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Context and motivation

is | Vyp| important?
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| Vyup| from inclusive decays

Inclusive theory

d’r GE\VubF/ -+
= dk C(E¢, px, px, k) F(k
dp; dp; dEe 19273 ( 25 Px s Px ) ( )

Vi . A” L0 (/\QCD )

mp

px = Ex — |px|, px = Ex +|px]|,

light quark

Fermi

tion
\mo

e F(k) pdf of b quark
momentum, k

o C(Ey, py, p;, k) computed

perturbatively heavy b-

Quark
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|Vyup| from inclusive decays

Experimental approach
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@ Large background from b — ¢
(IVes|?/| Vun|? ~ 100)

@ Exploit b — ¢ kinematic
endpoints.

o |Vip| = /AB/(rAT)

Phys. Rev. Lett. 104, 021801
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Inclusive |V,

| Vyup| from inclusive decays

and its projection

CLEO (E)
423+049+0.22-031
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BELLE (E)
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452+02640.17-024
BLLLL multivariate (p*)
462+028+009-0.10
BABAR (m, <1 55)
430+020+020-021
BABAR (m,<1.7)
4104023 +0.16-0.17
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BABAR (P*<0.66)
4254026+026-027
BABAR (m_.¢? fit, p*>1GeV)
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|Vup| inclusive

605 fb~! (old B tag)

5ab !
50 ab™ !
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HFLAV

|
4 6
[x 107

Framework [VaI[10-7]

BLNP 4440157037
DGE 1.52 4 0.167)18
GGOU 4.52 0151011
ADFR 1.08 +0.131 (15

BLL (my/q® only) 4.62 % 0.20 £ 0.29

Source Error on B (irreducible limit)
B(D™v) 1.2 (0.6)

Form factors (D™)¢v) 1.2 (0.6)

Form factors & B(D**)(v) 0.2

B — X, (v(SF) 3.6 (1.8)

B — X, (v(g — s5) 1.5

B(B = w/p/wlv) 2.3

B(B — n"tv) 3.2

B(B — X,(v) unmeasured/fragmenta- 2.9 (1.5)

B2TiP report

4.5
1.1
0.4
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tion
Continuum & Combinatorial 1.8
Secondaries, Fakes & Fit 1.0
PID& Reconstruction 3.1
3.1 (2.0)
8.1
(Total reducible) 74
(Total irreducible) 3.2
(3.7, 1.6) 6.0 25-45 6.5-75
(1.3, 1.6) 2.3 25-45 3.4-5.1
(0.4, 1.6) 1.7 25-45 3.0-48




| Vyup| from inclusive decays

A global fit approach to inclusive |V,

oxin g) Vol SIMBA collaboration arXiv:1303.0958
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|Vyup| from Exclusive decays

Exclusive theory

S
B, % v /K
b U
W -
1z

o H(fi(q%)) =
(X1gy"(1 = 5)b| B)

e Form factors f;(g®) computed
with Light Cone Sum Rules or
LQCD

@ Matrix element factorises
M = —iSEVpH L,
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Phys. Rev. D91 (2015) 074510,

arXiv:1501.0537.
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| Vyup| from Exclusive decays

Untagged B®— 7t/~ 7 at the B factories

@ Select good 7 and / candidates. Pv =(Enmiss, Pmiss)
+ =Pete— — P — PI
™ -
Bj./) - Z Ptracks — Z Pclusters
a7

—_) (+_ pg = px + p1 + (Pmi557 pmiss)
e (5]

§; H — *2 _ *2
Rest of Event @ Fit Myc = m and

AE = E} — Efpny (+ = CoM).

§250’16<f<20(;ev2 s
x10°
o 12 T T T T T
S * Data
©  4ob BGL (2+1 par.) Measurement Reference
g o ?ﬁ?ﬁﬁm BABAR (6 g2 bins)  Phys. Rev. D83, 032007 (2011)
T s e + ENALMILG fitte BABAR (12 ¢ bins)  Phys. Rev. D86, 092004 (2012)
g / Belle (13 ¢ bins) Phys. Rev. D83, 071101 (2011)
ER TR B
al & 1 @00 Data (on-resonance)
2200 4 Signal
s 3 * Combinatorial signal
of N o 2 YB-plv
c B B> X, vincl.
o , . . L N 8 B—D' Iy
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| Vyup| from Exclusive decays

Tagged B°— 7/~ at the B factories

@ Py = Pete—

— Pr = Pl — PBiag

@ Fit Missing Mass Squared (p2)

=
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Phys. Rev. D88, 032005 (2013)
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|Vyup| from Exclusive decays

B®— 7tI~; prospects

Belle Il MC
T

@
T

@ Tagged and untagged analyses
performed on Belle II MC.

Arbitrary scale
N
T

w
T

o Untagged use optimised BDT
selections for tracks and clusters
in the Rest of the event.

Arbitrary scale
¥ SO VUV SN
rreerere AN

Il o Il Ll
-08-06-04-02 0 0.2 0.4 06 0.8 16 518 52 522 524 526 528
AE [GeV] Mg [GeV/ic?]

o Tagged uses the Belle 2 tagging o o emeune
algorithm (FEI) & T e
5 o02f 2
< £ o2f 1
o 1 oask E
Belle ¢  Belle Il € o
3 E [ 3

untagged 7.7-15% 20% acs- {1 od
tagged 0.3% 0-55% -1 05 6 0‘5 1 15 2‘ 25 =3

a5 [GeV7e] @, 2, [Geviic?)
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|Vyup| from Exclusive decays

Previous Belle B®— 7%/~ systematics

Source Error (Limit) [%]
Tagged [%] Untagged
Tracking efficiency 0.4 2.0
Pion identification - 1.3
Lepton identification 1.0 2.4
Kaon veto 0.9 -
Continuum description 1.0 1.8
Tag calibration and Ngg 4.5 (2.0) 2.0 (1.0)
X,lv cross-feed 0.9 0.5 (0.5)
XcLlv background - 0.2 (0.2)
Form factor shapes 1.1 1.0 (1.0)
Form factor background - 0.4 (0.4)
Total 5.0 4.5
(reducible, irreducible) (4.6, 2.0) (4.2, 1.6)
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| Vyup| from Exclusive decays

Projected |V,| from B® — 7%/~ decays

Lp X10°° Belle IT MC
® @ Toy MC untagged data
® @ Toy MC tagged data
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& \ I 10 band - tagged —:— ged + e :;Q‘c(-;.n
-n- current L
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|Vyup| from Exclusive decays

| Vip| from Ap— pu~7, decays at LHCb

@ Fit the corrected mass for
q* >15 GeV?: . ............

Meorr = \/ Pf_ + Mgll +pL PV

)
3 15000
‘Vub|2 — B(Abg) p)u‘iv#)q2>156ev2 RFF E E
‘VCb|2 B(Al:'_> Adfvu)q2>7cev2 ?10000-
g i
o |V =(3.27+£0.23) x 1073 8 50
Nat. Phys. volume 11, (2015) ©

00 4000 5000
Corrected pu mass[MeV/c?]
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| Vyup| from Exclusive decays

Prospects for |V,;| from Ay, — pu~7, decays

Table 1| Summary of systematic uncertainties.

Relati tainty (% - H H
Source ;atlveuncer ainty ( o)o B(AC N pKﬂ') improves in ||ne
=B E ith Belle I data
Trigger 3.2 w
Tracking 20 @ Account for increased
A7 selection efficiency 3.0 X . .
A9~ N*i~7, shapes 23 luminosity, collision energy and
A3 lifetime 15 trigger improvements.
Isolation 14 . . 5
Form factor 10 o A differential g measurement
O ki i 05
4p kinematics would reduce the theory
g* migration 0.4 i
PID 0.2 uncertainty.
Total s

Albrecht et al. arXiv:1709.10308v5
LHCb 8fbl 22fb 1 50fb !

\Vuo/Ve|  34%  29%  2.1%
Vs 38% 33%  2.4%
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|Vyup| from Exclusive decays

BY— K*1 7, Prospects

@ Smaller theoretical uncertainty
than BY— 71/~

IVl ? dI'Vdg? [ps'GeV?]

@ LHCb measurement to come!

[0 ) S AP RTRTETIN AT PSP ATArR AR V|
0 5 10 15 20 25
q' [GeV?]

Belle MC Belle MC
TrrTTT T

e
=

Arbitrary scale
e
&

Arbitrary scale
N

o At Belle Il expect 60M Bﬁ*)éﬁ*)
pairs in lab™?

1.6
1.4
1.2]

0.8]
0.6|
0.4}

@ 5-10% precision on the decay
. . 1 . _
T i et SN e TR T rate with lab~!

AE [GeV] Mg [GeVic?)]
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| Vb | from leptonic decays

| Vib| from leptonic decays

GZmgm? m?
BB~ = I"p)=—+F—=""1 (1 — ’f§> V|78
8r sz

@ Bs are hierarchical with lepton
mass due to helicity suppresion.

o fg =187.1MeV(0.7%) is the
decay constant.

I Bsm 711 b1 5ab ! 50 ab~!

T (7.71£0.62) x 10~° 61179+ 5031 430231 £ 35378 4302312 + 353781
o (3.46 +0.28) x 1077 275 + 23 1933 + 159 19333 + 1590

e (0.81140.065) x 107  0.0064 £ 0.0005 0.0453 & 0.0037  0.4526 + 0.0372
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| Vyup| from leptonic decays

B~ — 77, status

@ Reconstruct Bi,g hadronically or
semileptonic.

@ 7 reconstructed in e” v, Vg,
W VU, T Vr, P U,

Belle (hadronic tag):
(072532 £ 0.11) - 10°*

o Fit sum of remaining energy in
the EM calorimeter (Egcy)

Belle (semileptonic tag)
(1.25+£0.28 £0.27) - 1074
BaBar (hadronic tag)
(1.834333 £ 0.24) - 10~
BaBar (semileptonic tag)
(L7£+08+£0.2)-10~*

Events /0.05 GeV
Events /1 (GeV%c?)

PDG 2016
(1.06 £0.2) - 10~

) : i 2 0 1 2 3 4 5
Egey (GeV) Mies (GeV7/c) B(B — 1v)/10°*
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| Vyup| from leptonic decays

Projecting |V,p| from B~ — 771,

Belle Hadronic @ Pseudo analysis performed on Belle 2 MC

Source B syst. error (%)

Signal PDF 1.2 —

Background PDF 8.8 J £ @b %) 1 5 50
Peaking background 3.8 stat. uncertainty (% 29.2 13.0 4.1

Biag efficiency
Particle identification
=¥ efficiency
Tracking efficiency

Had. tag syst. uncertainty §%§ 12.6 6.8 4.6
total uncertainty (%) 31.6 14.7 6.2
stat. uncertainty (%) 19.0 8.5 2.7
(%)
(

SL. tag syst. uncertainty 17.9 8.7 4.5
total uncertainty (%) 26.1 12.2 53

7 branching fraction
MC efficiency statistics

K efficiency _ Belle Il MG, L = 1ab

Npig ] —stennc £ 1200F q

Total £ F—setenc D 1000

£ E 200  pseudodaa
. . ] E — el
Belle Semileptonic @ 3 = o
TABLE IIL List of systematic uncertainties. E 400
Source Relative uncertainty (%) 3 200}
Continuum description 1 e .
Signal reconstruction efficiency 0.6 0170203 04 05 06 07 0.8 0.9 01 02 03 04 05 06 07 08 09
Background branching fractions 3.1 Ece. (GeV) B (GEV)
Efficiency calibrati 12.6 - -
 decay branching fractions 02 }“”‘ b o (had. tagged) o . ‘
Histogram PDF shapes 8.5 711 fb 18.0 (7.1, 22) 2.5 19.6
Best candidate selection 04 5ab™t 6.5 (27,22) 15 75
Charged track reconstruction 0.4 50 ab™! 2.1 (0.8, 2.2) 1.0 3.2
7° reconstruction 1.1 [Vaa] B — 7 (SL tagged)
g“'“ l‘t‘““‘:"‘"‘“"“ ‘]’(; 711 ot 113 (10.4, 1.9) 15.4 2.5 15.6
harged track veto ¢ S0 " 111 . . .

Number of BB pairs 14 5 ab ) 4.2 (44, 19) 61 L5 63
Total 22 50 ab 13 (23,19) 26 1.0 2.8
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| Vb | from leptonic decays

|Vip| from B~ — 1, decays

Experiment  Upper limit @ 90% C.L. Comment
Belle 27 x10°° Fully reconstructed hadronic tag, 711 fb~!
Belle 1.7 x 107 Untagged analysis, 253 fb™*
BaBar 1.0 x 107 Untagged analysis, 468 x 10° BB pairs
Belle 2.9 x 1077 Untagged analysis, 711 fb™!

g

@ Untagged using CoM p;,

Entries/(50 (MeV/c))
8
8

@ Tagged use pf = mg/2 = high resolution
but smaller statistics.

50 ab BStat.  BSyst.  [Vis|
Belle Il Untagged ~5% ~5% 3-4%

Belle Il tagged ~ 13% - -

Events / (0.025 GeV/c)
comosomaa
T
s v
=
A ]
A S—
4
el ]
I
| ]

I

22 23 24 25 26 27 28
p:’ (GeVic), B" — p* v,
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Ultimate precision in | V|

Summary of |V,;| projection

Statistical Systematic Total Exp  Theory Total
(reducible, irreducible)

|Vas| exclusive (had. tagged)

711 fh~! 3.0 (2.3, 1.0) 3.8 7.0 8.0
5ab~! 11 (0.9, 1.0) 18 17 3.2
50 ab~! 0.4 (0.3, 1.0) 1.2 0.9 1.7
|Vis| exclusive (untagged)

605 fh—t 1.4 (2.1, 0.8) 2.7 7.0 7.5
5ab~t 1.0 (0.8, 0.8) 1.2 1.7 2.1
50 ab~! 0.3 (0.3, 0.8) 0.9 0.9 1.3
|Vap| inclusive

605 =1 (old B tag) 15 (3.7, 1.6) 6.0

5ab™! 1.1 (1.3, 1.6) 2.3

50 ab~! 0.4 (0.4, 1.6) 1.7

|Vus| B — v (had. tagged)

711 th! 18.0 19.5 2.5 19.6
5ab~t 6.5 7.3 15 7.5
50 ab~! 2.1 3.1 1.0 3.2
[Vu| B — 7v (SL tagged)

711 th™1t 11.3 (10.4, 1.9) 15.4 2.5 15.6
5ab™t 42 (4.4, 1.9) 6.1 1.5 6.3
50 ab™! 1.3 (2.3, 1.9) 2.6 1.0 2.8

LHCb 8fb T 22fb ! 50fb!
V| 3.8% 3.3% 2.4%
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Ultimate precision in | V|

The future of the UT

1= 05 .
04 —
0.3 —
02 [0 Exclusive 1Vyp / Vool B

- [ 1 Inclusive IVyp / Vel
r [ Direct v
0.1 o] Current CKM fit
) = Future y and Vyp / Vol
VY contouss hold 68.3¢ at 16,30,50 1 \ T
ol contours hold 68.3% | ‘ | . | |
0 0.1 0.2 0.3 04 0.5
p

Albrecht et al. arXiv:1709.10308v5
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Ultimate precision in | V|

Conclusion

@ Most precise determination of | V| from B®— 7+ /=7 decays
(untagged).

e Exclusive B®— 71/~ uncertainty of 1.3% vs inclusive uncertainty
of (3-4.8%)

@ Precision tree level determinations of |V,| and ~ will allow a
stringent testing of NP in loop level CKM observables.
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Backup

Belle Il Improvements

Ti f P ti
K. and Muon detector 'me or Fropagation x40L

¢ ~ 0% at 1% fake "9 RICH detectors Ultimate aim [ £ =50 ab™*
K/ separation

€~ 96% at 1% fake

SuperKEKB luminosity projection

= ] ©F  Goal of Belle I1/SuperKEKB

EM Calorimeter
oe/E ~2%
(E =1 GeV)

e
4
2F

I B o U DU DU DU DD |
A7 Zo18 2019 G020 2071 022 2023 2024 2025

Calendar Year
Vertex detector Drift chamber
020 ~ 15 um .
x2 better than Belle Tracking
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Backup

Improved algorithms at Belle Il

New Full Event Interpretation (FEI) algorithm Tagging & on MC
for tag-side reconstruction Tag FR! FEl Belle  FEI Belle Il
B - Ur Hadronic BT~ 0.28% 0.76% 0.66%
! + 0, 0, 0,
tag side signal side . SLBT . 0.67% 1.80% 1.45%
. . Hadronic B 0.18% 0.46% 0.38%
’ T(48) Ve sL B? 0.63%  2.04% 1.94%

Belle Full Reconstruction algorithm.

Biag  Bug

Uy

Deep NN based ete~ — gg background
suppression

[ KLMClusters ] [ ECLClusters ]

e ut K* w* K}

DNN(E+DL+V) 0.9977
3 == BDT(E+DL+V) 09974
3 ——  DNN(E+DL) 0.9950
(P y— d oso ===  BDT(E+DL) 09940

D D D} | DNN(E) 09776
e BDT(E) 0.9664 2)

075 :
B° B* 075 080 085 050 095 100
Signal Effciency

Background Rejection

1T, Keck; 2. Gemmler; 2p. Weyland
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