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Outline

» Common experimental techniques

» Prospects of Belle Il
b—> ¢ with exclusive and inclusive decays
b = u with exclusive and inclusive decays
Semileptonic decays with T in the final state
(Purely leptonic decays in backup slides)

2 Guglielmo De Nardo - Prospects of Belle Il in B-meson semileptonic decays - CKM 2014



Experimental techniques (tagged analyses)

For signal with weak exp. signature like  Fully reco Look for signal

* Decay with missing momentum ( many

ST
neutrinos in the final state) ’
* Inclusive analyses

background rejection improved fully
reconstructing the companion B (tag)

Tag with semileptonic decays

* PRO: Higher efficiency €, ~ 1.5%
CON: more backgrounds, B momentum
unmeasured
Tag with hadronic decays X

e PRO: much cleaner events,
B momentum reconstructed

CON: smaller efficiency € ,, ~ 0.2% 2&,
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Experimental technique (untagged)

Inclusive on the rest of the event

Apply PID, measure p

when the signal signature

strong enough lgnore the detail,
Measure inclusive observables

B>mlv +
1l
Loose neutrino reconstruction Y(4S)
+
B2>uv 0 B -
Monochromatic muoninthe \ 2 /™ A
final state in B rest frame Vu

Smeared in the CM frame

High efficiency but large backgrounds, too

4 Guglielmo De Nardo - Prospects of Belle Il in B-meson semileptonic decays - CKM 2014



| Vub | extraction from b 2 u

S+

%

ub

dl'(B — wlv G=
o) WVl 1)

Theory input: form factors from Lattice
and sum rules

Experimentally more constrained

Both untagged & tagged analyses

I' L — ‘Vub|2

GFmb

1927’(‘3 X Apert X Anon—pert(l/mb)

Theory input: OPE

Huge b—>c | v background

Must select phase space region (M, q%p))
to enhance B-> u signal

Need theory to extrapolate to full rate
Tight selections jeopardize theory
extrapolation
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Events

Current Measurements with hadronic tag

Belle exclusive
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Clean signal in missing mass
for exclusive modes

2
a2 a2

b = u |l v signal enhanced w.r.t.b = ¢
backgrounds in low My and high q? but

important: control on systematics effects
from charm background composition and
u quark fragmentation = can be improved
with Belle |
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Extrapolation to Belle II (1)

Alexander Ermakov (FPCP14):

L i~ i i Had tagged Bell
|Vub|_,. vs |Vub|,.. “tension” is still here after ooy o o8, B — Xyl =~ ——A——
years of experimental and theoretical efforts 032005 (201
istics? hys. o Lot B — Xl ————
Just statistics! 104, 021801 . Belle Il
Had tagged Belle
—A— B — mly PHYS.REV. D8,
A systematic effect in experiment. or theory Uiocged EABAL
—h— PHYS. REV. D86,
or both? B — mlv g 092004(2012)
SL tagged BABAR
A B — (.UZI/ PHYS. F\EEV. D)BB,
. 072006 (2013
Belle Il expected to settle this. — Bellell Untagged BABAR
—h— PHYS.REV. D 87,
DY oror,
3 32 34 3.6 3.8 4 4.2 44 46 4.8 s
Vx10°

Belle Il will reduce the uncertainties on |Vub|

But also provide much more consistency checks for theory
and experimental effects
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| Vub | extrapolation for Belle II (2)

Statistical

Systematic

(reducible, irreducible)

Total Exp Theory Total

|Vup| exclusive (had. tagged)

LV TEXe ad-tag.)
e (I\lubl nc.
(V! Exc. untag.
-1V 1 leptonic)
e \\\ ............
"""""""""" T
Belle II Projection

10

Integrated Luminosity [ab™]

711 tb~! 3.0 (2.3, 1.0) 3.8  8.7(2.0) 9.5 (4.3)
5ab! 1.1 (0.9, 1.0) 1.7 4.0 (2.0) 4.4 (2.6)
50 ab~1 0.4 (0.3, 1.0) 1.1 2.0 2.3
|Vap| exclusive (untagged)

605 fb* 1.4 (2.1, 0.8) 2.9  8.7(2.0) 9.1 (4.0)
5ab~! 0.5 (0.8, 0.8) 1.2 4.0 (2.0) 4.2 (2.4)
50 ab~! 0.2 (0.3, 0.8) 0.9 2.0 2.2
[Vip| inclusive

605 fb~! (old B tag) 4.5 (3.7, 1.6) 6.0  25-45 6.5-7.5
5ab~! 1.1 (1.3, 1.6) 2.3 25-45 34-5.1
50 ab~! 0.4 (0.4, 1.6) 1.7 2.5-45 3.0-4.8

Assumption is theory error down to 2% for exclusive and 2-4 % for inclusive modes

Most promising are exclusive analysis with hadronic tags: to perform clean and
detailed exploration of exclusive b> u modes spectra. Improvements on theory
predictions need as well (B = p | v lattice )

Untagged analyses still competitive for |Vub| measurement

8
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B 2> D*tv

T T

V}F<i Ho <3

b c b " ¢
7 i q q

Input for SM prediction:
exp: |Vcb| measurement
theory: form factor

New Physics from Charged Higgs

Measure a ratio R = B( B> D® t v )/B( B>D®lv)
Experimentally hard: signature is not a peak
on a smooth background!

Data driven methods to control the backgrounds
(combinatorial and D** backgrounds)
9
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Surprise: 30 excess over SM prediction!

B> D*tv Rox

LI DL B N B B B B 04

Babar Inc. 2008 °

0.42+0.13

Babar Had. 2012 S

0.44 +0.07 0.

Belle Had. 2009 P
Ry 059016

Belle Inc. 2010

0.34+ 0.1

Belle Average P

0.43 +0.09

Private W Average -

———

0.436 = 0.056
Babar Inc. 2008

0.30+0.06

Babar Had. 2012

0.33+0.03

R Belle Had. 2009 P
D 0.47 = 0.10

Belle Inc. 2010 ®
0.38+ 0.08

Belle Average

0.41+ 0.05
Private W Average

0.351+ 0.026

llllllllIlllllllllllllllllllllllllllll
L]
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Belle is working on update
BaBar working on adding more t decay modes
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tanf/my+ (GeV™!)
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Belle II improvements

Confirm the excess with few ab-!

With more data, better understanding of
backgrounds tails under the signal.

We also expect a better understanding
of B = D™ | v (most delicate BG)

Measure differential distribution
Expected Uncertainties

Rps 3% 2%
R, 6% 3%

0 R R
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© i
10

i
 Bellell

| Projection
Ll

1 10
Integrated Luminosity [ab™]

Uncertainty dominated by systematics
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| Vcb | exclusive B - D* 1 v

*Currently most accurate measurement of |Vcb| from B = D* | v exclusive decay
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Current Belle measurement has 5% total uncertainty, already systematics dominated
Expect theo uncertainty from 2% > below 1% with Belle Il taking data

Most of the systematics are detector related and can improve with Belle Il apparatus and
scale with luminosity.

Experimental irreducible component estimated at 1% level
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B> D*1vand B=2D1v

Statistical Systematic Total Exp Theory Total

(reducible, irreducible)

|Vep| exclusive : F(1)

711 fb~! 0.6 (2.8, 1.1) 3.1 1.8 3.6
5 ab™1 0.2 (1.1, 1.1) 1.5 1.0 1.8
50 ab—! 0.1 (0.3, 1.1) 1.2 0.8% 1.4
|Vep| exclusive : G(1)

423 fb~1 4.5 (3.1, 1.2) 5.6 2.2 3.6
5 ab™1 1.3 (0.9, 1.2) 2.0 1.5% 2.7
50 ab~! 0.6 (0.4, 1.2) 1.4 1.0 1.7

Similar level of accuracy from B> D*Ivand B> D lv
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B = X_.1v inclusive at Belle II

(Modest) improvement of experimental uncertainties expected.

*Better determination of B > D** | v component
*Improved control on the tag B normalization
*Largest experimental sys effect from PID and tracking

O a)
- MmowN
B O3
- D.ih'
background

$ & 2 2 &
Pt

We expect a 0.5% ultimate systematic uncertainty

We assume theory uncertainty at |% that will saturate
the error budget

Detailed exploration of B> D nm | v

EventsA20 MeV/ic®)

Hopefully will solve “puzzles” like the gap between
inclusive and exclusive rates (and Vcb tensions)

" MO 20" [GoVic]

Fitted D'*) = mass spectrum of
Phys.Rev.Lett. 101 (2008) 261802
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Conclusions

» Current measurements provide the following landscape
|[Vub| measured at 5% but 30 exclusive-inclusive discrepancy

An un-expected excess in B = D(*) T v over the SM at slightly more
than 30

» Also for b = ¢ many things remain to be understood
|Vcb| measured at 2% but inclusive vs exclusive tension
Exclusive modes do not saturate the inclusive rate
Rates to broad and narrow D** resonance not predicted by theory

» Belle Il unique place to solve all those puzzles and shed light
on new Physics
More accurate theory predictions

Refinements of experimental techniques to let systematic
uncertainties shrink with statistics
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Back up and
Leptonic decays
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Very clean theoretically, hard experimentally

SM contribution suppressed by helicity
Sensitive to NP contribution (charged Higgs)

G%mp m? |
B(B — lv) = —£—mj(1 — —)°f5|Vw|’ 7B
ST mQB B

B(B —lv)=B(B = lv)syp X g

2
m
rg = (1 —tan® g —£)?
mH 3 ;:.:
STANDARD MODEL PREDICTIONS
N
Mode B(B — ¥ l/e) o F(B —_ ev)
TVr (1.01£0.29) x 10~*  Accessible with current data sets R" =
w, ~ 0.45 x 107 Need Belle Il statistics I'(B—1Vv)
ele ~ 0.8 x10~1 Beyond the reach of experiments
R‘L’M _ F(B — A"'l’v)
Belle Il can also test lepton flavour universality ['(B — tv)
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Belle and BaBar measurements

B-factories
T T
Belle, hadromie ta: 07277 +0.11
—.—
018039
Belle, semileptondc tag: 1.547 " 7
—_—
Belle. combined: 0.96 + .26
S
BaBar, hadromie lag: 1,837 ‘I + 024
O
BaBar, sermgléplonic (ag: 1.7 =085+ 02
@
BaBar. combined: 1.79 « 048
——.—
World average: 1,15 =0.2
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Measurements vs UT-fit prediction

B-factories
S AL

—
Belle, hadromie ag: 0.72 )7 +0.11
_—
. 028029
Belle, semileptonde tag: 1.547 "7
—_—
Belle. combined: 0.96 + 0.26

—

BaBar, hadromietag: 1.83 ‘1: 1 =024
—

BaBar, serngléplionic tag: 1.7 085+02

£
BaBar. combingd: 1.79 : 048
J e —

World average: 1,15 = 0.23
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B>uvand B> ev
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Monochromatic lepton in the B rest frame
Almost background free with tagged analyses
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BR(B—1v (y))

Belle II outlook

Extrapolated B = T v uncertainty
y é _— WA | | 10% after 5 ab"! and 3%-5% after 50 ab!

10°F Belle Had Tag E Dominated by systematics

- 5 ab-1 :

- o0 ab-1 _ 1 Extrapolated B = u v uncertainty
10°E SM S 20% after 5 ab-! and 7% after 50 ab-!

| '

I ] B = e v SM prediction out of reach,
10°6E . - | Sensitivity to B.R. of 7 108 with 50 ab-!

[N : : :

i | Q:What is the ultimate the ultimate
107 T ol experimental systematic uncertainty?

N § Nadive guess : 3%
S
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22

RB —D tv)

Belle Il Projection
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Statistics
-.-. Systematics
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(a)B — D*1v
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