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          Specificities of the LHC energy range

•N ew kinematical region: x down to 10-5 

•Large primary  production

•Large secondary  production of charmonia

•ϒ(1S ) melts only  at LH C

•Large production of W ± bosons

CERN/LHCC 2003-049



            pp @ 14 TeV: scenario of data taking 
             with the ALICE Muon Spectrometer 

• “Nominal” scenario: L = 3.1030 cm-2 s-1, T = 107 s (7 months), L
int 

= 30 pb-1

• “Day-one” scenario: L = 1.1030 cm-2 s-1, T = 7.2.105 s (20×10h), L
int 

= 0.72 pb-1

              70000 Hz, ~5.1010 collisions 

Readout detectors: 

   MUON+ITS (Vertex)+V0 (Luminosity)+T0+TOF+FMD+PMD+ZDC+PHOS

pp trigger inputs



        Physics topics with pp data  

• Heavy flavors

          Open charm via single muons & dimuons 

          Open beauty via: 

                ✗ Single muons

                ✗ US muon pairs

                ✗ LS muon pairs

                ✗ B  → J/Ψ in tri-muon events

          Charm & beauty via electron-muon coincidences

          Charmonia & bottomonia: yields & polarization 

                              

• Low mass resonances 

          ρ, ω, φ via US muon pairs 

• Vector bosons 

          W yield via single muons 

          Z yield via US muon pairs

“day -one” 

“day -one” (to be 

  confirmed) 

“nominal”



 Open heavy flavors in pp @ 14 TeV: motivations 

 Heavy flavor measurement in pp @ 14 TeV: important test of pQCD in a 

 region of large Q2 & small Bjorken-x values (down to x ~ 10-5)

          ➔ measuring σ(bb, cc) in pp @ 14 TeV is top priority
 Theoretical uncertainties on σ(5.5 TeV)/σ(14 TeV) ratio are a few %

NLO predictions for pp @ 14 TeV (ALICE baseline)

 Theoretical uncertainties on

 absolute values: a factor 2-3 

CERN/LHCC 2005-014 & CERN/LHCC 2005-030



  Relevance of measuring σ(b) in pp collisions 
                      in the first days

• M easurement of σ(b)  in pp collisions mandatory for understanding:

         σ(b) in pA & AA (shadowing, quenching)

         σ(ϒ) in pp, pA & AA (production, absorption, suppression?) 

            most natural normalization for ϒ production

        σ(J/Ψ) in pp & (pA, AA):  N(b→J/Ψ)/N(direct J/Ψ) ~ 22% in 4π         
 

• Open beauty allows to unravel production 

   processes via correlations

• Open heavy flavor statistics much larger than 

   quarkonia statistics:

            

➔ σ(b) = “day-one” physics in pp collisions at LHC 



   Open beauty measurement in   
     the semi-muonic channels

• Single muons (à la UA1, CDF & D0): 

   semimuonic decays B → µ & B → D → µ

• Unlike-sign dimuons 

• Like-sign dimuons 

• B → J/Ψ in 3-muon p+p events 

unlike -sign total

unlike -sign from bottom

unlike-sign from charm

 like -sign from bottom

dimuons in ALICE, pm
t > 2 GeV/c

S. Grigoryan (2004)

R. Guernane et al., 

ALICE-INT-2005-018



 Open beauty production in pp @ 14 TeV 

Expected statistics in MUON arm
b → µX

b b→ µ+µ-

Open beauty production via (di)muons is a “day-one” physics 

CERN/LHCC-2005-014 N. Bastid & P. Crochet, PWG3 meeting, CERN, Feb. 06

Method developed by UA1, used by CDF & D0 

and should work in Pb+Pb (5%) @ 5.5 TeV  
C. Albajar et al., Phys. Lett. B 213 (1988) 405

R. Guernane, P. Crochet, A. Morsch, E. Vercellin, ALICE-INT-2005-018; CERN/LHCC-2005-030

• Complementarity between LHC experiments

• Acceptance down to low p
t 
with ALICE 



  b-hadron cross section from like-sign dimuons

  Method relies on characteristics of combinatorial 

      background at high invariant mass

        • like-sign correlated b ~ unlike-sign correlated c

        • B0 oscillations ~ 30% of total like-sign correlated

                

    Like-sign correlated component accessible by the

      subtraction of event-mixing distribution from 

      the like-sign distribution 

          • clean signal (D mesons do not oscillate)  

P. Crochet & P. Braun-Munzinger, Nucl. Instrum. Meth. A 484 (2002) 564



  Secondary J/Ψ from 3-muon events in p-p w/o
          secondary vertex reconstruction

dimuon evts in pp, pµ
t > 1GeV/c

b-chain S /B  = 3

S /?S +B = 80

tri-muon evts in pp, pµ
t > 1GeV/c

correlated muons

correlated muons from b

uncorrelated muons

• Dimuon events:

      85% of direct J/Ψ 

      15% of J/Ψ from b decay

• 3-muon events:

      15% of direct J/Ψ 

      85% of J/Ψ from b decay

A. Morsch, Berg-en-dal , South Africa (2004) & ALICE PPR Vol. II

Nominal scenario

Expected statistics: 

   Nominal scenario:  ~ 8500 J/Ψ
   “Day-one” scenario: ~ 200 J/Ψ 



 Quarkonia production in pp collisions
• Sensitive  probe of collision dynamics at short & long time scales 

• In pp collisions:  baseline for heavy-ion data

                                 information on production mechanisms  

                                 insight to PDF at very small x

Measurement 

over a wide p
t
 

range: up to

~12-14 GeV/c

Expected yields 

J/Ψ via US dimuons is  a“day-one” physics channel 
More results on ϒ:  talk from F. Guerin 

CERN/LHCC 2005-030

 L = 5.10 30, t  = 10 7 s
S/B = 12.6

S/B = 5.8

J/Ψ ϒ
S/B = 0.55

S/B = 1.3



 J/Ψ polarization in pp collisions
• In AA collisions: sensitive probe of QGP

• In pp collisions: test of quarkonia production mechanisms 

• Not yet clear physics picture from E866, CDF, NA60, PHENIX

J/Ψ  polarization reconstructed from  

angular distribution  of µ+ in the 

rest frame of J/Ψ

(α>0: transverse)

(α<0:longitudinal)

➔ ALICE should help to clarify the puzzle

Study of J/Ψ polarization should be feasible in

the “day-one” scenario

Error on α: ~5%

for ~16500 J/Ψ

More results: talk from S. Gadrat

R. Arnaldi, E. Scomparin,

ALICE Week, CERN, March 06



More results: talk from R. Tieulent

    Low mass resonances in pp collisions  

• Probe in-medium effects & chiral symmetry restoration

• In pp: baseline for AA

L = 1.1030, t  = 106 s  (p
t
 cut = 0.5 GeV /c)

 Expected yields in 

  “day-one” scenario

B. Rapp, PhD thesis (2004), Univ. Claude Bernard, Lyon

Production of low mass resonances = “day-one” physics channel 



      W±production in pp collisions 
• M easurement of W± yields in pp collisions mandatory to: 

       probe PDF at Q2 ~ M 2
W 

in a low Bjorken-x range (~10-4-10-3)

       understand yields in pA & AA collisions

• M easurement with ALICE at forward rapidities:   unique @ LHC

W± boson production = “day-one” physics channel  (limited statistics for Z0: ~ 60)

W± →µ±X dominate the high p
t
 range Promising probe of W± production 

Expected muon yields

Z. Conessa del Valle, HQ'06 & Alice-Note; 

G. Martinez & N. Blusseau, PWG3 meeting, Bologna, June 06  

More results: talk from Z. Conesa del Valle



       Conclusion 

new environment, statistics important for selected  physics channels,

new observables, new analyses

➔ rich & exciting physics program with pp @ 14 TeV 

    in the first days (spring 2008)

To be ready for analyses of first pp collisions:

  High statistics simulated data are going to 

      be processed  within PDC'06 via the grid 

           8.105 dimuon events 

             (~ 3 TB, ~5500 days of CPU-time)

           107 single muon events 

             (~ 30 TB, ~14000 days of CPU-time)

J/ψ

ψ '

ρ, ω, φ

  Press Release on June 23th, 2006: 

       First pp collisions expected in November 2007 at 0.9 TeV

  • Physics run scenario not yet defined

  • New estimates needed



      Backup slides



U A1 method, used by  CD F &  D 0 and applied to Pb+P b (5% ) @  5.5 TeV  

  •  Inputs: p
t  

disributions of single µ± &  invariant mass distributions of µ+µ−

  •  First steps: maximize the b signal significance (p
t 
cut) &  get N (b→ µ±) &  

     N (bbar→ µ +µ -)  from fits with fixed shapes (M C) &  b y ield as a free parameter

  •  Extrapolation from muons to b-hadron cross section 

C. Albajar et al., Phys. Lett. B 213 (1988) 405

Global detection 

eff iciency

Integrated

luminosity



 • Input distribution well reconstructed 

 • Nice agreement between the 3 channels



           

P b+Pb @  

5.5TeV

• Statistics : one month Pb+Pb

• Statistics of the reference is in 

   5<M<20GeV ~5 times larger than 

   that of the probe

   (Nuclear absorption is here               

    overestimated)ALICE PPR Vol. II
Dissociation temperatures: C.-Y. Wong, hep-ph/0408020 & W.M. Alberico, hep-

ph/0507084 

     On the relevance of measuring σ(b) 
         as a normalization for ϒ signal

 M ost natural normalization since both 

   signals arise from same production

   mechanism 

 Normalization questionable if 

   b-quenching



Heavy flavors: 
what is different @ the LHC

central 

AA

• large primary production

• melting of ϒ(1S) by color screening

• none of the primary J/ψ survives the (PbPb)
QGP

• a lot of charmonia from b hadron decay

• large secondary production of charmonia

statistical hadronization, kine tic recombination, DD 
annhililation

RHIC
LHC

hard gluon induced 

quarkonium 

breakup hep-

ph/0311048



T. Frawley, http://rhicii-science.bnl.gov/heavy/doc/April05Meeting/





ALICE        

dielectrons

background level 1 = 2 HIJING 

evts with dNch/dη = 6000 @ η = 0 

each

ALICE dimuons





• melting depends on

• resonance formation 
time, dissociation temp. &  
p t

• QGP  temp., lifetime &  
size

• ratio is flat in ppbar (CD F)

• any  deviation from the pp 

(pA) value is a  clear evidence 

for the QGP (nuclear effects 

cancel-out)

• the p t dependence of the 

ratio is sensitive to the 

characteristics of the QGP



with energy loss

w/o energy loss

 same method as the one used with 

muons plus scenario for b-quark 

energy  loss

• electrons with 2 < pt < 20 GeV/c ® b-hadrons 

with 2 < pt
min < 30 GeV/c

• clear sensitivity to energy loss

• will be further used to get RAA
b- hadrons

• RAA
h, RAA

D0 & RAA
b-hadrons can be measured 

simultaneously
A. Dainese, EPJC 33 (2004) 

495



• background free signal

• covers intermediate rapidities 

• successfully done in pp @ ISR (in 1979!)

• challenging in heavy ion collisions

Electron-muon coincidences


















