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Introduction: EFT application
N N\ s < 10 TeV SM + BSIVA D=4

(Buchmuller & Wyler ’86,

\ W Grzadkowski et al. “10)
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/ / QCDXEW
M, RGE+matching @ M,
(Alonso et al. ‘14; Gonzalez-Alonso
QCDXEM et al. 17+Cirigliano et al. "10)
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Use of the EFT in semileptonic tau decays: T -> 1t v._

The effective NP interactions modify the SM prediction for t ->r v_, allowing to bind (Cirigliano et al., “18)

T

€r, — EE — E}Fis_ —€p — —E}F} =(—1.0+ 6‘7) . 10_3 (RadCors & lattice evaluation of f_included)

By = m2/(my, + my)
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Use of the EFT in semileptonic tau decays: T -> 1t v._

The effective NP interactions modify the SM prediction for t ->r v_, allowing to bind (Cirigliano et al., “18)
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€r, — €, —€p —€p — —E}F} — l: 1.5 £+ 6. 7) . 10_3 (RadCors & lattice evaluation of f_included)

By = m2/(my, + my)

One can also take the ratio with the  decay to cancel the dependence on f,
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Use of the EFT in semileptonic tau decays: T -> T 7t v,

1st Strategy: Rely on calculated isospin-breaking corrections relating T and e*e” data (Cirigliano et al., ‘18)
2nd Strategy: Rely on dispersive representations of form factors fitted to data (Miranda & Roig ‘18)
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Use of the EFT in semileptonic tau decays: T -> T 7t v,

1st Strategy: Rely on calculated isospin-breaking corrections relating T and e*e” data (Cirigliano et al., ‘18)

(Cirigliano et al. & Davier et al. ‘01-'10)

Key: Heavy NP contributions to e*e” -> n* " at low energies are negligible.

a’ —at®
K BT e T & T —3 i ’ i
5o = €7, —€1+ep—€R +1.7 € = {8,914‘4) ‘10 (Davier et al.’s evaluations are used for both auvalues)
1
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Use of the EFT in semileptonic tau decays: T -> T 7t v,

1st Strategy: Rely on calculatwpin-breaking corrections relating t and e*e data (Cirigliano et al., “18)

(Cirigliano et al. & Davier et al. ‘01-'10)

Key: Heavy NP contributions to e*e” -> n* " at low energies are negligible.

a’ —at®
K BT e T & T —3 i ’ i
Pt €] — €] +ep—€h +1.7 € = {8,914,4) ‘10 (Davier et al.’s evaluations are used for both auvalues)
v

—» Since the g-2 kernel is saturated at low energies, the previous observable is very sensitive to NP effects at low 7t invariant
masses (where the isospin breaking is more reliable).
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Use of the EFT in semileptonic tau decays: T -> T 7t v,

1st Strategy: Rely on calculatwpin-breaking corrections relating t and e*e data (Cirigliano et al., “18)

(Cirigliano et al. & Davier et al. ‘01-'10)

Key: Heavy NP contributions to e*e” -> n* " at low energies are negligible.

a’ —at®
K BT e T & T —3 i ’ i
Pt €] — €] +ep—€h +1.7 € = {8,914,4) ‘10 (Davier et al.’s evaluations are used for both auvalues)
v

—» Since the g-2 kernel is saturated at low energies, the previous observable is very sensitive to NP effects at low 7t invariant
masses (where the isospin breaking is more reliable).

— One could compare the energy-dependence of both spectral functions, but different sets of e*e” data are inconsistent.

(This has been largely discussed during this workshop)
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Use of the EFT in semileptonic tau decays: T -> T 7t v,

2nd Strategy: Rely on dispersive representations of form factors fitted to data (Miranda & Roig ‘18)

(Previous talks by José Ramon
Pelaez & Gilberto Colangelo)
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See Emilie Passemar & Sergi Gonzalez-Solis’ talks
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Use of the EFT in semileptonic tau decays: T -> T 7t v,

2nd Strategy: Rely on dispersive representations of form factors fitted to data (Miranda & Roig ‘18)

l VFF from Dumm & Roig ‘13 (DR)
SFF from Descotes-Genon &
7 Moussallam ’14 (DR)

TFF normalization from Baum et al.
A fit to Belle’s mr invariant mass distribution and branching ratio measurement yields ’12 (lattice QCD)

See Emilie Passemar & Sergi Gonzalez-Solis’ talks

ér = (—1.3%53) - 1073 (provided we restrict |ég| < 0.8 x 1072)

Cirigliano et al. 12 (updated values in Gonzalez-Alonso et al. ‘18)
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Use of the EFT in semileptonic tau decays: T->m Tt v,

2nd Strategy: Rely on dispersive representations of form factors fitted to data (Miranda & Roig ‘18)

VFF from Dumm & Roig ‘13 (DR)
SFF from Descotes-Genon &

l

See Emilie Passemar & Sergi Gonzalez-Solis’ talks

A fit to Belle’s mmt invariant mass distribution and branching ratio measurement yields

.

S

(-1.3%)5) - 1073 (provided we restrict |ég| < 0.8 x 1072

Using only the BR, the limits are not so restrictive:"[
(Miranda & Roig ‘18) |

Moussallam 14 (DR)

TFF normalization from Baum et al.

’12 (lattice QCD)

Cirigliano et al. 12 (updated values in Gonzalez-Alonso et al. ‘18)
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Use of the EFT in semileptonic tau decays: T->1 T V.

In this case only one possible strategy: Rely on dispersive representations of form factors fitted to data (Garcés et al. “17)

l

See Emilie Passemar & Sergi Gonzalez-Solis’ talks

VFF from Dumm & Roig ‘13 (DR)

SFF from Escribano et al. ‘16+ Guo-

| Oller’12 (DR)

TFF normalization from Baum et al. "12

This decay mode has a very large scalar form factor contribution, almost unsuppressed by meson mass differences (Escribano et
al., “16). As a result, there is a strong sensitivity (although theory error is large) to «:

(Garcés, Hdez.-

Villanueva, g sl

Lopez-Castro &
Roig, ‘17)

.
-

p—

~0.010

~0.005
Ex

0.000

0.005

2
Pewp ~ Psar (14 700 €5 + 1.6 x 10° €5)

From inner to outer ellipse: SM prediction, Belle, BaBar & CLEO upper limits

For realistically small &, we find|-0.83 10%<g; < 0.37 10~

Using the same hadronic input aswe do, Cirigliano et al. ‘18 found

€t = (—6 £ 15) x 10—3\
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Use of the EFT in semileptonic AS=0 tau decays

From nm channel; -0.83 102<g. < 0.37 102 (Garcés et al. ‘17) From 7wt channell ér = (=1.3153) - 10~%(Miranda & Roig ‘18)
Limits from Cirigliano et al. ‘18: €7 —€]+ep—¢€g 1.0+ 1.1
€R 0.2+ 1.3 ‘
. % = 0.6+15 |[.1077
Global analysis & 0.5+ 19
er. 0.04 + 0.46

0.78¢} + 171} = (4+16) - 1073

Constraints from V+A spectral function: r}f+E €14 R
0.89¢T, + 0.90¢ = (8.5+8.5)- 10",

T ©
Cr4+r  CLaR

Constraints from V-A spectral function: EEI R E‘LI gt 3.,1.;}I + H,]_EE"E. (5,{] 1 5{]] 103 .
€1+r — €i+r + 1.9¢5 + 8.0e = (10 4+ 10) - 107*

£
€, — €L, =5{JWT "EJWE |fm|rr11 i [*" ]mu 3 W
(p = Eg::rr“,
Connection to SMEFT: : 1 .
€Eg p _E[ﬂlnqm + CI-r:rLr;]-” 11 » v We
(See additional material) 1. 3 g(1+dgr ") ,
€p = E[Fil.qtr, rrll Pablo Roig



Use of the EFT in semileptonic AS=0 tau decays

From n7 channel]-0.83 10%<e, < 0.37 102

(Garcés et al. 17)

From 7tit channel

€r = (—1-35'3] 1073

Miranda & Roig ‘18)

Limits from Cirigliano et al. ‘18: €, —tpTegr—€g 1L.0x1.1
€R 0.2+£1.3
L = 0.6+15 |-107°
i 0.5+1.2
€] 0.04 + 0.46
T— v vs. B decay —
T v vs. et st — Er' Coefficient | ATLAS 71/ 71 decays |7 and w decays
; < 5] rrrn | [0.0,1.6] | [-12.6,0.2] 7.6,2.1
. 1-inclusive (V+A) vs. § decay - i el e E
] [‘f:.f.r-:qu]u 11 [_'l.}-ﬂ? H-ﬁ] [_S-'{l‘-l. "1'- I] __'l.l-ﬁ-, 2-3
—inclusive (V-A) vs. 5 decay ILJE""‘-'JITTII [ 'E"b‘ 5{]] [ dﬁ‘ﬂul Elhﬁﬁ
L legs) Jrr11 | [-3.3,3.3] |[-10.4, —0.2]| [-8.6,0.7
P v " £
[t > pvv) 1 w TABLE 1. 95% CL intervals (in 10 ? units) at g = 1 TeV,
= e assuming one Wilson coefficient is present at a time.
rWw -
Ml = ev) b
o - g(1+dgr ")
~0.06  -0.04  -0.02 0.0 0.02 0.04
Pablo Roig
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Use of the EFT in semileptonic AS=0 tau decays

From nm channel:

-0.83 102<¢, < 0.37 107

(Garcés et al. 17)

From nix channel ér = (—1.3%57) - 1077

Miranda

Limits from Cirigliano et al. ‘18: €7 —€]+ep—¢€g 1.0+1.1
€R 0.2+£1.3
L = 0.6+15 |-107°
& 0.5+ 1.2 ¢
er. 0.04 +0.46 W
0.04f
T— v vs. B decay —_— i |
v Wi
T mvvs. e s —— E‘I . g (1 + 59{, )
: g 0.02
. 1-inclusive (V+A) vs. § decay = [
' Coefficient | ATLAS 7v| 7 decays |7 and 7 decays|
L _ - lcg Jrri | [0.0,1.6] | [-12.6,0.2] | [-7.6,2.1]
; —inclusive (V-A) vs. § decay Ze 000 [Ceogulrrir | [~5.6,5.6] | [-8.4,4.1] [—5.6,2.3]
F{]I : g | [Cecdq)rr11 | [~5.6,5.6] | [—3.5,9.0] [—2.1,5.8] ‘
T & 7V ()
m e | Hadronic r+ LHC EWPD+LHC lﬂfnqul'r'rll [—33? 33] [—][]51-1 —ﬂQJ [—Rﬁﬁ.T]
(- pvv) - +Hadronic TABLE 1. 95% CL intervals (in 10" units) at g = 1 TeV,
My - evv) - -0.02; assuming one Wilson coefficient is present at a time.
rWw -
rWw = ev) t EWPQO+LHC
| | | | ~0.04, | | |
-0.06  -0.04  -0.02 0.00 0.02 0.04 -0.06 -004 -002 000 002 004 0.06

6g)"-5g)"

& Roig ‘18)

':59 'L"'.-'I _ lﬁg :I-"'."E

Pablo Roig



Use of the EFT in semileptonic AS=0 tau decays

(Ga(rces etal. ‘17)

From 17t channel]-0.83 10%<e < 0.37 102

Limits from Cirigliano et al. ‘18:
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Use of the EFT in semileptonic tau decays: 1 -> K 7 v,

In this case only one possible strategy: Rely on dispersive representations of form factors fitted to data (Rendén, Roig & Toledo “19)

l

See Emilie Passemar & Sergi Gonzalez-Solis’ talks

(Boito et al. ‘08,...)
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| TFF normalization from Baum et al. 12
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Use of the EFT in semileptonic tau decays: t -> K 7t v_

In this case only one possible strategy: Rely on dispersive representations of form factors fitted to data (Renddn, Roig & Toledo 19)

E-dependence is important for
computing A, later on!!

(Boito et al. ‘08,...)
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' Fit tothe Kt Belle : - , 0 &-& & ey ‘% I
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Use of the EFT in semileptonic tau decays: ©-> K 7t v,

In this case only one possible strategy: Rely on dispersive representations of form factors fitted to data (Renddn, Roig & Toledo ‘19)

Is it possible that the i=5,6,7 data points are due to heavy NP?

A l'(T+ — TT+KSUT) — l‘(T_ — ?r_f{guf)
cr = 7t = 7t Kgiy) + (7~ — 7 Ksi;)

/\.

BaBar measurement:  Aqp = —3.6(2.3)(1.1) x 1072 SM prediction Azp = 3.6(1) x 10°°
(Grossman & Nir, ...):

(inclusive in 7%’s)

But the corresponding Belle binned asymmetry (from angular analysis) is consistent with the null SM value expected with
permille level precision & Cirigliano et al. 18 derived a no-go theorem for heavy NP explanation of the BaBar result.
What is the UL for A;®°M taking all FF uncertainties into account?

Are the limits on g, ¢, competitive with those from Kaon & hyperon decays?

Pablo Roig



Use of the EFT in semileptonic tau decays: t -> K 7t v_

In this case only one possible strategy: Rely on dispersive representations of form factors fitted to data (Renddn, Roig & Toledo ‘19)

Is it possible that the i=5,6,7 data points are due to heavy NP?

NO
Best fit values €5 €T X x? in the SM
Excluding i = 5,6, 7 bins | (1.3 4+0.9) x 1072 | (0.7 £ 1.0) x 1072 | [72,73] | [74,77] (86 data points)
Including i = 5,6, 7bins | (0.9 + 1.0) x 10 * | (1.7 + 1.7) x 10 * | [83,86] | [91,95]

What is the UL for A,25M taking all FF uncertainties into account?

Are the limits on g, ¢, competitive with those from Kaon & hyperon decays? Pablo Roig



Use of the EFT in semileptonic tau decays: t -> K 7t v_

In this case only one possible strategy: Rely on dispersive representations of form factors fitted to data (Renddn, Roig & Toledo ‘19)

Acp =

4

A?__.I}-‘_;f + A H‘:‘M’

l_|_A"§'4"I-fI % AU"}M ?

Is it possible that the i=5,6,7 data points are due to heavy NP?

NO

What is the UL for A;®°M taking all FF uncertainties into account?

BSM __ 23i115}’?"|3.1.|[;’§’;.|%5|25b;w M A2 (s, m? mi ) (M7 — s)*

i,

g — . — —

Estimation of the TFF

phase uncertainty from 25 mler| < '|[] In C|r|gI|a noetal.
Cirigliano et al. ’17/ [ TI

4 ls F ) — 07 (. T

We find ABM < 8.10°7

e

BSM < 3.1(7
sind} éz] ~ Smléq] Compared to A¢ 3-10

12

/i (G HAre the' I|m|ts on g, &; competitive with those from Kaon & hyperon decays? Pablo Roig



Use of the EFT in semileptonic tau decays: t -> K 7t v_

In this case only one possible strategy: Rely on dispersive representations of form factors fitted to data (Renddn, Roig & Toledo ‘19)

Is it possible that the i=5,6,7 data points are due to heavy NP?

NO

What is the UL for A;®°M taking all FF uncertainties into account?

Ag:ﬁm << 8.10 " (See, however, 1902.09561)
o

/\

BaBar measurement: Aqp — —3.6(2.3)(1.1) x 1072 SM prediction Azp =3.6(1) x 1077
(Grossman & Nir, ...):

Are the limits on g, ¢, competitive with those from Kaon & hyperon decays? Pablo Roig



Use of the EFT in semileptonic tau decays: t -> K 7t v_

In this case only one possible strategy: Rely on dispersive representations of form factors fitted to data (Renddn, Roig & Toledo ‘19)

Is it possible that the i=5,6,7 data points are due to heavy NP?

NO

What is the UL for A,2M taking all FF uncertainties into account?
BSM 7
AG’} ] ~ S i} ].D

/\.

BaBar measurement: Aqp = —3.6(2.3)(1.1) x 1073 SM prediction AZY =3.6(1) x 103
(Grossman & Nir, ...):

Are the limits on g, &; competitive with those from Kaon & hyperon decays?

They are better than hyperon decays but cannot compete with (semi)leptonic Kaon decays

Best fit values €g e Y? v? in the SM
Excluding i — 5,6, 7 bins | (L3 £ 0.9) x 10 2 | (0.7 £ 1.0) x 10 2 | [72,73] | [74, 77]
Including i — 5,6,7 bins | (0.9 £ 1.0) x 107 | (1.7 L 1.7) x 10 % | [83,86] | (91, 95]

The previous limits correspond to A =[2,5] TeV, while Kaon Physics may reach O(500) TeV (Gonzéalez-Alonso et al. ‘15, ‘16, ‘17)
A~ v(Vyégy) 12 Pablo Roig



Use of the EFT in |AS| =1 tau decays

Kaon Physics may reach O(500) TeV (Gonzalez-Alonso et al. ‘15, ‘16, ‘17) A~ v(Vysigr) 12
NS (Tev)
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CONCLUSIONS

Hadron Tau decays are not only a QCD lab but also powerful NP probes
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CONCLUSIONS

Hadron Tau decays are not only a QCD lab but also powerful NP probes

| have reviewed what can be learnt using the low-E limit of SMEFT for them

For AS=0 they are complementary to EWPO & LHC data

Belle-ll can improve the t-based limits drastically!!
For g; |AS| =1 tau decays help Kaon (semi)leptonic decays & LHC data

Kr:Both the BaBar A, anomaly and the i=5,6,7 Belle data points cannot be
explained by heavy NP contributions

Plenty of interesting measurable observables for hadron t decays in our Dapers



ADDITIONAL MATERIAL
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SMEFT Lagrangian

W ‘5_.;,-

Wi —
rR U

LD ( [FE:}] r7ll {E_’"I"uﬂ’i PL” ({If}'# ETi FL qj

_I_
_I_

1

Clequ |
Cledq)

(3)

.r:I-r.'r;a-u.

TT]I{EPRE}(QPR“}
TT'l]{EPRE}{dPLq:J
1

rr11 (o Pre)(qo . Pru) ) "

Prd+ (1 +d8g;" ") by, Prie| + h.c.
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1902.09561 Dighe, Ghosh, Kumar & Roy

L _} — [{f]gHi}ﬁw;Tjg] (g2 H )" ug] + h.c.
They argue that exclusive determination of Vus (in agreement with CKM unitarity) is not spoilt if the operator is such that
i hiad lep
(Kvr |Onp|7) = (K|ONp |0) (vr|Oyplr) =0

But, if this is to bring the V  determination from t data (0.2216(15)) into agreement with CKM unitarity (0.2257), then it would
produce a quite large V. (around 0.2270) obtained from K;; decays (that is 0.2231(8) before any modification).
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The effective coupling that should be compared to C; =2 ¢;is ﬁ:'ﬂ‘g f2ﬂ4 (Relative suppression factor < 0.03)
[ a=0.2
sk a=0.8 Conflict with the EFT counting: The global analysis of Kaon decays yields | C;|
025; <1.2 102 Then, one would expect that their induced |C;| < 3.6 10, which is
T much smaller than their solutions (they need Im[C;]>0.1 for realistic o).
0.20
6 : They also argue that NP would modify Krt but not KK, KKrt (bkg) channels.
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A no-go theorem for non-standard explanations of the 7 — Kgnr, CP asymmetry

Vincenzo Cirigliano,! Andreas Crivellin,? and Martin Hoferichter®
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