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Semileptonic decays
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Form factors Vv,




Semileptonic decays

... with vector mesons
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For X =o, D*...
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Semileptonic decays

Lepton universality v,




Semileptonic decays: lepton universality in branching fractions
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Semileptonic decays: lepton universality in angular distributions
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Strongly sensitive
to NP couplings! 7


https://link.springer.com/article/10.1140/epjc/s10052-021-09724-2

Semileptonic decays at the B factories
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Belle Il: a luminosity frontier experiment

T (fb™) >1ab™®
. 9 1200- — T 7 ST, — - — On resonance :
Target: 50 ab™ by ~2035 B per———— Y(5S): 121 fb ™!
Y(4S): 711 ib!
Y(3S): 3fb!
Y(2S): 25 b !
Y(1S): 6 fb !
Off reson./scan:
~100 fb!

1000 - siperkekB

-] ]

I In long shutdown
B until ~2023/10 y

W.
e

~ 550 fb!
On resonance:
Y(4S): 433 b
Y(3S):30 b
Y(2S): 14 fb!
Off resonance:
~54 fb!

Recorded: 428 fb™! -2y

[363 fb! at Y(4S)]

These results: 189 fb™! g i

ol

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1
+ 20 years —




Featured Belle |l analyses

R(X, /“) with hadronic tag .

Angular asymmetries in B—D*{v with hadronic tag
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https://arxiv.org/abs/2301.08266

Featured Belle |l analyses

R(X, /“) with hadronic tag .

Angular asymmetries in B—D*{v with hadronic tag
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https://arxiv.org/abs/2301.08266

R(Xe/u) at Belle Il

Light lepton universality By,
\ High-momentum,

' ' ' ' dl
In branching fractions using light leptons good lepton

X Everything
remaining in the
event

High-quality, fully
reconstructed tag

BB — Xev)
R(Xep) = BB — Xuv)
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R(X, /u) at Belle I1

Extraction variable: lepton momentum in B frame p °
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R(Xe/u) at Belle I1

Results R(X.;,) = 1.007 £ 0.009 (stat) & 0.019 (syst),

Summary K Mostly lepton identification

efficiency uncertainty

® Most precise BF-based LU test with semileptonic B decays to date
® [nagreement with SM value of 1.006 + 0.001

® [n agreement with exclusive Belle measurement R(D*e /u) =1.01£0.01 +£0.03

LUV could show up in angular distributions too...
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https://arxiv.org/abs/2207.03432
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.052007

Featured Belle |l analyses

Angular asymmetries in B—D*{v with hadronic tag
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Angular asymmetries

Light lepton universality INLr o 07 g
/\ Az (w) = g / —/ dxﬁ,
In angular asymmetries using light leptons w 0 =~ wax

More NP reach with differential
2 measurement in w

The recoil m2B + m%* —

w
parameter 2mpmp- 16



Angular asymmetries

Measurement concept

Reconstruct B — D™ {e*/u*}v with hadronic tag Belle II [Ldt =189 fb!
1000 A E‘Xp oin 0
Divide candidates into +/— categories based on dx, and in o, [
wranges: w, - [1,1.275], w,, .- [1.275,1.503], and w,_: = Al Wi,
[1,1.503] g 600 |
o
£ ol
Extract yields with M___ 2 fits e
miss
N (w) — N (w w0t
) = M) = Vs ()

N (w) + Nz (w)
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The e-u asymmetry difference is sensitive to LUV:

Signal peaks at 0
AAz (w) = Az (w) — Az (w).
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Angular asymmetries

Results

e First comprehensive, dedicated test of LU in SL decays via angular distributions

e Results statistically compatible with SM (p > 0.10)

e Statistically limited

SM expectation

These are sensitive to violation
of lepton universality
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Two precision tests of lepton universality

R(Xx, ): R(D(*)) and R(X):
® new inclusive light lepton test 188 —— R( X)' (had FEL lep\ ) i mfﬁ%“:w
. . = 16+ — R(ﬂ') (had FEI) i
® systematically limited _ R(D) (had FEL lep 1) N\ |
° o .. X 14f ---- R(D) (SL FEI, lep 7)
2% precision B 1,0 — R(D) (had FELlepn)
® compatible with SM £ b == R(D") (SL FEL lep 7) \ -
£ 10F o R(D*) (had FEI, had 7) N
[} .
O N
Angular asymmetries: 5 8 " \
=
® new comprehensive light lepton test 4r
®  statistically limited 4 |
® compatible with SM s o ° N ¥ 3

Data sample in ab~!
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Belle — Belle |l

Vertexing: 4 double-sided layers of silicon strips — 2
layers of pixels + 4 double-sided strips

PID: time-of-flight (barrel), threshold Cherenkov
aerogel — time-of-propagation (barrel), proximity
focusing aerogel (endcap)

EM calorimetry: Csl — same crystals upgrade of
electronics and processing with legacy CsI(Tl) crystals

K, and u: scintillators replace RPCs (endcap and
inner two layers of barrel)




Reconstruction

Tag-side reconstruction

Efficiency €
UOT}RULIOJU]

22



Efficiency €

Inclusive Tag
e = O(100)% Aég
Consistency of By,,

Semileptonic Tag

e=0M%  —1

Knowledge of By,,

Hadronic Tag

e=0(0.1)% —_—

Exact knowledge of

Reconstruction

Exclusive
Full reconstruction of
hadron in specific decay(s)

uorjyeuLIojuy

Inclusive
B — hlv without explicit
reconstruction of h

Different theory treatment +
different analysis techniques —
complementary approaches
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R(D*) at Belle 1

Large missing Bsig

Lepton universality

%

.7
©o"

In branching fractions

Fully =D > 7T
reconstructed tag
° Fully
B(B - D*[T — fl/l/]l/) B reconstructed D*

R(D7) = BB — D'lv)
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R(D*) at Belle II: signal extraction

Separates sig from
(norm + bkg)

2 ~0 means 0
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M

2 (GeV?)

miss

V) B-D*tv,

[ |B-D7¥,

[:I BG with true D*

|| BG with fake D*

e st B

Z

D**fv

i

5 N
= NN
g . ‘§ - Background
E 2 N o
o. 9 N *
i E N | @Dy
Q - - -
F8% & o Normalization
ol b e e a by s bigay N
N © o ¥ 0 o = i
o o o o o o © T T T T T T BRI T
pazijewIoN 45 | Bellell Internal  Hadronic FEI  —=_ Da'a
Ldt=1893f" B=DY(IY T2 burviep.misid
N T DD mmow
BE S = e Separates (sig + norm)
3 30 P-value = 1.0000 = e
2 5 x4 from bkg
8 20
15
o E;., ~0 means no extra
5 neutrals
0
4;_ T T T T T T T T T _g
% g E_ 5 M Wit Gl i S (R R G S (GRS (R (Y (G G (R (A LR L -E
o -25_TT,TTII,T,T,TITYTI,YYY\',_E
-4 =

Extra energy in E

calorimeter ECL

3 1 1 1 1 1
0 02 04 06 08__1

1 1 1 1
12 14 16 18 2

(GeV)

25



