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40 MHz (1PB/s)

The ATLAS Experiment began recording proton-proton collisions at a center of mass energy of 7 TeV in March 

2010.  The ATLAS Trigger and Data Acquisition System (TDAQ) is designed to reduce the event (data) rate 

from 40MHz (1PB/s) to 200Hz (300MB/s) by selecting interesting proton collision events for offline analysis.  

Using the ~1 pb-1 of data recoded, the TDAQ system has been commissioned and is performing well.  

   1027          1028          1029               1030                      1031 

  April          May          June           July           August        September

time in 2010

instantaneous luminosity (cm-2s-1)

 Level-1 is Active: 

Minimum bias triggers are prescaled (lumi > 2·1027 cm-2 s-1), but all other triggers 

remain unprescaled.

 HLT in Monitoring Mode:

HLT is run, but all events are recorded - independent of their HLT decision.

 Progressively Activate HLT:

As HLT triggers are validated using the data recorded 

in Monitoring Mode, they are put into Active Mode 

(events are rejected based on HLT decision).

 Physics Menu Deployed:

All triggers designed for use in physics analysis are implemented and active.  

Commissioning and validation continue, but now with a focus on physics content.

Unprescaled Level 1 trigger rates grow as expected with 

instantaneous luminosity.  Electromagnetic, tau, muon, and jet 

triggers grow linearly; the curvature of minimum bias trigger is 

expected due to pile-up (data taken with 2 colliding bunches).

A time-line of the trigger commissioning in 2010 shows how the ATLAS trigger was progressively validated and then enabled.  The functionality of the lowest threshold Level 1 triggers was commissioned in the 

2009 running period.  As we move to higher instantaneous luminosities, the physics menu will evolve to higher thresholds and tighter selection criteria.

Trigger

High Level Trigger

Level 1 TriggerData Acquisition System (DAQ)

Read Out Buffers (output 3 GB/s)

Systems available to Level 1

Level 2
 (~500 CPUs

with ~3 kHz accept 

rate)

Offline Storage

(average input 300 MB/s)

Central Trigger 

Processor

(75 kHz accept rate)

Pipeline Memory (output 120 GB/s)

Event Builder
Event Builder

Event Builder (~100 CPUs)

Event Filter

(~1800 CPUs

with ~200 Hz 

accept rate)

Data requested in 

Region of Interest

Low granularity 

info sent to CTP

L1 Accept 

Signal

Full granularity data sits in pipeline until L1 accept

Data sits in ROBs until L2 accept
L2 Accept

Full event  is 

available to EF

Upon EF accept 

event is sent to 

offline storage

Data from all detectors combined into a full event

Track Muon Calo Minbias

Level 2 trigger electromagnetic calorimeter clusters from collision 

events show agreement with minimum bias Monte Carlo at both 900 

GeV and 7 TeV collision energies. 
Level 1 muon “Stand Alone” (only muon spectrometer used) shows a 

sharp turn-on with a plateau at ~90% in the barrel region, as 

expected from the detector’s geometrical acceptance.  

The distribution of primary vertices in the transverse plane 

reconstructed by the online beam spot algorithm using the Level 2 

trackin and vertex finding algorithms. Vertices are fitted from 2 or 

more tracks with a pT > 500 MeV.Level 1 efficiency for anti-kT jets with R=0.4 and a 15 GeV 

threshold as a function of the calibrated offline jet pT.  Trigger jets 

were evaluated at electromagnetic scale; they compare well with 

the Monte Carlo simulation.

Event filter tracking triggers show efficiency ~100% for tracks 

pT>1.2 GeV.  The EF tracking efficiency is seen to begin to degrade 

at around pT~1.0 GeV.

Inner detector (|η|< 2.5):
 Silicon pixel and strip, 

          Transition Radiation Tracker (TRT)                                                                                                                                                                                                                                 
          σ/pT ≈ 5·10-4 pT ⊕ 0.001 

 2T Solenoidal field

    Muon Spectrometer (|η|< 2.7):
 Trigger chambers: Resistive Plate Chambers (RPC) & Thin Gap Chambers (TGC) - σt ~ ns
 0.5 T Toroidal field 
 Coordinate Measurements Chambers: Monitored Drift Tubes (MDT) & Cathode Strip Chambers (CSC)

         σ/pT ≈ 10% (for pT = 1 TeV/c) 

Calorimeters (|η|<5): 
 EM : Pb-LAr 

          σ/E ≈ 10%/√E(GeV) ⊕ 0.7%
  HADRONIC: Iron     

          Scintillator Tiles 
          σ/E ≈ 50%/√E(GeV) ⊕ 3% 

 Forward (FCal) :3.2<|η|<5

A	
  Toroidal  LHC ApparatuS

The ATLAS detector at LHC
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2010 data-taking

p-p collisions@√s =7 TeV 
March 2010 ->November 2010

(https://twiki.cern.ch/twiki/bin/view/AtlasPublic/RunStatsPublicResults2010)

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/RunStatsPublicResults2010
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/RunStatsPublicResults2010
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2010 data-taking

p-p collisions@√s =7 TeV 
March 2010 ->November 2010

(https://twiki.cern.ch/twiki/bin/view/AtlasPublic/RunStatsPublicResults2010)

Peak luminosity value 
of O(1032cm-2s-1)

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/RunStatsPublicResults2010
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/RunStatsPublicResults2010
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2010 data-taking

p-p collisions@√s =7 TeV 
March 2010 ->November 2010

(https://twiki.cern.ch/twiki/bin/view/AtlasPublic/RunStatsPublicResults2010)

Highest 
(wrt other LHC experiments) 
data taking efficiency: ~94%

Peak luminosity value 
of O(1032cm-2s-1)

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/RunStatsPublicResults2010
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/RunStatsPublicResults2010


Performance 
ATLAS Detector Status
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Muon Trigger

Muon SystemLot of work! Very good performance!
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Heavy Flavor in ATLAS

First results:

 D(*)mesons reconstruction: ATLAS-CONF-2010-034 

 J/ψ observation: ATLAS-CONF-2010-045

 J/ψ differential cross section and fraction from B decays: ATLASCONF-2010-062

 Observation of B±→J/ψ(μ+μ-)K± decay:  ATLAS-CONF-2010-098

 J/ψ yield suppression in Pb-Pb collisions: CERN-PH-EP-2010-090

The main motivations for these studies are:

 QCD physics understanding: prompt onia production ,hadron-
       production mechanism, quarkonia polarization state

 background for rare/interesting processes understanding
 detector understanding



About the theory
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 Color Singlet Model: quarkonium quantum numbers  = final meson quantum  

   numbers 

 LO seemed predictive before CDF run1

 After introduction of quark and gluon fragmentation 

         processes still data far above theory prediction (factor 30-100)

 Adding other contributions at LO, NLO, NLO+ and NNLO* mechanism revived

 Color Octet Model: allows for gluon content of the quarkonium

 NLO dσ/dpT predictions at low pT overshoot data

 predictions challenged also from B-factories results

 Color Evaporation Model: charmonium production dependent on the invariant  mass

      of qq produced

   .................. ...but still no very predictive theory!

A bit of history
Different models developed in more than 30 years:

-



Charmonium Cross sections

ψ (2s)

CSM + pQCD at improved 
NLO (NNLO*) describes the 
pT trend of the production 
cross section  in the low and 
intermediate range
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Non Relativistic QCD approach

- On: operators corresponding to  
   effective vertices” at μ energy scale 

- Cn: Wilson coefficients containing 
   information on energy scales > m

Seems  to be in good agreement with data!
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About ATLAS results



Muon reconstruction

Muons classification:
Stand Alone

CombinedSegment-tag

Charmonium detection requires good muon reconstruction

 good Inner Detector Tracking performance(since at the typical J/ψ momentum the ID 
    momentum resolution dominates)

 good Muon Spectrometer performance (for muon trigger and identification )

Used in J/ψ reconstruction

Elisa Musto “Heavy Flavor-11 Workshop” - Purdue University, 6 January 2011 12

ATLAS-CONF-2010-064



J/ψ→μ+μ- ATLAS Event
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J/ψ→μ+μ- ATLAS Event
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μ+μ- : invariant mass spectrum

Fully combined 
opposite sign muons with:
  

- pT(μ1) > 15 GeV/c
- pT(μ2) > 2.5 GeV/c
- High Level Trigger (EF),  
  pT threshold > of 15 GeV

Elisa Musto “Heavy Flavor-11 Workshop” - Purdue University, 6 January 2011 14

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/MuonPerformancePublicPlots

Note: following public results will use much less statistics and 
a very different trigger!

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/MuonPerformancePublicPlots
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/MuonPerformancePublicPlots
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/MuonPerformancePublicPlots

Note: following public results will use much less statistics and 
a very different trigger!

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/MuonPerformancePublicPlots
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/MuonPerformancePublicPlots


J/ψ and ψ(2S) candidates

 At least 1 primary vertex with 3 tracks associated 

 Quality cuts on the Inner Detector tracks 

 Opposite charge muon pairs with successful vertex fit 

 at least one combined muon in the pair 

 invariant masses between 2.5 and 4.2 GeV

 |η(µ)| < 2.5 

 Transverse momentum Cut:

 pT(µ1) > 4 GeV 

 pT(µ2) > 2.5 GeV

Event selection:

Trigger:
 - L1 muon confirmed  at HLT with 4,6 or 10 GeV threshold
 - L1 muon confirmed  at HLT with 4 GeV threshold + HLT muon in the same RoI as the L1 
   muon.  0.5<Mμμ<12.0 GeV or  2.4<Mμμ<4.2 GeV 
 - 2 L1 muon confirmed  at HLT with (4,4) or (4,6) GeV threshold.  0.5<Mμμ<12.0 GeV 

Elisa Musto “Heavy Flavor-11 Workshop” - Purdue University, 6 January 2011 15

The signal lineshape fits are both Gaussian with a third-order polynomial to model the background

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults#Stand_alone_plots

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults#Stand_alone_plots
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BPhysPublicResults#Stand_alone_plots


J/ψ→μμ: differential cross section and 

non-prompt to prompt J/ψ cross section ratio
ATLAS-CONF-2010-062

The two topics use different statistics:

 9.5 nb-1 in the case of cross section

 17.5 nb-1 in the prompt/non prompt ratio

In both measurement maximum likelihood
fitting techniques are used to extract results

Elisa Musto “Heavy Flavor-11 Workshop” - Purdue University, 6 January 2011 16



Differential cross section 
measurement for the J/ψ→μμ

๏ For the determination of the J/ψ yield a maximum likelihood fit of the 
   di-muon invariant mass in pT and y bins has been performed

๏ To recover the true number of J/ψ → µ+µ- events, each event in given 
  “analysis bin” is assigned a weight w : 

Elisa Musto “Heavy Flavor-11 Workshop” - Purdue University, 6 January 2011 17

Particular spin-alignment scenario

from Monte Carlo calculated using 
minimum bias data

๏ The acceptance has been parametrized by independent 5 vars: 
         -  J/ψ: pT , y, φ  
         -  J/ψ decay in its rest frame:  angles θ* and φ* 
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 J/ψ→μμ : polarization

λθ, λφ, λθφ related to the spin density matrix elements of the J/ψ
spin wave function

/ 31 

!  Acceptance plays an crucial rule in fully inclusive cross section 
measurement  

!  Acceptance depends on the angular distribution of the decaying 
particle (spin-alignment of J/!) by the formula 

"  "! : angle between µ+ momentum  
           in the J/! rest frame and  
           J/! momemtum 
"  #! : angle between J/! production 
           and decay plan in lab frame 

!  Spin-alignment has not been measured,  
     so it’s still an open question 
     # Systematic uncertainty  
          in the measurement 

J/! Spin-Alignment 

Yi Yang   2010 Oct. 25 First RQW @ Nantes 20 

"!!

P. Faccioli et al.   arXiv:1006.2738 

#!!
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#!!

   - θ★ (angle between μ+ momentum 
      in the J/ψ rest   frame and J/ψ momentum)
  
   - φ★ (angle between J/ψ production 
      and decay planes)

Polarization dependence of the cross section parametrized by:
 

As we have not measured the polarization, it is not known and causes a systematic 
on the acceptance
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(a) λθ = λφ = λθφ = 0
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(b) λθ = +1, λφ = λθφ = 0
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(c) λθ = −1, λφ = λθφ = 0
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(d) λθ = +1, λφ = +1, λθφ = 0
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(e) λθ = +1, λφ = −1, λθφ = 0

Figure 2: Kinematic acceptance correction maps as a function of J/ψ transverse momentum and rapidity
for specific spin-alignment scenarios considered in this note, that are representative of the extrema of

possible polarisation configurations. Differences in acceptance behaviours particularly at low pT (where

the bulk of the cross-section lies) occur between scenarios and can significantly influence the final result

in a given bin.

7
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  Polarization & acceptance

Acceptance dependance on the spin-
alignment of J/ψ

5 scenarios considered:
   - FLAT: 
    a) λθ=0, λφ=0, λθφ=0   
   - LONGITUDINAL: 
          c) λθ=-1, λφ= λθφ=0 ←→    
   - TRANSVERSE:         
          b) λθ=+1, λφ=λθφ=0  ↓↓or↑↑
          d) λθ=λφ=+1, λθφ=0  ↓↓+↑↑
          e) λθ=+1, λφ=-1, λθφ=0 ↓↓-↑↑

Differences	
 in	
 acceptance	
 behaviors	
 particularly	
 at	
 low	
 pT	
 

←→

↓↓or↑↑

↓↓+↑↑

↓↓-↑↑
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PYTHIA Monte Carlo
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Data-driven trigger efficiency, from minimum-bias stream data:
Determined for  candidate events from J/ψ single-muon trigger 
efficiencies, separately for fully combined and tagged muons
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PYTHIA Monte Carlo
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* obtained from simulated MC PYTHIA

 prompt pp → J/ψX → μμ production.

* kinematic cuts on generated muons:

   - pT> 3.5 GeV if |η|<2.0

   - pT> 8 GeV if 2.0<|η|<2.5

Data-driven trigger efficiency, from minimum-bias stream data:
Determined for  candidate events from J/ψ single-muon trigger 
efficiencies, separately for fully combined and tagged muons
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Invariant mass fitting

4 free parameters:
- mJ/ψ 
- S:scaling factor for the mass resolution
- a0:fraction of signal events 
- b0:background slope

Maximum likelihood fit:

N = total number of pairs of oppositely-charged 
muons in the invariant mass range [2,4] GeV

Fit results:
mJ/ψ: (3.096 ±  0.003)GeV

σm (calculated using the covariance 
matrices of the fittedvertices):

 (0.070 ± 0.003) GeV
In the range mJ/ψ ±3σm :

-  Nbck = 373 ± 10 (mainly from c/b)
-  Nsig = 710±34



Elisa Musto “Heavy Flavor-11 Workshop” - Purdue University, 6 January 2011 21

Invariant mass fitting

4 free parameters:
- mJ/ψ 
- S:scaling factor for the mass resolution
- a0:fraction of signal events 
- b0:background slope

Maximum likelihood fit:

N = total number of pairs of oppositely-charged 
muons in the invariant mass range [2,4] GeV

Fit results:
mJ/ψ: (3.096 ±  0.003)GeV

σm (calculated using the covariance 
matrices of the fittedvertices):

 (0.070 ± 0.003) GeV
In the range mJ/ψ ±3σm :

-  Nbck = 373 ± 10 (mainly from c/b)
-  Nsig = 710±34

after re-weighting

↑

↑

pT

|y|
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Differential cross section 
measurement for the J/ψ→μμ
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}

Cross-Section versus J/ψ pT, each curve is a y bin

๏ Shape in good agreement with the Pythia 
NRQCD expectations

๏ ATLAS Pythia re-tuning ongoing to correct the 
factor 10 discrepancy

๏ Dominant systematics: trigger
efficiency, reconstruction, selection will 
decrease by increasing statistics

- Statistical and systematic uncertainty 
(trigger and reconstruction efficiencies, 
binning)shown in RED
-Theoretical uncertainty due to spin 
alignment (via acceptance) shown 
separately (yellow)
-Luminosity correction (~11%) to add

Using most populated bins concentrated in the high-η 
region, disregarding spin alignment correction one has: 

Current theory predictions are in the range 140-250 nb with 
uncertainties as large as 3 x prediction in either directions 

(Brodsky, Lansberg PRD81(2010)051502)

=



Comparison of results...
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....with 
other LHC 
experiment shows 
a very good agreement!

Credits to 
H. K. Woehri

(*) 1. Used correction factor (from CDF) to account for
          - non prompt B->J/ψ contribution (also measured by ATLAS)
          - ψ(2S) and χc feed-down (P. Faccioli et al  JHEP10(2008)004)
     2. χc corrections not available to NLO accuracy

low-η 

mid-η 
high-η 

....with theory needed some further improvements (*)



Non-prompt to prompt J/ψ cross 
section ratio

December 11, 2010 – 15 : 38 DRAFT 1

1 Introduction11

The mechanisms by which the production of prompt charmonium states take place in proton-proton12

collisions are not well understood. These processes comprise a good testing ground for a variety of QCD13

calculations. Various Tevatron measurements over the past few years have unveiled many interesting14

features of the dynamics of heavy quark production in high energy hadronic collisions ([1] and references15

therein). However, many questions still remain unanswered, and data obtained by the Large Hadron16

Collider (LHC) collaborations should be able to shed new light on these processes in the new energy17

regime. This paper presents two ATLAS measurements using the resonant decay J/ψ → µ+µ−, which18

has a large production cross section and branching fraction and an easily identifiable µ+µ− final state.19

The results are based on an integrated luminosity of up to 2.4 pb−1 of LHC proton-proton collisions at 720

TeV.21

Firstly a measurement of the production cross section of the J/ψ in bins of transverse momentum (pT )22

and rapidity (y) is presented. This is referred to henceforth as the inclusive differential cross section. The23

result from this analysis is compared to a recent measurement made by the CMS Collaboration [2].24

Secondly, J/ψ are known to be produced in non-prompt mechanisms via the decay of long lived25

particles such as B-hadrons, and in prompt decays from short-lived sources such as QCD-related subpro-26

cesses. The fraction27

F ≡
dσ(pp → bb̄X → J/ψ X′)
dσ(pp→ J/ψ X′′)All

(1)

as a function of J/ψ pT and pseudorapidity η, henceforth referred to as the “B → J/ψ non-prompt28

fraction”, is measured. The notation B → J/ψ is used to indicate that the source of the J/ψ was a29

B-hadron decay. This is a measurement well-suited to the early data-taking period for ATLAS, since30

many acceptances and efficiencies should be the same for the numerator and denominator. The result is31

compared to measurements made by the CMS [2] and CDF [3] Collaborations.32

Finally, the individual cross-sections (within the acceptance) for prompt (dσ(pp → J/ψ X′)) and33

non-prompt (dσ(pp → bb̄X → J/ψ X′)) are extracted, and compared to predictions made in the ATLAS34

acceptance by the Colour Evaporation [4] and Colour Singlet models [5][6][7].35

The Large Hadron Collider is an accelerator based in CERN, Geneva, Switzerland, colliding protons36

at the highest energies yet achieved. After initial low energy running, the beams were accelerated to37

3.5 TeV per beam in late March 2010, after which the data used in this paper were collected. The38

accelerator is expected to reach the full design energy in 2013, after a one-year shut down. Until that39

time, the specific luminosity is being increased. The increasing luminosity necessitates changes in the40

triggers used in the data collection, and this will be addressed in section 2.2.41

The paper is constructed as follows: in section 2, a brief overview of the ATLAS detector subsystems,42

processing chain and triggers used in this analysis is given; in section 3, the data samples used and the43

method by which J/ψ → µ+µ− candidates are selected is presented. In section 4 and 5 we present the44

measurements of the differential cross section and the fraction respectively; and conclude in section 6.45

2 Data Collection and Processing46

In this section, the collection and processing of the data used in the paper is described. This involves as47

description of the most relevant features of the ATLAS detector; the trigger system and the triggers used;48

and the offline data processing49

 J/ψ can be produced either via the decay of long lived particles such as B-hadrons
  (“non-prompt”), or from short-lived sources such as QCD-related subprocesses 
  (“prompt”). The ratio between these components: 

is very attractive because in the ratio the acceptances and efficiencies should cancel.

 The main discriminating variable between the two components is the pseudo-
proper time: 

τ = LT Mμμ/PμμT

≃LT MB/PBT ∝e-τ/τ(B)

LT → decay length wrt the
primary vertex in the xy projection
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 J/ψ→μμ lifetime measurement

 Simultaneous mass-time fit in invariant mass 
range [2,4]GeV

 Fit Performed in five pT bins (GeV):
1-4, 4-6, 6-8, 8-10, 10-15

Good agreement with modeling function

Sidebands dominated by a gaussian 
resolution term with mean 0

Maximum Likelihood Simultaneous fit of:
‣ invariant mass → signal/background separation, 
modeled by gaussian/linear function 

          Signal model estimated by fitting 
data in the range mJ/ψ ±3σm,
          background from sidebands

‣ pseudo-proper time → prompt/non-prompt 
separation
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1

ATLAS Preliminary
-1 = 17.5 nbintL

J/Data: ratio of non-prompt to prompt 
Pythia+NRQCD

Non-prompt to prompt ratio

Systematics estimated from fraction fB  

of non-prompt stability vs various fit 
options:

- different τ resolution model (double gaussian)
- polynomial background model vs linear
- background τ pdf parameters fixed from   
  sideband fit vs simultaneous fit with signal τ pdf

Pythia predictions in good 
agreement with ATLAS data 

normalization discrepancy 
due to Pythia used in ATLAS 

equally affect prompt
and indirect J/Ψ production

In progress: 
assessment of

uncertainty due to spin-alignment
differences for non-prompt and 

prompt J/ψ
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ATLAS Preliminary
-1 = 17.5 nbintL

J/Data: ratio of non-prompt to prompt 
Pythia+NRQCD

Non-prompt to prompt ratio

Systematics estimated from fraction fB  

of non-prompt stability vs various fit 
options:

- different τ resolution model (double gaussian)
- polynomial background model vs linear
- background τ pdf parameters fixed from   
  sideband fit vs simultaneous fit with signal τ pdf

Pythia predictions in good 
agreement with ATLAS data 

normalization discrepancy 
due to Pythia used in ATLAS 

equally affect prompt
and indirect J/Ψ production

In progress: 
assessment of

uncertainty due to spin-alignment
differences for non-prompt and 

prompt J/ψ

Good agreement with 
other LHC  experiments

and also with CDF results 

H. K. Woehri
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 Υ meson families: Υ(1s,2s,3s)

FIT model:
 ● Background: 4th degree   

    Chebyshev polynomial

● Signal:3 Gaussians are fixed to 

   the same width with spacings  

   fixed to the pdg values

Predominance of candidates in the endcap-
endcap case, but better resolution in the 

barrel-barrel case
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D(*) mesons reconstruction
ATLAS-CONF-2010-034

 First ATLAS B-Phys public result obtained with data sample collected  
  at up to May 2010 using the minimum-bias triggers(99.5% efficiency): 
  only 1.4 nb−1 of integrated luminosity used!

 Total cross section predicted at √s =7 TeV :

 cc ~4.4mb 
 bb~0.24mb

 Theoretical calculations available till NLO+NLL level but still large uncertainties 
  (scales, multiple interactions)-> huge statistics allows to verify MC predictions and  
  proton structure functions

 Key elements for observation:ID track reconstruction (->quality cuts applied)  
  and vertexing of the D0

 Common cuts:  
 |η(D(*))| < 2.1
 pT (D(*)) >3.5 GeV

 Combinatorial background significantly reduced by requiring (hard fragmentation):
 pT (D*±,D±)/ET > 0.02 
 pT (D±

s )/ET > 0.04

-
-
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Elisa Musto “Heavy Flavor-11 Workshop” - Purdue University, 6 January 2011 29



) [GeV]M(K
1.6 1.7 1.8 1.9 2 2.1 2.2

C
om

bi
na

tio
ns

 p
er

 1
0 

M
eV

0
100
200
300
400
500
600
700
800
900

1000
ATLAS Preliminary  = 7 TeVs -1 = 1.4 nbintL

Data 2010

 86!) = 1667 !fit  : N(D
 1.1 MeV!) = 1871.8 !M(D
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Secondary vertex
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 a	
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mass	
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 to	
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 vertex
combined	
 to	
 a	
 third	
 track
with	
 K	
 mass	
 assigned

	
 	
 	
 	
 	
 pT	
 >1.0	
 GeVlong	
 lifetime:
Lxy	
 >1.3	
 cm

Further cuts:
- M(K ππ)-M(Kπ)>150 MeV (to suppress D*+)
- |M(K-K+)-M(φ)|PDG>8 MeV (to suppress Ds+)

Combinatorial background reduced
 using cut on angle θ* between kaon pT in
D+ rest frame and D+ pT in the lab frame:
cos(θ*)>-0.8
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Further cuts on polarization angles applied to reduce combinatorial background
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Ds+ →φ(K-K+) π+ (+c.c.)



 B± meson decay in J/ψ(μ+μ-)K±

 (MeV)KJ/m
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No vertex displacement cut applied

 = 7 TeVs

-1 L dt = 3.4 pb

+)K-!+!(J/

-)K-!+!(J/

ATLAS Preliminary

 ATLAS recent observation, 3.4 pb−1 used

 Di-muon in the J/ψ mass range combined with a 

    third track (kaon mass assigned)

 Fitted to a common vertex, with J/ψ mass constraint 

    on di-muons

 Background suppression by applying a cut on 

    transverse decay length Lxy > 0.3 mm

 The value of the mass found (unbinned maximum 

    likelihood fit applied): (5283.2 ± 2.5) MeV is 

    compatible with PDG value ((5279.17±0.29) MeV)

    and with the values obtained by fitting separately 

    B-→J/ψK- and B-→J/ψK+ distributions

 A well knowledge of this channel allows rare 

   B-physics decays branching ratio measurement

(ATLAS-CONF-2010-098)
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About Pb-Pb results



Motivations
 Nuclear collisions provide a laboratory for studying QCD also in non 

        perturbative regimes and LHC is the new frontier of heavy-ion collisions

 Matter produced in relativistic high-energy nuclear collisions is very hot   
    (T~1012K), dense (~1 GeV/fm3) and strongly interacting -> phase transition 
        to QGP, were quark-antiquark pairs condense and show collective properties 
       like in superconductors 

 In the QGP (the time scale being big wrt strong interaction) it is expected that:

- fragmentation in the medium differs from the vacuum->asymmetric jet quenching  

  due to energy losses in the medium (J.D. Bjorken, FERMILAB-PUB-82-059-T)
- the QCD binding potential is color-screened, the screening level increasing with the    

  energy density of the created system-> quarks de-confinement, suppression of 

  the strongly bound states of charmonium and bottomonium (A. Mocsy and P.  

  Petreczky, Phys. Rev. Lett. 99 (2007) 211602)
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ATLAS 2010 Pb-Pb collisions 
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Pb-Pb collisions@√sNN =2.76 TeV  
November 2010 ->December 2010

14 X higher in energy compared to RHIC



ATLAS 2010 Pb-Pb collisions 
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Pb-Pb collisions@√sNN =2.76 TeV  
November 2010 ->December 2010

Peak luminosity value 
of O(1025cm-2s-1)

14 X higher in energy compared to RHIC



ATLAS 2010 Pb-Pb collisions 
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Pb-Pb collisions@√sNN =2.76 TeV  
November 2010 ->December 2010

Peak luminosity value 
of O(1025cm-2s-1)

14 X higher in energy compared to RHIC

Raw number 
of 

reconstructed 
tracks with
 pT > 1 GeV 

is 1115!



ATLAS 2010 Pb-Pb collisions 
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Pb-Pb collisions@√sNN =2.76 TeV  
November 2010 ->December 2010

Peak luminosity value 
of O(1025cm-2s-1)

14 X higher in energy compared to RHIC

Raw number 
of 

reconstructed 
tracks with
 pT > 1 GeV 

is 1115!

 First physics results  submitted to PRL during Thanksgiving day (jet quenching): 
     Phys. Rev. Lett. (25 Nov 2010) CERN-PH-EP-2010-062



Centrality

!"#$%&'($)*+,*-"&.)*/+#*!+''(0(+#*1."#$02

•  Distribution of uncorrected Sum-Et in the Forward Calorimeter (FCAL). Bins 
in event activity or “centrality” are indicated by the alternating bands 
(see text for details) and labeled according to increasing fraction of 
lead-lead total cross section starting from the largest measured Sum-Et.  

12/12/10 ATLAS Experiment 42 

b

b - check multiplicity of ‘participant’ nucleons to inelastic collisions, Npart (that 
increases monotonically as b decreases), and of binary collisions Ncoll

- characterize distribution of observables into bins by fraction of cross section

 but it’s not directly measurable 
The classical impact parameter can help in understanding heavy-ion collisions dynamics

Centrality
 by percentiles

 of total cross-section 
using FCAL ET

 CERN-PH-EP-2010-062

 CERN-PH-EP-2010-062
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The J/ψ yield 

Goal: measure how J/ψ yield depends on centrality @ √SNN =2.76 TeV in a
 defined kinematic region: pT(μ)> 3 GeV and |η|<2.5

Two methods:

     1.Signal vs side-band windows 
        counting, background linearly 
        extrapolated:

- S: [2.95 , 3.15]GeV;
- B: [2.4 , 2.8]GeV + [3.4 , 3.6] GeV;

    
     2. Un-binned maximum-likelihood  
         fit:
           - S:Gaussian, B: Polynomial (I 
              degree)  

        with event by event mass error 
        (form error matrix) x FREE Scale 
        Factor (resolution)-> just cross check

6.7 μb−1

Fully combined opposite sign muons 
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 Second physics results  submitted to PRL some hours before Xmas: 
     Phys. Rev. Lett. (24 Dec 2010) CERN-PH-EP-2010-090



The J/ψ yield suppression 
Measured J/ψ  yield are corrected:

detection efficiency
from MC 

centrality bin 
width

expressed wrt the yield found in the most peripheral 40-80% centrality bin(*):

and finally normalized to the ratio Rcoll of the mean number of binary collisions Ncoll
(*) in each centrality bin to that for the most peripheral bin:

(**)	
 From	
 Glauber	
 MC
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(*)	
 In	
 the	
 ratio	
 ONLY	
 efficiency	
 effects	
 wrt	
 to	
 centrality	
 do	
 not	
 cancel!



The J/ψ yield suppression 
Measured J/ψ  yield are corrected:

detection efficiency
from MC 

centrality bin 
width

expressed wrt the yield found in the most peripheral 40-80% centrality bin(*):

and finally normalized to the ratio Rcoll of the mean number of binary collisions Ncoll
(*) in each centrality bin to that for the most peripheral bin:

(**)	
 From	
 Glauber	
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Event selections: 
 - Invariant Mass window [66,116] GeV, 
 - fully combined muons 
 - pT>20 GeV,
 - |η|<2.5 
 - |η1 + η2| > 0.01

Further checks: Z→μ+μ−

  within statistics yield independent of centrality 

 invariant mass [GeV]-µ +µ
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Figure 4: The di–muon invariant mass (left) after the selection described in the text. The
value of Rcp (right) computed with the 38 selected Z candidates. The statistical errors are
shown as vertical bars while the yellow (lighter) boxes also include the systematic error.
The orange (darker) box indicates that the 40-80% bin is used to set the scale for all bins,
but the uncertainties in this bin are not propagated into the more central ones.
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 First ATLAS J/ψ production cross section result used 9.5 nb-1 data: 

     - have good agreement with PYTHIA in shape.

     - new tuning for ATLAS MC is ongoing 

     - have good agreement with other LHC experiments

 First results on J/ψ production & prompt to non prompt ratio 

 The Upsilon family has been found in ATLAS detector 

 Observation of D*±, D±, Ds
± in hadronic decay modes

 Observation of B± decay into J/ψ K±

 Heavy Ion collisions results

Summary

IHEPLHC 2010

Lecce

J/! Physics at ATLAS

Stefania Spagnolo
INFN Lecce e Dipartimento di Fisica, Università del Salento

on behalf of the ATLAS Collaboration 



Plans for 2011
Proton-Proton up to few fb-1:

 Extend J/ψ, Υ measurements: higher pT and polarization, full stat cross section

 ψ(2s), χc → J/ψ γ: observation and cross section measurements

 Observation of Χ(3872)→J/ψππ, cross section

 Observation of Bc → J/ψπ and Λb → J/ψ Λ0  

 Insight into production mechanism:
 Associated production of J/ψ with jets, open charm and non resonant photons 

 Cross section measurements  for exclusive beauty decays 
 Rare decays: Bs→μμ sensitivity curves & confidence limits

 CP violation: Bs lifetime, mixing 

IHEPLHC 2010

Lecce

J/! Physics at ATLAS

Stefania Spagnolo
INFN Lecce e Dipartimento di Fisica, Università del Salento

on behalf of the ATLAS Collaboration 

Heavy Ion: 
 Measurements of open charm cross sections, for all observed charmed mesons 

 J/ψ and Z inclusive cross section and ratio 

 Υ(1s) production cross section and relative fraction of Υ states 



Backup slides



J/ψ→μ+μ- observation
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First J/ψ observation with 6.4 nb-1 ATLAS-CONF-2010-045

Maximum likelihood fit results:
mJ/ψ : (3.095 ± 0.004) GeV
σm: (82 ±7) MeV
 Nsig = 612 ± 34
 Nbck (in mJ/ψ ± 3σm) = 332 ± 9 

 At least 1 primary vertex with 3 tracks associated 
 Quality cuts on the Inner Detector tracks 
 Opposite charge muon pairs with successful 

vertex fit 
 at least one combined muon in the pair 

 |η(µ)| < 2.5 
 Transverse momentum Cut:

 pT(µ1) > 4 GeV 

 pT(µ2) > 2.5 GeV 

Event selection:

Trigger:
- L1 minimum bias trigger.
- Muon L1 threshold confirmed by HLT with 4 GeV 
threshold

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-045/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2010-045/


 Υ meson families: Υ(1S,2S,3S)

 At least 1 primary vertex with 3 tracks associated 
 Quality cuts on the Inner Detector tracks 
 Opposite charge muon pairs with successful vertex fit 

 at least one combined muon in the pair 
 invariant masses between 8 and 12 GeV

 |η(µ)| < 2.5 
 Transverse momentum Cut:

 pT(µ1) > 4 GeV 

 pT(µ2) > 2.5 GeV

Event selection:

Trigger:
 - L1 muon trigger
 - L1 muon confirmed  at HLT with 4 or 6 GeV threshold
 - L1 muon confirmed  at HLT with 4 or 6 GeV threshold + HLT muon in the same RoI as the L1  
   muon.  0.5<Mμμ<12.0 GeV (+ 08<Mμμ<12.0 GeV)
 - 2 L1 muon confirmed  at HLT with (4,4) or (4,6) GeV threshold. 0.5<Mμμ<12.0 GeV or 08<Mμμ<12.0 GeV

Elisa Musto “Heavy Flavor-11 Workshop” - Purdue University, 6 January 2011 30



Polarization puzzle

Elisa Musto “Heavy Flavor-11 Workshop” - Purdue University, 6 January 2011 11

Discrepancy between Tevatron data and “theoretical prediction”

NRQCD@LO
opposite wrt data behavior

 α= +1 , Transverse 
 α= 0 , Unpolarized 
 α= −1 , Longitudinal

CSM +pQCD @NLO
 opposite prediction

wrt LO! 

ψ(2S)J/ψ



Online muon trigger
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Three levels reduce LHC interaction rate of ~1 GHz to ~200Hz:

- Full event data available
- ‘Offline’ reconstruction 
adapted to the ‘on-line’ 
environment
- Two main strategies:

1. Inside-Out (MS->IP)
    Outside-In (ID ->MS)
2. Combined reconstruction

Event Filter (EF)
Level 2 (L2)

- RoIs in parallel, 
- Several algorithms:

- Level1 (L1), hardware-based;
- High Level Trigger (HLT):
  Level2(L2)+Event Filter (EF), 
  software based

1. ‘Fast’ Muon  
    Spectrometer(MS), 
    ‘Stand Alone’
2. ‘Combined’ 
    reconstruction
3. Isolation

Level 1 (L1)
- Hardware (RPC+TGC)
- ‘Prompt’ muons from 
   interaction point (IP),
   pT > threshold
- RoI (Region of Interest) id :pT, η, φ



 Pseudo-proper time fitting

pseudo-proper time pdfs

Maximum Likelihood Simultaneous fit of:
‣ invariant mass → signal/background separation, modeled by gaussian/linear function 

          Signal model estimated by fitting data in the range mJ/ψ ±3σm,
          background from sidebands

‣ pseudo-proper time → prompt/non-prompt separation

 δ function(prompt)
convolved with a gaussian

 exponential(non prompt)
convolved with a gaussian

 positive and a negative exponential 
convolved with a gaussian

δ function
convolved with a gaussian

N = number of pairs of OS muons in 
the invariant mass range [2,4] GeV



The di-jet asymmetry
Event Selection: 
 
‣ Anti-kT of cone size R=0.4.
   Underlying event subtraction  
   per cell layer  dependent, η 
   dependent with 0.1granularity

‣ Leading jet with:  
✓Et>100 GeV 
✓|η| < 2.8

    Plateau ∼100% eff. at all 
    centralities
    In 1.7 μb-1 → 1693 events.

‣ Second jet:
✓Et>25 GeV 
✓Δφ > π/2 (opposite hemisphere)

        

Only tracks with pT > 2.6 GeV are shown, 
ET > 700 MeV in the ECal 
E > 1 GeV in the HCal
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ET > 700 MeV in the ECal 
E > 1 GeV in the HCal



The di-jet asymmetry

centrality
Asymmetry in peripheral events similar to proton-proton and simulated events; as 
the event centrality increases, the rate of highly asymmetric di-jet events increases 

strong energy loss in the hot and dense medium


