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Lepton Flavour Universality AT
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Leptons have Lepton Flavour Universality:
the same charges same couplings with force carriers
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Lepton Flavour Universality IT
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Leptons have Lepton Flavour Universality:
the same charges same couplings with force carriers

New Physics — Beyond the Standard Model

Additional particles might couple Lepton Flavour Universality

differently to each lepton Violation
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B — D™)/v in the Standard Model T

In the Standard Model, the decay b — clv is mediated by the W boson

w- v
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B — D™)/v in the Standard Model T

In the Standard Model, the decay B — D*)¢v is mediated by the W boson
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W couples in the same way ’[o:> Lepton Flavour Universality

C=eu,T in B— DXy
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B — D)/ beyond the Standard Model AIT

New physics particles can mediate the decay B — D(*) (v
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These can couple differently N Lepton Flavour Universality
tol=e,pu,T Violation in B — D)y
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B — D¢y — Lepton flavour universality KIT

arlsruhe Institute of Technoloay

We can test new physics by comparing final states with different leptons
_ BR(B— D¥7v)
DY~ BR(B — DMiw)
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B — D*)¢v — Lepton flavour universality AIT

We can test new physics by comparing final states with different leptons

RD(*)
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a 3.80 tension: the large deviation hints to a tree-level contribution
m the particle mediating the decay is necessarily charged

a to solve the tension: Myp ~ TeV
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B — D®)¢y — Effective field theory IT

Energy scale of the process:
~ my ~ 4.2GeV

N Effective field theory
Mass of the particle mediating the decay: (Four-fermion interaction)

M > my

Standard Model

The interaction is analogous to Fermi interaction in beta decays

4Gg
V2

Vud (EI"}/“PLd) (é’}/MPLI/)
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Energy scale of the process:
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N Effective field theory
Mass of the particle mediating the decay: (Four-fermion interaction)

M > my

Standard Model

The interaction is analogous to Fermi interaction in beta decays
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B — D®)¢y — Effective field theory IT

Energy scale of the process:
~ my ~ 4.2GeV

N Effective field theory
Mass of the particle mediating the decay: (Four-fermion interaction)

M > my

Standard Model

The interaction is analogous to Fermi interaction in beta decays

Vcb (C")/MPLb) (T'YMPLV)
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B — D¢y — Effective field theory AT

New Physics

Color Singlet Color triplet
Scalar Charged Higgs H~ Scalar Leptoquark ¢~ 1/3
14 U
H. &5 _»_/2 (
b — »— c| b <<- c
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Vector Gauge boson W'~ Vector Leptoquark U?/3
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B — D®)(y — Effective field theory AT
New Physics

Different new particles involve different combinations of Dirac matrices

Cﬁ (ey*PLb) (Ty,PLvs)
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B — D(v — Effective field theory IT

New Physics

Different new particles involve different combinations of Dirac matrices

C§ (cPLb) (FPLv)+Cy (6" Pub) (7, PLvr )+ Cr (€0 PLb) (70 PLvy)
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B — D™)¢y — angular observables AT
Different coefficients give a different angular distribution

Cy (ey"P.b) (Fy.Pv-) + C& (CPrb) (7PLv+) + C§ (CPLb) (FPLvy)
+ Cr (So" PLb) (7o, PLvr)
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B — D")¢v — angular observables T
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Different coefficients give a different angular distribution

Cl (ey"Pub) (7, PLv;) + C8 (¢Prb) (FPLv,) + C5(ePLb) (FPLvy)
+ Cr (E(IIWPLb) (7_'0'#,,/3/_1/7—)

0.0 0.2 04 06 0.8 1.0
cos b

Experimental inputs: polarisation observables

b0 = (ETHR) - [(=172) (o) — [0
7 T [(P=H2) £ T(P=172) L ~ (DY)
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B — D™ ¢v - Fit
Fitting:

a Rp, Rp~

® polarisations: P.(D*), F.(D*)
Assumptions:

a Only one particle

a Only coupling with 7

Introduction New Physics in B — D(*) 71
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B — D™)¢y — Fit AT
B

a FI’D, RD*
L Blanke, Crivellin, de Boer,
w polarisations: P,(D*), F (D*) [Blanke, Crivellin, de Boer.
. Kitahara, M.M., Nierste,
Assumptions:

Nigandzi¢ 2018]
a Only one particle
a Only coupling with 7

Decay rate of B, — v

The same particles mediate the decay of the B, meson
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B — D™)¢y — Fit AT
B

a FI’D, RD*
L Blanke, Crivellin, de Boer,
w polarisations: P,(D*), F (D*) [Blanke, Crivellin, de Boer.
. Kitahara, M.M., Nierste,
Assumptions:

Nigandzi¢ 2018]
a Only one particle
a Only coupling with 7

Decay rate of B, — v

The same particles mediate the decay of the B, meson

BR(B; — 7v) not measured

¢

using measured lifetime, set upper
limit BR(B, — 7v) < 1
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B — D™)/y — Fit AT

stitute of Technology.

The preferred scenario changes depending on the limit on BR(B; — 7v)

Example: Charged Higgs H™
l
H~ /,4 7
7z F C

CE (cPgb) (7PLv,)+C5 (CPLb) (FPLv,)
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B — D™*)¢y — Predictions from the fit Q(IT

a Correlations between polarisation observables can distinguish
between models

BR(B.>1)>60%
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B — D™*)¢y — Predictions from the fit Q(IT

m Describing the current central values for Ry(.) enhances
BR(Ap, — AcTv), irrespective of which additional particle mediates

the decay
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Ap — ALy will serve as a consistency check for the Ry(.) measurements
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Collider searches ﬂs“

Karlsr

e of Technology

Collider data
m already severely constrain explanations involving right handed
neutrinos

m put bounds on the mass of leptoquarks (pair production via QCD)
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Summary

® The decays B — D(*)¢1 seem to violate lepton flavour universality,
which is a cornerstone of the weak interaction in the Standard Model

a Beyond the Standard Model exercise: check which additional particle
exchange describes data in a better way

® B — D™)rv polarisation observables discriminate between new
physics models

® A, — A.Tv serves as a cross-check of the B — D)7y
measurements

= the models solving the B — D(*)/v tension can be confirmed or ruled
out with CMS and ATLAS searches for new particles in the LHC run 3

Introduction New Physics in B — D(*) 71 Summary
0000 00000000 °

Marta Moscati, TTP, KIT — New Physics in B — p(*) ey February 26, 2019 15/15



Fits

-0.8

-0.6 -04 -02 00 02 04

BR(Be—1v)>10

ot

0.2
0.0
-02

S
T -04

n
<% -06
-038
-1.0

-1.2

Backup
©0000000000

£
&

BR(B—1v)>10%

20.2-0.1 0.0 0.1 0.2 03 04 05

Marta Moscati, TTP, KIT — New Physics in B — D(*)¢u/

Karlsruhe Institute of Technology

20
E 10 B.60%
E
<«
I
= 2
E
-0.5 s = BR(B->1v)>10%
- 10 B10%
-04  -02 0.0 0.2 0.4
Re[ Ck]1=4Re[ Cr]

0.2

0.0

-0.2 %

-0.4

T
-0.6 10
BR(B>1v)>10%
_1%
.00 0.05 0.10 0.15 0.20 0.25
ch
February 26, 2019 111



Fits
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BR(A,—Alvy) =g
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_ Np— N7,
R(Ae) = TRy <IT
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BR(B~71v)>60%
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More particles

Scalar

Vector

Backup
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Color Singlet Color triplet
Charged Higgs H~ Scalar Leptoquark ¢—1/3
(1a2)1/2 (3’1)—1/3 or (372)7/6
(CSF", Cé) (Cb, Cé = —4Cr) or Cé =4Cr
Gauge boson W'~ Vector Leptoquark U?/3
(1, ff)o (3, 1)z/3
CV (va CSR)
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Collider searches A\KIT

Above the Electro-Weak scale, we need to consider an EFT invariant
under the SM group (SMEFT)
SU(2) relates charged currents to neutral currents

b T
M
/ ~Y
w XX
b T
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Polarisation observables ﬂ(“

1 dl 3
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