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Indirect Searches

1983

1973

Sensitive to New Physics effects
When was the Z discovered?

1973 from Nν → Nν?
1983 at SpS collider?

c quark postulated by GIM, third family by
Kobayashi & Maskawa
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Indirect Searches 1973

1987

Sensitive to New Physics effects
When was the Z discovered?

1973 from Nν → Nν?
1983 at SpS collider?

c quark postulated by GIM, third family by
Kobayashi & Maskawa

4 Estimate masses

t quark from BB mixing
4 Much larger mass coverage than

√
s

4 Get phases of couplings

Half of new parameters
Needed for a full understanding

Look in lepton and flavour sectors

Ü CP asymmetry in the Universe
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Indirect Searches 1973

1987

The b an c quarks are the best labora-
tory for this programme

Hot channels for the near future:

Bs → µµ: Is there susy? B ∝ tan6 β
m4

A
.

Bs → J/ψφ: Beyond-SM CPV?

Bd → µµK ∗: Right-handed currents?

γ (φ3): Is the CKM matrix sufficient?

ycp: Beyond-SM CPV in charm?

I’ll present new results in these areas!
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Flavour at the LHC

It was the reign of the B factories

4 Clean events
4 More than 109 BB pairs

. . . and of the Tevatron

Now are the times of the LHC

Luminosity constantly growing
σbb̄ ∼ 300 µb Ü > 1012 bb̄ pairs
produced so far

7 But events are busy

Can we get them clean?
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Flavour at the LHC

It was the reign of the B factories

4 Clean events
4 More than 109 BB pairs

. . . and of the Tevatron

Now are the times of the LHC

Luminosity constantly growing
σbb̄ ∼ 300 µb Ü > 1012 bb̄ pairs
produced so far

7 But events are busy

Can we get them clean?

4 You bet we can!

Like flavour? Come to the LHC!

Bs → J/ψφ
no cτ cut

B → ππ
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Back To Basics
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LHCLHC
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Nominal LHC Environment

0
1

2
3

1
2

3

θb   [r
ad]

θ
b    [rad]

pp collider at 7 TeV (will be 14)

Inelastic cross-section about 60 mb
bb̄ cross-section about 300 µb (one every 200)

Bunch crossings at 20 MHz (will be 40)

Luminosity up to 2 · 1033 cm−2s−1 (will get to 1034)

Ü 106 bb̄ pairs per second

Direction of b and b̄ very correlated

Ü A 4π coverage not optimal
Ü Build a forward spectrometer

The choice of the LHCb
collaboration

Ü ∼ 75 µb in LHCb and
Atlas/CMS acceptances
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LHCb Detector

VeLo

Magnet

Tracker

Forward detector (b-hadrons produced forward at LHC)

Warm dipole magnet. Polarity can be reversed.

4 Good momentum and position
resolution

Vertex detector gets 8mm to
the beam

4 Excellent Particle ID

4 Versatile two stage trigger

Hardware-based L0 trigger:
moderate pT cuts Ü
800 kHz
Whole data sent to
trigger farm
3 kHz output rate
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LHCb Detector & performance

RICH1

RICH2

Forward detector (b-hadrons produced forward at LHC)

Warm dipole magnet. Polarity can be reversed.

4 Good momentum and position
resolution

4 Excellent Particle ID

4 Versatile two stage trigger

Hardware-based L0 trigger:
moderate pT cuts Ü
800 kHz
Whole data sent to
trigger farm
3 kHz output rate
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LHCb Trigger

VeLo

RICH1

TT

Magnet

Tracker

RICH2

ECAL

HCAL

Muon

Forward detector (b-hadrons produced forward at LHC)

Warm dipole magnet. Polarity can be reversed.

4 Good momentum and position
resolution

4 Excellent Particle ID

4 Versatile two stage trigger

Hardware-based L0 trigger:
moderate pT cuts Ü
800 kHz
Whole data sent to
trigger farm
3 kHz output rate
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Atlas and CMS

General purpose detectors with a b
physics programme

High trigger efficiency on muon channels

But with high pT cut
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Luminosity in 2011

LHCb levelled continually.

Atlas & CMS fall off
exponentially.

Used in this talk

90–95% was recorded as quality data.

[Lumi Plots]
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Cross-Sections

LHCb is the forward
detector at the LHC

4 Unique rapidity
coverage

K 0
S cross section

Λ/Λ and p/p

4 Open charm

4 J/ψ

4 B

Z , W . . .

This is the tracking acceptance.
For composites LHCb gets even higher.
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J/ψ cross section

Prompt J/ψ cross-section has been
measured by LHCb [Eur. Phys. J. C 71 (2011)

1645.] CMS [BPH10014] Atlas [Nucl.Phys. B850

(2011) 387-444] Alice [arXiv:1105.0380]
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Measurements getting more precise
than theory — modulo polarisation
to be measured.
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J/ψ cross section

Prompt J/ψ cross-section has been
measured by LHCb [Eur. Phys. J. C 71 (2011)

1645.] CMS [BPH10014] Atlas [Nucl.Phys. B850

(2011) 387-444] Alice [arXiv:1105.0380]

LHCb also measures the double
J/ψ cross section: [LHCb-CONF-2011-009]

5.1± 1.0± 1.1 nb−1

 (GeV/c)
T

p
5 6 7 8 910 20 30 40 50

dy
 (

nb
/G

eV
/c

)
T

/d
p

ψ
pr

om
pt

 J
/

σ2
 d×

B
R

 

-210

-110

1

10

210

310

 (GeV/c)
T

p
5 6 7 8 910 20 30 40 50

dy
 (

nb
/G

eV
/c

)
T

/d
p

ψ
pr

om
pt

 J
/

σ2
 d×

B
R

 

-210

-110

1

10

210

310

CMS Preliminary

-1 = 7 TeV  L = 36.7 pbs

Lumi. and polariz.
uncertainties not shown

625)×0.00 < |y| < 0.90 (

125)×0.90 < |y| < 1.20 (

25)×1.20 < |y| < 1.60 (

5)×1.60 < |y| < 2.10 (

1)×2.10 < |y| < 2.40 (

NRQCD

Model: [hep-ph/0603175]

Measurements getting more precise
than theory — modulo polarisation
to be measured.
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Charm

Patrick Koppenburg Heavy Flavour Results at the LHC 30 August 2011, PIC, Vancouver [13/58]



Open charm cross section (14 nb−1)

Charm cross section measurements from Alice,
Atlas [ATLAS-CONF-2011-017] and LHCb [LHCb-CONF-2011-013]

The open charm cross section at 7 TeV is ∼
6.5 mb Ü good prospects for flavour physics
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Charm Mixing

D1,2 = p
∣∣D0
〉
± q

∣∣∣D0
〉

x =
m2 −m1

2Γ
y =

Γ2 − Γ1

2Γ

The mixing parameters are small
(O(1%))

HFAG average more than 5σ
away from zero [HFAG]

No single measurement
excludes 0

Ü Measure

yCP =
Γ̂(D0→K+K−)

Γ̂(D0→K−π+)
− 1 = y cosφ− x sinφ

(
Am

2
+ Aprod

)

See Eunil Won
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yCP

Use D∗ → D0π: Separate prompt and
non-prompt using impact parameter

Lifetime acceptance obtained on an
event-by-event basis in data by varying
the lifetime an re-running the trigger

Measure

yCP =
Γ̂(D0→K+K−)

Γ̂(D0→K−π+)
− 1

Preliminary result on 2010 data:
[LHCB-CONF-2011-054]

yCP = (−0.55± 0.63± 0.41) %
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yCP and AΓ

Use D∗ → D0π: Separate prompt and
non-prompt using impact parameter

Lifetime acceptance obtained on an
event-by-event basis in data by varying
the lifetime an re-running the trigger

A good way to look for CP violation in
charm mixing is to search for a non-zero
asymmetry in

AΓ =
τ(D

0→K+K−)− τ(D0→K+K−)

τ(D
0→K+K−) + τ(D0→K+K−)

− 1

Preliminary result on 2010 data:
[LHCB-CONF-2011-054] [LHCB-CONF-2011-046]

yCP = (−0.55± 0.63± 0.41) %

AΓ = (−0.59± 0.59± 0.21) %
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Direct CP violation

Perform model independent binned
CP violation search in Cabibbo-
suppressed D+ → K+K−π decays

1 370 000 events (Babar has 43k)

2 Normalise D+ and D− to
remove production asymmetries

3 Try several binnings (uniform
or resonance-motivated)

4 Look for fake CP violation in
control modes and sidebands

Ü No evidence of CP violation. Pa-
per in preparation.
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LHCb and Charm

That’s what LHCb could do with 37 pb−1.
Now we have 700 pb−1.

See Eunil Won
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Beauty
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b production

Detached J/ψ
CMS: [Eur.Phys.J. C71 (2011) 1575],
Atlas: [Nucl.Phys. B850 (2011) 387-444]
LHCb: [Eur. Phys. J. C 71 (2011) 1645]

σ4π
bb̄ = (288± 4± 48) µb

Dilepton tags
CMS: [CMS-PAS-BPH-10-015]

Dµ tags
LHCb: [Physics Letters B 698 (2011) 14]

σ
(2<η<6)

bb̄
= (75± 5± 13) µb

σ4π
bb̄ = (284± 20± 49) µb

Fully reconstructed
B → J/ψX
LHCb [CONF-2011-033]
CMS: [Phys.Rev.Lett.106:112001,2011]
[Phys. Rev. Lett. 106, 252001 (2011)]
[arXiv:1106.4048]

functions [29]. The uncertainty on the predicted cross
section is calculated by varying the renormalization and
factorization scales by a factor of 2, mb by !0:25 GeV,
and by using the CTEQ6.6 parton distribution set. For
reference, the prediction of PYTHIA is also included, using
a b-quark mass of 4.8 GeV, CTEQ6L1 parton distributions
[29], and the D6T tune [30] to simulate the underlying
event. The total integrated cross section for pB

T > 5 GeV
and jyBj< 2:4 is calculated as the sum over all pB

T bins and
is found to be 28:1! 2:4! 2:0! 3:1 !b, where the
first uncertainty is statistical, the second is systematic
(including the branching fraction uncertainty), and the
last is from the luminosity measurement. This result lies
between the predictions of MC@NLO, 25:5þ8:8

#5:4ðscaleÞþ2:5
#1:8 &

ðmassÞ ! 0:8ðPDFÞ !b, and PYTHIA (48:1 !b).
In summary, first measurements of the total and

differential cross sections for charged B production in pp
collisions at

ffiffiffi
s

p ¼ 7 TeV using the decay B! ! J=cK!

have been presented. The measurements cover the
range jyBj< 2:4 and pB

T from 5 GeV to greater than
30 GeV. The result is in reasonable agreement with the

predictions of MC@NLO in terms of shape and absolute
normalization.
We wish to congratulate our colleagues in the CERN

accelerator departments for the excellent performance of
the LHC machine. We thank the technical and administra-
tive staff at CERN and other CMS institutes, and acknowl-
edge support from: FMSR (Austria); FNRS and FWO
(Belgium); CNPq, CAPES, FAPERJ, and FAPESP
(Brazil); MES (Bulgaria); CERN; CAS, MoST, and
NSFC (China); COLCIENCIAS (Colombia); MSES
(Croatia); RPF (Cyprus); Academy of Sciences and
NICPB (Estonia); Academy of Finland, ME, and HIP
(Finland); CEA and CNRS/IN2P3 (France); BMBF,
DFG, and HGF (Germany); GSRT (Greece); OTKA and
NKTH (Hungary); DAE and DST (India); IPM (Iran); SFI
(Ireland); INFN (Italy); NRF and WCU (Korea); LAS
(Lithuania); CINVESTAV, CONACYT, SEP, and
UASLP-FAI (Mexico); PAEC (Pakistan); SCSR (Poland);
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FIG. 2 (color online). Measured differential cross sections
d"=dpB

T (top) and d"=dyB (bottom) compared with the theory
predictions. The error bars are the statistical uncertainties, while
the (yellow or light gray) band represents the sum in quadrature
of statistical and systematic uncertainties, excluding the common
branching fraction and luminosity uncertainties. The solid and
dashed blue lines are the MC@NLO prediction and its uncertainty,
respectively. The solid red line is the PYTHIA prediction.
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FIG. 1 (color online). Projections of the fit results in MB (top)
and ct (bottom) for pB

T > 5 GeV and jyBj< 2:4. The curves in
each plot are the sum of all contributions (solid blue line); signal
(dashed red); prompt J=c (dotted green); and the sum of non-
prompt J=c , peaking b !b, and J=c#þ (dot-dashed brown).
For better visibility of the individual contributions, the MB

plot includes a requirement of ct > 100 !m.

PRL 106, 112001 (2011) P HY S I CA L R EV I EW LE T T E R S
week ending

18 MARCH 2011

112001-4
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b fragmentation fs/fd

Fraction of b→BsX is an essential ingredient for Bs

→ µµ and other rare decays

LHCb has measured it in 2 ways

Ratio of B → DsµX to B → D+µX modes
[LHCb-CONF-2011-028]

Ratio of Bd → DK and Bs → Dsπ modes
[Accepted by PRL]

Ü Combination [LHCb-CONF-2011-034](
fs
fd

)
LHCb

= 0.267 + 0.021
− 0.020

Similar to LEP and Tevatron result(
fs
fd

)
LEP, Tevatron

= 0.271± 0.027

Although there’s no reason they should be the same

35 pb−1
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b-Baryons
See Rob Harr

b-baryons are also seen by all experiments

Atlas, CMS, LHCb see Λb → J/ψΛ
[ATLAS-CONF-2011-124] [CMS-DP-2011-007]

[LHCb-CONF-2011-001]

LHCb: τΛb
= 1.353± 0.108± 0.035

LHCb sees Λb → Λcπ, Λb → D0pπ, Λb

→ D0pK (can be used to measure γ) and
a hint of Ξb → D0pK [LHCb-CONF-2011-036]
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The orphan Bc

Bc has not been mentioned so far

LHCb observes Bc → J/ψπππ
[LHCb-CONF-2011-040]

B(Bc→J/ψπ)

B(Bc→J/ψπππ)
= 3.0± 0.6± 0.4

Background subtracted mass
distributions show a ρ(770),
a1(1260) but no ψ(2S)
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Excited B states

Take exclusive Bd → J/ψK ∗, Dπ,
D3π, B+ → J/ψK , Dπ, D3π and
combine with a K or a π

B+π− and B+K− modes have already
been seen by CDF & D0.

First observation
of B+∗∗→B0π+
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Direct CPV in charmless B Decays See DavidAsner

Bd → K+π−: ACP = −0.088± 0.011± 0.008
Production asymmetry: (1.0± 1.3)%, Interaction asymmetry (−1.0± 0.2)%

Bs → K−π+: ACP = 0.27± 0.08± 0.02

Most precise single
measurement!

HFAG: −0.098± 0.013

Ü “Kπ puzzle”

First evidence of
CPV in Bs !

HFAG: 0.39± 0.017

CP violation
is that
simple!

[LHCB-CONF-2011-042]
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CKM-angle γ

B → hh measures γ via loop-induced transitions,

While B → Dh and Bs → Dsh measure the “SM” value in
tree-dominated decays

Similar to Bd → J/ψK 0
S vs Bd → φK 0

S for sin 2β

Need more data for this programme. Now just observe and
measure branching ratios: [LHCb-CONF-2011-057]

B(Bs→DsK ) =
(
1.97± 0.18 + 0.19

− 0.18
+ 0.11
− 0.10(fs/fd)

)
· 10−4
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b → s transitions

b → s transitions are loop-induced and thus
suppressed in the SM. New Physics diagrams
could compete.

1 b → sγ

2 Bs → µµ

3 b → ``s

4 CP violation in Bs mixing
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b → sγ

Ratio of B → K ∗γ and Bs → φγ

7 Photons Ü Broader signal peak
than typical B decay

7 More work on backgrounds (B →
Kππ0 . . . )

B(B→K ∗γ)

B(Bs→φγ)
= 1.52± 0.15

± 0.10± 0.12 (fs/fd)

Expect 1.0± 0.2 from SM Ü 2σ

4 Largest Bs → φγ signal!
[LHCb-CONF-2011-055]

Ü On the way to measuring CP
asymmetries
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b → ``s

Start with b → sγ, pay a factor αEM

Ü Decay the γ into 2 leptons
Add an interfering box diagram

Ü b → ``s, very rare in the SM
B (B→``K∗) = (3.3± 1.0) · 10−6

Sensitive to Supersymmetry, Any
2HDM, Fourth generation, Extra
dimensions, Axions . . .

4 Ideal place to look for new physics
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Angular Distributions & AFB

 −
φ

lθ θKB0

π

K

+

 −

µ+

µ

A lot of information in the full θ`, θK and φ distributions

dΓ′

dθl
= Γ′

(
3

4
FL sin2 θl + AFB cos θl

+
3

8
(1− FL)(1 + cos2 θl)

)
dΓ′

dφ
=

Γ′

2π

(
1

2
(1− FL)A

(2)
T cos 2φ

+AIm sin 2φ+ 1

)
dΓ′

dθK
=

3Γ′

4
sin θK

(
2FL cos2 θK + (1− FL) sin2 θK

)

[Krüger & Matias]
[Egede, et al.] [Ali, et al.]

Ü Many observables depending on q2 = m2
µµc4
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Angular Distributions & AFB

A lot of information in the full θ`, θK and φ distributions

dΓ′

dθl
= Γ′

(
3

4
FL sin2 θl + AFB cos θl

+
3

8
(1− FL)(1 + cos2 θl)

)

AFB =

(
1∫

0

−
0∫
−1

)
d cos θl

d2Γ
dq2d cos θl

1∫
−1

d cos θl
d2Γ

dq2d cos θl

[Krüger & Matias]
[Egede, et al.] [Ali, et al.]

Ü Today: Forward-backward asymmetry AFB
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AFB Measurements Summary

Belle: 230 B → ``K ∗ events in
657 · 106 BB [PRL103:171801,2009]

BaBar: 60 B → ``K ∗ events in
384 · 106 BB [PRD79:031102,2009]

CDF: 100 B → µµK ∗ events in
4.4 fb−1

[CDF public note]

FB asymmetry: All seem to
favour positive values in first
bins. Not conclusive yet. . .

Ü Need much more statistics

LHCb presents a result with 300
events with 309 pb−1: Largest sam-
ple in the world
[LHCb-CONF-2011-038]
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B → µµK ∗ at LHCb

[LHCb-CONF-2011-038]

Select B0 → K ∗µ+µ− using
boosted decision tree

Cut out J/ψ and ψ(2S)
(used as control of angular
fits)

Weight events according to
η−1(θ`, φ, θK , q

2)

Bin in q2 and extract dΓ/dq2

Fit for θK and θ`
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B → µµK ∗ at LHCb

[LHCb-CONF-2011-038]

Select B0 → K ∗µ+µ− using
boosted decision tree

Cut out J/ψ and ψ(2S)
(used as control of angular
fits)

Weight events according to
η−1(θ`, φ, θK , q

2)

Bin in q2 and extract dΓ/dq2

Fit for θK and θ`
Ü Good agreement with SM

Will add more observables,
like A2

T , sensitive to right
handed currents

SM: Bobeth et al., [arXiv:1105.0376]
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New CDF Result

CDF has released an
update to 6.8 fb−1 Ü

165 candidates
[arXiv:1108.0695]

They now also see a
negative AFB in the first
bin
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Comparison of all experiments

[LHCb-CONF-2011-038]

Patrick Koppenburg Heavy Flavour Results at the LHC 30 August 2011, PIC, Vancouver [38/58]

http://cdsweb.cern.ch/record/1367849?ln=en


Bs → µµ

Very rare decay, well described
in the SM

B(Bs→µµ)SM = (3.2± 0.2) · 10−9

[Buras]

Very sensitive to NP, e.g.
MSSM:

B(Bs→µµ)MSSM ∝
m2

bm
2
` tan6 β

m4
A

Many previous measurements

D0 (6.1 fb−1): B < 5.1 · 10−8 (95%) [Phys. Lett. B 693, 539 (2010)]

LHCb (37 pb−1): B < 5.6 · 10−8 (95%) [Phys. Lett. B 699, 330 (2011)]

CDF (7 fb−1): B = (1.8 + 1.1
− 0.9) · 10−8 Hint! [arXiv:1107.2304]
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Bs → µµ Strategy (300 pb−1)

1 Select B → µµ using a boosted
decision tree (BDT) tuned on
MC but calibrated on real data
B → hh and sidebands

2 Mass resolution calibrated on b
→ hh and dimuon resonances

3 Look in 4×6 bins of
BDT×Mass

4 Normalise to Bs → J/ψφ, Bd

→ J/ψK ∗, Bs → Kπ
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Bs → µµ Signal window (300 pb−1)
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• Data
SM signal expectation
B → ππ expectation
Combinatorial expec-
tation

BDT Bin 1 2 3 4

Exp. Comb. Bkg. 2969± 69 25± 3 3.0± 0.9 0.66± 0.40
Exp. SM Signal 1.26± 0.13 0.61± 0.06 0.67± 0.07 0.72± 0.07

Observed 2872 26 3 2
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Bs → µµ Best Candidate

Ü
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B → µµ LHCb limits (300+37 pb−1)

Bs→µµ Bd→µµ
Expected limit assuming bkg only (95%) 1.0 · 10−8 3.1 · 10−9

Expected limit assuming bkg+SM (95%) 1.5 · 10−8

Observed limit (95%) 1.6 · 10−8 5.1 · 10−9

p-value of background only hypothesis 14% 79%
Observed limit, 2010+2011 (95%) 1.5 · 10−8

[LHCB-CONF-2011-037-001]
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Bs → µµ at CMS (1.1 fb−1)

Cut-based selection optimised
on MC and sidebands

Divided in Barrel (two µ with
|η| < 1.4) and Endcap (one µ
with |η| > 1.4)

Efficiency very stable wrt to
multiplicity Ü good news for
high lumi running

Normalisation to Bs → J/ψφ,
Bu → J/ψK
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Bs → µµ at CMS (1.1 fb−1)

Barrel Endcap

Expected signal 0.80 ± 0.16 0.36 ± 0.07
Expected Bkg 0.60 ± 0.35 0.80 ± 0.40
Expected B → hh 0.07 ± 0.02 0.04 ± 0.02

Observed 2 1

Expected limit at 95% assuming SM 1.8 · 10−8

Observed limit 1.9 · 10−8

p-value of background only hypothesis 11%

[1107.5834, submitted to PRL]
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Bs → µµ LHC combination

Combine using LHCb’s
framework, with 24
LHCb plus 2 CMS bins.

Use fd/fs from LHCb.

LHCb CMS

Expected Limit, SM+Bkg (95%) 1.5 · 10−8 1.8 · 10−8

Observed limit, 2010+2011 (95%) 1.5 · 10−8 1.9 · 10−8

Observed LHCb+CMS limit (95%) 1.1 · 10−8

[CMS-PAS-BPH-11-019 ; LHCb-CONF-2011-047]
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Bs → µµ LHC combination

Combine using LHCb’s
framework, with 24
LHCb plus 2 CMS bins.

Use fd/fs from LHCb.

LHCb CMS

Expected Limit, SM+Bkg (95%) 1.5 · 10−8 1.8 · 10−8

Observed limit, 2010+2011 (95%) 1.5 · 10−8 1.9 · 10−8

Observed LHCb+CMS limit (95%) 1.1 · 10−8

[CMS-PAS-BPH-11-019 ; LHCb-CONF-2011-047]

The air is getting thin for Susy

Assuming the SM we could get 3σ evi-

dence with 2011 data. [arXiv:1108.3018]
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φs in Bs → J/ψφ Status
See Rob Harr

φs is the phase in the Bs mixing

SM prediction
= 0.0363± 0.0017 rad [CKMFitter]

Deviations due to NP could large

HFAG, UTFit, CKMFitter fits hint
towards an additional phase [HFAG]

LHCb has measured it with 2010
data : 37 pb−1, 757± 28 signal
candidates [LHCb-CONF-2011-006]

Now updating to 10 times more

Patrick Koppenburg Heavy Flavour Results at the LHC 30 August 2011, PIC, Vancouver [48/58]

http://ckmfitter.in2p3.fr/
http://www.slac.stanford.edu/xorg/hfag/osc/PDG_2011
http://cdsweb.cern.ch/record/1328961?ln=en


φs in Bs → J/ψφ Status

φs is the phase in the Bs mixing

SM prediction
= 0.0363± 0.0017 rad [CKMFitter]

Deviations due to NP could large

HFAG, UTFit, CKMFitter fits hint
towards an additional phase [HFAG]

LHCb has measured it with 2010
data : 37 pb−1, 757± 28 signal
candidates [LHCb-CONF-2011-006]

Now updating to 10 times more

See Krocker’s
Poster

Patrick Koppenburg Heavy Flavour Results at the LHC 30 August 2011, PIC, Vancouver [48/58]

http://ckmfitter.in2p3.fr/
http://www.slac.stanford.edu/xorg/hfag/osc/PDG_2011
http://cdsweb.cern.ch/record/1328961?ln=en


Bs → J/ψφ

1 Time dependent analysis
Time resolution measured using prompt J/ψ
background: στ = 50 fs

2 Need to tag initial flavour of the Bs

3 P→VV decay: needs an angular analysis to
resolve CP-even and CP-odd components

Angular acceptance determined from MC
Maximum deviation from uniform: 5%
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Bs → J/ψφ

1 Time dependent analysis

2 Need to tag initial flavour of the Bs

Per event mistag calibrated on
B+ → J/ψK and Bd → D∗µνµ
Dilution Dtag = 0.277± 0.011± 0.025
Tagging power εD2 = (2.08± 0.41)%

3 P→VV decay: needs an angular analysis to
resolve CP-even and CP-odd components

Angular acceptance determined from MC
Maximum deviation from uniform: 5%

c
η

0 0.1 0.2 0.3 0.4 0.5 0.6

ω

0

0.1

0.2

0.3

0.4

0.5

0.6

 = 7 TeV Datas

Preliminary
LHCb

c
η

0 0.1 0.2 0.3 0.4 0.5 0.6

ω

0

0.1

0.2

0.3

0.4

0.5

0.6

 = 7 TeV Datas

Preliminary
LHCb

c
η s

0B
0 0.2 0.4 0.6

E
ve

n
ts

 / 
0.

00
6

0

20

40

60

80

100

120

140

160 =7TeVsLHCb preliminary 

-1337 pb

Mixing seen in Bs → Dsπ
See Bob Harr’s talk
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Bs → J/ψφ

1 Time dependent analysis

2 Need to tag initial flavour of the Bs

3 P→VV decay: needs an angular analysis to
resolve CP-even and CP-odd components

Angular acceptance determined from MC
Maximum deviation from uniform: 5%
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Bs → J/ψφ Fit projections
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φs in Bs → J/ψφ Result
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s

φ
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LHCb Preliminary
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φ
J/ψφ
s = 0.13 ± 0.18 (stat) ± 0.07 (sys) rad

Γs = 0.656 ± 0.009 (stat) ± 0.008 (sys) ps−1

∆Γs = 0.123 ± 0.029 (stat) ± 0.008 (sys) ps−1

See Krocker’s
Poster

First evi-
dence (4σ) of
∆Γs > 0!

Patrick Koppenburg Heavy Flavour Results at the LHC 30 August 2011, PIC, Vancouver [51/58]



History: First observation (30 pb−1)

4 First observation of Bs →
J/ψf0(980) (f0(980) → ππ)
[Phys. Letters B 698 (2011) 115]

That was in February this year

Almost immediately
confirmed by Belle
[Phys.Rev.Lett.106:121802,2011]

and CDF
[arXiv:http://arxiv.org/abs/1106.3682]
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φs in Bs → J/ψf0(980) (330 pb−1)

Now we use it to extract φs

4 The f0(980) looks pure scalar:
no angular analysis needed.
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φs in Bs → J/ψf0(980)

φ
J/ψf0(980)
s = −0.44± 0.44± 0.02 rad

SM fit: −0.0363± 0.0017 rad
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φs in Bs → J/ψf0(980) and φ
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Combining with J/ψφ result:

φ
J/ψf0(980)
s = −0.44± 0.44± 0.02 rad

φ
J/ψφ
s = +0.13± 0.18± 0.07 rad

φComb
s = +0.03± 0.16± 0.07 rad (LHCb)

SM fit: −0.0363± 0.0017 rad
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φs in Bs → J/ψf0(980) and φ

LHCb the first
to show point-
estimates.

No need for
∆Γs/φs plots any
more.

φComb
s = +0.03± 0.16± 0.07 rad (LHCb)

SM fit: −0.0363± 0.0017 rad
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Controlling Penguins

With LHCb’s experimental precision,
penguin contributions to e.g. Bd →
J/ψK 0

S will have to me taken into ac-
count

Is that the tension on sin 2β?

[LHCb-CONF-2011-048]
Ü Study U-spin partners as Bs → J/ψK 0

S

De Bruyn, PK, Fleischer [Eur.Phys.J.C70:1025 (2010)], [arXiv:1012.0840]

B(Bs→J/ψK 0
S )

B(Bd→J/ψK 0
S )

= 0.0378± 0.0058 (stat)± 0.0020 (syst)± 0.0030 (
fs
fd

)

CDF: 0.041± 0.007± 0.004± 0.005 [Note 10240]

New!

Patrick Koppenburg Heavy Flavour Results at the LHC 30 August 2011, PIC, Vancouver [55/58]

http://cdsweb.cern.ch/record/1374136
http://arxiv.org/abs/1010.0089
http://arxiv.org/abs/1012.0840
http://www-cdf.fnal.gov/physics/new/bottom/100708.blessed-BsJpsiK/cdf10240_SuppresBsPublicNote.pdf


LHCb Upgrade plans

Expect that integrated luminosity increases linearly with time.
After 6 fb−1, would take ∼3 years to double statistics

Need an order of magnitude increase in luminosity Ü O
(
1033

)
4 Most of the detector can cope, efficiencies don’t degrade

7 L0 saturates for hadronic
channels

pT is not a
discriminating variable
anymore

Ü Cut on impact
parameter

Ü Read all out at 40 MHz

Most of the electronics
to be replaced

[CERN-LHCC-2011-001]
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The LHC is the new b factory

Big industry of cross section
measurements at

√
s = 7 TeV

The charm cross section is large Ü

good prospects for D physics

Exploring b → s transitions
Bs → µµ, B → µµK∗, φs

The LHC does not confirm the hints
seen by the Tevatron or B factories
But all measurements are statistically
limited

More to come in 2012, including CKM
angles. . .
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Backup
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Bs → φφ triple product
See Rob Harr

Bs → φφ is similar to Bs

→ J/ψφ, but only penguin-
induced.

Triple product tests for CP
violation without need of
flavour tagging [arXiv:1107.1232],
[Phys.Lett. B701 (2011) 357-362]

U = sinφ cosφ

V = + sinφ, if cos θ1 cos θ2 > 0

V = − sinφ, otherwise
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Bs → φφ triple product
See Rob Harr

Bs → φφ is similar to Bs

→ J/ψφ, but only penguin-
induced.

Triple product tests for CP
violation without need of
flavour tagging [arXiv:1107.1232],
[Phys.Lett. B701 (2011) 357-362]

U = sinφ cosφ

V = + sinφ, if cos θ1 cos θ2 > 0

V = − sinφ, otherwise

Very clean signal: 320 events
in 340 pb−1

AU = −0.064± 0.057± 0.014

AV = −0.070± 0.057± 0.014
[CONF-2011-052]
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Luminosity

Dipole magnet Ü crossing angle

added or subtracted from external
angle

Beam-gas events allow to measure
beam shapes

Ü Precise measurement of LHC lumi-
nosity

3.5 TeV, Field Down

3.5 TeV, Field Up
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Instantaneous Luminosity at 3.5 TeV

> 80% of nominal luminosity Ü

LHCb has been designed for
L = 2 · 1032 cm−2s−1, with 2800
bunches crossing

Ü 0.4 pp collisions per crossing

But we only had 400 bunches in
2010
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Instantaneous Luminosity at 3.5 TeV

> 80% of nominal luminosity Ü

Nominal conditions

We run at 5 times
our design!
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