.,$Eur.$Phys.$J.$C$72,$2183$(2012).$
2.   J.$Adam$et$al.,$Phys.Rev.$C95,$no.$6,$064606$(2017).$

5.$Par6cle$Ra6os$

! No$significant$energy$dependence$of$φ/K$ra6os$in$minimum$bias$pp$collisions$
is$observed$from$RHIC$to$LHC$energies.$

! No$suppression$of$φ/K$ra6os$as$a$ func6on$of$charged$par6cle$mul6plicity$ in$
pp$ collisions$ at$ √s$ =$ 13$ TeV$ is$ observed,$ which$ suggests$ that$ possible$ re-
scaVering$and$regenera6on$effects$on$φ$in$the$hadronic$phase$do$not$result$in$
significant$modifica6on$of$the$measured$ra6os.$

!  EPOS-LHC$and$PYTHIA$explains$the$data$qualita6vely.$
!  These$results$complement$the$energy$dependent$studies$on$iden6fied$par6cle$

produc6on,$which$indicated$that$there$is$no$strong$energy$dependence$of$the$
chemistry$of$the$system$for$a$given$event$mul6plicity.$

!  Ξ/φ$increases$as$a$func6on$of$charged$par6cle$mul6plicity.$

7.$References$

!!

!  Hardening$of$the$pT$spectra$is$observed$with$collision$energy$in$minimum$bias$pp$
collisions.$

!  pT$spectra$get$harder$as$a$func6on$of$charged$par6cle$mul6plicity.$$
!  The$ra6o$to$INEL>0$is$flat$for$high$pT,$indica6ng$that$the$shape$of$the$spectra$does$

not$change$at$high$pT.$This$would$be$consistent$with$par6cle$produc6on$from$
fragmenta6on.(
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4.$pT$spectra,$integrated$yield$and$<pT>$

Goals$of$energy$and$mul6plicity$dependence$studies$of$φ(1020)$produc6on:$
1.   Find$whether$there$is$a$dependence$of$the$rela6ve$φ(1020)$produc6on$on$the$collision$energy.$
2.   Inves6gate$whether$ there$ is$any$effect$of$ re-scaVering$and$ re-genera6on$ for$ the$ long-lived$φ(1020)$ in$high$

mul6plicity$pp$collisions,$where$the$density$and$the$volume$of$the$system$are$expected$to$be$larger$compared$
to$minimum$bias$pp$collisions.$

3.   Search$for$onset$of$collec6ve$effects$in$small$collision$systems.$
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ALI-PREL-130620!  <pT>$increases$with$charged$
par6cle$mul6plicity$and$the$
behavior$is$reproduced$by$
PYTHIA8$and$EPOS-LHC,$while$
PYTHIA6$does$not$reproduce$the$
data.$

!  <pT>$increases$with$the$mass$of$
the$resonances.$

!  The$integrated$yield$(dN/dy)$
normalized$to$the$average$
charged$par6cle$mul6plicity$
remains$flat$as$a$func6on$of$
average$charged$par6cle$
mul6plicity.$

! No$significant$energy$dependence$
is$observed$for$integrated$yields$
at$a$given$charged$par6cle$
mul6plicity.$$
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!  The$produc6on$of$φ(1020)$in$pp$collisions$vs.$mul6plicity$appears$to$be$driven$by$
event-mul6plicity$for$the$low$pT$bulk$of$par6cles$and$not$by$the$center$of$mass$
energy.$
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Hadronic	
  resonances	
  measurements	
  from	
  ALICE	
  @QM18	
  
Many	
  nice	
  new	
  results	
  on	
  hadronic	
  resonances	
  are	
  presented	
  in	
  7	
  posters	
  and	
  2	
  
parallel	
  talks!	
  



Why	
  φ	
  meson	
  in	
  small	
  systems?	
  	
  	
  

Resonance Particle Mass 
(GeV/c2)

Mean lifetime 
(fm/c)

Decay 
Channel

φ(1020) 1.019 ~46.4 K+K-

Ø Find	
  out	
  whether	
  there	
  is	
  a	
  dependence	
  of	
  φ(1020)	
  produc4on	
  on	
  
the	
  collision	
  energy	
  

	
  
Ø Search	
  for	
  onset	
  of	
  collec4ve	
  effects	
  in	
  small	
  collision	
  systems	
  

Ø Effec4ve	
   strangeness	
   of	
  φ(1020)	
   in	
   the	
   descrip4on	
   of	
   produc4on	
  
mechanism?	
  	
  
•  strangeness	
  canonical	
  suppression	
  	
  
•  strangeness	
  suppression	
  factor,	
  γs	
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pT	
  spectra	
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•  pT	
  spectra	
  measured	
  in	
  fine	
  mul1plicity	
  bins	
  at	
  two	
  collision	
  energies	
  in	
  pp	
  
•  Ra1o	
  to	
  minimum	
  bias	
  (INEL>0)	
  increases	
  at	
  low	
  pT	
  and	
  flaAens	
  for	
  high	
  pT	
  

New	
  Results	
  
(Run	
  II)	
  

pp,	
  5.02	
  TeV	
   pp,	
  13	
  TeV	
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pT	
  spectra	
  and	
  Integrated	
  yields	
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Ø  Event	
  mul1plicity	
  drives	
  the	
  par1cle	
  
produc1on,	
  irrespec1ve	
  of	
  collision	
  
energy	
  

Ø  High-­‐pT	
  	
  part	
  of	
  spectra	
  increases	
  as	
  
a	
  func1on	
  of	
  collision	
  energy	
  	
  

Ø  Bulk	
  produc1on	
  at	
  low-­‐pT	
  is	
  
independent	
  of	
  collision	
  energy	
   5	
  



Par4cle	
  ra4os	
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Ø  φ(S=0)	
  yield	
  in	
  agreement	
  with	
  thermal	
  
model	
  expecta1on	
  in	
  central	
  Pb-­‐Pb	
  collisions	
  	
  

	
  
Ø  But	
  decreases	
  towards	
  smaller	
  mul1plicity	
  in	
  

contrast	
  to	
  the	
  expecta1on	
  from	
  strangeness	
  
canonical	
  suppression	
  	
  

φ(S=0)	
  produc1on	
  in	
  small	
  systems	
  remains	
  to	
  be	
  understood!	
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Ø  	
  Ξ(S=2)/φ(S=0)	
  increases	
  as	
  a	
  func1on	
  of	
  
mul1plicity	
  in	
  contrast	
  to	
  expecta1on	
  from	
  
non-­‐equilibrium	
  produc1on	
  as	
  quan1fied	
  with	
  
strangeness	
  suppression	
  factor.	
  



Summary	
  
Ø  Significant	
  increase	
  of	
  the	
  pT	
  spectra	
  at	
  high-­‐pT	
  is	
  observed	
  with	
  increase	
  in	
  

collision	
  energy.	
  	
  

Ø  No	
  significant	
  collision	
  energy	
  dependence	
  of	
  pT-­‐integrated	
  resonance	
  yield	
  
produc4on	
  is	
  observed	
  for	
  events	
  with	
  similar	
  mul4plicity,	
  as	
  observed	
  for	
  other	
  
light-­‐flavored	
  hadrons.	
  

	
  
Ø  Increasing	
  φ/π	
  and	
  Ξ/φ	
  with	
  charged	
  par4cle	
  mul4plicity	
  in	
  pp	
  collisions	
  

suggests	
  that	
  φ	
  produc4on	
  yield	
  scales	
  like	
  for	
  a	
  par4cle	
  with	
  strangeness	
  
between	
  1	
  and	
  2!	
  

Thanks for your attention
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Signal	
  Extrac4on	
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Ø  The	
   uncorrelated	
   background	
   is	
   es4mated	
   using	
  
event-­‐mixing	
  technique.	
  

	
  
Ø  In	
   different	
  pT	
   intervals,	
   raw	
  yields	
   are	
  obtained	
  

from	
   the	
   combinatorial	
   background	
   subtracted	
  
signal	
  distribu4ons.	
  

	
  
Ø  φ(1020)	
  peak	
  is	
  fiaed	
  with	
  Voig4an	
  func4on	
  and	
  

residual	
   background	
   is	
   fiaed	
   with	
   2nd	
   order	
  
polynomial.	
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