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Importance of charm rare decays

Why charm rare decays

Flavour Changing Neutral Current (FCNC) processes:
highly suppressed in the SM
only allowed at loop level
affected by GIM suppression → D decays more suppressed than B decays, due to the
absence of a heavy down-type quark

Charm→ investigate up-type quark FCNCs→ studies complementary to those in
B and K sectors
New Physics could enhance SM branching fraction predictions
Multibody semileptonic decays: angular asymmetries studies

ACP and AFB could be enhanced by some NP effects (to O(1%) and sometimes O(5%))
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LHCb

Large Hadron Collider-beauty
Single-arm forward spectrometer
b- and c-hadrons rare decays, CP violation, quark model test
investigating the physics beyond the Standard Model (matter-antimatter
asymmetry)
reduced luminosity → few p-p interactions per bunch crossing (better
reconstructibility of events)

Why LHCb is a very suitable detector:
Excellent muon identification
1.9 < η < 4.9
High momentum resolution: 0.4% < δp

p < 0.6%
Very good performance in reconstruction of vertices
High performance trigger: flexible and configurable
5(2) · 1012D0(D+) in LHCb acceptance in 3fb−1 of
integrated luminosity at

√
s = 7− 8TeV
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D0 → µ+µ−
D0 → π+π−µ+µ−
D+

(s)
→ π+µ+µ− / D+

(s)
→ π−µ+µ+

D0 → µ+µ−: strategy Phys.Lett.B, Vol.725, 2013, 15–24

SM contributions

SM short distance contribution O ∼ 10−18

SM long distance prediction O ∼ 10−11

(dominated by the two-photon intermediate state)
Previous limit O ∼ 10−7

Belle Collaboration [PRD 81 (2010) 091102R]

Signal channel: D∗+ → D0(µ+µ−)π+

Normalization channel: D∗+ → D0(π+π−)π+

Control channels: D∗+ → D0(K−π+)π+, D0 → K+π+, J/Ψ→ µ+µ− (muon
identification and trigger efficiency)
Peaking background (2- or 3-body D0 decays, hadrons misidentified as muons)→
tight particle identification criteria
Combinatorial background → multivariate selection (θD ,χ2

IP of D0 and muons
tracks, minimum muons pT ,...)
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D0 → µ+µ−
D0 → π+π−µ+µ−
D+

(s)
→ π+µ+µ− / D+

(s)
→ π−µ+µ+

D0 → µ+µ−: results Phys.Lett.B, Vol.725, 2013, 15–24

Unbinned maximum likelihood fit of two-dimensional distributions of:
∆mµ+µ− = mµ+µ−π+ −mµ+µ−

mµ+µ−

Total distribution
Combinatorial background

Signal
D∗+ → D0(K−π+)π+

D∗+ → D0(π−π+)π+

Upper limit (
√

s=7 TeV , 0.9 fb−1):

B(D0 → µ+µ−) < 6.2(7.6) · 10−9 at 90%(95%) CL

2 orders of magnitude above SM predictions Improved by a factor 20
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D0 → µ+µ−
D0 → π+π−µ+µ−
D+

(s)
→ π+µ+µ− / D+

(s)
→ π−µ+µ+

D0 → π+π−µ+µ−: strategy Phys.Lett.B, Vol.728, 2014, 234-243

SM contributions

SM prediction O(. 10−9)
Previous limit O(∼ 10−5) E791 Collaboration [PRL 86(2001)3969]

Signal: D∗+ → D0(π+π−µ+µ−)π+

Control leakage from resonant regions into low and high dimuon mass
Signal regions away from η, ρ0 and φ resonances (250 < mµµ < 525MeV/c2,
mµµ > 1100MeV/c2)
Peaking background D0 → π+π−π+π− + combinatorial
Reference sample: D0 → π+π−φ(→ µ+µ−)
Combined multivariate analysis (θD ,χ2 of D0 decay vertex and fligh distance,p
and pT of all tracks,...) and muon particle identification
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D0 → µ+µ−
D0 → π+π−µ+µ−
D+

(s)
→ π+µ+µ− / D+

(s)
→ π−µ+µ+

D0 → π+π−µ+µ−: results Phys.Lett.B, Vol.728, 2014, 234-243

Unbinned maximum likelihood of two-dimensional distributions of mππµµ and
∆m = mππµµπ −mππµµ:

Total distribution
Filled area - Signal

D0 → π+π−π+π−

Non peaking background

Upper limit (
√

s = 7 TeV , 1 fb−1):

B(D0 → π+π−µ+µ−) < 5.5(6.7) · 10−7 at 90%(95%) CL

x70 improvement — 2 orders of magnitude above SM predictions
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D0 → µ+µ−
D0 → π+π−µ+µ−
D+

(s)
→ π+µ+µ− / D+

(s)
→ π−µ+µ+

D+
(s) → π+µ+µ−/D+

(s) → π−µ+µ+: strategy Phys.Lett.B, Vol.724, 2013, 203-212

SM contributions

Previous limits:D+ → π−µ+µ+ O ∼ (10−6) Babar Collaboration[PRD 84(2011)072006]
D+

s → π−µ+µ+ O ∼ (10−5) Babar Collaboration[PRD 84(2011)072006]
D+ → π+µ+µ− O ∼ (10−6) D0 Collaboration [PRL 100(2008)101801]
D+

s → π+µ+µ− O ∼ (10−5) FOCUS Collaboration [PRB 572 (2003)21]

Control leakage from resonant regions
Control channel D+

(s) → π+(φ→ µ+µ−)

Peaking background D+
(s) → π+π+π−

Multivariate analysis (θD ,χ2 of D+
(s) decay vertex and fligh distance,p and pT of

all tracks,...) + particle identification selection
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D0 → µ+µ−
D0 → π+π−µ+µ−
D+

(s)
→ π+µ+µ− / D+

(s)
→ π−µ+µ+

D+
(s) → π+µ+µ−/D+

(s) → π−µ+µ+: results I Phys.Lett.B, Vol.724, 2013, 203-212

Binned maximum likelihood fit
D+

(s) → π+µ+µ− in m(µ+µ−) bins:

a) low-m(µ+µ−) 250-525 MeV/c2

b) φ 850-1850 MeV/c2

c) high-m(µ+µ−) 1250-2000 MeV/c2

Total distribution
Signal

Solid area-Peaking background
Dashed line-Non peaking background

D+
(s) → π−µ+µ+ in m(µ+π−) bins:

a) 250-1140 MeV/c2

b) 1140-1340 MeV/c2

c) 1340-1550 MeV/c2

d) 1540-2000 MeV/c2
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D0 → µ+µ−
D0 → π+π−µ+µ−
D+

(s)
→ π+µ+µ− / D+

(s)
→ π−µ+µ+

D+
(s) → π+µ+µ−/D+

(s) → π−µ+µ+: results II Phys.Lett.B, Vol.724, 2013, 203-212

Upper limits (
√

s = 7TeV , 1fb−1):

B(D+ → π+µ+µ−) < 7.3(8.3) · 10−8 at 90%(95%) CL
B(D+

s → π+µ+µ−) < 4.1(4.8) · 10−7 at 90%(95%) CL
B(D+ → π−µ+µ+) < 2.2(2.5) · 10−8 at 90%(95%) CL
B(D+

s → π−µ+µ+) < 1.2(1.4) · 10−7 at 90%(95%) CL

Improved by a factor 50
1 order of magnitude above largest NP predictions for D+

s → π+µ+µ−
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Future prospects: ongoing

Analyses in progress or planned

Lepton Flavour Violation D0 → e±µ∓

D0 → K∓π±µ+µ−

Update of D0 → µ+µ−

Λ→ pµµ
D0 → φγ

...and some others planned
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Future prospects: run II and upgrade

LHCb Run II: 8fb−1,
√

s = 13TeV
LHCb Upgrade: 50fb−1,

√
s = 14TeV

Predictions on branching fractions’s upper limits:
Assuming the same efficiency and signal-to-background ratio:

Mode Run I Run II Upgrade
D0 → hh′µ+µ− few 10−7 fewer 10−7 10−8

D0 → µ+µ− few 10−9 fewer 10−9 10−10

D+ → π+µ+µ− few 10−8 fewer 10−8 10−9

D+
s → K+µ+µ− few 10−7 fewer 10−7 10−8

Λ→ pµµ few 10−7 fewer 10−7 10−8

D0 → eµ few 10−8 fewer 10−8 10−9

σACP (D0 → φγ) 10% 5% ?
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Future prospects: run II and upgrade

Predictions on asymmetries sensitivity:
Assuming the same efficiency and signal-to-background ratio:

Mode Run II Upgrade
D+ → π+µ+µ− 0.6%(30000 events) 0.2%(300000 events)

D0 → π+π−µ+µ− 3%(1500 events) 1%(15000 events)
D0 → K−π+µ+µ− 1%(10000 events) 0.3%(100000 events)
D0 → K+π−µ+µ− 40%(30 events) 12%(300 events)
D0 → K+K−µ+µ− 11%(150 events) 4%(1500 events)

These predictions could improve under the upgrade conditions:
offline reconstruction quality available in a fully software trigger (ε ∼ x3)
other improvements in the analyses
combinations of modes might matter more than individual sensitivities
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Conclusions
The results shown are all best world limits
Results on D0 → eµ and D0 → Kπµµ will become public very soon
Upgrades ongoing or planned
Wait for Run II data
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NP predictions Olga Kochebina PhD Thesis
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