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LHCb physics goals

Over constrain the Unitarity 
triangles.

CP violation measurements in 
multiple channels.

Add many measurements 
involving Bs decays.

Find new physics manifesting 
itself through loop or penguin 
diagrams.

Timing
The experiment is in full 
construction.

First beam in April 2007.

All numbers I quote will be for a 
single nominal year of data.

s(g) = 4 -15o in several channels.

s(DG
s
/G) �  0.02.

Bs mixing at 5s  if below 68 ps-1.

s(c) �  0.06.

Many more details in recently 
released TDR: 

Reoptimised detector design and 
performance.

September 2003.



Page 3Imperial College LondonUlrik Egede 22 October 2003

K/p/p separation

Tracking

e/g/p0 identification m identification

Hadron identification
Vertex resolution

����� 0.03 � B

L0+L1Trigger

p p

The LHCb detector
�

s 14 TeV
s  bb 500 mb

s  cc 3.5 mb
s  visible 65 mb
h range 1.8-4.9
L 2´ 1032 [cm-2s-2]

s z
prim. vtx 5.3 cm

Dt bunch 25 ns

B+/Bd/Bs/L b mixture 40/40/10/10

<n visible / bx> 0.5
n

B
 / 107 s in 4p 1012

Luminosity tuned to give largest 
amount of single interaction 
bunch crossings.

Tuning means we expect design 
luminosity from the start.
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Level-0 Level-1 HLT
L1-confirmation

HLT
Full reconstruction

Level-0 (40 Mhz �  1 MHz)
Multiplicity/Pile-Up

ET(m1, m2, h, e , g, p0)

Level-1 (1 Mhz �  40 kHz)
Impact parameter

Transverse momentum
s(pT)/pT 

�  30%

Invariant mass of muon pairs.

High Level Trigger
(40 kHz �  200 Hz)
Redo L1 with full tracking

s(pT)/pT 
�  1%

Full reconstruction of final 
states

Trigger Rates Overview
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Trigger selection rates

Diverse L0 trigger gives large 
range of physics.

The combined L0 and L1 
triggers have an efficiency of 
30-60%.

Highest for channels with a 
J/Y � mm decay.

Lowest for channels with a 
many hadrons.

Algorithms for High Level 
Trigger not studied in detail 
for many channels yet but 
assumed to be close to 
100% efficient.

ECAL trigger
dominates

Muon trigger
dominates

HCAL trigger
dominates
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Bs
� Ds

�

K
�

 / Bs
� Ds

�

p
�

 event selection

Aim is to reject large bb 
combinatorial background.

Vertexing criteria.
Impact parameter of bachelor.

B pointing to primary vertex.

Kinematic criteria.
Scalar sum pT of Ds daughters.

Primary
vertex

K+

K-

p+

Bs

<9mm>

Ds

<4mm>

Bachelor K

 IPS
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Bs
� Ds

�

K
�

 event selection

RICH system used to suppress Bs �

Ds

�

p � .

Branching ratio about a factor 12 larger.

Look at likelihood difference between kaon and 
pion hypothesis.
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K �
�  Ds �

p �  correctly normalisedK/p not normalised
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Efficiencies, event yields and Bbb/S ratios

All recently studied 
channels.

Full Geant3 simulation.

No MC truth in pattern 
recognition.

Signal:

1 year (107 s).

L=2´ 1032 cm- 2s- 1.

Flavour tagging not 
included.

Background:

s bb=500 mb.

107 bb sample created 
( � 4 min).

Nothing selected in 3 
107 minimum bias.

Factors (in %) forming " tot (in %) Assumed Annual B =S ratio
Decay channel " det � " rec=det � " sel=rec � " trg =sel = " tot visible BR signal from incl.

"det " rec=det " sel=rec " trg =sel " tot (in 10� 6) yield bb back.
B0 ! � + � � 12:2 91:6 18:3 33:6 0:688 4:8 26: k < 0:7
B0 ! K+ � � 12:2 92:0 25:2 33:2 0:94 18:5 135: k 0:16� 0:04
B0

s ! � + K � 12:0 92:1 13:5 36:7 0:548 4:8 5:3 k < 1:3
B0

s ! K+ K � 12:0 92:5 28:6 31:1 0:988 18:5 37: k 0:31� 0:10
B0 ! �� 6:0 65:5 2:0 36:0 0:028 20: 4:4 k < 7:1
B0 ! D�� � + 9:4 77:7 18:5 27:4 0:370 71: 206: k < 0:3
B0 ! D0(K � )K � 0 5:3 81:8 22:9 35:4 0:354 1:2 3:4 k < 0:5
B0 ! D0

CP (KK)K � 0 5:2 81:4 29:4 31:2 0:390 0:19 0:59k < 2:9
B0

s ! D�
s � + 5:4 80:6 25:0 31:1 0:337 120: 80: k 0:32� 0:10

B0
s ! D�

s K � 5:4 82:0 20:6 29:5 0:269 10: 5:4 k < 1:0
B0 ! J= (�� )K0

S 6:5 66:5 53:5 60:5 1:39 19:8 216: k 0:80� 0:10
B0 ! J= (ee)K0

S 5:8 60:8 17:7 26:5 0:164 20:0 25:6 k 0:98� 0:21
B0 ! J= (�� )K � 0 7:2 82:7 35:1 69:9 1:462 59: 670: k 0:17� 0:03
B+ ! J= (�� )K+ 11:9 89:6 44:8 68:7 3:28 68: 1740: k 0:37� 0:02
B0

s ! J= (�� )� 7:6 82:5 41:6 64:0 1:672 31: 100: k < 0:3
B0

s ! J= (ee)� 6:7 76:5 22:0 28:0 0:315 31: 20: k 0:7 � 0:2
B0

s ! J= (�� )� 10:1 69:6 10:1 64:8 0:461 7:6 7:0 k < 5:1
B0

s ! � c� 2:6 69:5 15:8 27: 0:078 21: 3:2 k < 1:4
B0

s ! �� 6:7 79:7 37:9 23:2 0:470 1:3 1:2 k < 0:4
B0 ! � + � � K � 0 7:2 82:4 16:1 73:5 0:704 0:8 4:4 k < 2:0
B0 ! K � 0
 9:5 86:8 5:0 37:8 0:156 29: 35: k < 0:7
B0

s ! �
 9:7 86:3 7:6 34:3 0:220 21:2 9:3 k < 2:4
B+

c ! J= (�� )� + 11:5 89:3 20:7 60:8 1:30 680: 14:0 k < 0:8
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Flavour tagging
� Several tags used:

� Kaon from decay of other B hadron.
� Muon or electron from decay of other 
B hadron.

� Vertex charge from decay products of 
other B hadron.

� Kaon from signal-B
s
 fragmentation.

Effective efficiency e(1- 2w)2
.

For fully reconstructed decays:
� 4% for Bd  and � 6% for Bs .

Exact values depend on trigger and 
selection cuts.

Variation from channel to channel.

Remember that B pairs are 
incoherently produced at LHCb.

Tag
17 31 2.4

m 11 35 1.0
e 5 36 0.4

24 40 1.0
41 35 3.9
18 33 2.1
50 33 5.9

etag (%) w (%) eeff (%)
Kopp

Qvtx

Bd (combined)
Kfrag

Bs (combined)

Bd/s
� h+h-
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Introducing the Bs

The Bs enters into the second non-flat 
unitarity triangle.

I use f s instead of -2c in phase shift of 
loops to emphasise the possibility of new 
physics.

Same with f d instead of 2b.

In the Standard Model: 

Dms 
�  20 ps-1, c �  0.02,  DGs/G

�  0.10.

New physics in loop will affect Dm
s
 and f

s
.

Evaluate performance from toy MC's.
Resolution, efficiency, acceptance, flavour 
tagging and background levels from full 
simulation.
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How to get Dms and DGs/Gs

To extract physics from Bs we need to resolve Bs oscillations.

High boost of B mesons and excellent vertex
 resolution makes this easy.

E
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Bs
� Ds

�

p
�

 as a flavour 

specific decay gives us Dms.

Significance above 5s  for 
Dm

s
<68 ps-1.

For DGs/Gs we use both 

Bs
� J/Yf  and Bs

� Ds

�

p
�

�

s(DGs/Gs) � 0.02.

Bs
� Ds

-p+ that didn't oscillate (1 year)
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How to get f s

To get to phase f s in Bs mixing use Bs
� J/Yf  as the SU(3) equivalent 

of Bd
� J/YKs.

Complicated as a vector-vector decay requires angular analysis on top of 
resolving Bs oscillations.

Need to extract CP-even and CP-odd components from transversity angle 
distribution.

cos(theta_tr)
-1 -0.8 -0.6 -0.4 -0.2 -0 0.2 0.4 0.6 0.8 1

E
ve

nt
s 

/ (
 0

.0
5 

)

0

100

200

300

400

500

600

700

800

900

cos(theta_tr)
-1 -0.8 -0.6 -0.4 -0.2 -0 0.2 0.4 0.6 0.8 1

E
ve

nt
s 

/ (
 0

.0
5 

)

0

100

200

300

400

500

600

700

800

900

Transversity angle fit from toy MC. � ms in ps� 1 15 20 25 30
� (sin� s) 0.057 0.064 0.075 0.088

� (�� s=� s) 0.018 0.018 0.018 0.018

�� s=� s 0 0.1 0.2
� (sin� s) 0.059 0.064 0.070

� (�� s=� s) 0.015 0.018 0.019

sin� s 0 � 0:04 � 0:1 � 0:2
� (sin� s) 0.064 0.064 0.064 0.066

� (�� s=� s) 0.018 0.018 0.018 0.018

RT 0.1 0.2 0.3
� (sin� s) 0.050 0.064 0.084

� (�� s=� s) 0.015 0.018 0.019

After 1 year
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For a better understanding of CP violation we need access to g in 
more than one way:

Methods sensitive to true g even with new physics around.

1 Bs
� Ds

�

K
�

,  Bd
� D*

�

p
�

Methods sensitive to new physics.
2 B d

� D0K*0, sensitive to new physics in D0 decays to CP eigenstates.

3 Bd
� p+p-  / Bs

� K+K- , sensitive to new physics in b � d penguins.

Also relies on U-spin symmetry.

Need to deal with ambiguous solutions.

Combining different analysis and adding extra information. 

Use Bd ans Bs decays together, untagged Bs
� Ds

�

K
�

�

More on this in parallel session this afternoon.

The angle g by different methods
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Method 1: Bs
� Ds

�

K
�

, Bd
� D*

�

p
�

Asymmetry Af(t) for decay into 
non-CP eigenstate f.

Both B and B can decay into f.

b® c+W+ tree diagram

b

s

u

s

c

s

W

Bs

Ds

b

s

c

s

s

u
W

Bs

+

Ds
-

K
-

K
+

b® u+W+ tree diagram

0

0

Phase g

A f �

t ���

� dir cos
���

mt �
	

� mixsin
���

mt �

cosh
��� �

t 
 2 ��	

� ���

sin
��� �

t 
 2 �

|h|2 from here
� dir

�

1 �������

2

1 	������

2

(DG from here)

|h|sin(d+(f +g)) from here
� mix

�

2 �

�

���

1 	������

2

|h|cos(d+(f +g)) from here

�
���

�

2 �

�

���

1 	������

2

[ We get d- (f +g) from CP conjugate of f ]

Interference between two tree 
diagrams so we measure g 
unaffected by new physics.

[ Alexan, Dunietz, Kayser ]
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Method 1: Bs �

Ds

�

K
�

, Bd �

D*
�

p
�

Bs �

Ds

�

K
�

 (small statistics)

|h|2 � 0.16 we get directly from fit.

DGs/Gs
� 0.10 in SM.

Mistag rate from Bs �

Ds

�

p 	 .

s (g) � 14o with no theoretical uncertainty.

For Bd �

D*
�

p
�

 (large statistics)

Bs 


Ds

�

K �  asymmetries after 5 years

|h|2 � 0.0004 is very small
Need to get it from somewhere else.

Introduces some theoretical uncertainty.

DGd is unmeasurable.

s (s+
�) 0.007 for partial reconstruction. Similar for full reconstruction.

From BaBar analysis of 88 106 BB pairs s(s+)stat=0.024.
s
�� 2 ����� sin ��� d � ���
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Method 2: Bd �

D0K*0

Look again at the interference between 
two tree diagrams.

Measure 6 decay rates.

No lifetime and no tagging.

D0 � K-p+, D0
CP

� K+K- .

Method assumes:

No CP violating phase in D0
CP decay. 

G+   = G(Bd
� D0 K* 0)

G-    = G(Bd
� D0 K* 0)

GCP = G(Bd
� D0

CPK* 0)

G+   = G(Bd
� D0 K* 0)

G-    = G(Bd
� D0 K* 0)

GCP = G(Bd
� D0

CP K
* 0)

Limited by yearly yield of 
0.6k in D0

CP channel.

s(g) � 8o. for 55o<g<105o 
and |d|<20o.

G+ = G-

�

2 GCP

�

2 GCP

G+

G-

2g

d- g

[Gronau, Wyler, Dunietz]

D

���	�

0 
 � 2 � DCP 
�� 1 �

DCP 
�� 1 �



Page 17Imperial College LondonUlrik Egede 22 October 2003

Method 3: Bd �

p+p-  / Bs �

K+K-

The transition amplitude for Bd
� p+p-  is

If no penguin contributions this leads to the familiar (but inaccurate) 
prediction                                   and                                                   . 

A very elegant approach to avoid the uncertainty from penguin 

contributions is to add the Bs
� K+K-  decay with transition amplitude

In the limit of U-spin (d � s quark interchange) symmetry we have
           and           which gives us 4 measurables with g, q and d as 
unknown parameters:

A
�

Bd
0 � � ��� �
	�� 
 ei ��� d ei ���

�

CP
dir � Bd � � ���������

0

A  Bs
0 ! K � K �#"%$ & ei �(' ) 1 *,+

2

+

2 -

d ' ei � ' .

d / d ' 01/ 0 '

2

CP
dir 3 Bd 4 57685:9<;>=

f 1
3@?

d , A , B , C

;

2

CP
dir 3 Bs 4

K
6

K
9<;>=

f 2
3@?

s , A , B , C

;

2

CP
mix 3 Bd 4 5

6
5

9
;D=

f 3
3@?

d , A , B , C

;

2

CP
mix 3 Bs 4

K
6

K
9

;D=

f 4
3@?

s , A , B , C

;

�

CP
mix � Bd � � EF�HGI���

sin �KJ

d L

2 M

�

[Fleischer]
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Method 3: Bd �

p+p-  / Bs �

K+K-

A toy Monte Carlo study shows 
our resolution.

Theoretical input on penguin 
contribution not required.

Bs
� K+K-  (95%CL).

B
d

� p+p-  (95%CL).

Resolution in one year is 4o- 6o.

Remember method is sensitive to 
new physics.

“fake” 
solution

d vs g

95% CL

68% CL

g input value 
for this toy MC.

�

ms �

20ps�

1 � �����

s �

0.1
	

�

55o 
 105o d
�

0.3
�

�

160o
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Other physics at LHCb

Bc physics

Lifetime and branching fractions accessible.

Clean g measurement from B
c �

D D
s
 looks impossible.

The angle f d+2g (a) from Bd
� p+p- p0.

Studies indicate a yield of 4.4k events per year with B/S<7.

No adverse effect from rejecting events with low energy p0 from Dalitz 
analysis.

Rare decays

See talk by Patrick Koppenburg in Working Group 1 on B
d �

m+m-K*0.

New physics in b � s penguin processes.

Bs
�

f f , Bd
�

K*0g, and Bd
�

K0
sf  channels will all be affected by this and 

can be triggered and reconstructed with LHCb.
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Systematics

Charge asymmetries in production and detection.

Flavour specific channels like B
d

� J/YK* and B
s

� D
s

�

p
�

 can be used to 
calibrate this.

Magnetic dipole field will be regularly reversed.

Proper time resolution
Important for Bs decays due to fast oscillation.

Material interactions can be used to calibrate resolution model.

Flavour tagging
Again flavour specific decays can be used. Important to use decay with 

similar kinematics (so Bs
� Ds

�

p
�

 for Bs
� Ds

�

K
�

 analysis).

Trigger efficiencies
Events triggered by more than one trigger category can be used for this.
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Conclusions

Aim to find or set new limits on new physics manifesting itself through 
loop or penguin diagrams of B decays.

Timing
The experiment is in full construction.

First beam in April 2007.

With data from a single year we have:

s(g) = 4 -15o in several channels.

s(DGs/G) �  0.02.

Bs mixing at 5s  if below 68 ps-1.

s(c) �  0.06.

Many more details in recently released TDR: 
Reoptimised detector design and performance.

September 2003.


