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(Semi)leptoni
 rare 
harm de
ays

•
Rare in the SM due to an e�e
tive GIM me
hanism, e.g.

Bnr(D+ → π+µ+µ−) < 7.3× 10−8
�CL=90% [LHCb 2013℄,

thus sensitive to BSM physi
s.

•
Convergen
e of 
al
ulations by means of αs and Λ

QCD

/mc?

•
Unique up-type quark FCNC, 
omplementary to K/B physi
s.

•
SM null test, e.g.

B(D0 → e±µ∓) < 1.3× 10−8
�CL=90% [LHCb 2015℄.
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D+ → π+µ+µ−
bran
hing ratio

q2 is dilepton mass squared and dashed bla
k line shows 90% CL experimental upper limit. Solid blue 
urve is

non-resonant SM (N)NLO QCD predi
tion within OPE at µc = mc and lighter blue band its µc-un
ertainty.

Orange band represents resonant modes modeled via Breit-Wigner shape to �t data and varying relative strong

phases.

Stefan de Boer 51st Re
ontres de Moriond EW 2016



D+ → π+µ+µ−
bran
hing ratio at high q2

Additional two (dot-dashed 
yan and dotted purple) 
urves are D0
→ µ+µ−

-
onsistent model-independent BSM


ases.
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Angular observables, LFV and dineutrino de
ays

Approximate SM null tests, model-independently at high q2

|AFB(D
+ → π+µ+µ−)| . 0.6 ,

FH(D+ → π+µ+µ−) . 1.5 .

1
Γ

dΓ
d cos θ

= 3
4
(1 − FH)(1 − cos2 θ) + AFB cos θ + 1

2
FH

(θ = ∡(l−, D+) in dilepton 
enter-of-mass frame).
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Angular observables, LFV and dineutrino de
ays

Approximate SM null tests, model-independently at high q2

|AFB(D
+ → π+µ+µ−)| . 0.6 ,

FH(D+ → π+µ+µ−) . 1.5 .

1
Γ

dΓ
d cos θ

= 3
4
(1 − FH)(1 − cos2 θ) + AFB cos θ + 1

2
FH

(θ = ∡(l−, D+) in dilepton 
enter-of-mass frame).

LFV and dineutrino modes may be 
lose to experimental limits

B(D+ → π+e±µ∓) . 3 · 10−6
�CL=90% [BaBar 2011℄,

B(D+ → π+νν̄) ∼ 10−5
sensitivity at BESIII.
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Leptoquark models and �avor patterns

•
May generate LNU in R(K) and R(D∗) [Alonso et al. 2015℄, [Bauer et al. 2015℄,

[Fajfer et al. 2015℄, talk by Nej
 Kosnik.

•
May indu
e the 750 GeV diphoton de
ay [Bauer et al. 2015℄, [Murphy 2015℄.

•
Couple quark singlets (
ase 1) or doublets (
ase 2).

•
Constrained by 
ollider experiments and µ → eγ, µ− e 
onversion in

nu
lei and K physi
s ...

S
alar LQ V e
tor LQ

S1(3, 1,−1/3) Ṽ1(3, 1,−5/3)
S2(3, 2,−7/6) V2(3, 2,−5/6)

S3(3, 3,−1/3) Ṽ2(3, 2, 1/6)
V3(3, 3,−2/3)

(SU(3)C , SU(2)L, Y )
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Leptoquark models and �avor patterns

•
May generate LNU in R(K) and R(D∗) [Alonso et al. 2015℄, [Bauer et al. 2015℄,

[Fajfer et al. 2015℄, talk by Nej
 Kosnik.

•
May indu
e the 750 GeV diphoton de
ay [Bauer et al. 2015℄, [Murphy 2015℄.

•
Couple quark singlets (
ase 1) or doublets (
ase 2).

•
Constrained by 
ollider experiments and µ → eγ, µ− e 
onversion in

nu
lei and K physi
s ...

Couplings via �avor patterns inspired by Frogatt-Nielsen U(1) (quarks,

rows) and A4 (leptons, 
olumns) symmetries, e.g. [de Medeiros Varzielas et al. 2015℄

λi,ii,iii ∼





ρdκ ρd ρd
ρκ ρ ρ
κ 1 1



 ,





0 ∗ 0
0 ∗ 0
0 ∗ 0



 ,





∗ 0 0
0 ∗ 0
0 ∗ 0




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Leptoquark models and bran
hing ratios

B(D+ → π+µ+µ−) B(D0 → µ+µ−)

ii.1) . 7 · 10−8
(2 · 10−8

) . 3 · 10−9

iii.1) SM-like SM-like

exp. < 7.3 · 10−8
(2.6 · 10−8

) < 6.2 · 10−9
[LHCb 2013℄

Full q2-bin (high q2-bin) for two 
lasses of leptoquark 
ouplings.

B(D+ → π+e±µ∓) B(D0 → µ±e∓) B(D+ → π+νν̄)

ii.1) 0 0 . 8 · 10−8

iii.1) . 2 · 10−6 . 4 · 10−8 . 2 · 10−6

exp. . 3 · 10−6 < 1.3 · 10−8 ∼ 10−5

The c → ue+e− bran
hing ratios are SM-like, thus LNU in 
harm de
ays

may be generated.
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Leptoquark models and CP asymmetries

Normalized to shown bins for 
ase ii.2) around φ (left plot) and at high q2 (right plot). From yellow (upper 
urves

above φ) to red (lower 
urves above φ) ea
h bun
h represents δφ = π/2, π, 0, 3/2π.

Probes Q9 = (ūLγµcL)(l̄γ
µl) independent of strong phases around φ and

small C9 as linked to K/B physi
s at high q2.
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Con
lusion

BSM opportunities with (semi)leptoni
 rare 
harm de
ays via

• B(D+ → π+µ+µ−) above the resonan
es.

•
Angular observables and CP asymmetries.

•
LFV and dineutrino de
ays.

Leptoquark models link 
harm and K/B physi
s (LNU).

BSM physi
s depend on �avor patterns and vi
e versa.
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