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Lepton Flavor Universality in the Standard Model AT
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a Leptons appear in the SM in the gauge and Yukawa sector.

Wosvaileli (l"Ly“DuL"L + Eﬁ»y“DMEﬁ) w LY C (Y,fl"LE{;LH + h.c.)
a Gauge interactions are Lepton Flavor a Yukawa sector non-universal because of
Universal mass terms m, # m,, # m. and Higgs

interactions (negligible).

Testing the LFU in the Standard Model means
testing the universality of the gauge interaction.
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Lepton Flavor Universality Violation AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

_ BB = KYutpT) _
BB — KMete) BB — bWw)

R(K(*))

2.0

Bellle preliminary
0.40

151

0.35

44 Belle
05| LHCb
BaBar

I s prediction 0.25

R
—
oo
R(D¥)

0.0

0 5 10 15 20
¢ (GeV?/c)
020 025 030 035 040 045 050 055
R(D)

Lepton Universality Violations in b — ¢ Transitions - Markus Prim 9th August 2019 3/31



Lepton Flavor Universality Violation

m neutral current (FCNC)
a Loop process in SM

® upvs. ee
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m charged current
m Tree level process in SM
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Belle’s latest R(D'*))

arXiv:1904.08794
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https://arxiv.org/abs/1904.08794

The Belle Experiment

Belle recorded 711 fb™* on the T(4S) resonance.
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B-Tagging at Belle k\‘("‘

Exclusive Tagging:
The Full Event Interpretation (FEI)

Keck, T., et al. Comput Softw Big Sci (2019)

Tracks ‘ VO objects KLMClusters ECLClusters g g
¥g
5B
Egm
SEE
Inclusive Tag ¥
A = 0(100)% 462 )
Consistency of By, g
o 5
> Semileptonic Tag = Y
o D] o Z
s| Le=on —{S | |S
£ Knowledge of By, e < K
wm
Hadronic Tag
e=0(0.1)% _B//< 1 Automatic reconstruction of O(100) explicit
Exact knowledge of By,, decay channels, leading to ©(10000) distinct

decay chains.
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https://link.springer.com/article/10.1007/s41781-019-0021-8

Tag-Side Reconstruction and Selection A\‘("

= By, is reconstructed in D{v and D*/v decay r+
chains (semileptonic tag). W y

a Good tags identified by classifier output.
b [

= Veto for B — D*7(— fvv)v via

2 2
- mB —-m Semileptonic Tag

2EbeamE )y p™p

(*), — = =
B.D™¢ 2|ps| [Py, |

cos 6

m Correctly reconstructed B candidates are found in
cos HBD(*)Z =[-1,1].

= Mis-reconstructed B — D*7(— fvv)v decays
have larger negative values.
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Signal-Side Reconstruction and Selection A\‘(lT

a Only consider 7 — fvv.
u D™ selection via reconstructed invariant mass and vertex fit (for channels without 7r°).

*+ 0
D° B (%) Dt - B (%) D" — B(%)
0_+
K rtr° 14.4 K rtnt 9.38 D+7r . 67.7
K ntrtn™ 823 K7t r° 7.36 D'm 307
Kt 3.95 Kg7r+7r+7r 6.25 Total 98.4
Kir ™ 2.80 K 1.56
K37 1.24 KK 7r* 0.99
KKK~ 4.42 KK 0.30 =
KK~ 0.41 D™ —  B(%)
+ i
T 0.15 D0° 64.7
Total 35.59 Total 25.84 Total 64.7
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Signal Extraction
a Signal extraction in a

Karlsruhe Institute of Technology
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Signal Extraction
a Signal extraction in a

Karlsruhe Institute of Technology
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Systematics A\KIT

Source AR(D) (%) AR(D*) (%)
D** composition 0.76 1.41
Fake D) calibration 0.19 0.11
WB,,, calibration 0.07 0.05
Feed-down factors 1.69 0.44
Efficiency factors 1.93 412
Lepton efficiency and fake rate 0.36 0.33
Slow pion efficiency 0.08 0.08
MC statistics 4.39 2.25
B decay form factors 0.55 0.28
Luminosity 0.10 0.04
B(B — DWev) 0.05 0.02
B(D) 0.35 0.13
B(D*) 0.04 0.02
B(r — tvv) 0.15 0.14
Total 5.21 4.94
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Results A\‘(IT

5042 e cone o

& 04; —::::: ;‘OanBSTE l; Trhi v v (Preliminary) {

R(D) = 0307 :l: 0037 :l: 001 6 0 38:7 —Eelle Cgmbinalig;gzolg (Preliminary) ;

. C -« SM prediction |

R(D") = 0.283 £ 0.018 = 0.014 0.361 3
0.341 E

® SM agreement: 1.20. 0.32- E
. . . . 0.3~ =

a First result for R (D) with semileptonic 0.28F E
tagging. 0.26; f

a Most precise determination of R(D) 0.24F =
and R(D") to date. 0228 . e
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A Glimpse into the Future A\KIT
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Belle Il will pin down the flavor anomaly.
(Projection with old world average arXiv:1808.10567)
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https://arxiv.org/abs/1808.10567

Theory Perspective to R(D(*) )

Excerpt of arXiv:1904.09311
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https://arxiv.org/pdf/1904.09311.pdf

New World Average
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Effective Hamiltonian for b — cfv Transitions A\‘("‘

4Gp
V2

with the Fermi operators O;

H = Vcb [(1 + CVL)OVL + CVR OVR + CgR OSR + CSL OSL + CTOT} =+ h.C.

OVLB = (EV#bL,R) (éL’YMVL) ) OSLR = (EbL,R) (éRVL) , Op = (co"by) (ERO—MVVL)
weighted by the Wilson coefficients C;, with
SM SM SM SM SM
CVL = CVR, = CSR = CSL =Cr =0

Assumptions:
a No light right-handed neutrinos.
a Possible NP contribution only in third generation of leptons.
= Cy,, are lepton-flavor universal.
m CP-conserving limit, i.e. Wilson coefficients are real.
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New Physics Scenarios

a NP models are usually include

combinations of NP operators:
W' —C a
— Vi, X ,
H — CSL’CSR’ CT
¢rq = Cv,,Cvys Cr b ¢
VICLQ — CVL s CSR
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New Physics Influence on R(D™) IT
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New Physics Influence on R (D)
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Lepton

Universal

Theory Perspective to R(D(*))
with Right-Handed Neutrinos

Excerpt of JHEP 1902 (2019) 119
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https://arxiv.org/abs/1807.04753

Models and Their Influence
a New contribution from b — ¢c7 Npg.

m EFT study of the lowest dimension
electroweak operators that can
account for the R(D™)) anomalies.

a Models with tree-level mediator

exchange:
mediator WCs
WL CYR
) csL(p),  esr(p)
uf esnlp),  evr

Ry esr () = drer(p)

evR, csr(p) =

S
' —arer(n)

Lepton Universality Violations in b — ¢ Transitions - Markus Prim

R(D")

0.35 |

03

025

—_— W

I

0.2 0.3 0.4 0.5 0.6
R(D)

(With old world average.)

9th August 2019 22/31



Best-Fit Points

Karlsruhe Institute of Technology
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Belle’s latest B — D*¢v

arXiv:1809.03290 accepted by PRD
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https://arxiv.org/abs/1809.03290

Motivation

a Whatif NP notonlyinb — c7v
transitions?

a Investigate NP in the normalization mode
of R(D™)) analysis: b — clv.
a Angular observables are a powerful tool.

a Nota Bene: Presented Analysis is focused
on V,, extraction.
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Event Reconstruction A\‘("‘

a In comparison to R(D(*)), no tag-side Inclusive Tag +
reconstruction. €

» B,,,-momentum reconstructed via B, = > -
= P8, = ~Pincl.-

a Signal-side only reconstructed in cleanest mode:
B » D* (= D°(— K'n )n v

w B~ 5% x68% x 4% ~ 0.14%
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Background Estimation
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Differential Distributions
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Results

AT
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VN = (384 +0.2+0.6+0.6) x 10°°
VRl — (38.34+0.3+0.7+0.6) x 10°°
B(B® —» D e’
S ( ) 40140014003,
S sof 7// CKM Unitarity i V(b Inclusive B(B — D* /J/J'_V)
X { Ve Exclusive ¥ B-D"fv(1809. 03290)
_ﬁ 48 1
= 6l
:4_ — m Systematic uncertainty dominated by
42 i 'f\ YUl /V/V/V/t‘/t‘ % lepton identification.
40 \ 1 1 1 ]
SRR
3 %, % eo'% 90‘0& eo;o e% eo;eo;eo;so;eo' 0;0 Most stringent test of LFU in B decays

to date.

Tension on V,, between inclusive and
exclusive determination is back.
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Summary
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Summary A\KIT

Two new important results on LFU: 7 vs. £ and e vs. p in b — cfv transitions.
Tension on R(D(*)) reduced with new measurement.
Belle’s new analyses (will) have an important impact on the current (global) fits on LFU.

Belle Il will give a final answer on the R(D(*)) anomaly.

There is an interplay between flavor anomalies and neutrino physics.
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