EXCLUSIVE HADRONIC TAU DECAYS AS

PROBES OF NON-SM INTERACTIONS
CHARM 2020, UNAM (MEXICO), JUNE 4, 2021

SERGI GONZALEZ-SOLIS [l]

EMAIL: SGONZAL@IU.EDU

INDIANA UNIVERSITY
BASED ON:

S. GONZALEZ-SOLIS, A. MIRANDA, J. RENDON, P. ROIG; PHYS.LETT.B 804 (2020) 135371

S. GONZALEZ-SOLiS AND P. ROIG; EUR. PHYS. J. C79 (2019) 436

R. ESCRIBANO, S. GONZALEZ-SOL{S, M. JAMIN AND P. ROIG; JHEP 1409 (2014) 042



HADRONIC TAU DECAYS

B Tau properties: Bt ] e,
W ey Kty
9y, 845 £0.058% Kmtnvy
> Mass: m, = 1.77686(12) GeV oo S
o N e P75 520
> Lifetime: 7, =2.903(15) x 10~ s S wmsohos Jf sk’
KK,
- — K KOOy,
m The only lepton heavy enough S
to decay into hadrons: Ee 0 g oo e N\
' E | e, N\
> Very rich phenomenology T sl I
> Test of QCD and EW interactions I D
m For the test: | | Tmems
Vv,
> Precise measurements needed Foo 2
» Hadronic uncertainties under control e | 1 rov
m Tau decays: tool to search for New Physics D




TEST OF QCD AND ELECTROWEAK INTERACTIONS

m Inclusive decays: 7~ — (id, Us)v,

Full hadron spectra (precision physics)

Fundamental SM parameters:
aS(mT)a mSa |VUS|

m Exclusive decays: 7~ — (PP, PPP,...)v,
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specific hadron spectrum (approximate physics)
W Hadronization of QCD currents, study of Form Factors,

resonance parameters (Mg, I'g)
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TWO-MESON 7 DECAYS

m Invariant mass distribution (7= — P~P°;)

ﬂ _ GZ|VUI‘ mTShld 1_i ’
ds 76873 "P’

M2

T

{<1+> N (S)IFG P (s )|2+3A’2”
p—po 52

-

. SN SJO S
Decay channel Standard Model Resonances
T~ —m 7°v,  Pion form factor, (g — 2),. p(770), p(1450), p(1700)
7~ — K Ksvr  Kaon form factor, (g — 2), p(770), p(1450), p(1700)

7 — Ksm™ vy
7~ = Ky,
7~ = a v,

K form factor, Kes, [Vus|
K7 form factor, K, |Vus|

isospin violation, 2nd class currents

K*(892), K*(1410)
K*(1410)
a0(980)

m Important experimental activity: BaBar, Belle, Belle-II.




THE PION VECTOR FORM FACTOR F{(S)

m Classic object of low-energy QCD /\/\/\/\‘<

m How to determine FJj(s) experimentally?
> ete” w ™
» 7~ > 1 7w,
m What do we know theoretically on the form factor?
> Its low-energy behaviour: given by ChPT (Gasser&Leutwyler'ss)
» Its high-energy behaviour (~ 1/s): given by pQCD (Brodsky&Lepage'79)

> For the intermediate energy region: models



DISPERSIVE REPRESENTATION

m Dispersion relation with subtractions:

3 C /
a1s+—s +S/ ds’ #(s) - ]
A

T Jum2 (s')3(s" —s —Ig)

Fi(s) = exp

m Form Factor

phase ¢(S): e Watsoh’s theorem: (—M—) ‘ “ 9 -7 _
G(8) = Srnsrn(9) L TTTTT
i ‘ Models:
Z ¢;BW(s)
15 2.0
Vs [GeV]




FORM FACTOR MODULUS SQUARED

Gonzalez-Solis and Roig, Eur.Phys.] C79 (2019) no.5, 436

‘ ‘ e Belle data (2008)
10+ \ —— This work (Seu=4 GeV?) |
. «++ This work (Scyt—o0)
o 1 _
& 0.100;
0.010¢
0.001¢ ‘ ‘ ‘ ‘ ‘ .3
0.0 0.5 1.0 1.5 2.0 2.5 3.0
s [GeV?]
Resonance Model parameter (M, ') [MeV] Pole position (M, ) [MeV]
p(1450) 1376(6), 603(22) 1289(8), 540(16)
p(1700) 1718(4), 465(9) 1673(4), 445(8)




FORM FACTOR PHASE

Gonzalez-Solis and Roig, Eur.Phys.] C79 (2019) no.5, 436
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p(1450) 1376(6), 603(22) 1289(8), 540(16)
p(1700) 1718(4), 465(9) 1673(4), 445(8)




LOW-ENERGY OBSERVABLES

Gonzalez-Solis and Roig, Eur.Phys.) C79 (2019) no.5, 436
T T
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—— Dumm et al.'13
o Celis etal. '14
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KAON VECTOR FORM FACTOR

dr(r— — K=K%,)  G3|Vyql?, s \2 25\ o
- =T T4k — FS(s
dvs esr 1wz ) U e ) REOIFGIE

m Chiral Perturbation Theory O(p*)

2L! s 1
FV(S)|ChPT = 1+€— W |:A71—(S, W ) + EAK(S,/,L ):| — FV (S)|ChPT ;

m Phase dispersive representation with a4, from FJ(s)

53 *Scut s,
Fi(s) = exp |ans + oS —/ ds’L)_ ,
2 T Jum — (8')3(8 —s—ig)
m Form Factor 200 _— R
phase ¢k(s): E 150 S EBW(S) ‘
a 100
% 50
- 9 ’ R




FIT RESULTS TO BABAR 7= — K™ Ksv; DATA

Gonzalez-Solis and Roig, Eur.Phys.] C79 (2019) no.5, 436
: ; g . : 4 : : ;

100t e BaBar data (2018) -
- Our prediction
% 80¢ — — Our fit (exponential) -
- ]
X — Our fit (dispersive) -
g 60
E
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2z
Z
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20+
0 f N N ’ s - e e - ® o=
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K7 VECTOR FORM FACTOR

m RyT with two resonances: K*(892) and K*(1410):

- ™ - T
K‘f(sgz).i _ 5*;<8221'<+ 5_832.( ”» .<+
K KO Tee 0
figure courtesy of D. Boito
K m,2<* — KK~ ﬁKﬂ-(O) + s S
FV (S) - - D )
D(m-, y+) (MK, Yier)
D(Mmp,vn) = m?—s— kpRe[Hkx(S)] — impla(s),
1927 FFr k- s o3 (s
P 92mFkFr Yk 7 I',,(S) _ rn CTKﬂ'( ) ’

okr(M2.) M- mz o3 (m2)

m We have a phase with two resonances:
ImFgﬂ(s)]
ReFk™(s)]

o™ (s) = tan~" [



COMBINED FITTO 7~ — Ksm v, AND 7~ — K nu;

Escribano, Gonzalez-Solis, Jamin and Roig, JHEP 1409 (2014) 042

10% — Fitto T>Ks 7T v, .
b — Fitto 7K nv; i
[ e "Unfolded 1™»Ksrt v, Belle data |
1000 o T-Ks 1T v; excluded fit points 7
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FIT RESULTS

m Different choices regarding linear slopes and resonance
mixing parameters (Scy: = 4 GeV?)

Fitted value Reference Fit Fit A Fit B Fit C
Bk (%) 0.404 £ 0.012 0.400 £ 0.012 0.404 £ 0.012 0.397 + 0.012
(B}{’W)(%) (0.402) (0.394) (0.400) (0.394)
Mj¢ 892.03 £ 0.19 892.04 + 0.19 892.03 + 0.19 892.07 + 0.19
Mg+ 46.18 £ 0.42 46.11 4 0.42 £46.15 4= 0.42 46.13 &= 0.42
Myer 1305+ 1308+ 130517 131017
s 168152 212180 {7 q8Luee!
Ykx X 102 = Yn —3.617% -33773 = Yn
X X 10° 23.9 £ 0.7 23.6 £ 0.7 23.8 £ 0.7 23.6 £ 0.7
)_\;gﬁ X 104 1.8 £ 0.2 11.7 £ 0.2 1.7 £0.2 1.6 £0.2
Bk, x 10% 1.58 + 0.10 1.62 4+ 0.10 1.57 + 0.10 1.66 + 0.09
(B}f’n) X 10% (1.45) (1.51) (1.42) (1.58)
Vi X 10 —3.47%9 —5.4118 —3.008% —375%9
A;(n X 103 20.9 £ 1.5 =M\ 21.2 +1.7 = e
A, X 10% 1.1+ 0.4 11.7 £ 0.2 11.1£ 0.4 1.8 £0.2
x?/n.d.f. 108.1/105 ~~ 1.03 | 109.9/105 ~ 1.05 | 107.8/104 ~ 1.04 | 111.9/106 ~ 1.06




K*(1410) PHYSICAL PARAMETERS

m Most precise determination of the K*(1410) parameters

Escribano, Gonzalez-Solis, Jamin and Roig, JHEP 1409 (2014) 042
e O T e O Y

° Boito et al. '09
(™K vr)

—_—— Boito et al. '10
("> Ksn v+Ky3)

———e—— Escribano et al. '13
(T =K nv;)

— This work
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K*(1410) PHYSICAL PARAMETERS

m Most precise determination of the K*(1410) parameters

Escribano, Gonzalez-Solis, Jamin and Roig, JHEP 1409 (2014) 042
ey e T e e

° Boito et al. '09
(t™>Kgn"vy)

° Boito et al. '10
(" =Kgn™ v +Kj3)

o Escribano et al. '13
(™=K nv;)
This work
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LOW-ENERGY PARAMETERS

B Low-energy parameters Ki,
—_— ISTRA+ '04
—_— NA48 '04
/ _ —_— KLOE '07
Mer =(239+09)-107%) —_— KTev 10
, 5 (isospin violation? K —_— FLAVIANET ‘10
— . — 7+K;
>‘Kn - (20'9 + 2'7) 10 ¢ — Boito et al. '10
" —4 — Bernard '13
A = (11.8 £0.2) - 10 — Antonelii ot a. 13
17 —4 ISOSpIn VIOlatlon? T — Moussallam et al. '08
Kl — (11.1 I 05) -10 —— Jamin et al. '08
— Boito et al. '09
—_— This work [K 5]
O —_— This work [Ksx™]
T > K 7w V1 (PRD 76 (2007) 051104) 20 22 24 26 28 30 32
. 3
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o
= 10F
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1 7
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F - Bernard '13
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TAU LEPTON: SM vS NON-SM

W 2.60(2.40) LFU deviation from |g-/g9,|(19-/ge|) iIn W~ — 771,
m 2.80 deviation CP asymmetry in 7= — Ksm v,

Acp = —3.6(2.3)(1.1) x 1073 (exp) vs Acp = 3.6(1) x 1073 (th),
m 7~ — v.uD (D =,d,s) as probes on non-SM interactions

GV, _
Lo = ——22|(1+ €)1 = ¥)vr - By*(1 = ~5)D

V2

+eRTYu(1 = °)vr - UV (14 9°)D + 7(1 = 1°)v - 0(€5 — €57°)D

+€770,, (1 — ), U™ (1—+°)D| + h.c.,

> Garcés et.al. [JHEP 1712, 027 (2017)]; Miranda et.al. [JHEP 1811, 038 (2018)]; Cirigliano et.al.
[Phys.Rev.Lett. 122 (2019) no.22, 221801]; Rendén et.al. [Phys.Rev. D 99, no. 9, 093005 (2019)];

Gonzalez-Solis et.al. [Phys.Lett.B 804 (2020) 135371]



STRANGENESS-CONSERVING TRANSITIONS (AS = O)

m One meson decay 7~ — 7 v, (GVE) = G (1+ €f + €8) Vip)
L G3|Ve,12f2m3 m2\*

r(T — Z/T) = T (1 — rn‘zr)
X (1+0IF +2A7" + O(e] )* + O(675eT))

] em -

> Inputs: f, = 130.2(8) MeV (FLAG 1902.08191); 6.7 = 1.92(24)%;
Ve, = 0.97420(21) (3 decays, PDG).

m Constraint for the NP effective couplings:

m2
A" =¢] —€ —€p— €g— i )e,T, = (—0.12+0.68)x10?,

m,(my + my

» Errors (hierarchy): f., BR, 677

7 Y em




STRANGENESS-CONSERVING TRANSITIONS (AS = O)

m Partial decay width for two-meson decays

dr G2|Ve, [2Pm3 ey s\’
i ‘53“;3’4#35(1—mz X'2(s, m2, m3,)

X {(1 +2(€e] — €f + €k — €p)) Xva + €5 Xs + €7 Xr + (€5)*Xs2 + (6}—)2XT2] ;

1 2 / 2 4 2s
X = {3 (G) I OPS + () I OR (14 2 ) A mh.m |
T
3 s \2 e (oyz Db
Xs = —(C F S )
sm- ( PP/) IFo™ (5)] mg — my
6 / '
Y = ECXPI Re[FEP () (F?P () "] \(s, m3, m3,)
3 s 2 Pp’ 2 Af;p/
Xe = 2 () et
52 2m3_ PP’ | [] ( )| (md _mu)Z
L _pp/ S
X = APEF (14 507 ) Memhm).



TENSOR FORM FACTORS

m No experimental data

m Theoretical assumptions only
ImFEP (s) = opp (S)t(S)FFP (S)
cu " (!
F?(s) = Ff7'(0) exp [; /:h t Cg(s/dfps(i)io)] )
B Si, = (Mp + mp)?: two-meson production threshold
m In the elastic region: 6P (s) = 65 (s)
m We guide the phase to 7 = asymptotic 1/s dictated by pQCD

m FPP/(0): ChPT with tensor fields+lattice




STRANGENESS-CONSERVING TRANSITIONS (AS = O)

m Global fit to one and two meson decays

= - 2 2
ey (MM (BR;*; - BR:’;P)Z L[ BRu—BRIG\ (BR:I; - BRi’;p)z
) = UNZXD OBRexP O’BRZED OBRexP

m N normalized distribution for 7= — 7~ 7%,

1 dNevenss 1 dT(s, €, €)

_ Abin
Nevents dS r(e,Ta eje) dS

Nth _

m Data: unfolded distribution measured by Belle (0805.3773)
m Constraints:

» BR(7~ — 7 7°u; )P = 25.49(9)%

» BR(7~ — K~ K°v; )P = 1.486(34) x 1073

» BR(7™ — 7 ;)P =10.82(5)%



STRANGENESS-CONSERVING TRANSITIONS (AS = O)

m Bounds for the non-SM effective couplings

€l —€[Ter— <R 0.5+0.6723%92 £ 04
e LLE a +1.1 40.1

%t mmmrmg P | _ | 03%05cs-00*02 | .,
o )

€t 9.7°32 £215159 + 0.2
e —0.1+ 0277789 £ 0.2
m Errors:
> i) Statistic (1st)
» i) Systematic: pion vector form factor (2nd), quark masses

(3rd) and tensor form factor (4th)
1 0.684 —0.493 —0.545
o 1 —0.337 —0.372
Pij = 1 0.463
1

Y




STRANGENESS-CHANGING TRANSITIONS (|AS| = 1)

m One meson decay 7~ — K v,

G2 \"/e 22m3 m2 2
M~ —=Kvwv) = GF Vs e L;Selwf'( z (1 - ml2<>
X (1+ 058 + 280K + O(eT)? + O(578€T))

> Inputs: fy = 155.7(7) MeV (FLAG 1902.08191); 677 = 1.98(31)%;
|Vés| = 0.2231(7) (PDG).

m Constraint for the NP effective couplings:

g 5 =(-0.41+0.93) x 1072,

T e T e
€ —€ —€R— €Eg—————¢€
mT(mU + md)

» Errors (hierarchy): fx, [Vus|, BR, 67K

em



STRANGENESS-CHANGING TRANSITIONS (|AS| = 1)

m Global fit to one and two meson decays

j\th S 2 h ex 2 th exp \ 2 i ex 2
X=> <M) + (BRtK” — BRK’fp) . (BRK” — PRy ) + <W>
wexe

O gReXP O gReXP O gReXxP
BRK’I\' BRKn BRTK

[
m NiP: distribution for 7= — Ksm v,

T e
Nth chvcnts _ N — dr(s’ € 76j)Abi11

ds (e, €) ds

m Data: unfolded distribution measured by Belle (0706.2231)
m Constraints:

» BR(7~ — Ksm~ 1, )P = 0.404(2)% (Belle)

» BR(7~ — K nv;)™P = 1.55(8) x 10~* (PDG)

> BR(r~ — K~ 1,)*P = 6.96(10) x 103 (PDG)




STRANGENESS-CHANGING TRANSITIONS (|AS| = 1)

m Bounds for the non-SM effective couplings

€ — € +ep—¢€p 0.5+15+0.3

T m2 T

G+ sy | _ | 04+09+02 B
€l 08738 +03 ’
e 0.9+0.7+0.3

m Errors: Statistic (fit)+systematic (tensor form factor).

1 0.854 —0.147 0.437
o 1 —0.125 0.373
Pij = 1 —0.055 2
1




GLOBAL FIT TO AS = O AND |AS‘ = 1 TRANSITIONS

m Precision experimental data on kaon decays (FLaG'"19, 1902.08191):

V,
\Vus ’ffﬂ(o) = 0.2165(4), ) B = 0.2760(4) ,
Vud f7r
m Correlation between |V,s| and |V4|
0‘227}7\762019 T

0224 ) S

20223
LR

0.222} ¢

141

i for X,
nuclear 3 decay

0.960 0.965 0.970 0.97.5 0.980

Vi




GLOBAL FIT TO AS = O AND |AS‘ = 1 TRANSITIONS

m Combination to one and two meson decays

29 +06 +06 +0.0 +04 193

T e T e
€ —€ +€p —€p

e 70 +49 T2 T o2 T?

— +1.9 +1.7 +19.0 —2
€p =| -76 +63 T3 If o0 5% | x1072,
€c +0.7 +0.2 1]
ei 5.0 27 9% +o.o0 +02 L%

7

—0.5 £0.2 4+0.0 +0.0 £0.6 +£0.1

m Errors: StatisticVew + 64m") £tensor form factorquark masses

1 0.055 0.000 —-0.279 —0.394

1 —0.997 —0.015 —0.022
A= 1 0.000 0.000 ,
1 0.243

1




GLOBAL FIT TO AS = O AND |AS‘ = 1 TRANSITIONS

B Combination to one and two meson decays

2.9 £06 £06 00 =04 137
T _

e T e
€ —€ teg— €&

2113 1.2 +40.9
e 74 449 T3 12 4o T4
T = +1.9 +1.7 +19.0 =2
) =| -76 +63 32 7 too 9% | x1072,
©
S 07/ +0.2 +1.1
o 5.0 17 192 400 o2 Lk

—05 402 400 Z£0.0 =06 0.1
m Comparison with other bounds (assuming LFU):
> Semileptonic kaon decays: ef = —0.039(49) - 102, e = 0.05(52) - 102
[Gonzalez-Alonso, Martin Camalich JHEP 1612 (2016) 052]

» (Excl. and incl.) Tau decays [Cirigliano et al. PRL 122 (2019) no.22, 221801]:

€] — € +ep —¢€f 1.0 £1.1
€r 02+13
€z = —0.6+15 X 1072,
€ 0.5+1.2
€7 —0.04 £ 0.46



OUTLOOK

m Hadronic 7 decays as a privileged tool for the investigation
of QCD...

m ..but also as a laboratory of New Physics
m Hadronic Tau decays as golden modes at Belle-Il

m SM input: Form Factors from dispersion relations
» (Competitive) Bounds on the NP effective couplings

m A lot of interesting physics to be done in the tau sector



THE PION VECTOR FORM FACTOR F{/(S)

m How to determine Fjj(s) experimentally?

7= — 7 7w°u; (Belle PRD 78 (2008) 072006) and eTe~ —» 77— (BaBar PRD 86 (2012) 032013)

@ : . W ET ! . ——
WF E .
Els ~ Belledaw | | B
ok g;r parametrization | _| 10E
Guerrero-Pich [169] F

\\ Pich-Portoles (171] 1 e

- - { 10
T \‘;! i Yfﬁr 1crzg '
}HW)( . 10° - ‘ ‘ 25 3

s (GeV) Vs (GeV)

2
[N

=]
tn
—
—
tn
(&)

m What do we know theoretically on the form factor?

» |ts low-energy behaviour: given by ChPT (Gasser&Leutwyler'ss)
» Its high-energy behaviour (~ 1/s): given by pQCD (Brodsky&Lepage'79)

> For the intermediate energy region: models



PION VECTOR FORM FACTOR: CHPT O(p*)

Gasser and Leutwyler, Nucl.Phys.B 250, 517 (1985)

m, K
w0 w0 v w0 w0 0
W.< - ww< + ww©< + + wwu<
T T T T T
T, K

7

2L5 () s
T _ 9
e = 1+ 25— 2 (ad

10k S e T

|FE@s)I?

| ”“m

¢+
e Belle (2008) + )

0.010F __ cpprat o(p*)

0.001% d
0.0 0.5 1.0 15 2.0 25 3.0
s [GeV?]




PION VECTOR FORM FACTOR: CHPT WITH RESONANCES
m Resonace Chiral Theory: W.< - W<W+ W%

2
FvGy s FRG=F2 M;

Fi(s) =1+ ,
2 M2—s M2 —s
m Expansion in s and comparing ChPT and RyT:
2Lg(n) s 1
T _ 9 - 2 o 2
i) = 1+ 25 s o 2 (anls) + SAx(s) )

Fi(s) = 1+(NS,%>+<A/S%>2+~--

m Chiral coupling estimate: Lg(M,,)

m Combining ChPT and RyT:
_ M s
M2 —s  96m2F2

F(s) 42(5.42) 4 s 0)|



DISPERSIVE REPRESENTATION
m Unitarity: disc[w,v<] _MM©<

discFy(s) = 2ioa(S)Fu(S)TY'(5) = 20Fy(s)sin 5](s)e (),

1 (%, discFy(s’
2w Sz S —S— e

m Analytic solution (Omnés equation):

Fu(s) = P(S)Qs), Q(s) = exp {; l;w ds,s’(s’él(z)—ie)} ,

s



RyT + OMNES: EXPONENTIAL REPRESENTATION

m Resummation of final-state interactions to all orders (omnés)

Fi(s) = Pn(s>exp{5" /A oo 5(5‘)}

T Jymz (S)'S' =S —e

m Get a model for the phase from 7w — 77 scattering at O(p?)

_ so3(s)
- 967F2’

s—m2 sa2(s)
T(s) = == Ti(s) = =
F2 ! 967 F2

— 03(5) = ox(8)TH(s)

m Omnés exponentiation of the full loop function

FTI’ . Mf) S A 2
V(S)_Mg—SeXp T 96mF2 (S, 1) ¢




RyT + OMNES: EXPONENTIAL REPRESENTATION

. . Guerrero and Pich, PLB 412, 382 (1997)
m Incorporation of the (off-shell) p width: C K
F.(s) = Mps [o(5)*0(s — am?) + ok(5)*0(s — &mi)] =

’ 96mFz T o FEE N
s M2 s
O = - > R [Aﬂ s, A s, ]
< 0.100}
) T
o Belle (2008) f * V
0.010F __ chprat ogpt)
— Our fit: exponential respresentation
0.001E

00 05 10 15 20 25 30
s [GeV?]



RyT + OMNES: EXPONENTIAL REPRESENTATION

m Incorporation of the p/(1450), p” (1700)

F\7/r (S) 3res

expo

where

M2 s (yel*r 4 sel?2
pz (' - )exp Re
M2 —s —iM,T,(s)

— 5 expq —
Mf), —S—IM,T,(S)

- oo (w0 o) |

Srpl(MZ/)

— "~ _ReA,(S)
™, 0% (M) }

Srp// (Mi//)

5 : expl — — 70" pop ()
Mf)/, — S — IMPN rp//(S) { WM?),,(T?T(Mf)U)

Mplﬁpl/

rﬂ’”')”(s) = I

a3(s)

pp" \/g U%(M;/’p/,) .



RyT + OMNES: EXPONENTIAL REPRESENTATION

10
8
£ 0.1001
=~

e Belle (2008)

0.010: __ crprat o(p*)
— Our fit: exponential representation
0.001E . :
0.0 0.5 1.0

15 20 25 30
s [GeV?]
v = 0.15(4), &

I, = 535(63) MeV,

M, = 775.2(4) MeV ,

—0.36(24),
M, = 1438(39) MeV,

§ = —0.12(4), ¢2,= —0.02(45),

M, = 1754(91) MeV , Xaot = 0.92

M, = 12(102) MeV ,



RyT + OMNES: EXPONENTIAL REPRESENTATION

10
I
Bo
= 0.100
~

e Belle (2008)

0.010F __ cpprat O(p*) 3
— Our fit: exponential representation
0.001¢= : : : ‘ ‘ —
0.0 0.5 1.0 1.5 2.0 2.5 3.0
s [GeV?]
Resonance Model parameter (M, ) [MeV] Pole position (M, ) [MeV]
p(770) 775.2(4) 762.0(3), 143.0(2)
p(1450) 1438(39), 535(63) 1366(38), 488(48)

p(1700) 1754(91), 412(102) 1718(82), 397(88)




DISPERSIVE REPRESENTATION

m Dispersion relation with subtractions:

53 Scut s/
a1s+%52+/ ds’ o(s') . ],

m (P — s~ i)

Fi(s) = exp

> Low-energy observables:

1
Fi(s) =1+ g(r)is +fs” +djs® +---,

oy _ 12L(k) 1 My
(P IGer = — R ~ 32 2198 +log %
S

Seut
(Y7 =6ay, = ! (+03), ap= ki ds’ & :
’ v 2 U/ s m2. S/k+1

> s...: cut-off to check stability



CENTRAL RESULTS

m Fit results (central value + stat fit error + syst th. error)
o = 1.88(1)(1) GeV ™2, ap = 4.34(1)(3) GeV ™,
M, = 773.6 £ 0.9 £ 0.3 MeV,
My = 1376 £ 6138 MeV, T, = 603 £2272° MeV,

M, = 1718 £ 4731 MeV, T, = 465+ 975 MeV,

v = 0.15+0.0179% = ¢,

ook = —0.66 +0.01792
§ = —0.13£0.017982, ¢, = —0.44+0.037535,
m Physical pole mass and width
M = 760.6 0.8 MeV, [P = 142.0 0.4 MeV,
MPP'e = 1289 + 8152 MeV, TP = 540 + 16113 MeV,
MPOC = 1673 + 4755 MeV, 0% = 445 + 877 MeV,



DISP. REPRESENTATION: SINGULARITIES AT S = S¢ut

m Modulus squared of the pion form factor s, = m., 4 GeV?

e Belle data (2008)
— (Seu="E GeV?)
— (Sou=4 GeV?)

10¢

2
|Frxl

0.1:

0.01:

0.001:




DISPERSIVE FITS TO THE PION VECTOR FORM FACTOR

m Fits for different values of s.,; and matching at 1 GeV
Scut [Gevz]

Fits | Farameter m2 4 (reference fit) | 10 %)

Fit1 | o, [GeV—] | 1.87(1) 1.88(1) 1.89(1) 1.89(1)
a, [GeV™4] | 4.40(1) 4.34(1) 4.32(1) 4.32(1)
m, [MeV] | =773.6(9) | = 773.6(9) =773.6(9) | =773.6(9)
M, [MeVv] | =m, =m, =m, =m,
M, [MeV] | 1365(15) 1376(6) 1313(15) 1311(5)
M, [MeV] | 562(55) 603(22) 700(6) 701(28)
M,.[MeV] | 1727(12) 1718(4) 1660(9) 1658(1)
M [Mev] | 278(1) 465(9) 601(39) 602(3)
vy 0.12(2) 0.15(1) 0.16(1) 0.16(1)
o —0.69(1) | —0.66(1) —1.36(10) —1.39(1)
5 —0.09(1) | —0.13(1) —0.16(1) —0.17(1)
(o —0.17(5) —0.44(3) —1.01(5) —1.03(2)
x2/d.o.f 1.47 0.70 0.64 0.64




VARIANT (I)

m Fits for different matching point and with s.,; = 4 GeV

Matching point [GeV]

Fits | Farameter 0.85 0.9 0.95 1 (reference fit)

Fit1 | o, [GeV—2] | 1.88(1) 1.88(1) 1.88(1) 1.88(1)
o [GeV~4] | 4.35(1) 4.35(1) 4.34(1) 4.34(1)
m, [MeV] | =773.6(9) | =773.6(9) | = 773.6(9) =773.6(9)
M, [Mev] | =m, =m, =m, =m,
M, [MeV] | 1394(6) 1374(8) 1351(5) 1376(6)
I, [MeV] | 592(19) 583(27) 592(2) 603(22)
M,.[MeV] | 1733(9) 1715(1) 1697(3) 1718(4)
M, [MeV] | 562(3) 541(45) 486(7) £465(9)
y 0.12(1) 0.12(1) 0.13(1) 0.15(1)
&1 —0.44(3) | —0.60(1) | —0.80(1) —0.66(1)
0 —0.13(1) —0.13(1) —0.13(1) —0.13(1)
®2 —0.38(3) | —0.51(2) —0.62(1) —0.44(3)
x2/d.of 0.75 0.74 0.68 0.70




VARIANT (||): INTERMEDIATE STATES OTHER THAN 77

m Fit A: ) — KK and p" — KK

mFitB:p — KK+ p — wr

Scut = 4 GeV?
Parameter Fit A Fit B reference fit
a, [Gev=2] | 1.87(1) 1.88(1) 1.88(1)
o, [GeV] | 4.37(1) 4.35(1) 4.34(1)
m, [MeV] | =773.6(9) | =773.6(9) | =773.6(9)
M, [MeVv] | =m, =m, =m,
M, [MeV] | 1373(5) 1441(3) 1376(6)
M [MeV] | 462(14) 576(33) 603(22)
M,.[MeV] | 1775(1) 1733(9) 1718(4)
For [MeV] | 412(27) 349(52) 465(9)
~y 0.13(1) 0.15(3) 0.15(1)
0% —0.80(1) | —0.53(5) —0.66(1)
) —0.14(1) —0.14(1) —0.13(1)
b2 —0.44(2) | —0.46(3) | —0.44(3)
x2/d.o.f 0.93 0.70 0.70




VARIANT (I11)

m Dispersive representation of the pion vector form factor

Scut 1(</ (o ¢] /
\7/r(s) = exp [S/ ds’ 51(5) S E ds’ 6eff(5) i ] Z(S)
4

T Jumz ()(s'=s—ie) 7 /s, (SN —s—ig)
m Properties for . (S)

» Jofi(Scut) = 91(Seut) @and de(S) — w for large s to recover 1/s

bet(S) = ™+ (67(Scut) — ) SCSUt

» Integrating the piece with dqg(S)

_ 81cut) \ Scut _
g1 Sl (1 s )(“ g ) s (1 s > !
Scut Scut

s e A
waLJ%%_%Jﬂg

Z(S) _ Za;wi(s), W(S) _ V Scut — VScut — S
V Scut + V Scut — S

Fi(s)




VARIANT (I11)

The resulting fit parameters are found to be
a, = 2.99(12),
M, = 1261(7) MeV, T, = 855(15)MeV,
M, = 1600(1) MeV , T, = 486(26) MeV ,
7 = 02502), ¢ = —1.90(6),
0 = —0.15(1), ¢ = —1.60(4),

with a x?/d.o.f = 32.3/53 ~ 0.61 for the one-parameter fit, and
a, = 3.03(20), @ =1.04(2.10),
M, = 1303(19)MeV, T, = 839(102) MeV,
M, = 1624(1) MeV, T, = 570(99) MeV
7 = 022(10), ¢ = —1.65(4),

d = —0.18(1), ¢ = —1.34(14),
with a x*/d.o.f = 35.6/52 ~ 0.63 for the two-parameter fit.



VARIANT (IV)

m Fits for different s.,; and allowing the p-mass to float

Scut [Gevz]

Fits Parameter m2 4 (reference fit) | 10 )

Fit1-p | o, [GeV—2] | 1.88(1) 1.88(1) 1.89(1) 1.88(1)
oy [GeV™4] | 4.37(3) 4.34(1) 4.31(3) 4.34(1)
m, [MeV] | 773.9(3) 773.8(3) 773.9(3) 773.9(3)
M, [Mev] | =m, =m, =m, =m,
M, [MeV] | 1382(71) 1375(11) 1316(9) 1312(8)
M, [MeV] | 516(165) 608(35) 728(92) 726(26)
M,.[MeV] | 1723(1) 1715(22) 1655(1) 1656(8)
r, [MeV] | 315(271) 455(16) 569(160) 571(13)
vy 0.12(13) 0.16(1) 0.18(2) 0.17(1)
O —0.56(35) | —0.69(1) —1.40(19) | —1.41(8)
) —0.09(3) | —0.13(1) —0.17(4) —0.17(3)
[0 —0.19(69) | —0.45(12) —1.06(10) | —1.05(11)
x2/d.o.f 1.09 0.70 0.63 0.66




SYSTEMATIC THEORETICAL ERRORS

m Including p') — KK, p/ — wr into the p/() width

m Different matching points with the (elastic) == phase shift

250 . Golnzélez-Solis and Roig, Eur.Phys.) C79 (2919) no.s, 436
— Fit 1 (reference fit)
—.—Fit1-p
200 —— Fitl
— — —FitA -
8 150¢f -+ Fit singularities e
$— //
on /
o '/
=),
@ 100+
ASS
50}
Vi
8.0 0.5 1.0 1.5 2.0

Vs [GeV]



SYSTEMATIC THEORETICAL ERRORS

m Including p') — KK, p/ — wr into the p/() width

m Different matching points with the (elastic) == phase shift

. . Gonlzalez—SolTs anq Roig, F.ur.Phyls.l C79 (2019) nlo.s, 436
S
10 E /fl‘ '.. E
.
o N
1o -
N
=
Ko e Belle data (2008)
& 0.100F _ g g (reference fit)
—.— Fit1—p
0.010:—= Fitl
— — FitA
+++ Fit singularities
0.001 . . .
0.0 0.5 1.0 1.5

20 25 30
s [GeV?]



LOW-ENERGY OBSERVABLES

References (r?y% (Gev—2) ¢} (GeV—) Sum rule sour (GeV?) Fit Eq. (42)
4 10 B
Colangelo etal. [55] 11.07 £ 0.66 312+ 1.03
Bijnens etal. [32] 11.22 +0.41 3.85 £ 0.60 @I 1.52 1.66 175 1.88 £ 0.01 =0.01
Pich etal. [6] 11.04 £ 0.30 379 £0.04 22 436 430 431 4344001 £0.00
Bijnens etal. [33] 11.61 £0.33 449 £0.28
de Troconiz etal. [56] 11.10 £ 0.03 1.84 £ 0.02
Masjuan etal. [57] 11.43 £0.19 3,30 £ 0.33
Guo etal. [58] - 4.00 £0.50
Lattice [59] 10.50 £ 1.12 322 +0.40
Ananthanarayan etal. [60] 11.17 £0.53 [3.75,3.98]
Ananthanarayan etal. [61] [10.79,11.3] [3.79, 4.00]
Schneider etal. [48] 10.6 3.84 +0.03
Dumm etal. [7] 10.86 £ 0.14 3.84 +0.03
Celis etal.[8] 11.30 £ 0.07 411 £0.09
Ananthanarayan etal. [62] 11.10 £ 0.11 -
Hanhart etal. [63] 11.34 £ 0.01 £0.01 -
Colangelo etal. [39] 11.02 +0.10 -
PDG[42] 11.61 +£0.28 -

This work 11.28 £0.08 3.94 £0.04




p(1450) AND p(1700) RESONANCE PARAMETERS

Reference Model parameter Pole position Data
(Mp/, Fp/) [MEV] (Mp/, I'p/) [MEV]

ALEPH 1328 &+ 15, 468 =+ 41 1268 4 19, 429 + 31 T

ALEPH 1409 =+ 12,501 4 37 1345 % 15, 459 + 28 T+ete
Belle 1428(15)(26), £13(12)(57)  1384(16)(29),390(10)(48) T

Dumm et.al13 — 1440 + 80,320 & 80 T

Celis et.al/14 1497 £ 7,785 + 51 1278 418,525 4 16 T

Bartos et.al. - 1342 + 47,492 + 138 efe”
Bartos et. al. — 1374 £+ 11,341 + 24 T

This work 1376 &+ 675,603 £227%3° 1289 +£ 8%, 54,0 £167 7
Reference Model parameter Pole position Data

(MP”’ F,,u) [MEV] (Mp//, F,,u) [MEV]

ALEPH = 1713, = 235 1700, 232 T

ALEPH 1740 4 20, = 235 1728 + 20,232 T+ete”
Belle 1694 + 41,135 £ 36132 1690 + 94,134 + 3674 T

Dumm et.al.13 — 1720 + 90,180 =+ 90 T

Celis et.al/14 1685 =+ 30, 800 =+ 31 1494 + 37,600 + 17 T

Bartos et. al. - 1719 + 65,490 + 17 ete”
Bartos et.al. — 1767 & 52, 415 £ 120 T

This work 1718 £ 479 465 £ 91 1673475 44581 7

—149




KAON FORM FACTOR: EXPONENTIAL REPRESENTATION

m Different resonance mixing contribution than Fj(s):

M +s (&e"‘% + 5e’<f32) ]
FS(s) = . - exp< Re| — > Ax(s) + -Ak(s)
M2 —s — M, ,(s) 96m2F2 2
sein sl (M2)
-5 : expl — ——=—————ReA,(S)
M2, —s —iMyT (5) { ™, 3 (M2))
- 5 eif2 ST, (M2))
—0 - expl — ——=—————ReA.(S) ¢,
M;// =5 = ’Mp” rp// (S) { WMz//U%(Mf)//)

s 53(9)
MR, L aR (M2, )

rp/’pu (S) = r 9(5 — L}mfr) B

m Extract the phase tan ¢xk(s) = ImFK(s)/ReFi(s)

m Use a three-times subtracted dispersion relation



COMBINED ANALYSIS OF F(;(s) AND 7~ — K~ Ksv;

Scut = 4 [Gevz]

Parameter Fita Fit b Fit c

an 1.88(1) 1.89(1) 1.87(1)

a2 4.34(2) 4.31(2) 4.38(3)

&1 = o = o 188(24)
o = = 4.38(29)
m, [MeV] | =773.6(9) | =773.6(9) | =773.6(9)
M, [MeV] =m, =m, =m,
M, [MeV] | 1396(19) | 1453(19) | 1406(61)
I, [MeV] | 507(31) 499(51) 524(149)
M,/ [MeV] | 1724(41) 1712(32) 1746(1)
I, [MeV] | 399(126) 284(72) £413(362)
¥ 0.12(3) 0.15(3) 0.11(11)

G 0.11(2) = 0.11(5)

¢ —0.23(26) | 0.29(21) —0.27(42)
P —1.83(14) —1.48(13) —1.90(67)
) —0.09(2) —0.07(2) —0.10(5)
B =0 =0 —0.01(4)
b2 —0.20(31) | 0.27(29) —1.15(71)
2 =0 =0 0.40(3)
x2/d.o.f 1.52 1.19 1.25

2
IFJI

1/NdN/dqx 10°

10,

0.1

0.01}

0.001

0.

g

8

3

5

8

e Belle data (2008)
-+« Fita
——Fitb
— Fitc

0 0.5 10 15 2.0 25 3.0
s[Gev?]
o BaBar (2018) -
-« Fita i
——Fitb

— Fitc

=]

10 12 14

Mgk [GeV]

16



BELLE 7= — Ksm~ v, MEASUREMENT

T — K57T71/T Belle's data Phys. Lett. B 654 (2007) 65 [arXiv:0706.2231]

* ® Unfolded/physical 7~ —Kgr v, Belle's data

1000+ ° . B Folded/detected 7~ —»Ksr v, Belle's data E

=
o
o
T
e
.
"ee.
-

Events/bin

# Precise experimental data : i??
7~ - Ksn™ v; seemsto beagood source for é %i%
* determining the K*~(892) resonance parameters

1L Less precise experimental data. /

Our proposal : toadd 7~ — K™ ppv_ tothe fitinorder
to constraint the K*~(1410) resonance parameters

=
o
T

06 08 10 12 14 16 = 18
Vs (Gev)




K7 FORM FACTOR: DISPERSIVE REPRESENTATION

m Dispersion relation with subtractions:

Fy™(s) = P(s = — -
v'(s) (S)exp | en s+ 2a2m‘;r, T (s')3(s' —s —io) |’

™

s 1 & s3 /5«“ ds’ 5K (s")
Sk

B o, =)\, and a2 +a, =\ are low energies parameters:

Fym(t) =1+

m 5. : cut-off to check stability

m Parameters to Fit: X', , A}, My, yi=, My, yier



FIT RESULTS

m Reference fit results obtained for different values of sqt

Parameter 3.24 4 9 00
By (%) 0.402 +0.013 || 0.404 + 0.012 | 0.405 + 0.012 | 0.405 + 0.012
(B ) (%) (0.399) (0.402) (0.403) (0.403)
My 892.01+0.19 | 892.03+0.19 | 892.05+ 0.19 | 892.05+ 0.19
(e 46.04 £ 0.43 46.18 £ 0.42 46.27 & 0.42 46.27 + 0.1
Mycr 130177, 1305173 1306175 130617
ey 207773 16875 155148 155147
VK= = YKn = YKn = YKn = VKn
A X 103 23.3+0.8 23.9+0.7 243+ 0.7 243 +0.7
A X 10% 1.8+ 0.2 1.8+ 0.2 1.7+ 0.2 1.7+ 0.2
By, x 10% 1.57 £ 0.10 1.58 £ 0.10 1.58 £ 0.10 1.58 + 0.10
(Bi,) > 10% (1.43) (1.45) (1.46) (1.46)
Yk X 102 —4.01755 —3.4739 -3.2197 —3.2197
A X 103 18.6 £1.7 20.9+1.5 221+1.4 221+1.4
Ay X 10 10.8+0.3 M1+04 1.2+ 0.4 12404
x2/n.d.f. 105.8/105 108.1/105 111.0/105 111.1/105




RESULTS OF THE COMBINED 7~ — Ksm~ v, AND 7~ —

K~nv, ANALYSIS

Akr = (23.9+0.9) - 1073

5 ( 127) . }isospin violation?
=(20.9x2.7)-10"
Kn

T
Ki,
e S ISTRA+ '04
—_—— NA48 '04
—A— KLOE '07
—A— KTeV '10
—a—— FLAVIANET '10
T+K| g
i Boito et al. '10
——i Bernard '13
——i Antonelli et al. '13
a —e Moussallam et al. '08
—o— Jamin et al. '08
———i Boito et al. '09
— This work [K™7]
‘ ‘ — ‘ This worl‘< [Ksz™] ‘
20 22 24 26 28 30 32



RESULTS OF THE COMBINED 7~ — Ksm~ v, AND 7~ —

K~nv, ANALYSIS

Mew = (11.8 £0.2) - 107%
M, = (1M1£05)-107*

rrrrrrrrrrrrrrrrrr T T T T T T
Ki,
A ISTRA+ '04
A NA48 '04
A KLOE '07
e KTeV '10
—A——— FLAVIANET '10
T+K13
. Boito et al. '10
e Bernard '13
. Antonelli et al. '13
T L] Moussallam et al. '08
- Jamin et al. '08
° Boito et al. '09
- This work [K 7]
HHHHHH-HHHHHHHHHThiswork[Kszr_]

0 4 8 12 16 20 24 28
AL -10%
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THE PION VECTOR FORM FACTOR: MOTIVATION

m Enters the description of many physical processes

Y

hadronic:
770 ¥
o<7r #

m BaBar measurement of 7= — K~ Ksv- (PRD 98 (2018) no.3, 032010)

g
‘ | egood quality data
: e e sensitive to p(1450) and p(1700)
o H. Ju e our aim: to improve the description
. ] :
.I o3 | of the p(1450) and p(1700) region
| Ul
Ny M



RESEARCH ACHIEVEMENTS: ISOSPIN-VIOLATING 7~ —

7~ n")u. DECAYS

001F

6. dr/dv/s’
<

107

Phys. Rev. D 94 (2016) no.3, 034008

0.6

038 10 12 14 16 18 1.0 12 14 16 18

B 7 — 7 nuys GeV) Vs (GeV)

» Theory predictions: BR ~ 1 x 1075 (Escribano’16,
Moussallam’1s)

» BaBar: BR < 9.9-107°95% CL, Belle: BR <7.3-107°590% CL

T =,

» Theory predictions: BR ~ [1077,1079] (Esclﬂhab
> BaBar BR < 4 .10-500% Cl Challenging for Belle |



SMEFT WITH DIMENSION 6 OPERATORS

m 7 — v ub(D=d,s)

GV, _ =
Lo = — i/ém {(WeZ)mm—vs)vf'uv“ﬁ—vs)D

+eRTYu(1 = VP )vr - (1 +7°)D + 7(1 = °)vr - U(€ — €p7°)D
+e170,,, (1 — )y, ot (1—~°)D| + h.c.,

m ¢ (i=L,R,S, P, T) are effective couplings characterizing NP

> Semileptonic kaon decays: e = —0.039(49) - 1072, ¢/ = 0.05(52) - 102
[Gonzalez-Alonso, Martin Camalich JHEP 1612 (2016) 052]

» (Excl. and incl.) Tau decays [Cirigliano et al. PRL 122 (2019) no.22, 221801]:

€] —€f + € —€f 1.0 +1.1
CE 0.2+13
€z = —0.6+15 X 1072,
€ 0.5+1.2

en —0.04 £ 0.46



STRANGENESS-CONSERVING TRANSITIONS (AS = O)

m One meson decay 7~ — 7 v,

G2 \79 2f2m3 m?2 2
Mr~ —7mv) = W <’I - ”)
™

X (14858 +2A7" + O(e])? + O(375e€T)),

i em
m Constraint for the NP effective couplings (this work):

€ — € —€p—€p— €p = (—0.124+0.68) x 1072,

» Errors (hierarchy): f, BR, 67"

) Yem

m Cirigliano et.al. (PRL 122 (2019) no.22 221801)

€] — € —€p—€p— €p = (—0.154+0.67) x 1072,



STRANGENESS-CONSERVING TRANSITIONS (AS = O)

m One meson decay 7~ — 7 v, (GEVE, = G (1+ € + €&) Vi)

G2|Ve [2f2m3 m2\ 2
[(r= = n=py) = SEVual Ty (1 - mg) (14 875 + 287" + O + 0756

1 67[_ em

m Inputs: f; = 130.2(8) MeV (FLAG 1902.08191); 3.7, = 1.92(24)%;
Ve | = 0.97420(21) (B decays, PDG);

m Constraint for the NP effective couplings (this work):
AT = ¢ —€f—ecp—€p———————¢cp = (—0.12 + 0.68)x10™ 2,

Errors (hierarchy): f,, BR, 67"
m [ (7 — mv)/l(m — pv): tighter constraints (not used in this work)
m3
mT(mU + md)

ms.
my(my + my)

T

EP+

€L —€L—€R—€R—

€p = (—0.38 £ 0.27)x1072

9



STRANGENESS-CONSERVING TRANSITIONS (AS = O)

m Bounds for the non-SM effective couplings

€l —€ e ek 05+0.623192 104
me, 411 +0.1
Rt meg 03+05554 50+02 R
o ?
€l 9.719% 4215729 + 0.2
el —0.1+027]) 89+ 0.2

m Comparison with other bounds (assuming LFU):

» Semileptonic kaon decays: e = —0.039(49) - 1072, €/ = 0.05(52) - 102
[Gonzalez-Alonso, Martin Camalich JHEP 1612 (2016) 052]

» (Excl. and incl.) Tau decays [Cirigliano et al. PRL 122 (2019) no.22, 221801]:

€] —€f +€ef — €5 1.0£11
€R 02+13
€l = —0.6+15 X 1072,
€p 0.5+1.2

€T —0.04 4 0.46



GLOBAL FIT TO AS = O AND |AS‘ = 1 TRANSITIONS

B Combination to one and two meson decays

2.9 $£06 £06 =00 =04 137
ez'feereEfeg

+1.3 +1.2 +40.9
= 71 +49 —1.5 —1.3 +0.2 —14.1
T +1.9 +1.7 +19.0 —2
b = —-76 +63 % L oo 2% | x1072,
€
S +0.7 +0.2 +1.1
er 50 5§ lop *00 02 g

—0.5 =£02 +0.0 =£0.0 =£0.6 0.1
m Our limits on ¢; can be translated into bounds on the NP scale A through
A~ V(VUDE,')71/2 9

where v = (v/2Gg)~"/2 ~ 246 GeV. Our bounds range A ~ 10 TeV, which are quite

restricted compared to the energy scale probed in semileptonic kaon decays
O(500) TeV.



PROSPECTS FOR TAU PHYSICS AT BELLE-II

m Huge amount of data to be Experiment) | INumberefs peice
delivered =t saxde?
CLEO ~1x107
BaBar ~5x108
m Broad program of Bolle ~ax10°
tau lepton physics: Belle Il ~10%

» Searches for Lepton Flavor Violation (LFV)

» CPviolation

» Second Class Currents

» and much more (Michel parameters, precision m,, EDM, ...)

m See "The Belle Il Physics Book" (1808.10567)



SEARCHES FOR CHARGED LFV

m Tau as a tool to probe
non-SM interactions:

2 v P g ' [ hh Ah 3
L. § 10°F . . TEEaa o, . . E
> radiative: S FL e e SR
T = LTy [ h .
> leptonic: 2 0T TR I T
T = Tl £ w0l T ] +cLEO
- | 1B
1 1ce o [ ]
> semi-leptonic: S A et e R
+ — (—h(h) 3" SAEEE . St
(h — P’ S’ v”') § lu") \;:_L_I;IT%:_:I‘;‘;—I_—I:____I_;;EI‘EC:\;E‘I;I I NN PI_;;J NN \1\‘\::‘:;:"\

m Belle-1l will push the current bound
forward by at least one order of magnitude!

m Observation of charged LFV would be a clear
signal of New Physics



CP VIOLATION IN 7 — Ksmtv,

M(rt — 7t Ksv,) = T(77 — 7 Ksv;)
MN(rt — 7tKsty) + T(7— — 7 Ksv,) '

A, =

m SM prediction: A; ~ 2Re(¢) = (3.6 = 0.1) x 1073 (Bigi, Sanda'os,
Grossman, Nir'11)

m Exp. measurement: (—3.6 2.3 +1.1) x 103 (BaBar 2011)
2.80 from the SM
m New physics? Very difficult to explain:
» Charged Higgs, W, — Wg mixings (Devi, Dhargyal, Sinha’ 2014)

2 FSI S% FSI

T__\E w7t T
v -

v
» Tensor interactions (Rendén, Roig, Toledo 2019)

m An improved A, measurement is a priority for Belle Il



SECOND CLASS CURRENTS (SCC) IN 7 — v,

m SCC: JP6 = o™—,0~ 1,17, 17~ not yet observed!

m In the SM, 7 — mnv, decays proceed via SCC with tiny BRs

< O(1072) (escribano, 56-5 and Roig, Phys.Rev.D 94 (2016) n0.3 034008, Moussallam et.al. "14)
m Searched for at last-generation B-factories
» BR < 7.3 x 1075 (Belle), BR < 9.9 x 105 (BaBar)
m The observation of SCC via 7 — mv. is a priority at Belle-II

m Clear signal could suggest New Physics
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