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Outline

@ Exclusive |V,
© Overview of existing measurements

© Belle II prospects

O Summary
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Exclusive |V |

@ Charmless hadronic final state
@ B — m/v most precise, but only 7 % of all B — X, /v
@ Others include X, = p,w, n, multi-particle states, . ..

Pseudoscalar®
d—q2 =V, | A (a)]
Vector (helicity basis)*:
dB(B — Viv) 2G12TPV’7273 2412 2012 2412
a = VP o @)+ )+ [H (@]

Experimental measurement of the branching fraction and theoretical
input on form factors needed to determine |V,,,|.

* Simplified for low mass charged leptons (e and )
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Measurements at B factories

o Initial state well known: e*e™ — T (4S) @ Ecps ~ M (as)
@ T(4S) at rest —+ BB

@ Neutrino 4-momentum inferred from missing momentum in
event (assuming only one neutrino missing)

Reconstruction methods

Tageed measurement Untagged measurement
g8 88
@ @ e W &
L g
Go o%ge O
Example scheme Companion B
of a tagged mode not reconstructed
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Tagged VS. Untagged

Belle [711 fo'] PRDE8 032005
<250 5 AR e Belle [605 fb-'] PRD83 071101
g 200 Nsig = 462.6 + 27.7. + + > u<q’<1BGlV’Ic'w § q’)IFGIV’In’
& b 3w AT ] i
= ﬂ P ] s=xiv
= 150 o 11 e
e r M continuum |
810 § 2000
= u Il
E F
H sl 1000
e s u
M, (GeVZc")
0 +
£ B j" v Entries 8142 Looo
2200 Mean -0.00224 2
200 RMS 02572 ﬂ"""’
£ § . * B %m
3 |RMs = 0.2572 Gev] : e
1200E- 1000 5 T T Ty
F o 0.2 2 \2 -
1000~ B (b) g = (P, - Py Ball'o5s 3
00E- R0 021 e trame E
jm? : o Y (4S) B rest frame E
400F- 2 —|
E > El
£ b i 5 £
1 0 1 2 > |
B OV @ L]

Y(4S)
Mean :-0.082
o : 0.642+0.0004

Tagged — Efficiency — Untagged
Tagged «+ g° res. + Untagged

I I I
4 6 8

true q? - raw g2 (GeV?/c
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B — w("v untagged at BaBar

16 < ¢ < 26.4 GeV?
b)

2)  0<q <16 GeV?

[ B>h signal

M cross feed a)
500 b-ul both B

[ buk same B

T other BE both B

B other BE same B
000} continuum

+ data

-

Events per 0.005 GeV

0 L
" 520 522 524 526 5.28
mes (GeV)

d)

V550 522 6.24 526 528
Mg (GeV)

0

Events per 0.08 GeV

.5
AE (GeV)

Other b — u BKG at high ¢°

B+, B? combined result from 2):

1) Phys.Rev. D83 (2011)
032007

Data sample: 349 fb~!

Combined signal
Nji ~ 10.5k £ 400

dB/d¢* spectrum in 6
bins

2) Phys.Rev. D86 (2012)
092004

Data sample: 416.1 fb~!

Combined signal
Nsig = 12.5k £ 400

dB/dq¢* spectrum in 12
bins

B(BY — m=£tv) = (1.45 + 0.04g¢a¢ £ 0.065y5) x 1074
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BY — 7~ (v untagged at Belle

q2 > 16 GeVic?

Events / 125 MeV

@ Phys.Rev. D83 (2011)
071101

@ Data sample: 605 fb~!

@ Combined signal
Nijg ~ 21.5k £ 500

© dB/d¢* spectrum in 13
bins

E
T

N Evmhii.gjlh\fﬂ:'

= g
SRR
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B — wl"v tagged at Belle

= ek [F 00

3 %F DIEJI'::“N +

E 8o [E-xN +

s . F |[Ces

= 60

g F [ ° (2013)

& 205_ no.3, 032005
& , , @ Data sample: 711 fb~!
12 -1 0 1

M, (GeVPrch @ Signal candidates
+ Npo_ ¢+, = 500 £ 30
v Np+ _ypop+,, & 200 £ 20
@ dB/dg? spectrum in
13 (7) bins for 7~ (n°)

Entries/(0.10 GeV?/c4)
g
T

1

2
M s (GEV/ %)

B*, B® combined result:
B(BY — 7~ £1v) = (1.49 + 0.084ta¢ =+ 0.075y5) x 1074
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Other measurements of B — 7/v

BABAR had. tag: B* - 1’1" v X2 1//1, :
2 +0.41£0.30 -

l}il‘l_ﬁxhud. 1‘:‘1g: B* > n’l* v x2 ru/r* / Presented ’COday
1.48 £0.15 £0.08

BABAR sl. tag: B — 71" v x2 1,/1,
178 +0.28 +0.15

BELLE sl. tag: B* — 7" v X2 /1,
141£026 £0.15

BABAR had. tag: B — ' I* v

107 £027. 4049 .. e,

{BELLE had. tag:B" » 1 T v“"\
["t49.4.0,09 £ 0.07 e

1. TX *()‘l + (ix
BELLEsl. tag: B > 1" v
141£0.19 £0.15
CLEO untagged: B —» mlv
1.38 £ 0. |jwt_5) 11 S —
|BABAR untagged (6 g” bins): B — T Tv=,
F%Jﬁi«‘m,m -
e e

BABAR umaz,g,ed(qu bins): B — w1 V™
- M.MM”
e BI:LLI: untagged: B© — w [V

\L48 +0.04 £0.07

Possible to
average these inputs

Optimal |V,;| extraction

with simultaneous fit to:

averaged data (full 7% +
averaged lattice +

LCSR with

¥idof = 3.4/11 (CL = 98.00 %) HFAG model independent

i end
lz ' 6 ' ' 2' ‘ FF parametrization

BB’ - n I* v) [x 10
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B — wlv

The most precise measurements can be averaged with a likelihood fit. )

:'I\I_‘ - T T T ‘ T T T ‘ ‘ ‘ | ]
> - Input Measurements: —
8 12 ; o BY, Phys. Rev. D83, 071101 (2011) ¢ B& B, Phys. Rev. D86, 092004 {2012);
© o v BY Phys. Rev. D88, 032005 (2013) O B°& B*, Phys. Rev. D83, 032007 (2011) -
= C A B, Phys. Rev. D88, 032005 (2013) ~ * Likelihood fit average 7
o 10= -
o L _
o
= E B
= 8 = —
L r ’
\ L 1 —d i
B
6= ]
. ——o—— :
on] - J— T o -
Q@ 4 - ]
© L _
28 HFAG =
| | Summer 2016 I _
0’ PRI A TS RS S S NS A SNSRI s s
0 5 10 15 20 25
. . 2:
[E. Bernlochner, S. Duell, J. Dingfelder] q2 [GeV7]
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10— |V, ™ = (3.65 £ 0.09xp % 0.114heo) x 1073 —
- 5|Vub|7rlv ~4 % b

8— |

NP S i
L +
- —+

—e— Average Belle + BaBar -

2= HF AG —&— LCSR: Bharucha —
B Summer2016 ——— BCL(3+1parameter) Fitprob.: 61% ]

0_|1...\....|...J|..\.|...._F

0 5 10 15 20 25

dB(B°— « I' v)/dq? [10° GeV?]
T

2
Fit, data averaging: q2 [GeV ]
LQCD averaging:
LQCD:
LQCD:
LCSR:
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B — pl*v untagged at BaBar

0< o < 8 Gev?

@ Phys.Rev. D83 (2011)
032007

@ Data sample: 349 fb~!

@ Combined signal
Niig ~ 3.3k + 300

@ dB/dg* spectrum in 3
bins

Candidates
Candidates

H

Candidates
@
8

Data (on-resonance)
[ Signal
{ : Combinatorial signal
Bonlv
I B - X, lvincl.
[CIB->D*Iv
_1B—DDY (nm) Iv
[ Other BB
0 aq

5.15 5.2

me(GeV) T Eeew

B*, BY combined result:
B(B® = p1+v) = (1.75 % 0155 £ 0.27y) x 1074
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B — pl*v tagged at Belle

=}
S

-GIH —TTT
[

Phys.Rev. D88 (2013)
no.3, 032005

T 3

& oo~ | * Data +
2 F |[me—n

@ 250F

Pt i WlB-xv

S 200F | Tes

3 1s0f- [l

=

c

i

50F
2 = 0 T 2 @ Data Sample: 711 fb—1
ME,o; (GeV/ )

- F @ N, ~ 600 =+ 35.0
‘%m: () Np+ ~ 300 + 30
0] n
e | @ dB/dg? spectrum in
3" 11 (6) bins for p° (p*)
|:|EJ 502

U_:

1 2
M, (GeV¥e4)

miss

B*, BY combined result:
B(B® — p={Tv) = (3.34 & 0165t £ 0.17y) x 1074
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Other measurements of B — plv

: Presented today
CLEO untagged: B” — p'1* v /
2.77 £0.41+0.52 NO LQCD

CLEO untagged: B — p'1*v .
available, LCSR only

293 £0.37 £0.37

BELLE sl.tag: B - pI*v
224 £0.54 £0.31

BELLE sl.tag: B* — p’1* v
250£043£033

BABAR umagged LB o1t v
1 96 +021 +0.38
,/BABAR untagged: B* — p}\{

Presented data in regions
7 < 8,12 GeV? (Belle)
7> < 8 GeV? (BaBar)

[ 1.86 £0.19 £0.32 \ +LCSR
| BELLE had.tag: B® — pI* v,‘
~'§ 22+£0.27+£0.24
BELLE had.tag: B* — p"1 ﬁ ;
3018018 ==
Average: B 1™V i \L
204 +0.09 +0.17 BE .
y2/dof = 12.8/ 7 (CL = 8.00 %) HFA G Welghted avg. Of | Vub |
n | ; values (exp: 0 %, theo:
0 2 4 100 % correlation)

BB’ — p I*v) [x 107]

[Vip|P? = (3.21 £ 0.11exp & 0.22460) x 1073
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B* — wl"v untagged at BaBar

0 < g° < 20.2 GeV*
>

@ 1) Phys.Rev. D86 (2012)
092004

@ Data sample: 416.1 fb~!

@ Combined signal
Njg ~ 2k £ 200

- o o s S~

Events per 0.08 Ge'

Events per 0.005 GeV —

.5 1
AE (GeV)

Tt — ] . —4 .

B(B ;)Mi v) (01.1921 Si?ﬁ +0.09y5) X 10 o dB/dg? spectrum in 5
< iy bins
8
< @ 2) Phys.Rev. D87 (2013)
£ no.3, 032004
5 @ Data sample: 426 fb~!

@ Combined signal
Niig ~ 1.1k + 100
2 .
X 54852 T 55% o dB/ dl] spectrum in 5
Mg (GeV) bins
B(B™ = wltv) = (1.21 + 01450 + 0.08y5) x 107*
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Bt — wl"v tagged at Belle

:;- F | % Data
E 505 & —oEv +
0 4oF |lls-xv
% 302— [Ces +
£ e o Phys.Rev. D88 (2013)
1o no.3, 032005
o8 ey ; @ Data sample: 711 fb~!
M, (GeV¥¢¥)
< wE ® N,3n =~ 100 + 10
5 = [@eoeimn ® Nyy(ry) ~10£5.0
§ 2 EHWV + @ dB/dg? spectrum in
% F DOa + 3 bins
= 10F
e +
G:'z = % = e — ; T
M., (GeV?/e?)

B(BT — wlTv) = (1.07 £ 0.1644¢ + 0.074ys) x 107
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Other measurements of B™ — w/ v
__— Presented today

BELLE untag
130 £040 £0.36 No LQCD
BABAR untag (]ouss;h?eg::) avallable, LCSR Ol’lly
/119£0.16 £0.09 ()74_'
BABAR uniag Presented data in regions
‘\ 1214014 £0.08 }if _"— q2 < 7 GeV? (Belle)
\BELLE had.tag / 1
X; e y, 3 5 2
Mrequszoo S g~ < 8,12 GeV~ (BaBar)
BABAR sl.tag +LCSR
135021 0.1 T Rl
Average I
1.19 +£0.08 +0.06 "_’_‘ ~L
HFAG Weighted avg. of |V |
Summerz01e | L | values (exp: 0 %, theo:
0 0.5 1 1.5 2 100 % correlation)

BB — o' v) [x 104]
Vi = (2.90 £ 0.20exp + 0.2400) X 1073
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Bt — n)¢*v untagged at BaBar

0< q°¢<22.4 GeV?

0< q° < 18.7 GeV?

[ B*->niv signal
B b-sulv
N other BB
[ continuum

* data

4+

3 B"-n'lv signal
I b ubv

B other BB
[ continuum

® data

5.20 5.22 524 526 5.28
mgg (GeV)

o n=Coh
T 520 522 524 526 528
Mg (GeV)

+ e)

5
AE (GeV)

.5
AE (GeV)

e 6 6 o

Phys.Rev. D86 (2012)
092004

Data sample: 416.1 fb~!
n in yy and 7770
modes

n in n(yy)r T modes
N, ~ 900 + 100

N,/ ~ 150 + 50

dB/d¢* spectrum in

5 bins for 7 (full 4°)

B(B* — nltv) = (0.38 £ 0.054tat = 0.05ys) x 107
B(B* — 5 0*v) = (0.24 £ 0.08tat = 0.035y5) x 1074
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Bt — n)¢*v tagged at Belle

Bt — nev

@ In collaboration review,

to be submitted soon
@ Data sample: 711 fb
® N, ~40+10

1

%
252585

bt
X

%

X

4 N Y

= (0.42 + 0.115ta¢ & 0.035y5) x 1074
B(B* — 5/ 0*v) = (0.36 £ 0.27tat = 0.035y5) x 107

B(BT — nttv)

19 /28

Nov 28, 2016
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Other measurements of BT — 1)/ ty

BABAR untagged
0.310.06 £0.08
BABAR sltag

0.64 £0.20 +£0.04

Average

_— Presented today (BaBar)

= N No LQCD
IABAR wagesd (o0 Voo available, LCSR only
~38£005£00s 7 T

2.71+0.80 +0.56
BABAR sl.tag

0.04 +0.22

+0.04

0.23 +0.08 +0.03

HFAG

— Presentgd BaBa1; unt:‘;lgged
P e data in full g region
-0.5 (0] 0.5 1
BB —>nl*v) [x 104 +LCSR
CLEO

!

|V.p| from measured (exp)
and reduced (theo) AB

Vo7 = (232 + 0,430 + 1038 ) x 1073

5 . L . 0

Matic Lubej (J. Stef:

2
B(B* - n'I*v) [x 107]
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Overview of various |V,;| values

= B - plv(data + LCSR)

Ht\} B - wlv(data + LCSR)

AN
N— o ,,,f” B - n1v (BaBar2012 + LCSR)

- i
s i
s

—

Y B - rnlv(data + LCSR + LQCD)
Other channels :
B — wly —> e~ | CKMFitter — indirect
Inclusive

CKMFitter — direct

L’H (:._.\} Inclusive (GGOU)
_
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Expected improvements at Belle II

@ Start in 2018

o Higher luminosity compared
to Belle (x40)

@ More data expected

~ 50 ab~! @ Belle II
~1ab ! @ Belle

o Improved detector efficiency
and purity (tracking, PID,
K/7 separation, ...)

@ Smarter software and more
precise algorithms
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B — 7lv tagged at Belle II (MC study)

o F U RAARR AR AR 45000 v 45000 ==
Roas- AT ER BY, By
© r —B 5 pl'y
3 02 B
< L
0.15F 1
0.15— N
o.osf— E
E ] 502452455255255526525552752755285285529 5"2452455255255526526552752755255285529
005 005 T 15 2 25 3 0 N
M2, [GeV3ich] €(Btag) = 0.33% €(Bgg) = 0.36%
o iy L B B B
® 0.3F — 11
5 SN E e(Bhg) =0.19% Belle &(Bih,) =0.28%
0251 —B 5oy
< Better tagging algorithm with significantly
higher tagging reconstruction efficiency
B — mlv efficiency compared to Belle
i {  tagged [Phys.Rev. D88 (2013) no.3, 032005]:
%oz o4 08 08 T 12 o 0
E..,.[GeV] 0.3 % — 0.55 %
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B — 7mlv untagged at Belle II (MC study)

Arbitrary scale

Arbitrary scale

x10
r
1.6 Csig B
[ [0 X,lnu bkg
1.4F X nubkg | ]
“F [JCBbkg
1ob [Jagbkg E
1T B
0.8 B
0.6 3
0.4 E
0.2 b
O’ Il Il ol 1 Il
-0.8-0.6-0.4-02 0 0.2 0.4 0.6 0.8
A5 AE [GeV]
i B
3.5F[Tsig
E |5 Xdnu bkg
3f [E0Xdnu bkg
F |EacB bk
£ [CJqabkg
2.5¢
2
15F
15
0.5
E 1 L
05.1 5.2

5.25
Mg [GeV/c?]

Matic Lubej (J. Stef:

3 3
2 X19 T T T o 8*‘10 T |
3 5 148
2 [ Jroceoimies 270 Jroconmes 3
g g
54 |:| 715 6F D i =
< <
3 i3
pia
2F 1 &
of
+ ]
£
0! L L L L L L 1 C‘ 1 1 1 L 1 L
~0.8-0.6-0.4-02 0 0.2 0.4 0.6 0.8 16 5.18 5.2 5.22 524 5.26 5.28

AE [GeV]

RestOfEvent (ROE): tracks and
cluster not used in signal B reco

My [GeV/c?]

Perform ”clean-up” of ROE to discard
duplicated tracks clusters from beam BKG

B — wlv efficiency compared to Belle
untagged [Phys.Rev. D83 (2011) 071101]:

11 % — 20 %
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Error scaling

Lo
UtOt(ﬁ) = \/( btat<£0) Vqred(ﬁo)) X f + Usysu”red(ﬁo)

Source Error (Limit) [%] Irreducible systematics
‘Tagged [%] Untagged |

Tracking efficiency 0.4 2.0 Belle II errors

Pion identification 1.3 .

Lepton identification 1.0 2.4 eStlmated from Belle

Kaon veto 0.9 o perfect scaling of

Sontlnuum descrip- 1.0 8 statistical errors

ion N

Tag calibration and 4.5'\(2.0) } 2.0[1.0 Y Systematics consist of

Nep o reducible and

X, Lv cross-feed 0.9 0.5/ (0.5)%

X.lv background 0.2((0.2)5@ irreducible

Form factor shapes 11 1.04(1.0)¢ ey .

Form  factor  back. 0 4@ @ limits on systematics

ground 2.0 % for tagged

Total KU S, 1.6 % for untagged

(reducible, irre- (4.6, 2.0) (4.2, 1.6)%

ducible) PR ————
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V| from B — 7lv @ Belle 11

Toy MC studies based on Belle II MC, LQCD forecasts estimated at 5
years (5, 10 ab~1) and 10 years (50 ab—')

Lo X107
® o Toy MC untagged data
® @ Toy MC tagged data
Lo [0 10 band - lattice only, scaled |
5 B 15 band - tagged
‘i sk BN 10 band - untagged
7
>
O, 06
™
5
~<_ 04
9
02f
L=5ab!
0.0

ECVY  n
|V,p|™ from simultane-
ous fit for £ = 5 ab™ !,
including lattice fore-
casts and error scaling.

Matic Lubej

Review on exclusive V,;, at B factories

tagged + current LQCD
untagged + current LQCD
tagged + LQCD in 5 yrs
untagged + LQCD in 5 yrs
tagged + LQCD in 10 yrs
untagged + LQCD in 10 yrs

or ‘current
status

lilal

ov,, (%]

d)y,,|=ev estimates for
5, 10 and 50 ab—!:
Tagged: 3.2, 2.7 and 1.7 %
Untagged: 2.1, 1.9 and 1.3 %

LQCD forecasts:
Nov 28, 2016
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Belle II prospects for exclusive |V,;|: B — (p,w)lv

No extensive studies for these projections.
Possible to assume sample sizes in the future based on Belle (hadronic
tag) @ 711 fb~! with efficiency improvements:

@ N = (621.7 £ 35.0) —~ 80k (dsat =~ 0.5%) @ 50 ab~!
o N,+ = (343.3 £28.3) —~ 44K (Jstar ~ 0.7%) @ 50 ab ™!
® N,3x) = (96.7 £ 14.5) =~ 12.5k (Jstat =~ 1.3%) @50 ab~!

@ With such sample possible to do a full helicity angle analysis
@ Also possible to check for right-handed currents

@ Will contribute to better understanding of the b — u spectrum
@ Can we expect lattice for these modes by then?
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Summary

@ Successful measurements of semileptonic B decays at B factories
in the past

@ Results for B — /v consistent, current precision 5‘@ )|~ 4 %
Ui

@ Some tension between results for B — plv, results for B — wlv
and B — n(')fv consistent

o Very large errors for |Vys| in these channels: 6{;"\" > 10 %

o Belle B — 1) /v measurement with had. tag to be submitted

@ Expected |V ;| precision with Belle II dataset and LQCD forecasts
for B — m/v channel:
o Tagged: 1.7 %
e Untagged: 1.3 %

Thank you!
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BACKUP
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?

Why | Vub

Best handle on NP!

. g
3 ; Amg & Am, Z =
06 =1 i ¥ Amy y ° & % ?

& | wweno 3 Precision from

04 3 H ] q 9

= EZ RS/ o semi-leptonic

03 ; - 4  decays: 3-4 %
0.2 ! 2 =
0.1 : é
A S ?, u
0.0 s e e >
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

@ Era of searching for new physics (NP) — precision measurements
@ |V,p| has largest error among unitarity triangle (UT) parameters
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Where to look for it?

@ Answer:

Charmless semileptonic B meson decays (b — u/fv)

@ Measurement:

Partial branching ratio in 42 region or spectrum needed
@ Although the most precise, B — m/v only amounts to about 7 % of

B — X, lv decays

v

e.g. B —» 7 Ty, o+
W+ <

E Vi Vi H

d . Vb . d

T o G3[Vio? 1L [, (1 = 5)BIBO)

Review on exclusive V,;, at B factories

Matic Lubej (J. Stefan Institute)

Until recently
measurements of such
decays only possible
at B factories
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Form factor calculations

Low g% region High
LCSR LQCD

e Intermediate to high 4°

e Low g2 region region (g2 > 14 GeV?)
(7> < 67 GeV?), @ Unquenched (quark-loops
mostly at > = 0 in QCD vacuum

@ Unperturbative incorporated)

e For pseudoscalar an vector @ For a limited set of decays,
decays hard to figure out for

complex states
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V.| extraction

@ Need to extrapolate theory input to a certain or full qz region

@ Model dependent/independent: Whether the model makes any
assumptions regarding FF shape

Calculation Simultaneous fit
from AB to data and theory
@ Measure partial branching @ Measure AB/ qu
ratio in a q2 region spectrum in bins of q2
@ Calculate reduced o Extract from simultaneous
branching ratio in same fit to data (shape + scale)
region and theory input (shape)
by minimizing
|V b|2 _ AB(qzminaq%mx) ) ) )
! TBAC(‘#m'n’ qzmax) X" = Xdata T Xtheory

Matic Lubej (J. Stefan Institute) Review on exclusive V,;, at B factories Nov 28, 2016 33 /28



B — w("v untagged at BaBar

2)  0<q <16 GeV?

16 < ¢ < 26.4 GeV?

[ B>h signal
M cross feed a)
500 b-ul both B

[ buk same B

T other BE both B

B other BE same B
000} continuum

+ data

-

Events per 0.005 GeV

b)

V550 522 6.24 526 528
Mg (GeV)

0 L
" 520 522 524 526 5.28

Mes (GeV)

c) b

Events per 0.08 GeV

-1 .5

AE (Gev)
Other b — u BKG at high ¢°

B+, B? combined result from 2):
(1.45 + 0.0454a¢ £ 0.065y5) x 1074
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BB = = (tv) =
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d)

.5
AE (GeV)

@ 1) Phys.Rev. D83 (2011)

032007
@ Data samplc A Q,&
X

@ Combine 7‘ <

’3//

e 2 X
stg R &

o dr & 9
&
! 'Z}ﬂ%i{_e@\} o‘$
& ®
& ev. D86 (2012)
,&Q

6‘06

Ain 6

eQ&

@béﬁ £ ‘a sample: 416.1 fb~!

& Combined signal
Nsig = 12.5k £ 400

@ dB/dqg* spectrum in 12
bins
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B* — wl"v untagged at BaBar

~

0 < g° < 20.2 GeV*
>

[0 B'olv signal
. bsulv
[ other BB
[ continuum

* data

a

]

Events per 0.005 GeV —

Events per 0.08 Ge'

520 522 524 526 528
Mg (GeV)

.5 1
AE (GeV)

B(BY — wltv) = (1.19 4 0.164tac & 0.095y5) x 107*

2) 0 < ¢* <21 GeV?

Candidates / (0.01 GeV)

M S S .
[ L = e e

o B _I 1 1
5.1 5.15 52 525
mg (GeV)

@ 1) Phys.Rev. I" " (2012)

092004
RS

@ Data sar g -1

X
Q-
A %s& *&0
3O > >
@ Com} ¢ & o

¥ %O&&;\o“sample: 426 tb~!
, {O&@meined signal
' Nyjg = 1.1k £ 100

@ dB/dg* spectrum in 5
bins

B(BY — wltv) = (1.21 4 0.14gtae & 0.085y5) x 107*
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Belle II prospects for exclusive |V,,|: B — wlv

Tagged B — mlv
e Efficiency: 0.3 % — 0.55 %
° UZCZ AP scaling with £: 2.7, 2.4 and 2.1 % for 5, 10 and 50 ab!
@ Irreducible systematics: 2.0 %
o |Vy| precision: 4y, =3.2,2.7 and 1.7 % for 5, 10 and 50 ab™!

Untagged B — wlv
e Efficiency: 12 % — 20 %
° UZCZ/MZ scaling with £: 2.2, 1.9 and 1.7 % for 5, 10 and 50 ab~!
@ Irreducible systematics: 1.6 %
e |V,p| precision: dy,,| = 2.1, 1.9 and 1.3 % for 5, 10 and 50 ab™!

Projections include lattice forecasts.
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