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1 Introduction

We present averages of a selection of physics quantities related to the tau lepton, where we follow the HFAG
methodology [31] to improve the Review of Particle Physics (PDG) [91] results by:

e including a selection of reliable preliminary results, hence obtaining more up-to-date results;

e updating the experimental measurements value and systematic error when it depends on external parameters
whose values and uncertainties are updated;

e taking into account the statistical correlation that is induced by the dependence from common systematic
contributions.

All published statistical correlations are considered, and a selection of measurements, particularly the most precise
and the most recent, were examined to obtain all the significant systematic dependencies. The HFAG techniques
are most useful in the global fit of the tau branching fractions (Section 2). We use the branching fraction fit results
to obtain updated lepton universality tests (Section 3) and updated determinations of |V,s| with tau measurements
(Section 5). Finally, we report in Section 6 the most up-to-date limits on the lepton-flavour-violating tau branching
fractions.

2 Branching fractions fit

The measurements listed in Table 1 have been used in a minimum Y? fit subject to the equality constraints that are
listed either in the same table (where some fitted quantities and experimental measurements are expressed as ratios
of fit quantities) or in Section 2.2. The fitted quantities and the measurements are labelled using the PDG [91] I,
notation, where n is an integer number, which matches the PDG notation for n < 800. We use n > 800 to denote
some additional branching fractions, as documented in the former HFAG report [31].

The fitted branching fractions consist on 40 “base nodes’ and 45 derived branching fractions, described either
as sum of base nodes (see Section 2.2) or as ratios of branching fractions (see Table 1). Furthermore, we define
(see Section 2.2) s as the sum of all the base modes, which correspond to all non-overlapping tau decay modes,
Fgos = 1 — Iay and 110 = X v, which is the total branching fraction of the tau to modes with the strangeness
quantum number equal to one.

The fitted HFAG-Tau averages are reported in Table 1. The fit has x?/d.o.f. = 143.5/118, corresponding to a
confidence level CL = 5.5%. We use a total of 157 measurements and 47 constraint equations to fit 86 quantities.
The fit is statistically consistent with the unitarity constraint, but the unitarity constraint is not applied.

In several cases, when it is statistically equivalent within the HFAG-Tau fitting procedure, for historical reasons
the statistical and systematic errors are added in quadrature and are reported in the above table in the location of
the statistical error, reporting zero as systematic error. A scale factor of 5.44 (as in the former report [31]) has been
applied in the fit to the quoted errors of the two inconsistent measurements of g6 = 7 — KKKv by BABAR and
Belle.



With respect to the end-of-2009 HFAG report [31], following comments by M. Davier [62], we have included 3
new modes:

49 = W_FOKOWOVT,

Msoa = 7 K K[ vr,

Mgo5 = a; (— 7 )v-
along with the related measurements

Fas = 7~ KK v, = (0.1530 = 0.0340 = 0.0000) - 1072 (ALEPH [47]),

[4o = 7~ 7°KK v, = (3.1000 £ 2.3000 = 0.0000) - 10~* (ALEPH [50]),
the estimate

Mgos = a; (— 7 )y, = (4.0000 + 2.0000 + 0.0000) - 10~* (ALEPH [96]),
and the constraint

M4 = Tag + a7 +Tgoa .
Furthermore, the following new measurements were added:

Fos = K vy = (1.4200 + 0.1100 + 0.0700) - 10~*  (BABAR [24]),

s = K om0, = (0.3840 = 0.0040 £ 0.0160) - 102 (Belle [95]),
M2 = K 7°K%, = (0.1480 + 0.0020 + 0.0080) - 102 (Belle [95]).

Finally, the constraint parameters (see Section 2.2) have been updated to the PDG 2011 results [91].

Table 1: HFAG Winter 2012 branching fractions fit results.

Tau lepton branching fraction Value Exp. Ref.
M3=p Ty, (17.392 + 0.040) - 1072 HFAG Winter 2012 fit
(17.319 £ 0.077 £ 0.000) - 10~>  ALEPH  [96]
(17.325 +0.122 4+ 0.000) - 1072 DELPHI  [10]
(17.342 £0.129 + 0.000) - 10> L3 [13]
(17.340 £ 0.108 + 0.000) - 10-2  OPAL  [5]

— — — —

E Nz

e 0.9761 +0.0028 HFAG  Winter 2012 fit
0.9970 =+ 0.0532 =+ 0.0000 ARGUS  [22]
0.9796 -+ 0.0039 = 0.0005 BABAR  [42]
0.9777 + 0.0107 =+ 0.0000 CLEO [25]
Ms =e Tevs (17.818 + 0.041) - 1072 HFAG  Winter 2012 fit
(17.837 £ 0.080 + 0.000) - 1072 ALEPH  [96]
(17.760 = 0.180 + 0.000) - 102 CLEO [25]
(17.877 + 0.155 = 0.000) - 1072 DELPHI  [10]
(17.806 = 0.129 + 0.000) - 102 L3 [13]
(17.810 = 0.108 + 0.000) - 102 OPAL [1]
F7=h" >0Kv, (12.020 = 0.055) - 102 HFAG Winter 2012 fit
(12.400 =+ 0.990 + 0.000) - 1072 DELPHI [g]
(12.470 = 0.502 + 0.000) - 102 L3 [11]
(12.100 + 0.860 + 0.000) - 1072 OPAL [23]
Mg =h v, (11.507 + 0.054) - 1072 HFAG  Winter 2012 fit

(11.524 +0.105 +0.000) - 10> ALEPH  [96]
(11520 +£0.130 +0.000) - 10->  CLEO  [25]
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Tau lepton branching fraction Value Exp. Ref.
(11.571 + 0.166 =+ 0.000) - 1072 DELPHI [7]
(11.980 = 0.206 + 0.000) - 102 OPAL [15]
Fo=7"v, (10.811 + 0.053) - 1072 HFAG Winter 2012 fit
F—: = % (60.675 +0.321) - 1072 HFAG Winter 2012 fit
(59.450 + 0.574 -+ 0.248) - 1072 BABAR  [42]
Mo=K vr (0.6955 + 0.0096) - 1072 HFAG Winter 2012 fit
(0.6960 + 0.0287 4+ 0.0000) - 1072 ALEPH  [49]
(0.6600 + 0.1140 + 0.0000) - 1072  CLEO [52]
(0.8500 + 0.1800 + 0.0000) - 1072 DELPHI  [9]
(0.6580 = 0.0396 + 0.0000) - 10"2  OPAL [4]
rr—l: = e'fve”; (3.9031 + 0.0543) - 102 HFAG  Winter 2012 fit
(3.8820 + 0.0630 4+ 0.0174) - 1072 BABAR  [42]
M3 =h v, (25.936 + 0.090) - 1072 HFAG Winter 2012 fit
(25.924 +0.129 + 0.000) - 1072 ALEPH  [96]
(25.670 + 0.010 = 0.390) - 1072 Belle [69]
(25.870 + 0.437 £ 0.000) - 1072 CLEO [30]
(25.740 4+ 0.244 +0.000) - 1072 DELPHI [7]
(25.050 =+ 0.610 + 0.000) - 1072 L3 [11]
(25.890 = 0.336 + 0.000) - 102 OPAL [15]
4 = ﬂ'_ﬂ'OVT (25.504 +0.092) - 1072 HFAG Winter 2012 fit
M6 = K™ 7°0r (0.4322 +0.0149) - 1072 HFAG Winter 2012 fit
(0.4440 + 0.0354 + 0.0000) - 10-2  ALEPH  [49]
(0.4160 +0.0030 +0.0180) - 107> BABAR  [34]
(0.5100 + 0.1221 4 0.0000) - 10~2  CLEO [52]
(0.4710 + 0.0633 4 0.0000) - 1072 OPAL [6]
Fiz=h" >27°, (10.803 + 0.095) - 1072 HFAG Winter 2012 fit
(9.910 4 0.411 + 0.000) - 1072 OPAL [15]
Mo = h 27%; (ex.K®) (9.3044 +0.0972) - 102 HFAG Winter 2012 fit
(9.2950 + 0.1217 4+ 0.0000) - 10~ ALEPH  [96]
(9.4980 + 0.4219 + 0.0000) - 1072 DELPHI [7]
(8.8800 = 0.5597 + 0.0000) - 1072 L3 [11]
F—i = %fz‘m (35.874 + 0.442) - 1072 HFAG Winter 2012 fit
(34.200 + 1.709 = 0.000) - 1072 CLEO [93]
Mo =7 210, (ex. K°) (9.2414 4 0.0997) - 1072 HFAG Winter 2012 fit
M3 = K™ 27°u, (ex. K®) (0.0630 4 0.0222) - 1072 HFAG Winter 2012 fit
(0.0560 + 0.0250 + 0.0000) - 1072 ALEPH  [49]
(0.0900 + 0.1044 + 0.0000) - 1072  CLEO [52]
Fas = h™ > 37°v, (ex.K®) (1.2349 4 0.0650) - 1072 HFAG Winter 2012 fit
(1.4030 + 0.3098 + 0.0000) - 1072 DELPHI [7]
a6 = h™ 3%, (1.1573 £ 0.0717) - 1072 HFAG Winter 2012 fit
(1.0820 + 0.0926 + 0.0000) - 1072 ALEPH  [96]
(1.7000 + 0.4494 4+ 0.0000) - 1072 L3 [11]
M h 37°u, s ) )
e = Tty (4.4622 +0.2767) - 10 HFAG Winter 2012 fit
(4.4000 =+ 0.5831 4 0.0000) - 10~2  CLEO [93]
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Tau lepton branching fraction Value Exp. Ref.

Moz = 7 37w, (ex. K°) (1.0322 + 0.0749) - 102 HFAG Winter 2012 fit

Mg = K 31w, (ex. K% n) (4.1870 £2.1761) - 10~* HFAG Winter 2012 fit
(3.7000 + 2.3710 4+ 0.0000) - 10~*  ALEPH  [49]

Mo = h 47°v, (ex.K°) (0.1558 4 0.0391) - 1072 HFAG Winter 2012 fit
(0.1600 + 0.0707 4+ 0.0000) - 10-2  CLEO [93]

M0 = h 47°v, (ex. K°,n) (0.1091 4 0.0391) - 1072 HFAG Winter 2012 fit
(0.1120 £ 0.0509 + 0.0000) - 1072 ALEPH  [96]

M=K >0x°>0K° > 0y, (1.5481 4 0.0310) - 1072 HFAG Winter 2012 fit
(1.7000 + 0.2247 4 0.0000) - 1072  CLEO [52]
(1.5400 + 0.2400 + 0.0000) - 1072 DELPHI  [9]
(1.5280 + 0.0559 4 0.0000) - 10°2  OPAL [4]

I3 = K2(particles) v, (0.8953 4 0.0255) - 102 HFAG Winter 2012 fit
(0.9700 + 0.0849 + 0.0000) - 1072 ALEPH  [47]
(0.9700 + 0.1082 4 0.0000) - 10"  OPAL [19]

Fsa=h K v, (0.9797 +0.0233) - 1072 HFAG Winter 2012 fit
(0.8550 + 0.0814 4 0.0000) - 10-2  CLEO [61]

Ms=1 K v, (0.8206 + 0.0182) - 1072 HFAG Winter 2012 fit
(0.9280 + 0.0564 + 0.0000) - 1072 ALEPH  [49]
(0.8400 + 0.0040 + 0.0230) - 1072 BABAR  [40]
(0.8080 + 0.0040 + 0.0260) - 1072 Belle [67]
(0.9500 + 0.1616 + 0.0000) - 1072 L3 [12]
(0.9330 + 0.0838 4 0.0000) - 10"  OPAL 3]

M7 = K~ K%, (0.1591 + 0.0157) - 102 HFAG Winter 2012 fit
(0.1580 + 0.0453 4+ 0.0000) - 1072 ALEPH  [47]
(0.1620 + 0.0237 4 0.0000) - 1072 ALEPH  [49]
(0.1510 + 0.0304 4 0.0000) - 10~  CLEO [61]

Ms =K K°>0n'u, (0.3041 4 0.0168) - 1072 HFAG Winter 2012 fit
(0.3300 + 0.0674 + 0.0000) - 1072  OPAL 3]

s = h K m’v, (0.5099 + 0.0146) - 1072 HFAG Winter 2012 fit
(0.5620 + 0.0693 4 0.0000) - 10°2  CLEO [61]

Fw=n K 7, (0.3649 + 0.0108) - 1072 HFAG Winter 2012 fit
(0.2940 + 0.0818 4+ 0.0000) - 1072 ALEPH  [47]
(0.3470 + 0.0646 + 0.0000) - 1072 ALEPH  [49]
(0.3420 + 0.0060 + 0.0150) - 1072 BABAR  [92]
(0.3840 + 0.0040 + 0.0160) - 1072 Belle [95]
(0.4100 4 0.1237 £ 0.0000) - 1072 L3 [12]

M2 = K 7°K°, (0.1450 £ 0.0071) - 102 HFAG Winter 2012 fit
(0.1520 + 0.0789 + 0.0000) - 10-2  ALEPH  [47]
(0.1430 + 0.0291 + 0.0000) - 1072 ALEPH  [49]
(0.1480 + 0.0020 4 0.0080) - 102  Belle [95]
(0.1450 4 0.0412 + 0.0000) - 1072 CLEO [61]

[43 = 71'770 > 17r0u7 (0.3917 4+ 0.0250) - 1072 HFAG Winter 2012 fit
(0.3240 4 0.0992 + 0.0000) - 1072 OPAL 3]

Faa =7 Kor’nlu, (2.6854 4 2.3037) - 10~* HFAG Winter 2012 fit
(2.6000 + 2.4000 + 0.0000) - 10~* ALEPH  [50]

Fas =71 KK v, (0.1562 + 0.0209) - 10~2 HFAG Winter 2012 fit
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Tau lepton branching fraction Value Exp. Ref.
(0.1530 + 0.0340 4+ 0.0000) - 1072 ALEPH  [47]

Fa7 = 7~ KEKIvr (2.3957 4 0.5026) - 10~* HFAG Winter 2012 fit
(2.6000 + 1.1180 4 0.0000) - 10~*  ALEPH  [47]
(2.3000 + 0.5831 + 0.0000) - 10~*  CLEO [61]

Mg =1 KeKL vy (0.1082 + 0.0203) - 1072 HFAG Winter 2012 fit
(0.1010 + 0.0264 + 0.0000) - 1072 ALEPH  [47]

e =7 KK 7, (3.1000 = 2.3000) - 10~* HFAG Winter 2012 fit
(3.1000 + 2.3000 + 0.0000) - 10~*  ALEPH  [50]

ez =K h h htu, (2.2224 +2.0236) - 10~* HFAG Winter 2012 fit
(2.3000 + 2.0248 4+ 0.0000) - 10~* ALEPH  [47]

Msa = h~h™h™ > Oneutrals > 0K v- (15.192 + 0.060) - 102 HFAG Winter 2012 fit
(15.000 = 0.500 + 0.000) - 102 CELLO  [54]
(14.400 + 0.671 = 0.000) - 1072 L3 [17]
(15.100 + 1.000 = 0.000) - 1072 TPC [18]

[ss = h~h™ h™ > Oneutralsy, (ex.K®)  (14.574 £ 0.056) - 1072 HFAG Winter 2012 fit
(14.556 + 0.130 = 0.000) - 102 L3 [14]
(14.960 + 0.238 = 0.000) - 1072 OPAL [20]

Msz=h h hTu, (ex.K®) (9.4404 + 0.0530) - 1072 HFAG Winter 2012 fit
(9.5100 + 0.2119 4 0.0000) - 10"2  CLEO [44]
(9.3170 + 0.1218 + 0.0000) - 1072 DELPHI [7]

F—: = h*h*ll;hz g:eyl;tr(;);fo(lx.KO) (64.776 £ 0.294) - 102 HFAG  Winter 2012 fit
(66.000 + 1.456 = 0.000) - 1072 OPAL [20]

Mss =h h hTv. (ex.K° w) (9.4099 + 0.0531) - 1072 HFAG Winter 2012 fit
(9.4690 + 0.0958 + 0.0000) - 1072 ALEPH  [96]

Feo =7 7 7 v, (ex.K°) (9.0018 + 0.0510) - 102 HFAG Winter 2012 fit
(8.8337 +0.0074 + 0.1267) - 1072 BABAR  [36]
(8.4200 + 0.0033 + 0.2588) - 1072 Belle [81]
(9.1300 =+ 0.4627 + 0.0000) - 107> CLEO3  [57]

Mo =7 7 7 vy (ex. K w) (8.9719 + 0.0511) - 102 HFAG Winter 2012 fit

Fee = h~h™ h™ 7w, (ex.K®) (4.6019 + 0.0513) - 102 HFAG Winter 2012 fit
(4.7340 + 0.0767 4+ 0.0000) - 10-2  ALEPH  [96]
(4.2300 + 0.2280 + 0.0000) - 1072 CLEO [44]
(4.5450 + 0.1478 + 0.0000) - 1072 DELPHI [7]

Feo =7 n 7 7lv, (ex.K®) (45146 + 0.0524) - 102 HFAG Winter 2012 fit
(4.1900 + 0.2326 4 0.0000) - 1072 CLEO [66]

Fro=7 7 7 7’ (ex. K, w) (2.7659 4 0.0710) - 1072 HFAG Winter 2012 fit

Fza=h"h"h" > 27, (ex.K®) (0.5231 4 0.0311) - 1072 HFAG Winter 2012 fit
(0.5610 + 0.1168 + 0.0000) - 1072 DELPHI [7]

F76 = h~h™ h" 2%, (ex.K®) (0.4911 + 0.0310) - 102 HFAG Winter 2012 fit
(0.4350 + 0.0461 4+ 0.0000) - 1072 ALEPH  [96]

F_Z - h*hh* hh+ goznﬁet.ﬁatg(oollgw (3.2326 +0.2024) - 1072 HFAG Winter 2012 fit
(3.4000 =+ 0.3606 + 0.0000) - 10-2  CLEO [56]

Fzz=h h h" 27, (ex. K w,7) (9.7301 4 3.5416) - 10~* HFAG Winter 2012 fit

M2 =h h h"37°, (3.1986 + 0.3124) - 10~* HFAG Winter 2012 fit
(2.2000 = 0.5000 + 0.0000) - 10~*  CLEO [26]
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Tau lepton branching fraction Value Exp. Ref.

F—:z = ::_:_ ::ZT ((:;‘ﬁz)) (4.8482 + 0.0808) - 102 HFAG  Winter 2012 fit
(5.4400 + 0.5701 £ 0.0000) - 102 CLEO [94]

F—Z; = ::_:_ :I:::ZT ((:;‘ﬁz)) (1.9323 + 0.2660) - 102 HFAG  Winter 2012 fit
(2.6100 + 0.6155 - 0.0000) - 102 CLEO [94]

Fgo = K 7w > Oneutralsy, (0.4801 + 0.0147) - 1072 HFAG Winter 2012 fit
(0.5800 + 0.1845 £ 0.0000) - 102 TPC 53]

Fes = K m n v, (ex.K) (0.2929 + 0.0068) - 102 HFAG  Winter 2012 fit
(0.2140 =+ 0.0470 4 0.0000) - 10"2  ALEPH  [48]
(0.2726 £ 0.0018 4 0.0092) - 10°2  BABAR  [36]
(0.3300 4 0.0013 £ 0.0166) - 1072 Belle [81]
(0.3840 4 0.0405 -+ 0.0000) - 102 CLEO3  [57]
(0.4150 + 0.0664 - 0.0000) - 1072 OPAL 6]

Mes = K™ m 7 7%, (ex.K®) (8.1122 +1.1680) - 10~* HFAG Winter 2012 fit
(6.1000 = 4.2950 4 0.0000) - 10~* ALEPH  [48]
(7.4000 + 1.3600 -+ 0.0000) - 10~* CLEO3  [28]

Moo =7~ K~ KT > Oneutrals, (0.1496 4 0.0033) - 102 HFAG Winter 2012 fit
(0.1590 + 0.0566 = 0.0000) - 102 OPAL 2]
(0.1500 + 0.0855 + 0.0000) - 1072 TPC 53]

Fs=n K Ktu, (0.1435 £ 0.0027) - 102 HFAG  Winter 2012 fit
(0.1630 £ 0.0270 4 0.0000) - 10-2  ALEPH  [48]
(0.1346 £ 0.0010 + 0.0036) - 1072 BABAR  [36]
(0.1550 4 0.0007 =+ 0.0056) - 1072 Belle [81]
(0.1550 = 0.0108 + 0.0000) - 10~ CLEO3  [57]

F—:z = ﬂ_:_ﬂ'i:;fw) (1.5940 + 0.0305) - 102 HFAG  Winter 2012 fit
(1.6000 + 0.3354 - 0.0000) - 1072 CLEO [94]

Foa =7~ K- Kt7°u, (0.6113 +0.1829) - 10~* HFAG Winter 2012 fit
(7.5000 + 3.2650 £ 0.0000) - 10~*  ALEPH  [48]
(0.5500 + 0.1844 + 0.0000) - 10~ CLEO3  [28]

F—:‘; = W_;_ﬂ’iﬂﬁ:iifm) (0.1354 & 0.0406) - 102 HFAG  Winter 2012 fit
(0.7900 + 0.4682 - 0.0000) - 1072 CLEO [94]

Fos =K K K*tu, (2.1774 + 0.8005) - 10~° HFAG  Winter 2012 fit
(1.5777 £0.1300 +0.1231) - 10> BABAR  [36]
(3.2900 + 0.1694 £ 0.1962) - 10~°  Belle [81]

02 = 3h~ 2kt > Oneutralsy, (ex.K®)  (0.1022 & 0.0037) - 102 HFAG Winter 2012 fit
(0.0970 £ 0.0121 4 0.0000) - 10~2  CLEO [72]
(0.1020 + 0.0290 - 0.0000) - 1072 HRS [60]
(0.1700 + 0.0341 £ 0.0000) - 10~2 L3 [14]

Moz = 3h 2h% 0y, (ex. K°) (8.2349 + 0.3060) - 10~* HFAG  Winter 2012 fit
(7.2000 = 1.5000 + 0.0000) - 10~*  ALEPH  [96]
(6.4000 + 2.5080 -+ 0.0000) - 10~  ARGUS  [21]
(8.5600 = 0.0500 + 0.4200) - 10~*  BABAR  [33]
(7.7000 + 1.0300 =+ 0.0000) - 10~*  CLEO [72]
(9.7000 =+ 1.5810 + 0.0000) - 10~*  DELPHI [7]
(5.1000 4 2.0000 =+ 0.0000) - 10~*  HRS [60]
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Tau lepton branching fraction Value Exp. Ref.
(9.1000 + 1.5230 4 0.0000) - 10~*  OPAL [16]
F10a = 3h™2h 700, (ex. K°) (1.9801 + 0.2437) - 10~* HFAG Winter 2012 fit
(2.1000 + 0.9220 + 0.0000) - 10~* ALEPH  [96]
(1.7000 + 0.2828 4 0.0000) - 10~*  CLEO [26]
(1.6000 + 1.3420 + 0.0000) - 10~* DELPHI [7]
(2.7000 + 2.0120 4 0.0000) - 10~*  OPAL [16]
M0 = Xo vr (2.8746 +0.0498) - 1072 HFAG Winter 2012 fit
Fi26 =7 7wonus (0.1386 + 0.0072) - 1072 HFAG Winter 2012 fit
(0.1800 + 0.0447 4+ 0.0000) - 1072 ALEPH  [59]
(0.1350 + 0.0030 + 0.0070) - 102 Belle [78]
(0.1700 + 0.0283 4 0.0000) - 10°2  CLEO [29]
Fi2s = K nusr (1.5285 + 0.0808) - 10~* HFAG Winter 2012 fit
(1.4200 + 0.1100 4 0.0700) - 10~*  BABAR  [24]
(1.5800 + 0.0500 + 0.0900) - 10~*  Belle [78]
Fi30 = K 7°nus (0.4825 +0.1161) - 10~* HFAG Winter 2012 fit
(0.4600 + 0.1100 + 0.0400) - 10~*  Belle [78]
(1.7700 + 0.9043 4+ 0.0000) - 10~*  CLEO [55]
M3 =7 Konus (0.9364 -+ 0.1491) - 10~ HFAG  Winter 2012 fit
(0.8800 + 0.1400 + 0.0600) - 10~*  Belle [78]
(2.2000 + 0.7338 4 0.0000) - 10~*  CLEO [55]
M3 =7 7 7w v, (ex.K°) (1.4921 +0.0968) - 10~* HFAG Winter 2012 fit
(1.6000 + 0.0500 4+ 0.1100) - 10~*  BABAR  [37]
(2.3000 + 0.5000 + 0.0000) - 10~*  CLEO [26]
Fiso = h™wuy (1.9945 + 0.0641) - 1072 HFAG Winter 2012 fit
(1.9100 + 0.0922 4+ 0.0000) - 1072 ALEPH  [59]
(1.6000 + 0.4909 + 0.0000) - 10-2  CLEO [51]
rrl—;’ = h_h_hfﬂg":(exko) (43.340 + 1.389) - 102 HFAG  Winter 2012 fit
(43.100 + 3.300 = 0.000) - 1072 ALEPH  [58]
(46.400 + 2.335 £ 0.000) - 102 CLEO [44]
Fis1 = K~ wuy (4.1000 + 0.9220) - 10~* HFAG Winter 2012 fit
(4.1000 + 0.9220 + 0.0000) - 10~*  CLEO3  [28]
Fis2 = h™ 7wy, (0.4049 + 0.0418) - 1072 HFAG Winter 2012 fit
(0.4300 + 0.0781 4 0.0000) - 1072 ALEPH  [59]
rrl—: = = h’l;?:ff(exko) (82.453 4 7.575) - 102 HFAG  Winter 2012 fit
(81.000 + 8.485 -+ 0.000) - 1072 CLEO [56]
Fgoo = 7~ wur (1.9535 + 0.0647) - 1072 HFAG Winter 2012 fit
Fsor = K~ v (¢ — KK) (3.7002 + 1.3604) - 107° HFAG Winter 2012 fit
Fgoo = K 7 7w, (ex. K% w) (0.2923 4-0.0068) - 102 HFAG Winter 2012 fit
Fgos = K 7w n%w, (ex. K® w,n) (4.1074 +1.4286) - 10* HFAG Winter 2012 fit
Fgoa = 7 KLK v- (2.3957 4 0.5026) - 10~* HFAG Winter 2012 fit
Feos = a; (— 7 7)vr (4.0000 + 2.0000) - 10~* HFAG Winter 2012 fit
(4.0000 + 2.0000 + 0.0000) - 10~* ALEPH  [96]
Foos = 1 — au (0.0704 + 0.1060) - 102 HFAG Winter 2012 fit




2.1 Correlation between base nodes uncertainties

The following tables report the correlation coefficients between base nodes, in percent.

Table 2: Base nodes correlation coefficients in percent, section 1

s 23
) 7 5
o 3 6 1
M4 -13 -14 -12 -3
N6 -0 -1 2 -1 -16
20 -5 -5 -7 -1 -40 2
23 0 0 -0 -2 2 12 -22
27 -4 -3 -8 -1 0 3 -36 6
[og 0 0 -0 -1 2 -12 4 -19 -29
30 -5 -4 -11 -2 -9 -0 6 0 -42
35 -0 -1 1 0 -0 2 -1 1 -0 1 -0
37 0 0 -1 -1 1 -8 3 -12 4 -12 0 -6
[0 -0 -1 1 -0 -0 0 1 -2 -2 -2 -0 0 -3
3 s To Tio T Tie T Toz Toz Tog T30 T35 T3z Tao
Table 3: Base nodes correlation coefficients in percent, section 2
[2 -0 -0 0 -0 0 -3 1 -5 -1 -5 0 -0 -7 30
[aa 0 0 -0 0 -0 0 -0 0 0 0 0 -2 -2 -4
M4z -0 -0 -0 -0 -0 0 0 0 0 0 0 -0 -0 -0
[ 0 0 0 0 0 0 -0 1 -0 0 -0 -4 -3 -3
53 0 0 0 0 0 -0 0 0 0 0 0 -0 -0 -0
l[e2 -3 -5 8 0 -4 5 -7 -1 -5 -1 -5 4 -1 3
70 -6 -6 -7 -1 -9 -1 -1 0 -1 0 3 -1 0 -1
- -1 -0 -3 -1 -2 -0 -0 0 2 0 2 -0 0 -0
[78 1 1 2 0 1 -0 -0 -0 -0 0 -0 1
[o3 -1 -1 2 0 -1 2 -1 -0 -1 -0 -1 -0 1
f[ga -0 -0 -0 -0 -0 -0 -0 0 -0 0 0 -0 0 -0
103 0 0 2 0 0 1 -1 -0 -0 -0 -1 1 -0 1
Mosa -1 -1 -1 -0 -1 0 0 -0 0 -0 -1 -0 0
126 0 0 0 0 0 0 -1 -0 0 -0 -2 0 -0 0
I3 Is To Tio Tia Tie Tao T2z Toz Tag T30 T35 T3z Tao
Table 4: Base nodes correlation coefficients in percent, section 3
fMs © O 1 =©0 =©0 1 o0 -1 o0 1 o0 1 =0 1
Ml O O O O ©O0 ©O0 - 0 0 0 0 0 0 0
M2 0 0 - 0 0 0 -0 -0 0 0 -0 0 -0 0
&2+ 0 0 -0 -0 0 0 -0 -0 -0 0 0 -0 -0 -0
Ms2 -1 0 3 -1 =2 0 -1 0 2 0 0 0 0
fep0 2 2 2 0 3 0 0 0 0 0 1 0 0 -0
f# 0 0 O 0 0 0 0 0 0 0 0 0 0 -0
Mfe2 -1 -1 0 0 -1 -1 =2 0 =2 0 -1 -1 -0 -0
M3 0 0 -0 -0 0 0 -0 0 -0 0 0 -0 -0 -0
o5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I3 Ts To Tio Tia Tie Tao T2z Toz Tog T30 T35 T3z Tao




Table 5: Base nodes correlation coefficients in percent, section 4

F44 -2
F47 -0 -0
r48 _2 _5 _19
s3 -0 0 0 -0
[e2 1 0 -0 -0 -0
70 -0 0 o -0 -0 -19
77 0 -0 -0 0 0 -1 -7
78 0 -0 -0 -0 -0 2 -2 -1
o3 o -0 -0 -0 -0 14 -4 -0 1
o4 0 0 o 0 -0 -0 -2 -0 -0 -0
103 0 -0 -0 -0 -0 3 -1 -0 4 1 -0
104 -0 -0 0 0 0 -0 0 1 -36 0 0 -11
26 o -0 -0 -0 -0 1 -0 -5 0 0 -0 0 0
a2 Taa Taz Tas Ts3 Tex T720 T77z Tz Toz Tos T103 T10a Ti26
Table 6: Base nodes correlation coefficients in percent, section 5
128 0 -0 -0 -0 -0 2 -0 -0 0 1 -0 1 0 4
130 0 -0 -0 -0 -0 0 -0 -1 0 0 -0 0 0 1
132 0 0 -0 -0 -0 0o -0 -0 0 0 -0 0 -0 2
51 0 0 0o -0 -0 0 12 0 0 0 -0 0 0
152 0 -0 -0 0 0 -1 -11  -64 -1 -0 -0 -0 1 -0
00 -0 0 0 -0 -0 -8  -69 -2 -0 -1 0 -0 0 -0
801 0 0 -0 -0 -0 -1 -0 -0 0 1 -0 0 0 0
802 -0 0 o -0 -0 17 6 -0 -0 -0 -0 -0 -0 -0
03 -0 0 0 o -0 -1 -19 -0 -0 -0 -2 -0 0 -0
05 0 0 0 0 0 0 0 0 0 0 0 0 0 0
la2 Tas Taz Tas Ts3 Te2 [70 T7z Tz Toz Toa Ti103 Ti10a T2
Table 7: Base nodes correlation coefficients in percent, section 6

130 1

132 1 0

F151 0 0 -0

152 -0 -0 0 0

00 -0 -0 -0 -14 -3

Ms01 0 0 -0 -0 -0 -0

802 -0 -0 -0 -2 -0 -1 1

03 -1 -0 -0 -58 -0 9 -0 1

805 0 0 0 0 0 0 0 0 0

28 Ti30 T132 Tis1 Tis2 Tsoo  Tsor  Tleo2  Tsos  [sos

2.2 Equality constraints

We use equality constraints that relate a branching fraction to a sum of branching fractions. As mentioned above,
the tau branching fractions are denoted with I, labels. In the constraint relations we use the values of some non-tau
branching fractions, denoted e.g. with the self-describing notation Ik, _.00. We also use probabilities corresponding

to modulus square amplitudes describing quantum mixtures of states such as K°, 70, Ks, Ki, denoted with e.g.
Mkojks> = |<K®|Ks>|?. In the fit, all non-tau quantities are taken from the PDG 2011 [91] fits (when available)
or averages, and are used without accounting for their uncertainties, which are however in general small with respect
to the uncertainties on the tau branching fractions. The tau branching fractions are illustrated in Table 1. The
equations in the following permit the computation of the values and uncertainties for branching fractions that are
not listed in Table 1, once they are expressed as function of the quantities that are listed there. The following list
does not include the (non-linear) constraints already introduced in Section 2, and illustrated in Table 1, where some
measured branching fractions are expressed as ratios of “base” branching fractions.

M7 =Tss - T _go, . +To+Ts0a +T37-Tokoik,> +T1o



g =To+T10

Fi7 =T128 [, 370 + T30+ 23 + Mag + 35 - (Mckokg> - Tkg—n0r0)

ET
25
6
29

31

+Ta0 - (Mekojkgs " Tkgonor0) + Ta2 - (Tekokgs - Thg—nor0) + 20 + M2z
+ a7 - (rKs—»w°7r° . rKs_,,roWo) + Mg - rKs_,,roWo + 126 - I 300 + 37 (F<K0‘Ks> . rKs_,TroWo)

+ 130 - [ 350

23 + 20

M2 - [, 370 + T30 +T2g +T27 +T126- 300 +T130 370

28 - [ 370 +T2g + Ta0 - (MTeko ks> " Mkg—nor0) + Tz - (MTkojkg> - Tkgroro) + T2z
M30 + 126 + [ 370 + 130 - [ 350

M28 - [ —neutral + T23 +T28 +Ta2 +T16 + 37 + 10
+Tso1 - (MTo—ksiy " Tkg—mom0)/(My_k+k— + To—ksk,)

35 - T oo tTa0 T o s +Ta2-Tokokgs +Taz +Tag + a7 - Tokokg>

+ 32 - (r<?°\Ks> - Ty—neutral) + a4 - r<7°\Ks> +eo1 - Ty kg, /(Mo k- + To—ksk,)
M35 + 37

M2 + 37

[a0 + lNa2

[a0 + lNaa

lag + a7 + g04

r128 . rn—»charged + r152 . (rw—?7\'+7r77\'° + rw—»7r+7r*) + r35 : (r<K°\Ks> . rKs—»7r+7r*)

+ r40 ) (r<K°\K5> : rKs—>7r+7r*) + r42 ) (r<K°\Ks> : rKs—»7r+7r*) + r78

+Ta7- (2 Tigomtn—  Tkgn0r0) +T77 +Tag - T ntn— + Toa + o2 4+ 70 + To3

+ 126 - rn—»charged + 37 (r<K°\Ks> : rKs~>7r+7r*) + Igo2 + 03

+ g0 - (rw—>7r+7r*7r° + rw—»7r+7r*) + s (rw—>7r+7r*7r° + rw—»7r+7r7) + T30 - rn—'chafged
+ 132 - (r<?°\K,_> Tyt r—ro

+ F<?0‘Ks> . FKS_,WoWo . rn*”.r+ﬂ-fﬂ.o + r<?°\KS> : rKs*)‘n'+7T7 : rn—»37r°)

+ T3 (g0 gs  Tigmon0 + T g0y, )

+ r801 . (r¢~>K+K* + rd)HKsKL : rKS*?ﬂ'+TF7 )/(r¢~>K+K7 + rd—’"KSKL)

M128 - Ty—charged + T152 * (M ptn—n0 + T ontn— )+ 78 + T77 + Toa + Te2 + T70 + o3

+ 126 - [y charged + 802 + 803 + M800 + (Mot r— 70 + Tt —)

—+ r151 . (rw_,ﬂ.+7r—ﬂ.0 + rw_,ﬂ-+7r7) + I_130 : rnﬂcharged

+Ts01 Ty ktk—/(Tymktk— +To—ksky)

Fe2 4 o3 + o2 4+ Mgoo - Moyt +T1s1 - Tyt +Ts01 - Tyt /(M- + To—ksk,)
Fe2 + o3 + Moz + Mgo1 - Myt /(Mg k- + To—rsk,)

Me2 +s00 - [t

Mo Ty rtn—mo +Tas2 Tt +Toa+T70+ a0 +Ts00 - My rtr—r0 + 151 - Tyt 0
Fis2 - Ty ntn +Ta0 - (Tekoikss * Tkgonta—) + 70+ Taoo - [y rt -0

r152 . rw*)Tr+‘n'7 + r70 + r800 : rm~>7'r+7'r*7'r°

F152 . rw_,ﬂ.+ﬂ.—ﬂ.o + r78 + r77 + r12(:‘. : rn_.ﬂ—+7rfﬂ-0 + r130 ° rn—»7r+7r*7r°

F152 . rw_,ﬂ.+ﬂ.7ﬂ.o + F77 + r125 . F,]_,Tr+,r7,ro + r130 . rn_.ﬂ—+ﬂ-77ro

128 - Ty charged + a2 - (Mcko ks> * Tgontn—) + 802 + o0z + N5+ (Mot o + Tt )

+ 37 - (r<K°\K5> : rKs~>7'r+7'r7)
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les = Tgo2 + 151 - [t r

Fge = T128 - [ i4r—n0 +Tg03 + 51Tt ro

Fo2 =Tos +To3

Fos =Tgo1 - [y wtu—/(My—n+rk— +To—ksk,)

102 = 103 + 104

110 =T10 +T16 + 23 + 28 + 35 + M40 + 128 + Mgo2 + MNs03 + MN151 + M130 + M132 + Maa + 53 + Tgo1
M6 =T10a Ty ptr—mo +T78 Ty 370

50 = oo + lN151

Meoa = Faz - (Mo, > T<koky>)/(M<koikg> * T<koikg>)

Fan=T3s+Ts+To+T1w0o+T1a+T16+T20+T23+T274+T284+T304+ T35 4+T374+Ta0+ a2+ a7
+Tag+Te2+T70 +T77 +T78 + o3 + [Noa + [N104 + [N126 + 128 + 802 + 803 + 800 + 151
+ T30 + 132 + Tas + 53 + M40 4+ Ms04 + 805 + 801 + [N152 + 103

2.3 Fit procedure

The fit procedure is functionally equivalent to the one employed in the former HFAG report [31] and consists in
a minimum x? fit subject to linear and non-linear constraints. The fit code has been improved to automatize the
treatment of non-linear constraints, which are iteratively Taylor-expanded to obtain numerically approximate linear
constraints, which permit an analytical solution for the x? minimization when, as it happens in this case, the x? is a
quadratic function of the fitted quantities.

3 Tests of lepton universality

In the Standard Model, the partial widths of a heavier lepton L decaying to a lighter lepton ¢ are, neglecting neutrino
masses and including radiative corrections [84],

B(L—>Z/L@g) _ GLGgmi f (mf) L L

r(L (v = = m? ’
( — Vé(’y)) L 19273 m% rwr.
where
2
ng &i f(x)=1_8x+8x3—x4—12x2|nx
42M2,
3 m2 a(ml_) 25
L L L 2
= ]_ _— = 1 —
w=1% 5 AEt T

We use r] =1—-43.2-107* and r/ =1 —42.4-10"* [84] and My from PDG 2011 [91] as usual.

Proper ratios of the above partial widths, corrected by the suitable above-illustrated factors to remove the
dependencies from masses and radiative corrections, measure ratios of charged weak lepton coupling constants.
Using the HFAG-Tau fit values where available and using PDG 2011 for the remaining quantities, we measure,
accounting for the statistical correlations emerging from the HFAG-Tau fit:

(&) = 1.0006 + 0.0021 (&) = 1.0024 + 0.0021 (g—“) = 1.0018 + 0.0014 .

8u 8e 8e

Tau decays partial widths to hadrons compared to the same hadron decay to muons measure the tau-muon
universality of charged weak couplings as follows:

2
(&)2_B(T—>hl/7-) 2mpm’ T <1mi/m%>

g.)  B(h—uw,) (L+0p)mir, \ 1—m?/m2
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where h = 7 or K and the radiative corrections are 6, = (0.16 +0.14)% and dx = (0.90 + 0.22)% [64]. Using the
HFAG-Tau data and PDG 2011 we measure:

<&) — 0.0956 + 0.0031 , <g—T> —0.9853 4+ 0.0072 .
&/ &/ k

Similar tests could be performed with decays to electrons, however they are less precise because the hadron two body
decays to electrons are helicity-suppressed. Averaging the three g, /g, ratios we obtain

(&) — 0.9996 -+ 0.0020 ,
8/ ririk

accounting for statistical correlations. Table 8 reports the statistical correlation coefficients for the fitted coupling
ratios:

Table 8: Universality coupling ratios correlation coefficients (%)

8

£ ) 77

8u _

£ 3B 34

&r

£) 49 50 2

&) 23 21 2 14
8u ) K

() (g) (&) (2),

4  Universality improved B(7 — evv) and Rpag

Following Ref. [63], we assume lepton universality to obtain a more precise experimental determination of B, = B(7 —
€Uv, ) using the tau branching fraction to muon and the tau lifetime, by averaging the B, direct measurement, the B,
determination from assuming that g,,/g. = 1 hence (see also Section 3) B, = B,,-f(mZ/mZ)/f(m?,/mZ), and B from

assuming that g, /g, = 1 hence B = B(p — eVevy) - (74/7,) - (m-/my,)® - £(mZ/m2)/f(mZ/m?) - (6767,)/ (646},
where B(p — eTer,) = 1. Accounting for statistical correlations, we obtain

Bi" = (17.839 = 0.028)%.

We use BU" to obtain the ratio

(7 — hadrons)

Rhad = = 3.6279 & 0.0094.

M(r — evp)

Here I'(7 — hadrons) is obtained by summing all tau hadronic decay modes.

5 |Vys| measurement

The CKM coefficient |V,s| can be measured in several ways from the comparison of tau partial widths to strange and
non-strange final states.

5.1 Inclusive tau partial width to strange

The tau hadronic partial width is the sum of the tau partial width to strange and to non-strange hadronic final states,
Mhad = s +Tva. Dividing by the partial width to electron, ., we obtain partial width ratios (which are equal to the
respective branching fraction ratios) for which Rhaqg = Rs + Rva. In terms of such ratios, |V,s| is measured as

R
|Vus| = \/Rs/ [ﬁ - 6Rtheory , (1)

where 0 Riheory Can be determined in the context of low energy QCD theory, partly relying on experimental low energy
scattering data. We use d Riheory = 0.240 £ 0.032 [70], which induces a systematic error on |V,s| that lies between
two more recent estimates [71, 83].
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Table 9: HFAG Winter 2012 Tau branching fractions to strange final states.
Branching fraction HFAG Winter 2012 fit
Fo=K v, 0.6955 =+ 0.0096) - 1072
Me =K v, 0.4322 £ 0.0149) - 102
Ms = K 27°, (ex. K%) 0.0630 + 0.0222) - 10~2
M = K 31w, (ex. K° ) 0.0419 + 0.0218) - 1072
Fss =7 K vy 0.8206 + 0.0182) - 102
Fao =71 Korv, 0.3649 + 0.0108) - 102
0.0269 = 0.0230) - 102
0.0222 +0.0202) - 1072
0.0153 4 0.0008) - 1072
)
)
)
)
)
)
)

[0 = W_VOWOWOVT
Mss =K h~h htu,
[128 = K_WVT

0.0048 + 0.0012) - 1072
0.0094 4 0.0015) - 1072
0.0410 £ 0.0092) - 1072
0.0037 = 0.0014) - 1072
0.2923 4 0.0068) - 102
0.0411 +0.0143) - 1072
2.8746 £ 0.0498) - 1072

M0 = K~ 7’nu,

M3 = 77770777/7'

51 = K wrr

Moot = K~ v (6 — KK)

Mg = K 7 ntu, (ex. K° w)

+

Mgos = K- ntnu, (ex. K® w,n)

— |~ N~~~ o~~~ o~~~ o~~~ o~ —

[10 = Xs_ Vr

In the following, we use the universality improved Bi" (see Section 4) to compute the R ratios. The most direct
experimental determination of Rs and Rya = Rnad — Rs come from the tau inclusive branching fractions to hadronic
and strange hadronic states, Bp,g and Bs. However often the total hadronic branching fraction has been replaced by
the indirect but more precise expression Bi" = 1— B, — B,, (or similar expressions based on B!™), using unitarity, see
for example the 2009 HFAG report [31]. We depart from this choice here, and we use the most direct determination of
Rhad, for two reasons: first there is no significant statistical gain in the final errors, because of statistical correlations
in the Rhaa expression (1 — Be — B,,)/BU"", and second the indirect determination of Rya = RU" — Rs would absorb
the effect of possible unobserved hadronic states entirely in Ry4, while they could also be strange final states.

With the above choices, using |V,q| = 0.97425 + 0.00022 [73], using HFAG values of this report, including the
above-mentioned BY"Y, B; = (2.872 + 0.050)% (see also Table 9), Bya = (61.85 4+ 0.11)%) and the PDG 2011
averages, we obtain |Vs|,s = 0.2172 4 0.0022, which is 3.40 lower than the unitarity CKM prediction | Vis|uni =
0.2255 =+ 0.0010, from (| Vius|uni)? = 1 — |Vug|?. The |Vys|rs uncertainty includes a systematic error contribution of
0.0010 from the theory uncertainty on 6 Riheory.

If we use the alternative above mentioned definitions of By,q4, the mismatch remains 3.40. Using a unitarity-
constrained tau branching fraction fit, the mismatch remains 3.40. The 3.4 discrepancy is close to the unconstrained
fit result of the 2009 HFAG report, 3.60 [31], and also to the 3.30 from the HFAG-Tau 2011 intermediate docu-
ment [46], based on a unitarity-constrained fit.

5.2 |Vy| from B(7 — Kv)/B(7 — nv) and from B(+ — Kv)

We use the ratio of branching fractions B(t— — K~ v,)/B(t~ — © v;) = 0.0643 £ 0.0009 to measure |V,s| from
the equation

B(r— — K=v,) 2| Visl? (1= mi/m2)” rip(r~ — K~v,)

B(t— =7 v;)  f2|Vy4|? (1-— mgr/mgf np(t— =7 v,)

In this ratio, the short-distance radiative corrections cancel. The term np(p) = 1 + d.p(p) corresponds to the
long-distance electroweak radiative correction factor for the process p. Following Ref. [45], the ratio of radiative
correction factors is estimated as ] = rp(r= — K v/K~ — pv)/np(r— — 7 v/m~ — pv) np(K~ —
wv)/np(m~ — pv), where the first ratio is [1 4 (0.90+0.22)%]/[1 + (0.16 +0.14)%] [65] and the second ratio is
(0.9930 4 0.0035)% [85], hence assuming independent errors X7 = 1.0003 4- 0.0044. The ratio fx /f, is estimated
in lattice QCD to be 1.1936 4-0.0053 [80]. We measure |Vys| k/» = 0.222940.0020, 1.20 below the CKM unitarity

prediction.
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—o— K; decays, FlaviaNet 2010
0.2254 + 0.0013

—e— K, decays, FlaviaNet 2010
0.2252 + 0.0013

CKM unitarity
@
= 0.2255 + 0.0010

—eo— T - Kv/1 - 1v, HFAG 2012
0.2229 £ 0.0021
0.2214 + 0.0022
—e—| T - sinclusive, HFAG 2012
0.2173 £ 0.0022
—eo—] T average, HFAG 2012
0.2202 + 0.0015
L I il il il il l il il il il I L il
0.215 0.22 0.225 HEAG-Tau
IVl Winter 2012

Figure 1: | V5| averages of this document compared with the FlaviaNet results [27].

We use the branching fraction B(t~ — K~ v;) to measure |V,s| from the equation

G2f2|Vys|?Pm3r, m2\°

e

where fx = 156.1 + 1.1 MeV [80] is the kaon decay constant estimated with lattice QCD, and Sgyy = 1.0201 +
0.0003 [68] accounts for the radiative corrections. We obtain |Vys|-x = 0.2214 + 0.0022, wich is 1.7c below the
CKM unitarity prediction. CODATA 2006 results [90] and PDG 2011 have been used for the physics constants.

5.3 |V,| from tau summary

We summarize the |V,s| results reporting the values, the discrepancy with respect to the |V,s| determination from
CKM unitarity, and an illustration of the measurement method:

|Visluni = 0.2255 + 0.0010 from /1 — |V,4[2 (CKM unitarity) ,
|Vus|rs  =0217240.0022 —3.40 from [(r~ — X v;)
|Vuslrk/m = 0.222904£0.0020 —120 from (77 — K v;)/T(17 = 7 vr),
|Vis|rk  =0.2214+0.0022 —1.70 from [(r~ — K 1;)

Thanks to the improved lattice QCD determination of fx [80], the uncertainty on |V,s|,k has been significantly
reduced with respect to the previous HFAG report. Averaging the three above |V,| determinations we obtain:

|Vis|r = 0.2203+0.0015 —2.90 average of 3 |V,s| tau measurements.
We could not find a published estimate of the correlation of the uncertainties on fx and fx /f;, but even if we assume
+100% correlation, the uncertainty on |V,s|, does not change more than about +5%. Figure 1 summarizes the | V|
results.

6 Upper limits on tau LFV branching fractions

We list in Table 10 the up-to-date upper limits on the tau LFV branching fractions.
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Table 10: HFAG Winter 2012 upper limit for the lepton flavor violating
7 decay modes. For convenience, the decay modes are grouped in
categories labelled according to their particle content. The label “(L)"
in the category column means that the decay mode implies lepton
number violation as well as the lepton flavor violation.

90% CL

Decay mode Category Limit Exp. Ref.
Mse =€y Iy <12.0-107% Belle [76]
< 33-107% BABAR [43]
Fisz = py < 45-:107% Belle [76]
< 4.4-1078% BABAR [43]
Misg = e IP° < 22-10°% Belle  [75]
<13.0-107®% BABAR [35]
Miso =y~ ° < 27-1078 Belle  [75]
<11.0-1078 BABAR [35]
Me>=¢e"n < 4.4.1078% Belle [75]
<16.0-107% BABAR [35]
Me3 =1 < 23:107% Belle [75]
<15.0-107% BABAR [35]
M172 = e 1(958) < 3.6-107% Belle [75]
<24.0-1078 BABAR [35]
F173 = 1~ 17'(958) < 3.8-107% Belle [75]
<14.0-1078 BABAR [35]
160 = € KQ < 26-107% Belle [88]
< 3.3-1078 BABAR [41]
Fie1 = = K2 < 23.107% Belle [88]
< 4.0-1078 BABAR [41]
F174 = e~ £,(980) 1S° < 32-107% Belle [87]
Tirs = p~ £(980) < 3.4-107% Belle [87]
Figs =€ p° Ivo < 1.8-107% Belle [86]
< 4.6-107% BABAR [39]
Fies = 1 p° < 1.2-107% Belle  [86]
< 26-107% BABAR [39]
68 = e~ K*(892)° < 3.2-107% Belle  [86]
< 5.9-107% BABAR [39]
Ti60 = = K*(892)° < 7.2-107% Belle [86]
<17.0-107% BABAR [39]
M170 = e" K (892)° < 3.4-1078% Belle [86]
< 4.6-107% BABAR [39]
M7= p~ K (892)° < 70-107% Belle  [86]
< 7.3-107% BABAR [39]
M7 =e ¢ < 3.1-107% Belle [86]
< 3.1-107% BABAR [39]
M7z =p"¢ < 8.4-107% Belle [86]
<19.0-107% BABAR [39]
Mes =€ w < 4.8-107% Belle [86]
<11.0-107% BABAR [38]
Me7r = p w < 47-107% Belle [86]
<10.0-1078 BABAR [38]
F7g=¢e ete mn < 27-107% Belle  [77]
< 29-1078 BABAR [82]
Mgy =p ete” < 18-1078 Belle [77]
< 22-107% BABAR [82]
M7o =€ p+ p— < 2.7-107% Belle [77]
< 32-107% BABAR [82]
Mg = p p+ p— < 21-107% Belle [77]
< 3.3-107% BABAR [82]
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Table 10 — continued from previous page
90% CL

Decay mode Category Limit Exp. Ref.
Mg =e pu+e < 15-107% Belle [77]
< 1.8-107®% BABAR [82]

Figo = p~ et pu— < 1.7-107% Belle [77]
< 26-107® BABAR [82]

Mga=e 7w 7 Ihh < 2.3-107% Belle [89]
<12.0-1078 BABAR [32]

Fige = p mhm < 21-107% Belle [89]
<29.0-107% BABAR [32]

Fgs =e m K~ < 3.7-107% Belle [89]
<32.0-107® BABAR [32]

Mos =p 7 K™ < 8.6-107% Belle [89]
<26.0-107® BABAR [32]

ligg = e K¥m™ < 31-107% Belle  [89]
<17.0-107® BABAR [32]

Fios = p~ K¥m™ < 45-.107% Belle [89]
<32.0-107® BABAR [32]

Moz =€ KTK™ < 3.4-1078% Belle [89]
<14.0-1078 BABAR [32]

Mg =~ KTK™ < 44-107% Belle  [89]
<25.0-1078 BABAR [32]

Mo1 = e~ KZK2 < 7.1-107% Belle [88]
Mio7 = = KSKS < 8.0-107% Belle [88]
Fgs = etm 7~ (L) < 2.0-107% Belle [89]
(L) <27.0-1078 BABAR [32]

Fig7 = ptm 7w~ (L) < 3.9-107% Belle [89]
(L) < 7.0-107% BABAR [32]

Moo = €7~ K™ (L) < 32.107% Belle  [89]
(L) < 18.-1078% BABAR [32]

Mg = ptn K~ (L) < 48-107% Belle [89]
(L) <22.0-1078 BABAR [32]

M3 =etK~ K~ (L) < 33.107% Belle [89]
(L) <15.0-1078 BABAR [32]

M09 = K™K~ (L) < 47-107% Belle [89]
(L) <48.0-10"% BABAR [32]

Mo =7n"4 Ah < 3.0-107% Belle [74]
< 5.8-107% BABAR [79]

Moy =7 A < 2.8-107% Belle [74]
< 59-107% BaABAR [79]

M=K A < 42-1078 Belle [74]
< 15.-1078 BABAR [79]

M=K A < 3.1-1078 Belle [74]
< 7.2-107% BABAR [79]

A Branching Fractions Fit Measurement List by Reference

Table 11 reports the measurements used for the HFAG-Tau branching fraction fit grouped by their bibliographic
reference.

Table 11: By-reference measurements list.

Reference / Branching Fraction Value
ALEPH pub SCHAEL 05C [96]
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Table 11 — continued from previous page

Reference / Branching Fraction

Value

Ms=p vy,

[s = e Devr

[e=h v,

Ms=h 7,

Mo = h 27%, (ex.K®)

26 = h™3n’v,

M0 = h 4%, (ex. K°, 1)
Mss = h h htu, (ex.K® w)
Fee = h~h ht=’u, (ex.Ko)
F7e = h~h h"27%, (ex.K°)
03 = 3h 2htw, (ex. K°)
Moa =30 2h 7%, (ex. K°)

Fgos = a; (— 7 ¥)v-

0.17319 + 0.000769675 + 0
0.17837 + 0.000804984 + 0
0.11524 4+ 0.00104805 + 0
0.25924 + 0.00128973 £ 0
0.09295 + 0.00121655 + 0
0.01082 + 0.000925581 + 0
0.00112 + 0.000509313 + 0
0.09469 + 0.000957758 + 0
0.04734 + 0.000766942 + 0
0.00435 + 0.000460977 + 0
0.00072 + 0.00015 + 0
0.00021 +9.21954 - 107 ° 40
4.107%4+2-107*+0

ALEPH pub BARATE 99K [49]
fio=K v,
M6 = K_TTOI/T
M3 = K 21, (ex. K°)
Me = K 31w, (ex. K°,n)
[35 = W_VOVT
Mz =K K'v,
[0 = 71'_7071'01/-,—

F42 = K_TTOKOVT

0.00696 + 0.0002865 + 0
0.00444 + 0.0003538 4+ 0
0.00056 + 0.00025 £ 0
0.00037 £ 0.0002371 +0
0.00928 + 0.000564 + 0
0.00162 £ 0.0002371 + 0
0.00347 £ 0.0006464 + 0
0.00143 £ 0.0002915 4+ 0

ALEPH pub BUSKULIC 97C [59]
[126 = 7T77T07]l/7
M50 = h™wry

-0
F152:h ™ WVUr

0.0018 +0.0004472 £ 0
0.0191 £+ 0.000922 £ 0
0.0043 £+ 0.000781 £ 0

ALEPH pub BUSKULIC 96 [58]
150 h~wv,

Tes  h—h—htmou, (ex.KO)

0.431 £0.033+0

ALEPH pub BARATE 98E [47]

I3 = K2(particles) v,

M7 = K K,

40 = 71'_7071'0%

M2 = K 7K,

Fas = 7 KK vy

Fa7 =7 KK,

Mie = m KK >

Mss =K h h htu,

0.0097 £+ 0.000849 £ 0
0.00158 £ 0.0004531 + 0
0.00294 + 0.0008184 £+ 0
0.00152 + 0.0007885 + 0
0.00153 £ 0.00034 £ 0
0.00026 + 0.0001118 4+ 0
0.00101 + 0.0002642 £+ 0
0.00023 £ 0.000202485 £ 0

ALEPH pub BARATE 99R [50]
_ -39 0 o0
[ga=7 K mrmu

— 10770 0
[so=7m KK 7mv,

0.00026 + 0.00024 £ 0
0.00031 £ 0.00023 £ 0

ALEPH pub BARATE 98 [48]
Tes = K- nt v, (ex.K®)
Fgs = K 7w 7lu, (ex.Ko)
Fos=n K K*u,

Toa=7 K~ K+7'r0y7

0.00214 £ 0.0004701 £ 0
0.00061 + 0.0004295 £ 0
0.00163 £ 0.0002702 £+ 0
0.00075 £ 0.0003265 £ 0

ARGUS pub ALBRECHT 88B [21]
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Table 11 — continued from previous page

Reference / Branching Fraction

Value

F103 = 3h_2h+y7— (ex. Ko)

0.00064 + 0.0002508 £+ 0

ARGUS pub ALBRECHT 92D [22]
E Nz
r5 ~ e*ﬁeyT

0.997 +0.05315 +0

BABAR pub AUBERT,B 05W [33]
M3 = 3h 2h*w, (ex. K°)

0.000856 +5-107°+4.2.107°

BABAR pub AUBERT 10F [42]
M3 Nz

r5 e—ﬁeyT
Mo 7 v
F5 e Velr
r10 KiVT
F5 e Vels

0.9796 + 0.00390406 + 0.00052753
0.5945 £ 0.00574448 + 0.00248413

0.03882 + 0.000630207 + 0.000173608

BABAR pub DEL-AMO-SANCHEZ 11E [24]

28 = K nu-

0.000142 +1.1-107%+7-10"°

BABAR pub AUBERT 08AE [37]

M3e =7 7 7 nu. (ex.K°)

0.00016 +£5-107%+1.1-107°

BABAR pub AUBERT 07AP [34]

- 0
F16:K ™ Vs

0.00416 +3- 107> £ 0.00018

BABAR prelim ICHEPO08 [40]

—550
F35 = K Vr

0.0084 44 - 10 + 0.00023

BABAR prelim DPF09 [92]

——0 o
Flwo=7 K 7 v,

0.00342 £ 6 - 107° 4 0.00015

BABAR pub AUBERT 08 [36]
Feo=n 7 7 v, (ex.K°)
Fes = K- 7tu, (ex.K®)
Fes=7 K KTu.

Foe = K K K'u,

0.088337 +7.4-107° + 0.00126724
0.0027257 +£1.8-1075 +0.2441 - 1075
0.0013461 +1-107% +3.6413 -107°

1.5777-107%4+1.3-107% +1.2308 - 10~©

Belle pub INAMI 09 [78]
M26 =7 7°nur
128 = K_WVT
F130 = K~ 7°nus

M32 = W_KOWVT

0.00135+3-107°>+7-107°
0.000158 +-5-107¢+9.10"°
46-107°4+1.1-107>+4-107°
88-10°+14-105+6-10°°

Belle pub FUJIKAWA 08 [69]

— 0
F13=h ™ Vs

0.2567 +£1-10~* + 0.0039

Belle pub EPIFANOV 07 [67]

—550
F35 = K Vr

0.00808 + 4 - 107° 4 0.00026

Belle prelim PHIPSI11 [95]
[40 = 71'_7071'0%

M2 = K 7°K%,

0.00384 + 0.00004 £ 0.00016
0.00148 £ 0.00002 £ 0.00008

Belle pub LEE 10 [81]
Feo =7 7 7t v (ex.K°)
Fgs = K 7 ntu, (ex.Ko)
Fos=n K K*u,
Fos = K K Ktu,

0.0842 + 3.3211 - 10~° + 0.0025879
0.0033 + 1.274 - 10~ £ 0.00016625
0.00155 + 6.575 - 107 ¢ £ 55579 - 10~°

3.29-1075 +1.6941 -107% +1.9621 - 107°

CELLO pub BEHREND 89B [54]
Msa = h~h™h™ > Oneutrals > 0K v,

0.15+0.005 £ 0

CLEO3 pub ARMS 05 [28]

Fes = K 777w, (ex.K°)

0.00074 £ 0.000136 £ 0

18



Table 11 — continued from previous page

Reference / Branching Fraction

Value

Flga =7 K~ K+7'r0y7

Ms1 = K wr;

55-1075+1.844.10"%+0
0.00041 + 9.21954 - 10~° £+ 0

CLEO3 pub BRIERE 03 [57]
Feo=n 7 7 v, (ex.K°)
Fes = K 7 7tu, (ex.K°)

Fos=m K Ktu,

0.0913 +0.004627 £ 0
0.00384 + 0.000405 £ 0
0.00155 £ 0.0001082 £+ 0

CLEO pub GIBAUT 94B [72]

02 = 3h~2h" > Oneutralsy, (ex.K°)

F103 = 3h_2h+y7— (ex. Ko)

0.00097 + 0.0001208 + 0
0.00077 £ 0.000103 £ 0

CLEO pub ANASTASSOV 01 [26]

F7e = h~h™ h™37%;
F104 = 3h_2h+7T0V7— (ex. Ko)

M3e =7 7 7 nu. (ex.K°)

0.00022 £5-107°+0
0.00017 £2.828 -107° £ 0
0.00023 £5-107>£0

CLEO pub BATTLE 94 [52]
MNo=K v-
F16 = K_TTOVT

M3 = K 27%0, (ex. K°)

M1 =K~ >07°> 0K’ > 0yvs

0.0066 & 0.00114 £ 0
0.0051 4 0.001221 + 0
9-107* 4 0.001044 + 0
0.017 4 0.002247 4 0

CLEO pub ARTUSO 92 [29]

-0
F125_7r ™ NVr

0.0017 £+ 0.0002828 + 0

CLEO pub BISHAI 99 [55]
30 = K77T077Vr

F132 = W_VO’I]VT

0.000177 4 9.04268 - 107° +0
0.00022 +7.33757 - 107° £ 0

CLEO pub ARTUSO 94 [30]

— 0
F13:h T Vs

0.2587 +0.004368 £ 0

CLEO pub BALEST 95C [44]
Ms7=h h hTu, (ex.K°)
Fes = h h~ ht7u, (ex.Ko)
I150 h~wv,

Tes  h—h—htn0u. (ex.K®)

0.0951 +0.002119 £ 0
0.0423 +0.00228 + 0

0.464 +0.02335 +0

CLEO pub BARINGER 87 [51]

Mso = h wrr

0.016 £ 0.004909 £ 0

CLEO pub BORTOLETTO 93 [56]
76 h™h~ht27%, (ex.K®)

Fsa  h—h—h* > Oneutrals > 0KPv,

M50 h~wn® Vr

T76 _ h—h=ht27%, (ex.K°)

0.034 £ 0.003606 + 0

0.81 £0.08485 £ 0

CLEO pub PROCARIO 93 [93]
Mo h 27%:, (ex.K°)

T h=m0v,
E _ h=37%,
F13 - h_ﬂ'OI/T

Mo = h™47°, (ex.K®)

0.342 +£0.01709 +0

0.044 £ 0.005831 £ 0
0.0016 £+ 0.0007071 =0

CLEO pub COAN 96 [61]
34 = h7701/7
M7 = K- K,
30 = h7707r01/7
Fa2 = K 7K,

— 100,40
F47:7r KSKSVT

0.00855 + 0.0008139 £+ 0
0.00151 £ 0.0003041 £+ 0
0.00562 + 0.0006931 £+ 0
0.00145 £ 0.0004118 +0
0.00023 £5.831-107° £ 0
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Table 11 — continued from previous page

Reference / Branching Fraction

Value

CLEO pub ANASTASSOV 97 [25]
E s

r5 e Velr
r5 = 67351/7—
rg = h_VT

0.9777 £0.01074 £ 0

0.1776 +0.001803 £ 0
0.1152 +£0.0013 £ 0

CLEO pub EDWARDS 00A [66]

Feo =7 7 w10, (ex.Ko)

0.0419 +0.002326 £ 0

CLEO pub RICHICHI 99 [94]

Mo K m htu, (ex.K®)
r_eo T o rwtus (ex.K?9)
Mex _ K htnu; (ex.K®)
Teo 7 7 70, (ex.K°)
rg3 _ ﬂ'_K_ K+V7—

Teo nm-m—mtu, Srex.Ko)
loa 7K KT 1%,
Teo m—m—m+m0u, (ex.K9)

0.0544 +0.005701 £ 0

0.0261 +0.006155 £ 0

0.016 £ 0.003354 £ 0

0.0079 £+ 0.004682 £ 0

DELPHI pub ABDALLAH 06A [7]
lg=h v,
M3 =h 70
Mo = h 27°%:, (ex.K?)
Ms =h~ > 3%, (ex.K®)
Msz7 = h™h htu, (ex.K°)
Fes = h~h™ h* v, (ex.K?)
T7a = h~h ht >27%., (ex.K®)
Moz = 3h 2htw. (ex. K°)
Moa = 3h 2h 7%, (ex. K°)

0.11571 £ 0.001655 £ 0
0.2574 +0.002438 £ 0
0.09498 + 0.004219 =0
0.01403 £ 0.003098 £ 0
0.09317 £ 0.001218 =0
0.04545 £ 0.001478 =0
0.00561 £+ 0.001168 £ 0
0.00097 £ 0.0001581 £ 0
0.00016 £ 0.0001342 £ 0

DELPHI pub ABREU 94K [9]
fio=K v,
M=K >0x°>0K° > 0y,

0.0085 +0.0018 +0
0.0154 +0.0024 =0

DELPHI pub ABREU 99X [10]
M3=p vy,

r5 = e_?ez/f

0.17325 £0.001223 £ 0
0.17877 £0.001549 £ 0

DELPHI pub ABREU 92N [8]
r=h >0K v,

0.124 £0.009899 + 0

HRS pub BYLSMA 87 [60]
02 = 3h~2h" > Oneutralsy, (ex.K°)
Mo03 = 3h~2h%w, (ex. K°)

0.00102 + 0.00029 + 0
0.00051 +2-10"*+0

L3 pub ACHARD 01D [14]
lss = h~h™hT > Oneutralsy, (ex.Ko)
102 = 3h~2h" > Oneutralsy, (ex.K°)

0.14556 + 0.001296 £ 0
0.0017 +0.0003406 £ 0

L3 pub ACCIARRI 95 [11]
rz=h" >0Kv,
M3 = h77r°1/7
Mo = h 27°%:. (ex.K?)

F26 = h_37T0V7—

0.1247 +0.005025 £ 0
0.2505 +0.006103 £ 0
0.0888 + 0.005597 £ 0
0.017 4+ 0.004494 =0

L3 pub ACCIARRI 95F [12]
I’35 = 71'7701/‘,—

——0 o
Tso=7 K 7 v,

0.0095 + 0.001616 £ 0
0.0041 +0.001237 £0

L3 pub ACCIARRI 01F [13]
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Table 11 — continued from previous page

Reference / Branching Fraction

Value

=p v,

r5 = efﬁeyT

0.17342 £ 0.001288 =0
0.17806 £ 0.001288 +0

L3 pub ADEVA 91F [17]
Fsa = h~h™hT > Oneutrals > 0K v~

0.144 +0.006708 + 0

OPAL pub ACKERSTAFF 99E [16]
F103 = 3h_2h+y7— (ex. Ko)
Fi0a = 3h 2k 7%, (ex. K°)

0.00091 + 0.0001523 £ 0
0.00027 £ 0.0002012 + 0

OPAL pub ABBIENDI 01J [4]
MNo=K v-
M=K~ >07°>0K® > 0w,

0.00658 + 0.0003962 + 0
0.01528 £ 0.0005587 4+ 0

OPAL pub ACKERSTAFF 98M [15]
e =h v,
M3 =h 7,
Mz=h" > 27T0V7—

0.1198 +0.002062 £ 0
0.2589 +0.003362 £ 0
0.0991 +0.004111 £ 0

OPAL pub ABBIENDI 04J [6]
r16 = K77T01/7—

Fes = K 7 7tw, (ex.K°)

0.00471 £ 0.0006332 + 0
0.00415 + 0.000664 + 0

OPAL pub AKERS 94G [19]

33 = K2 (particles) v,

0.0097 +0.001082 £ 0

OPAL pub ABBIENDI 00C [3]
F35 = 71'_701/‘,—
r33 = K_Ko 2 Oﬂ'OVT

—_—0
Ffis=7n K > 17,

0.00933 + 0.0008382 £+ 0
0.0033 4+ 0.0006742 £ 0

0.00324 + 0.000991564 £+ 0

OPAL pub ABBIENDI 03 [5]

3=p vyv,r

0.1734 +0.001082 £ 0

OPAL pub AKERS 95Y [20]
lss = h-h~h* > Oneutralsy, (ex.Ko)
57 h~=h~htu, (ex.Ko)

Tss _ h h—ht > Oneutralsy, (ex.K?°)

0.1496 + 0.002377 £0
0.66 +0.01456 £ 0

OPAL pub ABBIENDI 99H [1]

F5 = 67331/7—

0.1781 +0.001082 £ 0

OPAL pub ALEXANDER 91D [23]
Fz=h" > 0K v,

0.121 £ 0.008602 £+ 0

OPAL pub ABBIENDI 00D [2]
Fe2 = 7 K~ KT > Oneutralsv,

0.00159 + 0.0005665 + 0

TPC pub AIHARA 87B [18]
Mss = h~h™ h™ > Oneutrals > 0K£1/T

0.151 £0.01+0

TPC pub BAUER 94 [53]
Fg2 = K 7 7t > Oneutralsy,
Fe2 = 7 K~ KT > Oneutralsv,

0.0058 +0.001845 £ 0
0.0015 £+ 0.00085515 + 0

B Upper Limits on Tau LFV Branching Fractions: Summary Plot

Figure 2 summarizes the upper limits on the tau lepton-flavor-violating branching fractions.
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Figure 2: Tau lepton-flavor-violating branching fraction upper limits summary.
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