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Motivation: LFUV in b — ¢ decays?

R, latest result from LHCb* + other observables measured**:

RH — r(Hb - HCTV_T)

P.(D*), FP".
© T(Hp— Hctmy)’ (D%, Fi

= NP affecting 3th quark and lepton generations. ‘

* LHCb collab. Phys.Rev.Lett. 128, 191803
** Results from BaBar, Belle and LHCb combined in:
HFLAV group. Eur.Phys.J.C 81(2021) 3, 226
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.191803
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-020-8156-7

NP effects introduced using a effective Hamiltonian:

4GF Ve ViV V AV S S S nS T AT

Hegr = < [(1 + C)O + CriOg + CRLOL + CrOp + C1L O

\/§ ~ ~ ~ ~ S
(axial—)vector (pseudo—)scalar tensor

V AV V AV S S S S T AT
+ gLROLR + CrrOgr + CLROLR + CRrORR + CRRORR] + h.c.,

~
right—handed neutrinos

Wilson coeff. are fitted to experimental data. — Different models give same results for Rp_.

We will use;

e Fit 7 from Murgui et al. JHEP 09 (2019) 103
o S7a from Mandal et al. JHEP 08 (2020) 08, 022
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https://link.springer.com/article/10.1007/JHEP08(2020)022

Available information

All the physics is encoded in 10 independent functions of w and the Wilson coefficients.

observables

unpolarized 7~ no, Ari, AQ
polarized 7= | (P, <P$M>, Z1, Zqg, £

complex WC's P11y, ZT

. . dr CM N, o -
no: contains all the dynamical effects ( dSLocno> <’DL,T,TT>' T Spin asymmetries
w

AFB’Q: 7 angular asymmetries ZL,T,L T angular-spin asymmetries

N.P. et al. JHEP 10 (2021) 122
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Approach

* LHCb collab. Phys.Rev.Lett. 128, 191803

PROBLEM: The 7~ particle decays very fast and has to be reconstructed.

>
>
>
>
>

[N Z

T Vs

p Vr

7~ mtn (7%)v, — used for the LHCb result*

7~ decay modes:

In the decay, neutrinos are always involved.
1w o Solution: Using variables that are related

/ A A to the visible decay products instead of the
/ ' T~ energy or direction.

Figure: Kinematics in the 7, CM reference system.

Neus Penalva (IFIC (CSIC-UV)) Visible kinematics in b — c7(— dv, )i, August 2nd, 2022


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.191803

Asadi et al. Phys.Rev.D 102 (2020) 9, 095028
N.P. et al. JHEP 10 (2021) 122

The Hp, — H.7(— dv; )0, differential decay rate:

d3ry o dlsn (g d d
dodésdeosty ~ B4 dn {Fo (w,€q) + F{ (w,&q) cos g + F3 (w,&q) P2(cos 9d)}7
where
FO(wagd) = Cn(wagd) + CPL(wagd)<’DEM>
Fi(w,q) = Cap(w,&)Ars + Cz,(w,€4)Z1 + Cpy(w, E9)(PFMY
Fa(w,&q) = Cag(w,&a)Aq + Czo(w,&d)Zq + Cz, (w,84)Z1.

The C; functions are kinematical factors that ~ The CP-violating contributions disappear after
depend on the tau decay mode (7, p or u7,). integrating over the azimuthal angle (¢4).
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w distribution

We can follow different paths:

dry
" dcosby
d’ry ///
" dwd costly -
a3y S/ dra _ st
dwd€yd cos g™ do 9 dw
\ d2r,
dwdéy
dry
dEy

Neus Penalva (IFIC (CSIC-UV)) Visible kinematics in b — c7(— dv, )i, August 2nd, 2022



The d?T'/(dwd cos f4) distribution

d3ry d?ry
dwd€&ydcostly dwdcosfy
We get,
d*T 4 dlgr, ~4 ~4
dodeosty By do [Fo (w) + F{(w) cos by + F5' (w)Pa(cos Gd)],
For all 7 decay modes: We Ioose information on (P™M)

~ P Eo
Folw) Colw, £4)dEq +(PEMY () J CpL W, £4)dég

1
- _ - _

1/2
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The d?T'/(dwd cos 4) distribution (I1)

The limit y = ¢ = 0 works fine for 7 — ui,v-.

0 T T 0 T T 7

——LFit7 _ —— L Fit7 "o L Fit7
——RSTa T = s - LFitTy=0 —0.01 F\N\.T = iivr /1 - LFitTy=0
—SM —R S7a \ /1 —RS7a
—01 ——su —0.02[ \ /1 —su
5 3 - SMy=0 5 \ ——-SMy=0
" S 02 @ TR 1
3 3 3 —0.04f E
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w w

Figure: noFélej‘z(w) for A, — A decays in SM and different NP fits.

Moreover, for 7 — mv;, where the limit is also good:
More discriminating power for

Chrang(©) = Chrt po(@) + O3, 7=

T _ _ 2 By 2
_ _ _ CPT,ZL,ZQ,ZL (w)=-3 CPT,ZL,ZQ,ZL (w) +0O(y?)
Analytical expressions for C;(w) in
N.P. et al. JHEP 04 (2022) 026
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The dI'/(d cos ) distribution

d*ry d?ry dry
— —
dwdfydcosfy dwdcosfly dcosfy
And we get,
dlry 1 - ~
— = Byl [f—l—chosﬁ + F4 Py(cos® ]
dcosfy d'SL 2 1 d 2 Pa( d)

1 1 T T
< <= & —LFtT T pu,
é‘ 0.8 é é STa
§ 0.6 S E

T o4 = :
“f 0.2 r_i é
5 = 5

cosfy cos by cos By

Figure: Angular dl'/d cos 84 distribution for the A, — A, decays. Same NP scenarios as before.
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The dI'/(dwd{,) distribution

a3y d?T 4
dwdégdcosfy  dwdéy

The F1(w,&q) and Fy(w,&y) contributions disappear.

The distribution looks like:

d?ry dlsr,

dodty = B4 g (w8 + (0. &) (PP )

As C¢ and CgL are known, (PEM)(w) can be extracted.
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—— L Fit7

| — RS
——SM Using that result:
—1 drSL CM
= — | dw——(P
Pr = i | PP W)

QAIready measured in B — D*

decays. S. Hirose et al. (Belle)
Phys. Rev. Lett. 118, 211801 (2017)

Figure: (PFM) for the Ap — A, decay.
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The dI'/(dEy) distribution

d3rd d2rd « dly * We make the change of
dwdé,d cos Hdﬁdwdgd_)dEd variables &5 = Ey/(ym7).

N.P. et al. JHEP 04 (2022) 026

1 (wsw(Ba) 1 grgy,

rd d d CM
RE) = | g G B + Gl E) (PP ()} d
sk :;L{gi{: ] sk . i; rsi7uu7 ] sk SN —— LFit7

— M / —SM

[55) 1F B SIS b IS 1+
& & &
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Figure: I?(f(Ed) for the A, — A decays.
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Conclusions

Using visible final-state kinematics helps to avoid using 7 variables that are difficult to
reconstruct.
d3r

—_— — N, A , Z PCM , PCM
dwdégdcosfy 10 FBQ LLQ.L (P, (PF)

One can increase statistics by integrating in some of the variables.
d’r
dwdﬁd

d’r
— (PPMY, dodcosty — all other angular — spin asymmetries

° dr ar and are also useful
_ — — useful.
dcosfy' dEy4 dw

In general, the hadronic T-decay modes have more discriminating power.
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