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LHCb experiment   
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A single arm forward detector !
σ(bb)~1% σ (pp) 
→1.5×109 beauty pairs/fill 
20 times more charm	

Excellent tracking, vertexing and particle identification	
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RunI data taking !

charm	



6 

Major physics program!

  

Physics topics

Rare Decays

Leptonic, electroweak, radiative decays

Lepton flavour and number violating decays

See talk by Olga Kochebina

B decays to Charmonia

Lifetimes, φ
s
, ΔГ

s
 of B-mesons

Amplitude analyses

See talk by Ivan Polyakov

B decays to Open Charm

Charmless B decays

Semileptonic B decays

Beautiful...

and charming!

QCD, Electroweak and Exotica

t-quark,W, Z production and asymmetries

Search for the exotic particles

B hadrons and Quarkonia

Quarkonia production and properties

Potentially exotic quarkonia (X, Y, Z)

Production and spectroscopy of b-hadrons

See talks by Yiming Li

and  Alexander Artamonov

Charm Physics

Mixing, CP-violation, rare decays of charm

Charm production and spectroscopy
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Probes of NP in B mixing!
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NP contribution 

Similar probe for Bd: sin2β in Bd→J/ψKS	

NP in Bs mixing?	

good flavour tagging and time resolution needed 	

φs in Bs→J/ψφ, J/ψπ+π- 	
	



9 

φs result  !

[PRL 114 (2015) 041801] 	

SM-like result. Need improved precision in RUN II!
to look for sub-leading NP effect	

LHCb:  	
	


φs = -0.058± 0.049± 0.006 rad!

SM:  (ignore � penguin)    
φs

 = -0.036 ± 0.001 rad !

Understanding � the � effect � of � penguin � contribution � in
 � decay � becomes � crucial �  � !



Penguin pollution!
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Relation of penguin effect between 
B0o J/\U and BsoJ/\I

¾ Both P2VV decays
¾ SU(3) partners with dls

U�
U�

Bd→J/ψρ: b→ccd	

Data fit results
• 'md=0.510r0.003 ps-1 constrained. Other parameters, such as 

tagging calibration, are fixed.                                     
• B0 production asymmetry -0.0035±0.0081 is considered.
• Fit 1 J/\U results  will  be  used  for  study  of  Penguin  “pollution”  

30/09/2014

Note 2E =                                  from Cabibbo-favored charmonium modes 
[sin2E = 0.677 ± 0.020 HFAG]

Correlation 
matrix in 
backup

20

Bs→J/ψφ: b→ccs	

Penguin � effect � controlled using SU(3) flavour symmetry !

δP≈-εΔ2β,  |δP| < 0.018 rad@95%CL!

Δ2β=	

[Phys. Lett. B742 (2015) 38]	
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sin2β  !

[PRL 115 (2015) 031601] 	LHCb:  	
	

sin2β = 0.731± 0.035± 0.020!
Indirect fit in SM:!
sin2β = 0.771+0.017

-0.041!

LHCb precision approaches that of B factories!
No tension with SM prediction anymore	
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b →sl+l- transition  !

Introduction 

H =
4GF

2
VtbVts

* (Ci
SM +Ci

NP )Oi
SM +

c
ΛNP

∑   ONP∑

In the SM 
contribution from 

Rare processes where new physics can enter to modify 
SM amplitudes  

18#24/07/2013* Nicola*Serra*#*EPS*2013* 3*

Introduction 

H =
4GF

2
VtbVts

* (Ci
SM +Ci

NP )Oi
SM +

c
ΛNP

∑   ONP∑

In the SM 
contribution from 

Rare processes where new physics can enter to modify 
SM amplitudes  

18#24/07/2013* Nicola*Serra*#*EPS*2013* 3*

FCNC processes where !
SM contribution is suppressed  !
NP effect could be sizeable!

n  Bs → µ+µ-	


n  B → K*0 µ+µ-!

n  B+ → K+ l+l-!



13 

Bs/d → µ+µ-  !

Consistent with SM !
within 2.3σ. !

Bs → µ+µ- !
first observation!
6.2σ significance!
!
Bd → µ+µ- !
first evidence !
3.0σ significance!

doi:10.1038/nature14474	

SM prediction!

LHCb + CMS simultaneous analysis!

Sensitive to NP in scalar sector!
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NP model killing!

   Run II and upgrade goals!
–  Br(Bs→µ+µ-) /Br(Bd→µ+µ-) (powerful test of MFV)!
–  Bs→µ+µ- effective lifetime !
–  CP violation in Bs→µ+µ-!

And what about New Physics? 

35 Antonio Pellegrino 

One very important case made by the Economist is the value of a negative result, and here I could not agree 
more. $UJXDEO\� �WKLV� \HDU·V�PRVW� VLJQLILFDQW�UHVXOW� IURP�Cern was a negative one. By measuring an 
extremely rare process, the LHCb experiment has managed to rule out a large number of theoretical models 
IRU�QHZ�SK\VLFV��7KLV�NLQG�RI�UHVXOW�GRHVQ·W�JHQHUDWH�WKH�VDPH�PHGLD�DWWHQWLRQ�WKDW�FRPHV�ZLWK�D�GLVFRYHU\��
but by focusing theoretical attention in the right place it can be very positive for the evolution of the field. 

CERN Director Rolf Heuer interview (1 4- Nov- 201 3) on the 
November 201 3 issue of the British “Prospect” magazine 

Illustration of impact on different supersymmetric flavor models  
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B → K*0 µ+µ-   !

Observables: AFB, Si, FL   !
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B → K*0 µ+µ- signal  !

Nsig = 2398 ± 57 

Update: 1fb-1→ 3fb-1	
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B → K*0 µ+µ- update!

Basically consistent with SM, except S5 …	

LHCb-CONF-2015-002  	
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B → K*0 µ+µ- update: P5
’ !

1fb-1! 3fb-1!PRL 111(2014)191801  	 LHCb-CONF-2015-002  	

Tension with SM prediction confirmed (3.7σ)	

theoretically clean variable !
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Theoretical interpretation  !

New physics effect?!
e.g. Z’	

Unexpected hadronic effect?!
e.g. huge charm effects	

or	

Lepton universality observables may help!
→ RK	

Altmannshofer, Straub,  arXiv:1503.06199 

Gauld et al.,  JHEP 1401 (2014) 069	
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RK !

SM lepton universality: Rk=1 within O(10-3)!
-  hardly affected by hadronic uncertainty  !

Experimental Challenge: bremsstrahlung effect	
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RK result !

Consistent with SM within 2.6σ	

Phys. Rev. Lett. 113 (2014) 151601	
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Angular observables in B+ → K+l+l-  !
NP effects in RK and angular observables
 are correlated ! Gauld et al.,  JHEP 0712 (2007) 040	
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Angular analysis of B+ → K+µ+µ-  !
1fb-1 result Consistent with SM prediction of !
RK≅1 & FH ~	 0!

More precise measurement needed!
Angular analysis of B+ → K+e+e- desirable !

JHEP 1405 (2014) 082	
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B0 → D∗+𝜏−𝜈   !

2.0σ	 2.7σ	
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B0 → D∗+𝜏−𝜈 partial reconstruction!
Leptonic mode: 𝜏→ µ𝜈𝜏𝜈µ    !
Kinematic variables estimated assuming !
   !
!
   mmiss: invariant mass of the invisible pass part !
   Eµ

*: µ energy in B rest frame!
   q2: squared 4-momentum of 𝜏𝜈  !

Signal  
background	
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LHCb R(D*) result!

2.1σ	

This confirms Babar result!
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Vub  !
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Partial reconstruction  !
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LHCb Vub result !
Using PDG exclusive average of |Vcb| !

arXiv:1504.01568	

Consistent with other !
exclusive measurements!
!
Can also do  !
Bs →Kµν  and  Bs →Dsµν  
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Right-handed current?!

Right-handed current disfavored !
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Z(4430)-  !
•  Observed by BELLE but not confirmed by Babar!
•  LHCb confirmed it (13.9σ), determined JP=1+ !

Argand diagram confirming  
resonance behavior 	

w/o  
Z(4430)	

with  
Z(4430)	

PRL 112, 222002 (2014) 	

B0→ψ(2S) K+π-	
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Z(4430) implication!

Four quark bound state is a promising 
explanation of Z(4430). 
 
What about 5 quarks? 
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We’ve got some!!

请关注张黎明的报告！   	

Λb
0→J/ψpK-	



Upgrade and future prospects  

34 
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LHCb time line!

New triger,  tracking  
& particle Identification  
systems 



Trigger upgrade !

36 

•  Full 40MHz readout !
    (1MHz for current detector)!

•  Hardware trigger (L0)
 becomes optional and
 tunable !

•  HLT performs full
 reconstruction using sub
-detector information!

•  Output increased from
 4-5KHz to 20KHz!



Tracking system!

37 



VELO upgrade!

38 

•  Higher granularity: silicon strips  → pixels!
•  Reduced material  !
•  Enlarged acceptance !

Vertexing performance much better	



Downstream tracker!

Current detector!
 IT:silicon strips!
 (50 µm resolution)!
 OT: straw drift tubes!
(200 µm resolution)!
!

39 

Upgrade: need to handle !
high occupancy!
 Scintillating Fibre Tracker!
 Readout by SiPMT!
 (60-100 µm resolution)!



Tracking performance!

40 Tracking performance slightly better	



RICH upgrade !

41 

•  Overall structure unchanged !
•  Replace photon detectors with MaPMTs !
•  Remove aerogel in RICH1!

Hadron PID performance close to current one	



Muon system upgrade !

42 

M1 will be removed ! Deal with high flux in
 innermost part of M2 !



Muon performance!

43 

Excellent muon-id performance retained 	

µ efficiency above 90%  
π→µ mis-identification rate below 5% 	



Upgrade TDRs!

44 
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Physics potential of upgrade !



Key CP measurements !

46 

Bs
 →φφ	γ measurement 	



Rare decays!

47 

Lots of new opportunities !
• CP violation in Bs → µ+µ-, Bs → φµ+µ-  !
• Precise measurement of Bs→ φγ lifetime !
• Precise B+ → K+l+l- angular analysis  !

Bs/d → µ+µ-!



The plan!

48 



Where we are now!

49 

Physics run at 13 TeV started on 3 June 2015!

50ns → 25ns bunch crossing planned  in August!



Some mass peaks in Run II!

50 

b hadrons	



China@LHCb  

51 
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China@LHCb  !
Over 1100 members，68 institutes，16 countries  	

中国单位 � （17 � members） � 
清华大学，华中师范大学，中国科学院大学 �  �  � 

主要研究方向和代表性成果 � 
CP � violation � & � new � physics � search: � φs � measurement �  � 
Hadron � production � & � exotic � states: � pentaquark � discovery, � Bc � physics � 

显著度 � 
中国组成员担任两个物理工作组召集人 �  �  �  �  �  �  �  �  �  � 
 � 

探测器升级 � 
中国组将参加对Scintillating � Fiber � Tracker � 的升级，主要从事：相关电子
学部件的设计、生产和检测，寻迹软件的开发  �  �  �  �  �  �  �  �  �  �  �  � 



中国组重要成果：φs精确测量 � 
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Bs混合角的世界最精确测量 � 

严格限制了新物理的藏身之处 � 



中国组重要成果：五夸克态的发现 � 
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Conclusions!

•  Many excellent new results from LHCb!
–  Discovery: pentaquark states!!
–  Precision measurements: CPV, rare decays!
–  Unexpected: semileptonic results!

•  Basic picture is SM-like, with a few puzzles to be
 understood: P5’, RK, R(D*)!
–  Improving measurement precision !
–  Better control of hadronic uncertainties  !

•  LHCb Run-II and upgrade will be crucial & exciting !
•  China is playing a increasingly important and visible role

 at LHCb !
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Backup slides 
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LHCb升级与SuperB比较 

3.2. QUARK FLAVOUR PHYSICS 53

Table 3.5: Status and future prospects of selected B, D, K and LFV observables. The SuperB
column refers to a generic upgraded B factory, collecting 75 ab�1 at the ⌥(4S) and about 1 ab�1

at the ⌥(5S). Table taken from Ref. [ID130].

Observable SM Ultimate Present Future Future Future
class of observables) prediction th. error result (S)LHCb SuperB Other
|Vus| [K ! ⇡`⌫] input 0.1%(Latt) 0.2252± 0.0009 - -
|Vcb| [⇥10�3] [B ! Xc`⌫] input 1% 40.9± 1.1 - 1%excl, 0.5%incl

|Vub| [⇥10�3][B ! ⇡`⌫] input 5%(Latt) 4.15± 0.49 - 3%excl, 2%incl.

� [B ! DK] input < 1� (70+27
�30)

� 0.9� 1.5�

SBd! K 2� ⇠< 0.01 0.671± 0.023 0.0035 0.0025
SBs! �, f0(980) 2�s ⇠< 0.01 �0.002± 0.087 0.008 -
S[Bs!��] 2�eff

s ⇠< 0.05 - 0.03 -
S[Bs!K⇤0K̄⇤0] 2�eff

s ⇠< 0.05 - 0.02 -
S[Bd!�K0] 2�eff ⇠< 0.05 - 0.03 0.02
S[Bd!K0

S⇡
0�] 0 ⇠< 0.05 �0.15± 0.20 - 0.02

S[Bs!��] 0 ⇠< 0.05 - 0.02 -
ACP(b! s�) < 0.01 < 0.01 �0.012± 0.028 - 0.004
ACP(b! (s + d)�) ⇠ 10�6 - �0.060± 0.060 - 0.02
Ad

SL[⇥10�3] �0.5 0.1 �5.8± 3.4 0.2 4
As

SL[⇥10�3] 2.0⇥ 10�2 < 10�2 �2.4± 6.3 0.2 ⇠ 0.6
B(B ! ⌧⌫)[⇥10�4] 1 5%Latt (1.14± 0.23) - 4� 5%
B(B ! µ⌫)[⇥10�7] 4 5%Latt < 13 - 2� 3%
B(B ! D⌧⌫)[⇥10�2] 1.02± 0.17 5%Latt 1.02± 0.17 [under study] 2%
B(B ! D⇤⌧⌫)[⇥10�2] 1.76± 0.18 5%Latt 1.76± 0.17 [under study] 2%
B(Bs ! µ+µ�)[⇥10�9] 3.2 5%Latt < 4.2 0.15 -
R(Bs,d ! µ+µ�) 0.29 ⇠ 5% - ⇠ 35% -
q0(AFB

B!K⇤µ+µ�)[GeV2] 4.26± 0.34 2% [under study]
A(2)

T (B ! K⇤µ+µ�) < 10�3 0.04 [under study]
ACP(B ! K⇤µ+µ�) < 10�3 0.5% 1%
B ! K⌫⌫̄[⇥10�6] 4 10%Latt < 16 - 0.7
|q/p|D�mixing 1 < 10�3 0.91± 0.17 O(1%) 2.7%
�D ⇠< 0.1% � O(1�) 1.4�

adir
CP(⇡⇡)(%) ⇠< 0.3 0.20± 0.22 0.015 [under study]

adir
CP(KK)(%) ⇠< 0.3 �0.23± 0.17 0.010 [under study]

adir
CP(⇡⇡�, KK�) ⇠< 0.3% [under study] [under study]
B(⌧ ! µ�)[⇥10�9] 0 < 44 - 2.4
B(⌧ ! 3µ)[⇥10�10] 0 < 210(90% CL) 1-80 2

B(µ! e�)[⇥10�12] 0 < 2.4(90% CL)

8
<

:

⇠ 0.1 MEG
⇠ 0.01 PSI-future
⇠ 0.01 Project X

B(µN ! eN)(T l) 0 < 4.3⇥ 10�12 10�18 PRISM
B(µN ! eN)(Al) 0 - 10�16 COMET, Mu2e

B(K+ ! ⇡+⌫⌫̄)[⇥10�11] 8.5 8% 17.3+11.5
�10.5

8
<

:

⇠ 10% NA62
⇠ 5% ORKA
⇠ 2% Project X

B(KL ! ⇡0⌫⌫̄)[⇥10�11] 2.4 10% < 2600
⇢ ⇠ 100% KOTO
⇠ 5% Project X

B(KL ! ⇡0e+e�)SD 1.4⇥ 10�11 30% < 28⇥ 10�11 ⇠ 10% Project X

SuperB具有对含中微子模
态的衰变、辐射衰变、Vub的

较强研究能力 

LHCb升级后在Bs介子的C
P破坏和稀有衰变的研究中

普遍具有优良性能 



58 

Trigger !


