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Second Class Currents

* Currents can be classified by their transformation
properties under G-parity!, G = Ce'™'2 .

- First-class currents: JPG — ()WLJF7 0, 1_+, 1+_,

- Second-class currents (SCC):
PG — N— -
JTC =0, 00,1, 1L

» Unsuccesstul searches of SCC in nuclear Physics.

« Another possibility: G|dv u) = +|dyH u)
Search in tau decays, using the channel? —_ —
o m—ﬂ Glr) = —|r)

*‘ * Gln) = +|n)

Weinberg, S. (1958). Physical Review, 112 (1978) . —
2| eroy, C., & Pestieau, J. (1978). Physics Letters B, 72(3), 398-399. @
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The r—nmv decay

e Mechanisms in the SM: Isospin violation
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BR(z—nmv) ~10° < Accesible at Belle Il luminosity. !

The corresponding

suppression of the SM )

contribution can make new a*ﬂ\(

physics visible. Charged Higgs A

exchange ~T

1 R. Escribano, S. Gonzalez, P. Roig; Phys.Rev. D94 (2016) no.3, 034008 @
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Previous Results
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BRSS! <7.3-10°° 90%CL BRBaBar < 9.9.10~5 95%CL

* [his decay mode should have already been discovered
if there were no strong background.

o (Control of the background is essential.

&

Michel H. Villanueva 5 Cinvestav



Belle ||

e Super B-Factory
(And T factory too!)

o(ete- —>Y(4s)) =1.2nb
o(lete- —>1t1)=0.8nb

* Integrated luminosity

a3 | expected: 50 ab-1
= Goal of Belle I1/SuperKEKB

* Full physics program:
late 2018
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Belle Il MC samples

MC Sample:

~ 2 ab-1

(1 ab-! for training,
1 ab-1 for analysis).

Normalized CPU usage by Country
72 Hours from 2017-05-11 00:00 to 2017-05-14 00:00 UTC
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2 ways to reconstruct 7

e Thrust axis: N¢hrust SUCH that P S |7 ™ Ahrust]
thrust — —
Vihrust 1S maximum. > i D5 ™|
1-prong 3-prong
BR(n —> yy) =39.41% BR(n —> nnn®) = 22.92%

Signal side

Tag side
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T-nmv sighal events

* With simple selection criteria (tag + 1 or 3 charged + 2 or 3 y),
It's possible to reconstruct n mesons.

e Signal events generated: 2M

Eff: 13.56% Eff: 3.70%

o~ 20000 ~
q —— MC events 8
© 18000 — N—=2>YY o 4000
2 — Yy =
E 16000 —— yvyfrom elsewhere % 3500
& )
2 >
i (I
w 14000 3000

12000 / 7’] % /yfy -

10000
2000

8000

1500— Mis-reconstructed

6000
y from other

Sources

4000 1000

2000 500

FTrTrTryrrryprrr T TP TTT I TT T TTT T TTT]TTI
R R R N

A I R S TRl T M M e Y

e e e e et s S s S S S g W | g
8-4 0.45 0.5 0.55 0.6 0.6 8 051 052 053 054 055 056 057 058 059 06

Invariant Mass yy [GeV/c?] Invariant Mass mtrn? [GEE/CQ]

Michel H. Villanueva 9 Cinvestav

3] lII||]II||III|IIII|IIII|IIII|IIII|III||IIII



T-nmv bkg events

Eff: 0.34%
1-pron g MC event
prong S 5°°°°—~.\ 1 ab-'MC onrn
~ o, —(a10—>7t757t)v
* Background sources: Gaoooo[ -~ m —mny
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T-nmv bkg events

Eff: 0.028%
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T-nmv bkg events

3-prong

 Background so!irces

- TT palr
- bb pair
- gQ palr

3ntm? is the mayor issue.
(Warning! This depends of the

hadronic input in the

generation of MC. Requires a
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BDT variables

TMVA used for this test.

* «(n,m)

* (Pmiss, Vihrust)
* Pun)

* Pym)

* 1)

Correlation Matrix (signal)

Linear correlation coefficients in %
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Signal
1-prong

Optimal BDT cut
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Optimal BDT cut

Background o
1 Effcut =84.56%
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Optimal BDT cut
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The t-»nnnv decay

e Previously measured by BELLE, ALEPH and CLEO.
BR(t —> nrr®v) = (1.39 £ 0.07) x10°3

S

S

 The contributions of scalar and pseudoscalar
resonances are expected to be negligible.
S0, the corresponding amplitudes are driven by the
vector current, allowing a precise study of the

couplings in the odd-intrinsic parity sector. Oroe 0 08 s
Mpro (GeV/c?)

# of ev / (20 MeV/c2)
SN
=

S

e Inthe limit of the SU(2) isospin symmetry, is a good
cross-check of consistency with
o(ete —>nm*m’) in the low energy region '

600f- ®

4005
dl' (1~ — nr—nv,) -

— 2 f(@)o(ete” = nrtr)

# of ev / (20 MeV/c?)

dQ? 2005
e For the hadronic contributions to the theoretical value %10 12 14 16 18
of a,, experimental input from the measurement of Mznon (GeV/e?)
the cross section a(e+e— = hadrons) dominates. ? K. Inami et.al (BELLE)

Phys.Lett. B672 (2009)

1D. Gomez Dumm and P. Roig; Phys. Rev. D 86, 076009 (2012)
2 Waldi, R (BaBar Collaboration); PoS ICHEP2016 (2016) 682.
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The t-»nnnv decay

e Previously measured by BELLE, ALEPH and CLEO. 800
BR(t —> nrr®v) = (1.39 £ 0.07) x10°3 ~
é 600
 The contributions of scalar and pseudoscalar g 400
resonances are expected to be negligible. 3
S0, the corresponding amplitudes are driven by the 5 200
vector current, allowing a precise study of the
couplings in the odd-intrinsic parity sector. 8 1.0 12
Mnz not yet (GeVv/e)
* Inthe limit of the SU(2) isospin symmetry, is a good measured

cross-check of consistency with
o(ete —>nm*m’) in the low energy region '

dl' (1~ — nr—nv,)

— 2 f(@)o(ete” = nrtr)

#ofev/(20 Me\!
S
S
S

dQ? 200
 For the hadronic contributions to the theoretical value %310 12 14 16 18
of a,, experimental input from the measurement of Mznon (GeV/e?)
the cross section a(e+e— = hadrons) dominates. ? K. Inami et.al (BELLE)

Phys.Lett. B672 (2009)

1D. Gomez Dumm and P. Roig; Phys. Rev. D 86, 076009 (2012)
2 Waldi, R (BaBar Collaboration); PoS ICHEP2016 (2016) 682.
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TNy

* 1 mesons reconstructed from yy (1-prong) BR(t —> nre®v) = 1.39 x10-3

e Selection:tag + 1 charged + 4or5y

 Signal events generated; 1x10°.
Eff: 1.38%
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t-nnn’v bkg events

g E —— MC eavents
« Background sources: S =, 1abTMC BN
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BDT variables

TMVA overtraining check for classifier: BDT

3 , 7] Signal (test sample) | | ® Signal (training sample) = -
o L(y,)/)n o Mml SS % :@ Background (test sample) ® Background (training sample)
g 6 — Kolmogorov-Smirnov test: signal (background) proba#!lty = 0(0.01)
o Pnmm®) e (nm) = :

IIII|IIII|IIII|IIII|IIII|IIII|
IIII|IIII|IIII|IIII|IIII|IIII|I

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%
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Optimal BDT cut

Background
0 Effcut = 97.0%
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All bkg sources should be included in the sensitivity analysis
(two photon, t—nmyv, etc).

Besides BDT and TMVA, we can test other MVA software
packages and techniques (FANN, FastBDT, TensorFlow,
etc).

Once the MVA determines the optimum cuts, we will use
RooFit to estimate efficiencies.

BR measurement, invariant mass of nm, nrr® and form
factors will be very important to disentangle models.

The implementation of channels in TAUOLA, with the most
recent decay models, is important to control the bkg.

&
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Thank you
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Backup

&
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« G-parity is defined by G = Ce'™2

* |s a good symmetry of the strong interactions
Hgr, L] =05 |I;, ;] = i€spdp

Convenient to analyze process where the initial or final
state contains only mesons

G|m) = —|m)
Glm) = +n)
Glp) = +|p) p — wm, 4w, A 3m,nw
Glw) = —|w) w — 3, pw; A 2w, 4w
Glag) = —|ao) ag — N A 2w
* However, G-Parity is not exact.  [Hiot, 1i] # 0; @
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 Some recent theoretical predictions

Ref BRv(x105) BRs(x109) BRv+s(x10°) Model

[8] 0.36 1.0 1.36 MDM, 1 resonance

[9] [0.2, 0.6] 0.2, 2.3] 0.4, 2.9] MDM, 1 and 2 resonances
[10] 0.44 0.04 0.48 Nambu-Jona-Lasinio
11] 0.13 0.20 0.33 Analiticity, Unitarity
[12] 0.26 1.41 1.67 3 coupled channels

[10]
[11]
[12]

Michel H. Villanueva

(8] S. Nussinov + A. Soffer, PRD78, (2008)
9] N. Paver + Riazuddin, PRD82, (2010)

M. Volkov D. Kostunin, PRD82, (2012)
S. Descotes-Genon+B. Moussallam, EJPC74, (2014)

R. Escribano, S. Gonzalez, P. Roig; Phys.Rev. D94 (2016) no.3, 034008

- BR(t—=nmv) ~ 10°

<

29

Accesible at Belle Il luminosity.
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A new bkg source’

*T —MNT Uy

¢ BR~ 107!
(Not suppressed by G-parity, unlike the
channel without photon.)

I ! I T T T I I T 4e-05
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_ 0.0001 4 ~
S 2 3¢05 |
0 =
<) )
- 805 1
£ o
£ <
2 =
o 6005 i v 2605 -
= -
=
“ &
A
é 4e-05 /I\
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(a) Normalized spectra in the invariant mass of (b) For the same points as in (a), the normalized
the nm~ system are plotted for some characteris- spectra in E., are drawn.

tic points in fig. 14(a).

0.4 0.5

Figure 16: Normalized spectra of the 7= — n7~ v, decays according to RyL.

* Veto of photons with Ey > 100 MeV should get rid of this background.
TA. Guevara, G. Lopez-Castro, P. Roig (2016). arXiv:1612.03291. To be published in PRD.
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e For tau physics study, roughly TinyDST (tdst) is designed”.

e Events having:

- Less than 6 charged tracks with |dr|<0.5 cm, |dz|<3.0 cm,
0:>0.1 GeV/c and -0.8660<cos §<0.9535.

Less than 10 photons with E,>50 MeV and -0.8660<cos 6<0.9535.
* Thrust vector information contained.
* o squeeze the size, one lepton is required.

- In SM precise measurement, to avoid gqqg BG, usually, leptonic
decay is required for tag tau (tau with non-signal decay ).

50MBytes for 200k events. (In original mdst, 50MBytes for 20k events.)

&
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