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QD - evidence for lepton flavour universality violation? -
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. SL decays allow for probe of LFU
. SM: equal coupling strengths for &( 7 )in interaction with W bosons
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Motivation

- evidence for lepton flavour universality violation? -

. SL decays allow for probe of LFU

equal coupling strengths for
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vs experiment: potential violation of LFU?

theory:

. — long-standing tension between world average of
measurements from LHCDb, BaBar & Belle with the SM
prediction: ~3.31c
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How to test this at Belle Il
- SuperKEKB & Belle Il detector -

— electron-positron collider at Y(4S) resonance

— upgrade of KEKB: target luminosity: ~6x103°/cm?s

— production of BB pairs

— measure B decays with Belle Il detector
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D> How to test this at Belle Il

/> - SuperKEKB & Belle Il detector - I
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SuperKEKB:

— electron-positron collider at Y(4S) resonance

— upgrade of KEKB: target luminosity: ~6x103°/cm?s
— production of BB pairs

— measure B decays with Belle Il detector
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How to test this at Belle Il
- SuperKEKB & Belle Il detector -
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B(B — D* 7-_57_) «—— referred to as “"signal mode ™

®-_ > R(D*)=

2 m}. 60 / B(B — D* f_ljg) <— referred to as ""normalisation mode™’
Vo - X
\E} \ | (5 — €, ,u) possibilities for reconstruction
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R(D*) with hadronic tagging: Exact knowledge of By,, \

arxiv2401.02840

— use dedicated tag-side

— all rely on leptonic t decays reconstruction algorithm

— same reconstruction for signal & normalisation modes


https://arxiv.org/abs/2401.02840
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. Use completeness constraint: no add. charged tracks in the event
. Extract R(D*) in 2D binned template neg. log-likelihood fit
. — fit variables: missing mass squared of the event + additional energy in the calorimeter
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D> Measurement of R(D*) with had. tagging ( 189fb™") u

. Use completeness constraint: no add. charged tracks in the event
. Extract R(D*) in 2D binned template neg. log-likelihood fit

. — fit variables: missing mass squared of the event + additional energy in the calorimeter
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. Use completeness constraint: no add. charged tracks in the event
. Extract R(D*) in 2D binned template neg. log-likelihood fit

. — fit variables: missing mass squared of the event + additional energy in the calorimeter
Normalisation D* [ v:
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D Measurement of R(D*) with had. tagging (189fb-") u

. Use completeness constraint: no add. charged tracks in the event
. Extract R(D*) in 2D binned template neg. log-likelihood fit

. — fit variables: missing mass squared of the event + additional energy in the calorimeter
Normalisation D* [ v:
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. Use completeness constraint: no add. charged tracks in the event

. Extract R(D*) in 2D binned template neg. log-likelihood fit

. — fit variables: missing mass squared of the event + additional energy in the calorimeter
. — use control regions to test & correct the modelling of backgrounds, eg:
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Use completeness constraint: no add. charged tracks in the event
Extract R(D*) in 2D binned template neg. log-likelihood fit
— fit variables: missing mass squared of the event + additional energy in the calorimeter

— use control regions to test & correct the modelling of backgrounds, eg:
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. Use completeness constraint: no add. charged tracks in the event

. Extract R(D*) in 2D binned template neg. log-likelihood fit

. — fit variables: missing mass squared of the event + additional energy in the calorimeter
. — use control regions to test & correct the modelling of backgrounds

. — result (preliminary):: | p(D*) = 0.262 9% (stat) 19035 (syst)

. — compatibility with world av. & SM: — leading systematic uncertainties:
0.6
— \évaoBrladraverage HFLAV 2024| ggi:f; | Source Uncertainty
ad ta +
. ?EEE%;:QQ i E%tl::fhad.tag PDF shapes 1_2215;))
: ; ; +7.5%
Simulation sample size e
~oal — B — D**{~ v, branching fractions fg:ggz
=
89 X
0.3 A - .
i xS — in agreement with SM & HFLAV av.
*
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B(B — D* 7-_57_) «—— referred to as “"signal mode ™
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— use dedicated tag-side

— all rely on leptonic t decays reconstruction algorithm

— same reconstruction for signal & modes
13


https://arxiv.org/abs/2401.02840

D Strategies for reconstruction of SL B decays u

O

Belle II UNIVERSITAT

main contributions from B— D™ I/rv —
but only 0O(1%) stat. overlap with R( X B (B
exclusive R(D™) ( )

7_) < referred to as "“signal mode ™

— X 7
— X f— —E) <— referred to as ““normalisation mode™’

(f =e, ,u) possibilities for reconstruction
of second B = ,tagging“:

tag ?side A In_clusive Tag /‘é
: e =:0(10)% ?
Consistency of By,, %
B -
2> Semileptonic Tag = e
= - e =
kS e=01)% T =
3= Knowledge of By, Ty %ﬁ
£a =
- Hadronic Tag s
o e = 0(0.1)% —E<<<
R(X) with hadronic tagging Exact knowledge of By,, \

PhysRevlett.132.211804

— use dedicated tag-side

— all rely on leptonic t decays reconstruction algorithm

— same reconstruction for signal & normalisation modes
13
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D Measurement of R(X) with had. tagging ( 189fb™") u

. Reconstruct only the lepton; remaining particles = X system
. Extract R(X) in 2D binned neg. log-likelihood fit using bin-wise NPs for systematics
. — fit variables: missing mass squared of the event + lepton momentum

Belle II /fr, dr=189fb~"! BelleII\\ [Ldt=189fb!

Norm. Resid. 103 events per 0.7 GeV?

I I X[r-ewv
30 T Dev %
[ B Dev @)
' Em Other X.ev ;
20-_ E X 5
[ [ Secondaries o
I [ Fakes é
10'_ I Continuum g
i #2222 MC tot. unc. w
[ t Exp.data . mg
[ . main challenge: )
. .=
(3): - . . disagreement 'Z
0f— P - supposedly due to " &
R mismodelling in D :
-25 00 25 50 75 100 Z

decays to K,

14


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.211804

D Measurement of R(X) with had. tagging ( 189fb™") u
/D PhysRevLett.132.211804

Belle I UNIVERSITAT

. Reconstruct only the lepton; remaining particles = X system

Extract R(X) in 2D binned neg. log-likelihood fit using bin-wise NPs for systematics
. — fit variables: missing mass squared of the event + lepton momentum

. — reweight Xlv based on M,

variant mass of the X system)
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. Reconstruct only the lepton; remaining particles = X system

. Extract R(X) in 2D binned neg. log-likelihood fit using bin-wise NPs for systematics
. — fit variables: missing mass squared of the event + lepton momentum

. — reweight Xlv based on M, \

20_—

— fixes mismodelling in all observables
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. Reconstruct only the lepton; remaining particles = X system
. Extract R(X) in 2D binned neg. log-likelihood fit using bin-wise NPs for systematics
. — fit variables: missing mass squared of the event + lepton momentum

. — reweight Xlv based on M,

. — result: R(X, /) = 0.228 £0.016 (stat) 4= 0.036 (syst)

— leading uncertainties:

Source Uncertainty [%)]

. Sample sizes

. M, shape corrections
. Branching fractions of the ,gap
modes”

. B— D*|vform factors

e 7 /

Experimental sample size 8.8 12:0 )
Simulation sample size 6.7 10.6 8.7
Tracking efficiency 2.9 3.3 3.0
Lepton identification 2.8 5.2 2.4

" | X lv reweighting Tk 6.8 g |
—| X/v branching fractions 7.0 10.0 0.7
ATV branching iractions 1.U 1.U 1.U
X.7(£)v form factors 74 8.9 7.8

Total 18.1 25.6 17.3
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Reconstruct only the lepton; remaining particles = X system

Extract R(X) in 2D binned neg. log-likelihood fit using bin-wise NPs for systematics
. — fit variables: missing mass squared of the event + lepton momentum

. — reweight Xlv based on M.,

. — result: R(X, /) = 0.228 £0.016 (stat) 4= 0.036 (syst)

— compatibility with world av. & SM: — leading uncertainties:
(can we fit it in there?)

Uncertainty [%)]

0.6 Source

— V,Y,‘;ﬂg\?‘éggafe LHCb 2024 € 9] 14

BaBEF 013 Belle 2018
Belle had. tag 2015 | LHCb 2023 Experimental sample size 8.8 12:0 g )
27 D o 2020 *o Simulation sample size 6.7 10.6 5.7
Tracking efficiency 2.9 3.3 3.0
o] Lepton identification 2.8 5.2 2.4
R X v reweighting e 6.8 g |
2’ . BB backeround reweighting H.8 115 BT
i T~ X /v branching fractions 7.0 10.0 T
} a X7v branching fractions L) 150 .0
X.7(£)v form factors 74 8.9 7.8
" Total 181 256  17.3
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Reconstruct only the lepton; remaining particles = X system
Extract R(X) in 2D binned neg. log-likelihood fit using bin-wise NPs for systematics
. — fit variables: missing mass squared of the event + lepton momentum

« — rewei. ht Xlv based on M\, First measurement
— . t
+ > TesUIt) R(X, 4) = 0.228 £ 0.016 (stat) £ 0.036 (syst) | | ye yvias) resonance

. . !
— compatibility with world av. & SM: — leading uncertainties:
We can! Exclude SM exp. contributions from D**/gap, Xu

B(B = X1v) — B(B = D(gap)/X,7V)sm  Source

Uncertainty [%)]

1%(‘X‘r/€)Jr = B(B N XEV) € 2 4

: 2 £8.3% CL oot Experimental sample size 8.8 12.0 7.1

0.351 el/é[j 5 e O Simulation sample size 6.7 10.6 8.7

' & /7 Tracking efficiency 2.9 3.3 3.0

. 030F &917) ~7 Lepton identification 2.8 5.2 2.4

a e { X v reweighting 73 6.8 |
& \\:\C‘\HFLAV 2023 M&

\::3:::5@ @) X /v branching fractions 7.0 10.0 i

B X 70 _branching ITactions T.0 T.0 T.0

IIIIIIIIIIIIII - X.7(¢)v form factors 74 8.9 7.8

RD) o Total 181 256 173

— in agreement with HFLAV av. & SM prediction=0.223 * 0.005 within 1o
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D Summary & outlook '

O
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- Belle Il contributes to LFU tests with several measurements

‘R t Its:
SeM IESEIS TR(D*) = 0.262 *008 (stat) 003 (syst)

R(X, ;) = 0.228 +0.016 (stat) & 0.036 (syst)

- R(D*) had. & R(X) in agreement with SM prediction,
all compatible with current world average,
results will be more precise with more data to be taken
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