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B — wfv: The pseudoscalar case

dl'(B — mly G5
BT o VB ()P

\ : J \_V_’

10 measurements: B—n form factor calculations:

* 4 untagged (CLEO, 2xBaBar, Belle) « LQCD: - FNAL/MILC
« 2 semilep. tag (BaBar, Belle) - HPQCD

» 2 hadronic tag (BaBar, Belle) - RBD/UKQCD
« LCSR: - Ball-Zwicky

- Khodjamirian et al.
- Bharucha
Quark models, e.g. ISGW2
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B — nfv measurements: Two examples

Signal extracted in bins of g2 using the following discriminating variables:
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B — wfv branching fraction

BABAR had.tag: B* —» n°1" v x2 11,
152+0411+030

BELLE had. tag: B* —» n°1* v x2 T/1,
148+015x008

BABAR sl tag: B* - n°1" v x2 1/1,
178 £028 015

BELLE sl tag: B* — n°1" v X2 T/1,
141+026+0.15

BABAR had.tag: B - w1* v
107+£027x0.19

BELLE had.tag: B* > w1* v

149+009 007

BABAR sl tag: B 5 w1 v
138+0211+008

BELLEsl. tags B - w1t v
141+019+015

CLEOuntagged:- B — mwlv
138+015%0.11

BABAR untagged (6 q2 bins): B - mwlv
141+005+008

BABAR untagged (12g°bins): B — mwlv
14410042006

BELLE untagged: B 5mwiv

148 +004 £007

Average: B’ 5> w1t v

14510022004

¥*/dof =3 4/11 (CL = 98.00 %)

| | | | | I 1

;HEHP}-

/

— Had. tag is
 catching up

Untagged
measurements are still
the most precise

HFAG
| LeoG2pia ]
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Efficiency and tag correction vs. g

Signal efficiency Tagging correction
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= uniform efficiencies/corrections as a function of g2
= minimizes model dependence for g2 spectrum measurement



q* spectrum and |V |

Fit BCL parameterization of f,(g?) to data:
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—(q /mB* —0 \/t+_q +\/t+—t0
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S L
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S r ] [ ISGW2 quark — HPQCD ]
NO_1O o @® BaBaruntagged (6 blns)__ g 10 = mOdel excluded _
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< g . g 8F--____ — BCL (3 par.)
L — i ——
6: >—+—1 yr—i —: < 6 __ = . —
s %} = af N
2 -@% 2l \ -
O_I 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | I_ o:| N N N l 2 2 ’ . I 1 2 1 . I L . . . l . . . L |
0 5 10 15 20 25 , 0 5 10 15 20 25
o? (GeV?) q2 (GeVz)

Data in agreement with form factor shapes from LQCD and LCSR



V| from “classic method”

. C,AB . .
Compute |V,,| using |V,s| = 4/ ——— with theory input A¢ = [ dT'/|Vyl|?
TBA(
LCSR HPQCD FNAL/MILC (2008) FNAL/MILC (2015)
q° range (GeV?) 0—12 16 — 26.4 16 — 26.4 16 — 26.4
Al (ps™?) 4.59+1-90 2.0240.55 2.21+3:47 1.72 +£0.14
V| (1073) 3.41 4+ 0.0619:37 3.52 4 0.089:5} 3.36 & 0.0879:37 3.81 4+ 0.09+9:17
Uncertainty: 11% 17% 11% 5%
—
08| Fermila/MILC2008 —e— New FNAL/MILC value

HPQCD 2006 ——

~ 1.10 higher
than 2008 result

0.7

06

(1-g%Mg-f, (g%

04t

05 -} {ﬁ % M'& % % _ Look at this |V, | precision!

0.3




'V ,| from combined fit to data and LQCD

 Fit of BCL parameterization to (most recent) experimental B — nfv data and
FNAL/MILC results

« Makes use of form factor shape measurement over full g2 range

X
] —
10

s HFAG fit (PDG 2014)

FNAL/MILC fit

[ T T ] 1T 17T ] T T ] T 177 I T T T I T | |
B : ze::e :n;aggfsdt ; Theory prediction used in fit i 00 |- Lattice Nz= 4 it
— elle hadronic tag Theory prediction not used in fit— .
B @ BaBar untagged (6 bins) LQCD (high @) FNAUMILC ] BaBar untagged 6 bins (2011) &
= W BaBar untagged (12 bins) LCSR (low ¢%): Bharucha = Belle untagged 13 bins (2011) ——
n Fitted BGL param. (3+1 par) | = & .5 - BaBar untagged 12 bins (2012) —5— |
B ] ] g Belle tagged B? 13 bins (2013)
B ;% 1 e Belle tagged B™ 7 bins (2013) ™ ¥
B ] 1 2 ] Lat.+all expt. combined N,=4 fit
__ _— NX 10 o= . - ]
Y - = == /T
m . ——
B 1 ° i 3
= ] s L : |
L 0 i | | |
_ I 1 1 I | | | | I | | 1 I 1 1 1 1 1 1
0 5 10 15 20 25
0 5 10 15 20 25
2
9° (GeV") q?

V.| = (3.28 £ 0.29 ) x 103

Uncertainty: 9%

~1.50 higher, | =(3.72+0.16 ) x 103

Uncertainty: 4%



'V | from combined fit to data and LQCD

* Tried to include new FNAL/MILC results in HFAG fit, using 12 discrete
lattice points (thanks to Daping Du for providing them!)

FI\IIAL/MllLC fit|

<0t HFAG it (unofficial)

—_ | T T | T |
q:l> B A Belle untagged 4  Theory prediction used in fit ] 20 - Lattice NZ= 4 fit
rop s | e - Sarunigge s bins (2011) 5
T :_ B BaBar untagged (12 bins) LGSR (low q°): Bharucha _: Belle untagged 13 bins (2011)
< 101 Fitted BCL param. (3+1 par) | & 15 F BaBar untagged 12 bins (2012) —&— |
@ SRS ) g Belle tagged BP 13 bins (2013) =
8 - ] o Belle tagged B 7 bins (2013) v
K" ’ = | Lat.+all expt. combined N,=4 fit EEEE
6 ——3 - > 10 H=p - T _
- 1 8 — k3 =
- i 5 -l -+
4 — © @ I e
B ] 5 —I _ % T == 7 —
2 | L] '
: P = 2% —E e
B - (0]
0 0 5 | |1O| | | |15| | | |2O| | | |25 0 | | | |
0 5 10 15 20 25
q? (GeV)
¢
. — - . = X -3
3 par: |V,,|=(3.61+0.13) x 103 3 par: [Vl =(3.63+£0.11) x 10

4 par. [V = (3.72£0.16 ) x 103

* First attempt gives ~ consistent results. Update HFAG fit to use 4 parametersg.



Combined fit with LCSR point at ¢°=0

I T T T T | T T T T ] T T T T | T T T T | T T T T I T
B Belle untagged 4 Theory predictionused infit |

Belle hadronic tag LQCD (high ¢®): FNALMILC ]
BaBar untagged (6 bins) oh  Theory prediction not used in fit :

H e 4>

—
N
[
S
o 10l BaBar untagged (12 bins) LCSR (low ¢%): Bharucha
< ¥
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m
<

FNAL only:

Fitted BCL param. (3+1 par.) E F N AL + L C S R

LCSR only:

Vub
Vub
Vub

= (3.61+0.13 ) x 103
= (3.59 +0.12 ) x 103
= (3.53+0.29 ) x 103

Inclusion of LCSR point at q%=0
further slightly improves the precision.

Some questions:
« Should we include LCSR in the fit?

« Should we include both FNAL/MILC and RBC/UKQCD in the fit?

« Can we expect LQCD results at lower g2 in the near future?

« Should we include LCSR results at g>>0 in the fit (correlation matrix?)?
« Shouldn’t we treat stat. and syst. part of LQCD errors separately

(Gaussian distributed vs. flat)? = breakdown of theory uncertainties 10




Systematic uncertainties / challenges for Belle 11

0<qg? <2 GeV? 2 2 Untagged 16 <q° <18 GeV* ¢ 2
> 8<q°<10GeV > q 22 <q° <26.4 GeV
S1s0 :;:;Vf:%nal ® [ other BB both B E

— S B other BB same B
§ b-ulv both B g [Jcontinuum n150
S @ b—ulv same B '200 ® data S
g 5 3100
h Z §
T gwo §
g g g s0
w w w

0
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522 524 526 528
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52 522 524 526 5.28

5.2
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522 524 526 5.28
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 Detector effects impact neutrino

Decay mode LTy reconstruction from whole event
¢" range (GeV’) ¢°<12 ¢°<16 ¢*>16 0<gq’ <264 (needed to reduce background!)
Unfolded yield 5604.1 6982.4 2314.2 9296.5 _
AB(g?) (107) 0.83 1.07 0.40 1.47 « Continuum background relevant
Statistical error 4.3 3.8 6.7 3.5 at low and high g?
Detector effects 3.4 3.5 3.2 2.8 = offres. data and continuum
Continuum bkg 0.4 0.4 1.4 0.4 MC tuning
b — ulv bkg 1.6 1.4 2.1 1.3
b—u Mass Spectrum

b — clv bkg 0.6 0.5 0.6 0.5 rn —_—nn, 0w

B Inclusive
Total uncertainty 6.2 5.8 8.1 5.1 5 ' YO Hybrid incl.

e B e

g scaled|inclusive component

5

. . < W
« X,fv bkg has a sizeable uncertainty (BFs, FFs, 1
incl.-excl. mix), important at high g2 i S
0 05 1 15 2 28 3 35 .4

11

my [GeV]



Systematic uncertainties / challenges for Belle 11

Entries/(0.10 GeV?/c?)

Hadronic tag

0.GoVAle? < <2 GeVAl? é o 868VTe < F <106V

3 815t \

|

'

1, (B 80

Xu ot 70
Detector Simulation:
Track reconstruction 0.35 :
70 reconstruction - 2.0
Lepton identification 1.0 1.0
Kaon veto 0.9 -
Continuum description 1.0 0.5
X, cross-feed 0.9 -
Tag calibration 4.5 4.2
Combined 4.9 4.8
Form Factor Shapes: 1.1 1.9
Total systematic error 5.0 5.1

L40F 16 GeVPlc2 < ¢ < 18 GeVlc? §20=.22 GeVPle? < o < 24 GeVYc?

L } M’

6" + §ok

= 2 = 10f

I St

8§ i

2 ot £ Ot

w -1 1 2 w . 0 1 2

M (GeVre!) Vs (GeVTet)

— see next slide

— mostly from B — pfv cross-feed

12



Tagging bias and calibration

« BF’'s and dynamics of many hadronic decay modes not well known
= Cannot rely on tagging efficiency from MC

+ Use well-known B —X_tv decays in data to derive tagging eff. correction

N(B — had, B — X lv) = Ngg x B(B — had) x B(B — X Av) x (B — had, B — X v)

e™(B — had, B — X v) =e™°(B — had) x £°°(B — X v) x C

* For each tag mode, determine average correction factor over all B—X_tv
modes and reweight MC

Before correction After correction
: : : i : . [BE =D K : : : f f

o : é 5

EE Ts E : : N R z ; : BY—D*(K*' )y ? ’ B*—D*(K m*r*)lv ’ 1z
L0 1 A S S & I N N BD (Kt ||

3

4

i S B - S0 - - | B B0 K [ .

: : : ; i | B B'-D™*(D (K wtnt)nd) v :
I | 7 [== Average _ . Al ’BO —>D+(K'n+n*no)lv I W

..........................................................................................................................................................

e e Hob oot Lol e
AR LU DA

T O | el  B">D(D*(Kn*m )l | =

i i i i i i i i i i ) - | | - I | - l |- l |- l Ll | -

D% D% Mygo Mygo 02 04 06 038 1 12 14

N + . T .

" ””*Jto S N DA’T‘A/ N {/ID(‘G 1 3




V.| extrapolation for Belle II

[%]

N
=

olv |
ub

- !
T -—('.uh EX¢ had-tag.)
b 1OV i
e (“*uqh EX¢, untag.}
F-10V 1 leprbnic)
5
H‘“F; 1. o
| i ppa—— | 2% precision
R for both
tagged and
Bellle, I Rrojection untagged
1 10

Integrated Luminosity [ab ]



B — pfv: The vector meson case

dg? dcos 6y dcos by dx dmy 8(47r) ubl T2 5

B(V — P1P2)BW(mv)

X [(1 — ncos ) sin® Oy | Hy (g%, my)|?

+ (1 +ncosby)?sin? Oy |H_(¢*, my)|?

+ 4sin® 6, cos® 9V|Ho(q2, mV)|2

—  4nsinBy(1 — ncos b;) sin Oy cos Oy cos xH(q°, mv)Ho(q*, mv')
+  4nsin@y(1 + 1 cos b;) sin Oy cos By cos xH_(q%, my)Ho(q?, my)

—  2sin® @, sin? Oy cos 2xHy (¢%, my)H_ (¢, mv)]

2
Hi(g®) = (mB+mV mzbﬂi:;'/ g2-dependent form factors
2
mp|PV ,
Ho(q2) = o \/— mB mv mB+mV mBB—‘FWLV'
|4

* Ideally, measure fully differential decay rate by extracting B — pfv (V = p)
signal in bins of g%, cos®©,, cos©,, y = reduce model dependence

* However, not yet feasible with current data statistics

« Perform measurement in bins of g2 only
15



Entries/(0.10 GeV?/c%)

B — pfv

« Hadronic-tag measurement already the most precise
« Extraction of signal in fit to M? ... in bins of g?

E ¥ Data 0 —p+ :Q 300;— ¥ Data B+ 0 £+
150 |[EB’—=ptiv B" —p Ty ? osof [EB—e™ — P
E BB-xp ‘3 2 Be-xnv
‘oo~ [E88 o 200F |Ces
- (U @ 150 |L]aa
so- Belle & 10
- 50
% T 2 o5 I
M2, (GeVZ/c?) M2, (GeVZ/c?)
Component Yield Component Yield
— B~ — pY%¢ 1, 621.7 = 35.0
BY—ptl 343.3 +28.3 free B — X, 0~y 757.3 & 109.0
B — X, 0"y 243.4 + 91.6 BB 6901.6 + 128.9
BB 4039.7 4+ 105.1 BT = f2t 13.3(fixed)
- B~ — DY(K—nt)—p, 25.1(fixed)
9 592(ﬁxed) . B~ — DO (ata— )i, 1.2(fixed)
BY— N7y 10.5(ﬁxed) fixed B > w(nm)l y 6.1(fixed)
BO N D(*)+(7T+7T0)€_17£ 1.3(ﬁxed) B~ — fol by 9.5(fixed)
2 qq 169.9(fixed)
x“/ndf 84.4/65 2 /ndf 59.5/52

16



B — pfvbranching fraction

CLEO untagged: B" - p'1"v

275+£041+£0.52

CLEO untagged: B —>p 1 v ;
2.03+0.37+0.37 Bl BB
BELLE Semileptonic tag: B” - p- 1" v

2.17£0.54 +0.32 ot

BELLE Semileptonic tag: B" — p" 1" v

247+ 043+ 0.33

BABAR untagged: B’ > p 1" v

1.98+0.21+0.38 —

BABAR untagged: B* — p'1I'v

1.87+0.19£0.32

BELLE breco tag: B' »p1'v

322+027+0.24

BELLE breco tag: B* — p" 1" v

339+0.18%0.18

Average: B' > plv :

204+0.11+0.17 na
3idof = 12.8/ 7 (CL = 8.00 %) :

—

—_—A——

HFAG

0 2 4
BB’ = p1"v)[x 104

Hadronic-tag measurement already now the most precise!
= promising for Belle Il



Systematic uncertainties

Source of uncertainty [%]

X pt p’
Detector Simulation:

Track reconstruction 0.35 0.7
7Y reconstruction 2.0 -

Lepton identification 1.0 1.0
Kaon veto 1.0 2.0
Continuum description 0.5 0.7
X, cross-feed 5.0 2.4
Tag calibration 4.5 4.2
Combined 7.2 5.4
Form Factor Shapes: 1.7 1.3
Total systematic error 7.4 5.6

Systematic uncertainty dominated by tagging calibration and X, cross-feed

18



Understanding the it mass peak

What we call a p may notbe ap!

|

S-wave

Powoves

5+ P-wiaves

S | | Non-resonant
“wave 3 _~~ P-wave?

i{].ﬂ | {]il 04 {].6.'. 08 | 1.0
s(eV7]  [Phys. Rev. D 89,
053015(2014)]

 Currently not possible to disentagle these contributions experimentally

« With higher statistics at Belle Il, can separate S- and P-wave through
angular analysis

* Non-resonant P-Wave contribution = need guidance from theory
19



B — wlv: Fit in bins of M__

To constrain B — X fv cross-feed components, perform fit in bins of M__
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[ 2 I 2 2t
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T M0 < | + Data =
5 2 | 3 20f X, v Bl f,(1270)v
: 2 sof s I Dol @fo(gap)rv
- s | S1of EED(K'm)v @D (K'm)l
P! 2 I B3 D(w*m)lv @m0 ()l
- - e Z ol : : m—ad £ o : : : 4 CgE Cad
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= 1 213|145 6 7 8 11
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)

Entries/(0.04 GeV/c?

Entries/(0.06 GeV/c?)

B — wlv: Fit in bins of M__
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N
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. [ Jag

[ B—p°v

B B—X v
B—f,(1270)v
B:—>wlv

(553 B'—1,(980)lv
B—D(K'm)
S5 B'—>D(')(n+n:')lv
BB

25
M.... (GeV/c?)

""""

......

B B-x.v
@ §o—>D(‘)(n+ﬂ:°)lv
[_Jes

qq

‘;\..,Vn_,n-
(ST
.

for B — plvin
with M2 . — g2 fits.

miss

* No significant evidence for
non-resonant B — nnlv

(as modeled by PYTHIAG.2)
seen in data.

than
ISGW2 prediction
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Angular analysis for B—plv

(107 GeV|

dCos#

(10 7GeV)

[107Ge V]

fK:OEg;

E.g. in the context of a search for right-handed currents
Bernlochner, Ligeti, Turczyk hep-ph/1408.2516

op > 14p — 2sf
8} g 1 % 20}
6f S 8 T 15EeeE
4f 1 e S = 10}
i 4' — T D = 3
s 15 e 3 >
2 0=qP<12 GeV? g 2 | 0=g?<12GeV? sls g“z
%0 05 o0 05 1.0 -10 -05 00 05 1.0 :
Cost Cosdy
oF T ] B oup ' — asf
d & 12} =
8 [ 10F :3 2.0
6} S 8 L 15
‘ |3 4 5
- 15 ' 5= 05}
ﬁ =0 0<P<12GeV? g 2 et Os@s12GeV? ] T T
-10 -05 00 05 1.0 -0 -05 00 05 L0 0
Cost Coséy x
oF SR T N I ‘ ‘ ' '
8t G 12
= 10f
af = gf
4f ] _'e 6f
2f 1 5|8 5
; =015 | 0=f=12Gev? | IS 2 =015 | 0=f=12GeV?
-0 -05 00 05 1.0 -10 -05 00 05 10
Coséy Coséir X

For full angular analysis, need ~10,000 B—p#v decays
= Belle Il with > 10 ab"" 22



Angular analysis: Constraints on NP observables

Interesting at Belle II: Constrain NP-sensitive observables
(in analogy to B—K*#)

Bernlochner, Ligeti, Turczyk hep-ph/1408.2516
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F-0% = @« 00} .
: : Ly
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: I | :
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_0-6:-' PR T :. L :: L e |: o o ! y E llllllllllllllllllll
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V| from B — plv

Ball /Zwicky .
po IKOC D) .
SGW?2 e
Ball / Zwicky TR E—
/)’I' IKQCD -
SGWA e
Ball /' Zwicky -t
n
& G2 -
3 35 4 45
Vip|  10°
BaBar untagged measurement:
¢° Range  AB A¢ V|
(GeV®) (107 (ps™) (107°)
B — ply
LCSR[17] 0-16.0 1484028 13.79 |2.7540.24
ISGW2 [14] 0-20.3 1754031 1420 | 2.83+0.24

Ball / Zwicky
PRD 71, 014015 (2005)
PRD 71, 014029 (2005)

|
PLE 416, 392 (1998)

PRD 52, 2783 (1995)

Theory error is not available,
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Entries/(0.15 GeV?/c?%)
S 8 &3 g

—_
(=)

Other charmless modes: B — wfv, B—n/n’fv

=)

Belle had. tag BaBar untagged BaBar sl. tag
- — 1al
E_ ¥ Data B —> (D—B\l % B — (Q'BV ILCSR 4; B N (D'BV o data
F |lB-o(m) S  ISGW2 12 — Ball & Zwicky
3 E_ I3 ISGW2
E— [ss é} o.s;—
E_ (o 0.6 ‘ |
é 04— |
! M,zniss (éevz/&) 0 10 : (Glzeovz) %2 4 & 8 10 12 14 '13; ;;;:\;;c;z‘;)
10" BaBar untagged
14 B — nfv

-
N
|

* |V, from these decays based on LCSR

AB(GY)/AG? x (4 GeV?)
3
[

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, = agree with |V | from B — nfv, but more
:: """""""""""""""" statistics needed!
:_ ----------------- osm ~* Would be nice to get LQCD calculations
o * data
Y S R E—

Unfolded o (GeV?) 2h



Conclusions

» Large step forward in |V, | from B — nfv, precision of 4% reached!

* B — p?v at Belle Il very interesting as cross-check of |V |, to study
angular distributions (NP sensitivity) and to shed light on B — nnév.

» Other charmless modes can be studied precisely at Belle Il, but we
need LQCD caluculations to derive |V |
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|V,,| remains extremely interesting!



