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SEMI-LEPTONIC B DECAYS WITH TAUS




SEMI-LEPTONIC B DECAYS WITH TAUS
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TAU PRODUCTION PROPERTIES

INn g rest frame

[M.Tanaka, 1994

Tau polarizations:
dl'(8) =dl'[1+ 2(dP.& +dP, & +dPrér)-$]

Tau forward-backward asymmetry:

1 0
'A, = / d cos 6 i | / d cos 6, £
0 d cos 6, - d cos 6,




TAU PRODUCTION PROPERTIES

Predictions In standard model:
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Integrated Ove([]2 [Alonso, Camalich, SW, 2017]
2= 0343, P - 083971 A = 03300



TAU DECAYS

Short lifetime due to large mass:

1 5
Ee 57'“(2—5) =33 s |

Tau decay branching ratios:

Channel | T—uwvwv +v—evw 71T—av 7T—pv 1—3mv TOTAL
B 17.4% 17.8% 10.82% 25% 9% ~ 80%

[J. M. Camalich, CKM 2016]

Experimental information on tau decays:. 2014 andrefs)

T — fvv : Michel parameters probe charged current at %

e
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probes tau-mu universality at sub-% le

T == Tl . R




TAU PROPERTIES FROM FINAL-STATE KINEMA

ldea | Obtain information on tau productiatirectly!
from kinematics ofisiblgoarticles in Pnal state.

[Kiers, Soni, 199 Nierste, Trine, SW, 2008]

Recent development:

Tau polarizations and asymmetr lnaka watanabe, 201sakaki Tanaka, 2013]
[Alonso, Camalich, SW, 20livinov, Koerner, Tran, 20171 B — D(*)y[f;- S (éy’ i p)y]

CP ViOIation[Hagiwara, Nojiri, Sakaki, 2014, MC] ey DV[T IR 37TV]

Background faB — (D, 7) uv B (DlE

[Bordone, Isidori, van Dyk, 2016, MC]

Searches for new physics:
[Alonso, Kobach, Camalich, 2016] B —-D (*)V:T o KVV]

[Ligeti, Papucci, Robinson, 2016, MC] B — [D(*) — D(T(',"}/):V[T =i (ZV, 7T)V]



DIFFERENTIAL DECAY DISTRIBUTIONS

Full decay chaB — Dv|r — dv(v)]:
Integration over phase-space of invisible neutrinos yields
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[Alonso, Kobach, Camalich, 201

A\X [Alonso, Camalich, SW, 201




OBSERVABLES OF TAU PROPERTIES

. from energy distributiorof visible tau decay particle
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. fromangular asymmetry afin D direction
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complementary to tau forward-backward asymmetry!

. requires additional information perpendicularfoplane

(tau tracks? three-prong decay?)
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TAU POLARIZATION MEASUREMENT

Based on hadronic decay modes #, ! — $#
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EXPECTED SENSITIVITY AT BELLE |

Statistical uncertainty witky?) eventsger (|
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[Alonso, Camalich, SW, 201 G~ [GeV”]

At BELLE Il with luminosity= 50ab™" : N ~ 3000.
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ASYMMETRY OF DECAY PARTICLE

=™t Integrated overy
A =-054, A,=-032, A;=+0.06

B — Dv|t — (m, p, v)v|

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

0.4

0.2, A dr
02 J
-0.4¢
-6 :

2 2
[Alonso, Camalich, SW, ZOJq [GeV ]

Theory prediction: best sensitivity via#luronictau decays
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PERP. POLARIZATION AND TAU ASYMMET

Coefbcients of energy distribution of decay patticle
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Correlation between polarization and asymmetry:
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EXPECTED SENSITIVITY AT BELLE |

Maximume-likelihood pt"
of A, andP. to"
d energy distribution ot

2 2
[Alonso, Camalich, SW, 2017!] [0* ]

Statistical precision fe !  {wv, pv, bvv}:

BELLE I [total] |BELLE II [1 year]| BELLE II [total]
L [ab™']/N [events] 1/60 5/300 50/3000
§Pr/Pr, {0.21,0.49,0.62}| {0.10,0.22,0.28} |{0.03,0.07,0.09}
6P, /|Py| {0.62,1.8,4.0} | {0.28,0.81,1.8} |{0.09,0.25,0.57}
§A; /| A {0.74,0.69,2.8} | {0.33,0.31,1.3} |{0.11,0.10,0.40} i



TAKE HOME

O Tau properties in semi-leptonic B decays from Pnal states

- longitudinal polarization
Pr — dFd(Ed)

- perpendicular polarization and tau asymmetry
B A A(Ed) (similar strategy for D*)

O Hadronictau decays havaghest sensitivit{o tau properties.
O Good prospects fomeasurementsvith BELLE (Il) data.

O Rich opportunities to probeew physicsvith tau interactions.
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