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Outline

1) Detector acceptances and collision systems

2) Expected quarkonium measurements in            
    2015-2022

● 2015

● 2016 p-Pb, 2018 Pb-Pb

● Run 3 (2020-2022)

3) Some remarks

Measurements in Run 1 and their limitations

Say/joke: could classify as a night mare of a High energy physicist

not necessarily the event display as it is, but the fact that we are 
interested in it...

why are we interested in this „mess“ (better word)?

example for very easy system: magnetic system ?? → phase 
structure, 60 *6 = 360

central Pb-Pb: dn/deta_charge = 1800

track reconstruction in CMS only starts at 1 GeV track pT?? true

 

•

Inclusive J/ψ production in hadronic collisions divided in: 
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Acceptance for charmonium so far

  

some rings with shadowing, gluon saturation, high-pt suppression...?

  

make bjorken-x plot for LHCb/ALCE acceptance and for CMS 
upsilon

Orally 

● Muon trigger systems:

→ statistics reach limited by                                                                     
     delivered luminosity

● ALICE central barrel 

→analysis so far based on                                                                       
    minimum bias/centr. triggers

→ statistics limited by read-out

● LHCb occupancy limitation:

→ estimate: up to 40-50 % centrality in Pb-Pb         

● ATLAS/CMS acceptance:                                                                        

 → with looser selection down to pT= 1/0                                                  
      GeV/c at y≈2, large background in A-A

limitations: single differential measurements systematically limited for 
XYZ for pT< x pT for CMS/ATLAS (too much details)

● ALICE central barrel, always stat. Limited or pp-reference limited
● LHCb up to about 40% centrality, to be seen what exactly
● Due to worse S/B and less statistics psi(2S)statistically limited in p-A 

and A-A
● V2 also statistically limited CMS/ATLAS: high-pT →delivered lumin
●  LHCb only joined in p-A: x smaller delivered luminosity, but due to 

better mass resolution, similar precision than ALICE 

no measurements of chi-states so far
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 J/ψ Pb-Pb in Run 1

 J/ψ p-Pb in Run 1



Acceptance for bottomonium so far

  

Orally: when you at the PDG:  combinatorial bkg....!!!

Orally 

● All measurements based on

muon trigger systems
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Ү(1S) p-Pb in Run 1



Statistics in Run 1

  

some rings with shadowing, gluon saturation, high-pt suppression...?

  

make bjorken-x plot for LHCb/ALCE acceptance and for CMS 
upsilon

Orally 

● Observables statistically limited except of most single-differential            
J/ψ-measurements and Ү(1S)

● Muon trigger systems:
● → statistics reach limited by                                                                     

     delivered luminosity
● ALICE central barrel 

→analysis so far based on                                                                       
    minimum bias/centr. triggers

→ low-pT at y=0 most sensitive                                                                
     to charm thermalisation and                                                                
     late stage production

LHCb:

→ detector occupancy limitation, estimated to be able to go up to           
     40 % in centrality in Pb-Pb, access to prompt and potentially chic

limitations ATLAS/CMS: acceptance with looser selection down to 1/0 
GeV/c at y≈2 demonstrated with early pp-data, however, lots of 
background in A-A, man-power limitation so far to attack this 

●

limitations: single differential measurements systematically limited for 
XYZ for pT< x pT for CMS/ATLAS (too much details)

● ALICE central barrel, always stat. Limited or pp-reference limited
● LHCb up to about 40% centrality, to be seen what exactly
● Due to worse S/B and less statistics psi(2S)statistically limited in p-A 

and A-A
● V2 also statistically limited CMS/ATLAS: high-pT →delivered lumin
●  LHCb only joined in p-A: x smaller delivered luminosity, but due to 

better mass resolution, similar precision than ALICE 

no measurements of chi-states so far
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2015 instrumentation changes compared to Run 1

  

Orally: when you at the PDG:  combinatorial bkg....!!!

Orally 

● LHCb joins A-A including a fixed-target program

● CMS/ATLAS muon system: additional redundancy at forward rapidity, 
may also help for muons from quarkonium in A-A

● ALICE central barrel:

  TRD completed: additional electron-id capabilities

TPC operated with Ar instead of Ne and at higher gain:        
better e-ID 

●

●

●

● ATLAS b-layer: better resolution for non-prompt 

→ overall increase in efficiency by a factor 2 might be              
achievable in Pb-Pb compared to 2011 data for TPConly     
PID analysis
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pp-reference from 2015

  

● pp run 2015 @ 5 TeV

- ATLAS/CMS: about equivalent of Pb-Pb @ 5 TeV for hard probes

- ALICE muon arm:

→ reference with similar precision as with interpolations in Run 1

-ALICE central barrel: about 128 mio. MB events

→ reference with similar precision as with interpolations in Run 1

second O(10) larger pp reference run under discussion with 
accelerator and other experiments

- LHCb: about 0.3 times ATLAS/CMS luminosity

  

 about 1.1 % of N
coll

 scaled Pb-Pb equivalent

Orally 
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Pb-Pb data  from 2015

  

● Pb-Pb run 2015

- ATLAS/CMS:                                                                                                                              
  4 times more delivered lum. than at 2.76 TeV

- ALICE muon arm:                                                                                                                       
  3 times more seen lum. than at 2.76 TeV

- ALICE central barrel:                                                                                                                  
  about 25% less events for 0-10 %,                                                                                             
  4 times more in 10-40 %,                                                                                                           
  10 times more in 40-100% than at 2.76 TeV     

total cc/bb cross section about 30 % (50 %)                                                                            
larger in pp-collisions at 5 TeV than at 2.76 TeV

→ all Run 1 measurements                                                                  
     can be repeated at 5 TeV with 2015                                            
     data with higher precision

- LHCb: similar than ALICE in Pb-Pb 2010                                           
→ unique potential in peripheral collisions: better resolution,        
    χ

c
 and complementary open charm measurements

, about 10 % of           ATLAS/CMS luminosity in 2015                 
    

Orally 
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John Jowitt, Chamonix link

https://indico.cern.ch/event/448109/session/4/contribution/32/attachments/1219095/1781439/Chamonix2016_Jowett_1.pdf


Acceptance for bottomonium so far

  

Orally: when you at the PDG:  combinatorial bkg....!!!

Orally 

Publications/Preliminaries in from J/psi p-
Pb

Muon trigger systems
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Frédéric Fleuret,
Etretat 2015,
link

http://llr.in2p3.fr/sites/qgp2015/Talks/mardi%20PM/fleuret_etretat_2015.pdf


  

Orally: when you at the PDG:  combinatorial bkg....!!!

Orally 

Publications/Preliminaries in from J/psi p-
Pb
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1 fill with p-Ar with 2.5 TeV beam for  10 h



'Hot' evident observables in 2015 data

  

● Raa 5 TeV vs. 2.76 TeV for J/ψ at low-p
T
: increase vs. 2.76 TeV?          

● ψ(2S)  Raa  with more precision

● Ү-states suppression with CMS                                                           

● v2 of J/ψ at high-p
T
, maybe also at low-p

T
 at midrapidity and at 

forward rapidity: signal?

● non-prompt/prompt separation J/ψ semi-central/peripheral at forward 
rapidity by LHCb                              

● χ
c
 in peripheral Pb-Pb and in Pb-Ar collisions by LHCb

● Open charm with D-mesons down to 0 pT by LHCb

● ultra-low pT in peripheral collisions at midrapidity and forward: 
centrality dependence?

● → new results expected soon from ALICE at forward rapidity

● more precision, maybe small changes with different collision energy?

Orally 
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Run 2 p-Pb campaign 2016

  

● Requests: 

1) 5 TeV requested by ALICE at levelled interaction rate for central 
barrel 

→ 6 times 2013 minimum bias p-Pb statistics for the central barrel

2) 8 TeV requested by ATLAS and CMS

→ similar statistics as in 2013 at 5 TeV can be expected

● to be decided what exactly

  

Orally 
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Machine estimates for 2016 
for only 1 set-up,
LHCC 2.3.2016 link

= 2.5 Lintx  2013 Run 1 for ATLAS/CMS

= 4 Lintx  2013 Run 1 for ATLAS/CMS

https://indico.cern.ch/event/493464/session/1/contribution/14/attachments/1236910/1816936/F_Bordry_LHC_Status_LHCC_2nd_March_2016.pdf


Second Run 2 Pb-Pb campaign

  

  

Orally 

● ALICE central barrel read-out faster by factor 2 compared to 2015 
thanks to TPC read-out upgrade

→ about 400 Hz read-out of 0-10 % most central collisions possible

→ foreseen to trigger mainly on most central collisions

→ personal estimate → factor 5-10 more 0-10 % evts. than 2011

● CMS with pixel upgrade („equivalent“ to IBL) in winter 2016/2017

● ATLAS/CMS sampling full luminosity for dimuons in trigger 
acceptance

→ statistics compared to 2015 increase depends on machine

  

Orally 
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Heavy-ion Run 3 upgrades (2020+)

  

  

Orally 

● Planned to deliver 10 nb ¹  to ALICE (50 kHz Pb-Pb interaction rate)⁻
about 35% in hand in terms of machine performance link

● ALICE muon arm upgrade with silicon vertex detector 

● ALICE central barrel upgrade:

→ 7 layer silicon tracker with less mat-budget & more granularity

→ TPC upgrade: continuous read-out of all delivered collisions

● LHCb

tracker upgrade: higher granularity allowing to measure more 
central collisions in A-A collisions 

● ATLAS/CMS

complete new inner trackers for ATLAS/CMS in LS3 (data 2025+)

•

•

• ATLAS/CMS ? 

  

Orally 
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https://indico.cern.ch/event/448109/session/4/contribution/32/attachments/1219095/1781439/Chamonix2016_Jowett_1.pdf


Heavy-ion Run 3 (2020+): CMS

  

  

Orally 
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https://indico.cern.ch/event/305164/session/5/contribution/36/attachments/579520/797959/SaporeGravis_MAN_111214.pdf


Heavy-ion Run 3 upgrades (2020+): ALICE

  

  

Orally 

LOI ALICE upgrade, link
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https://cds.cern.ch/record/1475243/?ln=de


Heavy-ion Run 3 upgrades (2020+): ALICE

  

  

Orally 

LOI ALICE upgrade, link
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ALICE ITS TDR, link

MFT TDR, link
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https://cds.cern.ch/record/1475243/?ln=de
https://cds.cern.ch/record/1625842?ln=it
https://cds.cern.ch/record/1981898?ln=it


Some remarks

  

Orally: when you at the PDG:  combinatorial bkg....!!!

Leptonic decay widths of jpsi (about 6 %) and for psi (2S)

  

● total/open beauty/charm less 'complicated' observable than 
quarkonium

● cc cross section in A-A including baryons main goal of heavy-ion 
driven ALICE upgrade in Run 3

● measurements with D's and non-prompt J/ψ already in Run 2 
down to low pT
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Some remarks

  

Orally: when you at the PDG:  combinatorial bkg....!!!

Leptonic decay widths of jpsi (about 6 %) and for psi (2S)

  

● Open/hidden heavy flavour comparison can also help in p-A 
respectively pp:

  

Orally 

Feng, Lansberg, Wang,  
arXiv:1504.00317

→ leverarm via open charm ratio in pp and in p-A
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http://arxiv.org/pdf/1504.00317.pdf


Some remarks

  

Orally: when you at the PDG:  combinatorial bkg....!!!

Leptonic decay widths of jpsi (about 6 %) and for psi (2S)

  

●  Drell-Yan unreachable in A-A at low mass scales and rather 
sensitive to quarks than to gluons                                                   
nevertheless:                                                                                        
→ uncoloured probe at same mass scale attractive                             
     to chose among different approaches in p-A and consequences    
     for A-A

  

Try to use this ladder from both sides in future by ratios

Orally 

Arleo, Peigné,
link

DY in LHCb with 37 pb ¹ pp,⁻  link
→would require factor 6 more statistics     
    for p-Pb than in 2013 for ATLAS/CMS    
    assuming same S/B than in pp

M. Winn                                            Trento 04.03.2016 20/22

http://arxiv.org/pdf/1512.01794v1.pdf
https://twiki.cern.ch/twiki/bin/view/LHCb/LowMassDY


Some remarks

  

Orally: when you at the PDG:  combinatorial bkg....!!!

Leptonic decay widths of jpsi (about 6 %) and for psi (2S)

  

  

→ the observable choice or the combination of the considered           
ones shifts problems from experiment to model or vice versa    

→ minimal 'total' uncertainty: evaluation of all assumptions for 
models and implications of underlying pictures for other 
observables

Orally 

Quarkonium

open beauty/charm measurements

'total' charm/beauty including                                                        
baryons 

Drell Yan 

'Easy' to measure
Theoretically most ambitious in 
A-A and in p-A as well

'Hard/impossible' to measure
Theoretically cleanest

one „factorisation step“ in pp,                       
conserved after initial encounters

two „factorisation steps“ in pp
Deconfinement: redistribution in phase space 
and rate itself

two „factorisation steps“ in pp
Deconfinement: redistribution in phase space 
and potentially hadronisation
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one „factorisation step“ in pp



Some remarks

  

Orally: when you at the PDG:  combinatorial bkg....!!!

Leptonic decay widths of jpsi (about 6 %) and for psi (2S)

  

● One example observable:

(nS)/(Ү B→J/ψ) ratios in pp, p-A, A-A integrated as much as 
 possible over pT

→ should cancel partially experimental uncertainties, i.e. on 
     dimuon trigger level

→ uncertainties induced by feed-down, 'baryon-meson chemistry' and

               phase space cuts/thresholds on the model side

Drell-Yan questionable: to be seen, if possible at all in p-A 
due to open charm/open beauty measurement

In pp, measurement by LHCb down to m= 7 TeV despite 
open charm background

 

M. Winn                                            Trento 04.03.2016 22/23



Conclusion

  

Orally: when you at the PDG:  combinatorial bkg....!!!

Leptonic decay widths of jpsi (about 6 %) and for psi (2S)

  

●

● Quarkonium measurements together with open flavour

measurements in p-A and A-A collisions at the LHC 

with unprecedented precision in the upcoming years

● Unique opportunity to progress in the understanding of

quarkonium as:

→ probe of deconfinement

→ probe of low-x QCD

Drell-Yan questionable: to be seen, if possible at all in p-A 
due to open charm/open beauty measurement

In pp, measurement by LHCb down to m= 7 TeV despite 
open charm background
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Conditions in Run 1

  

some rings with shadowing, gluon saturation, high-pt suppression...?

  

make bjorken-x plot for LHCb/ALCE acceptance and for CMS 
upsilon

Orally 

p-Pb: same performance as in pp-collisions, even cleaner than high 
luminosity running in CMS/ATLAS

most central Pb-Pb: different environment at low p
T
 for charmonium       

background conditions for high-p
T
 charmonium and for upsilon in 

CMS/ATLAS not that different than in pp for tight selections

 

●

● Muon trigger systems:
● → statistics reach limited by                                                                     

     delivered luminosity
● ALICE central barrel 

→analysis so far based on                                                                       
    minimum bias/centr. triggers

→ low-pT at y=0 most sensitive                                                                
     to charm thermalisation and                                                                
     late stage production

LHCb:

→ detector occupancy limitation, estimated to be able to go up to           
     40 % in centrality in Pb-Pb, access to prompt and potentially chic

limitations ATLAS/CMS: acceptance with looser selection down to 1/0 
GeV/c at y≈2 demonstrated with early pp-data, however, lots of 
background in A-A, man-power limitation so far to attack this 

●

limitations: single differential measurements systematically limited for 
XYZ for pT< x pT for CMS/ATLAS (too much details)

● ALICE central barrel, always stat. Limited or pp-reference limited
● LHCb up to about 40% centrality, to be seen what exactly
● Due to worse S/B and less statistics psi(2S)statistically limited in p-A 

and A-A
● V2 also statistically limited CMS/ATLAS: high-pT →delivered lumin
●  LHCb only joined in p-A: x smaller delivered luminosity, but due to 

better mass resolution, similar precision than ALICE 

no measurements of chi-states so far

 2.5< ycms < 4.0

L
int

 = 69 μb ¹⁻  0-90 %

| ycms |< 0.8

L
int

 = 25.6 μb ¹⁻  

0-10 %

pp

Pb-Pb

L
int

 = 166 μb ¹⁻            

0-100 %
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