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LHCb, New Physcis 
• LHCb is the dedicated flavor physics experiment at the LHC. 
• ATLAS and CMS search direct production of new states  
LHCb designed to search for indirect effect of such states on  
charm and beauty decays via virtual production in loop diagrams: 
•  Such an approach can be very powerful:  

eg  B0–B0 mixing discovered at ARGUS (1987)  
 →  top quark unexpectedly heavy:  m(t) > 50 GeV/c2 

•  Bs →µµ: SUSY? B∝tan6β/ mA
4. 

•  Bd → µµK∗: Right-handed currents? 

•  Bs → J/ψφ: Beyond-SM CPV?  
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LHCb, CP violation 
•  SM CPV arises in the weak decays of  

hadrons from a single phase in the quark 
mixing (CKM) matrix (testing the Yukawa 
couplings to the quarks).  

•  Necessary to generate matter-antimatter 
asymmetry. Size in the SM too small to 
account for observed baryon/photon ratio 
→ new physics expected. 

•  Direct CPV measurements. 

•  SM CPV precise determination. 

•   γ poorly known: depends on b → u 
decays. Higher statistics at LHC.  

•  Bs sector not explored in detail. 

•  CP violation in charm. V= 
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Spectrometer •  Low angle production → LHCb spectrometer                                
design: forward (operating in collider mode). 

•  bb cross-section = 284 ± 53 µb at the LHC (pp collisions at √s = 7 TeV).  
[PLB 694 209] 

 ~ 100,000 bb pairs produced/second (104 × B factories) 
    Charm production factor 20 higher!  [CONF-2010-013] 

•  Warm dipole magnet. Polarity can be reversed. 
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•  Nominal luminosity = 2 × 1032 cm-2 s-1. LHCb adapted to higher pileup (µ~2). 

•  Accumulated data in 2011: 1.1 fb-1 out of 1.22 fb-1. 
•  Automatic adjustment of colliding beams offset: luminosity leveling. 

•  Sub-detectors all with > 98% active channels. 

•  Two level trigger. Rate reduction: 10 MHz input to 3 kHz. Event size ~35 kB. 
•  Data processing: Spanish TIER-2 center. 

8 
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PID 
•  Charged particles identified with two  

Ring-imaging Cherenkov detectors  
covering 2 < p < 100 GeV/c.  

•  High efficiency and Low noise Hybrid 
Photon Detectors (HPDs):  
500 tubes each with 1024 pixels. 

•  Cherenkov angle resolution 0.66 
mrad per photon (in RICH 2). 

•  Kaon id efficiency > 90% for pion 
misid < 5% over a large p range. 

•  Muon system:  5 layers of detectors.  

•  µ ID eff. ~ 97% for π → µ misID rate  
~ 1%. 
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Calorimeters 
•  SPD: improves multi-interaction 

performance. 

•  ECAL:  Shashlik Pb-scintillator   
σ(E)/E = 10% /√E ⊕ 1%. 

•  HCAL: Tile Fe-scintillator   
σ(E)/E = 80% /√E ⊕ 10%. 

Energy flow 

Β0 → Κ* γ  (σm = 104 MeV/c2) 

UB 
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• Complex Amplitudes: interference produces different effect in 
particle and antiparticle. 
• Decays with Tree and Penguin contributions: interference 
between two diagrams. 
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Direct CP Violation in Decays 

A1 = |A1|eiφ1eiθ1 A2 = |A2|eiφ2eiθ2

Ā1 = |A1|eiφ1e−iθ1

|A1 +A2|2 − |Ā1 + Ā2|2 = −4|A1||A2| sin(φ1 − φ2) sin(θ1 − θ2)

Ā2 = |A2|eiφ2e−iθ2
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Direct CP Violation in Decays (2) 

Most precise single 
measurement! 
HFAG: -0.098 ± 0.013  

ACP (B
0 → Kπ) =

Γ(B̄0 → K−π+)− Γ(B0 → K+π−)

Γ(B̄0 → K−π+) + Γ(B0 → K+π−)
= −0.088± 0.011± 0.0008

ACP (B
0
s → πK) =

Γ(B̄0
s → π−K+)− Γ(B0

s → π+K−)

Γ(B̄0
s → π−K+) + Γ(B0

s → π+K−)
= 0.27± 0.08± 0.02

First Evidence of 
CPV in Bs! 
HFAG: 0.39 ± 0.17  

LHCb-CONF-2011-042 
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Tagging 
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Oscillations 
•  Flavor eigenstates ≠ mass 

eigenstates. 
•  Matter-antimatter oscillations. 
•  Frequency: mass eigenvalues 

difference. 
•  Sensitivity to NP. 
•  Requires tagging. 
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∆ms = (17.725± 0.041± 0.026)ps−1
[LHCb-CONF-2011-050] 

• Easily accessible: event 
selection based on Kaon 
ID (RICH), track impact 
parameters, vertex χ2. 
• Event yield in ~340/pb. 

Bs
0 → Ds

- π+ 

• Preliminary result: 

∆mSM
s = (16.8+2.6

−1.5)ps
−1

Amix(t) =
Nunmixed −Nmixed

Nunmixed +Nmixed
= cos(∆mt)



19 Cibrán Santamarina 
U. Santiago de Compostela 

CPAN workshop. Barcelona: 
2-4 November 2011 


Indirect CP Violation 
• Interference: direct decay and decay after oscillation. 
• Decay into a final state      . 
• Oscillations between the meson and the anti-meson. 
• Two possible ways of accessing the final state with a 
relative phase. 

|f�

B̄0
s

B0
s f

φM

φD

−φD φs = φM − 2φD

φM � 2 arg(VtsV
∗
tb)

B0
s

V ∗
tbVts

B0
s B0

s

B̄0
s |f�

|f�

b
b̄

V ∗
tb Vts

s

s̄
t
t̄

s

b̄

W+ W−

• Deviation of the SM implies New Physics. 
• Events: time oscillation depending on ϕs. 

• Requires tagging.. 

φJ/ψφ,SM
s � 0.0368± 0.0017 rad

φs = φSM
s + φ∆

s
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•  First Tevatron measurements: indicated large values of φs.  

•  Discrepancies with SM: almost 3σ. 
•  VV final state: mixture of                                                                               

CP-odd and CP-even                                                                     
components. 

•  Separated using an angular                                                                 
analysis.  

[LHCb-CONF-2011-049] 

ϕs in Bs
0 → J/ψϕ  
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ϕs in Bs
0 → J/ψϕ  

• Results correlated with  ΔΓs, width 
difference of the Bs mass 
eigenstates. 
• Contours in  (φs vs ΔΓs) plane. 
• Ambiguous solution:  
(φs →π – φs , ΔΓs → -ΔΓs). 
• LHCb: consistent with SM. 
• First significant direct 
measurement:  ΔΓs = 0.123 ± 0.029 
± 0.008 ps-1. 

φJ/ψφ,SM
s � 0.0368± 0.0017 rad

φJ/ψφ
s = 0.13± 0.18± 0.07 rad
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ϕs in Bs
0 → J/ψ f0(980)(→ ππ)  

• Discovered by LHCb in 
February. 
• Promptly confirmed by Belle 
and CDF. 
•  378 pb−1. 
• Flavor tagging based on decay 
of the other b-hadron: 
efficiency=2.13%. 
• Time dependent fit of the data: 

φJ/ψf
s = −0.44± 0.44± 0.02 rad

φJ/ψφ+J/ψf
s = 0.03± 0.16± 0.07 rad
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B0 →K*µ+µ- 

•  Only possible with loops in the SM. 
•  Tiny BR. 
•  NP: at the same level as SM. 
•  LHCb: 303 events with 309 pb-1. . 
•  AFB: sensitive to helicity structure. 
•  Previous results: discrepancy. 

LHCb: agrees with SM. 

[arXiv:1101.0470] 

[arXiv:1006.5013] 

[LHCb-CONF-2011-038] 
303 signal events 



theory 
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• Required in Bs BR measurements. 
• Average of three independent measurements. 
[Accepted by PRL] 

• Exclusive hadronic modes: 
  Bs→Ds

-(K+K-π-)π+ to Bd→D-(K+π-π-)π+.  
• Ratio of: 
  Bs→Ds

-π+ to Bd→D-K+.  
• Ratio of inclusive semileptonic modes: 
  D0Xµν, D-Xµν and DsXµν.  

• Combined result: 

• Similar to LEP and Tevatron result: 

  

B fragmentation fs/fd 
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2-4 November 2011 
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USC 

�
fs
fd

�

LHCb

= 0.267+0.021
−0.020

0.271± 0.027



Bs
0 → µ+µ- 
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•  Strongly suppressed in SM by GIM and 
helicity. 

•  BRSM (Bs
0 → µ+µ−) = (3.35 ± 0.32) × 10−9. 

•  SUSY: enhancement of this decay by tan6β. 
•  Other possibilities: extra dimensions, little 

Higgs, Technicolor,… 
    (see contributions from D. Martínez Santos+X. Cid). 
•  BRLHCb+CMS < 11× 10−9 @ 95% CL. 
•  Still room for NP, but less and less. 

b

s̄

W

W
νc/t

µ+

µ−

USC 
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Bs
0 → φγ 
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Dominant SM quark level 
diagram: left handed photons 

MSSM diagram with 
right-handed photons  

•  AΔ  sensitive to fraction of right-handed 
photons (even small φs)  

•  AΔ ~ 0 in SM, can be enhanced by NP with 
large RH currents. 

Bd → K*γ	



Bs → φγ	



LHCb: 

Theory:                                    HFAG: 
                                             BABAR+BELLE+CLEO 

UB 

340 pb−1 

[LHCb-CONF-2011-055] 

(CPAN-2011 
contribution from 
A. Puig) 
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fL = |A0|2 = 0.31± 0.12(stat.)± 0.04(syst.)

B(B0
s → K∗0K̄∗0) = (0.79+0.43

−0.39)× 10−5

LHCb: 

Theory with exp. input from  

• LHCb discovery. 
• Signal yield: 
 N(K+π−K−π+)=  
49.8 ± 7.5(stat.). 
• Significance: 10.9σ. 
• 1st test U-spin 
symmetry.   

USC 
(CPAN-2011 contribution from P. Álvarez Cartelle) 

B0
s → K∗0(→ K+π−)K̄0∗(→ K−π+)



CP violation in charm 
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• CP in charm mixing. Strategy:  search for a non-
zero asymmetry in: 

• And a CP violating angle in: 

•  Preliminary result on 2010 data: 
yCP=(−0.55 ± 0.63 ± 0.41)%,   yCP (HFAG) = (1.107 ± 0.217)%  
AΓ  =(−0.59 ± 0.59 ± 0.21)%,   AΓ (HFAG)   = (0.123 ± 0.248 )% 

•  Not conclusive. Needs better precision. 
[LHCB-CONF-2011-054] [LHCB-CONF-2011-046] 

• Also CP violation search in                             
Cabibbo                             suppressed decays. 
No evidence. 

D+ → K+K−π+

AΓ =
τ(D̄ → K+K−)− τ(D → K+K−)

τ(D̄ → K+K−) + τ(D → K+K−)

yCP (φ) =
Γ̂(D0 → K+K−)

Γ̂(D0 → K−π+)
− 1



Charm and Beauty at the same time 
•  Bc

+ → J/ψπ+π−π+: first time 
observed. 

•  Bc
+ discovered by CDF 

(1998). 
•  Significance 6.8σ.  
•  Third Bc

+ decay mode 
detected. 

•                                  

 in agreement with the 
theoretical predictions. 
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BR(B+
c → J/ψπ+π−π+)

BR(B+
c → J/ψπ+)

= 3.0± 0.6± 0.4



More Resonances 
•  Properties of Excited B mesons 

predicted by Heavy Quark 
Effective Theory in the limit of 
infinite b-quark mass: 

–  Orbital angular momentum L. 
–  Angular momentum of the light quark 

jq=|L±1/2|. 
–  Total angular momentum J=|jq±1/2|. 

•  B1
+ discovered by LHCb and 

evidence of B2
+*. 

•  Mysterious charm resonance        
X(3872) already seen at Tevatron 
and b-factories detected. 

•  With mass: MX(3872) = 3871.96 ± 
0.46(stat) ± 0.10(syst) MeV/c2 . 
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B+π− 

[LHCb-CONF-2011-053] 

X(3872) 

ψ(2S) 

[LHCb-CONF-2011-021] 



Conclusions 
•  LHCb is taking data at the LHC with high efficiency. 

–  Luminosity above design, 1.1 fb-1 recorded. 
•  Detectors working according to specification: 

– Excellent mass and time resolution, particle ID… 
•  World-best measurements of various physics parameters: 

–   Δms, ΔΓs, φs, BR(Bs → µ+µ-), masses, lifetimes, etc. 
•  So far good agreement with the Standard Model.  
→  New physics constrained in the flavor sector. 

•  Still room for new physics, higher precision required. 
•  Other remarkable results: new decay modes, c-quark 

resonances, penguins, EW, QCD… 
•  LHC continues in 2012, then 2014-17 at ~14 TeV → ~ 5 fb-1. 
•  Upgrade of LHCb detector planned for 2018 to take 10× 

more data:  50 fb-1. 
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Backup 
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Soft QCD Results in the High-η 
•  Remarkable input to the theory. 
•  Strangeness production: 

–  K0
s at √s = 0.9 TeV: harder pT spectrum 

as compared to MC. 
‒  φ at √s = 7 TeV: largely underestimated 

by the event generators. 
•  V0 ratios at 0.9 and 7 TeV: 

–  Λ/Λ ratio: smaller in data than predicted 
in simulation, particularly at high 
rapidity. 

–  Λ/K0
s significantly larger than predicted 

at both collision energies. 
•  p/p ratio slightly lower than Perugia 0 

at √s = 0.9 TeV, good agreement data-
MC at √s = 7 TeV 

•  Charged particle production at √s = 7 
TeV: underestimated in most generator 
tunes. 
–  Differences smaller for hard events. 
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(see contribution from A Camboni) 


