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Lepton Flavour Universality

Whg Lepton Flavour Universalitg is tested?

Universality of W Boson Interaction: LFU investigates whether the W boson interacts equally with different lepton
flavors, which is a fundamental concept in the Standard Model of particle physics.

Detecting Non-Standard Model Physics: LFU research is about identifying deviations from this universality, which

could suggest the existence of particles or interactions beyond what the Standard Model predicts, such as
Leptoquarks or charged Higgs bosons.

SM Diagram Possible Non SM Feynman Diagrams
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Lepton Flavour Universality

How Lepton Flavour Universalitg is tested?

Semileptonic decays:

they are nearly free from contamination; Form Factors
(FFs) and experimental uncertainties partially cancel in the
ratios of R for b — q{t/u/e}v decay rates.

T
HFLAV sz = 1.0 contours

Bellell

I

4 HFLAV SM Prediction RID)=0.357 7L 0,029,
R(D) = 0.298 + 0.004 R(D*)=0.284 £0.012,,,
R(D*) = 0.254 + 0.005
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There is a long-standing tension between the LFU
sensitive quantities R and SM predictions:

Differences in angular asymmetries:
for different lepton flavors they are also responsive to
Beyond the Standard Model (BSM) physics and exhibit

small systematic uncertainties.
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Belle Il and SuperKEKB

e+ 4 GeV36A

SuperKEKB:

« eTe™ collider with energies 4 GeV
and 7 GeV operating around Y(4S)
resonance.

* Achieved world-record peak
Luminosity of L = 4.7 X 107 e s
° Based in Tsukuba, Japan Lo s poenTons

to inject

Damping ring ’ ~_

Wi
Belle II: T/g

Low emittance electrons
toinject

Add / modify RF systems
for higher beam current

! Positron source
———

New positron target /
capture section

* Nearly 4m detector coverage

* Tracking, PID and photon reconstruction
capabilities

* Similar performance for electrons and muons

*  Well-suited to measure decays with missing energy, 70 in the final state, inclusive measurement

Collected at Y(4S): 362 fb-!, about 4 X 108 BB
» in total: 424 fb!
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Missing energy decays at Belile |i



Reconstruction tecnique

Two different algorithms to reconstruct events with at least one neutrino in the final state

Full Event Interpretation (FEI): Inclusive Tag:

I. Reconstruct all the decay chain of a B meson I. Reconstruct the signal signature, identifying the
(both hadronic and semileptonic ways) B

sig
. Search for the signal signature in the Biyg 2. All the remaining tracks and clusters represent
recoil
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Reconstruction tecnique

Two different algorithms to reconstruct events with at least one neutrino in the final state

Full Event Interpretation (FEI): Inclusive Tag:
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Reconstruction tecnique

Two different algorithms to reconstruct events with at least one neutrino in the final state

Full Event Interpretation (FEI): Only Hadronic Taq analyses are presented in this
I. Reconstruct all the decay chain of a B meson talk.

(both hadronic and semileptonic ways)

- Search for the signal signature in the Biqg | - Hadronic Tag FEI select good By,, candidates
recoil with an efficiency =~ 0.4%;

* Reduces ete”™ - gq continuum and B & B
combinatorial background;

* Can determine Piss since full initial state is
known;

. Completeness of the signal event: onlg low
enerqy neutral clusters in the extra event.
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Definition
B BR(B — Mgll/l)
N BR(B — MKQVQ)
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*  Hadronic decay of the B.

*  Reconstruct T and light lepton decags into the same final state
particles to cancel many sgstematic uncertainties.

°  Reconstruct the D" in the following channels: D" — DYz /D" 7t
- D*0 > D70,

* Rest of the event: no good qualitg tracks, no % candidates.

The sum of all the neutral extra clusters energy is called Egy.

°  The main challenges are the separation between the 7(3v)
and €(1v) final states and the poor understood B — D**fv
backgrounds.

BR(B — D*(v)
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Two-dimensional binned likelihood fit to

Ercp: energy from neutral clusters remaining in the calorimeter Comparable sensitivities
after removing all reconstructed particles between Bt and B°
2 2 . .
M7 s = (Pete— — PBioy — PD* — P¢)” missing mass of the event
T 10 °™0.16 10
Belle Il Simulation B — D*T_\_/t 0.14 .
& & 0.12 &«
S e ® 10.1 % 6
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Peaked around Egc, =0 Peaked around Egc, =0 Higher Egc, and Mg
and M2, ~ 3 GeV? and M2, =0 daughters of D™
o
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Control Samples Bachground Validation

The final result is extracted using a MonteCarlo template fit. To validate/correct the shape
and the normalization three different control samples:
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Belle II preliminarg result

. — .
R(D™) = 0.267f8:8§91)(stat)f8:8§§(sys) [ BaBar 2012 ]
| Belle 2015 L :
° First result from Belle II data - Belle 2017 i B 1
* Main systematics: MC statistics, shape of Eg¢; : ;;’;{;”55131”"1 | 4_._F _
* Consistent with SM and HFLAV "~ LHch 2022 -
” i[;-lféb 2023 0B ]
In the future: _325;;;115}% i 1
° Update of the measurement with 362/tb in progress B e
° Belle II will provide the most precise experimental [ o sicion 0 T
information to resolve the R(D) and R(D") anomadlies | | 10 | |
[Snowmass White Paper: 2207.06307] 0.1 0.2 0.3 0.4
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°  Hadronic decay of the By,.

°* Reconstruct T and Iight Iepton decags into the same
final state particles to cancel many  systematic

uncertainties. p, > 0.3 (0.5) GeV and Py > 0.4 (0.7) GeV
in CMS (lab)

° The remaining particles on the signal side are
BR(B — X1v) collectively referred to as X

~ BR(B — X/tv)

*  Main challenge: correct model of backgrounds.
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Data-driven MC Corrections and Fit

Belle II Preliminary [Cdr=189.0fb! Belle II Preliminary /Cdr=189.0fb~"!

Bﬂ'; =Xzt =T w 15000 BG Y = X[tt — £ * v = ;T"’*E;:w'
pE>1.4Gev eV — ey

I Dy

I Other X.€v
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1 Other BB

1 Secondaries

BN Fakes

I Continuum

2955 MC tol. unc.

+  Daa

pE>1.

:

12500

MC corrections:
* Detailed adjustments to MC (Ffs, B and D BFs)
° Detailed corrections based on comparisons of

simulation with control regions: low q?, low M2 ;...
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LE 00
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d *
ata) 0
glE2s . . g[-& 25,
Zlﬂ éoo -t %ﬁ#:ﬁ&- L] z00
£l&2s \ : . & E2sF
0 2 4 6 0 5 10
My [GeV] M2, 1GeV?]

a " " " P
'*3'7 "Off resonance data: data taken under 60 MeV the Y(4S) threshold Giovanni Gaudino - 10/11/23 - WiFai



Data-driven MC Corrections and Fit

i’re]iminary J£di=189.0fb!
Belle II Preliminary L dt=189fb~! Sl R
MC corrections: :Bs?:;_)X[TJr_”’aJFUU]U’f:e’” g )B;l;g e
* Detailed adjustments t 8 — =
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o o o o ¢ Daa
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. (@l L
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. i O
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Belle II preliminarg result First measurement coming
R(X, ;) = 0.228 % 0.016(stat) % 0.036(sys) from the B factories

° Largest systematics: signal and background model
* Consistent with previous measurements from LEP the SM expectation and constraints from

R(D"). Rough SM expectation: R(Xr/g) ~ 0.222
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Re/u(X)



Worhflow and result

Analysis and background correction technique is shared with the R;/, (X)

The ratio of inclusive semileptonic decays to e and to u is obtained in the region

measurement
p > 1.3 GeV
Belle 11 JLdt=189fb™
L2 B Xev Xuv [
12500 [ e: Background u: Background [
c B < Continuum w: Continuum [N
0 @22 MC tot unc MC tot unc =&
. 10000 Data Data ¢
Q
o 7500
c
o 5000
>
L

2500

Normalized
residuals
N O N

G

o O OO
gy

lllllllll

o

lllllll

14 16 1.8 2.0 2.2 14 1.6 1.8 2.0

pZ [GeVic)

py [GeV/c]

Belle II result
R(X./,) = 1.007 4= 0.009(stat) 4= 0.019(sys)

PhysRevLett.131.051804
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Angular Asymmetries



Definition of angular variables in B - D*fv

We tested lepton universality by comparing five anqular asymmetries of e and u, AA using
exclusive decays B? — D*#v

cos by

cos 2

cos  cos Oy
sin y cos Oy
sin 2y

2 2 2 *

w

Il
|
|
2
S *

2mBomD* m px

* = B rest frame
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B° —» D*#v decays are reconstructed in hadronically tagged Y(4S) events.

. . o 1.503
Signal is extracted from the M;,; s distributions.
. . . . . . . Whigh
The simultaneous determination of all asymmetries is performed in different w e 7
ranges ' lw
° ° ° ° low
Our results agree well with the SM expectations and pr'owde no evidence 1
for LUV.
Belle 11 ff, dt = 189 fb~!
?{inc}' _% __\\% * Wipel, _\w’:z//é"
AFB Whiseh _— —_— . whigh —_—
:|—.— —EI— T Wiow —.—nz
Sy | _._._.__ . f;tlue 11 (2023)
—— e - (no tag) ——
Sy -1 T ////_ gz]tl:tf,ozsii. _.__._
" (no tag)
S? e B —— —_—
Sg —_— e —_—
02 -01 00 01 02 02 —-01 00 01 02 02 —-0.1 00 01 02

c) A = Asm Ab — AR 1K AA = A — A°
24
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Summary of recent LFU tests at Belle li

New tests of LFU in measured ratios of decag rates at Belle II (189/fhb):

R

X,/,) = 1.007 £ 0.009(stat) + 0.019(sys) PhysRevLett.131.051804

R(D") = 0.2677 p30(stat) g g5 (sys)

R(X,/,) = 0.222 £ 0.027(stat) £ 0.050(sys)

(
(
R(X;/.) = 0.232 £ 0.020(stat) &= 0.037(sys)
(
R(X;/p) = 0.228 £ 0.016(stat) &= 0.036(sys)

All  measurements
presented here are
consistent with SM
and with previous
measurements
where available

habujwijaug

PhysRevl ett.131.181801

Forward-Backward asymmetry (and other variables) in B — D*fv

Belle II has already collected a bigger data sample analyzed

D,

here and also, more data to come.
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That’s all!

Thanks for the attention
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Control Samples

q* side band

for B - D*¢~v,

q? = (pr + pv)? < 3.5GeV/c
below m? threshold

transfer
momentum P~
w-
q / 7,
b —» > c
d —< < d

B - D**#~v,-enhanced
side band

-

B — D**£~v, have unknown rates
and can mimic B = D*t™v,.

An additional 7° is require to BB.

AMp+(= Mp- — Mp) side bands
for fake D*

Constrain the fake D* yields
in the signal regions with calibration
factors at the AM - side bands.
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FEI Hadronic Tag: Pros and Cons

Hadronic FEI (Full Event Interpretation):

Fully reconstructs one B in a hadronic decay mode, e.q. B —
D* nt mmY; require 1 < 3 and m < 1 in most modes (trade-
off between efficiency and purity)

Demand remaining particles match desired signal decay up to
soft neutral activity (completeness)

Reduces e¥e™ — qq continuum background, B & B
combinatorial background

Can determine p,,;s¢ since full initial state is knows

Makes B4 efficiency < 1%
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Expected sensitivity of at Belle |l

Total uncertainty [%]

18f
16}
s
12}
10}

N

-_\ -—

- R(D) (SL FEI, lep 7)

-------
-

R(X) (had FEI, lep 1)
R(m) (had FEI)
R(D) (had FEI, lep 1)

R(D*) (had FEI, lep 7)
R(D*) (SL FEI, lep 7)
R(D*) (had FEI, had 7)

E N

Data sample in ab !
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