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B — nfv W
The golden mode

 Differential rate in terms of q2 = (p, + p,/)2
dT'(B" - n=¢ V) G:
dg? 2473
« BCL extraction of |V , | [Phys.Rev.D79:013008,2009; Erratum ibid.D82:099902,2010]
* Experiments determine the differential rate in bins of q

 Theory calculates f. +(q2) at values of g*
 Combined fit to the BCL expansion to determine |V ,| and b, (z is a map of q°)
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B — nfv
Theory input

e Lattice QCD

 Fermilab-MILC [Phys. Rev. D 92, 014024 (2015)]
form factor calculation presented as BCL expansion

. RBC-UKQCD [Phys. Rev. D 91, 074510 (2015)]
form factor at qz = 19.0, 22.6, 25.1 GeV?

e Light-cone sum rules

+ A. Bharucha [JHEP 05 (2012) 092]
form factor at g* = 0



B — p,0,nV¢

» Although these modes have been measured precisely at B factories, we haven't
seen competitive determinations of |V, |

* [heoretical iIssues
 LCSR FF available for rho and omega [J. High Energ. Phys. (2016) 2016: 98]
* Lack of precise lattice predictions for the vector modes

* Experimental issues

« B — pCv: Spin of the rho not identified in experimental analyses,
scalar pi pi background?



BT - nn ¢ L
Phys. Rev. D 103, 112001 (2021)]

' B(BT = ntn {Ty,) |

5 = (22.7173(stat) £ 3.5(syst)) x 107° '

[x 10 GeV]
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?T.l..l.ll on the same data set [Phys Rev. D 88, 032005 (201 3)]
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Untagged vs. Tagged

Tagged:

B, and B,,, are reconstructed

Untagged:
only B, is reconstructed

signal yield O(103) lower (-)
low backgrounds (+)

good q2 resolution (+)
tag calibration (-)

high signal yield (+)
high backgrounds (
poor g~ resolution

)
)




B — nfv untagged
'PRD 86, 092004 (2012)]

0<qg’< 16 GeV? 16 < g° < 26.4 GeV?

- [ ] B—nxlv signal
" I cross feed a)
[ b—ulv both B

- I b—ulv same B

[ other BB both B

:

N other BB same B
l:l continuum

e data

« 416/fb of BaBar Y (49) data
 Reconstruct only ze, nu, infer

neutrino momentum from p_:..

Events per 0.005 GeV
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(loose neutrino reconstruction . Tes BV Mes (GeV)
technique) g 3
 About 12,000 signal events, S/N ~
~0.1 o
* Partial branching fractions obtained z *
in 12 g bins o e
: AE (GeV)
* Systematics: detector effects, — ;
b — u background RS = \/fé‘é?am—Pweu
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B — n£v with hadronic tag
'PRD 88, 032005 (2013)]
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711/fb of Belle Y (45) data

j\: ® Data +

§ =0 g « Belle hadronic tag

g 150 BB-X Iv . 2 . .

S - [Hes » Yield extracted from M. in 13 (7) bins of

g° for B —» 7=¢*v (BT — ¢ 1)
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0 - : o  Main systematics: tag calibration
M2, _ (GeVZ/cf)
0 — 0
B® —- n ¢"v Bt — n’¢*u

i; Component Yield Component Yield
S 100 —
o BY—s7ntl-m, 462.6+ 27.7 B~ 1% 5, 232.2+22.6

80 _ _
f BY—pt0 1y, 514.5(fixed) B — X0~y 100.0 £ 86.7
— 60 _ _

2 B — X 0~ 599.5+ 198.4 BB 1993.4 & 90.7
g © BB 5511.6 +200.7 qq 18.5(fixed)
20 qq 111.8(fixed) x2 /ndf 56.3/50

02 -1 0 1 x2 /ndf 76.0/76
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M2 .. (GeV?/c4)




B — nt'v average

HFLAV 2021

* Average in each bin of qz

Input Measurements:
¢ B Belle untagged , Phys. Rev. D83, 071101 (2011)

Vv B° Belle had. tag, Phys. Rev. D88, 032005 (2013)
A B’ Belle had. Tag, Phys. Rev. D88, 032005 (2013)
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e [aking into account
correlated systematic
uncertainties

+ P(x*)=6%

—
N

= B’°& B* BaBar untagged, Phys. Rev. D86, 092004 (2012)

O B°& B* BaBar untagged, Phys. Rev. D83, 032007 (2011)
summing up partial

- @ Likelihood fit average
branching ratios

¢ [GeV?] (accuracy 6%)
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| B(B® — £t 1y) = (1.50 £ 0.024a¢ & 0.064,5¢) X 1074



BCL fit

HFLAV 2021

(\Il_l | | | I | I | | | | | | | | | I | | | | |
> i 3 |
8 1 O _ IVubI= [ 3.67 = 0.09 (exp) = 0.12 (theo) ] x 10 + Average Belle + BaBar |
coo —  Fitprob.: 47% = BCL fit (3 + 1 parameter) .
~— — Data & LQCD (FLAG) & LCSR
o\ 8 B |
¢ T+ :
g\ | ] I _
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O ~
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O | _
2 | |
- 2021 =
O B | | L | l | l l | | | | l l | \

Value
(3.67 T 0.1_5) x 1073
0.418 £ 0.012
—0.399 + 0.033
—0.578 = 0.130

Parameter

‘Vubl

Parameter | |V bo b,

| Vis ] 1.000 -0.780
-0.780 1.000
-0.404 2.110

0.401 -0.587

-0.404
2.110
1.000

-0.686

20

] | ]
25

¢ [GeV?]

- 0.09 exp =

Vi = (3.67 =

012 tpeo) X 1073 (data + LQCD + LCSR) |

L | Vis| = (3.70 £ 0.10 p % 0.12 11e0) X 1073 (data + LQCD)
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0.401
-0.987
-0.636

1.000



B — p, w{v average

HFLAV 2021

CLEO untagged: B — p'1* v |
149 +0.22 £0.28 - :
CLEO untagged: B’ — p 1* v
1.58 +0.20 £0.20 .
BELLE sl.tag: B’ — p 1t v !
121029 =£0.17 P
BELLE sl.tag: B* — p°1* v

135 +0.23 = 0.18 o
BELLE had.tag: B’ — p1* v
1.73 £0.15+0.13

BELLE had.tag: B* — p°1* v
1.82 £0.10 £0.10

BABAR untagged: B’ — p1*v
1.05+0.11 021

BABAR untagged: Bt — pO 1" v o~ TR,
1.00 £0.10 £0.21

Average: B* — p’1" v

1.58 +£0.11
m xz/dof= 12.80/7 (CL =7.3 %)
2021 .
| I | | | | | | | | | | : | |
-1 0 1 2

BB" — p°1"v) [x 10]

BELLE untag

1.30 £0.40 =0.37

BABAR untag (loose nu-reco)
1.19 £0.16 £ 0.08

BABAR untag

1.12 +0.14 £0.08

BELLE had.tag

1.07 £0.16 = 0.07

BABAR sl.tag

1.35 +£0.21 =£0.11

Average

1.19 +£0.10

¥2/dof = 0.98/ 4 (CL = 91.2 %)
| ; l I | | | l |

1.5 2
BB*—=wl*v)[x 104

11

« B pluv

. BY = p*v average includes
BY — p~¢Tv results rescaled by
0.575./7R0 (iSOSPin symmetry)

* 7% overall precision

e 3 sigma discrepancy between

BaBar untagged and Belle
tagged for BT — p /v

e B — wfU

8% overall precision



B — p, wfv qg* spectrum
HFLAV 2021

« B - pluv

 Rate times bin width of the

=
N
-
N

mOS-t preCISe measurements i B - p( - )iy - B*/% Phys. Rev. D 83, 032007 (2011) 1 B-w(-3mv - lL\SSll-'{_J3I-I6|?k;Elr6e_r39 Phys. (2016)
— _‘ _ B *, Phys. Rev. D 88, 032005 (2013) — ] B . :b - S N
(BaBar untagged, Belle > 103 x*/ndf=13.5/9 P . 038, 052005 13 > 10 : X*/ndf=23/3 - 57 Phys, Rev. D86, 032005 (201
tagged) are averaged O g- F%ﬂ O 8- % @ Belle + BaBar
o i o ]
— — — O —
« B> wlU x O | X
T 4 - ! =+ | T 4= o
» BaBar untagged and Belle SEEE N S o S o s it W S e |
= 2 4t v S o = 24 : —
tagged are averaged = o : S ==
. O-||||||||||||||||||||=?;If-|-| O_'|'|||lll|llll|llll|
* 2nd and 5th bin of the Belle 0 5 10 15 50 0 5 10 15 20
i%escg{rlsjg]eft rsprgt using the g2 [GeV?] g2 [GeV?]
u
[J. High Energ. Phys. (2016)
2016: 98]
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B — nV¢v average

HFLAV 2021

BABAR untagged

0.310 £0.060 + 0.080
BABAR sl.tag

0.640 +=0.200 = 0.040
CLEO

0.450 +£0.230 =£0.110
BABAR untagged (loose nu-reco)
0.380 +=0.050 = 0.050
BELLE had.tag

0.420 =0.110 = 0.090
BELLE untagged
0.283 = 0.055 = 0.034
Average

0.344 £0.043

| 2021 |

r&/dof =3.23/5 (CL = 66.5 %)
| | | |

0.5 0

0.5 1
BB* —=nl"v)[x 107

13

CLEO
2.710 £ 0.800 = 0.560
BABAR sl.tag .
0.040 = 0.220 = 0.040 '_‘_I
BABAR untagged (loose nuIreco)
0.240 = 0.080 = 0.030 +
BELLE had.tag
0.360 = 0.270 = 0.040 g
BELLE untagged
0.279 £0.129 £ 0.030 '_b_'
Average
0.249 = 0.067 "‘
x2dof =747/ 4 (CL = 11.3 %)
I I I I I I I I
-2 0 2

BB* —=n'I"v) [x 10™]




Bt - nO¢ty
Submitted to PRD [arXiv:2104.13354]

a S &
OSO

Events/(0.01 GeV/c?)
3
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i
MC

- T —— | — Z
M, [GeV/c’] M, [GeV/c]

................................. : . - 5

IE\IIbc [GeV/c?]
(a) Mypc(n — v7) (b) Myc(n — ntw—xO) (¢) Myc(n' — mtm=n(y7y))

-------------------------- COARRR R R DO PR TR T 00—

| B(B+ — 77£+1/g) = (2.83 + 0.99 -
‘ B(B+ —> 77,£+I/e) = (2.79 + 1.29stat.) =

-0.34) x 107° |
-0.30(syst)) X 107° |
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Hadronic tagging at Belle I

Comput Softw Big Sci (2019) 3: 6.

Displaced Neutral
Tracks
Clusters

|

e ) s
I/ A

Bl

Events / (0.0010 GeV/c?)

x 104 Belle Il preliminary
2.5 - I Correctly reconstructed f[l dt=34.6fb~!
- Il Continuum & mis-reconstructed
| ¢ Data
20
[ NB:ag =84907 = 734
1.5 : Ptag > 0.1
1.0}
0.5

0.0
5250 5.255 5.260 5.265 5.270 5.275 5.280 5.285
My (GeV/c?)

Events / (0.0010 GeV/c?)

o
N

D

</[O

Belle II

x 104 Belle Il preliminary

=
o

- I Continuum & mis-reconstructed
| ¢ Data

Npg, =38545 + 1161
Ptag > 0-5

o ot
o ©

o
N
S S —

0.0
5250 5.255 5.260 5.265 5.270 5.275 5.280 5.285
My (GeV/c?)

Mpe = \/Egeam/4 —(p

cm )2 5 527 GeV/c?
ag

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

e €p+ X 0.5%, €50 = 0.3 % at low purity

15

[ Correctly reconstructed fﬁ dt=34.6fb~!




B — rev tagged at Belle I S

Belle 11

Winter 2021 — paper in preparation

* 189.3/fb of Belle Il, tag side is reconstructed by hadronic FEI

. 7-et and 7'e™ are reconstructed on the signal side

o Signal yield is extracted from the missing mass distribution in three bins of q2

y MI%liSS = (pY(4S) —Pp.. — Pr _pe)2

tag
- - s - _1 = - u a _1
_ Belle Il Preliminary [cdt=189.3fb Belle Il Preliminary [ dt=189.3fb" Belle Il Preliminary [cdt=189.3fb
S 1 B°-n~ 2/~4 2 2/~4 — : g . == i Oy
"r& = Bac:grf):nd 0GeV</c* = gc< 8 GeV4/c qu ! : g —:1 ev ; 8 GeV2/c? < q2 < 16 GeV?/c4 vu 40 -: gadfg:)‘:md 16 Gev2/c4 < q2 <26.4 Gev2/C4
N> 20 [ 777 MC stat. unc. N 30 ://// Maz:cs?arful?nc N | 2/ MC stat. unc.
() : ¢ Data % | § Data o % 30 & Data
Y j
N 3 N
e o &
Ty ~ ~~
wn 7)) (7))
c = =
g g S
(W] L (NN
2.5 g
5 0.0 fe $ ! ‘ 1 } + ‘ * + 1| &
o 1 f sle
g L P T P P TPr T T I I 8

-1.0 =05 00 O05 10 15 20 25 3.0
M2. . [GeV?/c?]
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B — rmev tagged at Belle |l

Winter 2021 — paper in preparation

¢° bin Signal efficiency Unfolded signal yield AB
B’ -5 et
0 GeV? < ¢ <8 GeV?  (0.189 + 0.002)% 15.5 + 4.6 (0.61 £ 0.18(stat) 4+ 0.03(syst)) x10~*
8 GeV? < ¢® < 16 GeV?  (0.239 & 0.003)% 15.3 &+ 4.8 (0.48 £ 0.15(stat) 4 0.02(syst)) x10~*
16 GeV? < ¢% < 26.4 GeV? (0.229 £ 0.003)% 10.3 + 4.2 (0.34 + 0.14(stat) + 0.02(syst)) x10~*
Sum — 41.1 + 7.8 (1.43 4+ 0.27(stat) &+ 0.07(syst)) x10~*
Fit over full ¢*> range  (0.217 £ 0.002)% 42.0 £ 7.9 (1.45 4+ 0.27(stat) £+ 0.07(syst)) x10~4
¢° bin Signal efficiency Unfolded signal yield AB
Bt — 7T,
0 GeV? < ¢ <8 GeV?  (0.329 + 0.004)% 12.9 + 4.7 (2.90 + 1.12(stat) £ 0.19(syst)) x10~°
8 GeV? < ¢ < 16 GeV?  (0.439 % 0.005)% 18.1 £ 5.1 (3.05 + 0.91(stat) 4+ 0.20(syst)) x107°
16 GeV? < ¢* < 26.4 GeV? (0.451 4 0.006)% 14.5 £ 4.9 (2.38 & 0.85(stat) & 0.16(syst)) x107°
Sum — 45.5 + 8.5 (8.33 £+ 1.67(stat) 4+ 0.55(syst)) x107?
Fit over full ¢?> range  (0.402 & 0.003)% 43.9 + 8.3 (8.06 + 1.62(stat) 4+ 0.53(syst)) x107°

* Yields in q2 bins are corrected by bin-by-bin unfolding
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B — rmev tagged at Belle |l

Winter 2021 — paper in preparation

Source % of % of
B(B" = et v, B(BT — n'eTu,)
¢° bin index 1 2 3 1 2 3
2.9
1.2
3.2 3.1
0.6 0.3
7V efficiency — 4.8
Signal efficiency € 1.3 1.2 1.4 1.3 1.2 1.3
Electron 1D 1.0 0.4 0.4 1.0 0.5 0.5
Pion ID 0.4 0.4 0.4 —
Total 4.8 4.7 4.8 6.7 6.7 6.7
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dB(B? -» nme*v.)/dg? [GeV—2c?]

First Belle Il determination of |V, | D
Winter 2021 — paper Iin preparation

« BCL fit with the FNAL-MILC form factor [Phys. Rev. D 92, 014024 (2015)]

le—5 Belle Il Preliminary [cdt=189.3fb™!
-l l 1 1 1 1 I 1 1 1 I l 1 1 ) 1 I ) I 1 I I 1 I I 1 I ) 1

-
IS
LA |
|

| Decay mode Fitted |V |
| BY - 1 ety (3.71 £ 0.55) x1073
- Bt — 1%ty (4.21 £ 0.63) x1073 |

B
N

—
o
L B | L |
o2 (®)) ~ 00
1 ) 9 I o ¥4 5.8 | 5% B

O
o5

NN
TTTTT

O
o

Combined fit (3.88 & 0.45) x1073 |

=
I

o
N
|
dB(B* -» ne*v,)/dg? [GeV—2c?]

= N w
L} | L 5 R . B &% X ] ) ML 9% |

=
= oy o |

O
o
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Summary

* B— v
» The golden mode for |V, | exclusive from Y (45) data

« BB - n¢*v) = (1.50 £ 0.02y,, = 0.06,,) X 10~* (HFLAV 2021)

stat —
e |Vp| =(3.67£0.09,,,%0.12,,) X 107> (HFLAV 2021, LQCD, LCSR)
« B - p, 0wl
e %Bs known to 7-8% precision (HFLAV 2021)

o Lack of precise FF calculations limits their usefulness in terms of | V.1 |
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Summary

e New Belle |l results

» First determination of |V , | from B — mev tagged using 189.3/fb of
Belle Il data

« | V.| =(3.88=%0.45) % 107> (Belle Il, LQCD)
 More results are in preparation

* We expect in particular the untagged measurements for ICHEP 2022 which
will significantly increase the precisionin |V, |
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