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Charm de
ays

Rare semileptoni
 de
ays, e.g.

D → Pl+l− D = c{u, d, s}, P ∈ {π,K}, l ∈ {e, µ}

B(D+ → π+µ+µ−) < 7.3× 10−8
�CL=90% [LHCb 2013℄
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•
Suppressed in SM

•
Up-type quark de
ay

•
Sensitive to high energy s
ales

•
Test of theoreti
al 
on
epts

 High pre
ision physi
s (LHCb, CMS, BaBar, Belle II, CLEO-
,

BESIII, ...)
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E�e
tive Lagrangian

L
e�

= L
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SM dim6 operator basis

[hep-ph/9612313℄

Q
(q)
1,2 = (uLγµ1

T aqL)(qLγ
µ1T acL)

Q3,4 = (uLγµ1
T acL)

∑

{q:mq<µ}
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Q5,6 = (uLγµ1
γµ2
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e2
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(
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QCD 
al
ulation in a nutshell

•
�µ ∼ mW : mat
h SM onto e�e
tive theory (NNLO)

[hep-ph/9910220℄

• µ ∼ mW → µ ∼ mb: evolve via RGE (NNLO)

[hep-ph/0411071℄, [hep-ph/0504194℄, [hep-ph/0612329℄

•
�µ ∼ mb: integrate b-quark (NLO)

• µ ∼ mb → µ ∼ mc: resum logarithms to all order in

perturbation theory (NNLO)

•
�µ ∼ mc: absorb Q1−6,8 into Ce�

7,9,10 (NNLO)

[hep-ph/9603417℄, [arXiv:0810.4077℄
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Wilson 
oe�
ients at µ ∼ mc (preliminary)
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Phenomenologi
al analysis

In
lusive bran
hing fra
tions (preliminary)

de
ay mode Bc→ull

B(D→Xq lν)
Bc→qlν

D+ → X+
u e+e− 1 · 10−9

D+ → X+
u µ+µ− 3 · 10−10

D0 → X+
u e+e− 5 · 10−10

D0 → X+
u µ+µ− 1 · 10−10

D+
s → X+

u e+e− 5 · 10−10

D+
s → X+

u µ+µ− 1 · 10−10
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Ex
lusive de
ays

iA(D → Pll) ∼
∑

Ce�

7,9,10〈P |Q7,9,10|D〉
•
Hadroni
 matrix elements parametrized by means of three

form fa
tors

•
Form fa
tor relations (Isgur-Wise, O(αs) at low re
oil)

[hep-ph/0404250℄

•
(Single) form fa
tor  z-series parametrization

[hep-ph/0906.2983℄
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D+ → Pµ+µ−
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B(D+ → π+µ+µ−)[1.25,2] < 2.6 × 10−8
�CL=90% [LHCb 2013℄
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√

q2 ≥ 1.25GeV (preliminary)

de
ay mode bran
hing fra
tion

D+ → π+l+l− 1 · 10−12

D+ → K+l+l− 8 · 10−14

D0 → π+l+l− 5 · 10−13

D0 → K+l+l− 3 · 10−14

D+
s → π+l+l− 1 · 10−12

D+
s → K+l+l− 2 · 10−13
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BSM: neutral Z
′
gauge boson

LZ′ ⊃ g
(cu)
L ū /Z

′
PLc+ g

(cu)
R ū /Z

′
PRc+ g

(l)
V l /Z

′
l + g

(l)
A l /Z

′
γ5l

g
(cu)
L ∼ 0.1, g

(l)
V ∼ 0.1, mZ′ ∼ 100GeV (preliminary)
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What's done

Studied rare semileptoni
 
harm to pseudos
alars de
ays, e.g.

B(D+ → π+µ+µ−)
LHCb

< 2.6 × 10−8

B(D+ → π+µ+µ−) ∼ 10−12

at low re
oil.

 Any signal is BSM physi
s!?
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What's to do

•
Che
k and improve 
al
ulations, un
ertainties ...

•
Think of BSM physi
s

• D → ρll, Λc → pµµ, ...?

•
Looking for future experiments
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c → ull in literature, e.g.

B(D+ → π+µ+µ−) = [4.59, 8.04] · 10−10
[arXiv:1409.0181℄

due to absorbing light quark �elds into Wilson 
oe�
ients at

µ ∼ mW , i.e.

∑

q∈{d,s,b} VcqV
∗
uqC

(q)
9 (mW ) ≈ VcsV

∗
us

−2
9 ln m2

s

m2

d

≈ −0.29
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2ml ≤
√

q2 ≤ mD −mP (preliminary)

de
ay mode Bl=e Bl=µ

D+ → π+l+l− 8 · 10−12 4 · 10−12

D+ → K+l+l− 7 · 10−12 3 · 10−12

D0 → π+l+l− 3 · 10−12 2 · 10−12

D0 → K+l+l− 3 · 10−12 1 · 10−12

D+
s → π+l+l− 5 · 10−12 3 · 10−12

D+
s → K+l+l− 4 · 10−12 2 · 10−12
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In
lusive di�erential de
ay distribution (preliminary)

0.5 1.0 1.5 2.0 2.5
q²@GeV²D

10-13

10-11

10-9

10-7

HdGc®ull�dq²LHBD®XlΝ�Bc®qlΝL

HNLNLO

NNLO+GPS

Greub, Pilipp, S
hupba
h [arXiv:0810.4077℄
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