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Heavy-ion experiments at the LHC!

HI program at the LHC expanded significantly beyond 
the originally planned scope of four experiments taking 
data and producing highly competitive results.!

Design: PbPb at √sNN = 5.5 TeV !
             (4 weeks per year)!
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Complementarity!!
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Heavy-ion physics at the LHC!
We have discovered a strongly-coupled QGP, which !
shows striking behavior as a nearly perfect fluid!
!
But we still know little about: !
            why it flows and what is flowing?!

Approach: probing the QGP with multitude of probes 
at the LHC!
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Heavy Ions at Run 1 + 2015!
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Year ! System ! √sNN 
(TeV)!

2010! PbPb! 2.76!

2011! pp! 2.76!

2011! PbPb! 2.76!

2013! pPb! 5.02!

2013! pp! 2.76!

2015! PbPb! 5.02!

2015! pp! 5.02!

Integrated NN luminosity!

~ 0.7 nb-1 for PbPb!
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J.M.	  Jowe),	  Ini.al	  Stages	  2016,	  
Lisbon,	  27/05/2016	   6	  
LHC	  
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pp & 
PbPb! PbPb! PbPb!pp!pPb! PbPb !

PbPb! PbPb!pPb!

J.M. Jowett, Initial Stages 
2016, Lisbon, 27/05/2016!

LS3:!
²  CMS/ATLAS !
     Phase 2 upgrade!

LS2:!

²  ALICE major upgrades!
²  LHCb major upgrads!
²  CMS/ATLAS Phase 1 upgrade!

Ultimate goal:!
!

        PbPb Lint ~ 10 nb-1!

Run 2! Run 3!

Run 4!
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Future!

Peak interaction rate: ~ 50 kHz!



ALICE future upgrade strategy!

Detector capabilities requirements:!
•  Excellent tracking resolution at low pT!
•  High statistics è High readout rate!
•  Excellent PID capability!

High precision measurements of rare probes from 
low to high pT scale, with focus on heavy flavors!

Major upgrades planned during LS2 (2019-2020)!
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Quantifying the QGP – heavy flavor!

Not as easy to trigger on at low and intermediate pT!

Open heavy flavor:!
!

collective flow to probe!
early thermalization!
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ALICE upgrade! New Inner Tracking System (ITS)!

TPC with GEM!
based readout!

New Muon Forward !
Tracker (MFT)!

+ improved readout for TOF, ZDC, 
TRD, MUON ARM!
+ new Central Trigger Processor!
+ new DAQ/Offline architecture!
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ALICE TPC upgrade!
Upgrade objective:!
!

     Continuous readout of PbPb events at 50kHz!

New GEM readout!

Currently limited at 3.5kHz!
mainly due to ion back flow (IBF)!
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Low-mass dileptons with upgraded TPC!

Current rate capability! Upgraded rate capability!
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ALICE ITS upgrade!

Higher rate and resolution!!
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ALICE ITS upgrade!

Higher rate and resolution!!
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Heavy flavor physics with upgraded ALICE!

Precision studies of c and b down to pT ~ 0 GeV/c!

Current! Upgraded!
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Data-driven separation of!
prompt vs non-prompt D0!

Direct reconstruction of B !
with non-prompt J/ψ!

Heavy flavor physics with upgraded ALICE!
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Heavy flavor physics with upgraded ALICE!

Higher s abundance in QGP!
è Ds enhanced if from in-
medium hadronization!

First time in PbPb!!
Hadronization via!
thermal vs coalescence?!

15!



CMS/ATLAS strategy!
Focusing on !
²  high statistics, very high pT hard probes!
²  Large acceptance è long-range correlations!
² Flexible trigger capability è rare events!

Run 1! Run 3+4!

x60 Lint and x3 from √s!
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Quantifying the QGP – high-pT hard probes!
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γ+jet! Z+jet!
“Golden probes” of QGP!

First look at run 1&2 for proof of principle!
17!



)
T,2

+p
T,1

)/(p
T,2

-p
T,1

 = (pJA
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Ev
en

t F
ra

ct
io

n

0

0.05

0.1

0.15

0.2

0.25

0.3 CMS Projection
-1=5.5 TeV, L = 10 nbsProjected 

-1bµstat. uncert. for 160 
 > 100 GeV

T,1
p

 > 30 GeV
T,2

p

centrality   : 0-10%

γ

T
/pjet

T
=pγjX

0 0.5 1 1.5 2

Ev
en

t F
ra

ct
io

n

0

0.05

0.1

0.15

0.2
 = 5.5 TeVNNsPythia 

estimated statistics for PbPb 0-100%

 > 30 GeV/c
T
Jet > 120 GeV/c, p

T
γp

π8
7 > 

γj
φ∆

-110 nb

CMS Projection

Z
T

/pJet
T

=pjZX
0 0.5 1 1.5 2

Ev
en

t F
ra

ct
io

n

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35
 = 5.5 TeVNNsPythia 

estimated statistics for PbPb 0-100%

 > 30 GeV/c
T
Jet > 50 GeV/c, p

T
Zp

π8
7 > 

jZ
φ∆

-110 nb

CMS Projection

di-b-jets 

γ-jet Z-jet 

CMS-PAS-FTR-13-025 

Statistical reach of 10 nb-1!

Quantifying the QGP – high-pT hard probes!
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Phase I upgrades for ATLAS/CMS!
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Key Phase II Upgrades!

•  “Megaherz” DAQ!
– 1MHz readout rate for 150PU pp events!
– 100kHz readout rate for PbPb: entire event 

selection based on full reconstruction in the HLT!
•  Tracker Upgrade!

– 4 layer Pixel system, coverage: |η|<2.4 è |ηI<4 !
– New SiStriptracker: fast readout necessary for 

the MHz DAQ!
•  High Granularity Calorimetry!

– Better handle on jet constituents!

Current at conceptual design and R&D level. Mainly!
driven by HL-LHC pp program.!
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Heavy ion program at LHCb!
First heavy ion run in 2013: Lint ~ 1.6 nb-1 for pPb !
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Heavy ion program at LHCb!

Participated in the PbPb run in 2015!
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D0!
J/Ψ!

Currently limited to peripheral (50-100%) events!
due to detector granularity!

Plan to upgrade	  VErtex	  LOcator	  (silicon	  strips)	  at	  LS2	  to	  
improve	  granularity	  and	  reach	  full	  centrality	  for	  run	  3-‐4!
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Summary!

Successful run 1+2 HI program for all 4 experiments!

Era of precisely quantifying the sQGP at the LHC 
heavy ion programs!

Future upgrades on the way to bring exciting new 
opportunities of heavy-ion physics in the coming 
decade!
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Backup!


