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Exclusive hadronic tau decays

Hadronization
of QCD currents

See A. Lusiani talk

Input for
aLlHVP,Lo VvV LU

See J. Miranda talk

PDG

Sed G. Lopgz decay mode fit result (%)
v Casgtro tal I 17.3937 + 0.0384
o~ e Uely 17.8175 + 0.0399
f e
. v, 10.8164 4+ 0.0512
K v, 0.6964 =+ 0.0096
L e, Ll ,|d,s 1Oy, 25.4941 + 0.0893
W K7, 0.4328 + 0.0148
7270, (ex. KV) 9.2595 4 0.0964
Vg Vyo|Us U 4 K 21%; (ex. K?) 0.0647 % 0.0218
7370, (ex. KVY) 1.0429 4 0.0707
K 31%, (ex. K% n) 0.0478 £ 0.0212
h~4rvy (ex. KO, n) 0.1118 + 0.0391
7 K%, 0.8384 + 0.0138
See Z. H. Guo talk - -
See F. Noel talk SCCs Resonance (pole)
CP & T violation See B. Moussallam talk parameters



BSM limits from tau decays
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~~fWithin the SM

\"E: vu:u:u

T Unique lepton: Can decay to hadrons! => It has been a clean lab to understand QCD hadronization via its semileptonic decays.

Inclusively: Determination of fundamental parameters of the SM (a., V,,, m,, xPT LECs, OPE coefficients, DVs, ...)

(See M. Davier, A. Hocker & Z. Zhang; and A. Pich reviews)

Exclusively: See next slide.
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Wlthm the SM

M = —VOKM Uy, Y (1 —vs5)ur Hy

V2
H, = (H|(V,—A,) e*2er | 0)

SYMMETRY

Ho= > (...), Fid,..)

Lorentz structure

Alternatively, in terms of structure functions (Kuhn&Mirkes’92)

Chiral symm., analyticity, unitarity, parton dynamics, DATA, ...
Dispersion relations



Tﬁé}jj\Nithin the SM:1 meson

T~ —wv.m and 7 — v, K~

(77 (p)|dy"v5ul0) = —iv2 frp", (K~ (p)|sy"vsul0) = —iv2 fx p",



= fWithin the SM:1 meson

T —wv.m and 7 — v, K~

(77 (p)|dy"v5ul0) = —iv2 frp", (K~ (p)|sy"vsul0) = —iv2 fx p",

Known|from

— v - I —
T — u y,and KT — up,
But, if there is New Physics, f_, 2P is different from f_, & ||

RadCors (real&virtual) are essential (including structure-dependent effects): See Gabriel’s talk right after !



. TWithin the SM:2mesons

7-_ % VT'P P APP’ mp— _ m p'o

/ - A / A !/
(P~P°ldy"u|0) = Cppr {(p —po— — — .}

Q‘“’—pﬂ?o s = ¢°

dl’ G2|VUZ|2 - a S \2 S /
ds F7687r3 St Cpr (1_ﬁ) {(HQ W) )‘;/’i. PP }!ﬁ,| }

Appr = A(s, mP : pO)/s

There is no time to discuss here T -> v_(P P P)  decays. See talks by F. Krinner & M. Mikhasenko later on today.



=~ TWithin the SM:2mesons

T — U 70 and 7 — K~ Kgv,

‘ 3 1
Tl S o 87 e 0)(S)
Fy(s) = exp _als B /4m§ s (s")3(s" — s —10)

S. Gonzalez-Solis & P. Roig ’19,...
(extended list of Refs. in the procs.)

See radiative case in talks by Z. H. Guo & J. A. Miranda.



“w~FWithin the SI\/I 2mesons

T — U-T ’7T and 7 — K Kgu;

As. behaviour S. Gonzalez-Solis & P. Roig '19, ...

oV {Us U
Watson’s Th. .
2000 *
- — Roy !
—— Scw=m; |
150 =t Gev? |

—— Seu=10 GeV?

. Scut—)oo

0 % (s) [degrees]
S
o

(extended list of Refs. in the procs.)

° Belle data (2008)

—— This work (squ=4 GeV?)
.. This work (scui—)

10:
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IF7]
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Vs [GeV]

See radiative case in talks by Z. H. Guo & J. A. Miranda.
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Other outputs: p, p” & p”’ pole positions & slope parameters

Essential for BSM studies: Model-dependent uncertainties included



_ —7 o o
~_-~FWithin the SM:2meson:
|- ] [ =
S i — Fittor —Kgr v, Escribano, Gonzalez-Solis, Jamin & P. Roig '14,...
104 Fit to 7> K17y rQextended list of Refs. in the procs.)
: e Unfolded 77 -»K¢n v; Belle data ;T_ — KSW—VT and 77 — K_nVT
1000 7 o T —=Kgn v, excluded fit points |
®m  'Unfolded 77—>K 7nv_Belle data
: [0 7 —K nv_excluded fit points
= 1000 W i
= () S,
5 | AT &
m 10_ ,/ [F [F =
Scalar contributions _
1 , ]
: Jamin, Oller &
Pich '01, 02, ..
0.1 L ‘ ‘ L [ L ‘ N . MM |
0.6 0.8 1.0 1.2 14 1.6 1.8
Vs (GeV) Other outputs: K*, K*’ pole positions & slope parameters

See F. in talk by F. Noel.

Essential for BSM studies: Model-dependent uncertainties included



— Fittot »Kn v,

— Fittor K nv,

Unfolded 7™ = Kg¢r v, Belle data
7T =K~ v; excluded fit points

'Unfolded' 77—=K " nv_ Belle data

[0 7 —K nv_excluded fit points

\Y

W
_e’ ;11 u, u
10%
1000 -
= 100p %
O 1Y A
5 AT &
2104 ;
Scalar contributions
1t .
: Jamin, Oller &
Pich '01, '02, ..
0abe b
0.6 0.8

See F. in talk by F. Noel.
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~HWithin the SM:2meson:

Escribano, Gonzalez-Solis, Jamin & P. Roig '14,...
rQextended list of Refs. in the procs.)

7~ > Kgm vy and 7~ — K nu,

- T -> MV, is much more difficult
(Escribano, Gonzalez-Solis & Roig 16, ...)
(See B. Moussallam’s talk)

- Modes with n” also included.
(Escribano, Gonzalez-Solis & Roig ’13, ...)

Other outputs: K*, K*' pole positions & slope parameters

Essential for BSM studies: Model-dependent uncertainties included



fiBeyond the SM

BSM
>< 10 TeV SM + BSM D=4
\< 1TeV SMEFT D=4+6+...
/ QCDXEW LD = Lom + % 2O
M, RGE+matching @ II\/IZ
QCDxEM
v
>< 2 GeV Light fields D=6+...
Loc = _GTZV‘“""‘I(I +er + er){Tvu(1 — V) u[y* — (1 — 2er)¥""|d

+7(1 —4°)v, u(és — épy°)d
+ 2¢rTou,(1 — ,),E)VT uo™d} + h.c.,



~_.~rBeyond the SM
{.-e, ﬁu,ﬂ,u
( .
Loo = ——FVud(l + e+ er){Tyu(1 — ¥ )vrafy* — (1 — 2eg)y*4"]d

V2
+7(1 =)y u(és — epy°)d
+ 267704, (1 — ’}“E)VT uotd} + h.c.,

7~ = n)r~y,  Garcés, Hernandez-Villanueva, Lépez-Castro & Roig ‘17

Very sensitive to non-standard scalar interactions: AQCD - ~ -
KO+ | SES
- enhancement of g contribution 1 !
s m.(mg — my,)
- suppression of SM contributions (G-parity)
Only ULs exist (CLEO, BaBar & Belle), which does not allow for fine test (of SM & BSM) . .

pe—

A —



T~ =y,

Very sensitive to non-standard scalar interactions:

Garcés, Hernandez-Villanueva, Lopez-Castro & Roig ‘17

~FBeyond the SM

- enhancement of g contribution

QCD ~
AT o+ | S€g
|
s - my(mg —my,) |

- suppression of SM contributions (G-parity)

Only ULs exist (CLEO, BaBar & Belle), which does not allow for fine test (of SM & BSM)

15
r_10 T — T NVr

~0.010  —0.005

©0.000  0.005
€s

h
Compatible (slightly worse) limits for n” channel
CLEO patible (slightly ) n
BaBar ~1/2
~ - ~3.5TeV %CL
Belle A~v (VuDGI) 3.5 TeV @90%C

Belle-Il data will enable to push NP scale!!

(In all decays we also discuss spectrum, Dalitz plots, etc.)



s Bey()nd the SM

T~ — 7wy, Miranda & Roig ‘18

. " . . N
Quite sensitive to tensor interactions
o’

In principle sensitive to NS scalar interactions, but no resonances contribute to F at LO in isospin breaking

"
Very good Belle data N\’

~ _ (N
From a fit to Belle spectrum we get €77 — (—131_%3) - 10 3 \ -
o0

Unfortunately, with present data we cannot fit the SM & BSM parameters simultaneously. ra—
BR restrictions on g; are one order of magnitude milder.

-1/2
A~ D (I/uDgi) 3.5 TeV @90%CL

Belle-Il data will enable to push NP scale!!

(In all decays we also discuss spectrum, Dalitz plots, etc.)
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~_~fBeyond the SM
Vo ViU
T — Kgmv, CP asymmetry Cirigliano, Crivellin & Hoferichter ‘18, ...
SM SM
, _ Tt =t Ksp) ~T(r~ 57 Ksvr) /, _ D(Kp = n ) — T(K; - 70 m) _/3 32(6) x 10~
CP = T(r+ = ntKsv )+ D(r— = 7 Ksvy)  © D(Kp = 70t + D(Kp — ntl-m)

While..  ATZP = ©3.6(2.3)(1.1) x 10~°

ATBSM _ PT@ / ' ds'k(s")| f+(s")||Br(s")| sin (04 (SNT(S,))

T — Kgmv,) .

seic = (M + M) 0 in the elastic region (Watson’s Th.)

‘y —
Tiny, according to D°-D° mixing & n EDM

‘ BSM contribution to A®., orders of magnitude smaller than SM one: no-go th. for NS (heavy NP) explanations.



Tﬂku

T =

Beyond the SM

(In all decays we also discuss spectrum, Dalitz plots, etc.)

— Fitto T ->K v,

VT Rendon R0|g&ToIedo ‘19, Chen et al. ‘19, ‘20, 1...

. ‘ Fitto 77K v,
Cannot be e Unfolded ™=K~ v, Belle data
1000 - explained by o 1 —=Kgn v; excluded fit points
heavy NP ® 'Unfolded' =K nv, Belle data
: ul 4 [ 7 —=K"nv_excluded fit points
= 1000 W
o :
z T T T
. s
10 3 ) % [F
Scalar contributions _ _
1-
0.1 | |
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Beyond t

he SM

(In all decays we also discuss spectrum, Dalitz plots, etc.)

— Fitto T ->K v,

VT Rendon R0|g&ToIedo ‘19, Chen et al. ‘19, ‘20,

Fitto 77K v,

1

: Good quality Belle data i

BR bounds 1 order of magnitude worse —

Cannot be e Unfolded 77 —»K¢n v, Belle data
explained by o 1 —-Kgn v, excluded fit points

heavy NP ® 'Unfolded' 7"—=K v, Belle data
ul [ 7 —=K"nv_excluded fit points
i
| AT

Scalar contributions [.H]__
0.6 0.8 1.0

_ANU(VDE'l-)

E Comparable (good) sensitivities to scalar
! and tensor interactions. N
e

| From a fit to Belle spectrum:

és = (1.3 +£0.9) x 1072

ép = (0.7 £ 1.0) x 1072

Joint fit of SM & BSM parameters impossible.

o0
e

g -1/2 ~ 3 TeV @90%CL

Belle-Il data will enable to push NP scale!!
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~fIBeyond the SM

(In all decays we also discuss spectrum, Dalitz plots, etc.)

VT Renddn, Roig & Toledo ‘19, Chen et al. ‘19, ‘20, 21 ..

. , : , . Comparable (good) sensitivities to scalar
See Gonzalez-Solis, Miranda, Renddén & Roig ‘19 for . .
and tensor interactions. N

v~ = K- ("), K% v, Dt

Good quality Belle data £Es

(Not as sensitive to NP as those discussed before) : _
From a fit to Belle spectrum:

és = (1.34+0.9) x 1072
ér = (0.7 £+ 1.0) x 1072

Joint fit of SM & BSM parameters impossible.

o 0
~~
BR bounds 1 order of magnitude worse —
_1/2 ~ o)
A~ D (VuDei) 3 TeV @90%CL

Belle-Il data will enable to push NP scale!!
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. ~fBeyond the SM
{-e, ﬁu, u,u
Combining inclusive & exclusive semileptonic t decays, Cirigliano-Falkowski-Gonzalez Alonso-Rodriguez Sanchez "19 got
’ (Only AS=0) P .
GrVud _ _
»Ceff = == \/iu (1 —I—EZ)T’YM(l _75)VT u7u(1 _’75)d 0.02
+€7}-{ 7_-7/1(1 o 75)1/7' ) ﬂ7“(1 -1 75)d % o_ooj
. 1 . - - d Hadronic 7 + LHC Eb:'/PdO+LHC
_|_ 7-( _— 75)1/7_ o 4L ES p— GP,.)/E) 002 +Hadronic 1
s _ U EWPO+LHC
+€T TUMV(l _ 75)1/7' - uch (1 — 75)d + h°C'7 (1) 005 <004 ~0.05 0,00 0.0 .04 0.06
69,'-6g;"
/ez—ei—l—e}%—eﬁz / 1.0£1.1
6% 0.2+1.3
—2
-1/2 . € — —0.6 = 1.5 - 10
A~ D (VuDei) 2 TeV @90%C |« mmmmmm § 05419

€p .
\ €. J \ —0.04 +0.46




Using only exclusive semileptonic T decays, Gonzalez Solis-Miranda-Rendon-Roig “20 got

(

T _ e T _ e
€L €L+€R eR
T m? T
€ z €
R Zor (m,mg) P
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€s

T

€r

)

/

AS=0

1.1 +0.0
\ 0.1 027+

(Both AS=0,1)

+2.3 +0.2
0.5+ 0.6+3+02 4+ 0.4

+1.1 +0.1
0.3 0501401402

971035 + 215

-0.6 — —0.1

—-1.4 -0.1

( 7z
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+0.0 +0.2
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__ e
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)

x1072

T—

e
R €R

K T

2m,(m,+my) “p

Beyond the SM

Results for the one-meson modes are

slightly updated according to

Arroyo Urefa, Hernandez Tomé, Lépez

Castro, Roig & Rosell '21
(see Gabriel’s talk next)

AS=1
\

04+09+0.2
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[ 05+15+03 )

\09107104)

x1072
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Beyond the SM

Under MFV, using both AS=0,1 Gonzalez Solis-Miranda-Renddn-Roig '20 got
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Exclusive hadronic tau decays

Hadronization
of QCD currents

See A. Lusiani talk

Input for
aLlHVP,Lo VvV LU

See J. Miranda talk

PDG

Sed G. Lopgz decay mode fit result (%)
v Casgtro tal I 17.3937 + 0.0384
o~ e Uely 17.8175 + 0.0399
f r
. v, 10.8164 4+ 0.0512
K v, 0.6964 =+ 0.0096
L e, Ll ,|d,s 1Oy, 25.4941 + 0.0893
W K7, 0.4328 + 0.0148
7270, (ex. KV) 9.2595 4 0.0964
Vg Vyo|Us U - K727%; (ex. KV) 0.0647 % 0.0218
7370, (ex. KVY) 1.0429 4 0.0707
K 31%, (ex. K% n) 0.0478 £ 0.0212
h~4rvy (ex. KO, n) 0.1118 + 0.0391
7 K%, 0.8384 + 0.0138
See Z. H. Guo talk M -
See F. Noel talk SCCs Resonance (pole)
CP & T violation See B. Moussallam talk parameters



BSM limits from tau decays

LHC
EWPO

K & t decays
0+ 9 0+

A ~ U (I/uDei)

~1/2

SMEFT

~ O(TeV) @90%CL



