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LHCb physics goals 
☐  Broad and ever expanding 
☐  Search for new physics manifest itself in 

beauty decays and charm decays 

 
 
 Tree diagram example                  Loop diagram example 
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q Explore new manifestations of the strong interaction 
through the study of exotic states 

q General purpose detector in the forward direction 



The Forward Direction at the LHC 

☐  In the forward region at LHC the bb 
production σ is large 

☐  The hadrons containing the b & b 
quarks are both likely to be in the 
acceptance. Essential for “flavor 
tagging” 

☐  LHCb uses the forward direction 
where the B’s are moving with 
considerable momentum ∼100 GeV, 
thus minimizing multiple scattering  

☐  At L=4x1032/cm2/s, we get ~1012 B 
hadrons in 107 sec in the LHCb 
acceptance.   
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ϑ[B (rad)] 
θ[B (rad)] 

Production 
ϑ of B vs B 

Measured cross 
section at 7 TeV in 
LHCb acceptance is 
~90 µb 

arXiv:1009.2731 
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The LHCb detector  
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LHCb physics: a snapshot based on 
RUN I 

Many analyses still ongoing exploiting in novel ways the RUN I data set: 
new results expected at all the major conferences in 2016 
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Violation of lepton universality  
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B→D*τν at LHCb 

 
 
 
☐  Use isolation TMVA to discriminate between signals and variety of backgrounds 



B➛D*τν fit 
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Fit in 4 q2 bins: fit 
variables Em(CM)& 
mmiss

2: 
q  templates for each 

component using 
approximate B 
momentum  

LHCb-PAPER-2015-025 
arXiv:1506.08614  
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B➛D(*)τν summary 
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(Hadronic Tag)
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LHCb-PAPER-2015-025

Presented at FPCP2015

PRD 88 (2013) 072012

PRD 82 (2010) 072005

Standard Model
Fajfer et al, PRD 85 (2012) 094025

In progress at LHCb B→D*τν, with τ→3π(π0)… 
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exotic hadrons & QCD 
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☐  theory perspective: 
☐  lattice QCD is poised to predict mass and decay properties of ordinary 

hadrons,  but also exotica (glueballs, tetraquarks, pentaquarks…) 
“Multiquark correlations inside hadrons can have a significant and in some cases 
even striking impact on the hadron spectrum. We show how such correlations in 
general, and mesons with a dominant tetraquark content in particular, emerge 
holographically in the AdS/QCD framework.” Forkel arXiv:1206.5745 

☐  experimental perspective: 
☐  Nature of scalar nonet still a mystery  
☐  zoo of exotic X,Y,Z particles containing b and c quarks are being 

discovered 
☐  Here is the summer sensation: c c-

d

u u

d

created by S. Stone

created by S. Stone
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Physics World 
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One of the top 10 physics breakthrough  of 2015 

CERN 
VISUALIZATION, 
less sport oriented 



☐  Dalitz plot show  
     an unusual feature 
         [arXiv:1507.03414] 

  

Pc states in Λb→J/ψK-p  
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…Λ*’s 

projections 
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Decay amplitude analysis 
☐  Are there “artifacts” that can produce a peak? 

☐  Many checks done that shows this is not the case: 
e.g. changing p to K, or π to K allows us to veto 
misidentified Bs→J/ψK-K+ & B0→J/ψK-π+ 

☐  Clones & ghost tracks eliminated 
☐  Ξb decays checked as a source 

☐  Can interferences between Λ* resonances 
generate a peak in the J/ψp mass spectra? 

☐  Implemented a decay amplitude analysis that 
incorporates both decay sequences 
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Pentaquarks 



LHCb RUN II 
An important milestone towards the phase 1 upgrade 
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The LHCb Trigger evolution 
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N
ew

! 

RUN I 



Run II Trigger overview 
☐  LHCb detector read out at 1 MHz 
☐  Hardware trigger (L0): 

☐  Based on multiplicity, calorimeter, and muon detectors 
☐  Fixed latency of 4 µs 
☐  Reduces rate to 1 MHz 
☐  Higher thresholds in Run II 

☐  Software trigger (HLT): 
☐  Split into 2 applications (HLT1 & HLT2) 
☐  Events buffered after HLT1 
☐  Output rate 12.5 KHz 
☐  HLT software 40% faster 
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Tracking in HLT1 
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To be improved in the PHASE 1 upgrade with 
replacement of TT→UT with optimized 
acceptance and granularity, construction project 
lead by US institutions with NSF support 



Real time calibration and alignment 

☐  We want the trigger to be more efficient and selective 
⇒same online and offline reconstruction  
⇒ prompt alignment and calibration needed 

☐  Alignment per fill: 
☐  Collect suitable data with dedicated HLT1 selections, e.g. J/ψ→µ+µ-, 

D0→K-π+

☐  Run “alignment workers” on the HLT farm 
☐  Apply updates of VELO and/or tracker alignment if needed 
☐  RICH mirror alignment and muon alignment for monitoring 
☐  ECAL gain calibration 

☐  Alignment per 1 h run (available in ~1 minute after data 
collection) 

☐  RICH and outer tracker t0 

Marina Artuso HEPAP 4/1/2016
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Real time alignment 
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Online reconstruction 
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q Resolution obtained online 
in Run 2 comparable or 
better than Run 1 offline 

q Data available to be 
analyzed 1 day after 
recording 

q New HLT gains >50% 
efficiency for charm 
physics 

 



HLT2 selection (beauty) 
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q Inclusive beauty selections: 
q MVA based 2, 3, 4 body detached vertices 
q Di-muon selections 
q Exclusive beauty selection (e.g. B→γγ) 
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HLT2 & turbo stream 
☐  Nearly 400 selections in total (beauty, charm, electro-

weak bosons..) 
☐  12.5 KHz to tape 
☐  Offline reconstruction available online → do physics 

analysis with HLT candidates 
☐  TURBO stream: 

☐  Substantial fraction of events have no raw information 
written: must be performed on the trigger output. 

☐  Space reduced by >90% 
☐  Ideal for high-yield analyses 
☐  O(24h) turn-around. 

Marina Artuso HEPAP 4/1/2016
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1st application of the turbo-stream 

☐  The bb and cc cross sections at 13 TeV were presented 
at EPS 2015 within about 1 week of recording the data: 
they were measured using the trigger output. 

☐  Some remarks: 
☐  Resolution obtained using online reconstruction in Run 2 

comparable to (or better of) Run 1 offline reconstruction. 
☐  Data available ~24 hours after recording 
☐  New HLT gains >50% for charm physics 
☐  We expect 3-5 times increase in the flavor physics data 

sample in Run II, and about 20 times higher statistics for 
high-pt final states like top 
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Charm hadrons at LHCb 
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“prompt” charm Charm from B 

J/ψ sample separated into “prompt” to determine “prompt J/ψ cross-section” and 
“J/ψ from b cross section” 



J/ψ selection 
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Prompt J/ψ cross-section 
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arXiV:1509.00771 



Comparison with 8 TeV data 
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J/ψ from b cross-section 
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Comparison with theory 
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LHCb detector – another view 
☐  Complementary to ATLAS & CMS 
☐  Much less expensive  
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Z→µ+µ- production cross-section at 
13 TeV 
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THE LHCB PHASE 1 UPGRADE 
Taking strides towards the future 
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The LHCb PHASE 1 upgrade 
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US lead: Syracuse, 
Maryland, Cincinnati, MIT 
& INFN Milano, CERN, 
Zurich, AGH Krakow 

To be installed in 
2019-2020 shut down 



The LHCb Upgrade trigger concept 
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q Remove the 1 MHz L0 
hardware trigger bottleneck 

q Goal is to run the full tracking 
at 30 MHz and make some 
loose selection 

q Many events expected to go 
to Turbo Stream 

q Very effective approach to 
improve LHCb sensitivity in 
many BSM searches 



Projected sensitivity to key 
observables 
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LHCb PUB-2014-040-7 



Conclusions 
☐  The LHCb is poised to continue the 

exploitation of the rich Run I 
☐  Run II is a key milestone towards the 

validation of the key trigger and DAQ 
philosophy for the phase I upgrade 

☐  2016 production year: expected 1.5 fb-1 

☐  Phase I detector construction is at a good 
start! 

Marina Artuso HEPAP 4/1/2016
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THE END 
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Flavor as a High Mass Probe 

☐  Already excluded ranges 
☐                      , take ci = 1    
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Leff = LSM +
ci
Λi
2 Oi

i!

See: Isidori, Nir 
& Perez arXiv:1002.0900; 
Neubert EPS 2011 talk 

Ways out 
1.  New particles have 

large masses >>1 
TeV 

2.  New particles have 
degenerate masses 

3.  Mixing angles in 
new sector are 
small, same as in 
SM (MFV) 

4.  The above already 
implies  strong 
constrains on NP   
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B momentum approximation 
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MC B momentum 

Approximate B  
momentum 

  mmiss
2 (GeV 2 )

  mmiss
2 (GeV 2 )

  
Eµ

CM ( MeV )

  
Eµ

CM ( MeV )

  q
2(GeV 2 )

  q
2(GeV 2 )

LHCb-PAPER-2015-025 
arXiv:1506.08614  

τ
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Systematic uncertainties 
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Will scale down  
with more data (Run2) 

Expected to be reduced 
for future R(D)+R(D*) 

arXiv:1506.08614 



Matrix Element 
☐  Two interfering 

channels:     
Λb→J/ψΛ*,   
Λ*→K-p  
&  
Λb→Pc

+K-,                      
Pc

+→J/ψ p 
☐  Use m(K-p) & 5 

decay ∠’s as fit 
parameters 
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n  Mass shapes: Breit-Wigner or Flatte´ 
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From A. Hocker summary Moriond 
EW  
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Non-confirmation of X(5568) 
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LHCb-CONF-2016-004 



Lepton flavor violation in B➛K(*)ll ? 
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RK =

B(B0 → K *0µ+µ− )
B(B0 → K *0e+e− )



More anomalies in b→sll  
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The Λb➛pµν signal at LHCb 
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Cabibbo favored decays typically have additional tracks 
forming a good secondary vertex with the proton emitted in 
the semileptonic decay➯train multivariate classifier to 
distinguish between these two configurations, get 90% 
rejection & 80% efficiency 

Excellent 
PID allows p 
identification 
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Experimental result 
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Rexp ≡
B(Λ b

0 → pµ−ν µ )
q2≻15GeV 2

B(Λ b
0 →Λ c

+µ−ν µ )
q2≻7GeV 2

= 1.0±0.04(stat)±0.08(syst)( )×10−2

arXiv:1504:01568 



Publication status pre-
Moriond 
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2015 Early data collection 
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~ 5.7pb-1 



Charm meson cross section 
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