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Outline of the talk:	



	



­ The LHCb physics programme	



­ The experiment and the data taking in 2012	



­ The detector performances: trigger, tracking, particle identification	



­ Highlights on LHCb results & implications for New Physics searches	



­ The LHCb Upgrade	



­ Conclusions	





3	
  

LHCb Physics Programme	



Search for New Physics (NP) which may appear in CP violation or in rare decays 
mediated by new particles at high mass scale - via their effects in loop diagrams	


(e.g.: compare CKM quantities determined in tree and loop process)	



•  CPV 	

 	

 	

Bs oscillation phase φs	
  ,	
  asymmetries	
  (asl) 	
  
	
   	
   	
   	
  CKM angle γ  in tree and loop mediated decays	


	
   	
   	
   	
  Mixing and CP Asymmetries in charm decays	



	


•  Rare decays 	

Helicity structure in Bd 	
  K*µµ , Bs	
  	
  φγ	
  

	
   	
   	
   	
  FCNC in loops (Bd,s 	
  µµ , D	
  	
  µµ	
  )	
  
	
  
+ b and c production studies, spectroscopy, forward electro-weak physics, exotica, etc...	



This approach is complementary to direct searches in ATLAS & CMS: once NP 
discovery will be made, its non trivial flavor structure has to be determined	
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b quark production in LHCb	



LHCb acceptance : 2 < η < 5   	



(280	
  µb,	
  measured	
  @	
  7	
  TeV)	
  

•  Cross section predictions (PYTHIA8)	


	


σinelastic ~ 70 - 80 mb	


σbb ~ 500 µb [14 TeV]	


	


σbb measured at 7 TeV ~ 280 µb 	


(~75 µb in LHCb acceptance) PLB 694 (2010) 209	


	


•  All b-hadrons species produced at LHC          

(B± , B0 , Bs , Bc , Λb …)	
  
	



•  operated since end of 2011 at 4 1032 cm-2 s-1 

(design luminosity was x 2 lower)	


     pileup with 50 ns bunch spacing <µ> ~ 1.7	


	


•  ~ 30 kHz of bb events in LHCb [7 TeV]	



ATLAS and CMS: |η| < 2.5 	
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MWPC+GEM: π/µ separation 

Brasil, China,	


France, Germany, 	


Ireland, Italy,	


Netherlands, 
Pakistan, Poland, 
Romania, Russia, 
Spain, 
Switzerland, UK, 
Ukraine, US*, 
CERN	


	


60 institutes,	


~ 750 members	


	


74 papers	


>100 conf. contr.	



velo 

rich1 

rich 2 

The LHCb detector	



* In 2012 two new members: Cincinnati and Maryland. MIT should join in November	





The LHCb Trigger	



•  L0 hardware trigger	


	


- Search for high pT µ, γ, e and h candidates	


CALO pT > 3.6 GeV - MUON pT > 1.5 GeV	


- Output rate 950 kHz (~ max allowable)	


	


•  High Level Trigger software farm	


	


- HLT1 adds impact parameter cuts	


- HLT2 performs global event reconstruction	


- Physics output rate up to 5 kHz in 2012 	


	


•  HLT operation in 2012	



- Increase the no. of CPU installed (+10%)	


- Deferred trigger during LHC inter-fills (adds
+20% in CPU)     	


- Optimization of HLT to increase efficiency in KS 
triggering	



~40 kHz	



~5 kHz	
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B meson decays topology	



B decays with µµ  	

 	

 	

ε (L0 x HLT)  ~ 70-90 %	


B decays with hadrons  	

 	

ε (L0 x HLT)  ~ 20-50 %	


Charm decays :	

 	

 	

 	

ε (L0 x HLT)  ~ 10-20 %	



VELO	



Tracking	



RICH	



CALO	



Muon	



L0 x HLT	



At L0 trigger level (7 TeV)	


min.bias : cc : bb	



250 : 20 : 1	



(trigger efficiencies for off-line selected events)	



σcc ~ 6 mb (~1.7 mb in 
LHCb acceptance) :	


LHC is a charm factory !	



Flavor tagging plays a key role	





Great LHC performance, excellent running of LHCb detectors (~99% of channels 
operational, ~95% data taking efficiency), and luminosity leveling	



1/fb in 2011 – 1.5/fb collected in 2012 - Plan to reach 2.2/fb by the end of the year	
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In 2012, Lint ~1:10 w.r.t.  Atlas/CMS	



In 2012:	


collisions in LHCb done in the VERTICAL 
plane, to minimize systematic effects 
during magnet swaps (polarity UP/
DOWN)	


	


In the HORIZONTAL plane, beam 
crossing angles are different for UP/
DOWN magnet configuration	

2011	

 2012	



Collisions at IP8	



2012	
  

2011	
  



LHCb will take data in pA, Ap runs	


Limited luminosity (~1026 cm-2 s-1) but interesting 
kinematic domain (PID equipped) in forward region	



LHCb test run with pA collisions	
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On Sept. 13 – pA test run in LHCb 	


Very good and stable conditions	


No problem of multiplicities in the detector (similar to pp)	


KS , Λ , J/ψ peaks reconstructed offline	
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KS	
  

Λ	
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50 fs resolution 	


in proper time	



Primary vertex (PV), impact parameter (IP) and invariant mass resolutions	



σp/p ~ 0.4 – 0.6 %	



p scale ~ 2 10-4 	



	

Inv. mass resolutions very near to MC:	


	


•  J/ψ à µµ (σ = 13 MeV)	


•  B à Kπ (σ = 25 MeV)	


•  Bs à J/ψ φ (σ = 7 MeV)	


•  Υ(1S) à µµ (σ = 47 MeV)	


	


World best measurement of b-hadron 
masses (PLB 708 (2012) 241)	



PV	
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Large samples of clean final states for PID calibration, efficiency and purity 
determination based on data - PID performance near to the MC expectations	
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B physics with γ at a 
hadron collider ! 	

 π/µ mis-id ∼ 1% 	



π/Κ data	
   π/Κ MC	
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Flavor tagging	



Tagging algorithms with Neural Network:	


•  opposite side – exploits decays of 

associated b hadron	


	

- lepton, kaon, vertex (εtagD2 ~ 2.3%)	



	


•  same side – uses remnants of signal    

hadronization	


	

- SS kaons (Bs) (εtagD2 ~ 1.3%) 	

	


	

- SS pions (B0, B+)	
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Measurement of Δms

‣ Features
• Decay time resolution of 45 fs

• SSK alone:

‣ Largest systematic uncertainty from length-
scale

‣ Result
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Table 4: Fit results using the combination of opposite-side and same-side taggers.
parameter result
�ms [ps�1] 17.725± 0.041
!
sigSSKT

[%] 34.4± 2.8
✏
sigSSKT

[%] 12.1± 0.4
✏
sigOST

[%] 29.0± 0.5
✏
e↵OST

[%] 3.1± 0.8
✏
e↵SSKT

[%] 1.2± 0.4
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Figure 5: Mixing asymmetry for B0

s signal candidates as a function of decay time, modulo
( 2⇡
�ms

), for the fit using only the same-side tagger (left) and the combination of opposite
and same-side taggers (right). The fitted signal asymmetries are superimposed.
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Figure 3: Fit to the mass distribution of B0

s ! D�
s (�⇡

�)⇡+ (top), B0

s ! D�
s (K

⇤K�)⇡+

(bottom left) and B0

s ! D�
s (K

+K�⇡�)⇡+ (bottom right) candidates in the mass range
[m(B0

s )� 3�m,5.85 GeV/c2 ].
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Figure 4: Fit to the decay time distribution of the sum of all three modes (left). Projection
of the sum of the three fitted mass distributions in B0

s ! D�
s ⇡

+ decays in the mass window
[m(B0

s )� 3�m,5.85 GeV/c2 ] (right).
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Figure 4: Fit to the decay time distribution of the sum of all three modes (left). Projection
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Table 5: Summary of the systematic uncertainties on �ms and their quadratic sum.
source �

�ms [ps
�1] �!sigSSKT

decay time resolution 0.001 0.0060
decay time resolution model 0.001 0.0002
di↵. signal shape in mass fit 0.003 0.0015
variation of ⌘ and �t PDFs 0.001 0.0041
length-scale 0.018 —
momentum scale 0.018 —
��s 0.002 0.0014
total systematic uncertainties 0.026 0.008

in the fit for the B0

s decay time5. The remaining e↵ect on �ms is found to be
smaller than 0.1%.

• The value ��s was fixed in the mixing fit to its PDG value of 0.092⇥ �s [4]. This
value was varied within the range 0.0� 0.2⇥ �s.

A summary of the systematic uncertainties for �ms and !
sigSSKT

can be found in Table 5.

3.6 Results

The preliminary value of �ms measured in B0

s ! D�
s ⇡ decays using combined opposite-

and same-side tagging algorithms on a data-set of 340 pb�1 collected in 2011 is found to
be:

�ms = 17.725± 0.041 (stat.)± 0.026 (syst.) ps�1. (13)

From a fit using only the same-side tagging algorithm its average mis-tag probability has
been measured:

!
sigSSKT

= 34.4± 2.7 (stat.)± 0.8 (syst.) %. (14)

The resulting SSKT e↵ective tagging power is:

✏
e↵SSKT

= 1.3± 0.4 (stat.)± 0.1 (syst.) %. (15)

Due to limited statistics the same-side tagging algorithm is not yet optimized using B0

s

mesons, thus further improvement of the tagging performance is expected when event-by-
event mis-tag probability will be calibrated.

5Since there was no D�
s mass constraint used, the decay can be considered a 4-body decay. Since the

sum of the daughter particles’ masses is much smaller than the mass of the mother, the uncertainty of
the momentum is largely propagated to the B0

s -mass and thus cancels to a large extent in the ratio.
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"D2 = (1.3± 0.4)%

Table 4: Fit results using the combination of opposite-side and same-side taggers.
parameter result
�ms [ps�1] 17.725± 0.041
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[%] 34.4± 2.8
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Figure 5: Mixing asymmetry for B0

s signal candidates as a function of decay time, modulo
( 2⇡
�ms

), for the fit using only the same-side tagger (left) and the combination of opposite
and same-side taggers (right). The fitted signal asymmetries are superimposed.
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‣ Largest systematic uncertainty from length-
scale

‣ Result
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Figure 4: Fit to the decay time distribution of the sum of all three modes (left). Projection
of the sum of the three fitted mass distributions in B0

s ! D�
s ⇡

+ decays in the mass window
[m(B0

s )� 3�m,5.85 GeV/c2 ] (right).
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Table 5: Summary of the systematic uncertainties on �ms and their quadratic sum.
source �

�ms [ps
�1] �!sigSSKT

decay time resolution 0.001 0.0060
decay time resolution model 0.001 0.0002
di↵. signal shape in mass fit 0.003 0.0015
variation of ⌘ and �t PDFs 0.001 0.0041
length-scale 0.018 —
momentum scale 0.018 —
��s 0.002 0.0014
total systematic uncertainties 0.026 0.008

in the fit for the B0

s decay time5. The remaining e↵ect on �ms is found to be
smaller than 0.1%.

• The value ��s was fixed in the mixing fit to its PDG value of 0.092⇥ �s [4]. This
value was varied within the range 0.0� 0.2⇥ �s.

A summary of the systematic uncertainties for �ms and !
sigSSKT

can be found in Table 5.

3.6 Results

The preliminary value of �ms measured in B0

s ! D�
s ⇡ decays using combined opposite-

and same-side tagging algorithms on a data-set of 340 pb�1 collected in 2011 is found to
be:

�ms = 17.725± 0.041 (stat.)± 0.026 (syst.) ps�1. (13)

From a fit using only the same-side tagging algorithm its average mis-tag probability has
been measured:

!
sigSSKT

= 34.4± 2.7 (stat.)± 0.8 (syst.) %. (14)

The resulting SSKT e↵ective tagging power is:

✏
e↵SSKT

= 1.3± 0.4 (stat.)± 0.1 (syst.) %. (15)

Due to limited statistics the same-side tagging algorithm is not yet optimized using B0

s

mesons, thus further improvement of the tagging performance is expected when event-by-
event mis-tag probability will be calibrated.

5Since there was no D�
s mass constraint used, the decay can be considered a 4-body decay. Since the

sum of the daughter particles’ masses is much smaller than the mass of the mother, the uncertainty of
the momentum is largely propagated to the B0

s -mass and thus cancels to a large extent in the ratio.
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Table 4: Fit results using the combination of opposite-side and same-side taggers.
parameter result
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✏
sigSSKT
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✏
sigOST
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e↵OST
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✏
e↵SSKT

[%] 1.2± 0.4
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mass distribution of the combinatorial background in B0! J/ K⇤0 is also described by164

an exponential function. However, the decay time distribution now has two contributions,165

with di↵erent decays times. The long-lived component is described by the same function166

as the combinatorial background in B0! D�⇡+, whereas the short-lived component is167

described by a simple exponential function. No significant physics background is found.168

The fit results for B0! D�⇡+ and B0! J/ K⇤0 are summarized in Sec. 8. The fit169

projections onto the decay time distributions are displayed in Fig. 2 and the resulting170

asymmetries are shown in Fig. 3. The combined value for �m
d

is calculated as the171

weighted average of the individual results using the statistical uncertainties as weights.172
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Table 1: Systematic uncertainties on �m
d

in ps�1

B0! J/ K⇤0 B0! D�⇡+

acceptance 0.0001 0.0004
decay time resolution 0.0002 0.0002
background model 0.0022 0.0037
sum of uncorrelated 0.0022 0.0037
z-scale 0.0005 0.0005
total including correlated 0.0023 0.0037

8 Conclusion208

The B0–B0 oscillation frequency �m
d

has been measured using samples of B0! D�⇡+
209

and B0! J/ K⇤0 events collected by LHCb in 1 fb�1 of pp collisions at
p
s = 7TeV and210

is found to be211

�mB

0!D

�
⇡

+

d

= 0.518± 0.006(stat.)± 0.004(syst.) ps�1 and

�mB

0!J/ K

⇤0

d

= 0.510± 0.011(stat.)± 0.002(syst.) ps�1.

Combining the two results, a value of212

�mLHCb
d

= 0.516± 0.005(stat.)± 0.003(syst.) ps�1

is found. The result is within 1.5 standard deviations of the current world average213

�m
d

= 0.507± 0.004(comb.) ps�1. It is the best single measurement of this parameter.214
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Selected highlights of 2012 
LHCb results (with 1/fb statistics) 
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The rare decay Bs→µ+µ- 	

	



Very rare decay sensitive to New Physics 	


Precise predictions in SM: BR = 3.2±0.2 10-9	


Very clean experimental signature	


	



BR < 4.5 x10-9 @ 95%CL (LHCb)	


(Atlas/CMS/LHCb combination BR < 4.2 x10-9 )	


	


Update with 2012 data ready soon	



LHCb physics highlights (I)	
  

Measurement of the Bs mixing phase φs  from 
BsàJ/ψφ  and  BsàJ/ψππ 	


	


 
	


First measurement of non zero ΔΓs 	


and removal of φs sign ambiguity	


	


Anomaly seen by CDF and D0 not confirmed by 
LHCb	



PRL 108 (2012) 231801	



LHCb-CONF-2012-002	



φs=	
  -­‐0.002	
  ±	
  0.083	
  ±	
  0.027	
  rad	



Atlas	





LHCb physics highlights (II)	
  

Rare decay B→K* µ+µ-  
 

Measurement of AFB	


	


+ other angular variables, sensitive to RH 
currents	


+ isospin asymmetries in B→K(*) µ+µ-  

(puzzling non-zero value in B→Kµµ) 
 	



LHCb-CONF-2012-08	



LFV decay τ → µµµ  
 

~ 1011 τ decays/y in LHCb (from Ds→ τ ντ)	


Normalisation to Ds→ φ(µµ)π 	


	


BR < 6.3 10-8 (90% CL) 	


Proof of principle for a hadron collider: 	


B factories limits: < 2 10 -8 (90% CL)	


Good prospects for future	



LHCb-CONF-2012-15	



arXiv 1205.3422	
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LHCb physics highlights (III)	
  

CPV in charm SCS decays (D0àh+h-)	


Hint of CPV≠0 from LHCb 	


(and later from CDF and Belle)	


	


HFAG fit from ICHEP 2012	


ΔACP

dir = (−0.68 ± 0.15) %	


	


NP or explicable within SM ? 	


More data & confirmation in other D channels 
needed	



PRL 108 (2012) 111602	



Electroweak physics	


	


LHCb forward acceptance provides very	


interesting PDF studies	


•  take large-x / small-x from pp	


•  two distinct regions in (x,Q2)	


•  inaccessible to other experiments	


	


Complementarity w.r.t.  ATLAS & CMS	



JHEP 6 (2012) 58	
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Study of CPV in Bs mixing	



Measured by D0 with semi-leptonic events 	


(µ and di-µ)	


	


Asl

µµ = ( -0.79 ± 0.20 )% (mix of asl
d

 and asl
s)	



	


~ 4σ tension with SM	


Difficult to reconcile with φs LHCb data	



Time integrated asymmetry in Bs 
mixing tagged by specific flavor 
final state (e.g. muons)	
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LHCb measurement:	



Combination (using also new WA 
from B-factories)	


asl (Bd) = (-0.15 ± 0.29) % 	


asl (Bs) = (-1.02 ± 0.42) %	


	


Fitted asl(Bs): ~ 2.5σ from SM	


	


More precision from LHCb needed 
to solve asl (Bs) issue	



LHCb-CONF-2012-22	





Uncertainties on Γs are comparable to that from angular analysis of Bsà J/ψ φ	


Independent of the measurement of φs (can be used as input to the φs fit)	
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Lifetime measurements as probe of NP	



Bsà K+ K-  	


	


•  B charmless decays as probe of NP – 
	

dominated by penguin diagrams	



•  CP-even final state: decay dominated by	


	

Bs light mass eigenstate	



	


τKK ~ ΓL

-1 = 1.455 ± 0.046 ± 0.006 ps 	


	


Further statistics available from other 
samples	



Bsà J/ψ f0	



•  Pure CP-odd final state:  decay dominated by Bs heavy mass eigenstate 	



	

τ J/ψ f  ~ τ(BH) = ΓH
-1 = 1.700 ± 0.040 ± 0.026 ps 	



PLB 716 (2012) 393	



PRL 109 (2012) 152002	
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The first LHCb measurements of γ (CKM2012)	



The increasing statistics of LHCb starts to populate the suppressed hadronic 
decays useful for the determination of γ  	



B+àDK+  (ADS) – DàKπ	


B- 23 ev. – B+ 73 ev.	



First observation !	



B0àDK*  (GLW) – DàKK	


B- 7 ev. – B+ 20 ev.	
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Prospects: by the end of 2012 (with 1/fb data sample) LHCb will determine γ from the 
global combination of the following (tree) measurements from time-independent analyses	


	


•  B+ DK+ ,  with D hh   	

 	

[GLW/ADS*] 	

 	

 	

PLB 712 (2012) 203	


•  B+ Dπ+ ,  with D hh   	

 	

[GLW/ADS] 	

 	

 	

PLB 712 (2012) 203	


•  B+ DK+ ,  with D Ks hh  	

[GGSZ] 	

 	

 	

 	

arXiv 1209.5869	


•  B+ Dπ+ ,  with D Ks hh   	

[GGSZ] 	

 	

 	

 	

arXiv 1209.5869	


•  B+ DK+ ,  with D πKππ   	

[ADS*] 	

 	

 	

 	

LHCb-CONF-2012-30	


•  B+ Dπ+ ,  with D πKππ   	

[ADS*] 	

 	

 	

 	

LHCb-CONF-2012-30	


•  B+ DK+ππ , with D hh    	

[GLW*/ADS] 	

 	

 	

LHCb-CONF-2012-21	


•  B0

(s) DK*0 ,  with D hh   	

[GLW/ADS] 	

 	

 	

LHCb-CONF-2012-24	


•  B0

(s) DKK  with D hh   	

 	

[GLW/ADS*] 	

 	

 	

PRL 109 (2012) 131801	


	

 	

 	

 	

 	

 	

 	

* First observations	



B+àDK+  (ADS) – 
DàπKππ	


B- 11 ev. – B+ 29 ev.	


	


B+àDπ+  (ADS) – 
DàπKππ	


B- 87 ev. – B+ 68 ev.	
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GGSZ	
  

Constraints on (x,y) obtained	


in the analysis of B+DK+ with	


DKSh+h-	



Constraints on γ obtained from GGSZ and 	


ADS/GLW analysis of B+DK+	



Combinations of B+DK+ modes gives     γ = 71 +17
-16    deg	



An error similar to the one obtained from full fits at B factories	


	


Further info will come from the determination of γ from time dependent analysis and 
from B to charmless decays (NP could affect penguin diagrams) 	



LHCb-CONF-2012-32	
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CPV in Bhhh charmless decays	



Study of NP effects in the weak phase from interfering patterns of 2 body resonances 
in the Dalitz plot 	


Dominant diagrams: bàu tree and bàs (d) penguins	


Measuring CPV in 3 body decays:	


	


B+àKππ , B+àKKK , B+àπππ , B+àKKπ	


	



ACP(Kππ) = 0.034 ± 0.012	


ACP(KKK) = - 0.046 ± 0.012	


ACP(πππ) = 0.120 ± 0.028	


ACP(KKK) = - 0.153 ± 0.050	



Study of CPV across Dalitz plot (ACP vs m2
hh): large CPV in specific resonance areas	



Typically at low m2 . More experimental work needed as well as on theory side	



B+àKKK 	
  
B+àKKπ	
  

LHCb-CONF-2012-18	


LHCb-CONF-2012-28	
  



24	
  

Implications of LHCb results on New Physics (I)	



•  BR(Bsàµµ) sets strong bounds on mass scales in SUSY (at least in high tan	
  β 
models), complementary to direct searches in ATLAS and CMS	



•  LHCb results enter the SUSY and CKM fits, starting to impose severe bounds on 
several models and flavor variables	



These implications will become stronger with the full data sample 2011-2012 (> 3/fb)	



F. Mahmoudi - arXiv 1205.3099	



ATLAS	
  &	
  CMS	
  (4/G)	
  

Bsàµµ	
  

à Hints of SM deviations of previous measurements have not been confirmed.	


However, more precise measurements are mandatory	



arXiv 1201.5359	
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Allowed region from Bsà µµ and φs	



Allowed region from Bs(d)à µµ	



D. Straub - arXiv 1107.0266 and Moriond2012	
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In 20101 new physics in B-mixing could very well accommodate the different deviations from
the SM expectations, seen at that time. This is not the case anymore in 201219. There is now
a tension between the direct determination of φs and the di-muon asymmetry.
In the Bd-system, new physics in M12,d can resolve the discrepancy between B → τν and direct
determinations of sin 2β. In the Bs-system everything looks SM-like although still sizable values
for φ∆s are possible. Just recently a second (symmetric) solution in the complex ∆s-plane was

excluded99. We also would like to note that in 19 no tension is found for εK .
To improve further the bounds on the complex ∆q-planes, more precise data are necessary.

5 New Physics in Γ12

The theory expression for the di-muon asymmetry can be written in the following way

Asl = (0.594 ± 0.022)(5.4 ± 1.0) · 10−3 sin(φ
SM
d + φ∆d )

|∆d|

+(0.406 ± 0.022)(5.0 ± 1.1) · 10−3 sin(φ
SM
s + φ∆s )

|∆s|
. (61)

Since ∆s and ∆d are bounded from measurements of the mass differences to be close to one and
the sine can be at most one, there exists a theoretical upper limit for the di-muon asymmetry.
We use here the fit values of ∆q from19 to obtain the following upper bounds:

Asl ≤






−1.7 · 10−3 : 1σ for |∆q|, 1σ for φ∆q ,
−2.8 · 10−3 : 3σ for |∆q|, 3σ for φ∆q ,
−7.5 · 10−3 : 3σ for |∆q|, set sine to 1.

(62)

For the first number the four parameters of ∆q (q=s,d) have been chosen to take the value,

which gives the largest di-muon asymmetry, within the allowed 1σ range of the fit in 19 , for
the second number, the 3σ range has been chosen, while for the third number the sine has been
set to one by hand. The last number is purely hypothetical, because such a large value of the
mixing phase is in contrast to experimental investigations of e.g. Bs → J/ψφ j. The above

jThis also holds, if one takes into account large new physics penguin contributions to the decay b → cc̄s, which
could lead to a certain extent to a cancellation between the penguin phase and φ∆

q . See the discussion in the next
section.

LHCb φs 

CDF & LHCb ΔMs 

D0 di-µ asymmetry 

Implications of LHCb results on New Physics (II)	



A. Lenz et al. - arXiv 1203.0238	
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The LHCb upgrade	
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•  The flavor sector offers a very rich complementarity to the High Energy 
Frontier (ATLAS & CMS) searches for New Physics	



•  Recent LHCb results have shown the potentialities of Flavor Physics at LHC 
and the good performances of the detector	



	


•  LHCb is unique for NP searches in Bs (and works well also for Bd). 	


	

Huge sample of charm available. 	


	

Complementary also in respect to Super-B factories	


	


•  LHCb is unique in his forward geometry (and also for “exotica” New Physics 

searches)	



•  Operation of High Luminosity LHC (HL-LHC) is compatible with LHCb and  
luminosity can be tuned to LHCb needs	



Why the LHCb Upgrade ?	
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LHCb	



LHCb	



LHCb	



LHCb	



LHCb	



A flavor theorist’s shopping list	



The LHCb Upgrade	


will push the exp. 

precision up to where 
NP may appear	



+	


Broadening physics 

spectrum: search NP in 
forward region	





Based on 2011 experience, LHCb can collect ~ 1.5/fb per “normal” LHC year	


	


•  2012 @8 TeV and 2015-16-17 @13 TeV	



By the end of 2017 à ~ 7/fb collected.	


Reaching ultimate theory precision in flavor variables will need more statistics.	


	


Current LHCb limitation is in L0 trigger rate capability (< 1 MHz) that does not allow 
to profit from an increase in luminosity	


	


 Upgrade plans:	


•  1 MHz à 40 MHz readout 	


•  Full software trigger (better yield 	


for charm and hadronic triggers)	


•  Up to L ~ 2 1033 cm-2s-1 to collect 50/fb	


	



Expected yields increase (w.r.t. 2011):	


•  x10 in muonic channels	


•  x20 in hadronic channels (Bs à φφ, DK, 	


charm, etc...)	



LHCb data taking perspectives and its upgrade	
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2013-14 	

Long Shutd. 1  / LHCb maintenance, first infrastructures for upgrade	


	


2015-17 	

LHCb data taking (13-14 TeV) / 40 MHz protos in test	


	


2018-19 	

Long Shutd. 2 / LHCb upgrade installation [ Atlas/CMS upgrades phase 1]	


	


≥	
 2019 	

Upgraded LHCb in data taking (14 TeV)	


	


	


•  LHCb Upgrade preparation	


	


2012-13 	

R&D, technological choices,  preparation of subsystems TDRs	


	


2014 	

Funding/Procurements	


	

	



2015-19 	

Construction & installation	



The schedule of the LHCb upgrade	



	

“Framework TDR for the Upgrade” submitted to LHCC and F.  Agencies in June 2012	


	


Two documents prepared for the European Strategy Group for Particle Physics:	


•  LHCb collab. – The LHCb Upgrade – LHCb-PUB-2012-008	


•  LHCb collab. & 40 theorists – Implications of LHCb measurements and future 

prospects - LHCb-PUB-2012-009	


	


à Very positive outcome for the LHCb Upgrade from ESPG Krakow meeting	


à The Upgrade has been endorsed (for approval) by the LHCC in September meeting	
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LHCb detector modifications for the upgrade	



New	
  Central	
  Tracker	
  
(fibers	
  or	
  silicon)	
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Common developments	


	


•  New module cooling interface	


•  New RF foil	


•  All without sacrifices in material budget	


•  Nearer to BEAM ?	



Completely new modules and FE electronics	


Two major options under consideration:	


§  STRIPS (40 MHz implementation pushes 	


	

boundaries)	



	


§  PIXEL (based on Timepix R&D)	


 	



Challenges	


§  Huge data rates (up to 12 Gbit/s)	


§  High radiation levels (~370 MRad or 	


	

 	

8 1015 neq/cm2)	



strips 

pixels 
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Increase size + decrease mass of IT to cure the OT occupancy problem	



Challenges:	


- Mass reduction	


- Cooling	


- Cost	



IT 

X / mm (32 straws per bin) 

255cm 

63cm 42cm 

Current	



Upgraded	
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•  5 layers of densely packed 250 µm diameter fibers, readout with 128-channel Silicon 
Photomultipliers (SiPM)	



•  2.5m long fibers elements, readout on top and at bottom of stations	


Challenge:  fibers and SiPM can sustain the occupancy and radiation ? (~ 1 Mrad)	



Sci. Fi. central tracker	


	


•  Inner part -  w/ scintillating fibers 

modules (Sci.Fi.) 	


•  Outer part – w/ current straw tubes	
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Calorimeters and MUON systems are upgraded to stand 40 MHz 
readout scheme and a luminosity of 2 1033 cm-2 s-1.	





Thanks to LHC performances and luminosity leveling technique, LHCb has 
collected over 1 fb-1 in the 2011 run, 1.5 fb-1 in 2012 - and is planning to more 
than triple the statistics	


	


Analyses in the core physics channels are well advanced, with areas of  “world 
record” measurements: Bsà J/ψ φ , Bsà µµ , Bdà K* µµ, Bs mixing and charm 
physics.  A large amount of other channels under study	


	


Standard Model shows its solidity but still room available for New Physics:	


LHCb is complementing ATLAS & CMS searches for Supersymmetry	


	


Very good perspectives for future new measurements in CPV in b and c decays, 
CKM angle γ , radiative and rare decays, and in non-flavor physics	


	


The LHCb upgrade will contribute significantly to a full exploitation of LHC and 
to increase the opportunities of New Physics discovery in the next decades	
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Conclusions	




