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Highlighted LHCb results

● Charm mixing and CP asymmetries
– First observation of mixing in D0 → Kπππ decay

– Mixing and CP asymmetry in D0 → K+π- (DT, preliminary)

– Difference between CP asymmetries in D0 → K+K- and D0 → 
π+π- decays, ΔACP (pion tagged)

– CP asymmetry in D0 → K+K- decay (preliminary)

● Rare D decays
– First observation of D → Kπμμ decay in the ρ0/ω region in the 

dimuon mass spectrum

– Search for D → e+μ- decay
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LHCb detector

● LHCb acceptance: 2 < η < 5 (forward region)
● All the results presented  today are based on 

(a subset of) 3fb-1 Run1 data of LHC collected 
within 2011-2012

● 1.15 billion charm hadron decays 
reconstructed in Run1
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D0 flavor tagging in LHCb

Primary 
Vertex

Primary 
Vertex

D*0 → D0 π+
s
 decay chain

Pion tagged: flavor 
determined by charge of 
soft pion from “prompt” D*

s

B → D(*) μ+ν
μ
X semi-leptonic

Muon tagged: flavor 
determined by charge of 
muon from B
Doubly tagged (DT): flavor 
determined by charge of soft 
pion from “secondary” D*, 
which is from muon tagged B

+
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Mixing in D0 → Kπ(ππ)

(         )

(         )

Signal yield 
ratio as a 
function of D0 
decay-time:

: Wrong Sign

: Right Sign

In the limit of x, y « 1, and assuming no CPV, the WS/RS 
yield ratio R varies with D0 decay time t as:

τ: known D0 lifetime   R
D
: the ratio of DCS to CF decay rates

δ: strong phase difference between DCS and CF amplitudes
NB: Different RD and δ in 
D K→ π and D K→ πππ cases
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Observation of mixing in D0→ Kπππ
● Fully inspired by the previous LHCb 

analysis with D0→Kπ, pion tagged 
[PRL 110 (2013),101802]

– Was first observation of D0 mixing 
from one single experiment
No mixing hypothesis rejected at 8.2σ
First time in a multi-body decay

PRL 116 (2016), 241801

Ratios in 10 
decay-time bins
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Mixing and CPV in D0 → Kπ

● Separate mixing measurement on D0 and D0:

● Using Doubly Tagged samples, complementary to 
previous measurement using prompt D*+→D0π+

s  
[PRL 111, 251801 (2013)]

LHCb-PAPER-2016-033 (in prep.)

Advantage for DT: improved acceptance at low decay time t & cleaner background
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DT + prompt for D0 → Kπ
● Combined fits to both prompt and DT 

samples to extract mixing parameters 
(R±

D, x'2±, y'±) separately for D0 and D0:

● Sensitivity improvement over “prompt 
alone” results for different fit setups:

LHCb-PAPER-2016-033 (in prep.)

All floating

R+
D = R-

D

R+
D = R-

D, x'2+=x'2-, y'+=y'-

ε±
r
: K±π∓ detection efficiency

No CPV found
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A
CP

 for D0 → h+h-

K+(π+)

K-(π-)Using prompt D*+

➢ After cancellations, we have the A
CP

 difference:

To account for imperfect cancellations of detection and production asymmetries due 
to difference in the kinematic properties, distributions of D*+ decays of KK 
reweighted to those of ππ
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A
CP

 for D0 → h+h-

K+(π+)

K-(π-)Using prompt D*+

➢ To measure A
CP

 (KK) alone, detection and production 
asymmetries are eliminated using weighted control samples:
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ΔA
CP

 result using Run1 data
● Simultaneous fit of δm distributions 

for D*+ and D*- data samples to 
extract ΔACP:

N
KK

 ≈ 7.7 M N
ππ

 ≈ 2.5 M

PRL 116 (2016), 191601

Most precise time-integrated ACP 
measurement in the charm sector 
from a single experiment
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LHCb CPV searches in D0 → h+h-

A
CP

 related to direct and indirect CP asymmetries:

y
CP

 and A
Г
( ≈        ) from LHCb-only 

experimental inputs

PRL 116 (2016), 191601PRL 116 (2016), 191601

HFAG (Winter-2016) 
averages including results 
from all experiments:

compatible with no CPV at 
6.5% CL

Averages dominated by LHCb 
measurements 

contours at 68%, 
95%, 99% CL

aCP
ind

=(0.058±0.044)%

Δ aCP
dir

=(−0.061±0.076)%

LHCb-only 
results:

−aCP
ind
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A
CP

 for D0 → K+K- using Run1 data

● Simultaneous fit across D*+ and 
D*- data samples to measure:

LHCb Preliminary

Consistent with CP conservation

3fb-1

JHEP 07(2014)041

This work, 3fb-1

LHCb-PAPER-2016-035 (in prep.)

See backup slides for detailed info 
on this analysis
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LHCb rare D decay results

● First observation of D0→K-π+μ+μ-, in the 
ρ0/ω region (675 < m(μ-μ+) < 875 MeV):

● Lepton Flavor Violation mode D0→eμ is 
 forbidden in the SM, while some SM 
extensions suggest rates up to 10-6:

 

PL B757 (2016) 558

➢ D0→K-π+π+π- as the normalization channel, BF from CLEO
➢ Compatible with SM expectation [JHEP 04(2013)135]

PL B754 (2016) 167

➢ D0→K-π+π+π- as the normalization channel, BF from CLEO
➢ Compatible with SM expectation [JHEP 04(2013)135]

➢ D0→K-π+ as the normalization channel
➢ Most stringent constraint to date, one order of 

magnitude lower than the previous best one from 
BELLE [PRD 81 (2010) 091102]
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Summary

● Acting as a charm factory, LHCb has been quite 
successful in collecting the world's largest ever data 
samples

● Based on Run1 3fb-1 data, LHCb has recently presented a 
number of results related to charm decays

● No evidence for CPV is found so far, however LHCb has 
just started to approach SM expectations

● LHCb results on rare D decays are also the world's best
● Stay tuned for more exciting LHCb results from Run2 due 

to higher luminosity and improved trigger system
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Extracting yields for A
CP

(KK)
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