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Why do we care?

In the standard model:
Are the weak interactions flavor-universal? CP violation?

Are they mediated by a massive vector boson?

Beyond:

s there a new force mediating b-c-tau-nu interactions?

Is the emitted missing energy a neutrino?
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Beyond rates

Tau mass probes scalar form factor:

dI'(B — Dtv) dI'y m2\° | m2  m? f3(q?)
dq? dq?

Form factors determined with input from lattice and data:
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Tau polarimetry

Tau helicity amplitudes in B — D™ rp: oo

cosf., \. =+ (¢° frame) P ; -
AV

Expand differential rates in spherical harmonics.  Koerner, Schuler 1990

21’1)\7- F
d jd 5 0. d — E:BA )P)(cos 6, Rate:
q“d COS
dlp =dl'L" +dr "

d* Pz dF
Pp — ZRe Cy(¢*)] P} (cos b)

dg?d cos 0, . .
Spin asymmetries:
d27D£ dFB a _|_ a —.a
Pdcost Z Im[Cy(q*)] P} (cos 0,) dPg = dlp* —dl'y

10 independent helicity amplitudes to fully describe tau production.

picture: Anna Hallin



Tau asymmetries

quadru
1 dlpOle pole
P. | 2. || Zo

Polarization:

dP,
P,(q° d cos 0,
") ~ / dq?d cos 0, R

Angular asymmetry:

ar
Ay(?) ~ / g P ) det

Zweifach (double):

Za,E(QQ) ~ / dpa PKO(CQT) dCQT

dqg?dch,

Total: 10 observables

Asadi, Hallin, Martin Camalich, Shih, Westhoff 2006.16416
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Currently: tau polarization

Measured in hadronic tau decays 7 — 7w, ™ — pv:

P,(D*) = P.(D*)

Prospects for Be
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What we observe

ldea: reconstruct tau production from visible final-state kinematics.

Bullock, Hagiwara, Martin 1993; Kiers, Soni 1997; Nierste, Trine, SW 2008

Hadronic decays 7 — wv, 7 — pv preserve most information.



Tau production properties from the final state

Tau polarisations and FB asymmetry:  Tanaka, Watanabe 2010
Sakaki, Tanaka 2013
B — D(*)V[T — (fy T ,O)V] Alonso, Martin Camalich, SW 2017
? Y

lvanov, Koerner, Tran 2017+
Asadi, Buckley, Shih 2018
Asadi, Hallin, Martin Camalich, Shih, SW 2020

CP violation:

B — Dv|t — 37y Hagiwara, Nojiri, Sakaki 2014
B — [D* — Dﬂ'] [7‘ — WU]V Bhattacharya, Datta, Kamali, London 2020
Search for new physics: Ligeti, Papucci, Robinson 2016+

Alonso, Kobach, Martin Camalich 2016

B — [D(*) N D(?T, W)]V[T N (éy7 7T)V] Bhattacharya et al. 2018
Colangelo, De Fazio 2018

Asadi, Buckley, Shih 2018

Reweighing simulations for NP: HAMMER software: Bernlochner et al. 2020
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Final-state kinematics

production plane

2
Measurable: ¢, cosfq, sq = NGz (meson fully resonstructed)
q

Here:

T — TV, T — pV

(most information on tau production)
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Tau asymmetries from final-state kinematics

Differential rate factorizes into tau production and decay

d'T . E, A’y d*T . 1[ &Py &P- &P PPl
dq2dcosf,dsgd¢  T.m, \ dg®?dcosf, dsgd¢ 2 |dg?dcosf, dsqd dg?dcosf, dsqdC

What we (strive to) measure:

43T, Ty <

= BR dv)— » P, 02)1,(q*
dq?*d cos 0,dsg (7 = dv) dq? ;:% v(cos ) le(q”, 5a)

I = 5 (i) + F(aP, 50) Po(a?)

I = f4,,(¢% sa)Are(@°) + f1(a%, sa)PL(q®) + [5, (4%, 5a) Z1(q°)
]2 — ng_ (q27 Sd)ZJ_(QQ) T ng (q27 Sd)ZQ(q2) + fj{lQ (q27 Sd)AQ(q2)

Pr, Zr : need second plane (meson decay, 3-prong tau decay)

Extract tau asymmetries from a fully differential fit to data.

Asadi, Hallin, Martin Camalich, Shih, Westhoff 2006.16416 11



Belle |l prospects: distributions

Expect 3000 events/channel (~in 50/ab).

Here: 7 — mv. Unbinned maximum likelihood fit in cos 6y, sq.

transverse polarization

0.1

double asymmetry

0.0

Z1(q°)

— B->Dtv |- ------------ ------------

q° [GeV]

Distributions can be measured with good statistical precision.

Asadi, Hallin, Martin Camalich, Shih, Westhoff 2006.16416
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Belle II: integrated asymmetries

SM Oth O o, measured
Arg | —0.359 0.003 0.020 0.024||=Z1 -
Pr, 0.34 0.03  0.029 0.069 -
B Do P, | —0.839 0.007 0.028 0.094 -
Z 0.224 0.012 0.024 0.091 —
Zq 0.243 0.012 0.037 0.118 -
Ag | —0.088 0.004 0.031 0.042 —
Arp 0.07 0.02 0.031 0.037 -
Pr, —0.50 0.02 0.029 0.070 | —0.38(54) [Belle]
P, —0.49 0.02 0.039 0.113 -
B — D*tv || Z; | —0.323 0.007 0.037 0.104 -
Z\ 0.054 0.002 0.041 0.101 — AZp -
Zq 0.058 0.002 0.055 0.046 -
Ag | —0.0189 0.0005 0.146 0.050 -

Asadi, Hallin, Martin Camalich, Shih, Westhoff 2006.16416

stat. correlation

pr=-0.07
Po=0.21

QJ

4

AP,



New physics in tau production

Effective four-fermion interactions change tau kinematics:

C/ \V © LL

Z (C3yO%y + CxyOky) + Z C§X0§X>

X, Y=L,R X=L,R
Motivated by b-c-tau-nu data: shietal. 1905.08498, see also Blanke et al. 1811.09603
“U, vector leptoquark” : C}, =0.08, C2; = —0.05
® “S; — R, scalar leptoquarks” : C2; =0.07, C7, = —0.03
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Tau asymmetries are sensitive to new scalar/tensor currents. ”



Summary: tau polarimetry in B to D(*) tau nu

new full analytic description by 9 tau asymmetries
measure them in differential distributions at Belle

with meson decays and 3-prong tau decays

with new asymmetry observables

Questions? westhoff@thphys.uni-heidelberq. Thank yOU!
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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)

¢ mp
Scalar pion: a=1
2

/ thel
— € == =D Vs
m —2m

Vector meson rho: o = 2 ng ~ (0.45 (De)

Strong experimental bounds on new physics in tau decays.



