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Lepton universality tests and |V,¢

| calculation with new radiative corrections for tau hadronic decays

Introduction and outline

HFLAV tau branching fraction fit and measurements

» HFLAV does a global fit of tau branching fractions, also for PDG

. ) » lepton universality tests
» fit results are used for computing o ) )
» determination of |V,,| (less precise than with kaons)
» recent new radiative corrections for tau hadronic decays

[M.A.Arroyo-Urefia, G.Hernandez-Tomé, G.Lépez-Castro, P.Roig, |.Rosell, PRD 104 (2021) L091502]

Cabibbo angle anomaly

> recent new radiative corrections for |V, 4| calculation
= ~30 tension on first row CKM matrix unitarity test

» update HFLAV Tau fit with new radiative corrections

» test first row CKM matrix unitarity with HFLAV-Tau |V,| with old & new radiative corrections

Lusiani (SNS & INFN Pisa) — Phipsi 2022, August 15-19, 2022
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CKM matrix first row unitarity test: PDG 2018 and HFLAV 2018

> PDG 2018 |V,y|- |V,s| review ——
» |V,| from kaons ~consistent with unitarity o E‘;ﬁ*f?&&&ngG 2018
+
» HFLAV 2018 report, PRL 93 (2004) 231803 - Kg. N, = 2¢1+1, PDG 2018
. . . 0.2253+ 0.0007
> |Vus| from tau |nCIUS|Ve >30 dlscrepancy e CKM unitarity using ijoprG 2018
» |V,| from tau exclusive ~consistent 0.2256+ 0.0009
—e— T XV
0.2195+ 0.0019
N e
0.2236+ 0.0015
> alternative |V, .| determinations from 7 — X v —eo— T Ky
exist, which are more consistent with kaons and 0.2234+0.0015
. . —eo— T average
CKM unitarity . . 02221+ 0.0013
» Hudspith, Lewis, Maltman & Zanotti 2018 BT B YT E— HFLAV
| 2 \
Boyle et al. 2018 IV,

» Vgl +|Vis|?+|V,s|* ~consistent with unitarity
except when using |V,¢| from tau inclusive

ni (SNS & INFN Pisa Phipsi 2022, August 15-19, 20



Lepton universality tests and |V, ¢| calculation with new radiative corrections for tau hadronic decays

CKM matrix first

row unitarity test: PDG 2020 and HFLAV 2022

‘/udl

» new dispersive calculation of A\,g inner or universal
electroweak radiative corrections (RC) to superal-
lowed nuclear beta decays
Seng, Gorchtein & Ramsey-Musolf,

Phys. Rev. D 100, 013001 (2019)

> ~2X more precise
> significant shift

|V,s| from kaons

» updated more precise lattice QCD constants

|V,s| from tau

» updated lattice QCD constants (minor)

» numerical typo fixed on |V, | from 7 — Kv

Lusiani (SNS & INFN Pisa

Phipsi 2022, August 15-19, 2

Kig,s N, =2+1+1, PDG 2020
0.2231+ 0.0007

. Kp, N, = 2+1+1, PDG 2020

0.2252+ 0.0005

CKM unitarity using \/ud of PDG 2020

0.2278+ 0.0006

T = XV

0.2184+ 0.0021

T Kv /1oy

0.2229+ 0.0019

T — Kv

0.2223+ 0.0017

T average

0.2209+ 0.0014

—eo—

PRI S S U N T S
0.22 0.225
V| HFLAV

us Winter 2021 prelim.

» |V.,4| - |Vis|k anomaly ~3 ¢

(scale factor = 2 on |V, 4| because of difference on
[Visli from Ky and K,,)




Lepton universality tests and |V,

CKM matrix first row unitarity test: 2021 |V, 4| - |V,

|Vud|

» J.C.Hardy & li.S.Towner, PRC 102, 045501 (2020)

» revised experimental inputs

2 Marciano and Sirlin 2006 2.361 + 0.038
Seng et al. 2018/2019 2.467 + 0.022
Czarnecki, Marciano and Sirlin 2019 2.426 + 0.032
Adopted value for A% 2.454 4 0.019

» increased systematic uncertainty
(new nuclear corrections)

|V,s| from kaons

» improved K3 radiative corrections,
Seng, Gorchtein & Ramsey-Musolf,
arXiv:2103.04843 [hep-ph]

> new calculation of |V,¢| ks
Seng, Galviz, Marciano, MeiRner,
arXiv:2107.14708 [hep-ph]

T T T T T T T

[Py Kis: N‘ =2+1+1, 2021 update

0.2231+ 0.0006
Py Kip, N, = 2+1+1, PDG 2020

0.2252+ 0.0005

CKM unitarity using Vud of 2021 update

0.2277+0.0013

T — XV

0.2184+ 0.0021

T > Kv/t—onv

0.2229+ 0.0019

T — Kv

0.2223+ 0.0017

T average

0.2209+ 0.0014

—eo—

PR S [T SR S R T T
0.22 0.225
IV | HFLAV

us Winter 2022 prelim.

|V,s| from tau

» using 2021 update |V,4| (minor)

» |V.,4| - |Vis| anomaly ~3 ¢

> no scale factor on |V,
» ~50 without increased |V, 4| systematics

Lusiani (SNS & INFN Pisa
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Lepton universality tests and |V¢| calcul

with new radiative corrections for tau hadronic decays

|V,s| calculation using tau branching fractions

|V,s| from tau inclusive
R(T — Xnon- v)
> ‘\/US‘TS = R(T — Xstrange l/)/ [ non2strange - 6R7—,SU3 breaking:|
|Vud|
|V.s| from tau exclusive
3 3 2 2 2 2?2
~ B(tm — K v,) _ fict|Vus|7ic/m \Mr =~ MK

. 14 6R.k/rm
Bt = 7 v;) £y \Vial® (m2 2)2( i)

r — My
> Bir o K b)) = — GF2V2f277331mf<25m*15R K
(17— UT)71677r e Vi |7 i = minc = ew(l+0Rk) T—
radiative corrections definitions

> I(r7 =7 v) =Twio(t” = vr)SeR (1 +6R. )

> (1 = K v;)=Twmio(t™ = K v;)Sgi (1 + R x)
~ Mt~ = K v,)  Twolt — K vy) Sgi(L+6R. k)
rr — 7w v;) Menio(T™ = 7 v,) Sew(1+8R.r)

_ Twolt™ = K v,)

— — (1+6RTK/T7F)
rth,LO(T - T UT)

usiani (SNS & INFN Pisa) — Phipsi 2022, August 15-19, 2022
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Lepton universality tests using hadronic tau decays

2
s <g_r)2 _ B(t — hv,) 2mhmi‘rh 1-— mi/mi (h=m, K)
Eu Thp B(h =v I’LDFL) (1 + 5Rfrh/hy.)mi7—‘r L= mi/mi

radiative corrections definitions

> (17 =7 v,)=Twmio(t — W_UT)SE\;,(I +0R,,)

> I[(17 = K v) =Tmo(t — K v;)Sgi(1+6R.k)

> r(T — hl/) _ rthyLo(T — hl/) Sg‘;\/(l —+ 6R.,.K) _ rth’Lo(T — hl/)
(h— pv) Twmio(h— wv) SEE(1+68Ry,)  Tiio(h — pr)

r (L+8Rrh/mu)

> » §Rx does not include universal EW radiative correction
note:
» §R% does include universal EW radiative correction

Alberto Lusiani (SNS & INFN Pisa) — Phipsi 2022, August 15-19, 2022
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us

HFLAV 2018 radiative corrections

> 6R.r/my = (0.16 £0.14)%  8RLi/k, = (0.90+0.22)%

A.Pich, Precision Tau Physics, 2014

» \W.J.Marciano, A.Sirlin, Phys.Rev.Lett. 71 (1993) 3629
» R.Decker, M.Finkemeier, PLB 334 (1994) 199; NPB 438 (1995) 17; NPB 40 (1995) 453 (P.S.)

1+6R. ,
» (14+0Rk/rn) = (1 —I—tSRer/T,r) = M(l + 0Rkp/nu) A.Pich, Precision Tau Physics, 2014
(L 4 R s )

> (1+6R k) = (1+6Rk/ku)(1+6Rk,) HFLAV 2018

pion & kaon p2 decay radiative corrections definitions and values

> (1 — uv) = Thro(m = pv)(1+6Ry,)
> (K — pr) =T o(K = pv)(1+6Rk,)
MK —pv)  Twio(K — wr) (L14+6Rk.)  Tuwio(K — ’“’)(1 Rl ma)

. _ _
F(m = wv) ~ Tio(m = pv) (1+6RL,)  Teno(m — wv)

> R, = (1.76 £0.21)% 6Rk, = (1.07£0.21)% SR /mu = (—0.69 £0.17)%
Cirigliano & Neufeld, PLB 700 (2011) 7, Stone & Van de Water, arXiv:1509.02220 [hep-ph]

p(6Rim, 5R'Ku/,m) = 0.67 set to be consistent with quoted uncertainties

Alberto Lusiani (SNS & INFN Pisa) — Phipsi 2022, August 15-19, 2022
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BTW: new radiative corrections 6Rf,m & 6R;(u, lattice QCD+QED, 2019

» M.Di Carlo et al., “Light-meson leptonic decay rates in lattice QCD+QED”, PRD 100, 034514 (2019)
» lattice QCD calculation including QED

SRE™S (%] SR [%] SRIGI%) SRk, [%]

Cirigliano & Neufeld 2011 (ChPT) 1.76 £0.21 0.64+0.24 —0.43+0.12 1.07+0.21
Di Carlo et al. 2019 (lattice QCD) 1.53+0.19 0.24+0.10 —0.64+0.07 0.88=+0.09

(“Phys" = corrections including isospin-breaking term)

> p(éR;W, 5R'K‘L/w) = 0.63 using information from S.Simula private communication

» in the following, only traditional Cirigliano & Neufeld radiative corrections are used

usiani (SNS & INFN Pisa) — Phipsi 2022, August 15-19, 2022
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us

HFLAV 2022 radiative corrections

one paper rules them all

> SR /my = (018 £057)% S8Rk i, = (0.97 £0.58)%

dR,, = (1.77+£0.57)% SRk = (1.86 £+ 0.58)%
[M.A.Arroyo-Urefia, G.Hernandez-Tomé, G.Lépez-Castro, P.Roig, |.Rosell, PRD 104 (2021) L091502]
» assuming 100% correlation between 6Rfm/w, 0R., and 6R'TK/K“, OR i

because tau radiative corrections uncertainties dominate

» assuming no correlation between 5R’T,r/w, (SR'TK/K“ and O6R.,., 0R, x

(1+6RTK)
> (1+6R S AL AL HFLAV 2022
( +5 TK/T‘I\') (1+6RT7‘.) 0
> (L+6R k)= Spw(1+6R.x) HFLAV 2022

usiani (SNS & INFN Pisa) — Phipsi 2022, August 15-19, 2022



e corrections for tau hadronic decays

old [HFLAV 2018]

—eo—i
0.16+0.14
new [HFLAV 2022] | ° :
0.18+0.57
M R a1
0.5 1 15
" o,
BRTK/KH[/O]

old [HFLAV 2018]
0.90+0.22

new [HFLAV 2022]
0.97+ 0.58

—e—
I L i
PR EFEFEFErE B B N
-0.5 0 0.5 1
3 Rr Kitn [%]

old [HFLAV 2018]

—e——
0.04+ 0.31
new [HFLAV 2022] | ° :
0.10+0.80
MNP B R | MR |
75 2 2.5

SR, [%]

old [HFLAV 2018]
1.98+0.31
new [HFLAV 2022]
1.86+0.58

hipsi 2022, August 15-19, 2022




Lepton universality tests and |V ¢| calculation with new ra

radiative corrections

—e— gr/g“ witht — mv, old rad. corr.
0.9960+ 0.0027

PS g /g witht — 7tv, new rad. corr.
0. 9959+ 0.0038

——4 g/g witht — Kv, old rad. corr.
0. 9858+ 0.0071
—e— g/g witht — Kv, new rad. corr.
| | Lo 9855+ 0.0075
0.98 0.99 1 » lepton universality tests and |V,| all
(9/9,), computed using the HFLAV 2022
tau branching ratio fit results and
— T T [ T T T T T varying only the radiative correc-
tions
I ® i [V |t — Kv/t—>nv, old rad. corr.
0.2229+ 0.0017
I P i [V |t — Kv/t—>nv, new rad. corr.
0.2229+ 0.0019
———— [V T — Kv, old rad. corr.
0.2221+ 0.0016
I ® i [V /T — Kv, new rad. corr.

0.2223+0.0017

Phipsi 2022, August 15-19, 2022
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Lepton universality and CKM unitarity tests, HFLAV 2022 prelim.

lepton universality tests from tau hadronic decays

A (é> =—-1.070 (—1.500 with old rad. corr.)

A (&> = -1930 (—2.000 with old rad. corr.)
8u/ k

|V,s| from tau decays and CKM unitarity tests

Vsl = 0.2277 £ 0.0013 000  [\/1—|Vyl®—|Vis]> (CKM unitarity)]
\Visl,. =02184+0.0021 —37¢ [B(r~ — X.;v,)],

Vsl i /m = 0.2220£0.0019  —2.10  [B(r~ — K v,)/B(r~ = m v,)],
\Visl,,c =02223+0.0017 —250 [B(r~ — K v,)],

‘Vus “r excl

Vis|,  =0.2209+0.0014 —3.40 [average of 3 |V,¢| T measurements] .

=0.2224 £ 0.0017 —2.40 [average of T exclusive measurements] ,

usiani (SNS & INFN Pisa) — Phipsi 2022, August 15-19, 2022



Lepton universality tests and |V,¢

| calculation with new radiative corrections for tau hadronic decays

» new radiative corrections for tau decays published in 2022
» very similar central values, increased more reliable uncertainties

» updated lepton flavour universality and |V,| from tau decays in HFLAV 2022 report (submitted)

‘Thanks for your attention!

Lusiani (SNS & INFN Pisa) — Phipsi 2022, August 15-19, 2022
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Backup Slides
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1S

Usage details on Di Carlo et al. radiative corrections

strong isospin-breaking correction

» note: Di Carlo et al. 2019 corrections require isospin-symmetric lattice QCD decay constants

» isospin-breaking correction attribution to either decay constants or radiative correlctions
depends on prescription to separate QED from QCD effects
> physical observables are £2(1 + 0R,,) and AL dRk,)

» recent FLAG lattice QCD averages include isospin-breaking terms in £, fx
> consistent sets of decay constants and radiative corrections used for |V,¢| from tau:

SRy (%] Rk (1) [%] fu)/fe(x) k) [MeV]

C. & N. 2011 + FLAG Dec 2020 1.76 £0.21 1.07+£0.21 1.1932 + 0.0021 155.7 £0.3
Di Carlo et al. 2019 (isospin symmetric) 1.53+0.19 0.24 £0.10 1.1966 £+ 0.0018  156.1 £0.2

correlations

» no correlation is assumed between fi/f, and fx (not quoted in FLAG reports)

» no significant effects varying correlation in its full range
» correlation Cirigliano & Neufeld 2011 R4, - dRxy, = 0.67,
computed for consistency with the quoted uncertainties on the two quantities and their ratio

» correlation Di Carlo et al. 2019 6R,, - Rk, = 0.63,
using information from S.Simula private communication

Lusiani (SNS & INFN Pisa hipsi 2022, August 15-19, 2022
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|V,s| determinations fron kaons

_ G,:mK K 2 £ 2
>
[(K = mtmb]) = 7075 Ch st (Vul 7)) 1 (1 -+ 664 + 667 Kes
MK~ =D Voo (s N\ mp(1 — mi/m
> ( _l) _ ‘ ‘2 <Li> K( (/ K) (1+6EM) K£2
F(n™ =€ 5) [Vl ma (1 — mg/m3)°

Lusiani (SNS & INFN Pisa) — Phipsi 2022, August 15-19, 2022
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