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My Cards

exactly match to my research history

Master thesis Doctor thesis Present research

A-dependence of H-dibaryon search b-quark
[Gitapibul = at BNL-E813/836 physics at Belle/
at KEK-E176 Belle Il
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Talk Outline

B Physics (Heavy Flavor Physics)
Be”e ”, LHCb, co Value of b-quark

card is high !
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SuperKEKB/Belle |l

® New intensity frontier facility
e Target luminosity ; L ., =8 x [0%cm?s
L. . > 50 ab-! by early 2020’s.

= ~10'0 BB, T*T- and charms per year !

Peak Luminosity Trends (e'e” collider) SUPGI’KEKB

40 times high —

- : | —

Iumfnsosiltgyer Lpeak (KEKB)
=2.1x103*cm2s"!
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Motivation of Belle |l

® Search for New Physics through processes sensitive to
presence of virtual heavy particles.

e Complementary to direct search in LHC high P+ programs.
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Tasting New Physics

Variety of observables w/ different sensitivity to
New Physics models.

Elucidation of New Physics scenario.
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W. Altmannshofer,
A. J. Buras, S. Gori,
P. Paradisi, D. M.

Straub, Nucl. Phys.

l'able 8: “DNA”" of flavour physics effects for the most interesting ohservables in a selection of SUSY
and non-SUSY models o s s signals large effects, v visible but small effects and s umplies that

the given model doos not predict sizable offects in that observable

B830, 17-94, 2010.




Unresolved issues
Indication of New Physics ?

® Anomaliesin b = s |/ data
® Enhanced Br(B—D() T V) rate Lattice QCD

e B,— ppandBy— p :ﬁ:DK
® Tension between excl.— incl. |Vyy| * fs ,
e Large CPV in charm decays S K

e LFV in Higgs decay H—pT (CMS) * fo
o (s2)u (BNL-ES2I) etc.
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The most recent results were
summarized in FPCP2015 @
Nagoya (May 25-29)




Belle Il & LHCDb

Heavy Flavor data (B/D/T) with ultimate
precision become available !

Note: two lines are not in the same units

Belle Il Projection (May 2015) ®

LHCD [fb]

—e— Belle (Il) [ab™] B e / / e E

e*e collision
low background

—
o
N

Integrated Luminosity

—_
o

pp collision
large production rate

1
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Year

Powerful !

g

g TOYOTA FCV
Ferrari COMING SOON !



Flavor Physics & Lattice

o [f LHC (ATLAS/CMS) finds NP, their effects will

emerge also in flavor physics observables, and they
provide useful information for elucidation of NP.

e |[f LHC finds no NP, precision flavor measurements
provide unique ways to find NP.

® |n either case, lattice QCD inputs are of crucial
importance to study or find NP in flavor physics
measurements !

... Cosmic inflation can be indirectly
detected by B-mode polarization of CMB.
It requires very good understanding of
foreground backgrounds !
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Key Measurements (@ Belle Il

arXiv:1002.5012

Observable Belle 2006 SuperKEKB

® CPVin b—s penguin decays (05ab™)  (sab)  (s0ab~

Hadronic b — s transitions

AS,xo 0.22 0.073 0.029
o F C N C AS,y ko 0.11 0.038 0.020
ASko K3 KS 0.33 0.105 0.037
. AAzoxe 0.15 0.072 0.042
® Tauonic decays i 017 0.05 0014
¢{77 (4K s) Dalitz 3.3° 1.5°

® LFV T decays R::;l’i::t-i:'vjnlf-rtrnwv:xk b — s transitions 010

B(B — Xgv) / %

Acp(B — Xgv) 0.01

Cq from ZH;(_B — K*t+e-) 11%

Cyo from Apg(B — K*f+i- ) . 13%

C5;/Cq from Krn(‘B — K*(t ()

Ry 0.07

B(BY - K*w) "M < 3 Bsuy

B(BO — 1\“01/1/‘) T < 40 Bsy
Radiative/electroweak b — d transitions

Spry 0.3

B(B — Xgav) 24% (syst.)
Leptonic/semileptonic B decays

B(BY — v%v) 3.5 10% 3%

B(B* — p*v) ' 4.3 ab~! for 5¢ discovery

B(B* — Drv) 8% 3%

B(B® — Dmv) 30% 10%
LFV in 7 decays (U.L. at 90% C.L.)

B(t — py) [1079) 10

B(r — pn) [1077] 3 5

B(r — ppp) (1079 3

Ultimate measurements down to theory error !




Uniqueness of Belle |l

Fully reconstructed tags to produce “offline B meson beam”.
Strong tool for modes with neutrinos
B-X v, X TV, TV, KOVWv...
Excellent Y& T detection capability
S (KPTT0Y), Br(XsY), Acp(XsY)

Belle hadronic tags w/ NeuroBayes 771M BB

Signal: ~ 135 000 { %
: #
»

using NeuroBayes  purity: ~ 26%

Tag side  Signal side 4 TU

Y(45)

[ 2
M. = \,tl\-‘m: —Pp

Previous algorithm

5.255 5.26 5265 _ 5.27 5.275 5.28 5.285

el Michael Feindt (2011)
NIM A654, 432 (201 1Y
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Precision CKM Measurements

e Comparison between

- tree-based ;|Vub| T,

- loop-based ; ¢, ©,, |V 4|

— NP in loop M‘]"z‘" — ( M(l/-;)SM x (1 4 hy Je?0as)
o Belle Il is unique for |V _| and |V |

p-value

Belle Il 50ab! + LHCb 50fb!

v &y(@) & [V

ub

Y(=)




Lattice QCD and Belle I

® |attice QCD is important for CKM physics.
USQCD “Lattice QCD at the Intensity Frontier”

http://www.usqcd.org/documents/ | 3flavor.pdf

Quantity CKM  Present 2007 forecast Present 2018
element expt. error lattice error lattice error lattice error
fi/fx Vsl 0.2% 0.5% 0.5%
Km0) Vsl 0.2% 0.5%
fp |Ved| 4.3% 5% 2%
fp, |Ves| 2.1% 5% 2%
D—xlv |Vl 2.6% ' 4.4%

DKty |Va| 11% , 2.5%
B — D*fv |V 1.3% f 1.8%
B wlv |V 1.1% f 8.7%
fB |Vl 9% 2.5%

¢ Vie/Via|  0.4% 1%
AM, |V Vu|? 0.24% 11%
Bk Im(V3) 05% 1.3%

e Also for rare decay processes: e.g.: B2KOI*, B>K* y

|3



Time-dependent CPV

J WK $w (2S)KS, 1. K3, D*D~,D*D ‘DK“-K’K”K.‘\!*

-0 J -0 , » » - - - 7 -
nKs,J WKy, Jyn®, DD 1\2/\_81\2.:11\"./\_&“.
JIWK(K™ > Kx®) 0 4 -0

} S wK _s’-(/u(()xo)l\.\'

% Increasing Tree diagram amplitude

Increasing sensitivity to NP ‘

Larger acceptance for Ks decay vertex
+30%

Improved vertex resolution
o(Z)~18um @ Belle Il & ~6lum @ Belle

— less systematic error

14



D, (=p) Projection

Belle Il projection for sin2¢p) Belle Il projection for sin2¢ ¢
from B—J/\PKs from b—s S’ s processes

Belle I  Projection (May 2015)

New Physics
( SUSY GUT, Warped Extra Dimension,
String-inspired MSSM, ..)

AS Uncertainty

LHCD
=&~ Bele () Daselne, 705 data Y(45)
0.005 Belle () improved K_ 70% data Y4S)
—&— Belle () improved P.‘. all data Y(45)

° 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Year

BELLE2-NOTE-PH-2015-02:
LHCDb projections taken from:
HL-LHC ECFA Workshop 2014
LHCb-PUB-2014-040,

LHCb EPJC 73, 2373.




|V .| at present .

Persistence tension between inclusive and exclusive |V

{Inclusive result in PDG2014 |
1[Vub| = (441 £ 0.22) x10° |

3
o

— e PDG 2014 et —— T ————
R arXiv-1501 05373
Exclusive ——— H(RB\C:”L'KQ()ZD) B — 1T I V result from

(B—mlv) arXiv-1503 07839
| SRR v N A | M|LC
Ves| = (3.72  0.16) x10°3

LHCb arXiv:1503.01421
(Ay=pLv) (RBC/UKQCD)

sk

/ \ 0003 00035 0004 00045 0.005
arXiv: 1504.01568 | / o Vub |
' New @ FPCP2015

3

I inclusive

[ B—nlv

I A,—puv (LHCb)
[ combined

[Bernlochner & Karbach]

g

1000

Candidates / (40 MeV/c?)

460

2000 5000
COt‘rt‘(‘tt‘d DU mass [MP\' /(“] Coarvantad nkK w411 mace 'M‘_‘\'./(‘:] e

ol = (297 4 ( N 17 . -3 _ R
Vol = (3.27 %leB iL%cl;biﬁ'o?%)_ x 10 Right-handed current ?



|V, | Prospect at Belle Il *

[PRD 88,032005 (2013)] [ e
e Belle Il should resolve the “|V |

Preliminary

problem”. g P

® Precision of the tagged B — mlv
will be similar to the untagged
one. ) ) M21 Ge\;’lc‘

miss!

Statistical Systematic Total Exp Theory  Total
Belle Il Internal

(reducible, irreducible) Note #0021

|Vub| exclusive (had. tagged)

711 fb! 5.8 2.3, 1.0) 8.7 (2.0) 10.8 (6.6)
5 ab™! 9, 1.0) 4.0 (2.0) 4.7 (3.3)
50 ab~! T < B 2.0 2.4

|Vusl exclusive (untagged)

605 fb~! 2.1, 08 8.7 (2.0) 9.4 (4.0)
: , 0.8 g 4.0 (2.0) 4.2 (2.5)
2.2

-

5 ab
50 ab™! K 3, 0.8 2.0
|Vup| inclusive

605 fb~! (old B tag)
1

Theory error for Inclusive |V |

uncertainty (2.5% in GGOU
4.5% in BLNP approach)

5 ab
50 ab™!

N NN
¢ O ot




® Anomaliesinb = s || Ty T iy
5[ preliminary h ; F P 1 Pfehmmal")’_é

have been seen by LHCb '] sion ] £ 1 P05
‘/P5,II’\B_’K*HH T—}—370devfron‘ :

v Br(Bs > @ M 1) | D 23 dev from M

g* [GeV*/ ¢4

v Lepton non-universality MB* s Kt 260
_ pp)
= TBT S Kice) = 0.74510-0%0 (stat) 4 0.036(syst)

® PBelle Il can measure inclusive B— Xsll, and also Kvv

Observables Belle or LHCb Belle 11 LHCb
(2014) 5ab-! 50 ab-! 8 fb-1(2018) 50 fb-!

Radiative B(B — X&) 3.45-107%(1 + 4.3% + 11.6%) T% 6%

Acp(B — X,a7y) [107%] 2.2+£4.040.8 1 0.5

S(B — K gnY; 0.10 4 0.31 £+ 0.07 0.11 0.035

N (B, — ¢ j| +0.20

S(B — pv) 0.83 +0.65+0.18 0.23 0.07

B(Bs — ~47) [107°] < 8.7

Electroweak penguins B(B — K**vv) 10~
B(B — K*tvi) []()“‘]

C7/Cy (B — X, )
g Arp(B — K*pp)
B(Bs — 77) [1073]
B(B. — pp) [10°°]
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Time-dep. CPV in b—s,d + v

® |n SM, photon from b—s,d + Y is
almost left-handed.

® Right-handed photon causes
interference, and large CPV.

SM prediction

2M g

S(B—Vy) >~ — sin2¢1

mMp
1S(B — K*v)| < 0.02
' |S(B — py)| ~ 0
SUSY models

0.2 o=

SM(K*%)) |

1 10 50

| SUGB)+v, | 10
Luminosity [ab™"]

(non-degenerate)

-------
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Charged Higgs in B decays

® Charged Higgs exchange may modify (semi-) leptonic
B decays to the T lepton final state.

it B — Drv

mtanp +m_ cot
M tan B+ m.. cot 3 D B i(u) p

’ . c E C
A . : P g AR PR s W e s 20 bt Ml '1“. . A O A Tol et - S 1aa=INSy 5 B* o e e BLE B OO TRe B Ay & B hY ¢ 1y 3 s s Sy RS S Mg
St Al Ll A ‘,‘: oy o 1, ) {l .:',;‘ .y ot 9 AN SN0 A Sy (! i - T R AP e o A J A L i A Sl e S e
3 N A £ | A -1} - . L - ’ ' ! > % Ak J Sl

e A2
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B—-DOTV

® BaBar observes 3.4 O excess over the SM expectation.
® It excludes Type-ll HDM.

® New results from Belle and LHCb reported at FPCP2015.
LHCDb result is consistent with SM

e Belle result is consistent with SM and also with BaBar. It does
not exclude Type-ll HDM.

 Analysis repeated
for 2HDM of type |
with tanf/m__ =

0.5 ¢*/GeV
0.5
[Thanks to M. Rotondo]
_ I'(B — Dtv)
I'(B — D/tv)




B—DOTV at Belle ||

® Better low-momentum and SVD only tracking
— better D* reconstruction
— Better tagging efficiency than Belle

[Belle II]

Statistical Systematic Total Exp

[%]

R(D)

(reducible, irreducible)

50 ab™!

R(D*)

10
Integrated Luminosity [ab™)

® Polarization of T also can be measured at Belle ||

22



Leptonic decay:

® Branching fraction in SM

2

) f?}l‘/ubl‘z’rl}

2 2
Gimpm;

B(B™ = {v) = o

e Global CKM fit predicts B(B — 7v)gy = (0.753F

® |n New Physics
B(B—1v)=  -B(B—=7V)su

ma 7
{5 e (1 7 2B tan25> Type-ll 2HDM
Mg+ W.S. Hou, PRD 48, 2342 (1993)

2 b 2
Y AL W<

m2., 1+ étanf

Br(B—=>tv)

SUSY
A.G. Akeroyd, S.Recksiegel, J. Phys. G29, 2311 (2003)

0.102
0.052

23

e

0.4 0.6

tanp/m [GeV 7]
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B—TV at Belle ||

15

Belle semileptonic tagging (old)
(154235 428 10~

Belle semileptonic tagging (new
10+ [arXiv:1503.05613]

1

Belle I  Projection

Statistical Systematic Total Exp Theory
Exp.L =46ab’ ‘ i ‘
P Lon reducible, irreducible

"n.i, B — 7v (SL l;l-.‘_-.""fl
605 !

5 ab~!

50 ab

10
Integrated Luminosity [ab ')
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Charged Higgs at Belle I

Y. Sato (Nagoya)
B > Dtv B> D’tv B> Xy

Exp. Th. e All experimental inputs are assumed

Now 5 ab? 50 ab? Now to be SM values.
-7+14%

g ® Experimental uncertainties are

2% estimated based on Belle I TDR.
4] ® Improvement of theory side is not
included except for B = TV.




X,
T [T B \_H

LFV t Decays

SuperKEKB provides also large sample of T decays (N+ ~Ng)

Lepton-Flavor-Violating decay is an unambiguous NP signal !

Lo

L

2
(mi )23(13)

L

= CLEO

+ BaBar
Belle

* Bellell

T W R

B8 VR T T -
ke '-3-%‘-"’5:::‘-’}539 2 f® % 28 0o 3’30 2 kikide KRMAAR IR K Ve i <ke<i<

23y 02 ®Ioxhpe o&:%gxxxgpmsq,:_m:_" v\

0a® 0= o'y s
o*ono:&o:&q;:c:@:.,,..“! KK

2
>
©
Q
)
R
-
-
—
Qo
—-—
2]
b—
E
=
)
Q.
Q
-
i
o
~0
é

48 tau LFV modes have been searched for at B-factories.

Note: need theorists’ help to relate them (other than ly,lll) to NP

26



Belle Il and (g-2),,

o BNL-E82I

at™ =116 592 089 (63) x 10~

(9.4 ppm) CERN u
——CERN U
E821 (97) w
ES821(98) w

E821(99) '
E821(00) —+
E821(01) i
World Average

T.Blum etal. (1311.2198

Table 1: Summary of the Standard-Model contributions to the muon anomaly. Two val-
ues are quoted because of the two recent evaluations of the lowest-order hadronic vacuum
polarization.
VALUE (x 10~'") uNITS
QED (y+¢) 116584718.951 + 0.009 £ 0.019 £ 0.007 £ 0.077,
HVP(lo) [20] 6923 + 42

.-
-
® HVP(lo) [21] 6049 + 43

HVP(h« |H O8R4 +0.7
HLbL 105 + 26

ry
’

EW 154 + 1
Total SM [20] 116591 802 £ 4210 T 26mm0 T Zouner (4901 )
Total SM [21] 116591 828 + 43,1 10 + 2610 m0 T+ 2einee (£50,.,)

[20] Davier et al. (2011)
[21] Hagiwara et al. (2011)

116 590 00C
116 591 00C

S-MTheo
116 592 00
116 593 000
116 594 00C
116 595 00C

New experiments at J-PARC and Fermilab is aiming at 0.1 ppm precision,
— requires reducing also the error for hadronic vacuum polarization

effects.
27



® BaBar, Frascati (KLOE/KLOE-2), BES Il

v Pros : Better control of systematic errors
(within a single experiment)

v Cons : Reduced statistics (I/ reduction)

v Overcome by large luminosity at Belle II.

—_
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o
=
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- —
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© 102
@
v
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7))
o
-
Q

-
o
| 1..I "

Measurement w/ ISR

™ e 1"‘*%*5'“ *i;, il |- Belle could not *
Wr ,,.f elle could not measure

‘d[t :
TT" due to trigger problems

unfortunately.

e Result for Tt 1T-TT° available.

Belle Il provides useful inputs to (g-2), prediction

28
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Hadron Spectroscopy

Many charmonium-like and also bottomonium-like hadrons are observed.
Many of them do not fit to the mass spectra predicted by the quark model.

(28+1)L
Jis s, P
—~5000
Qo

2 4750 _
= Y(4660)

w 4500 (4415)
7 " "via320)

1)
= 4250 Xia160) " Y(4260)

4000( . 000

X(3940) A _(2P) s

3750 X(3872)

Z'(4430)
—a 1 z;
v(4160) v(sstoé'.
" &y
o IX(3872)
w(3770)

= Established

* New States

Theory

Tetraquark ? @%

C

DOD® Molecule ? e

e

0

Hybrid ?

o
@,/

Can lattice QCD explain
these states ?

e.g, Sasa Prelovsek, Luka Leskovec
arXiv:1307.5172,
Talk by Sasa Prelovsek @ Lattice20 L4
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SuperKEKB Accelerator

e Low emittance (“‘nano-beam”) scheme employed
proposed by PRaimondi

Machine parameters

SuperKEKB KEKB
LER/HER LER/HER

E(GeV) 4.0/7.0 3.5/8.0

f,.-half crossing angle

£« (hm) 3.2/4.6 18/24 -

Byat 927030 ) 5.9/5.9 )
IP(mm)

Bx at
IP(mm)
Half crossing 415 ¥ Beam at IP Wi" be
angle(mrad) | squeezed by 1/20.

I(A) 3.6/2.6 1.6/1.2

, Beam currents will be
Lifetime ~|0Omin | 30min/ doubled
200min 3

32/25 120/120

L(cm2s!) 80x | 034 2.1x103



e+ 4 GeV 3.6 A \Cid"‘g bunch;/y
— Belle Il -

/ - le- 7 GeV 2.6 P

3 Super
New beam pipe >

& bellows KeKB

¢

~—~—

New superconducting final
S focusing quads near the IP

Replace short dipoles with
longer ones (LER)

%H:‘ﬂuuj‘:‘:""‘:u":f Low emittance positrons to lr"a
|

Add / modify RF systems for
higher beam current

inject
Redesign the lattices of both rings Damping ring
to reduce the emittance

Positron source

New positron target /
capture section

Wi &

Low emittance gun

TiN-coated beam pipe with
antechambers in LER Low emittance electrons tG

inject &

[NEG Pump)

x 40 Gain in Luminosity

[SR Channel)

SR [Beam Channel]




Belle |l Detector

O  Deal with higher background (10-20x), radiation damage, higher occupancy, higher

event rates (LI trigg. 0.5— 30 kHz)
O  Improved performance and hermeticity

Belle Il TDR, arXiv:1011.0352 KL and muon detector
Resistive Plate Counter (barrel outer layers)

Scintillator + WLSF + MPPC (end-caps , inner 2
% e lavers
— ; — ——

EM Calorimeter
CsI(Tl), waveform sampling ‘elee!
Pure Csl + waveform sampliﬁ end-c

electrons (7GeV) : ' i f-Propagation counter (barrel)
rox. focusing Aerogel RICH (forward)

ate 52 x lower than in Belle

Vertex Detector
2 layers Si Pixels (DEPFET) +

4 layers Si double sided strip DSSD . : \
: positrons (4GeV)
Central Drift

Smaller cell size, long le




Belle |l Collaboration

o 23 countries, 99 institutes, 600+ collaborators.

33
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Construction & Commissioning Schedule

Calendar

Year 2015 2016 2017 2018

TOP All modules installed VXD( =SVD+PXD)

-- 5
CDC_’

ARICH >
FWD/BWD Endcap_}
Global Cosmic Ray Run =) Phase-2

Commissioning q
detector (Beast2)

> —
Phase-1 »

BEAST phase 1 2016 BEAST/SuperKEKB & cosmics

BEAST phase 2 Mid 2017- Early 2018 BEAST with Partial Belle |l
Full physics Oct 2018- Full detector




BEAST Phase |

During Phase | and 2 a commissioning detector will be
used to measure beam backgrounds.
BEAST Phase | starts in January 2016.
IR beam pipe has been installed
BEAST detectors are being installed.

PIN Diodes

MiniBEAST integration test ongoing in Hawaii. Disassemble and ship to KEK in August.

36



Central Drift Chamber

Belle

Belle Il CDC is larger than Belle CDC. Wire configuration

CDC construction has been done !
Commissioning with cosmic rays in

progress.

Belle |l

fk}gﬁ?f A
0

< p(GeV) in B =1.51 |
\ CDC cosmic — 2015 April 14

Belle IT

37



38

TOP Counter (PID)

® Time-Of-Propagation (TOP) technique: precision timing of
internally reflected Cherenkov photons produced in accurately
polished quartz radiator (~50ps/photon).

Backward Forward
Photon Detectors Photon from K* Mirror

Beam Test at LEPS (June 2013)
e Key technologies;

® MCP-PMT and electronics to detect single AU ' R
photon with ~ 50ps resolution. ) } 1 |
® Accurately polished quartz optics, and

mechanics.
® Performance has been demonstrated

i

.
-

with a beam test at Spring-8. Bl """!' il
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TOP Counter Production

TOP counter module production in progress to
complete by April 2016.
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Vertex Detector

® New vertex detectors:
v 2-layer pixel detector based on DEPFET (Depleted P-chennel

Field Effect Transistor) technology.
v 4-layer DSSD (Double Sided Silicon Detector).

® Beam pipe radius reduced to Icm from 2cm — |.5cm for Belle

4

15
- = h by
- . . . . w "-

e e ] Mechanical Mock-u

» o
v ‘11—;:!;._1-! r:-;

Pixel Detector (PXD)




4]
Summary

® The Belle Il experiment at SuperKEKB aims to find NP
with ultimate precision measurement (a few %, typically)
of heavy flavor decays (O(10'°) samples / year).

e [attice QCD provides crucial inputs to extract physics.
v Need precise enough calculations timely !
® We will start

—

- 9
| B B
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My Cards

exactly match to my research history

Master thesis Doctor thesis Present research

A-dependence of H-dibaryon search b-quark
[Gitapibul = at BNL-E813/836 physics at Belle/
at KEK-E176 Belle Il

~1

"L ‘
i
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My 4th card

May indicate the subject of my next research
What is it ?
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My 4th card

May indicate the subject of my next research
What is it ?
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excluded area has CL > 0.

95

Belle Il 5ab! + LHCb 7fb!

p-value
1.0

exduﬁed area has CL >
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|V.,| at present

16

Exclusive |V | (relevant to lattice QCD) comes mainly from B® — D™ I* v.

Precision at the level of ~2%, but slight difference from inclusive (~20).

Events /{

LiTREEEd
Events /0.2
SEREREE

It

£
]

Events /0.2
Events / 18 degrees
.
— . :
. .
s R

F(1)|Vep (34.6+02+1.0)x 10°°

p° = 1.214+0.034 +0.009
Ry(1) 1.401 +0.034 +0.018
Ry(1) 0.864 + 0.024 + 0.008
X2/ ndf 138.8/155

W. Dungel et al. PRD 82, 112007 (2010)

vV

cb

F(1)x IV 1[107]

= (39.04 +/- 0.49

cblexcl

|vcb|

incl

XAy

DELPHI
(part. reco.)

BABAR (excl.)

BELLE

exp

HFAG

x2/dof = 30.0/23

+/- 0.53 5+~ 0.19gp) X 1073

F(1) = 0.906 (4) (12) [arXiv:1403.0635]

B

= (41.88 +/- 0.73) x 1073
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V.| Prospect at Belle |

e Tagged measurement of B — D’lv and B — Dlv will yield [V | with a

similar level of precision.

— Require good prediction for

e Improvement in inclusive |V | will be far modest.

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

Statistical Systematic Total Exp Theory Total

(reducible, irreducible)

V| exclusive
711 fb—! : (2.8, 1.1)
Belle Il Internal

& —1
5ab~! - (1.1, 1.1) : ' ' Note #002|
50 ab—1 . (0.3, 1.1)

Tracking eff. Normalization: N(Y(45)), f,/f,, BC lifetime,
(statistics limited) Br(D*-> D), Br(D%> Kr) 48



Prospect for D Leptonic Decays

46

Important for both testing the SM and search for NP.

Belle developed the method to tag D

Statistical

Systematic

reducible irreducible
B(Ds — pv)
913 fb! 0%
5 ab~! 1.6%
50 ab™! 0.5%
B(Ds — 1v)
913 fb !
5 ab™!
50 ab™!

3.8% 6.5%
0%-0.9% 2.9%
0%-0.9% 0.9%-1.3%

4.4% 3.5% 6.8%
1.9%-2.3% 3.5%-2.2% 3.5%-4.3%
0.6%-0.7% 3.5%-2.2% 2.3%-3.6%

Irreducible error sources

Br(t—>X), Br(D;), D%D* fraction in c¢ fragmentation

ete” — cc — Et,angng(*) ]

reco 1

8

2
®
(V)
gao
:
]

Pull

d o og

02 0.4 0.8
Iﬁ,,,(Dh'K,,.x,_oy w (GeV3cY)

JHEP 1309, 139 (2013)

Belle Il Internal
Note #0021

Data-MC difference in E.- (residual energy recorded in EM calorimeter)



