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LHCb 

2 

VELO 

collision point 

dipole 
magnet 
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•  single arm  forward spectrometer (15 mrad < θ < 300 (250) mrad) 
•  designed to make precision measurement of CP violation and other rare   
  phenomena in the b system at the LHC 
•  trigger and reconstruct many different B decay modes to make independent and  
  complementary measurements 
•  forward production of bb, correlated 

•  amount of material in tracker 
  area kept as low as possible  
  (0.6X0 up to RICH2) 
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LHCb - VELO and RICH 
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•  contains the pp-collision point 
•  precise determination of primary and secondary vertices 
•  21 silicon µ-strip station with r-φ geometry 
•  2 extra pile-up stations per half 

     - recognition of multiple interaction collisions at the trigger level 
•  pitch= 40-100 µm 
•  172k channels 
•  2 retractable detector halves: 
           - ~8 mm from beam when closed 
           - retracted by 30mm during injection 

•  two Cherenkov detectors (RICH) for charged hadron 
  identification 
•  excellent π/K/p separation for momenta in range 2-100 GeV/c 
•  two gaseous and one aerogel radiators 

Silica Aerogel 
n=1.03  
1-10 GeV/c 

C4F10 gas 
n=1.0014  
Up to ~70 GeV/c 

CF4 gas 
n=1.0005  
beyond ~100 GeV/c 

RICH1 RICH2 
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LHCb data   
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•  6.8 µb-1   at √s= 0.9 TeV in 2009 
•  0.31 nb-1 at √s=  0.9 TeV in 2010 
•  38    pb-1 at √s=    7 TeV  in 2010 
  have been recorded 
  (~90% of delivered lumi) 

Physics reaches at LHCb with collected data 
include so far: 

•  inclusive distributions 
•  strangeness production 
•  first charm results 
•  Onia (J/ψ, ϒ, χc, …) 
•  first b results 
•  W,Z production 

Integrated LHCb efficiency breakdown 
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Angular coverage comparison 

First LHCb public results – light hadron 
production – exploiting the interest for 
measurements in the forward region where 
production models were extrapolated not  
only in energy but also in rapidity   

LHCb is the only experiment fully instrumented 
In the forward direction 

strengths of LHCb:   
•  hadron PID 
•  tracking, PID and calorimetry in full acceptance 

5 
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Pythia tunings 
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Results will be shown compared to Perugia0 tune (Phys.Rev.D82:074018,2010) 
and LHCb current tune 

LHCb tune (PYTHIA 6.421) 
LHAPDF-CTEQL61 

Included process types: 
 11-13 
 28 
 53 
 68 
 91-95 
 421-439 
 461-479 

Particles are decayed 
through EVTGEN 

Non-default in LHCb tune parp(85)  0.33  

ckin(41)  3.0  parp(86)  0.66  

mstp(2)  2  parp(91)  1.0  

mstp(33)  3  parp(149)  0.02  

mstp(128)  2  parp(150)  0.085  

mstp(81)  21  parj(11)  0.5  

mstp(82)  3  parj(12)  0.4  

mstp(52)  2  parj(13)  0.79  

mstp(51) 10042 parj(14)  0.0  

mstp(142)  2  parj(15)  0.018  

parp(67)  1.0  parj(16)  0.054  

parp(82)  4.28  parj(17)  0.131  

parp(89)  14000  mstj(26)  0  

parp(90)  0.238  parj(33)  0.4  
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Studies with first data   
First Physics at LHCb:  

     production measurements                      K0
s cross sections at 0.9 TeV 

     antiparticle-particle ratios                        Λ/Λ , p/p ratios at 0.9 and 7 TeV 
     baryon-meson ratio                                 Λ/K0

s         ratio   at 0.9 and 7 TeV  
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From theory point of view: 
•  hadronization still not well understood: at present different phenomenological   
  models available but no theory can describe this process consistently 
•  since strange quarks are no valence quarks in the initial state: 
        - good test for fragmentation models 
•  highest CM energy so far 1.96TeV at Tevatron (but ppbar, in pp 200 GeV) 
•  models have been tuned to SPS and Tevatron data (central rapidity and pT>0.4GeV).     
  LHCb can cover forward rapidity and provide measurements  down to pT~0 

•  antiparticle-particle ratio helps to understand: 
    - which partons carry the baryon number 
    - the baryon number flow in inelastic collisions 
•  baryon-meson ratio good test of fragmentation models 
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Λ/Λ  LHCb coverage    
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Studies with first data   
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From experimental point of view: 

•  minimal requirements for the detector: only tracking and vertexing are  
  needed for V0s 
•  simple minimum bias trigger 
•  momentum calibration cross-checks with mass distributions 
•  no PID required (except for proton results) 
•  preparation for more complex analyses (Bd -> J/ψ Ks, b-baryons, multistrange   
   baryons…) 

First Physics at LHCb:  

     production measurements                      K0
s cross sections at 0.9 TeV 

     antiparticle-particle ratios                        Λ/Λ , p/p ratios at 0.9 and 7 TeV 
     baryon-meson ratio                                 Λ/K0

s         ratio   at 0.9 and 7 TeV  
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Prompt K0
s
 production 

K0
s cross-section is the first LHCb measurement to contribute to the 

understanding and tuning of hadronisation/fragmentation models. 

•  6.8 µb-1 recorded in the 2009 pilot run 

•  K0
s reconstructed through: K0

s     π+π- 

•  high purity selection without requiring particle identification (ideal first      
  measurement for LHCb)  

•  main systematic contributions:  
- luminosity (~12%) 
- tracking efficiencies (~10%) 

10 

Physics Letter B 693 (2010) pp. 69-80 
arXiv:1008.3105v2 
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Prompt K0
s
 production – luminosity measurement 

currents widths positions angles 
12% 5% 2% 1% 

Integrated luminosity = (6.8 ±1.0) µb-1 
15% tot uncertainty dominated by beam currents   

Direct measurement of luminosity based on knowledge of beam profiles:  
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•  bunch currents from the machine 
•  beam size, positions and angles 
  measured with VELO using beam 
  gas interactions 

θ1= -0.002167±0.000015 
δ1= 0.553±0.009 

θ2= -0.001913±0.000069 
δ2= 0.489±0.051 

in latest measurements improved to ~5% 
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Prompt K0
s
 production - tracking 

•  signal extraction from fit 
•  cross-sections evaluated separately from both downstream and long track   
  selection (consistent results)  
•  results not statistically independent       downstream-track measurements   
  taken (except lowest pT bins 2.5<y<3.0 from long-track selection)  

Mass distributions of all selected K0
s candidates 
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long-tracks  
downstream-tracks  

during 2009 pilot run beam size and crossing 
angles larger than design -> VELO not fully 
closed -> only limited coverage for long tracks 
compared to nominal configuration 

MK0s   = 497.12 ± 0.14 MeV/c2 

σM       =  9.2 MeV/c2 
MK0s   = 497.43 ± 0.14 MeV/c2 

σM       =  5.5 MeV/c2 
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Prompt K0
s
 production 

Measurements in bins of y and pT and compared to LHCb MC (with and w/o 
diffraction)  and Perugia0 Tuning 

•  data favor harder pT spectrum than MC predictions 

13 

Perugia 0 tune 
(no diffractive contributions)  
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Prompt K0
s
 production 

•  K0
s cross-section not measured before at 0.9 TeV 

•  LHCb results reach larger rapidity values and lower pT than previous experiments 

Comparing with other experiments… 

14 
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Prompt K0
s
 systematics 
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Source of Uncertainty Errors 
signal extraction  1-5% 
beam-gas subtraction <1% 
MC statistics 1-5% 
track finding 6-17% 
selection 4% 
trigger 2% 
pT and y shape within bin 0-20% 
diffraction modeling 0-1% 
non-prompt contamination <1% 
material interaction <1% 
luminosity 15% 
Total systematic uncertainty 17-31% 
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V0 ratio measurements 
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Interesting physics probed by strange particle ratios: 

•  Baryon Number Transport   (Λ / Λ) 
  direct measurement of the baryon transport from the interacting beams to the  
  fragmented final states. 
  Various models of baryon number transport exist, measurements in the       
  LHCb kinematic range could provide new info to distinguish between models. 

•  Baryon Suppression (Λ / K0
s) 

  very sensitive test of fragmentation models since final states (meson and anti-   
   baryon) different from initial state (two baryons).  

•  Both ratios very important input for tuning of fragmentation models 
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V0 ratio measurements 
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LHCb preliminary 
LHCb-CONF-2010-011  

Measurement of Λ/Λ and Λ/K0
s  ratios using prompt particles with 2010 data:  

•  √s = 0.9 TeV       0.3 nb-1  
•  √s =    7 TeV       0.2 nb-1   

•  Λ, Λ and K0
s identified through: Λ      p π-, Λ      p π+, K0

s         π+ π- 

•  no PID info used, to get rid of cross feeds between K0
s  and Λ, the other resonance mass   

  hypotheses were tried. If invariant mass range around the other resonance mass         
         candidate discarded.  

Efficiencies from MC for prompt, non-diffractive events 

Ratios benefit from reduced systematic uncertainties (errors cancel out,    
absolute luminosity not required): σ(Λ/Λ)~2%, σ(Λ/K0

s)~2-12% 
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Strange Baryons Production 

Evidence for energy dependence of production ratios 

Baryon number conservation requires the destroyed beam particles in inelastic  
non-diffractive collisions must be balanced by creation of baryons elsewhere. 
How close baryon and anti-baryon are produced in the phase space? 

Λ 

Λ 

Λ 

Λ 

0.9 TeV 

7 TeV 

18 
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Baryon Number Transport 
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Measured n(Λ)/n(Λ) ratio: 

•   clear energy dependence seen 
•   measurements lie significantly  under MC prediction at 0.9TeV 
•   reasonable agreement at 7 TeV where the ratio is expected to be close to unity 

0.9 TeV 7 TeV 
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Baryon Number Transport 
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•  dependence on difference to 
beam rapidity observed 

•  results consistent with STAR 

Comparing rapidity bins at the same distance from the beam: 

       y1 = y2 + ln(Eb1/Eb2) 

allows to probe scaling violations  

Δy = ybeam – y(Λ) 
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Study of Baryon suppression  
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Measured Λ / K0
s production ratio 

•  significant differences data/MC 
•  forward region not well described by models 
•  sensitive observable for MC tuning 
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Source of Uncertainty Errors 
MC modeling of diffractive contributions  1% 

MC modeling of non-prompt contribution  1% 

Variation of selection cuts  1% 

Λ – Λ production and absorbtion along flight path  1% 

Transverse polarization - 

p –p interactions in the detector - 

Azimuthal modeling of the acceptance - 

Total systematic uncertainty  2% 

V0 ratio systematics 

22 

•  different polarities data were analysed 
   independently (good agreement) 
•  combined in a single measurement 

•  LHCb data – B field up 
•  LHCb data – B field down 
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Studies p/p ratio 
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•  measurement of p/p using prompt particles with 2010 data:  
•  √s = 0.9TeV  -> 0.3nb-1  (15 Mevts) 
•  √s =    7TeV  -> 0.2nb-1  (13 Mevts) 

•  largely independent  systematics w.r.t. Λ/Λ 
•  RICH Particle Identification DLL cut (*):    DLL(A-B) = Δln LAB=ln(LA/LB) 
  used to discriminate between hadron species   
•  PID calibrated in data: 

•  π and p  from K0
sπ+π- and Λ p π 

•  K from ΦK+K- with one track identified by RICH and the other one left  
  unbiased for PID measurement 

LHCb preliminary 
LHCb-CONF-2010-009  

•  high purity p(p) sample of 90-95% obtained over full LHCb acceptance 
p-K hypothesis separation 

p-
π

 h
yp

ot
he

si
s 

se
pa

ra
tio

n 

(*) the DLL(A-B) function tends to have +ve values for correctly A-type identified particles and –ve for 
correctly B-type identified particles. 
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Baryon number transport  p/p 
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•  enough statistics to make differential studies in pT 
•  uncertainty dominated by finite statistics of RICH calibration sample 

•  similar energy dependence as in Λ/Λ case observed 
•  reasonable agreement with Perugia0   
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Baryon number transport  p/p 
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•  scaling behaviour observed 
•  possibly slightly pT dependence 
•  consistent with previous measurements 

Ratio measured as a function of  rapidity loss: Δy = ybeam - ybaryon         

<y>  of the tracks in the  
corresponding η  bin 
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p/p ratio systematics 
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Source of Uncertainty Err. 
PID 3.6% 

Ghost tracks 1% 

MC detector description <1% 

Material interactions cross sections <1% 

Magnet Polarity 1.4% 

Tracking Asymmetries <2% 

Non-prompt contamination <1% 

Crossing angle <1% 

Tot Systematic Uncertainty 4% 

Tot Statistical Uncertainty 1% 

Tot Uncertainty 4% 

Systematic contributions (given for  pT> 1.2 GeV, 3.<η<3.5 at √s = 7TeV)  
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Summary 
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 LHCb has produced Minimum Bias results in a unique rapidity and transverse 
momentum range  

•  prompt K0
s absolute production cross section at √s = 0.9TeV presented: 

  - pT spectra tend to be “harder” than PYTHIA predictions 
    - extended measurement range to lower pT and new y range 

•  prompt Λ / Λ ratio at √s = 0.9TeV  
-  tends to be lower than PYTHIA Perugia0 and LHCb tune, 
  lower at larger y 

•  prompt Λ / Λ ratio at √s = 7TeV   
  - in fair agreement with PYTHIA LHCb tune,  
                 quite flat vs. y 

•  prompt p / p  ratios at √s = 0.9TeV and √s = 7TeV 
               - show similar energy dependence as Λ / Λ  

•  prompt Λ / K0
s ratio at √s = 0.9TeV and  √s = 7TeV  

-  baryon suppression in hadronization is lower than predicted   

More Minimum Bias studies are on the way (multiplicities, inclusive ϕ…) 
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LHCb data   
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•  6.8 µb-1   at √s= 0.9 TeV in the 2009 pilot run 
•  0.31 nb-1 at √s=  0.9 TeV in 2010 
•  38    pb-1 at √s=    7 TeV  in 2010 have been recorded 
  so far (~90% of delivered lumi) 

Inclusive distributions 

Strangeness production 

charm signals 

J/ψ production 

first b results – we are here 

# recorded MinBias events needed to observe 100 evts of process X 
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Prompt K0
s
 production: selection 

•  6.8 µb-1 recorded in the 2009 pilot run 
•  K0

s reconstructed through: K0
s     π+π- 

•  differential cross section quoted for 0<pT<1.6 GeV/c,  2.5<y<4 
•  VELO partially open (15mm) 
•  CALO trigger with 2x2 cluster with Et>240MeV in HCAL and SPD hits >2 

29 
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Prompt K0
s
 production 

30 

•  cross sections in bins of pT and y of the KS: 

fraction of the K0
S daughter tracks traversing the spectrometer are leaving a signal in the

VELO. A K0
S sample based on long tracks reconstructed with hits in the VELO and T

stations contains a very clean and high-resolution signal, but suffers from low statistics.
Therefore, two analyses paths are followed for the K0

S reconstruction and selection:

a) Tracks reconstructed only with hits in the TT and T1–T3 stations (called down-
stream tracks) are used, without requiring hits in the VELO. The origin of the K0

S

is calculated as the point on the z axis with the same z coordinate as the point of
closest approach between the reconstructed flight vector of the K0

S candidate and
the z axis. This point is taken as an estimate of the primary vertex (PV), and
referred to as the ‘pseudo-PV’.

b) K0
S candidates are formed with tracks leaving hits in the VELO and in the T stations

(called long tracks), while the primary vertex is reconstructed from tracks seen in
the detector, using VELO information whenever available.

The two approaches are complementary and are affected by different systematics: the
former (dubbed the ‘downstream analysis’) yields the most precise results in most of the
phase space, while the latter (‘long analysis’) allows a small extension of the phase space
coverage.

The analyses are performed in bins of K0
S phase space. As kinematic variables we use

the K0
S transverse momentum pT =

√

p2
x + p2

y and the rapidity y = 1
2
ln((E+pz)/(E−pz))

with respect to the z axis, where (E, !p) is the K0
S four-momentum in the pp centre-of-mass

system. For a given bin i in pT and y, the partial inclusive K0
S production cross section

is estimated as

σi =
Nobs

i

εtrig/sel
i × εsel

i × Lint

, (1)

where Nobs
i is the number of observed K0

S → π+π− signal decays with reconstructed
pT and y in bin i (extracted from the mass distribution of the K0

S candidates), εsel
i the

selection efficiency, εtrig/sel
i the trigger efficiency on selected events, and Lint the integrated

luminosity.
The selection efficiency is estimated from a fully-simulated Monte Carlo (MC) sample

of single pp collisions as

εsel
i =

M sel
i

Mgen,prompt
i

, (2)

where M sel
i is the number of K0

S → π+π− signal decays selected in the untriggered MC
sample with reconstructed pT and y in bin i (extracted using the same procedure as in the
data), and where Mgen,prompt

i is the number of true prompt K0
S mesons with true pT and y

in bin i. This efficiency includes the geometrical acceptance, which is the main effect, as
well as the reconstruction and selection efficiencies. It incorporates all corrections related
to the following effects: secondary interactions of K0

S in the material, K0
S lifetime and

K0
S → π+π− branching fraction, decay in flight and secondary interaction of the decay

products, non-prompt K0
S production and finite resolution on the pT and y observables.

3
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3

Note that the observed signal includes a small contamination of non-prompt K0
S, but that

the efficiency-corrected signal does not.
The trigger efficiency is estimated using the same MC events. However, since it de-

pends on the global event properties, the MC events are weighted to reproduce the ob-
served track multiplicity in the selected signal events. We then compute

εtrig/sel
i =

Y trig/sel
i

Y sel
i

, (3)

where Y trig/sel
i and Y sel

i are the weighted MC signal yields extracted after and before the
trigger is applied.

The integrated luminosity Lint is determined using a novel method [8]. Tracks mea-
sured in the VELO allow vertices from beam-beam and beam-gas collisions to be recon-
structed. From the distributions of these vertices, the positions, angles and transverse
sizes of the proton bunches are measured, and their overlap integral computed. Combin-
ing this information with bunch current estimates from the LHC machine yields a direct
measurement of the integrated luminosity.

4 K0
S selections and signal extraction

In a first selection, a K0
S candidate is formed from any combination of two oppositely-

charged downstream tracks, assumed to be pions, and satisfying the requirements listed
in the top part of Table 1. The previously-defined pseudo-PV is required to be in the
luminous region. Combinatorial background is reduced by requesting minimal pion impact
parameters with respect to the z axis as well as a minimal K0

S proper time, and the non-
prompt K0

S component is suppressed using a cut on the angle θpointing between the K0
S

momentum vector and the direction defined by the pseudo-PV and the K0
S decay vertex.

The beam-gas subtracted mass distribution is shown in Fig. 1 (left). A binned maxi-
mum likelihood fit describing the background with a linear function and the signal with
the sum of two Gaussian functions of common mean value, with all parameters left free,
gives a total K0

S signal yield of 4801 ± 84, a mean mass value of 497.12 ± 0.14 MeV/c2

close to the known K0
S mass of 497.61 ± 0.02 MeV/c2 [9], and Gaussian resolutions of

5.9± 0.4 MeV/c2 (for 57% of the signal) and 12.3± 1.1 MeV/c2 (for the remaining 43%),
where quoted uncertainties are statistical only.

Similar mass fits are repeated for each bin in pT and y to extract the partial signal
yields reported in the first part of Table 2. The systematic uncertainties quoted on these
yields are obtained from the use of an alternate (exponential) background model in the
mass fits, from a simple sideband subtraction assuming a linear background, and from a
comparison between the fitted signal yields and the true signal yields obtained in a MC
sample.

As an alternate selection, K0
S candidates are reconstructed using pairs of oppositely-

charged long tracks and primary vertices using at least three tracks with or without VELO
hits. Each K0

S candidate is associated with the PV that minimizes its impact parameter,

4

Trigger efficiency  
from reweighted MC 
reproducing track multiplicity 
in data 

Reconstruction + selection efficiency 
from MC  
(includes acceptance, secondary 
interactions, branching ratio,  
non-prompt production,  
pT and y resolution, …) 

Luminosity from  
beam-gas method 

KS → π–π+ yield  
from beam-gas 
subtracted mass 
distribution of  
selected candidates 

N pp-coll = Nbb – βNbe 
β = 0.916±0.019 
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V0 ratio measurements 
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LHCb preliminary  
Measurement of Λ/Λ and Λ/K0

s  ratios using prompt particles with 2010 data:  

•  √s = 0.9 TeV       0.3 nb-1  
•  √s =    7 TeV       0.2 nb-1   

•  Λ, Λ and K0
s identified through: Λ      p π-, Λ      p π+, K0

s         π+ π- 

•  microbias trigger 
•  Long tracks used (χ2/ndof<20) 
•  >= 1 PV , cut on mother pointing angle to PV, cut on mother IPχ2 w.r.t. PV 

•  no PID info used, to get rid of cross feeds between K0
s  and Λ, the other resonance mass   

  hypotheses were tried. If invariant mass range around the other resonance mass         
  candidate discarded.  

•  high-purity K0
s and Λ selection based on a combination of impact parameters (IP): 

     
         ν = log(IP1) + log(IP2) – log(IPV0) 

Efficiencies from MC for prompt, non-diffractive events 

Ratios benefit from reduced systematic uncertainties (errors cancel out,    
absolute luminosity not required): σ(Λ/Λ)~2%, σ(Λ/K0

s)~2-12% 
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•  measurement of p/p using prompt particles with 2010 data:  
•  √s = 0.9TeV  -> 0.3nb-1  (15 Mevts) 
•  √s =    7TeV  -> 0.2nb-1  (13 Mevts) 

•  microBias trigger used (random L0.and.at least 1 VELO track segment in HLT1) 
•  >=1PV, |zPV| <200mm 
•  Long tracks used (χ2/ndof<10) 
•  IP quality cut, P>5GeV/c 
•  RICH Particle Identification DLL cut (*):    DLL(A-B) = Δln LAB=ln(LA/LB) 
  used to discriminate between hadron species   
•  PID calibrated in data: 

•  π and p  from K0
sπ+π- and Λ p π 

•  K from ΦK+K- with one track identified by RICH and the other one left  
  unbiased for PID measurement 

•  high purity p(p) sample of 90-95% obtained over full LHCb acceptance 
(*) the DLL(A-B) function tends to have +ve values for correctly A-type identified particles and –ve for 
correctly B-type identified particles. 
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•  strong energy dependence observed also for other particle types 
•  important input for MC tuning 

***distributions after selection but prior to any correction  
    for reconstruction biases 


