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  LHCb Experiment 

  Detector Performance 

  First Results with LHC Beam Data 

–      D 

  Outlook and Conclusions 

20 -21 Sept. 2010 UK HEP Forum 

For prospects of LHCb measurements 
with 1 fb-1 in CP violation and Rare Decays  

See talk by Mitesh Patel 
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VELO

collision 
point

~1 cm

B

Dipole
magnet

Crucial for LHCb physics programme 
•  optimised geometry and choice of luminosity 
•  Trigger efficient in hadronic & leptonic modes  
•  excellent tracking and Vertexing (σm, στ) 
•  excellent particle ID - RICH 

b-b   angular  
correlation 
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   LHCb operation efficiency > 90% 

  Luminosity 
–  ~ 3.2 pb-1 recorded 
–  Currently L~1031 cm-2 s-1  

at start of fill 

  Goal for 2010  
–  Lumi ~ 1032 cm-2 s-1 looks realistic 
–  t 20-50  pb-1 this year 

  Goal for 2011 
–  Expect  ~1 fb-1 

–  LHCb should reach its design luminosity in 2011 

20 -21 Sept. 2010 UK HEP Forum 
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LHCb Integrated Luminosity LHCb Cumulative Efficiency 

LHCb operates very reliably 
with high efficiency 
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194 LHCb users 

reprocessing in 6 
TIER 1 centers 

data successfully shipped 
from CERN to TIER1 centers 

processing and user jobs 
share half/half CPU time 

20 -21 Sept. 2010 UK HEP Forum 

Major UK Involvement 
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  Major UK involvement 
–  Sensors, Hybrids, …  

  21 VELO stations 
–  R & phi sensor halves 
–  Open during LHC beam 

injection and ramp-up 
–  Fully closed a 7 TeV 

stable running 
  VELO Status 

–  VELO sensors all 
powered 

–  Cluster finding 
efficiency 99.8% 

20 -21 Sept. 2010 UK HEP Forum 

VELO 
Open 

VELO 
Closed 
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  Cluster finding efficiency 99.7% 
  Module and sensor alignment   

known to better than 5 mm 
     VELO is opened during injection ! 
      Fill-to-fill variation of two halves 
      relative alignment < 5mm   

20 -21 Sept. 2010 UK HEP Forum 

Best VELO hit resolution is 4 µm 
Great achievement !!! 

Single Hit Resolution 

Misalignment between VELO halves 
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  ~20µm Impact Parameter 
resolution @ high pT   

  Further improvement expected 
with better alignment and 
material description 
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X resolution 
Y resolution 

Primary Vertex resolution:  
 ~15µm for x & y, σz ~ 90µm 

Impact Parameter Resolution (x) 
Impact Parameter Resolution (y) 
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IT 98.6%  of channels working 
                   hit resolution [µm]    IT  TT 

- old MC, inspired by test beam:     40    40 
 - data:                                          55    65 
   - hit resolution:                          54    55 
   - misalignment:                          10    35 

→ retuned hit resolution in MC 
    (not yet in standard production) 
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TT 99.6%  of channels working 

Residual (mm) 

LHCb  
Preliminary 

Residual (mm) 

LHCb  
Preliminary 

TT IT 
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within ± 30 µm 

OT/IT relative alignment sensitive 
to movements in this order 

→ new alignment constants for 
     every interval 

OT 99.3 % of channels working 

outer tracker resolution ± 250 µm,  
close to expectation from test beam data 

C frames of OT  are moved in and out for 
maintenance 

20 -21 Sept. 2010 UK HEP Forum 

LHCb  
Preliminary 

OT 
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Ks → ππ 
 σ(data) = 3.3 MeV 
 σ(MC) = 2.6 MeV 

D0 → Kπ 
 σ(data) = 9 MeV 
 σ(MC) = 7 MeV 

L~100 nb-1 

J/ψ → µµ 
 σ(data) = 16 MeV 
 σ(MC) = 12 MeV 

Already very good mass resolution, will be improved with better alignment, huge data samples  

L~140 nb-1 

L~100 nb-1 

L~600 nb-1 

Υ → µ µ 
 σ(data) = 50 MeV 



17 UK HEP Forum RICH1 RICH2 

C4F10 gas 
n=1.0014  

Up to ~70 GeV/c 

CF4 gas 
n=1.0005  

Beyond ~100 GeV/c 

Silica Aerogel 
n=1.03  

1-10 GeV/c 

Major UK involvement  
in RICH1 and RICH2  
          π / K / p separation  
          2 – 100 GeV/c  
          two gaseous and one aerogel radiator 

LHCb Data 
(Preliminary) 

Kaon Ring 

20 -21 Sept. 2010 
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ϕ  KK ? 

Without 
PID 

with PID 

ϕ  KK ! 

20 -21 Sept. 2010 

ϕKK at 7 TeV 

  PID Performance 
–  Alignment and Calibration 

ongoing 
–  Angular resolutions close to 

expectations 
–  Calibration of efficiencies 

and Mis-id rates with data 
(KS, Λ, ϕ and D*+) 

65 µb-1                         

ϕKK at 900 GeV 
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19�
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Tracking 
system 

Muon 
system 

J/ψ→µµ 

µ probe 

µ tag 

J/ψ 

ψ(2S) 

High µ-ID efficiency 
•  P(π→µ) = (2.35±0.04)% [Ks→ππ] 
•  P(p→µ) = (0.21±0.05)% [Λ→pπ] 
•  P(K→µ) = (1.67±0.06)% [φ→KK] 
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ECAL is calibrated to 2% level 
π0 resolution is better than expected 

π0γγ
σ = 7.2 MeV 

20 -21 Sept. 2010 UK HEP Forum 

Clear J/ψ signal is reconstructed 
in e+e- decay mode 

D0  Kππ0
σ = 23.5 ± 2.5 MeV 

Reconstruction of D decays in the final 
states with neutrals looks encouraging ! 

L ~ 150 nb-1 
J/ψ  e+e-

σ = 109 ± 8 MeV 
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Apply very low pt cuts – main purpose of 
L0 is now to seed HLT1 regions of interest  

Reduce requirements on track impact 
parameter w.r.t. nominal settings 

Not needed at all initially,  then introduce 
with rather loose suppression requirements 

2010 approach 

Boost trigger efficiencies for hadronic decays of promptly produced 
D’s ⇒ Golden opportunity for charm physics studies!  

Total efficiencies for hadronic B decays ~70% and for leptonic decay 
modes >90%. 

For bulk of running foreseen this year, with luminosities up to a few 1031 cm-2 s-1 , 
we can relax many of our trigger cuts 

20 -21 Sept. 2010 UK HEP Forum 
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Take D*, D0→Kπ signal collected in minimum bias events & evaluate preliminary  
L0*HLT1 performance with 2010 low luminosity trigger settings 

Eff-trigL0*HLT1(data) = 60 ± 4 % 
MC expectation = 66 %  

Performance curves of single-hadron HLT1 line on data  

LHCb preliminary LHCb preliminary 
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 Measure performance of L0*HLT1 (using lifetime  
     unbiased HLT1 lines) for J/ψ→µµ 

Transport results to harder pt spectrum expected for Bs→µµ  

pT(µ1) + pT(µ2), MeV pT(µ1) + pT(µ2), MeV 

ε = 98.8 ± 0.8 ± 1.3 % 

20 -21 Sept. 2010 

Data agree well with MC 
LHCb trigger concept has been proven with data !!! 

LHCb is currently running with the pile-up higher than expected at nominal conditions  
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Strangeness  production Open and hidden  
charm  production 

Open  and hidden  
beauty production 

20 -21 Sept. 2010 
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  Particle production 
–  Ks cross section 
–  Λ/Λ, p/p, Λ/Ks production ratios 

  J/ψ cross section 
  σ(pp → bbX) cross sections 

–  extrapolation from inclusive J/ψ 

–  extrapolation from b → D0 µ ν X 

  Open-charm cross sections 
–  D+/D°/D*/Ds production 

  First Exclusive B Decays 
–  Leptonic (J/ψX) and  modes 

20 -21 Sept. 2010 UK HEP Forum 

exploit unique coverage 
of phase space 

Most Results Preliminary
Data Sets:
~2 nb-1 to ~1 pb-1 
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LHCb 
Perugia 0  
LHCb MC 
LHCb MC  

+ PYTHIA 6  
   diffraction 

First Published LHCb Result 

arXiv:1008.3105 

Physics Letters B 693 (2010) 
pp. 69-80 

20 -21 Sept. 2010 UK HEP Forum 

  2009 Data Sample 
–  √s = 900 GeV 
–  6.8±1.0 µb-1 

  Method 
–  KS reconstruction in ππ mode 
–  Vertex detector (open) not used 

  Luminosity measurement 
–  from beam-beam and beam-gas 

profile  
  Results 

–  Transverse Momentum pT in 3 bins 
of rapidity y 

–  Data slightly harder than Pythia6 
diffraction  and Perugia0 tuning  



28 20 -21 Sept. 2010 UK HEP Forum 

Comparison with other experiments 

First pp results at this energy 
Extended  the kinematic range  
towards  higher  rapidity and very low pT 
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Λ

_

Λ

_

Λ

Λ

•  analysis made with long tracks only  
•  no particle id. used 

•  pointing of the Λ to the primary vertex required  

∫ L ~ 0.3 nb-1 

∫ L ~1 nb-1 

20 -21 Sept. 2010 UK HEP Forum 
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•  At 0.9 TeV 
–  Perugia tunes do not include 

diffraction 
–  LHCb tunes include diffraction 
–  Tends to be lower than PYTHIA 

Perugia0 tune and LHCb tune, 
lower with large y  

•  At 7 TeV 
—  ratio larger, ~ flat in y 
—  prediction in fair agreement 

20 -21 Sept. 2010 UK HEP Forum 
Rapidity wrt beam Δ y = y(beam) – y(Λ) 

y(beam) = 6.6 : √s = 0.9 TeV 
               = 8.3 : √s = 7 TeV 

Rapidity y 

Rapidity y 
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  Baryon vs meson production ratio 
with pp collisions at √s = 0.9 & 7 TeV 

–  Baryon suppression in hadronisation 
significantly lower than predicted 

  Anti-p/p production ratio with pp 
collisions at √s = 0.9 & 7 TeV 

–  Results at both beam energies 
compared in Δy show consistency, 
also with other experiments  

20 -21 Sept. 2010 UK HEP Forum 

_ 
_ 

Rapidity y 

Rapidity y 
Rapidity wrt beam Δ y = y(beam) – y(Λ) 
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  Three main sources of J/ψ 
–  direct production in pp collisions 
–  feed down from heavier charmonium states  

(ψ(2S), χc,…) 
–  J/ψ from b hadrons decays  

  J/ψ measurements of interest because 
–  Prompt production mechanism not well understood  
–  Secondary  J/ψ provide convenient b-tag 
–  Di-muons central to many of core LHCb flavour studies 

pT of J/ψ 

y of J/ψ 
20 -21 Sept. 2010 UK HEP Forum 
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ICHEP 2010 result  for J/ψµµ  (L~14nb-1) 
(2.5 < y < 4, pT < 10 GeV/c): 
                  Nsignal = 2872±73 

                  M = 3088.3 ± 0.4 MeV/c2 
                   σ = 15.0 ± 0.4 MeV/c2  

Fraction of J/ψ produced in b decays 
extracted from the fit to pseudo propertime, tz 

        fb = 11.1 ± 0.8%  (316 ± 24 events) 

J/ψ  µµ 

J/ψ from B 

J/ψ  ee 

J/ψ from B 

Pseudo propertime: tz=dz× M(J/ψ) / pz 
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LHCb 7 TeV   σ( J/ψ; pT< 10 GeV/c, 2.5<y< 4) = 7.65 ± 0.19 ± 1.10+0.87
  µb 

uncertainty  
from polarization 

-1.27 

Scale and shapes not well described  
by neeither color singlet or color octet 

Different 
polarization  
hypotheses 

polarization will be measured 

Extrapolation to the full angular acceptance using PYTHIA 6.4 and EvtGen: 
     σ ( pp  bbX ) = 319 ± 24 ± 59 µb  
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Measured with BD0µ X events   

K-π+ mass spectrum used 
to define signal shape  

Impact Parameter (IP) D 
distribution used to separate 
prompt D and D produced 

in B decays (DfB)  

L ~ 3 nb-1 

DfB 

Prompt 

Log (Impact Parameter/mm) 
20 -21 Sept. 2010 
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 from B 

prompt 

1540 ± 45 signal events 
with D from B 

DfB:         15 ± 16 
Prompt:   51 ± 10 
Fake D:     263 ± 8 

L ~ 100 nb-1 Right sign D0μ- +h.c. Wrong sign D0 μ+ +h.c. 
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For the cross section measurement use sub-sample of L ~ 14 nb-1 

η LHCb 

2-6 75.3±5.4±13.0 µb 

all 284±20±49 µb 

Averaging between b  J/ψX 
and b  D0Xµν gives 

σ (pp  bbX) = 292 ± 15 ± 43 µb 
(assuming LEP frag. fractions)

Theory: 
MCFM 332 µb, NFMR 254 µb 

(MCFM) 

(NFMR) 

First LHCb  B-Physics paper 

arXiv:1009.2731 

Submitted to PLB 
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Open charm production cross-sections measured in forward region 
2 < y < 5  for D*, D0, D+ and Ds.  

Event Yields in 1.8 nb-1  with open Min. Bias Trigger 

Excellent S/B  Particle ID (RICH) 
Expect several million tagged D0→KK in 100 pb-1 
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Good agreement between 
data and predictions 

Cross section  
Comparison to QCD prediction 
in bins of rapidity y (2 to 4.5) vs 

transverse momentum  
pT (0 to 8 GeV/c) 
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Good agreement between 
data and predictions 

Cross section  
Comparison to QCD prediction 
in bins of rapidity y (2 to 4.5) vs 

transverse momentum  
pT (0 to 8 GeV/c) 
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Good agreement between 
data and predictions 

Cross section  
Comparison to QCD prediction 
in bins of rapidity y (2 to 4.5) vs 

transverse momentum  
pT (0 to 8 GeV/c) 
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Good agreement between 
data and predictions 
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Measured cross-section ratio  
(D+ + c.c. /  D+

s + c.c)  .  
The measurements are integrated over rapidity in 

the range 2 < y < 4.5 

No pT dependence is observed 

Ratio is consistent with the expectation       
 3.08 ± 0.70 
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B→D(Kπ)π: B and D mass peaks  

~0.4 pb-1 

20 -21 Sept. 2010 UK HEP Forum 

~0.3 pb-1 

~0.3 pb-1 
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BdKπ  

BsKK 

Bdππ  

lifetime fit on BdKπ  

Yields consistent  with expectations 

20 -21 Sept. 2010 UK HEP Forum 
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Background in Bs mass region:  
M(Bs)± 600 MeV:   

Data/MC = 1.5±0.4 

  Super rare decay in SM  BR ~ O(10-9) 
  Very sensitive to new physics 

See talk by  
Mitesh Patel 
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  Lifetime unbiased selection 
  Yields as expectations 
  Very good B mass resolution (J/psi mass constraint) 

20 -21 Sept. 2010 UK HEP Forum 

~600 nb-1 
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 φ sJ/ψφ = -2βS  is very small and  
precisely predicted in SM 
 Very sensitive to NP !!!   

Number of signal events as expected  

Bs J/ψφ 
M(J/ψφ) vs t(ps) 

t > 0.3 ps L ~ 600 nb-1 
Nsignal= 27 ± 5.5 

20 -21 Sept. 2010 

See talk by  
Mitesh Patel 
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Unique η coverage of LHCb allows for very interesting W,Z production studies 

 Switch-over in W+ / W- ratio in acceptance 
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  ~20 – 50  pb-1  2010 
–  Lots of new results 
–  Several more papers in preparation 

  ~1 fb-1  2011 
–  Start to Compete with and Tevatron and B-factories 
–  Bs→J/ψϕ, Bs→µµ, , Bd→K*µµ, Bs mixing, CKM angle γ,  
–  Start of full LHCb physics programme 
–  Probe new physics in CP Violation and rare  heavy flavour decays 

  LHC Physics in ~2015 
–  New Physics  (NP) will hopefully be discovered by ATLAS/CMS and LHCb 
–  New Physics will very likely show up in Flavour observables 
–  Better Flavour Physics will be required to elucidate NP flavour structure or 

probe NP at higher mass scale 
  LHCb Upgrade 

–  LHC is a Super Flavour factory,  O(1MHz) rate of b-quarks 
–  Operate experiment at ~10 times design luminosity 

20 -21 Sept. 2010 UK HEP Forum 

See talk by  
Mitesh Patel 
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  LHCb experiment is fully commissioned 
–  All detectors are fully operational 
–  Data taking with LHC beams at 7 TeV  

  Excellent LHCb Detector Performance 
–  Detector performance close to expectations 
–  Trigger Concept  validated with data 
–  Vertex detector and Particle ID close to expectations 

  First LHCb Results 
–  Observed most SM particles, including Charm Resonances and B mesons and 

W bosons  with yields as expected 
–  First cross section measurements for light, strange, charm and Beauty 

  Looking forward to analyse full 2010/11 LHC data set 
–  Exciting prospects with 1 fb-1  
–  Will compete with or improve  upon  Tevatron and B-factories 
–  Could observe New Physics with this run 

  R&D for LHCb upgrade has started 

20 -21 Sept. 2010 UK HEP Forum 
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•   Excellent prospects for CPV studies; sensitivity < 0.1% is feasible at LHCb with 
    first 100 pb-1 !!!  Expect several million tagged D0  KK  

( BELLE 540 fb-1 analysis  uses ~105 tagged D0KK) 

• Similar opportunities in many other D physics topics, e.g. search for D0µµ 

L ~ 100 nb-1 

D*+π+D0(K-K+) 
Nsig= 1931±112 

D*+π+D0(π-π+) 
Nsig= 635±38 

m(πKK)-m(KK) m(πππ)-m(ππ)

20 -21 Sept. 2010 
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Efficiency as a function of pT 

Obtained using KS candidates: 

      Tracks (VELO + IT/OT+CALO)  
           Tracks (VELO + CALO) 

•   Similar method can be  
    used to evaluate the 
    efficiency of VELO 

•    Very good agreement  
    between data and MC 

•   Other resonances can be 
    reconstructed as well  

ε =

T station 

TT 

VELO 

K→ππ 

CALO 

Long Track 

Long Track ? 

VELO-CALO track 

20 -21 Sept. 2010 
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χc signal with LHCb calorimeter 

σ fixed to 27 MeV (MC value)
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Plot by H.Woehri & 
C.Lourenco 

20 -21 Sept. 2010 UK HEP Forum 
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Coutinho 
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Same technique can be exploited to reconstruct 
 b  D+ / Ds / Λc Xµ- ν  decays 

Essential information for determination of b - fragmentation fractions 

Example: 

20 -21 Sept. 2010 
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W bosons in LHCb – first results 

LHCb preliminary 59 nb-1 W events being accumulated 

 pt spectrum after pre-selection 

Already able to probe asymmetry 
between W+ and W- productions 

(Stat errors only) 
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  LHC is ramping up 
–  Expect O(200 pb-1) in 2010 

  MC simulation 
–  At Ecm = 14 TeV 
–  Event yields for 2fb-1 
–  LHCb design luminosity of  

2x 1032 cm-2s-1 
–  Cross section (bbbar) = 500 µb   

  Outlook/Comparison 
–  For 2011 expect design 

luminosity 
–  Lower energy, but conservative 

cross section  
–  Small reduction in statistical 

precision for 
–  LHCb should reach nominal 

physics performance in 2011 
–  In 2010 lower luminosity allows 

to lower thresholds (charm)   x  0.44 σ 
[m

b]
 bb 

20 -21 Sept. 2010 UK HEP Forum 
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