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DECAYS IN 2007/

ALEPH (excl)
577 +027 £0.35

OPAL (excl)
5.15+0.20 £0.37

CLEO
6.17 +0.27 £0.39

OPAL (partial reco)
5.61 £0.28 +0.58

DELPHI (partial reco)
504 £0.14 £0.36

BELLE (excl)
467 024 041

DELPHI (excl)
568 £0.20 043
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Average
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Decays to taus are starting to be explored: B — Tv.




REACHING PR

—CISION IN B DECAYS TO TAUS

BaBar had. tag

BaBar had. tag 5 0.332 +0.024 =£0.018 5 !

0.440 = 0.058 = 0.042 — Belle had. tag

5 0.293 = 0.038 = 0.015 - —

Belle had. tag , Belle sl.tag E E

! -~ 0.302 +0.030 = 0.011 ; —

0.375 = 0.064 = 0.026 : ! . : :

5 5 Belle hadronic tau ! !

: 0.270 = 0.035 = 0.027 . it .

Average 5 LHCH " 5 |

0.407 = 0.039 = 0.024 ' ‘5 ' 0336 + (r)r.%)%gril(c).o%g

LHCb hadronic tau : :

PRD94,094008(2016) | 0.291 £0.019 + 0.029 : —

0.299 = 0.003 | Average i i
: 0.306 = 0.013 = 0.007 : [

FNAL/MILC (2015) | SM Pred. average i E

0299 = 0.011 + 0238 = 0.005 || 5

' PRD 95 (2017) 115008 _‘_ !

HPQCD (2015) 0.257 £ 0.003 E

. -~ JHEP 1711 (2017) 061 5

0.300 = 0.008 ; 0.260 = 0.008 | B E

JHEP 1712 (2017) 060 !
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known up to a few % (th) / 10% (exp).



SEMI-LEPTONIC B DECAYS BEYOND TOTAL RATES

In the standard model:
V ~ (Dl|ery,br|B) only.

o DA

4

The tau lepton’s mass probes the scalar form factor:

dl'(B — Dtv) dI'y <1 m2>2 om2 m? f3(q*)
2

dq? - dg? q

’recise form factor predictions allow us to study the tau's
broperties In kinematic distributions.

[HQET: Gambino, Mannel, Uraltsev, 2010+] [recent progress on the lattice: HPQCD, FNAL/MILC, 2017&2018] 5
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THE FULL

D

—CAY CHAIN

Alas, the tau’'s momentum
cannot (¢) be fully reconstructed experimentally:

Obtain information on tau production directly
from kinematics of visible particles in final state.

[Kiers, Soni, 1997][Nierste, Trine, SV, 2008]
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Numerical approach

CP violation: Hagwara Nojir, Sakaki, 2014]
B — Dv|t — 3mv]

Background for B — (D, m)uv:
B — (D, m)v|t — pvv|

[Bordone, Isidori, van Dyk, 201 6]

v
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Analytical approach

Tau pol. and asymmetry:

B — DWy[r —

(v, 7, p)V]

[ Tanaka, Watanabe, 2010]

[Sakaki, Tanaka, 201 3]

[Alonso, Martin Camalich, SV, 201 /]

[Ilvanov, Koerner, Tran, 201 7+]

Search for new physics: B — [DY) — D(x,y)v[r — (bv,7)V]

[Ligeti, Papucci, Robinson, 201 6+]

[Alonso, Kobach, Martin Camalich, 201 6]
[Bhattacharya et al., 201 8]
[Colangelo, De Fazio, 201 8]



TAU PRODUCTION PROPERTIES

In g rest frame: e
wr
®ér
/éJ_ w— 0,
N PP, [anaka 1994]
ot dl’; R
Tau polarizations dp; = s from O | | o
1 sl A |
dr(é) — 5 |:dF + (dFLéT + dFJ_éJ_ + dFTéT) . § 05P ________________________________________
0.0 y
A |
fau forward-backward asymmetry 055 J
1 0 T |
dI’ dl’ qo_ ...
'A. = / d cos 6-- _/ d cos 0. 4 6 8 10
0 d cos 0. 1 dcos 0. 9% [GeV?]

Standard-model predictions:
PL — 0.34(3), PJ_ — —0.839(7), AT — —0359(3) [Alonso, Martin Camalich, SV, 2017/]

m, =0: =1 — 0 — 0



TAU ASYMMETRY AND NEW PHYSICS

Tau asymmetry has high sensitivity to new scalar contribution:

fo(@?) }
f(?)

W SM
B os=-0.69-048 i

e W 25=04+06i
0.6 o

04! W gs=-10

&G 02f :
- .’///”,,—————» _
/

A () ~ = {1 + Relgs]f(q?)

< -02; J
—-04+ _:
4 6 8 10

> >

Becirevic et al, 2016] g~ 1GeV~7]

[Martin Jung's talk] 9



TAU DECAYS

lau decay branching ratios:

Channel | > uvwv 717—evw 71—av 71T—pv 7—3mr TOTAL
B 17.4% 17.8% 10.82% 25% 9% ~ 80%

Hadronic tau decays have highest analyzing power:

I dI';

1
— — ]. P 9 e
'~ dcos by (14 Py cosbhe)

¢ W,p
Scalar pion: a=1
2

/ thel
——y == =D U7
m —2m

Vector meson rho: o = T ng ~ (0.45 (De)

Strong experimental bounds on new physics In tau decays.
[Cirigliano et al., 201 8]
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d°T'g

-NTIAL

dq? dsg d cos by

— visible final state described by

D

~ Io(q°, s4)

—CAY

DISTRIBUTIONS

-ull decay chain B — Dv|r — dv(v)]:
ntegration over phase-space of invisible neutrinos yields

I(q?, sq)cos 04 + Is(q?, sq)cos” Oy

q27 Sd:Ed/\/ 27 COS@d

; \X [Alonso, Martin Camalich, SW, 2017]

[Alonso, Kobach, Martin Camalich, 2016]




OBSERVABLES OF TAU PROPERTIES

. from energy distribution of visible tau decay particle d

Pr _ A
dQFd dl’ N
— B —{ d d P 2 } ®eér
dq2d8d ddq2 fO —I_fL(Sd) L(q ) / 0
- e T — U
R PD

: from angular asymmetry of d in D direction

dA dr \-11 /! ’
S (Bass) [ [ dcostadra— [acosoad’r,
dsg dg? 0 —1

= f4(sa)A-(°) + fL(sa)PL(q”)

complementary to tau forward-backward asymmetry!

> requires additiona

(tau tracks! three-

information perpendicular to d-D plane
DrOng deca>/7> [see Guy Wormser's talk at Moriond EW, 2017]

12



- X TRACTING TAU PROPERTIES

Production: Observable:

B — Dtv B — Dv|t — (m, p, fv)V]
W 04 :
0.5 PL ‘‘‘‘‘‘‘‘ 0.2; A dr

AL LR RRPEELEL L ] 0.0>{

[ - -0.2¢ _
AT i : i
_05- _______ ] _04_ A ]
r PJ_ : '\JT

_ -0.6] _
1 0 ..................................
.

Forward-backward asymmetry of decay particle a:

AAd=m,p,l Integrated over ¢*
A, =-054, A,=-032, A,=+0.06

[Alonso, Martin Camalich, SW,2017] |3




TAU POLARIZATION M

Based on hadronic decay modes 7 — wv, T — pU;  [BELEcl.2017]

"ASUREMENT

P, (D*) = Pr(D*) = —0.38 £ 0.51 (stat) 797 (syst)

1.5

Also: D* longritudinal polarization et colaboration 2018

(D7)

FP = = 0.60 & 0.08 (stat) & 0.035 (syst)

I'(Dy) + (D7)

[Karol Adamczyk’s talk at CKM 201 8]

|4



LONGITUDINAL POLARIZATION AT B

Statistical uncertainty with N(¢?) events per ¢*(bin):
1

1)’

d S
OPL(¢") = with St(a%) = /de &+ ;g((Sd)PL(f)

VN (¢%)SL(4?)

d?lyldg?dsy

[Alonso, Martin Camalich, SW, 201 7]

At BELLE Il with luminosity £ = 50ab™" : Nyt =~ 3000.



PERPENDICULAR POLARIZATION AT BELLE |i

Maximum-likelihood fit to energy distribution of d asymmetry

dA
L~ A @) + FL ) PL )
Sd

1.4
1.2/
% 1.0
208
T 0.6
3 04

0.2

0.0'

[Alonso, Martin Camalich, SW, 201 7]



STATISTICAL S

Expected statistical precision for = — {7v, pv, fvv|comb. } :

-NSITIVITY AT B

Belle [total]

Belle II [1 year]

Belle II [total]

L [ab™']/N [events]

1/60

5/300

50/3000

5P /Py
5P, /|P. |
5A+ /A

{0.21,0.49,0.62]0.19}
{0.62,1.8,4.0|0.58}
{0.74,0.69,2.80.50}

{0.10,0.22,0.28 | 0.08}
{0.28,0.81,1.8|0.261
{0.33,0.31,1.3]0.22}

{0.03,0.07,0.09
{0.09,0.25,0.57
{0.11,0.10, 0.40

0.03}
0.08}
0.07)

Theory prediction:

Best sensitivity to tau properties from hadronic decays.




BEYOND THE STANDARD POLARIZATION

Disentangle new effective b-c-tau-nu interactions:

[Belle Il Physics Book, 201 8]

;\ 1 T T T T | T T T T | T T T T | T T T T
S C a- I a r ep Belle Il Projection _
R Belle Combination _
— — SM prediction: PRD85 094025 (2012), PRD87 034028 (2013) —
OSI — CLbR TRVL 0.5 Scalar} —
Vector PRD87 034028 (2013) T
Tensor -

vector

Ov, = cpy"br TLyuvL

tensor
Op = crot”by, TRO VL
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R(D)
[ension with inclusive B to tau decays  IigetTackman 2014
[Mannel, Rusov, Shahriaran, 201 7/]
LeptonK: Tau decays |n b—C—tau—nU [Alonso, Kobach, Martin Camalich, 2016]

[global interpretation: Svjetlana Fajfer’s talk] 18



TAKE HOME

O Tau properties in semi-leptonic B decays from final states:

- longitudinal polarization Pr, <+ dl'q(Eq)

- perpendicular pol. and asymmetry P, A, < Aq(Eq)

(similar strategy for D*)

© Hadronic tau decays have high sensitivity to tau properties.

O Good prospects for measurements at BELLE || (and LHCDb?).

G Opportunity to probe new physics with tau interactions.






