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Outline

Belle and Belle 1]

o EXxperimental techniques for studies of modes with missing
energy

Leptonic decays

e B—=21/,B—pv

Charmless semileptonic decays
 Exclusive B = milv and Bs = Klv
Semitauonic decays

¢ B = DMy

* Measurements of rates (R(D), R(D*)), T and D* polarisation
(P(T), P(D*)), lepton momentum spectrum, g2 spectrum



Peak Luminosity Trends (e'e” collider)
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Integrated Luminosity
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Measurement techniques

B-factories

* multiple neutrinos prevent to fully measure/determine the decay’s kinematics
from the decay products alone

* exploit unigue experimental setup
* detector hermetically encloses the interaction point
* knowledge of initial state and known production process
ete” — Y(4S) = Beomp Bsig
The companion B meson reconstruction

° HadronE:: sum o_f exclusive h_adron/c decays provides
B — DY"nx, DXWDWK, DDW, J/yKnr  p(Bsg)

low

- Semi-leptonic: sum of exclusive semi-leptonic decays
B — E(*)fug

Untagged/Inclusive: sum all tracks/clusters in the
detector not used for Bsig reconstri,/ct/on

efficiency

Whigh




Hadronic and Semileptonic Beomp
reconstruction at Belle ||
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* Input variables used to train the multivariate classifiers:

- PID, tracks momenta, impact parameters (charged FS particles);

- cluster info, energy and direction (photons);

- invariant mass, angle between photons, energy and direction (119);

- released energy, invariant mass, daughter momenta and vertex quality (D(*)(s), JI);
- the same as previous step plus vertex position, A E (B);

- additionally, for each particle the classifier output of the daughters are also used as
discriminating variables.

Improvement close to factor of 2 compared to performance of algorithm used at Belle
seen in Belle Il MC.



| eptonic decays: B = 1V

Can be mediated by NP, for example charged Higgs (2HDM):
5 +/77+ v
B+ >\KV\,@¥<
u A

e any new physics contribution will modity the decay rate by
some factor

SM 2HDM( Typell)
2 2
G,%- m?2 my 2 tan®f3
= FErgfa|Vp|?my |1 — —& Cl)x1—2
B(B — ’7'1/) sx B 8| Vbl mB( m%) me mpg mi/i
= BSM =TIH

e Belle performed measurement of these decays using hadronic (PRL110,
131801) and semileptonic (PRD92,051102(R)) reconstruction of Btag



| eptonic decays: B = 1V

* T reconstructed in decays to
evv, uvv, v, and pv (~70%
of all T decays)

* signal extracted from 2D
(EECL, Mmiss@ OF |O|) fit
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In the SL tagging analysis, p; is used instead



| eptonic decays: B = 1V

SM prediction by
CKM fitter
(As of summer 2016)

{

* T reconstructed in decays to
ew, uwv, mv, and pv (~70%
of all T decays)

* signal extracted from 2D
(EECL, Mmiss@ OF |O|) fit

o . (Hadrgnic tagging)
Phys. Rev. [} 88, 031102(R) (2013)

. .(Semileptonic tagging)
Phys. Rev. 381, 051101(R) (2010)

(Hadronic tagging)
Phys. Rev. Lett. 110, 131801 (2013)

(Semileptonic tagging)
Phys. Rev. D 92, 051102(R) (2015)

Belle averag

2 3
BF(B —1V,) % 104

 No observation yet at single
experiment

* Belle average has 4.00 significance
WA consistent with SM



Leptonic decays: B = 1v
Sensitivity study at Belle |

Benchmark mode to test of detector performance:

1. Btag reconstruction efticiency
2. Extra energy in the calorimeter resolution

 Beam background energy deposits in ECL much higher in Belle |l
compared to Belle, however selection based on cluster’s energy, timing,
shape effectively rejects them.

signal B—1v B*B- bkg
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Leptonic decays: B = 1v
Sensitivity study at Belle |

Benchmark mode to test of detector performance:
1. Btag reconstruction efficiency
2. Extra energy in the calorimeter resolution

 Beam background energy deposits in ECL much higher in Belle |l
compared to Belle, however selection based on cluster’s energy, timing,
shape effectively rejects them.
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Events

Leptonic decays: B = 1V
Belle || prospects

after BDT cut e

700 Wl signal

Hss &5 E m <1 Babar Belle Belle 11
600 Il continuum GeV PRD 88 PRL 110 (this study)
500 031102 (2013) | 131801 (2013)
400 Signal
300 Efficiency (%o)

200
100

Expected Belle Il sensitivity @ 1 ab-1: ~30%

B(BT — 77v,.) = (0.83+£0.22) x 10~*
[NB: No KL veto applied in the study; 1D fit only;
Only hadronic reconstruction of the companion B;]

0O 0.1 02 03 04 05 06 0.7 0.8 09 1

EExtra (GeV)

Guess-estimate of systematics |
e A lot of sources of systematic

Integrated Luminosity (ab™") 1 5 90 scale with luminosity (sig./bkg.
statistical uncertainty (%)  29.2 13.0 4.1 PDF), tagging efficiency:;
systematic uncertainty (%) 12.6 6.8 4.6

 Peaking backgrounds will have

total uncertainty (%) 31.6 14.7 6.2 .
to be measured more precisely




_eptonic decays: B = uv

2-body decay = monochromatic muons in B rest frame

e measurement can be performed without exclusive
reconstruction of the companion B meson (higher

efficiency)
SM —7
B(B — pv)>" = (3.74+0.5) x 10

Phys. Lett. B 647, 88 (2007) (Inclusive tag) hzs Rev D 91, 052016 {20152 (Hadronlc tag)

e f———— % e e
>140— B — u v 253fb™ ~oF 3
S [ 275M BB * On resonance 9 = 772M BB Slgnal reglon S
18120 3 [ ]off resonance % 7 ;— (full data) i —;
2100~ =L O 6F i =
E | ZZ il e E | L E
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60?; v S4EllT E
| : : ~ : E
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Fig p° (GeVic), B' - " v,

Advantage: better efficiency (~3%) Advantage: better resolution



_eptonic decays: B = uv

¢ 2-body decay = monochromatic muons in B rest frame

e measurement can be performed without exclusive
reconstruction of the companion B meson (higher

efficiency)

B(B — uv)> = (3.74+0.5) x 1077

SM prediction by CKM fitter
/ (As of summer 2016)

Current best limit by BaBar Upper limit at 90% C.L. °
Phys. Rev. D 79, 091101 (2009) I

(Inclusive tag, 468M BB)

| Phys. Lett. B, 647, 67 (2007)
: (Inclusive tag, 275M BB)

- 36% of full data ¢

Phys. Rev. D, 91, 052016 (2_0152
(Hadronic tag, 772M BB)

1 1 1 EEI I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 5 10 15 20 25 30
BF(B'—uv,)x10

Upper limits approaching
SM expectation

Inclusive tag analysis with
the full Belle data sample
IS ongoing

Belle || expectations are:

e observation at SM level
with 5 ab1

e 0Br/Br ~7% at 50 ab?

BB —w) (theory free

RHT =
B(B—7v)  |LFUV test)




Charmless SL decays: B — milv

Belle [711 fbo-'] PRD88 032005

A way to measure |Vup|: ;_ | N = 46265277yt
O I |Ws—pw
dB(Bd;; 7T€I/) |V |2G]-"’7'Bp§,r Eﬂ'(q )l %1502— ES;XUN
(exp.) (theory; £ O
LQCD) 0 oF
1. Tagged measurements R _ e
* one of the two B mesons fully reconstructed in M, (GeVire
hadronic decay modes Belle [605 fb-'] PRD83 071101
low efficiency (few 10-3) T et
e high purity and good @? resolution (~ 0.25 GeV?) §mf_ ® o] -
e dominant source of systematic error -> Btag Em :°°'ELTZ“"‘

efficiency calibration

2. Untagged measurements
* neutrino 4-momentum inferred from missing energy
and missing momentum of in the whole event
high efficiency (~ 107)
e Jow purity and bad g2 resolution (~ 0.50 GeV?)
e dominant source of systematic error -> continuum g¢

Events / 6.25 MeV/c?

524 526 5.28 0752 522 524 52 5.28

dependence + detector induced (tracking, PID) o M, (GeV/c) M, (GeV/c?)
Ny = 21486 + 548



Charmless SL decays: B — milv

I | | | | I | | | | I | | | I I I I | | I I I I I I |

— [Vip|™ = (3.65 & 0.09%xp £ 0.11theo) x 1072 —
— 6|Vub|1r€l/ ~ 4 % —
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—&— LCSR: Bharucha —
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Fit, data averaging: I Bernlochner, 5. Duell, |. Dingfelder] q2 [Gev ]
LQCD averaging: [FLAG-3 review (arXiv:1607.00299)]
LQCD: [Fermilab/MILC, Phys.Rev. D92 (2015) no.1, 014024] )
LQCD: [RBC/UKQCD, Phys.Rev. D91 (2015) no.7, 074510] Experimental and theory

LCSR: [A. Bharucha, JHEP 1205 (2012) 092] errors COmmeﬂSUfafe

b
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Charmless SL decays: B = milv
Belle |l prospects

|||||||||||||||||||||||||||||||||||||||||

e pboth tagged and untagged :
measurements report
significant improvement in
reconstruction efficiencies (Up et o
to Xx2)

e measurements will be
systematically limited at Belle
|| statistics

° guess_es’[imated from Be”e °o 02 04 06 08 1 12 057515 52 525

E,... [GeV] Mg [GeV/c?)

e l|argest irreducible systematics will
be tagging efficiency in tagged
measurement and FFs of
background in untagged
measurement



Charmless SL decays: B — milv
Belle || + LQCD prospects

® @ Toy MC untagged data
® @ Toy MC tagged data
1.0 |

T

[ 10 band - lattice only, scaled |]
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e—@ tagged + current LQCD
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o om
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o O

untagged + LQCD in 5 yrs
tagged + LQCD in 10 yrs ||
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LQCD forecasts: | A. Kronfeld, T. Kaneko, 5. Simula]

Below 2% precision on |Vu| reachable assuming x2 (x5) reduction
of LQCD uncertainties in 5 (10) years and new experimental input

from Belle Il.



Charmless SL decays: Bs = Klv

* provides an alternative exclusive semileptonic determination of |Vub|
e Lattice QCD calculations of form factors became available in last couple
of years

Kf
b ¢ dB(B, — K/tv) G%|pk|®

m2
B, K — TB Vol [ f47 +
dg? ° 2473 g2
S S

2.5 | 1 1 1 | 0'5-IIIIIIIIIIIIIIIIIIIIIIIIIII
. )
> arxiv:1406.2279 I
S 2 4 — o4 .
— .> L
~ [}
3 S 03|
< 1.5 inclusive |V ;| T & 03 1 ~
: s
) 1 =2 o2 ]
o 3
3 3

-~
] 05 4 = o | -
% exclusive [V, arxiv:1501.05373
0 0 111
0 4 8 12 16 20 24 0 5 10 15 20 25



Charmless SL decays: Bs = Klv

How well can we measure dBr(Bs = Klv)/dg? at Belle 117

This measurement was not yet performed at the B-factories

* cannot extrapolate existing measurements

Perform (untagged) study on simulated data to get reasonable
estimations

@ic events at Y(55)
BB 90.1155 £ 0.2
T
9B 2.6752

All B events 73.7+3.2+5.1

Channel % / bb event % / BY event

B" mesons 72.1139 £5.0

B° mesons 770738 +6.1
BB 55159 +0.4
BB*+B*B 13.7+1.3+1.1
B*B* 375735 £3.0
BB 0.0+1.240.3
BB*n + B*Br 73753408
B*B* 7 1.0715+04
ISR to final B 92739+ 1.0

Only every 5th bb event at Y(5S) produces BsBs-pairs!

N(BY) =2 X Ling X 035 X fs o,; = (0.340£0.016) nb



Charmless SL decays: Bs = Klv

ROE
Mbc

2200/ I Continuum
2000| Il BBX
[ ]BsBs

— Signal

1800

Signal efficiency and
background rejection
confirmed to be similar to that
achieved B — milv

3000 Kinu signal events in
lab! @ Y(5S)

A E™®
1800/ |l Continuum
I BBX
1600 — BsBs
1400L—— Signal
1200

Measurement of Bs— Klv sample at Belle
Il possible, but not competitive to B— mlv.
Interesting x-check nonetheless, if Belle
Il collects large amount of collisions at
Y(5S).



Semitauonic decays: Motivation

Semi-tauonic B decays are sensitive probes of New _
Physics. NP could impact: Charged Higgs

- Branching fraction

- tau, D* polarisations

- Properties of NP can be inferred also by looking at
various kinematic properties of the decay
(momenta, ...)

NP effects can be different for D and D* modes.

Effective Lagrangian for b — crv

SM
— Lot = 2V2G p Ve (1 + Cy, ) Oy, © Ov, = eLy!br Toyuve
+C'y, Oy, RH-currenté Ov, = crY"br TLYuVL
+Cg, Og, 2HDM (Type-ll)g Os, = cLbr TrVL
+Cs,0g, 2HDM§ Os, = Crbr, TRVL
+CrOr Tensoré Or = cro"br, TROW VL

18



Semitauonic decays: Status

Experiment

BaBar

[PRL109, 101802;
PRD88, 072012]

Belle

[PRL99,191807;
PRD82,072005;]

Belle

[PRD92,072014]

Belle

[PRD94, 072007]

Belle

[arXiv:1608.06391]

LHCb

[PRL115,111803]

B — DWWty
T — Uy,
B — DWWty
T — Uy,
B — DWWty
T — Uy
B’ = D* ru,
T — Uy,
B — D*ru.
T — Vs, PVr
B’ = D* ru,

T — WV, Vs

19

Technique Observables

Hadronic RD). F;(D )
g
Inclusive Br
Hadronic R(Dg’ R(P )
a?, |pr|
Semi-leptonic E%(D Z
™|, [P0
Hadronic (D7),
P
R(D*)


http://arxiv.org/abs/1608.06391

(Hadronic tag, Leptonic tau decay)

e MZ. . tomeasure B — DMy,

2
— Mrzniss — (pe+e‘ ~ DBag T Pp™ T pl) - 0 GeV?/c*
* (Transformed) neural network output (Oyg’) to measure

B - DMty

B° - D**t7v,
sample

Events

300

250

200

150

— Powerful variable is Egcr: sum of ECL energy not
used for signal reconstruction &
: B B— D*tv o5
;_ ++ B— D*lv E
S_ -olhchG 20:—
+ . B B— D=1y :
- B BOS Dy g 2 e e
¢t At BRCE J[+
3 A(normallzatlon) :

B - Dty
sample

EO — D+l_17[
(normalization)

100

> B0 - D**r v,
(signal)

- DtV

(signal)

0.2 0.4
M ee(GeVeeHh

4 6

BN Belle Collaboration, Phys. Rev. D 92, 072014 (2015




(SL tag, Leptonic tau decay)

* Independent analysis of the previous R(D'*)) measurement

* More background duetoavin Etag - DMy

- Focus on B® - D*t17 1,

* Signal/normalization separation based on smaller cosf,_,-,
S 2 2

- * *
y\\pv 0 . EbeamED*l — Mg — Mpx
- m—y COS B—-D*l — 2 * *
- |pbeam||pD*l|

Signal event PB

5 0.15 } _
£ . ++ .
- .
> Normalization mode
_____ =
o S 010 $ -
v % < ' $
Normalization event [ . j
0.05 | :
- Signal mode |
gt .

0 ot
St @

T T T S

Belle Collaboration, Phys. Rev. D 94, 072007 (2016)



(SL tag, Leptonic tau decay)

* Two-dimensional fit to neural network output (Ong) and Egcr
——Z _—

Events / (0.067)

sig
*  cosO, >, Summed energy, not used for
¢ M2, the event reconstruction
* Total energy of Biyg + Bsig
B° - D**17v, BY - D**1~ v
. et . e
3 Bl Signal o = Signal-enhanced region '
10 : - Normalization 3 .
Ble—>D"Iv N '
102 Others g
| ~
Z
10 A A -
' R Q
[ >
L
1t Q
-1.0 -0.5 0.0 0.5 1.0 00 02 04 06 08 10 1.2

I R(D*) = 0.302 £+ 0.030 (stat.) + 0.011(syst.) |

Belle Collaboration, Phys. Rev. D 94, 072007 (2016)



Tau Polarimeters (hadronic decays)

» oS Ope (7) distribution in (quasi)2-body decays 7 — Mv-
» 1 polarization measurment based on cos 6xe/(7) distribution:

h
ar 1 <
dcos Opg () ~ 2 (1+ aPr cosbhe (7)) - . T One(7)
vV

» leptonic 7 decays not useful; T
forJ,, = » T Kv,
o= e Belle MC
10 = 160r ,
B " ) S 140t |50 7
BF=10.8% > | BF=07% g 120F |70
108060402 0 02 ug;:éa": E 01705060402 0 02 0.4&::;“1 w 100;— Other background
= 80F
0p) 60k @t — mv channel ,
T—pV GCJ = \\ ‘ ”’Z/§
flo  w ;\ N\t
azmz—mgd 8 E 8-0.6-0.4-0. Py
m, + My, BF=25.5% o BF=9%
o-l 0.8-06-04-02 0 0204 8.33068": 0-1 08-06-04-02 0 0204 g.; :.el".:
a=0.45forr — pv a=0.12forT — ajv

22



Tau Polarimeters (hadronic decays)

Expenmental challenges:

due to multiple neutrinos in the final state the tau momentum can not
be completely determined

e go to W rest frame, where pw = pPgsig - Po* = 0

 in W rest frame the tau and neutrino from B decay are back-to-back,
therefore:
* magnitude of tau momentum (|p+|) can be determined 5| =
. direction of the tau momentum is constrained to lie on the cor:

around the hadron daughter momentum 2F, B4, — m% — m2,

cosb,.; =
2 Ipr | |pda|

q _mT/C

Boost in arbitrary direction on the
cone to get into the tau rest frame

Decay kinematics of the B — D*r~ i, decay in the W rest frame

23



Hadronic tag, Hadronic tag decay

Backward

Forward

Event/ (0.1 GeV)

Event/ (0.1 GeV)

|§U, T—nv (bwd.) |

B

7.

02 04 06 08 1 12 14
Ego (GeV)

Event/ (0.1 GeV)

Event/ (0.1 GeV)

| B,t—nv (fwd.i |

1.2

1.4

Exc, (GeV)

[B.v—pv (fwd.)| [WE Sgna

7772 T cross feed
B—D"IV,

—¢— Data

m B-D""I7, + hadronic B
N Fake D* + continuum

[ B,T—nv (bwd.) | B,t—nv (fwd.)

Event/ (0.05 GeV)
Event/ (0.05 GeV)

02 04 06 08 1 12 14 02 04 06 08 1 12 14
EecL (GeV) EgcL (GeV)

[B,v—pv (bwd) ] B,v—pv (fwd)

Event/ (0.05 GeV)
Event/ (0.05 GeV)

02 04 06 08 1 12 14 1 12 14

Exc, (GeV) Erc, (GeV)

Normalisation modes

-04-03-02-01 0 0.102 03 04
M. (GeVZ/c*)

-04-03-02-01 0 0.102 03 04
M, (GeVZ/c*)

Signal extracted in two
bins of helicity angle

R(D¥)

0.276 & 0.034(stat.) 992 (syst.),

P, = —0.44 £ 0.47(stat.) 7329 (syst.).

24




Semitauonic decays: Belle and
World Average

P.Urquijo

R(D*)

0-5 B 1 1 I I I 1 I I 1 I I 1 1 I I 1 1 I | I I I | 1 I | 1 1 I I 1 I I 1 I I I 1 I
B —— BelleHad Tag, t =1 v v
— BelleHad Tag,t —~ h v AyP=1
0.45 —  BelleSLTag,t —» v v
B ——— Belle Combination
B ——— World Combination
0.4 - SM expectation: PRD92 054410 (2015), PRD85 094025 (2012)

0.35 .-~

NI

0.3

I
Illlllllllllllllllllll

0.25

IIII|I

082 025 03 035 04 045 05 055 06

R(D)



Systematic errors

BaBar@Hadronic(t—1)

(%)
Source of uncertainty R(D) R(D™)
Additive uncertainties
PDF's
MC statistics 44 2.0

B(B — D**0~7y)

B(B - D**r~7,)
D** - D™ g
Cross-feed constraints

MC statistics 24 1.5
D . .
Feed-up/feed-down 1.3 04
Isospin constraints 1.2 03

Fixed backgrounds
gl statistics 3.1 1.5)
Efficiency corrections 39 23)
Multiplicative uncertainties
(MC statistics
B — DY (r~ /¢")v FFs
Lepton PID

7°/r* from D* — Drm 0.1 0.1
Detection/Reconstruction 0.7 0.7

1.8 1.2)
1.6 0.4

B(t~™ — £ vevr) 02 0.2
Total syst. uncertainty 96 5.5
Total stat. uncertainty 131 7.1
Total uncertainty 16.2 9.0

Belle@Semileptonic(t—1)

Belle@Hadronic(t—h)

R(D") [%]]
Sources 't =e,
MC size for each PDF shape 22 )
shape of the normalization in cosfp.p+s 0o J
PDF shape of B — D**{u, Y
PDF shape and yields of fake D 1.4 )
PDF shape and yields of B — X _D" 1.1

1.2
Viodeling of semileptonic decay 0.
B(r~— — {0 vy) 0.2
Total systematic uncertainty e
( , o )
Scales with MC statistics
_ Y,
( . )
Scales with DATA statistics
\_ Y,
a )
Theory/External
_ Y,
4 Irreducible A
. Requires additional studies )

20

Source

Hadronic B composition

—_—
N e —

R(D*)

+7.8% +0.14
—6.9% -0.11 )

P,

MC statistics for each PDF shape fggg‘; +o.18
( Fake D* PDF shape 3.0% 0.010 )
¥Fake D* yield 1.7% 0.016 )
(B — D" iy 2.1% 0.051 )
B — D*71" 0, 1.1% 0.003
\B — D*{" i 2.4% 0.008 /
(r daughter and ¢~ efficiency 2.1% 0.018
QAC statistics for efficiency calculation 1.0% 0.018
(Ethen decay model fgiﬁZﬁ 0000
(Fit bias 0.3% 0.008 )
(B(T_ — 7" v) and B(t™ = p ) 0.3% 0.002 )
P, correction function 0.1% 0.018
Common sources
agging efficiency correction 1.4% 0.014
Q* reconstruction 1.3% 0.007)
(D sub-decay branching fractions 0.7% 0.005 )
(Number of BB 0.4% 0.005 )
Total systematic uncertainty :1;)5.;)% tg:%g




Belle |l prospects

At least 3 independent measurements of R(D*) with similar statistical and
systematic uncertainties

05 PUrquuo
5ab1: 2% (Stat) + 2% (SySt) R ( D*) ;9:’ § —Eomptiouiead ICHEP 2016 Preliminary g
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At least 1 measurement of Px 02 e :
025 0.3 035 04 045 05 055 0.6
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D* polarisation measurement is also possible - 4. SHiose
e i Private estimation
And measurements of various kinematic spectra * sk ’
' Belle I
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_&.2' H O|25 | '—_-':0!3 - 0.|35 T 04
27 Theoretical calculation based on M. Tanaka and R(D*)

R. Watanabe, Phys. Rev. D 87, 034028 (2013)




New Physics contributions? R(D™)

Model dependent analysis (type-Il 2HDM)

* Kkinematics of the decays depend on NP model and its free parameters
* difference in kinematics == difference in efficiency and fitted distributions
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New Physics contributions? R(D™)

Model dependent analysis (type-Il 2HDM)
* Kkinematics of the decays depend on NP model and its free parameters
* difference in kinematics == difference in efficiency and fitted distributions
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New Physics contributions? R(D™)

Model independent analysis

* examine the impact of each operator

* difference in kinematics == difference in efficiency and fitted distributions
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(h) Si-type leptoquark model.
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R(D¥)

R(D¥)

New Physics contributions? R(D™)

Model iIndependent analysis

* examine the impact of each operator

* difference in kinematics == difference in efficiency and fitted distributions
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R(D¥)

R(D*)

New Physics contributions? R(D™)

Model independent analysis

* examine the impact of each operator

* difference in kinematics == difference in efficiency and fitted distributions
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New Physics contributions®

Model dependent analysis (type-ll 2HDM)

BaBar@Hadronic(t—1)

Belle@Hadronic(t—1)
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New Physics contributions®

Model dependent analysis (type-ll 2HDM)
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New Physics contributions? |p:], [p%.-

Model independent analysis
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Model or operator

Parameter

p values (%

4

pD-

Dy

SM
Type-1I 2HDM

R>-type leptoquark model
S:-type leptoquark model

m

tanf — 0.7 GeV~!

HT

Cv, =4188
Cr = +0.36
Cr = +0.36
Cr = +0.26

37.6
37.9
24.1

0.9
1.4

1.1

25.8
22.5

18.6
19.2
16.2
15.4

[arge additional contributions

from tensor operator or
R2-(S1)-type leptoquark models
are disfavoured.



Conclusions

B-tactories are excellent laboratory for studies of leptonic and

semileptonic B (and D) decays

discrepancies wrt. SM prec

* but will require a lot of ad

di

Large Belle |l data sample will help to disentangle the
Ict

lons seen in b — cTv decays

tional work (B = D**Iv)

Most of the material and Belle |l projections are
found in Belle Il Theory Interface Platform report
(in preparation)



Tau Polarimeters (hadronic decays)

» oS Ope (7) distribution in (quasi)2-body decays 7 — Mv-
» 1 polarization measurment based on cos 6xe/(7) distribution:

h
ar 1 <
dcos Opg () ~ 2 (1+ aPr cosbhe (7)) - . T One(7)
vV

» leptonic T decays not useful; T
forJ,, = : T— Kv,
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-+ 80
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Tau Polarimeters (hadronic decays)

Expenmental challenges:

due to multiple neutrinos in the final state the tau momentum can not
be completely determined

e go to W rest frame, where pw = pPgsig - Po* = 0

 in W rest frame the tau and neutrino from B decay are back-to-back,
therefore:
* magnitude of tau momentum (|p+|) can be determined 5| =
. direction of the tau momentum is constrained to lie on the cor:

around the hadron daughter momentum 2F, B4, — m% — m2,

cosb,.; =
2 Ipr | |pda|

q _mT/C

Boost in arbitrary direction on the
cone to get into the tau rest frame

Decay kinematics of the B — D*r~ i, decay in the W rest frame

35



Semitauonic decays: Observables (I)

Ratio of branching fractions

B(B — DW¥r—p,)

benefits from cancelations

Vcb

B(B — D™ /(~ i)

hadronic matrix elements (theory)

experimental systematics

SM prediction

-

\_

R(D) = 0.300 = 0.008
R(D*) = 0.252 & 0.003

~

y,

36

H. Naet al., Phys.Rev.D 92,054410 (2015)

S .Fajfer, J.F.Kamenik, and I.Nisandzic, Phys.Rev.D85(2012) 094025



Semitauonic decays: Observables (I1)

Kinematics of the decay i (pr +py)2

SM and 2HDM predictions of g2
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Semitauonic decays: Observables (Il

Kinematics of the decay pZ(T), P D~

— tanp/m . =0.00 [GeV ]
tanB/m_, =0.30 [GeV ']
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(a) Type-1I 2HDM. (b) Re-LQ.
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(C) Sl-LQ.
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Semitauonic decays: Observables (1V)

Tau polarisation

Examples of correlations between ~ and D* polarization and BF ratio (R(D(*)));

| R
® : SM prediction P,r — '

I['++1I'—

SM + Scalarl,2 S

SM + Vector] I I'* denotes the decay rate

SM + Vector2 _
(5. wi

SM + Tensor R of B — D™7r~ v, with a

7 helicity of £1/2.

., 08

~
s
~

0.6

SM prediction
(" ) )
P, = 0.325 £ 0.009 for B —» D770,

04

02

P, = —0.497 + 0.013 for B — D*1 i,

00 o1 02 03 o4 o8| °Bo 0.1 02 03 04 05 \_ )
R(D") R(D")

M.Tanaka, R.Watanabe Phys. Rev. D87 (2013), 034028
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Semitauonic decays: Observables

D* polarisation fraction in B — D*r ™7, fr(q®)

arxiv:1606.03164

[ S TR B S|

N Only ‘C""/q present _ Only Cr present o

3. .4I .SHH6. I7I .8HH9. I10I |
7' (GeV?) ¢'(GeV?) ¢'(GeV?)

Cs, and Cs, present Cy

oo . Cvy andCy, present . Cs; andCs, present

7(GeV?) 7*(GeV?) 7*(GeV?)

SM contributions in all plots shown in BLUE, red and black show SM + various NP
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