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Outline of this talk

* Ashortintroduction to the Belle experiment at KEK

 Measurements of semileptonic B decays at the
B factories and determination of |V_ | and |V, |

* The Belle Il upgrade
* Prospects for semileptonic B decays at Belle Il
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The Belle experiment at KEK
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* World largest B meson sample
~771 million BB events
* ~400 Belle physics publications




Luminosity at B factories
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Aerogel Cherenkov cnt.
n=1.015~1.030

SC solenoid
1.5T

CsI(TI) s ”
1 6X 0 P | i I ‘ = 7

TOF counter

o l Drift Chamber

11 cell +He/C,H;
N

N

Si vtx. det. u/ K, detection
3(4) lyr. DSSD 14/15 lyr. RPC+Fe

Lepton ID efficiency ~90%
Fake rate ~0.1% (electrons), ~¥1% (muons) 6



Cabibbo-Kobayashi-Maskawa quark mixing

d / d Vud Vus Vub
VekMm = | Ved Ves Ve
s’ =V S Via Vis Vi

bl

VVi = ViV =1

u C t W couples to the weak
eigenstates

* Charged current processes can
change quark flavour

d o b  CKM matrix elements appears at
the quark-W vertex

g
—ﬁWi = % ur; YH (VCKM)ij dLj WJ_ + h.c.
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The main goal of the B factories was...

... to confirm the CKM mechanism, as established by
M. Kobayashi and T. Maskawa in the year 1973

VoM = Wolfenstein parametrization of V
[ 1— %}F _ %,\4 A AN3(p — in) )
A+ %A?:\‘ﬁ 1—2(p+im)] 1-— %:\2 _ %,\4(1 +442) A2

\A}ﬁ[l —(1- %AE)(er in)] —AN + %A:ﬁlu —2(p+in)] 1- %AE){* )

Ve contains not only coupling constants of weak transitions

* But also a complex phase, responsible for all CP-violating
phenomena in the SM
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The CKM unitarity triangle

CPV in B — 7w, pp, p7

B=9

* * * 1’0)
Vud Vo + Vea Vep + Via Vip = 0

CPV in B — JAPK,

B-/*+ — DK+
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Review of semileptonic B decays
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Semileptonic B decay

Leptonic B decay
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B+/0

B+
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Why study semileptonic B decays...

... because they are the best way to measure the CKM matrix
elements |V | and |V |, two fundamental parameters of
the SM

_ 2
dI" < GH|Vep|® | Lu(X g, PrLb| B) |
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|V, | from exclusive decays

> — Pp - P+ _ mB + mD(*) q2
mBmD(*) 2mBmD(*)
dIl’ G m3,. 2
B — D*lv e 58 ? (mB_mD*) \/'w2—lx(w)]:2(w)|vcb|2
B — Dlv dIl’ GFmD

T ASn3 (ms +mp)?(w? — 1)¥2G%(w)|Vep|?

* Theory input: Form factors F(1) and G(1) at zero recoil (w=1) from
lattice QCD calculations

 Experimental method: Measure the differential width dI" as a
function of w and extrapolate to zero recoil (typically assuming a
parameterization of the form factors)
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B — D" I*v at Belle [W. Dungel, CS, PRD 82, 112007 (2010)]
D

e 711/fb of Belle Y(4S) data

 About 120,000
reconstructed B® — D™ |*v
decays

TEmSTETTE * Fitin 40 bins of w, cos 0,, 0,
and x to obtain HQET F.F.
parameters

* Dominant experimental
systematics: tracking

Events /0.2

Events /0.05
. 8§ §88¢%¢
SEEEREE

Events /0.2
§

F()|Vep| = (34.6+02+1.0)x 1073
B vt p?2 = 1.21440.034+0.009
—Jetnam Ri(1) = 1.401+0.034+0.018
i Ry(1) = 0.864+0.024 +0.008
e —— 2/ndf = 138.8/155
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|V, | from inclusive decays

GEmp 2
= Va2 (1
9273 Vel (1 m2 m3 m

B — Xlv

* Based on the Operator Product Expansion (OPE)

* <0.>: hadronic matrix elements (non-perturbative)
c.: coefficients (perturbative)

e Parton-hadron duality — the hadronic ME depend only on
the initial state

es(1) (05 (1) | o) 06 () | 6 L )\

Kinetic scheme 1S scheme
[JHEP 1109 (2011) 055] [PRD70, 094017 (2004)]
O(1) my,, M my,
0(1/m?) Wy W Ay Ny
O(1/m3,) P30 P P1 Ty 3
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Moments of the E, and M?, spectrum

Also other observables in B = Xlv can be expanded into an
OPE with the same heavy quark parameters, e.g.,

* The n" moment of the (truncated) lepton energy spectrum

n dF Rn (Ecuta 0)
Rn Ecu ’ - E, — —dFE g EMY =
( t ILL) /;}Cllt ( e .U‘) dEg e ( .e >bcut RO (Ecut, O)

* The n'" moment of the (truncated) M2, spectrum

| o amk
Ecut

- dm?
<m‘2X >Ecut - dI" — 9
Master plan:

* Measure the quark masses and heavy quark parameters using moments
 Substitute them in the formula of the semileptonic width

* Determine |V, | from the semileptonic branching fraction
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* Analysis in the kinetic scheme
with 50 moments from BaBar,
Belle, CDF, CLEO and DELPHI
[P. Gambino, CS, Phys.Rev.D89, 014022 (201%4)]



Global fit (kinetic scheme)

[Phys.Rev.D89, 014022 (2014)]

475}

| th. corr.scenario | m"" M. 7 oh Ue prs  BRew(%) | 10° V| |
D [11] 4.541 0987 0414 0.154 0.340 -0.147  10.65 42.42
m.(3GeV) 0.023 0.013 0.078 0.045 0.066 0.098 0.16 0.86
A [11] 4.540 0.987 0.454 0.167 0.234 -0.078  10.45 41.85
m.(3GeV) 0.014 0.013 0.035 0.022 0.040 0.085 0.13 0.74
B [11] 4.542 0987 0.457 0.184 0.290 -0.135  10.51 42.15
m.(3GeV) 0.017 0.013 0.056 0.035 0.056 0.095 0.14 0.77
C [11] 4.539 0.987 0415 0.155 0.336 -0.147  10.65 42.45
m.(3GeV) 0.022 0.013 0.073 0.043 0.066 0.098 0.16 0.86
D [11] 4538 0.986 0.415 0.153 0.336 -0.145  10.65 42.46
m.(3GeV),m;, | 0.018 0.012 0.078 0.045 0.064 0.098 0.16 0.84
D [13] 4549 0.996 0.413 0.154 0.339 -0.146  10.65 42.40
m.(3GeV) 0.029 0.026 0.078 0.045 0.066 0.098 0.16 0.87
D [11] 4548 1.092 0.428 0.158 0.344 -0.146  10.66 42.24
kun 0.023 0.020 0.079 0.045 0.066 0.098 0.16 0.85
D [11] 4.553 1.088 0.428 0.155 0.328 -0.139  10.67 42.42
m.(2GeV),m;, | 0.018 0.013 0.079 0.045 0.064 0.098 0.16 0.83

m:(3GeV) | mi™(1GeV) | mp(m)
0.986(13) [11] | 4.541(23) | 4.171(38)
0.986(6) [12 4.540(20) | 4.170(36)
0.994(26) [13] | 4.549(29) | 4.179(42)
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[11] K. G. Chetyrkin, J. H. Kuhn, A. Maier, P. Maierhofer, P. Marquard, M. Steinhauser
and C. Sturm, Phys. Rev. D 80 (2009) 074010 [arXiv:0907.2110 [hep-ph]].

[12] I. Allison et al. [HPQCD Collaboration|, Phys. Rev. D78, 054513 (2008)
[arXiv:0805.2999 [hep-lat]]; C. McNeile, C. T. H. Davies, E. Follana, K. Hornbostel and
G. P. Lepage,[HPQCD Collaboration] Phys. Rev. D 82 (2010) 034512 |arXiv:1004.4285
[hep-lat]].

[13] B. Dehnadi, A. H. Hoang, V. Mateu and S. M. Zebarjad, JHEP 1309 (2013) 103

[arX1v:1102.2264 [hep-ph]].
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IVcbI

Exclusive (D*Iv)

V| = (39.48 +/- 0.50,,, +/- 0.74y,) x 103
F(1) = (0.908 +/- 0.017) [arXiv:1011.2166]

Inclusive (kinetic)
V| =(41.88 +/- 0.73) x 1073
HFAG preprint [arXiv:1207.1158]

* Exclusive and inclusive agree at the
level of ~2 sigma
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B — D™'lv mystery

Charm state X, B(BT — X £ v)
D (2.31 £ 0.09) %
D* (5.63 & 0.18) %
5> D*) (7.94 + 0.20) %
Dy — D= (0.41 4+ 0.08) % broad states
Df — D* (0.45 % 0.09) % (0.86+0.12)%
Dy - D* =« (0.43 = 0.03) % narrow states
Dy — D) (0.41 + 0.03) % } 0.84:£0.04)%
S D** — D*x (1.70 £ 0.12) %

D (0.66 £ 0.08) % * Inclusive-exclusive gap

D* 7 (0.87 % 0.10) % ] 0
S~ D% of (1.45 +/- 0.29)%

LSS AT L 020 % e 1/2vs. 3/.2 puzzle.
ST O (o 64 1 0.23) % * Belle Il might clarify the

Inclusive Xc (10.92 4 0.16) %

situation by measuring
B — DUnmlv

Sascha Turczyk
CKM 2012 workshop
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Determination of |V, |

Exclusive dr(B° - n~¢tv)  G%
B — mlv dq? 2473

Vs *p3| f+(%)|?

* Form factor f, from lattice QCD [PRD73, 074502;

PRD79, 054507] or from QCD sum rules [PRDS83,
094031; PRD 71, 014015]

Inclusive * Also based on the OPE [NPB699, 335; JHEPO1, 097;
B—X,lv JHEP10, 058]

* Experimental selections can comprise the
convergence of the OPE — shape function
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B — mlv untagged

* 416/fb of BaBar Y(4S) data

e Reconstruct only me/mu,
infer neutrino momentum

from p,,. (loose neutrino
reconstruction technique)

e About 12,000 signal
events, S/N ~0.1

e Partial branching fractions
obtained in 12 g bins

* Systematics: detector
effects, b — u background

March 4, 2014

:

Events per 0.005 GeV
8
(=]

[PRD 86, 092004 (2012)]

0 < g’ <16 GeV? 16 < q% < 26.4 GeV?

r ] B—nlv signal
[ M cross feed )
L[ b-sulv both B

- B b—ulv same B
[ C— other BB both B

| B other BB same B
-1 continuum

* data

800}

b)

(31
-

Events per 0.08 GeV

1000}

520 522 5.24 5.26 5.28 520 522 524 526 528
mgg (GeV) ms (GeV)
c) | soof e d)

600f
a00f
2000

"""" O e g

AE (GeV) AE (GeV)

E*2

beam

mgs = \/ -p:3,
AE = E:'EV o Egeam
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B — mlv untagged

* FF parameterization: Boyd-Grinstein-Lebed

1 kmaz

2\ _
f+q) = P(q%)d(q?, q5) k=0

« Combined fit with
FNAL/MILC lattice data
yields
|Vub| =

(3.25 +/-0.31) x 103

e Alternative extractions
of |V, | (using
LCSR/LQCD in regions
of g?) consistent
with the combined fit

March 4, 2014

) a( @B @) s

[PRD 86, 092004 (2012)]

\/mf); - q \/mi —(10
QO
\/m —q2+\/m —qo

&\20?10-6
D 18-
O +
N 16
X C
¢2_14E
?12:
o
< Py
6 e data
a- FNAL/MILC
B FNAL/MILC fitted
2r BGL fit to data + FNAL/MILC '
[ I R T

Unfolded g? (GeV?)



New Belle hadronic tag

2 . s 2
. M2, = [p(Beamm) — (p(Biag) + p(visible))]
tag side signal side
D
t Y (48) o
° BELLE
t Btag Bsig .
t, [NIM A654, 432 (2011)]
" Y
20000 . * New hadronic tag
18000 . ignal: ~ 135 000,
® tao uilngLNeuroBayes Purity: ~ 26% based on
2 14000
g 1200 Neurobayes
'§. 10000 . . .
£ oo PR - e 2-3x statistical gain
& 6000 Previous algorithm Signal ~ 66 000 ]
::z: Purity: ~ 26% over previous
3.24 5.245 5.25 5.255 5.26 5.265 5.27 5.275 5.28 5.285 a n a Iys e S

Mg [GeV / ¢

Michael Feindt (2011)
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B — mwlv with hadronic tag [PRD 88, 032005 (2013)]

D
<Oon
N 7T+fl7g BELLE
@ 016 —r ™
200F  Belle S0.14 Ef;ll‘i!lminaryf ¢ 703/fb of Belle Y(4S) data
2180t Preliminary 2 710" |
160F 710 b 20-;2: + smeq:somy_; e Hadronic tag
140F < 0 E
120F T0.08 : .
oot £ i ¢ Yield extracted from M?2_.
- o | ] . .
] 20 t in 13 (7) bins of g2 for
::__ %0.0 %ggf-umoww + BO — J":-I-I'\[ (B+ —s J'l:ol'\/)
- KMOW ]
0 -0.0 ' . ' . .
' v eBve ° Main systematics: tag
B+ — %5, calibration
&b B e X, Yield B x 10°
Preliminary 3025:_—+~ 710" | w  461+28  1.49 + 0.09 + 0.07
710 o * | + saverorsowi  m® 230422 0.80 + 0.08 = 0.04
%o.w ‘_\—‘ - X, Theory ¢, GeV/c? | V| x 103
3 o + H [CSRT <12 3.30+0.22£0.00705
.05 E I LCSR2 <16  3.62+0.20 4 0.1070 2
5 F (S ™ =< HPQCD > 16  3.45+0.31 4 0.0910'%8
oom wow | FNAL/MILC > 16  3.30 4 0.30 + 0.093-3%
2 1 0 1 2 o 10 20 LCSR1 <12 3.38+0.14+0.09703%
, G v2/ 4 272 —0.32
] Moew GeVc i > G0V/c" LCSR2 <16 3.57+0.13+0.09°02
wivg plig cross feed BB qq HPQCD ~ >16  3.86+0.23 +0.1010°%

FNAL/MILC > 16  3.69 + 0.22 4 0.0970 5
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AB/A @7 (GeV?)

I -
ﬁ
. )

B » @

N

o

>|>-o<>:

——— BCL fit (3+1 par.)

T T ' T T T
Belle untagged ]
Belle tagged ;
BaBar untagged (6 bins)
BaBar untagged (12 bins) |
FNAL/MILC —
FNAL/MILC used in fit

IIIIIIIIIIIIll

CLEO (E)
4.19 £0.49 +0.26 - 0.34
BELLE sim. ann. (m_, q%)
446 +047+025-02
BELLE (E)
488 +0.45+024-027
BABAR (E)
448 £0.25+027-0.28
BABAR (E, s]’:'*‘)
466 +0.31 +0.31-0.36
BELLE multivariate (p*)
447 £0.27+0.19-0.21
BABAR (m <1.55)
417+0.19+ 0 24
BABAR (m‘<1 7
397+0.22+020
BABAR (m,<1.7,q>8)
425:02?+023 025
BABAR (P*<0.66)
402-.:025+024 023
BABAR (m ,q fit, p*>1GeV)
428 +024+0.18-020
BABAR (p*>1.3GeV)
429+0.27+0.19-0.20
Average +/-exp + theory - theory
440+0.15+0.19-0.21
ﬁ/dof 11.0/1]1 (Cllim Mdog %%BL\P)
e D TA00E 450

1 I 1 1

| End of 2011

2’

4 6
IV 1 [x107]

IVubl

Exclusive (BCL fit)
IV, | =(3.28 +/- 0.29) x 107

Inclusive (BLNP)

IV, | = (4.40 +/- 0.15__ +/- 0.20,.) x 103

exp

HFAG preprint [arXiv:1207.1158]
+ web updates

e Exclusive and inclusive agree at the
level of ~3 sigma
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Right-handed currents

* Add right-handed currents (|V ,|=|V ")
— B —mlv goes as |V, "+V R|?

— B—=1tvgoesas |V -V, |2

— B—X/Ivgoesas |V ' |*+|V,}|?
Can fit the data with ~17% RHC contribution

Florian Bernlochner
CKM 2012 workshop

Proposed by

[hep-ph/0505166)]
[arXiv:0907.2461]
[arXiv:1007.1993]

March 4, 2014

Vap"1 x 10°

T

[ 17 T 1 T
BB X,y
~ BoTtvy
~-~--Bonly

Standard Model -
[y

N L
HFAG GGOU

o

HFAG + new Belle

2
-04

-03 -02 -0.1
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The Belle Il upgrade

March 4, 2014
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Atoms

Dark © NASA/WMAP

4.6% Energy
Dark &%
Matter
23%

Extensions to the Standard Model I

“\] Large Extra Dimensions

4
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Energy Frontier

Physics
beyond the
Standard
\Y[e]e[<]

varcha 2014 COSMological Frontier

Precision Frontier
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Belle |l search channels for NP

Flavor changing neutral currents Precision test of CKM unitarity

(virtual contributions of new, heavy (search for new CP violating phases)

particles in loops)
b, g S /

b\

X, /'8
§ )
- - S

e ™S

Search for the charged Higgs boson Search for lepton flavor violation in

inB =2 tnuand B> D(*)tnu B and tau decays (SUSY breaking

decays mechanism, right-handed neutrino
couplings)

March 4, 2014 32



Search for the charged Higgs boson with B* —= t* v

Standard model Type Il Higgs doublet models
b
B— W >\/w\l<
U
B e —[1_+¢ W.S.Hou
B(B~ — 77 v)=Bgu Xy = | 1 —tan” PRD 48, 2342 (1993)
1000
a0 Belle Il 50 H* discovery
! (50/ab)
L uf
S [
2 |
= 400~
o
14 TeV ATLAS 50
H* discovery (30/fb) -
arXiv:0901.0512 Lo , , |

[herj\ﬂé&T4,2014 011120111401116011180111100 33



T lepton flavor violation

T Iy &7 t—=3 Iy —r—"

~

7. AN )
Lm_ﬂ() N~

e SUSY + seesaw (mg) * Neutral Higgs mediated decay
1723(13)
e Large LFV * Important when Msusy>> EW scale
. experimental sensivity
10
CLEO o oy mode Br(t = ny) Br(t — 3l)
A | Tun
0 vwe ) oo it mMSUGRA + seesaw 107 10
Belle, BaBar)
@ 2006 SUSY + SO(10) 108 1010
o7 Ag -. 2018 SM 109 1010
mSUGRA+seesaw&.) +seesaw
SUSY+SO(10) Non-universal Z’ 10 108
-8
R S SUSY + Higgs 1010 107
SUSY+Higgs Super B
-9
07 107 107 1 10

viarch EB@.full range of T LFV modes is only accessible at a Super B factory!



Belle Il physics sensitivity
[arXiv:1002.5012[hep-ex]]

Observable Belle 2006 SuperKEKB TLHCbh
) o (~0.5 ab~1) (5 glb‘l) (50 ab=1) (2fb-1) (10 1)
Leptonic/semileptonic B decays
B(Bt - 1v) 3.50 10% 3% - -
B(B* = ptv) tt « 24Bgyy 4.3 ab~! for 50 discovery - .
B(B* — D1v) . 8% 3% . -
B(B" - Drv) - 30% 10% - -
LFV in 7 decays (U.L. at 90% C.L.)
B(t — py) [1079] 45 10 5 - -
B(r — pn) [1079] 65 5 2 - -
B(r — pppe) 1079 21 3 1 - -
Unitarity triangle parameters
sin 2¢, 0.026 0.016 0.012 ~0.02 ~(.01
¢ (wr) 11° 10° 3° - -
@2 (pm) 68° < o < 95° 3° 1.5° 10° 4.5°
o2 (pp) 62° < ¢ < 107° 3° 1.5° - -
@2 (combined) 2° <1° 10° 4.5°
@3 (D™ K(*)) (Dalitz mod. ind.) 20° 7° 2° 8°
p3 (DK™) (ADS+GLW) - 16° 5° 5-15°
#3 (D)) - 18° 6°
@3 (combined) 6° 1.5° 4.2° 2.4°
|Vas| (inclusive) 6% 5% 3% - -
|Vus| (exclusive) 15% 12% (LQCD) 5% (LQCD) - -
p 20.0% 3.4%
] March 4, 2014 15.7% 1.7%




From KEKB to SuperKEKB L =810 [om 257 o ZZer.

Take advantage of existing items

* the KEKB tunnel, New QCS magnet for Nano-beam schemd
 the KEKB components Build new beam Thatt 77 New superconducting /
as much as possible! line Tsukuba permanent final focusing 3
section quads near the IP
/~ New beam pipe& bellows
TiN-coated beam pipe with New design
antechambers o { for Near-IR

[NEG Pump]

ﬁain ring arc and straight section:

Redesign the lattices of both rings to
reduce the emittance @ [/ ,mm===== -
New and re-use wiggler

KEKB i R (-2 o haignels 21 M section

KHER. Preserve the present cellj N :
\‘______ _______

March 4, 2014

Super A | )
KEKB |- ] - . i L
Main ring arc section: £ | i ‘: , 4
LER: Replace all main dlpoles INew ¢ i 1 H 18

: il
1 iy
36 A




Compare the Parameters for KEKB and SuperKEKB

Energy (GeV) (LER/HER) 3.5/8.0 3.5/8.0 4.0/7.0

e, /e, (%) 0.85/0.64 0.27/0.24
0.052 0.129/0.090 0.09/0.081
oo (A) 2.6/1.1 1.64/1.19 3.6/2.6

Luminosity (1034 cm2 s1) 1 2.11 80 -

Nano-beams are the key (vertical spot size is “~50nm II)

March 4, 2014
This is not a typo



Belle |l Detector

K, and muon detector:

Resistive Plate Counters (barrel outer layers)
" Scintillator + WLSF + MPPC (end-caps , inner
g @ " _two barrel layers)

A

EM Calorimeter: 3
Csl(Tl), waveform sampling \\
Pure Csl + waveform sampling (enc

QA

fication

ation counter (barrel)

electrons (7GeV) —
Aerogel RICH (fwd)

o V‘,lh

p
Beryllium beam pipe:

radius 1 cm

Vertex Detector
2 layers DEPFET + 4 layers/DSS

.

positrons (4GeV)

Central Drift Chamber
He(50%):C2Hs(50%), small cells, long le
arm, fast electronics
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Inner tracking (PXD, SVD) -

- PXD + SVD in Belle Il (in Belle only strip layers )

20
[em ] p_layers DSSD strip layers
RN
1 ._ 4 [ Impact parameter resolution d0 |
i 3 . gm2 ,’
o . pixel layers E
L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 g
40 20 10 0 0 2 30 4 g :
onl . L r@ IP resolution
: : : £
- Pixels in novel DEPFET technology: thin (75um) sensors = ‘ -
give little multiple scattering, close to the IR . =
+ Fast strip readout with APV25 chip (50 ns), low occupancy ™ gsind2giGev/ep= e
. . [ Impact parameter resolution z0 | e
- Improved IP resolution and low momentum tracking e ——
(pr< 100MeV), 30% larger eff. of Ks>1t*r with vertexinfo ¢ | Belle
Mechanical mockup of pixel detector DEPFET sensor g .\\\ Belle [F'T €S0
\g \\i\\f o

pB*sin(6)*? [GeVic]

pPsin®20[GeV/c]3°




We are here.

2013 2014

2015

2016

FY2013 FY2014

FY2015

FY2016

Phase I:

/ Super KEKB'MNGJperKEKB commissioning I

 construction
optics delﬁign

— L — - =

fabrication and tests of MR component

TiN coatir:!g & baking of beam pipes

install, a':.ssembly and set up

MR build:flngs construction

reinforceielectricity and cooling facility

cool down in beam line

N

rotation

N
\roll in rnllj:out

final agsembly,
: RF conditioning

phase 1

wjo QCS

SWIO Belle Il

DR c
durin

cool d
w/Bel

fabrication and tests of DR components

Supetl'KEKB-DR construction )

[DR buildin:gs construction

electricity and cooling system

mmissioning
g phase 1

phase 2
w/ QCS
wy/ Belle Il (no VXD)

phase 3
w/ full Belle Il

reinforce RF, vac, etc.
for higher beam current

own

w/o QCS and Belle I
Jan-May, 2015

Phase II:

|

roll in

DR tunnel construction install, assembly and set up

/

|

VXD install

NTarch 4 201%
K. Akai

with QCS and Belle Il
Partial TOP,
w/o vtx detectors

Feb-June, 2016

Phase Ill:
Physics Run with full
Belle Il

Starts Oct 2016
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60—
> : Goal of Belle II/SuperKEKB
2 50
m -
g C
é 40:—
= 30F
I
®  20F
g '::.nu 105_ 9 months/year
- oi ) _S_a__l_ §|_ e d _tg_ I20 days/moqth
36 of . s s
x107" g Commissioning starts
Z e in early 2015.
v 6
g 4f- Shutdown
€ ~ [ forupgrade
x o C
8&'...l...|.,.l...l...l.
a 2 2?)12 2014 2016 2018 2020 2022
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Belle Il map (as of Nov 2013)

~580 collaborators,

trles/reglons, 97 institutions ~220 from Europe




Prospects for semileptonic B decays
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General comment

e Two aims at Belle Il
— Reduce the uncertaintieson |V, | and |V, |

— Understand the reason of the discrepancy

between inclusive and exclusive
(or firmly establish it — NP)

* Strategy

— Use only the theoretically/experimentally cleanest
methods

— Provide consistency checks for theory/experiment



Prospects for |V | at Belle Il

e Tagged measurement of B— D’lv and B — DIv will
yield |V | with a similar level of precision

* Fit with lattice data at different kinematic points?

Expected relative uncertainty in |V | from B — D*lv

I I I O

711/fb
5/ab 0.2 1.5 1.5 2.2
50/ab 0.1 1.1 1.0 1.5

lattice prospects from
http://www.usqcd.org/documents/13flavor.pdf



Prospects for |V | exclusive at Belle Il

* The tagged measurement of B — mlv reaches a similar
precision than the untagged one

Expected relative uncertainty in |V, | from B — mlv

N N S TS

605/fb 5
N
5/ab 0.9 1.1 4.0 4.2 0q
®
50/ab 0.3 0.8 2.0 2.2 Q
711/fb 5.8 2.5 8.7 10.8 ~
Q
5/ab 2.2 1.3 4.0 4.7 o
D
50/ab 0.7 1.0 2.0 2.4 o

lattice prospects from
http://www.usgcd.org/documents/13flavor.pdf



Prospects for |V, | inclusive at Belle I

e We can measure inclusive observables in b — u and
confirm the theory description (similar to b — c)

Expected relative uncertainty in |V | inclusive

I I N O

605/fb

5/ab 1.6 2.6 4.5 5.4

50/ab 0.5 2.3 4.5 5.1



Measurement of B — tv [PRL 110, 131801 (2013)]
D
<)
e 703/fb of Y(4S) data BELLE
* 4 signal tau modes: T — evv, uvy, v, PV

* New hadronic tag (sample x3 compared to 2006 analysis)
» 2dfitto E;,, and M? . (2006: E. only)
— Improve sensitivity by 20%

miss

— More robust against peaking backgrounds

previous analyses

(EEcL only) m The fitting variables r —s QU
%0} Belle, PRD82. t Laeombined | MC MC
£ acKgroun

Events / 0.05 GeV

20| signal > »

S g
200¢ 1 = The most powerful =
150 t g separation variable! =

T > T/, pPI/
0} background 1 n l‘

il | L PR T Y P L el b b
0002 04 06 08 e i( ceVi2 0 02 04 06 08 1 1.2 0 5 10 15 2204 25 30
March 4, e Eec, (GeV) Mes (GeV7/c?) 48




Measurement of B — tv [PRL 110, 131801 (2013)]

8

> 100 %
S 60 ! -
5 a0 background g
20 signal w
c() | 02 r0h4’--0L6- ] MO.LSL ) L1L - .1.2 0 = .5 10 15 20 25 30
EecL [GeV] Mmiss2 [GeV2/c?]
(Projection for all Mmiss? region.) (Projection for EecL < 0.2 GeV)
e Signal yield: * Current analysis ~3 sigma
62 +23/-22 +/- 6 evidence
(30 including systematics) At Belle I, we expect to
* Br(B—1v)= measure |V, | from

(0.72 +0.27/-0.25 +/- 0.11) x 104 B — tv at the level of 3-5%
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SUMMARY
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Summary

* Semileptonic B decays have allowed to
determine the CKM matrix elements |V_ | and

|V, | to the level of 1-2% and 6-10%,
respectively

* However, there is a long-standing discrepancy
between inclusive and exclusive
measurements of |V_| and |V |

* At Belle Il we can address this issue with new
experimental methods and provide crucial
cross checks to confirm the OPE/lattice
description



LOC: Schwanda, Abele, Hoang )
AR T— http://ckm2014.hephy.at/ e

| 2| > | (D) |23 ckm2014.hephy.at Y )
& [1] E  CKM wiki pages KEK user support system o

8" International Workshop.on the CKM Unitarity Triangle
September 8-12,2014

Working Groups Progra Social Events i i Contributions
_______f

The International Workshop on the CKM Unitarity Triangle (CKM2014) takes place between Monday, 8th and Submenu
Friday, 12th September 2014 at the Faculty of Electrical Engineering and Information Technology of the Vienna
University of Technology. Committees / Contact

Deadlines

The CKM series is a well-established meeting in the field of quark-flavour physics and provides a venue to both
experimentalists and theorists. On the experimental side, we bridge borders between neutron, kaon, charm and B-
meson physics. The theory programme tries to cover a wide range of approaches. We will discuss how the Poster
combination of experiment and theory can allow searches for physics beyond the Standard Model and consider the
interplay of the quark-flavour field with high-pT searches for new physics.

Venue

Previous Workshops

Similar to previous editions, the workshop will be a culmination of the efforts of different working groups. There will
also be opening and summary plenary sessions.

Co to "http://ckm2014.hephy.at/”
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B — plv with hadronic tag PRD 88, 032005 (2013)
op

-

[3'* _:3 2(1€i7£ BELLE
8 T <. -
800 pajle L. Data-Unfolded) ~ Belle E
202505- Preliminary H} Eg.:: §§§s :::I;r;:nary_f
710 fb™ 16F = 1saw2 at. errors only
e 703/fb of Belle Y(4S) data =« s

: o
* Hadronic tag B
100:—
* Yield extracted from M?_... =
. . 0 3
in 11 (6) bins of g? for 20 el e 0 P 0 B,
B — pOlv (B — p*lv) e B°—ptly,
g Belle TEN Bolle
3 reliminar ® 0.4 refiminary;
. v I o . o’
u 1€ X 120F - zl;bg
p" 33828 3.17+0.27+0.18 «§‘;1;_1 @m_mw:t
p® 632435 1.86 + 0.10 &+ 0.09 i T 13 gz:
40 5 % mMs
T et T i
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B* — wlv and B* — nU)lv

+ -
BT — w(3m 127,

£ 50 © ' " Belle
> o~ . . N
> S 0. Preliminary;
40 So 71067 ]
~ : Stat. errors onlyé
~ 0. -
30 ':
. e
20 3 ]
0. ]
> 4
T . FoJData- Unfolded|
10 5 %BB ]
BZ 3
it ] i1IsGw2 ]

a

§

>
z Preliminary
4 710 fb™

1 2
M2, GeVi/c*

Signal

March 4, 2014

Preliminary
710 fb™

-2 -1 0

1 2
M2, GeV¥c*

miss?

PRD 88, 032005 (2013)
>
/DO

BELLE

X, Yield B x 10*

w 00+15 1.09 £ 0.16 & 0.08
n 3904+11  0.42 4+ 0.12 4+ 0.05
n’  6.1+47 < 0.57 @ 90% CL

e 703/fb of Belle Y(4S) data
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B — D*(— Dm)fv, : angular distributions

= ax(q%) + b5(q%) cos x + by (q”) sin x + c5(q%) cos 2x + ¢ (¢7) sin 2x

GQ V. 2 m2 2
ar(q?) = SEVal oo (1——£) AD*<q2>><{

- 384mim q>
H >+ |H_|? + |Ho|?] 1+—m§ +§—mg|H 2
+ _ 0 2 e ¢
G? V. |2 m2\° —_—
A (a) 3847T4m3j9q q° Ap-(¢%) x Re [Hy H-]
G2 V. \2 m2\*
s 2 F|Veb 2 Y/ *
— _ M) pe (@) x ITm [Hy H”
c (@) 3847T4m%q 7 p*(q?) x Im [H{H”]

o b$°(¢°) = 0 unless there is interference with (D7)s amplitude [interesting!!!]
o Two NEW NP-sensitive observables:

Ci(QQ) 0), 2\ Ci(QQ)
ax(q?)’ ) = -
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Issues in |V, |

* |V, | exclusive mainly comes from B® — D™ |* v

— |V, | from B* — D™bar I*v, B — D" I* v and
B* — D%ar |* v is considerably less precise

— Measurements of B — D™ I* nu by different experiments
are consistent but could be affected by common
systematics (slow pion tracking)

* F(w) and G(w) form-factors

— Calculated only at a single kinematic point (zero recoil
w=1) — can lattice predict the F.F. shape also in B decays?

— Precise calculation of F(1) available only from a single
lattice group (FNAL MILC)

— Discrepancy with sum rule calculations (~1 sigma)
* Radiative and EW corrections?



Issues in |V, |

* |V,,| exclusive comes exclusively from B — | v
— No precise F.F. calculations for B — plv or other modes

— Lattice and sum rule calculations of the F.F. apply to
different g2 regions and don’t provide a mutual cross-

check

— Can we claim that lattice
predicts the F.F. shape?

* |V, inclusive

— Dominant experimental syste-
matics: b — u signal modelling —
how well do we understand
light quark fragmentation?

— 5 theoretical frameworks
but none of them provides a
(convincing) internal cross-check

CLEO (E) ;

4.19 +0.49 +0.26 - 0.34 e
BELLE sim. ann. (mX, q?) g
446047 +025-027 — T
BELLE (Ee)

488 +045+024-027 e
BABAR (E) ;

448 +0.25+0.27 -0.28 -
BABAR (EC, sil‘“*)
4.66+031+031-036 T
BELLE multivariate (p*) :
447+027+0.19-021 ]
BABAR (mX<l .55)
4.17=0.19 =024 —— iy
BABAR (m <1.7) :
3.97+0.22+0.20 S

BABAR (m, <17, q>8) :
425+023+023-025 i
BABAR (P*<0.66) :
4.02+025+024-023 ——
BABAR (mX, q? fit, p*>1GeV) '

428 +024+0.18-020 B
BABAR (p*>1.3GeV) !
429+027+0.19-0.20 T
Average +/-exp + theory - theory
440+0.15+0.19-021 ———1

g/dof =11.0/11 (CL = 44.00 %) |

osch La%f Neubert and Paz (BLNP) H

Phys.Rev.D72:073006,2005 '
| | | | | | L | End Of 2011

2 4 6
VI [x 1073



Leptonic B decays

9\ 2
I;\ /€+ I‘(B+ —>€+Ve) GFT;LBme (1 B m_ze) f123|vub|2
\fV s mpy
B ;ﬁ//{ﬁf( B(B — ev)gy ~ 10711
/ W \\\ B(B — /LZ/)SA[ ~3.5x 1077
u v, B(B —> TV)SA[ ~ 10~%

* Helicity suppression I'(ev) << I'(uv) << I'(tv)

* Very clean theoretically,
might be affected by NP (2HDM, lepto-quark)

e B—evandB — uv are also experimentally clean but beyond
the reach of Belle

* B — 7tV has 2-3 neutrinos in the final state and kinematics
cannot be fully reconstructed
(high background measurement)
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Search for the charged Higgs in B — tv

b T b T
_ W~ _ H 2HDM
sm B B Type I

U v, U v,
N — B(B~ — 7 0)=Bsm X g
Belle, hadronic tag: 0.72 :: +0.11

—— 2 \2  W.S.Hou,
3 29 2 m.B
Belle, semileptonic tag: 1.54 %0 0%’ rg = (1—tan®—; PRD 48, 2342 (1993)
e D mH_
Belle, combined: 0.96 + 0.26
+ .
o * SM expectation
. — Br(B—1tv)=(1.20 +/- 0.25) x 104
BaBar, semiléptonic tag: 1.7+ 0.8+ 0.2
. * UT fit result

BaBar, combined: 1.79 = 0.48

—— — Br(B — tv) =(0.72 +0.12/-0.08) x 104
World average: 1.15+0.23
R PPN SV |

! 60
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2HDM Type |l effect in B — DUyv

* Observables
— R(D") = Br(D*tv)/Br(D"Iv)
— R(D) = Br(Dtv)/Br(Dlv)

Belle Dtv average BaBar [PRL 109, 101802]

a ().65—
E 04 oY

0. ~ . :
— 0'4: — 0.4:— /
) o - —
m 0“: SM E 0'3: .

0.2F ‘ ) A ) 02f : |

0 0.4 0.8 0 0.4 0.8

tanB / mn [GeV-1] tanB / mn [GeV-T]
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