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Search for LFU violation

Motivation - -

Ve
W- Ve
* Physics beyond the Standard Model can h —» §.< c b 4,//,/ c

spoll the universality of lepton flavour -
couplings

* Probing lepton flavour universality (LFU) is thus a promising, theoretically clean
avenue for searching for New Physics

« Semileptonic B meson decays combine high rate and low experimental
background

* They thus present an excellent tool for LFU searches

» There is a long-standing 30 LFU anomaly in semitauonic B decays
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Outline

Belle Il results covered in this presentation

» Measurement of R(X)
[189/fb, EPS-HEP 2023]

» Measurement of R(D*) R(D*
[189/fb, Lepton Photon 2023] L. 2.

 Tests of light-lepton universality in angular asymmetries of B — D*{v
[189/fb, arXiv:2308.02023, submitted to Phys. Rev. Lett.]

« Test of light-lepton universality in inclusive semileptonic B meson decays
[189/1b, arXiv:2301.08266, Phys. Rev. Lett. 131, 051804 (2023)]



https://arxiv.org/abs/2308.02023
https://arxiv.org/abs/2301.08266
https://doi.org/10.1103/PhysRevLett.131.051804
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Measurement of R(X)

[189/fb, EPS-HEP 2023]



Reconstruction

« Reconstruct one B meson in a hadronic decay mode

Brag) \
» Reconstruct a leptonic 7 within remaining particles \e+
(t — evv, uvv) ‘Y %
e Prian(€) > 0.3/0.5 GeV, prp(1) > 0.4/0.7 GeV S
* The remaining particles on the signal side are .ﬂ\+ .,.D“ ] k
collectively referred to as X K\ po Yﬂk e \.\

* Main challenge: correct model of backgrounds

» Data-driven XZv re-shaping using the M,
distribution in the pfj > 1.4 GeV region



Signal extraction

Belle II Preliminary [Ldr=189fb!

P I _ 1 Bke B 2 " :
By Xt s tud=en U e From the p; vs. M. distribution,
8 ] Xu

| separately for e and p events

e 34 bins in pf vs. M?.

IMI1SS

miss [GeV7]
T -h T T

| _ . 2 X 4 fit components: Xtv, X/, BB
20 N background (fakes and secondaries),

| 300 continuum (off-resonance data, yield
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Results

B(B— XT1v;)

\R(X,/,) = 0.222 + 0.057, [0.027 (stat), 0.050 (syst)]|
\R(X,/;) = 0.228 % 0.039, [0.016 (stat),0.036 (syst)]|

 Total uncertainty: 17.5%

* Largest systematics:
signal and background model

» Consistent with previous measurements
from LEP, the SM expectation and

constraints from R(D(*))
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Measurement of R(D™)

[189/fb, Lepton Photon 2023]



Reconstruction

> aed « Reconstruct one B meson in a hadronic decay mode
agge

(Full Event Interpretation) (Btag)

22~ -Signal « Reconstruct a D* and a leptonic 7 decay (t — evv, uvr)
. v ! Leptonic  decay on the signal-side within remaining particles
L e Three D* modes:

D™t - D%*,D*z’, D™ — D%z’

Ty
:  Rest of the event: no charged tracks, no 7V candidates

* Main challenge: three neutrinos in the final state —

significant, sometimes poorly understood (D**£1)
backgrounds
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Data-driven validation of the background model
Using different side bands

q* side band B - D**¢~v,~enhanced AMp+(= M, — M,) side bands
for B - D"~ v, side band for fake D*
g% = (pp + py)? < 3.5GeV/c An additional ° is require to BB.

Constrain the fake D" yields
in the signal regions with calibration

factors at the AM . side bands.

below m? threshold _
e B - D**¥£~v, have unknown rates

and can mimic B - D*17v,.

1.0 < MZ . < 5.0 (GeV/c?)?
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R(D%*) signal extraction

* Two-dimensional binned likelihood fit to
« L1 energy remaining in the calorimeter after removing all reconstructed particles

o Miiss = (P sp- — PB,, — Pp+ — pbﬂ)z: missing mass of the event

B—>D*8v B—>D*tv B—> D**8v

Bellell simulation B — D*lv Bellell simulation B — D*tv Bellell simulation B — D**lv
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) 0 -2 -2
0102040608 1 12141618 2 0 0.A0.40608 1 12141618 2 0 02040908 1 1214161.8 2
Egc [GeV]
_ 2 = -0 Hi 2 : 2
Peaked around E.,=0, M- _...=0 Peaked around E.- =0, Higher M“ ... Higher E, and M~ _..
with a neutrino with multiple neutrinos with daughters of D** decays
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Results

zoomed D*tv enhanced
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e First R(D*) result from Belle Il data

R(D*) = B(B = D i)  Main systematics: MC statistics, shape of Egqy
S » Consistent both with the SM and other

experimental determinations of R(D*)
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Tests of light-lepton universality In
angular asymmetries of B — D*{v

[189/fb, arXiv:2308.02023, submitted to Phys. Rev. Lett.]



https://arxiv.org/abs/2308.02023

Definition of angular observables in B — D*¢{v

with £ = cos 6, for App

cos 2 for S

cos X cos Oy, for Sy in W rest frame

sin y cos 0y, for S~

sin 2y for Sy

» 40 tension in AAy seen in Belle B — D*{v data:

Eur. Phys. J. C 81, 984 (2021), arXiv:2104.02094 [hep-ph]
» Correlation between angular observables:
Phys. Rev. D 107 (2023) 1, 015011, arXiv:2206.11283 [hep-ph]
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https://arxiv.org/pdf/2104.02094
https://arxiv.org/abs/2206.11283

Angular asymmetries in B - D*(v

e Reconstruction

« BY 5 D¢ +1/f decays are reconstructed in hadronically tagged

Belle 11

[L£dt =189 fb"

1000
¢ Exp Data
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800 |- BB Background

= Alg: Wincl.

Y (4S5) events Sl T
s
. : 9) Coy . @ _
 Signal is extracted from the Mmiss distributions S w0l
A |
« Asymmetries are extracted in the full w region (Wi (), in Wy, 200 |

(1 <w < 1.275) and in wp;qp (1.275 <w < 1.503)
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Test of light-lepton universality In
inclusive semileptonic B meson decays

[189/fb, arXiv:2301.08266, Phys. Rev. Lett. 131, 051804 (2023)]



https://arxiv.org/abs/2301.08266
https://doi.org/10.1103/PhysRevLett.131.051804

R(X,,)

Belle 11 JLdt=189fb~

I Xev X
12500 f e¢: Background u: Background

15000

BB ¢: Continuum p: Continuum (I
MC tot unc MC tot unc
eciwi®ims  Data ¢

* Analysis and background correction

technique is shared with the R(X)
measurement

10000F 4 pata

ET
5000

Events per bin

* The ratio of inclusive semileptonic 2500
decays to ¢ and to i is obtained in the
region pfj > 1.3 GeV

Sl gl

Normalized
residuals

1.4 1.6 1.8 2.0 2.2 1.4 1.6 1.8 2.0 2.2
e Result pB [GeVic] p? [GeV/e]

': 7 . , » Main systematics: lepton identification
B(B — Xeu,) * Most precise LFU test so far (2%),

R(X,./,)= consistent with SM
(Xe/n) B(B— Xuv,)
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Semileptonic decaysand |V |, |V,

Inclusive HFLAV a4k Inclusive HFLAV
A2~ .
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— 40 —~ 4.0F ©
XX | X
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. * \Y i
4D Ay D Ay ged pL e XV Tagged mlv Untagged nfv Inclusive X, lv
yrked® 120%%"  4yneed e 1 t t
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Belle, [arXiv: 2301.07529]

Bellell, [arXiv:2206.08102
Bellell, [arXiv:2301.04716]

Belle, [arXiv: 2303.17309]

Bellell, [arXiv:2210.13143 Simultgneous Qetermination of
Exclusive and inclusive V,,,

Belle Il, PRD107 072002(2023) [arXiv: 2301.04716

Momen ASUTETTTE o o1 V., with Belle result
Belle PRD104, 112011(2021) by F Bernlocher, et.al,
JHEP10(2022)068
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Bellell, [arXiv:2210.04224

Belle, [arXiv: 2303.17309]
Simultaneous determination of
Exclusive and inclusive Vy,;




Summary and conclusion

* Belle Il has probed lepton flavour universality (LFU) in
semileptonic B meson decays

e First measurement of inclusive semitauonic B
decays at the Y (4S5) — R(X)

e First measurement of B = D * tv at Belle || —
R(D%*)

* Forward-backward asymmetry (and other angular
observables) in B — D*{ v separately for £ = e, u

* Most precise test of light lepton universality in
inclusive semileptonic B decays

* So far, results are consistent with the SM and previous
experimental findings. There is still large room for
improvement as more Belle |l data is collected
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Untagged vs. Tagged

Tagged:

B, and B,,, are reconstructed

to take advantage of Y (45) kinematics

Untagged:
only B, is reconstructed

high signal yield (+)
high backgrounds (-)
poor neutrino reconstruction (-)

signal yield O(103) lower (-)
low backgrounds (+)
good neutrino reconstruction (+)
tag calibration (-)
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Hadronic tagging at Belle I A

Belle 11

Comput Softw Big Sci (2019) 3: 6.

) %104 Belle Il preliminary %104 Belle Il preliminary
- - _ 1.0F -
Tracks Dlsplaced W Neutral W 2.51 Correctly reconstructed fﬁ dt=34.6fb~! i Correctly reconstructed f[: dt = 34.6fb~1
Vertices Clusters | _ [ B Continuum & mis-reconstructed . [ B Continuum & mis-reconstructed
- N& ol ¢ Data N& oglL t Data
= > 0 Ng: =84907 + 734 > | Ng: =38545 + 1161
( I ( T ( o | i | 0 ©) 2 G tag
| e D ( : '
e 7 K r ™ -~ \ Ky, N ) o 15l Prag > 0.1 S 0.6f Ptag > 0.5
o i o

| O : O [ y e

/‘ 9 I ] . 9 0.4 .

| - 1.0F ~ 7T

J/w | A. 0 B _ ) ° B ] L]
/ - L o » - b
(1>) 0.5 I ] e 4 g) 0.2 - e
< = . _ N . .
L o L
P { ]
B 1 0.0 0.0 M
D D DS Ac 5.250 5.255 5.260 5.265 5.270 5.275 5.280 5.285 5.250 5.255 5.260 5.265 5.270 5.275 5.280 5.285
Mpc (GeV/c?) Mpc (GeV/c?)

[D*O D*-I- D:J

T _ 2
S ) M, — \/Egeam/4 — (Pgm )2 > 5.27 GeV/c

* The hadronic FEI employs over 200 boosted decision trees to reconstruct 10000 B decay chains

e €5+~ 0.5%, €50 ~ 0.3 % at low purity (about 50% increase with respect to the Belle tag)
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