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Introduction

EFT at the charm scale de Boer, (2017), PhD thesis, TU Dortmund

What is the difference between b → s and c → u penguins?

I Light quark masses need to be set to
zero at µW

I Effective GIM-mechanism kills C7,9,10

at µW
I C7,9 are induced by RG running to µc
I C10(µc) = 0
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Semileptonic Modes

D(s) → π(K )`` Decays Bause, MG, Hiller, Tayduganov, (1909.11108)
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I CSM
9 = C eff

9 + C resonant
9 ' C resonant

9

I NP searches in branching ratios hard even at high q2.
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Semileptonic Modes

Null test observables

Null tests are based on

I appr. CP–symmetry ⇒ ACP(q2)

I angular observables ⇒ lepton forward-backward asymmetry
AFB(q2), flat-term FH(q2)

I Lepton universality ⇒ RD
π , R

Ds
K

I Lepton flavor conservation ⇒ B(D(s) → π(K )eµ) (LFV)

Parts of these will be discussed in this talk.
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Semileptonic Modes

LFU tests

RD
P =

∫ q2
max

q2
min

dB(D → Pµ+µ−)

dq2
dq2

∫ q2
max

q2
min

dB(D → Pe+e−)

dq2
dq2

Same cuts for electrons and muons necessary.

D → π SM |C9| = 0.5 |C10| = 0.5 |C9| = ±|C10| = 0.5
full q2 1.00±O(%) SM-like SM-like SM-like
low q2 0.95±O(%) O(100) O(100) O(100)
high q2 1.00±O(%) 0.2 . . . 11 3 . . . 7 2 . . . 17

Ds → K SM |C9| = 0.5 |C10| = 0.5 |C9| = ±|C10| = 0.5
full q2 1.00±O(%) SM-like SM-like SM-like
low q2 0.94±O(%) 0.1 . . . 3.0 1.3 . . . 1.5 0.5 . . . 3.6
high q2 1.00±O(%) 0.2 . . . 16 3 . . . 11 2 . . . 26

Marcel Golz (TU Dortmund) Jahrestreffen der deutschen LHCb-Gruppen October 1st, 2019 5 / 10



Semileptonic Modes

D → P1P2`
+`− de Boer, Hiller, (1805.08516)

RD
P1P2

=

∫ q2
max

q2
min

dB(D → P1P2µ
+µ−)

dq2
dq2

∫ q2
max

q2
min

dB(D → P1P2e
+e−)

dq2
dq2

For order one BSM effects, or specific LQ model.

D → ππ SM BSM LQ
full q2 1.00±O(%) 0.85 . . . 0.99 SM-like
high q2 1.00±O(%) 0.7 . . . 4.4

D → KK SM BSM LQ
full q2 1.00±O(%) SM-like SM-like
low q2 0.83±O(%) 0.60 . . . 0.87
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Semileptonic Modes

CP-asymmetries

ACP(q2) =
1

Γ + Γ

(
dΓ

dq2
− dΓ

dq2

)
with Γ =

∫ q2
max

q2
min

dΓ

dq2
dq2

I Strong phase from resonances needed ⇒ measurement around the φ
resonance, or in the high q2 region.

I NP phase needed. ⇒ benchmark C9 = 0.1 exp(iπ/4).

I Binning necessary.
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Radiative Modes

D → K1(→ Kππ)γ Adolph, Hiller, Tayduganov, (1812.04679)

D → V γ de Boer, Hiller, (1802.02769)

I Investigations of radiative decays are complementary to leptonic
modes.

I measurements of the photon polarization are possible.

I Sensitive to differences in C7 vs. C ′7.

I In D → P`` only C7 + C ′7 enters.
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Conclusions

Conclusions

I The charm quark offers the unique possibility to test the flavor
structure of the SM in the up-type sector.

I Null test observables can be probed and allow for large NP
contributions.

I Theory uncertainties shrink with improved measurements of
B(D(s) → π(K )M) and B(M → ``) with M = ρ, ω, φ, η, η′ .

I Main source of theoretical uncertainties are unknown strong phases.

I Rare semileptonic and radiative decays are complementary.

I BSM models were not discussed in this talk ⇒ Leptoquarks, Susy,
U(1)′ extensions.
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Backup

BACKUP
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Heff ⊃ −
4GF√

2

αe

4π

[ ∑
i=7,9,10,S ,P

(
CiOi + C ′iO

′
i

)
+

∑
i=T ,T5

CiOi

]
,

O7 =
mc

e
(uLσµνcR)Fµν ,

O9 = (uLγµcL)(`γµ`) ,

O10 = (uLγµcL)(`γµγ5`) ,

OS = (uLcR)(``) ,

OP = (uLcR)(`γ5`) ,

OT =
1

2
(uσµνc)(`σµν`) ,

OT5 =
1

2
(uσµνc)(`σµνγ5`) .

Oq
1 = (uLγµT

a qL)(qLγ
µT a cL) , Oq

2 = (uLγµqL)(qLγ
µcL) , q = d , s



Table: Integrated branching fractions in the high q2–bin (
√
q2 ≥ 1.25 GeV) in

the SM and in the NP benchmark scenarios.

B|high q2 × 109 SM C9 (10) = 0.5 CS (P) = 0.1 CT (T5) = 0.5 C9 = ±C10 = 0.5
D+ → π+µ+µ− 0.1 . . . 1.7 1.9± 0.1 0.48± 0.04 1.1± 0.2 3.9± 0.2

3.5± 3.5 1.4± 0.8 2.3± 1.5 5.6± 3.6
D+

s → K+µ+µ− 0.03 . . . 0.3 0.40± 0.05 0.15± 0.07 0.15± 0.05 0.8± 0.1
0.8± 0.7 0.3± 0.2 0.4± 0.3 1.2± 0.8

B|high q2 × 109 CT (T5) = 0.5 C9 = ±C10 = 0.5
D+ → π+µ+µ− 1.1± 0.2 3.9± 0.2

2.3± 1.5 5.6± 3.6
D+

s → K+µ+µ− 0.15± 0.05 0.8± 0.1
0.4± 0.3 1.2± 0.8
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