Recent semileptonic results from Belle IT

Chaoyi Lyu
(On behalf of the Belle Il Collaboration)
chaoyi_lyu@uni-bonn.de

ALpine Particle physics Symposium 2023

27 March, 2023

anAlpine ""ge’ Physics S\vmposiu: UNIVERS iTAT

Belle II



Two anomalies in semileptonic B decays
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2. Possible Lepfon Flavor Universality (LFU) violation  tnterpretation of Belle untagged
B—D*€v measurement
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CKM matrix

CKM matrix SM: unitary 3x3 matrix
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Belle Il experiment

> 1100 active members
- 124 institutes
[ 27 countries
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|V_. | measurement
@ Belle IT

Only analyze the channels with light leptons



Untagged B® — D™*€'v decay

New

o | Event reconstruction

"4 \ Signal B decay

D,
/A

dr
dwd cos 0yd cos Oy dy

o |Vcb|2 X |F(w,c0s03,cos9V,x)|2

Measure partial decay rates in bins of kinematic variables
(four 1D spectra)
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Kinematic variables

2 2
w— PBPD mp +mMp- — ¢
mpBmp= 2mpm p+




Untagged B° — D™*¢'v decay

e What do we know about B? Reconstruction of
kinematic variables
ESM = EGM /2 pSM| = \/(ngfm/2)2 —m2, (magnitude of B'momentum)
6. the angle between B and D*€ system (denoted by Y) determined by  cosOpy — 22z — Ma = my
BY" e cmg e petween an SYS em enote y erermine y CoOsUpy = 2]973}?; where all energy and
momenta are in the CM
frame.

e How we guess its direction?

> Pick up the direction on the cone closest o —Prok

_p .
ROP >  Consider also the B° angular distribution with respect to

- the beam axis

Weighted average of kinematic variables determined using 10

Novel | e o at es determined us
approach | edual-spacing directions on the cone, where the weight is

. AN a2
a = (1 —prog " Pp)sin” Op

The resolution is improved compared fo the previous BaBar & Belle measurements.



Untagged B° — D™*¢'v decay

. Belle Il Preliminary  [r4t=189.3"

Phys.Rev.D 100 (2019) 5, 052007

BY>D**e~ 7, | Signfal : : Phys.Rev.D 103 (2021) 7, 079901 (erratum)
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Signal yield in each bin is determined by a 2D binned

template fit of cos6,, and AM distributions.
(the fits are performed bin-by-bin independently)

Direct fit to four 1D experimental spectra simultaneously.

(I.e. differential rates on the projections of w, cos8,, cos6,, and x, respectively)

(each bin yield is not determined independently) 8



Untagged B° — D™*¢'v decay

e Fitted yields are corrected with SVD unfolding method
(Singular Value Decomposition)
- Migration matrix

M;; = P(measured value in bin | true value in bin j)
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Unfolding
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e Partial decay rates are determined from the unfolded yields
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Untagged B® — D™*€'v decay

e |V,| value is determined from measured partial rates Al

» Belle 1l Preliminary [rdt=189.3f"1 Belle Il Preliminary [rdt=180.3f"1
Mlnl"“z'ng X 6ok B°-»D*t1-y, 16F BO»D**1" v,
o >t
Written in terms of |Vcb| < i , i () +
and FF parameters E 50 —— —— éD 12F —4— ¢ ++
Theoretical 7 oap 4 —4— S 10} —— ;
. . o . ® X
prediction < 30f — o
X . P
N w 6
L o
34 obs pre obs pre 2 20 Fitted BGL 3 af
2 E Al Ari =t Arj Arj © 10} Fitted CLN g
X = ‘ Fobs - Fpre i Fobs - Fpre @ Experimental data 2F
i 9% 1 12 13 T4 T5 100 =075 —0.50 —025 0.00 025 050 075 100
w cos 6,
(I‘Obs _ I‘Pre)2 ) _Be"e 1l Preliminary Jedt=18930 Belle Il Preliminary [cdt=189.3fb
—I_ 0-—2 . §0_,D*+Z—vl S'EO-’D*+Z7U1
r > 18r
§ 15 + + %' 4 + +
Boyd-Grinstein-Lebed parameterization 5 e 2 ¢ g $
= 12F  —— —— To kg ———— ——
e —— —— —
= -3 > OF —— X
= + + + x —e— X
IvcbIBGL (40'9 = 0'351’111' = l'osysf = 0'61'heo) 10 E . —a——— X 2t
- -3 s f =
= + + + x 2
|vcbICLN (40.4 + o'3sta‘r = 1'Osys'r = 0’6Theo) 10 5 st ©af
o . . . . . . .
. o -1.00 —075 —0.50 —0.25 0.00 025 050 075 1.00 O :
Caprini-Lellouch-Neubert parameterization cos By 0 ! g 3 ¢ > o

10


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.56.6895
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Tagged &’ - pev decay

arXiv: 2301.04716

Event reconstruction

1

Tag-side B

I (hadronic decays)
I' 0(10%) distinct decay chains

Tagging efficiency <1% (But significantly higher than previous
conventional methods)

Full event interpretation
Comput Softw Big Sci (2019) 3: 6

Signal B decay

@ Kinematics can be inferred

9(

b3
0D

from the tag-side

1


https://arxiv.org/pdf/2301.04716.pdf%5D
https://link.springer.com/article/10.1007%2Fs41781-019-0021-8

Tagged &° - pev decay

Event reconstruction e Background events are subtracted using simulated

4 samples directly m2iss = (Pocam — P, — Ppr — Py)’
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https://arxiv.org/pdf/2301.04716.pdf%5D
https://link.springer.com/article/10.1007%2Fs41781-019-0021-8

Untagged B — Dev decay arXiv: 2210.13143

dr 2 "
° & [Vep* X [FF(w)|

e Signal yields are extracted in 10 bins of w by fitting cos8,, (v:bt system) distribution
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https://arxiv.org/pdf/2210.13143.pdf

g?> moments of Inclusive B — Xc€v Decays

arXiv: 2205.06372

® g° measurement:

® g° moment of order n:

event-wise signal
probability

> wi(g? )qf:nb,i

¢’ = (s, —px)? with

Z:vent wi (qz)

p*Bsig = (\/5/27 _p*Btag)

Btag is reconstructed using fully hadronic decays.

Efficiency and
acceptance correction

< Coatp * Coen

residual bias correction
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https://arxiv.org/pdf/2205.06372.pdf

g?> moments of Inclusive B — Xc'eV Decays

e First to fourth moments (n=1~4) measured at a progression of cuts on g°
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V| = (41.69 + 0.63) x 10°?

Not determined by the
Belle (IT) collaboration
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https://arxiv.org/pdf/2205.06372.pdf
https://inspirehep.net/files/da2bc1d559066a4f8e43624174e01094

|V, | measurement
@ Belle IT

Only one exclusive decay channel

The inclusive is on-going

16



Untagged B? - m*ev decay

arXiv: 2210.04224
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https://arxiv.org/pdf/2210.04224.pdf

Tﬂgg&d B — 1rev decay

arXiv: 2206.08102
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Signal yields are extracted in 3 bins of ¢® by fitting of M_._? distributions
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https://arxiv.org/pdf/2206.08102.pdf

LFU tests with
untagged B® — D™*¢v

@ Belle IT

Other LFU tests will be discussed in
Stefano Moneta's talk this afternoon

19



Lepton flavor universality test
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that is the question.
— Chaoyi Lyu
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LFU tests with untagged B° — D™*¢'v decay

e Ratio of br'anching fractions between e and IRe/“ = 1.001 = 0.009 = 0.021

e Angular asymmetry

f01 d cos 0,dIl’/d cos 0, — [f_ol d cos 0,dT"/d cos 93]

Ars = 3 o
Jo dcos8,dl’ /d cos O, [~ dcosB,dT’/d cos b,

Obtained results:
App = 0.219 4+ 0.011 £ 0.020,
Aby = 0.215 4 0.011 + 0.022,

Adpg = (—4+16+18) x 107>, Adpp = Ay — Afp
SM: (-5.33 + 0.24)x10 Eur.Phys.J.C 81 (2021) 11, 984

dr/dcos 6; [x10~15

C.k)
= /o

==
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cos6,

£ 0.005 £ 0.007,

FI" = 0.534 = 0.005 % 0.006 ,
AF; = 0.013 + 0.007 £ 0.007,

AF, = F' — Ff.

e Longitudinal D* polarization fraction F, HB_e"e"l jes-wsne Obtained results:
§ = 4 F; =0.521
2 = -
a1 | Maag
Normalized partial decay 720 0 oy oo S S|

rate on cos,, projection 058,

SM: (-5.43 + 0.36)x10

21
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Summary

e Tension between exclusive and inclusive determinations relieves with untagged D*€v measurement

4.6

4.4

4.2
m

o
40t — 4.0
X 38t
E
38 367

3.4

36F HFLAV: exclusive

HFLAV: inclusive
1 1 1 1 1 1 1

*QV * |V pv %V
D o} We
9 “‘aqged Tagqed \)“xagge \“C\us\\‘

HFLAV: exclusive

HFLAV: inclusive (BLNP)
1 1

3.2

3.0

Untagged mlv Tagged iy

® No significant lepton flavor universality violation has been observed



23



Systematic table for untagged B — D*8v

Relative uncertainties (in %)

bo

by

a C1
Statistical 3.3 0.7 448 354
Finite MC samples 3.0 0.7 394 33.0
Signal modelling 3.0 0.4 40.0 30.8
Background subtraction 1.2 0.4 24.8 18.1
Lepton ID efficiency 1.5 03 31 25
Slow pion efficiency 155 18.4 22.0
Tracking of K, m, £ 05 05 06 05
Ngg 0.8 0.8 1.1 0.8
Fi/f00 1.8 17 g
B(D** — D°x™) 04 04 05 04
B(D° - K 1) 04 04 05 04
B lifetime 01 01 02 0.1
Total 6.1 2.5 783 64.1
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Impact of LQCD atw > 1

Belle Il Preliminary [cdt=189.3fb?
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Systematic table for untagged B — D&v

Bt —» DY%*y, BT — D%y, B°—D7etv. B°— D uty,

B(B — Dtv)[%] 2.214+0.03 £0.08 2.22 +0.03 £ 0.10 1.99 £ 0.04 &+ 0.08 2.03 £+ 0.04 4 0.09
Contributions to the systematic uncertainty [%]
Npp and fi_/foo 1.9 1.9 1.9 1.9
Tracking efficiency 0.9 0.9 1.2 1.2
B(D — Kr(r)) 0.8 0.8 P 1.7
LeptonID 1.2 3.1 0.9 1.9
HadronID 0.6 0.6 0.1 0.1
B — Div FF 0.1 0.1 0.1 0.1
B — D*/v FF 0.1 0.2 0.0 0.0
B(B — X.tv) 1.9 1.9 0.4 0.3
Continuum normalization 0.2 0.2 0.1 0.1
Fake D PDFs 14 1.5 3.0 2.8
Total 3.5 4.6 4.2 4.4

TABLE II. Branching ratio results for the decays B* — D%*v,, B* — D%u*v,, B - D~ e,
and B — D~ ptv,. The first uncertainty is statistical, and the second is systematic. The lower
half of the table shows the various contributions to the systematic uncertainty, which are explained
in more detail in Sect. 4.3 26



g’ moments of inclusive B — X €v Decays
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Tagged VS untagged
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