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h 20121 Introdu
tionWe present averages of a sele
tion of physi
s quantities related to the tau lepton, where we follow the HFAGmethodology [31℄ to improve the Review of Parti
le Physi
s (PDG) [91℄ results by:
• in
luding a sele
tion of reliable preliminary results, hen
e obtaining more up-to-date results;
• updating the experimental measurements value and systemati
 error when it depends on external parameterswhose values and un
ertainties are updated;
• taking into a

ount the statisti
al 
orrelation that is indu
ed by the dependen
e from 
ommon systemati

ontributions.All published statisti
al 
orrelations are 
onsidered, and a sele
tion of measurements, parti
ularly the most pre
iseand the most re
ent, were examined to obtain all the signi�
ant systemati
 dependen
ies. The HFAG te
hniquesare most useful in the global �t of the tau bran
hing fra
tions (Se
tion 2). We use the bran
hing fra
tion �t resultsto obtain updated lepton universality tests (Se
tion 3) and updated determinations of |Vus | with tau measurements(Se
tion 5). Finally, we report in Se
tion 6 the most up-to-date limits on the lepton-�avour-violating tau bran
hingfra
tions.2 Bran
hing fra
tions �tThe measurements listed in Table 1 have been used in a minimum χ2 �t subje
t to the equality 
onstraints that arelisted either in the same table (where some �tted quantities and experimental measurements are expressed as ratiosof �t quantities) or in Se
tion 2.2. The �tted quantities and the measurements are labelled using the PDG [91℄ Γnnotation, where n is an integer number, whi
h mat
hes the PDG notation for n < 800. We use n ≥ 800 to denotesome additional bran
hing fra
tions, as do
umented in the former HFAG report [31℄.The �tted bran
hing fra
tions 
onsist on 40 �base nodes� and 45 derived bran
hing fra
tions, des
ribed eitheras sum of base nodes (see Se
tion 2.2) or as ratios of bran
hing fra
tions (see Table 1). Furthermore, we de�ne(see Se
tion 2.2) ΓAll as the sum of all the base modes, whi
h 
orrespond to all non-overlapping tau de
ay modes,

Γ998 = 1 − ΓAll and Γ110 = X−s ντ , whi
h is the total bran
hing fra
tion of the tau to modes with the strangenessquantum number equal to one.The �tted HFAG-Tau averages are reported in Table 1. The �t has χ2/d.o.f. = 143.5/118, 
orresponding to a
on�den
e level CL = 5.5%. We use a total of 157 measurements and 47 
onstraint equations to �t 86 quantities.The �t is statisti
ally 
onsistent with the unitarity 
onstraint, but the unitarity 
onstraint is not applied.In several 
ases, when it is statisti
ally equivalent within the HFAG-Tau �tting pro
edure, for histori
al reasonsthe statisti
al and systemati
 errors are added in quadrature and are reported in the above table in the lo
ation ofthe statisti
al error, reporting zero as systemati
 error. A s
ale fa
tor of 5.44 (as in the former report [31℄) has beenapplied in the �t to the quoted errors of the two in
onsistent measurements of Γ96 = τ → KKKν by BABAR andBelle. 1



With respe
t to the end-of-2009 HFAG report [31℄, following 
omments by M. Davier [62℄, we have in
luded 3new modes:
Γ49 = π−π0K 0K 0

ντ ,
Γ804 = π−K 0LK 0Lντ ,
Γ805 = a−1 (→ π−γ)ντalong with the related measurements
Γ46 = π−K 0K 0

ντ = (0.1530± 0.0340± 0.0000) · 10−2 (ALEPH [47℄),
Γ49 = π−π0K 0K 0

ντ = (3.1000± 2.3000± 0.0000) · 10−4 (ALEPH [50℄),the estimate
Γ805 = a−1 (→ π−γ)ντ = (4.0000± 2.0000± 0.0000) · 10−4 (ALEPH [96℄),and the 
onstraint
Γ46 = Γ48 + Γ47 + Γ804 .Furthermore, the following new measurements were added:
Γ128 = K−ηντ = (1.4200± 0.1100± 0.0700) · 10−4 (BABAR [24℄),
Γ40 = K 0

π−π0ντ = (0.3840± 0.0040± 0.0160) · 10−2 (Belle [95℄),
Γ42 = K−π0K 0ντ = (0.1480± 0.0020± 0.0080) · 10−2 (Belle [95℄).Finally, the 
onstraint parameters (see Se
tion 2.2) have been updated to the PDG 2011 results [91℄.Table 1: HFAG Winter 2012 bran
hing fra
tions �t results.Tau lepton bran
hing fra
tion Value Exp. Ref.

Γ3 = µ−νµντ (17.392 ± 0.040) · 10−2 HFAG Winter 2012 �t(17.319 ± 0.077 ± 0.000) · 10−2 ALEPH [96℄(17.325 ± 0.122 ± 0.000) · 10−2 DELPHI [10℄(17.342 ± 0.129 ± 0.000) · 10−2 L3 [13℄(17.340 ± 0.108 ± 0.000) · 10−2 OPAL [5℄
Γ3
Γ5 = µ−νµντe−νeντ

0.9761 ± 0.0028 HFAG Winter 2012 �t0.9970 ± 0.0532 ± 0.0000 ARGUS [22℄0.9796 ± 0.0039 ± 0.0005 BABAR [42℄0.9777 ± 0.0107 ± 0.0000 CLEO [25℄
Γ5 = e−νeντ (17.818 ± 0.041) · 10−2 HFAG Winter 2012 �t(17.837 ± 0.080 ± 0.000) · 10−2 ALEPH [96℄(17.760 ± 0.180 ± 0.000) · 10−2 CLEO [25℄(17.877 ± 0.155 ± 0.000) · 10−2 DELPHI [10℄(17.806 ± 0.129 ± 0.000) · 10−2 L3 [13℄(17.810 ± 0.108 ± 0.000) · 10−2 OPAL [1℄
Γ7 = h− ≥ 0K 0Lντ (12.020 ± 0.055) · 10−2 HFAG Winter 2012 �t(12.400 ± 0.990 ± 0.000) · 10−2 DELPHI [8℄(12.470 ± 0.502 ± 0.000) · 10−2 L3 [11℄(12.100 ± 0.860 ± 0.000) · 10−2 OPAL [23℄
Γ8 = h−ντ (11.507 ± 0.054) · 10−2 HFAG Winter 2012 �t(11.524 ± 0.105 ± 0.000) · 10−2 ALEPH [96℄(11.520 ± 0.130 ± 0.000) · 10−2 CLEO [25℄2



Table 1 � 
ontinued from previous pageTau lepton bran
hing fra
tion Value Exp. Ref.(11.571 ± 0.166 ± 0.000) · 10−2 DELPHI [7℄(11.980 ± 0.206 ± 0.000) · 10−2 OPAL [15℄
Γ9 = π−ντ (10.811 ± 0.053) · 10−2 HFAG Winter 2012 �t
Γ9
Γ5 = π−ντe−νeντ

(60.675 ± 0.321) · 10−2 HFAG Winter 2012 �t(59.450 ± 0.574 ± 0.248) · 10−2 BABAR [42℄
Γ10 = K−ντ (0.6955 ± 0.0096) · 10−2 HFAG Winter 2012 �t(0.6960 ± 0.0287 ± 0.0000) · 10−2 ALEPH [49℄(0.6600 ± 0.1140 ± 0.0000) · 10−2 CLEO [52℄(0.8500 ± 0.1800 ± 0.0000) · 10−2 DELPHI [9℄(0.6580 ± 0.0396 ± 0.0000) · 10−2 OPAL [4℄
Γ10
Γ5 = K−ντe−νeντ

(3.9031 ± 0.0543) · 10−2 HFAG Winter 2012 �t(3.8820 ± 0.0630 ± 0.0174) · 10−2 BABAR [42℄
Γ13 = h−π0ντ (25.936 ± 0.090) · 10−2 HFAG Winter 2012 �t(25.924 ± 0.129 ± 0.000) · 10−2 ALEPH [96℄(25.670 ± 0.010 ± 0.390) · 10−2 Belle [69℄(25.870 ± 0.437 ± 0.000) · 10−2 CLEO [30℄(25.740 ± 0.244 ± 0.000) · 10−2 DELPHI [7℄(25.050 ± 0.610 ± 0.000) · 10−2 L3 [11℄(25.890 ± 0.336 ± 0.000) · 10−2 OPAL [15℄
Γ14 = π−π0ντ (25.504 ± 0.092) · 10−2 HFAG Winter 2012 �t
Γ16 = K−π0ντ (0.4322 ± 0.0149) · 10−2 HFAG Winter 2012 �t(0.4440 ± 0.0354 ± 0.0000) · 10−2 ALEPH [49℄(0.4160 ± 0.0030 ± 0.0180) · 10−2 BABAR [34℄(0.5100 ± 0.1221 ± 0.0000) · 10−2 CLEO [52℄(0.4710 ± 0.0633 ± 0.0000) · 10−2 OPAL [6℄
Γ17 = h− ≥ 2π0ντ (10.803 ± 0.095) · 10−2 HFAG Winter 2012 �t(9.910 ± 0.411 ± 0.000) · 10−2 OPAL [15℄
Γ19 = h−2π0ντ (ex.K 0) (9.3044 ± 0.0972) · 10−2 HFAG Winter 2012 �t(9.2950 ± 0.1217 ± 0.0000) · 10−2 ALEPH [96℄(9.4980 ± 0.4219 ± 0.0000) · 10−2 DELPHI [7℄(8.8800 ± 0.5597 ± 0.0000) · 10−2 L3 [11℄
Γ19
Γ13 = h−2π0ντ (ex.K 0)h−π0ντ

(35.874 ± 0.442) · 10−2 HFAG Winter 2012 �t(34.200 ± 1.709 ± 0.000) · 10−2 CLEO [93℄
Γ20 = π−2π0ντ (ex. K 0) (9.2414 ± 0.0997) · 10−2 HFAG Winter 2012 �t
Γ23 = K−2π0ντ (ex. K 0) (0.0630 ± 0.0222) · 10−2 HFAG Winter 2012 �t(0.0560 ± 0.0250 ± 0.0000) · 10−2 ALEPH [49℄(0.0900 ± 0.1044 ± 0.0000) · 10−2 CLEO [52℄
Γ25 = h− ≥ 3π0ντ (ex.K 0) (1.2349 ± 0.0650) · 10−2 HFAG Winter 2012 �t(1.4030 ± 0.3098 ± 0.0000) · 10−2 DELPHI [7℄
Γ26 = h−3π0ντ (1.1573 ± 0.0717) · 10−2 HFAG Winter 2012 �t(1.0820 ± 0.0926 ± 0.0000) · 10−2 ALEPH [96℄(1.7000 ± 0.4494 ± 0.0000) · 10−2 L3 [11℄
Γ26
Γ13 = h−3π0ντh−π0ντ

(4.4622 ± 0.2767) · 10−2 HFAG Winter 2012 �t(4.4000 ± 0.5831 ± 0.0000) · 10−2 CLEO [93℄3
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Γ27 = π−3π0ντ (ex. K 0) (1.0322 ± 0.0749) · 10−2 HFAG Winter 2012 �t
Γ28 = K−3π0ντ (ex. K 0, η) (4.1870 ± 2.1761) · 10−4 HFAG Winter 2012 �t(3.7000 ± 2.3710 ± 0.0000) · 10−4 ALEPH [49℄
Γ29 = h−4π0ντ (ex.K 0) (0.1558 ± 0.0391) · 10−2 HFAG Winter 2012 �t(0.1600 ± 0.0707 ± 0.0000) · 10−2 CLEO [93℄
Γ30 = h−4π0ντ (ex. K 0, η) (0.1091 ± 0.0391) · 10−2 HFAG Winter 2012 �t(0.1120 ± 0.0509 ± 0.0000) · 10−2 ALEPH [96℄
Γ31 = K−

≥ 0π0
≥ 0K 0

≥ 0γντ (1.5481 ± 0.0310) · 10−2 HFAG Winter 2012 �t(1.7000 ± 0.2247 ± 0.0000) · 10−2 CLEO [52℄(1.5400 ± 0.2400 ± 0.0000) · 10−2 DELPHI [9℄(1.5280 ± 0.0559 ± 0.0000) · 10−2 OPAL [4℄
Γ33 = K 0S (parti
les)−ντ (0.8953 ± 0.0255) · 10−2 HFAG Winter 2012 �t(0.9700 ± 0.0849 ± 0.0000) · 10−2 ALEPH [47℄(0.9700 ± 0.1082 ± 0.0000) · 10−2 OPAL [19℄
Γ34 = h−K 0

ντ (0.9797 ± 0.0233) · 10−2 HFAG Winter 2012 �t(0.8550 ± 0.0814 ± 0.0000) · 10−2 CLEO [61℄
Γ35 = π−K 0

ντ (0.8206 ± 0.0182) · 10−2 HFAG Winter 2012 �t(0.9280 ± 0.0564 ± 0.0000) · 10−2 ALEPH [49℄(0.8400 ± 0.0040 ± 0.0230) · 10−2 BABAR [40℄(0.8080 ± 0.0040 ± 0.0260) · 10−2 Belle [67℄(0.9500 ± 0.1616 ± 0.0000) · 10−2 L3 [12℄(0.9330 ± 0.0838 ± 0.0000) · 10−2 OPAL [3℄
Γ37 = K−K 0ντ (0.1591 ± 0.0157) · 10−2 HFAG Winter 2012 �t(0.1580 ± 0.0453 ± 0.0000) · 10−2 ALEPH [47℄(0.1620 ± 0.0237 ± 0.0000) · 10−2 ALEPH [49℄(0.1510 ± 0.0304 ± 0.0000) · 10−2 CLEO [61℄
Γ38 = K−K 0

≥ 0π0ντ (0.3041 ± 0.0168) · 10−2 HFAG Winter 2012 �t(0.3300 ± 0.0674 ± 0.0000) · 10−2 OPAL [3℄
Γ39 = h−K 0

π0ντ (0.5099 ± 0.0146) · 10−2 HFAG Winter 2012 �t(0.5620 ± 0.0693 ± 0.0000) · 10−2 CLEO [61℄
Γ40 = π−K 0

π0ντ (0.3649 ± 0.0108) · 10−2 HFAG Winter 2012 �t(0.2940 ± 0.0818 ± 0.0000) · 10−2 ALEPH [47℄(0.3470 ± 0.0646 ± 0.0000) · 10−2 ALEPH [49℄(0.3420 ± 0.0060 ± 0.0150) · 10−2 BABAR [92℄(0.3840 ± 0.0040 ± 0.0160) · 10−2 Belle [95℄(0.4100 ± 0.1237 ± 0.0000) · 10−2 L3 [12℄
Γ42 = K−π0K 0ντ (0.1450 ± 0.0071) · 10−2 HFAG Winter 2012 �t(0.1520 ± 0.0789 ± 0.0000) · 10−2 ALEPH [47℄(0.1430 ± 0.0291 ± 0.0000) · 10−2 ALEPH [49℄(0.1480 ± 0.0020 ± 0.0080) · 10−2 Belle [95℄(0.1450 ± 0.0412 ± 0.0000) · 10−2 CLEO [61℄
Γ43 = π−K 0

≥ 1π0ντ (0.3917 ± 0.0250) · 10−2 HFAG Winter 2012 �t(0.3240 ± 0.0992 ± 0.0000) · 10−2 OPAL [3℄
Γ44 = π−K 0

π0π0ντ (2.6854 ± 2.3037) · 10−4 HFAG Winter 2012 �t(2.6000 ± 2.4000 ± 0.0000) · 10−4 ALEPH [50℄
Γ46 = π−K 0K 0

ντ (0.1562 ± 0.0209) · 10−2 HFAG Winter 2012 �t4
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hing fra
tion Value Exp. Ref.(0.1530 ± 0.0340 ± 0.0000) · 10−2 ALEPH [47℄
Γ47 = π−K 0SK 0Sντ (2.3957 ± 0.5026) · 10−4 HFAG Winter 2012 �t(2.6000 ± 1.1180 ± 0.0000) · 10−4 ALEPH [47℄(2.3000 ± 0.5831 ± 0.0000) · 10−4 CLEO [61℄
Γ48 = π−K 0SK 0Lντ (0.1082 ± 0.0203) · 10−2 HFAG Winter 2012 �t(0.1010 ± 0.0264 ± 0.0000) · 10−2 ALEPH [47℄
Γ49 = π−K 0K 0

π0ντ (3.1000 ± 2.3000) · 10−4 HFAG Winter 2012 �t(3.1000 ± 2.3000 ± 0.0000) · 10−4 ALEPH [50℄
Γ53 = K 0h−h−h+ντ (2.2224 ± 2.0236) · 10−4 HFAG Winter 2012 �t(2.3000 ± 2.0248 ± 0.0000) · 10−4 ALEPH [47℄
Γ54 = h−h−h+ ≥ 0neutrals ≥ 0K 0Lντ (15.192 ± 0.060) · 10−2 HFAG Winter 2012 �t(15.000 ± 0.500 ± 0.000) · 10−2 CELLO [54℄(14.400 ± 0.671 ± 0.000) · 10−2 L3 [17℄(15.100 ± 1.000 ± 0.000) · 10−2 TPC [18℄
Γ55 = h−h−h+ ≥ 0neutralsντ (ex.K 0) (14.574 ± 0.056) · 10−2 HFAG Winter 2012 �t(14.556 ± 0.130 ± 0.000) · 10−2 L3 [14℄(14.960 ± 0.238 ± 0.000) · 10−2 OPAL [20℄
Γ57 = h−h−h+ντ (ex.K 0) (9.4404 ± 0.0530) · 10−2 HFAG Winter 2012 �t(9.5100 ± 0.2119 ± 0.0000) · 10−2 CLEO [44℄(9.3170 ± 0.1218 ± 0.0000) · 10−2 DELPHI [7℄
Γ57
Γ55 = h−h−h+ντ (ex.K 0)h−h−h+ ≥ 0neutralsντ (ex.K 0) (64.776 ± 0.294) · 10−2 HFAG Winter 2012 �t(66.000 ± 1.456 ± 0.000) · 10−2 OPAL [20℄
Γ58 = h−h−h+ντ (ex.K 0,ω) (9.4099 ± 0.0531) · 10−2 HFAG Winter 2012 �t(9.4690 ± 0.0958 ± 0.0000) · 10−2 ALEPH [96℄
Γ60 = π−π−π+ντ (ex.K 0) (9.0018 ± 0.0510) · 10−2 HFAG Winter 2012 �t(8.8337 ± 0.0074 ± 0.1267) · 10−2 BABAR [36℄(8.4200 ± 0.0033 ± 0.2588) · 10−2 Belle [81℄(9.1300 ± 0.4627 ± 0.0000) · 10−2 CLEO3 [57℄
Γ62 = π−π−π+ντ (ex. K 0,ω) (8.9719 ± 0.0511) · 10−2 HFAG Winter 2012 �t
Γ66 = h−h−h+π0ντ (ex.K 0) (4.6019 ± 0.0513) · 10−2 HFAG Winter 2012 �t(4.7340 ± 0.0767 ± 0.0000) · 10−2 ALEPH [96℄(4.2300 ± 0.2280 ± 0.0000) · 10−2 CLEO [44℄(4.5450 ± 0.1478 ± 0.0000) · 10−2 DELPHI [7℄
Γ69 = π−π−π+π0ντ (ex.K 0) (4.5146 ± 0.0524) · 10−2 HFAG Winter 2012 �t(4.1900 ± 0.2326 ± 0.0000) · 10−2 CLEO [66℄
Γ70 = π−π−π+π0ντ (ex. K 0,ω) (2.7659 ± 0.0710) · 10−2 HFAG Winter 2012 �t
Γ74 = h−h−h+ ≥ 2π0ντ (ex.K 0) (0.5231 ± 0.0311) · 10−2 HFAG Winter 2012 �t(0.5610 ± 0.1168 ± 0.0000) · 10−2 DELPHI [7℄
Γ76 = h−h−h+2π0ντ (ex.K 0) (0.4911 ± 0.0310) · 10−2 HFAG Winter 2012 �t(0.4350 ± 0.0461 ± 0.0000) · 10−2 ALEPH [96℄
Γ76
Γ54 = h−h−h+2π0ντ (ex.K 0)h−h−h+ ≥ 0neutrals ≥ 0K 0Lντ

(3.2326 ± 0.2024) · 10−2 HFAG Winter 2012 �t(3.4000 ± 0.3606 ± 0.0000) · 10−2 CLEO [56℄
Γ77 = h−h−h+2π0ντ (ex. K 0,ω, η) (9.7301 ± 3.5416) · 10−4 HFAG Winter 2012 �t
Γ78 = h−h−h+3π0ντ (3.1986 ± 0.3124) · 10−4 HFAG Winter 2012 �t(2.2000 ± 0.5000 ± 0.0000) · 10−4 CLEO [26℄5
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Γ80
Γ60 = K−π−h+ντ (ex.K 0)

π−π−π+ντ (ex.K 0) (4.8482 ± 0.0808) · 10−2 HFAG Winter 2012 �t(5.4400 ± 0.5701 ± 0.0000) · 10−2 CLEO [94℄
Γ81
Γ69 = K−π−h+π0ντ (ex.K 0)

π−π−π+π0ντ (ex.K 0) (1.9323 ± 0.2660) · 10−2 HFAG Winter 2012 �t(2.6100 ± 0.6155 ± 0.0000) · 10−2 CLEO [94℄
Γ82 = K−π−π+

≥ 0neutralsντ (0.4801 ± 0.0147) · 10−2 HFAG Winter 2012 �t(0.5800 ± 0.1845 ± 0.0000) · 10−2 TPC [53℄
Γ85 = K−π−π+ντ (ex.K 0) (0.2929 ± 0.0068) · 10−2 HFAG Winter 2012 �t(0.2140 ± 0.0470 ± 0.0000) · 10−2 ALEPH [48℄(0.2726 ± 0.0018 ± 0.0092) · 10−2 BABAR [36℄(0.3300 ± 0.0013 ± 0.0166) · 10−2 Belle [81℄(0.3840 ± 0.0405 ± 0.0000) · 10−2 CLEO3 [57℄(0.4150 ± 0.0664 ± 0.0000) · 10−2 OPAL [6℄
Γ88 = K−π−π+π0ντ (ex.K 0) (8.1122 ± 1.1680) · 10−4 HFAG Winter 2012 �t(6.1000 ± 4.2950 ± 0.0000) · 10−4 ALEPH [48℄(7.4000 ± 1.3600 ± 0.0000) · 10−4 CLEO3 [28℄
Γ92 = π−K−K+

≥ 0neutralsντ (0.1496 ± 0.0033) · 10−2 HFAG Winter 2012 �t(0.1590 ± 0.0566 ± 0.0000) · 10−2 OPAL [2℄(0.1500 ± 0.0855 ± 0.0000) · 10−2 TPC [53℄
Γ93 = π−K−K+ντ (0.1435 ± 0.0027) · 10−2 HFAG Winter 2012 �t(0.1630 ± 0.0270 ± 0.0000) · 10−2 ALEPH [48℄(0.1346 ± 0.0010 ± 0.0036) · 10−2 BABAR [36℄(0.1550 ± 0.0007 ± 0.0056) · 10−2 Belle [81℄(0.1550 ± 0.0108 ± 0.0000) · 10−2 CLEO3 [57℄
Γ93
Γ60 = π−K−K+ντ

π−π−π+ντ (ex.K 0) (1.5940 ± 0.0305) · 10−2 HFAG Winter 2012 �t(1.6000 ± 0.3354 ± 0.0000) · 10−2 CLEO [94℄
Γ94 = π−K−K+π0ντ (0.6113 ± 0.1829) · 10−4 HFAG Winter 2012 �t(7.5000 ± 3.2650 ± 0.0000) · 10−4 ALEPH [48℄(0.5500 ± 0.1844 ± 0.0000) · 10−4 CLEO3 [28℄
Γ94
Γ69 = π−K−K+π0ντ

π−π−π+π0ντ (ex.K 0) (0.1354 ± 0.0406) · 10−2 HFAG Winter 2012 �t(0.7900 ± 0.4682 ± 0.0000) · 10−2 CLEO [94℄
Γ96 = K−K−K+ντ (2.1774 ± 0.8005) · 10−5 HFAG Winter 2012 �t(1.5777 ± 0.1300 ± 0.1231) · 10−5 BABAR [36℄(3.2900 ± 0.1694 ± 0.1962) · 10−5 Belle [81℄
Γ102 = 3h−2h+ ≥ 0neutralsντ (ex.K 0) (0.1022 ± 0.0037) · 10−2 HFAG Winter 2012 �t(0.0970 ± 0.0121 ± 0.0000) · 10−2 CLEO [72℄(0.1020 ± 0.0290 ± 0.0000) · 10−2 HRS [60℄(0.1700 ± 0.0341 ± 0.0000) · 10−2 L3 [14℄
Γ103 = 3h−2h+ντ (ex. K 0) (8.2349 ± 0.3060) · 10−4 HFAG Winter 2012 �t(7.2000 ± 1.5000 ± 0.0000) · 10−4 ALEPH [96℄(6.4000 ± 2.5080 ± 0.0000) · 10−4 ARGUS [21℄(8.5600 ± 0.0500 ± 0.4200) · 10−4 BABAR [33℄(7.7000 ± 1.0300 ± 0.0000) · 10−4 CLEO [72℄(9.7000 ± 1.5810 ± 0.0000) · 10−4 DELPHI [7℄(5.1000 ± 2.0000 ± 0.0000) · 10−4 HRS [60℄6
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tion Value Exp. Ref.(9.1000 ± 1.5230 ± 0.0000) · 10−4 OPAL [16℄
Γ104 = 3h−2h+π0ντ (ex. K 0) (1.9801 ± 0.2437) · 10−4 HFAG Winter 2012 �t(2.1000 ± 0.9220 ± 0.0000) · 10−4 ALEPH [96℄(1.7000 ± 0.2828 ± 0.0000) · 10−4 CLEO [26℄(1.6000 ± 1.3420 ± 0.0000) · 10−4 DELPHI [7℄(2.7000 ± 2.0120 ± 0.0000) · 10−4 OPAL [16℄
Γ110 = X−s ντ (2.8746 ± 0.0498) · 10−2 HFAG Winter 2012 �t
Γ126 = π−π0ηντ (0.1386 ± 0.0072) · 10−2 HFAG Winter 2012 �t(0.1800 ± 0.0447 ± 0.0000) · 10−2 ALEPH [59℄(0.1350 ± 0.0030 ± 0.0070) · 10−2 Belle [78℄(0.1700 ± 0.0283 ± 0.0000) · 10−2 CLEO [29℄
Γ128 = K−ηντ (1.5285 ± 0.0808) · 10−4 HFAG Winter 2012 �t(1.4200 ± 0.1100 ± 0.0700) · 10−4 BABAR [24℄(1.5800 ± 0.0500 ± 0.0900) · 10−4 Belle [78℄
Γ130 = K−π0ηντ (0.4825 ± 0.1161) · 10−4 HFAG Winter 2012 �t(0.4600 ± 0.1100 ± 0.0400) · 10−4 Belle [78℄(1.7700 ± 0.9043 ± 0.0000) · 10−4 CLEO [55℄
Γ132 = π−K 0

ηντ (0.9364 ± 0.1491) · 10−4 HFAG Winter 2012 �t(0.8800 ± 0.1400 ± 0.0600) · 10−4 Belle [78℄(2.2000 ± 0.7338 ± 0.0000) · 10−4 CLEO [55℄
Γ136 = π−π−π+ηντ (ex.K 0) (1.4921 ± 0.0968) · 10−4 HFAG Winter 2012 �t(1.6000 ± 0.0500 ± 0.1100) · 10−4 BABAR [37℄(2.3000 ± 0.5000 ± 0.0000) · 10−4 CLEO [26℄
Γ150 = h−ωντ (1.9945 ± 0.0641) · 10−2 HFAG Winter 2012 �t(1.9100 ± 0.0922 ± 0.0000) · 10−2 ALEPH [59℄(1.6000 ± 0.4909 ± 0.0000) · 10−2 CLEO [51℄
Γ150
Γ66 = h−ωντh−h−h+π0ντ (ex.K 0) (43.340 ± 1.389) · 10−2 HFAG Winter 2012 �t(43.100 ± 3.300 ± 0.000) · 10−2 ALEPH [58℄(46.400 ± 2.335 ± 0.000) · 10−2 CLEO [44℄
Γ151 = K−ωντ (4.1000 ± 0.9220) · 10−4 HFAG Winter 2012 �t(4.1000 ± 0.9220 ± 0.0000) · 10−4 CLEO3 [28℄
Γ152 = h−π0ωντ (0.4049 ± 0.0418) · 10−2 HFAG Winter 2012 �t(0.4300 ± 0.0781 ± 0.0000) · 10−2 ALEPH [59℄
Γ152
Γ76 = h−ωπ0ντh−h−h+2π0ντ (ex.K 0) (82.453 ± 7.575) · 10−2 HFAG Winter 2012 �t(81.000 ± 8.485 ± 0.000) · 10−2 CLEO [56℄
Γ800 = π−ωντ (1.9535 ± 0.0647) · 10−2 HFAG Winter 2012 �t
Γ801 = K−φντ (φ → KK) (3.7002 ± 1.3604) · 10−5 HFAG Winter 2012 �t
Γ802 = K−π−π+ντ (ex. K 0,ω) (0.2923 ± 0.0068) · 10−2 HFAG Winter 2012 �t
Γ803 = K−π−π+π0ντ (ex. K 0,ω, η) (4.1074 ± 1.4286) · 10−4 HFAG Winter 2012 �t
Γ804 = π−K 0LK 0Lντ (2.3957 ± 0.5026) · 10−4 HFAG Winter 2012 �t
Γ805 = a−1 (→ π−γ)ντ (4.0000 ± 2.0000) · 10−4 HFAG Winter 2012 �t(4.0000 ± 2.0000 ± 0.0000) · 10−4 ALEPH [96℄
Γ998 = 1− ΓAll (0.0704 ± 0.1060) · 10−2 HFAG Winter 2012 �t
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2.1 Correlation between base nodes un
ertaintiesThe following tables report the 
orrelation 
oe�
ients between base nodes, in per
ent.Table 2: Base nodes 
orrelation 
oe�
ients in per
ent, se
tion 1
Γ5 23
Γ9 7 5

Γ10 3 6 1
Γ14 -13 -14 -12 -3
Γ16 -0 -1 2 -1 -16
Γ20 -5 -5 -7 -1 -40 2
Γ23 0 0 -0 -2 2 -12 -22
Γ27 -4 -3 -8 -1 0 3 -36 6
Γ28 0 0 -0 -1 2 -12 4 -19 -29
Γ30 -5 -4 -11 -2 -9 -0 6 0 -42 0
Γ35 -0 -1 1 0 -0 2 -1 1 -0 1 -0
Γ37 0 0 -1 -1 1 -8 3 -12 4 -12 0 -6
Γ40 -0 -1 1 -0 -0 0 1 -2 -2 -2 -0 0 -3

Γ3 Γ5 Γ9 Γ10 Γ14 Γ16 Γ20 Γ23 Γ27 Γ28 Γ30 Γ35 Γ37 Γ40Table 3: Base nodes 
orrelation 
oe�
ients in per
ent, se
tion 2
Γ42 -0 -0 0 -0 0 -3 1 -5 -1 -5 0 -0 -7 30
Γ44 0 0 -0 0 -0 0 -0 0 0 0 0 -2 -2 -4
Γ47 -0 -0 -0 -0 -0 0 0 0 0 0 0 -0 -0 -0
Γ48 0 0 0 0 0 0 -0 1 -0 0 -0 -4 -3 -3
Γ53 0 0 0 0 0 -0 0 0 0 0 0 -0 -0 -0
Γ62 -3 -5 8 0 -4 5 -7 -1 -5 -1 -5 4 -1 3
Γ70 -6 -6 -7 -1 -9 -1 -1 0 -1 0 3 -1 0 -1
Γ77 -1 -0 -3 -1 -2 -0 -0 0 2 0 2 -0 0 -0
Γ78 1 1 2 0 1 1 -0 -0 -0 -0 0 1 -0 1
Γ93 -1 -1 2 0 -1 2 -1 -0 -1 -0 -1 2 -0 1
Γ94 -0 -0 -0 -0 -0 -0 -0 0 -0 0 0 -0 0 -0

Γ103 0 0 2 0 0 1 -1 -0 -0 -0 -1 1 -0 1
Γ104 -1 -1 -1 -0 -1 0 0 -0 0 -0 -1 0 -0 0
Γ126 0 0 0 0 0 0 -1 -0 0 -0 -2 0 -0 0

Γ3 Γ5 Γ9 Γ10 Γ14 Γ16 Γ20 Γ23 Γ27 Γ28 Γ30 Γ35 Γ37 Γ40Table 4: Base nodes 
orrelation 
oe�
ients in per
ent, se
tion 3
Γ128 -0 -0 1 -0 -0 1 -0 -1 -0 -1 -0 1 -0 1
Γ130 0 0 0 0 0 0 -0 -0 0 -0 -0 0 -0 0
Γ132 0 0 -0 0 -0 0 -0 -0 0 -0 -0 0 -0 0
Γ151 -0 -0 -0 -0 -0 0 -0 -0 -0 -0 0 -0 -0 -0
Γ152 -1 -0 -3 -1 -2 -0 -1 0 2 0 2 -0 0 0
Γ800 -2 -2 -2 -0 -3 -0 -0 0 -0 0 1 -0 0 -0
Γ801 -0 -0 0 -0 -0 0 -0 -0 0 -0 -0 -0 -0 -0
Γ802 -1 -1 0 0 -1 -1 -2 0 -2 0 -1 -1 -0 -0
Γ803 -0 -0 -0 -0 -0 -0 -0 0 -0 0 0 -0 -0 -0
Γ805 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Γ3 Γ5 Γ9 Γ10 Γ14 Γ16 Γ20 Γ23 Γ27 Γ28 Γ30 Γ35 Γ37 Γ40
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Table 5: Base nodes 
orrelation 
oe�
ients in per
ent, se
tion 4
Γ44 -2
Γ47 -0 -0
Γ48 -2 -5 -19
Γ53 -0 0 0 -0
Γ62 1 -0 -0 -0 -0
Γ70 -0 0 0 -0 -0 -19
Γ77 0 -0 -0 0 0 -1 -7
Γ78 0 -0 -0 -0 -0 2 -2 -1
Γ93 0 -0 -0 -0 -0 14 -4 -0 1
Γ94 0 0 0 -0 -0 -0 -2 -0 -0 -0

Γ103 0 -0 -0 -0 -0 3 -1 -0 4 1 -0
Γ104 -0 -0 0 0 0 -0 0 1 -36 0 0 -11
Γ126 0 -0 -0 -0 -0 1 -0 -5 0 0 -0 0 0

Γ42 Γ44 Γ47 Γ48 Γ53 Γ62 Γ70 Γ77 Γ78 Γ93 Γ94 Γ103 Γ104 Γ126Table 6: Base nodes 
orrelation 
oe�
ients in per
ent, se
tion 5
Γ128 0 -0 -0 -0 -0 2 -0 -0 0 1 -0 1 0 4
Γ130 0 -0 -0 -0 -0 0 -0 -1 0 0 -0 0 0 1
Γ132 -0 -0 -0 -0 -0 0 -0 -0 0 0 -0 0 -0 2
Γ151 0 0 0 -0 -0 0 12 0 0 0 -0 0 0 0
Γ152 0 -0 -0 0 0 -1 -11 -64 -1 -0 -0 -0 1 -0
Γ800 -0 0 0 -0 -0 -8 -69 -2 -0 -1 0 -0 0 -0
Γ801 -0 -0 -0 -0 -0 -1 -0 -0 0 1 -0 0 0 0
Γ802 -0 0 0 -0 -0 17 -6 -0 -0 -0 -0 -0 -0 -0
Γ803 -0 0 0 0 -0 -1 -19 -0 -0 -0 -2 -0 0 -0
Γ805 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Γ42 Γ44 Γ47 Γ48 Γ53 Γ62 Γ70 Γ77 Γ78 Γ93 Γ94 Γ103 Γ104 Γ126Table 7: Base nodes 
orrelation 
oe�
ients in per
ent, se
tion 6
Γ130 1
Γ132 1 0
Γ151 0 0 -0
Γ152 -0 -0 0 0
Γ800 -0 -0 -0 -14 -3
Γ801 0 0 -0 -0 -0 -0
Γ802 -0 -0 -0 -2 -0 -1 1
Γ803 -1 -0 -0 -58 -0 9 -0 1
Γ805 0 0 0 0 0 0 0 0 0

Γ128 Γ130 Γ132 Γ151 Γ152 Γ800 Γ801 Γ802 Γ803 Γ8052.2 Equality 
onstraintsWe use equality 
onstraints that relate a bran
hing fra
tion to a sum of bran
hing fra
tions. As mentioned above,the tau bran
hing fra
tions are denoted with Γn labels. In the 
onstraint relations we use the values of some non-taubran
hing fra
tions, denoted e.g. with the self-des
ribing notation ΓKS→π0π0 . We also use probabilities 
orrespondingto modulus square amplitudes des
ribing quantum mixtures of states su
h as K 0, K 0, KS , KL, denoted with e.g.
Γ<K0|KS> = |<K 0|KS>|2. In the �t, all non-tau quantities are taken from the PDG 2011 [91℄ �ts (when available)or averages, and are used without a

ounting for their un
ertainties, whi
h are however in general small with respe
tto the un
ertainties on the tau bran
hing fra
tions. The tau bran
hing fra
tions are illustrated in Table 1. Theequations in the following permit the 
omputation of the values and un
ertainties for bran
hing fra
tions that arenot listed in Table 1, on
e they are expressed as fun
tion of the quantities that are listed there. The following listdoes not in
lude the (non-linear) 
onstraints already introdu
ed in Se
tion 2, and illustrated in Table 1, where somemeasured bran
hing fra
tions are expressed as ratios of �base� bran
hing fra
tions.

Γ7 = Γ35 · Γ<K0|KL>
+ Γ9 + Γ804 + Γ37 · Γ<K0|KL> + Γ109



Γ8 = Γ9 + Γ10
Γ17 = Γ128 · Γη→3π0 + Γ30 + Γ23 + Γ28 + Γ35 · (Γ<K0|KS> · ΓKS→π0π0)+ Γ40 · (Γ<K0|KS> · ΓKS→π0π0) + Γ42 · (Γ<K0|KS> · ΓKS→π0π0) + Γ20 + Γ27+ Γ47 · (ΓKS→π0π0 · ΓKS→π0π0) + Γ48 · ΓKS→π0π0 + Γ126 · Γη→3π0 + Γ37 · (Γ<K0|KS> · ΓKS→π0π0)+ Γ130 · Γη→3π0
Γ19 = Γ23 + Γ20
Γ25 = Γ128 · Γη→3π0 + Γ30 + Γ28 + Γ27 + Γ126 · Γη→3π0 + Γ130 · Γη→3π0
Γ26 = Γ128 · Γη→3π0 + Γ28 + Γ40 · (Γ<K0|KS> · ΓKS→π0π0) + Γ42 · (Γ<K0|KS> · ΓKS→π0π0) + Γ27
Γ29 = Γ30 + Γ126 · Γη→3π0 + Γ130 · Γη→3π0
Γ31 = Γ128 · Γη→neutral + Γ23 + Γ28 + Γ42 + Γ16 + Γ37 + Γ10+ Γ801 · (Γφ→KSKL · ΓKS→π0π0)/(Γφ→K+K− + Γφ→KSKL)
Γ33 = Γ35 · Γ<K0|KS>

+ Γ40 · Γ<K0|KS>
+ Γ42 · Γ<K0|KS> + Γ47 + Γ48 + Γ37 · Γ<K0|KS>+ Γ132 · (Γ<K0|KS>

· Γη→neutral) + Γ44 · Γ<K0|KS>
+ Γ801 · Γφ→KSKL/(Γφ→K+K− + Γφ→KSKL)

Γ34 = Γ35 + Γ37
Γ38 = Γ42 + Γ37
Γ39 = Γ40 + Γ42
Γ43 = Γ40 + Γ44
Γ46 = Γ48 + Γ47 + Γ804
Γ54 = Γ128 · Γη→
harged + Γ152 · (Γω→π+π−π0 + Γω→π+π− ) + Γ35 · (Γ<K0|KS> · ΓKS→π+π−)+ Γ40 · (Γ<K0|KS> · ΓKS→π+π−) + Γ42 · (Γ<K0|KS> · ΓKS→π+π−) + Γ78+ Γ47 · (2 · ΓKS→π+π− · ΓKS→π0π0) + Γ77 + Γ48 · ΓKS→π+π− + Γ94 + Γ62 + Γ70 + Γ93+ Γ126 · Γη→
harged + Γ37 · (Γ<K0|KS> · ΓKS→π+π− ) + Γ802 + Γ803+ Γ800 · (Γω→π+π−π0 + Γω→π+π− ) + Γ151 · (Γω→π+π−π0 + Γω→π+π−) + Γ130 · Γη→
harged+ Γ132 · (Γ<K0|KL>

· Γη→π+π−π0+ Γ
<K0|KS>

· ΓKS→π0π0 · Γη→π+π−π0 + Γ
<K0|KS>

· ΓKS→π+π− · Γη→3π0)+ Γ53 · (Γ<K0|KS>
· ΓKS→π0π0 + Γ

<K0|KL>
)+ Γ801 · (Γφ→K+K− + Γφ→KSKL · ΓKS→π+π− )/(Γφ→K+K− + Γφ→KSKL)

Γ55 = Γ128 · Γη→
harged + Γ152 · (Γω→π+π−π0 + Γω→π+π− ) + Γ78 + Γ77 + Γ94 + Γ62 + Γ70 + Γ93+ Γ126 · Γη→
harged + Γ802 + Γ803 + Γ800 · (Γω→π+π−π0 + Γω→π+π− )+ Γ151 · (Γω→π+π−π0 + Γω→π+π− ) + Γ130 · Γη→
harged+ Γ801 · Γφ→K+K−/(Γφ→K+K− + Γφ→KSKL)
Γ57 = Γ62 + Γ93 + Γ802 + Γ800 · Γω→π+π− + Γ151 · Γω→π+π− + Γ801 · Γφ→K+K−/(Γφ→K+K− + Γφ→KSKL)
Γ58 = Γ62 + Γ93 + Γ802 + Γ801 · Γφ→K+K−/(Γφ→K+K− + Γφ→KSKL)
Γ60 = Γ62 + Γ800 · Γω→π+π−

Γ66 = Γ128 · Γη→π+π−π0 + Γ152 · Γω→π+π− + Γ94 + Γ70 + Γ803 + Γ800 · Γω→π+π−π0 + Γ151 · Γω→π+π−π0
Γ68 = Γ152 · Γω→π+π− + Γ40 · (Γ<K0|KS> · ΓKS→π+π−) + Γ70 + Γ800 · Γω→π+π−π0
Γ69 = Γ152 · Γω→π+π− + Γ70 + Γ800 · Γω→π+π−π0
Γ74 = Γ152 · Γω→π+π−π0 + Γ78 + Γ77 + Γ126 · Γη→π+π−π0 + Γ130 · Γη→π+π−π0
Γ76 = Γ152 · Γω→π+π−π0 + Γ77 + Γ126 · Γη→π+π−π0 + Γ130 · Γη→π+π−π0
Γ82 = Γ128 · Γη→
harged + Γ42 · (Γ<K0|KS> · ΓKS→π+π−) + Γ802 + Γ803 + Γ151 · (Γω→π+π−π0 + Γω→π+π− )+ Γ37 · (Γ<K0|KS> · ΓKS→π+π−) 10



Γ85 = Γ802 + Γ151 · Γω→π+π−

Γ88 = Γ128 · Γη→π+π−π0 + Γ803 + Γ151 · Γω→π+π−π0
Γ92 = Γ94 + Γ93
Γ96 = Γ801 · Γφ→K+K−/(Γφ→K+K− + Γφ→KSKL)
Γ102 = Γ103 + Γ104
Γ110 = Γ10 + Γ16 + Γ23 + Γ28 + Γ35 + Γ40 + Γ128 + Γ802 + Γ803 + Γ151 + Γ130 + Γ132 + Γ44 + Γ53 + Γ801
Γ136 = Γ104 · Γη→π+π−π0 + Γ78 · Γη→3π0
Γ150 = Γ800 + Γ151
Γ804 = Γ47 · (Γ<K0|KL> · Γ<K0|KL>)/(Γ<K0|KS> · Γ<K0|KS>)
ΓAll = Γ3 + Γ5 + Γ9 + Γ10 + Γ14 + Γ16 + Γ20 + Γ23 + Γ27 + Γ28 + Γ30 + Γ35 + Γ37 + Γ40 + Γ42 + Γ47+ Γ48 + Γ62 + Γ70 + Γ77 + Γ78 + Γ93 + Γ94 + Γ104 + Γ126 + Γ128 + Γ802 + Γ803 + Γ800 + Γ151+ Γ130 + Γ132 + Γ44 + Γ53 + Γ49 + Γ804 + Γ805 + Γ801 + Γ152 + Γ1032.3 Fit pro
edureThe �t pro
edure is fun
tionally equivalent to the one employed in the former HFAG report [31℄ and 
onsists ina minimum χ2 �t subje
t to linear and non-linear 
onstraints. The �t 
ode has been improved to automatize thetreatment of non-linear 
onstraints, whi
h are iteratively Taylor-expanded to obtain numeri
ally approximate linear
onstraints, whi
h permit an analyti
al solution for the χ2 minimization when, as it happens in this 
ase, the χ2 is aquadrati
 fun
tion of the �tted quantities.3 Tests of lepton universalityIn the Standard Model, the partial widths of a heavier lepton L de
aying to a lighter lepton ℓ are, negle
ting neutrinomasses and in
luding radiative 
orre
tions [84℄,
Γ(L → νLℓνℓ(γ)) = B(L → νLℓνℓ)

τL = GLGℓm5L192π3 f (m2
ℓm2L) rLW rLγ ,where Gℓ = g2

ℓ4√2M2W f (x) = 1− 8x + 8x3 − x4 − 12x2lnxrLW = 1 + 35 m2LM2W rLγ = 1 + α(mL)2π (254 − π2)We use rτ
γ = 1− 43.2 · 10−4 and rµ

γ = 1− 42.4 · 10−4 [84℄ and MW from PDG 2011 [91℄ as usual.Proper ratios of the above partial widths, 
orre
ted by the suitable above-illustrated fa
tors to remove thedependen
ies from masses and radiative 
orre
tions, measure ratios of 
harged weak lepton 
oupling 
onstants.Using the HFAG-Tau �t values where available and using PDG 2011 for the remaining quantities, we measure,a

ounting for the statisti
al 
orrelations emerging from the HFAG-Tau �t:
(gτgµ

) = 1.0006± 0.0021 , (gτge ) = 1.0024± 0.0021 , (gµge ) = 1.0018± 0.0014 .Tau de
ays partial widths to hadrons 
ompared to the same hadron de
ay to muons measure the tau-muonuniversality of 
harged weak 
ouplings as follows:
(gτgµ

)2 = B(τ → hντ )B(h → µνµ) 2mhm2
µτh(1 + δh)m3

τττ

(1−m2
µ/m2h1−m2h/m2

τ

)2 ,11



where h = π or K and the radiative 
orre
tions are δπ = (0.16± 0.14)% and δK = (0.90± 0.22)% [64℄. Using theHFAG-Tau data and PDG 2011 we measure:
(gτgµ

)

π

= 0.9956± 0.0031 , (gτgµ

)K = 0.9853± 0.0072 .Similar tests 
ould be performed with de
ays to ele
trons, however they are less pre
ise be
ause the hadron two bodyde
ays to ele
trons are heli
ity-suppressed. Averaging the three gτ/gµ ratios we obtain
(gτgµ

)

τ+π+K = 0.9996± 0.0020 ,a

ounting for statisti
al 
orrelations. Table 8 reports the statisti
al 
orrelation 
oe�
ients for the �tted 
ouplingratios: Table 8: Universality 
oupling ratios 
orrelation 
oe�
ients (%)
( gτge ) 77
( gµge ) -35 34
( gτgµ

)

π
49 50 2

( gτgµ

)K 23 21 -2 14
( gτgµ

) ( gτge ) ( gµge ) ( gτgµ

)

π4 Universality improved B(τ → eνν) and RhadFollowing Ref. [63℄, we assume lepton universality to obtain a more pre
ise experimental determination of Be = B(τ →eνeντ ) using the tau bran
hing fra
tion to muon and the tau lifetime, by averaging the Be dire
t measurement, the Bedetermination from assuming that gµ/ge = 1 hen
e (see also Se
tion 3) Be = Bµ·f (m2e/m2
τ )/f (m2

µ/m2
τ ), and Be fromassuming that gτ/gµ = 1 hen
e Be = B(µ → eνeνµ) · (ττ/τµ) · (mτ/mµ)5 · f (m2e/m2

τ )/f (m2e/m2
µ) · (δτ

γδτW )/(δµ
γ δµW )where B(µ → eνeνµ) = 1. A

ounting for statisti
al 
orrelations, we obtainBunie = (17.839± 0.028)%.We use Bunie to obtain the ratioRhad = Γ(τ → hadrons)

Γ(τ → eνν) = 3.6279± 0.0094.Here Γ(τ → hadrons) is obtained by summing all tau hadroni
 de
ay modes.5 |Vus| measurementThe CKM 
oe�
ient |Vus | 
an be measured in several ways from the 
omparison of tau partial widths to strange andnon-strange �nal states.5.1 In
lusive tau partial width to strangeThe tau hadroni
 partial width is the sum of the tau partial width to strange and to non-strange hadroni
 �nal states,
Γhad = Γs + ΓVA. Dividing by the partial width to ele
tron, Γe , we obtain partial width ratios (whi
h are equal to therespe
tive bran
hing fra
tion ratios) for whi
h Rhad = Rs + RVA. In terms of su
h ratios, |Vus | is measured as

|Vus | =√Rs/ [ RVA
|Vud |2 − δRtheory] , (1)where δRtheory 
an be determined in the 
ontext of low energy QCD theory, partly relying on experimental low energys
attering data. We use δRtheory = 0.240± 0.032 [70℄, whi
h indu
es a systemati
 error on |Vus | that lies betweentwo more re
ent estimates [71, 83℄. 12



Table 9: HFAG Winter 2012 Tau bran
hing fra
tions to strange �nal states.Bran
hing fra
tion HFAG Winter 2012 �t
Γ10 = K−ντ (0.6955 ± 0.0096) · 10−2
Γ16 = K−π0ντ (0.4322 ± 0.0149) · 10−2
Γ23 = K−2π0ντ (ex. K 0) (0.0630 ± 0.0222) · 10−2
Γ28 = K−3π0ντ (ex. K 0, η) (0.0419 ± 0.0218) · 10−2
Γ35 = π−K 0

ντ (0.8206 ± 0.0182) · 10−2
Γ40 = π−K 0

π0ντ (0.3649 ± 0.0108) · 10−2
Γ44 = π−K 0

π0π0ντ (0.0269 ± 0.0230) · 10−2
Γ53 = K 0h−h−h+ντ (0.0222 ± 0.0202) · 10−2
Γ128 = K−ηντ (0.0153 ± 0.0008) · 10−2
Γ130 = K−π0ηντ (0.0048 ± 0.0012) · 10−2
Γ132 = π−K 0

ηντ (0.0094 ± 0.0015) · 10−2
Γ151 = K−ωντ (0.0410 ± 0.0092) · 10−2
Γ801 = K−φντ (φ → KK) (0.0037 ± 0.0014) · 10−2
Γ802 = K−π−π+ντ (ex. K 0,ω) (0.2923 ± 0.0068) · 10−2
Γ803 = K−π−π+π0ντ (ex. K 0,ω, η) (0.0411 ± 0.0143) · 10−2
Γ110 = X−s ντ (2.8746 ± 0.0498) · 10−2In the following, we use the universality improved Bunie (see Se
tion 4) to 
ompute the R ratios. The most dire
texperimental determination of Rs and RVA = Rhad − Rs 
ome from the tau in
lusive bran
hing fra
tions to hadroni
and strange hadroni
 states, Bhad and Bs . However often the total hadroni
 bran
hing fra
tion has been repla
ed bythe indire
t but more pre
ise expression Bunihad = 1−Be−Bµ (or similar expressions based on Bunie ), using unitarity, seefor example the 2009 HFAG report [31℄. We depart from this 
hoi
e here, and we use the most dire
t determination ofRhad, for two reasons: �rst there is no signi�
ant statisti
al gain in the �nal errors, be
ause of statisti
al 
orrelationsin the Rhad expression (1−Be −Bµ)/Bunive , and se
ond the indire
t determination of RVA = Runihad−Rs would absorbthe e�e
t of possible unobserved hadroni
 states entirely in RVA, while they 
ould also be strange �nal states.With the above 
hoi
es, using |Vud | = 0.97425± 0.00022 [73℄, using HFAG values of this report, in
luding theabove-mentioned Bunive , Bs = (2.872 ± 0.050)% (see also Table 9), BVA = (61.85 ± 0.11)%) and the PDG 2011averages, we obtain |Vus |τs = 0.2172 ± 0.0022, whi
h is 3.4σ lower than the unitarity CKM predi
tion |Vus |uni =0.2255± 0.0010, from (|Vus |uni)2 = 1− |Vud |2. The |Vus |τs un
ertainty in
ludes a systemati
 error 
ontribution of0.0010 from the theory un
ertainty on δRtheory,If we use the alternative above mentioned de�nitions of Bhad, the mismat
h remains 3.4σ. Using a unitarity-
onstrained tau bran
hing fra
tion �t, the mismat
h remains 3.4σ. The 3.4σ dis
repan
y is 
lose to the un
onstrained�t result of the 2009 HFAG report, 3.6σ [31℄, and also to the 3.3σ from the HFAG-Tau 2011 intermediate do
u-ment [46℄, based on a unitarity-
onstrained �t.5.2 |Vus| from B(τ → Kν)/B(τ → πν) and from B(τ → Kν)We use the ratio of bran
hing fra
tions B(τ− → K−ντ )/B(τ− → π−ντ ) = 0.0643± 0.0009 to measure |Vus | fromthe equationB(τ− → K−ντ )B(τ− → π−ντ ) = f 2K |Vus |2f 2π |Vud |2 (1−m2K/m2

τ

)2(1−m2
π/m2

τ )2 rLD(τ− → K−ντ )rLD(τ− → π−ντ ) .In this ratio, the short-distan
e radiative 
orre
tions 
an
el. The term rLD(p) = 1 + δLD(p) 
orresponds to thelong-distan
e ele
troweak radiative 
orre
tion fa
tor for the pro
ess p. Following Ref. [45℄, the ratio of radiative
orre
tion fa
tors is estimated as rKπLD = rLD(τ− → K−ν/K− → µ−ν)/rLD(τ− → π−ν/π− → µ−ν) · rLD(K− →
µ−ν)/rLD(π− → µ−ν), where the �rst ratio is [1+(0.90±0.22)%℄/[1+(0.16±0.14)%℄ [65℄ and the se
ond ratio is(0.9930± 0.0035)% [85℄, hen
e assuming independent errors rKπLD = 1.0003± 0.0044. The ratio fK/fπ is estimatedin latti
e QCD to be 1.1936±0.0053 [80℄. We measure |Vus |τK/π = 0.2229±0.0020, 1.2σ below the CKM unitaritypredi
tion. 13
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Winter 2012Figure 1: |Vus | averages of this do
ument 
ompared with the FlaviaNet results [27℄.We use the bran
hing fra
tion B(τ− → K−ντ ) to measure |Vus | from the equationB(τ− → K−ντ ) = G 2F f 2K |Vus |2m3

τττ16π�h (1− m2Km2
τ

)2 SEW ,where fK = 156.1 ± 1.1MeV [80℄ is the kaon de
ay 
onstant estimated with latti
e QCD, and SEW = 1.0201 ±0.0003 [68℄ a

ounts for the radiative 
orre
tions. We obtain |Vus |τK = 0.2214± 0.0022, wi
h is 1.7σ below theCKM unitarity predi
tion. CODATA 2006 results [90℄ and PDG 2011 have been used for the physi
s 
onstants.5.3 |Vus| from tau summaryWe summarize the |Vus | results reporting the values, the dis
repan
y with respe
t to the |Vus | determination fromCKM unitarity, and an illustration of the measurement method:
|Vus |uni = 0.2255± 0.0010 from √1− |Vud |2 (CKM unitarity) ,
|Vus |τs = 0.2172± 0.0022 − 3.4σ from Γ(τ− → X−s ντ ) ,
|Vus |τK/π = 0.2229± 0.0020 − 1.2σ from Γ(τ− → K−ντ )/Γ(τ− → π−ντ ) ,
|Vus |τK = 0.2214± 0.0022 − 1.7σ from Γ(τ− → K−ντ ) .Thanks to the improved latti
e QCD determination of fK [80℄, the un
ertainty on |Vus |τK has been signi�
antlyredu
ed with respe
t to the previous HFAG report. Averaging the three above |Vus | determinations we obtain:
|Vus |τ = 0.2203± 0.0015 − 2.9σ average of 3 |Vus | tau measurements.We 
ould not �nd a published estimate of the 
orrelation of the un
ertainties on fK and fK/fπ, but even if we assume

±100% 
orrelation, the un
ertainty on |Vus |τ does not 
hange more than about ±5%. Figure 1 summarizes the |Vus |results.6 Upper limits on tau LFV bran
hing fra
tionsWe list in Table 10 the up-to-date upper limits on the tau LFV bran
hing fra
tions.
14



Table 10: HFAG Winter 2012 upper limit for the lepton �avor violating
τ de
ay modes. For 
onvenien
e, the de
ay modes are grouped in
ategories labelled a

ording to their parti
le 
ontent. The label �(L)�in the 
ategory 
olumn means that the de
ay mode implies leptonnumber violation as well as the lepton �avor violation.De
ay mode Category 90% CLLimit Exp. Ref.
Γ156 = e−γ lγ < 12.0 · 10−8 Belle [76℄

< 3.3 · 10−8 BABAR [43℄
Γ157 = µ−γ < 4.5 · 10−8 Belle [76℄

< 4.4 · 10−8 BABAR [43℄
Γ158 = e−π0 lP0 < 2.2 · 10−8 Belle [75℄

< 13.0 · 10−8 BABAR [35℄
Γ159 = µ−π0 < 2.7 · 10−8 Belle [75℄

< 11.0 · 10−8 BABAR [35℄
Γ162 = e−η < 4.4 · 10−8 Belle [75℄

< 16.0 · 10−8 BABAR [35℄
Γ163 = µ−η < 2.3 · 10−8 Belle [75℄

< 15.0 · 10−8 BABAR [35℄
Γ172 = e−η′(958) < 3.6 · 10−8 Belle [75℄

< 24.0 · 10−8 BABAR [35℄
Γ173 = µ−η′(958) < 3.8 · 10−8 Belle [75℄

< 14.0 · 10−8 BABAR [35℄
Γ160 = e−K 0S < 2.6 · 10−8 Belle [88℄

< 3.3 · 10−8 BABAR [41℄
Γ161 = µ−K 0S < 2.3 · 10−8 Belle [88℄

< 4.0 · 10−8 BABAR [41℄
Γ174 = e−f0(980) lS0 < 3.2 · 10−8 Belle [87℄
Γ175 = µ−f0(980) < 3.4 · 10−8 Belle [87℄
Γ164 = e−ρ0 lV 0 < 1.8 · 10−8 Belle [86℄

< 4.6 · 10−8 BABAR [39℄
Γ165 = µ−ρ0 < 1.2 · 10−8 Belle [86℄

< 2.6 · 10−8 BABAR [39℄
Γ168 = e−K∗(892)0 < 3.2 · 10−8 Belle [86℄

< 5.9 · 10−8 BABAR [39℄
Γ169 = µ−K∗(892)0 < 7.2 · 10−8 Belle [86℄

< 17.0 · 10−8 BABAR [39℄
Γ170 = e−K∗(892)0 < 3.4 · 10−8 Belle [86℄

< 4.6 · 10−8 BABAR [39℄
Γ171 = µ−K∗(892)0 < 7.0 · 10−8 Belle [86℄

< 7.3 · 10−8 BABAR [39℄
Γ176 = e−φ < 3.1 · 10−8 Belle [86℄

< 3.1 · 10−8 BABAR [39℄
Γ177 = µ−φ < 8.4 · 10−8 Belle [86℄

< 19.0 · 10−8 BABAR [39℄
Γ166 = e−ω < 4.8 · 10−8 Belle [86℄

< 11.0 · 10−8 BABAR [38℄
Γ167 = µ−ω < 4.7 · 10−8 Belle [86℄

< 10.0 · 10−8 BABAR [38℄
Γ178 = e−e+e− lll < 2.7 · 10−8 Belle [77℄

< 2.9 · 10−8 BABAR [82℄
Γ181 = µ−e+e− < 1.8 · 10−8 Belle [77℄

< 2.2 · 10−8 BABAR [82℄
Γ179 = e−µ + µ− < 2.7 · 10−8 Belle [77℄

< 3.2 · 10−8 BABAR [82℄
Γ183 = µ−µ + µ− < 2.1 · 10−8 Belle [77℄

< 3.3 · 10−8 BABAR [82℄15



Table 10 � 
ontinued from previous pageDe
ay mode Category 90% CLLimit Exp. Ref.
Γ182 = e−µ + e− < 1.5 · 10−8 Belle [77℄

< 1.8 · 10−8 BABAR [82℄
Γ180 = µ−e+µ− < 1.7 · 10−8 Belle [77℄

< 2.6 · 10−8 BABAR [82℄
Γ184 = e−π+π− lhh < 2.3 · 10−8 Belle [89℄

< 12.0 · 10−8 BABAR [32℄
Γ186 = µ−π+π− < 2.1 · 10−8 Belle [89℄

< 29.0 · 10−8 BABAR [32℄
Γ188 = e−π+K− < 3.7 · 10−8 Belle [89℄

< 32.0 · 10−8 BABAR [32℄
Γ194 = µ−π+K− < 8.6 · 10−8 Belle [89℄

< 26.0 · 10−8 BABAR [32℄
Γ189 = e−K+π− < 3.1 · 10−8 Belle [89℄

< 17.0 · 10−8 BABAR [32℄
Γ195 = µ−K+π− < 4.5 · 10−8 Belle [89℄

< 32.0 · 10−8 BABAR [32℄
Γ192 = e−K+K− < 3.4 · 10−8 Belle [89℄

< 14.0 · 10−8 BABAR [32℄
Γ198 = µ−K+K− < 4.4 · 10−8 Belle [89℄

< 25.0 · 10−8 BABAR [32℄
Γ191 = e−K 0SK 0S < 7.1 · 10−8 Belle [88℄
Γ197 = µ−K 0SK 0S < 8.0 · 10−8 Belle [88℄
Γ185 = e+π−π− (L) < 2.0 · 10−8 Belle [89℄(L) < 27.0 · 10−8 BABAR [32℄
Γ187 = µ+π−π− (L) < 3.9 · 10−8 Belle [89℄(L) < 7.0 · 10−8 BABAR [32℄
Γ190 = e+π−K− (L) < 3.2 · 10−8 Belle [89℄(L) < 18. · 10−8 BABAR [32℄
Γ196 = µ+π−K− (L) < 4.8 · 10−8 Belle [89℄(L) < 22.0 · 10−8 BABAR [32℄
Γ193 = e+K−K− (L) < 3.3 · 10−8 Belle [89℄(L) < 15.0 · 10−8 BABAR [32℄
Γ199 = µ+K−K− (L) < 4.7 · 10−8 Belle [89℄(L) < 48.0 · 10−8 BABAR [32℄
Γ211 = π−Λ Λ h < 3.0 · 10−8 Belle [74℄

< 5.8 · 10−8 BABAR [79℄
Γ212 = π−Λ < 2.8 · 10−8 Belle [74℄

< 5.9 · 10−8 BABAR [79℄
Γxx = K−Λ < 4.2 · 10−8 Belle [74℄

< 15. · 10−8 BABAR [79℄
Γxx = K−Λ < 3.1 · 10−8 Belle [74℄

< 7.2 · 10−8 BABAR [79℄
A Bran
hing Fra
tions Fit Measurement List by Referen
eTable 11 reports the measurements used for the HFAG-Tau bran
hing fra
tion �t grouped by their bibliographi
referen
e. Table 11: By-referen
e measurements list.Referen
e / Bran
hing Fra
tion ValueALEPH pub SCHAEL 05C [96℄ 16
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e / Bran
hing Fra
tion Value
Γ3 = µ−νµντ 0.17319 ± 0.000769675 ± 0
Γ5 = e−νeντ 0.17837 ± 0.000804984 ± 0
Γ8 = h−ντ 0.11524 ± 0.00104805 ± 0
Γ13 = h−π0ντ 0.25924 ± 0.00128973 ± 0
Γ19 = h−2π0ντ (ex.K 0) 0.09295 ± 0.00121655 ± 0
Γ26 = h−3π0ντ 0.01082 ± 0.000925581 ± 0
Γ30 = h−4π0ντ (ex. K 0, η) 0.00112 ± 0.000509313 ± 0
Γ58 = h−h−h+ντ (ex.K 0,ω) 0.09469 ± 0.000957758 ± 0
Γ66 = h−h−h+π0ντ (ex.K 0) 0.04734 ± 0.000766942 ± 0
Γ76 = h−h−h+2π0ντ (ex.K 0) 0.00435 ± 0.000460977 ± 0
Γ103 = 3h−2h+ντ (ex. K 0) 0.00072 ± 0.00015 ± 0
Γ104 = 3h−2h+π0ντ (ex. K 0) 0.00021 ± 9.21954 · 10−5

± 0
Γ805 = a−1 (→ π−γ)ντ 4 · 10−4 ± 2 · 10−4 ± 0ALEPH pub BARATE 99K [49℄
Γ10 = K−ντ 0.00696 ± 0.0002865 ± 0
Γ16 = K−π0ντ 0.00444 ± 0.0003538 ± 0
Γ23 = K−2π0ντ (ex. K 0) 0.00056 ± 0.00025 ± 0
Γ28 = K−3π0ντ (ex. K 0, η) 0.00037 ± 0.0002371 ± 0
Γ35 = π−K 0

ντ 0.00928 ± 0.000564 ± 0
Γ37 = K−K 0ντ 0.00162 ± 0.0002371 ± 0
Γ40 = π−K 0

π0ντ 0.00347 ± 0.0006464 ± 0
Γ42 = K−π0K 0ντ 0.00143 ± 0.0002915 ± 0ALEPH pub BUSKULIC 97C [59℄
Γ126 = π−π0ηντ 0.0018 ± 0.0004472 ± 0
Γ150 = h−ωντ 0.0191 ± 0.000922 ± 0
Γ152 = h−π0ωντ 0.0043 ± 0.000781 ± 0ALEPH pub BUSKULIC 96 [58℄
Γ150
Γ66 = h−ωντh−h−h+π0ντ (ex.K 0) 0.431 ± 0.033 ± 0ALEPH pub BARATE 98E [47℄
Γ33 = K 0S (parti
les)−ντ 0.0097 ± 0.000849 ± 0
Γ37 = K−K 0ντ 0.00158 ± 0.0004531 ± 0
Γ40 = π−K 0

π0ντ 0.00294 ± 0.0008184 ± 0
Γ42 = K−π0K 0ντ 0.00152 ± 0.0007885 ± 0
Γ46 = π−K 0K 0

ντ 0.00153 ± 0.00034 ± 0
Γ47 = π−K 0SK 0Sντ 0.00026 ± 0.0001118 ± 0
Γ48 = π−K 0SK 0Lντ 0.00101 ± 0.0002642 ± 0
Γ53 = K 0h−h−h+ντ 0.00023 ± 0.000202485 ± 0ALEPH pub BARATE 99R [50℄
Γ44 = π−K 0

π0π0ντ 0.00026 ± 0.00024 ± 0
Γ49 = π−K 0K 0

π0ντ 0.00031 ± 0.00023 ± 0ALEPH pub BARATE 98 [48℄
Γ85 = K−π−π+ντ (ex.K 0) 0.00214 ± 0.0004701 ± 0
Γ88 = K−π−π+π0ντ (ex.K 0) 0.00061 ± 0.0004295 ± 0
Γ93 = π−K−K+ντ 0.00163 ± 0.0002702 ± 0
Γ94 = π−K−K+π0ντ 0.00075 ± 0.0003265 ± 0ARGUS pub ALBRECHT 88B [21℄ 17
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Γ103 = 3h−2h+ντ (ex. K 0) 0.00064 ± 0.0002508 ± 0ARGUS pub ALBRECHT 92D [22℄
Γ3
Γ5 = µ−νµντe−νeντ

0.997 ± 0.05315 ± 0BABAR pub AUBERT,B 05W [33℄
Γ103 = 3h−2h+ντ (ex. K 0) 0.000856 ± 5 · 10−6 ± 4.2 · 10−5BABAR pub AUBERT 10F [42℄
Γ3
Γ5 = µ−νµντe−νeντ

0.9796 ± 0.00390406 ± 0.00052753
Γ9
Γ5 = π−ντe−νeντ

0.5945 ± 0.00574448 ± 0.00248413
Γ10
Γ5 = K−ντe−νeντ

0.03882 ± 0.000630207 ± 0.000173608BABAR pub DEL-AMO-SANCHEZ 11E [24℄
Γ128 = K−ηντ 0.000142 ± 1.1 · 10−5

± 7 · 10−6BABAR pub AUBERT 08AE [37℄
Γ136 = π−π−π+ηντ (ex.K 0) 0.00016 ± 5 · 10−6

± 1.1 · 10−5BABAR pub AUBERT 07AP [34℄
Γ16 = K−π0ντ 0.00416 ± 3 · 10−5 ± 0.00018BABAR prelim ICHEP08 [40℄
Γ35 = π−K 0

ντ 0.0084 ± 4 · 10−5
± 0.00023BABAR prelim DPF09 [92℄

Γ40 = π−K 0
π0ντ 0.00342 ± 6 · 10−5

± 0.00015BABAR pub AUBERT 08 [36℄
Γ60 = π−π−π+ντ (ex.K 0) 0.088337 ± 7.4 · 10−5

± 0.00126724
Γ85 = K−π−π+ντ (ex.K 0) 0.0027257 ± 1.8 · 10−5 ± 9.2441 · 10−5
Γ93 = π−K−K+ντ 0.0013461 ± 1 · 10−5

± 3.6413 · 10−5
Γ96 = K−K−K+ντ 1.5777 · 10−5

± 1.3 · 10−6
± 1.2308 · 10−6Belle pub INAMI 09 [78℄

Γ126 = π−π0ηντ 0.00135 ± 3 · 10−5
± 7 · 10−5

Γ128 = K−ηντ 0.000158 ± 5 · 10−6 ± 9 · 10−6
Γ130 = K−π0ηντ 4.6 · 10−5

± 1.1 · 10−5
± 4 · 10−6

Γ132 = π−K 0
ηντ 8.8 · 10−5

± 1.4 · 10−5
± 6 · 10−6Belle pub FUJIKAWA 08 [69℄

Γ13 = h−π0ντ 0.2567 ± 1 · 10−4
± 0.0039Belle pub EPIFANOV 07 [67℄

Γ35 = π−K 0
ντ 0.00808 ± 4 · 10−5 ± 0.00026Belle prelim PHIPSI11 [95℄

Γ40 = π−K 0
π0ντ 0.00384 ± 0.00004 ± 0.00016

Γ42 = K−π0K 0ντ 0.00148 ± 0.00002 ± 0.00008Belle pub LEE 10 [81℄
Γ60 = π−π−π+ντ (ex.K 0) 0.0842 ± 3.3211 · 10−5

± 0.0025879
Γ85 = K−π−π+ντ (ex.K 0) 0.0033 ± 1.274 · 10−5 ± 0.00016625
Γ93 = π−K−K+ντ 0.00155 ± 6.575 · 10−6

± 5.5579 · 10−5
Γ96 = K−K−K+ντ 3.29 · 10−5

± 1.6941 · 10−6
± 1.9621 · 10−6CELLO pub BEHREND 89B [54℄

Γ54 = h−h−h+ ≥ 0neutrals ≥ 0K 0Lντ 0.15 ± 0.005 ± 0CLEO3 pub ARMS 05 [28℄
Γ88 = K−π−π+π0ντ (ex.K 0) 0.00074 ± 0.000136 ± 018
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Γ94 = π−K−K+π0ντ 5.5 · 10−5

± 1.844 · 10−5
± 0

Γ151 = K−ωντ 0.00041 ± 9.21954 · 10−5 ± 0CLEO3 pub BRIERE 03 [57℄
Γ60 = π−π−π+ντ (ex.K 0) 0.0913 ± 0.004627 ± 0
Γ85 = K−π−π+ντ (ex.K 0) 0.00384 ± 0.000405 ± 0
Γ93 = π−K−K+ντ 0.00155 ± 0.0001082 ± 0CLEO pub GIBAUT 94B [72℄
Γ102 = 3h−2h+ ≥ 0neutralsντ (ex.K 0) 0.00097 ± 0.0001208 ± 0
Γ103 = 3h−2h+ντ (ex. K 0) 0.00077 ± 0.000103 ± 0CLEO pub ANASTASSOV 01 [26℄
Γ78 = h−h−h+3π0ντ 0.00022 ± 5 · 10−5

± 0
Γ104 = 3h−2h+π0ντ (ex. K 0) 0.00017 ± 2.828 · 10−5

± 0
Γ136 = π−π−π+ηντ (ex.K 0) 0.00023 ± 5 · 10−5 ± 0CLEO pub BATTLE 94 [52℄
Γ10 = K−ντ 0.0066 ± 0.00114 ± 0
Γ16 = K−π0ντ 0.0051 ± 0.001221 ± 0
Γ23 = K−2π0ντ (ex. K 0) 9 · 10−4

± 0.001044 ± 0
Γ31 = K−

≥ 0π0
≥ 0K 0

≥ 0γντ 0.017 ± 0.002247 ± 0CLEO pub ARTUSO 92 [29℄
Γ126 = π−π0ηντ 0.0017 ± 0.0002828 ± 0CLEO pub BISHAI 99 [55℄
Γ130 = K−π0ηντ 0.000177 ± 9.04268 · 10−5

± 0
Γ132 = π−K 0

ηντ 0.00022 ± 7.33757 · 10−5
± 0CLEO pub ARTUSO 94 [30℄

Γ13 = h−π0ντ 0.2587 ± 0.004368 ± 0CLEO pub BALEST 95C [44℄
Γ57 = h−h−h+ντ (ex.K 0) 0.0951 ± 0.002119 ± 0
Γ66 = h−h−h+π0ντ (ex.K 0) 0.0423 ± 0.00228 ± 0
Γ150
Γ66 = h−ωντh−h−h+π0ντ (ex.K 0) 0.464 ± 0.02335 ± 0CLEO pub BARINGER 87 [51℄
Γ150 = h−ωντ 0.016 ± 0.004909 ± 0CLEO pub BORTOLETTO 93 [56℄
Γ76
Γ54 = h−h−h+2π0ντ (ex.K 0)h−h−h+ ≥ 0neutrals ≥ 0K 0Lντ

0.034 ± 0.003606 ± 0
Γ152
Γ76 = h−ωπ0ντh−h−h+2π0ντ (ex.K 0) 0.81 ± 0.08485 ± 0CLEO pub PROCARIO 93 [93℄
Γ19
Γ13 = h−2π0ντ (ex.K 0)h−π0ντ

0.342 ± 0.01709 ± 0
Γ26
Γ13 = h−3π0ντh−π0ντ

0.044 ± 0.005831 ± 0
Γ29 = h−4π0ντ (ex.K 0) 0.0016 ± 0.0007071 ± 0CLEO pub COAN 96 [61℄
Γ34 = h−K 0

ντ 0.00855 ± 0.0008139 ± 0
Γ37 = K−K 0ντ 0.00151 ± 0.0003041 ± 0
Γ39 = h−K 0

π0ντ 0.00562 ± 0.0006931 ± 0
Γ42 = K−π0K 0ντ 0.00145 ± 0.0004118 ± 0
Γ47 = π−K 0SK 0Sντ 0.00023 ± 5.831 · 10−5

± 019
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tion ValueCLEO pub ANASTASSOV 97 [25℄
Γ3
Γ5 = µ−νµντe−νeντ

0.9777 ± 0.01074 ± 0
Γ5 = e−νeντ 0.1776 ± 0.001803 ± 0
Γ8 = h−ντ 0.1152 ± 0.0013 ± 0CLEO pub EDWARDS 00A [66℄
Γ69 = π−π−π+π0ντ (ex.K 0) 0.0419 ± 0.002326 ± 0CLEO pub RICHICHI 99 [94℄
Γ80
Γ60 = K−π−h+ντ (ex.K 0)

π−π−π+ντ (ex.K 0) 0.0544 ± 0.005701 ± 0
Γ81
Γ69 = K−π−h+π0ντ (ex.K 0)

π−π−π+π0ντ (ex.K 0) 0.0261 ± 0.006155 ± 0
Γ93
Γ60 = π−K−K+ντ

π−π−π+ντ (ex.K 0) 0.016 ± 0.003354 ± 0
Γ94
Γ69 = π−K−K+π0ντ

π−π−π+π0ντ (ex.K 0) 0.0079 ± 0.004682 ± 0DELPHI pub ABDALLAH 06A [7℄
Γ8 = h−ντ 0.11571 ± 0.001655 ± 0
Γ13 = h−π0ντ 0.2574 ± 0.002438 ± 0
Γ19 = h−2π0ντ (ex.K 0) 0.09498 ± 0.004219 ± 0
Γ25 = h− ≥ 3π0ντ (ex.K 0) 0.01403 ± 0.003098 ± 0
Γ57 = h−h−h+ντ (ex.K 0) 0.09317 ± 0.001218 ± 0
Γ66 = h−h−h+π0ντ (ex.K 0) 0.04545 ± 0.001478 ± 0
Γ74 = h−h−h+ ≥ 2π0ντ (ex.K 0) 0.00561 ± 0.001168 ± 0
Γ103 = 3h−2h+ντ (ex. K 0) 0.00097 ± 0.0001581 ± 0
Γ104 = 3h−2h+π0ντ (ex. K 0) 0.00016 ± 0.0001342 ± 0DELPHI pub ABREU 94K [9℄
Γ10 = K−ντ 0.0085 ± 0.0018 ± 0
Γ31 = K−

≥ 0π0
≥ 0K 0

≥ 0γντ 0.0154 ± 0.0024 ± 0DELPHI pub ABREU 99X [10℄
Γ3 = µ−νµντ 0.17325 ± 0.001223 ± 0
Γ5 = e−νeντ 0.17877 ± 0.001549 ± 0DELPHI pub ABREU 92N [8℄
Γ7 = h− ≥ 0K 0Lντ 0.124 ± 0.009899 ± 0HRS pub BYLSMA 87 [60℄
Γ102 = 3h−2h+ ≥ 0neutralsντ (ex.K 0) 0.00102 ± 0.00029 ± 0
Γ103 = 3h−2h+ντ (ex. K 0) 0.00051 ± 2 · 10−4

± 0L3 pub ACHARD 01D [14℄
Γ55 = h−h−h+ ≥ 0neutralsντ (ex.K 0) 0.14556 ± 0.001296 ± 0
Γ102 = 3h−2h+ ≥ 0neutralsντ (ex.K 0) 0.0017 ± 0.0003406 ± 0L3 pub ACCIARRI 95 [11℄
Γ7 = h− ≥ 0K 0Lντ 0.1247 ± 0.005025 ± 0
Γ13 = h−π0ντ 0.2505 ± 0.006103 ± 0
Γ19 = h−2π0ντ (ex.K 0) 0.0888 ± 0.005597 ± 0
Γ26 = h−3π0ντ 0.017 ± 0.004494 ± 0L3 pub ACCIARRI 95F [12℄
Γ35 = π−K 0

ντ 0.0095 ± 0.001616 ± 0
Γ40 = π−K 0

π0ντ 0.0041 ± 0.001237 ± 0L3 pub ACCIARRI 01F [13℄ 20
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Γ3 = µ−νµντ 0.17342 ± 0.001288 ± 0
Γ5 = e−νeντ 0.17806 ± 0.001288 ± 0L3 pub ADEVA 91F [17℄
Γ54 = h−h−h+ ≥ 0neutrals ≥ 0K 0Lντ 0.144 ± 0.006708 ± 0OPAL pub ACKERSTAFF 99E [16℄
Γ103 = 3h−2h+ντ (ex. K 0) 0.00091 ± 0.0001523 ± 0
Γ104 = 3h−2h+π0ντ (ex. K 0) 0.00027 ± 0.0002012 ± 0OPAL pub ABBIENDI 01J [4℄
Γ10 = K−ντ 0.00658 ± 0.0003962 ± 0
Γ31 = K−

≥ 0π0
≥ 0K 0

≥ 0γντ 0.01528 ± 0.0005587 ± 0OPAL pub ACKERSTAFF 98M [15℄
Γ8 = h−ντ 0.1198 ± 0.002062 ± 0
Γ13 = h−π0ντ 0.2589 ± 0.003362 ± 0
Γ17 = h− ≥ 2π0ντ 0.0991 ± 0.004111 ± 0OPAL pub ABBIENDI 04J [6℄
Γ16 = K−π0ντ 0.00471 ± 0.0006332 ± 0
Γ85 = K−π−π+ντ (ex.K 0) 0.00415 ± 0.000664 ± 0OPAL pub AKERS 94G [19℄
Γ33 = K 0S (parti
les)−ντ 0.0097 ± 0.001082 ± 0OPAL pub ABBIENDI 00C [3℄
Γ35 = π−K 0

ντ 0.00933 ± 0.0008382 ± 0
Γ38 = K−K 0

≥ 0π0ντ 0.0033 ± 0.0006742 ± 0
Γ43 = π−K 0

≥ 1π0ντ 0.00324 ± 0.000991564 ± 0OPAL pub ABBIENDI 03 [5℄
Γ3 = µ−νµντ 0.1734 ± 0.001082 ± 0OPAL pub AKERS 95Y [20℄
Γ55 = h−h−h+ ≥ 0neutralsντ (ex.K 0) 0.1496 ± 0.002377 ± 0
Γ57
Γ55 = h−h−h+ντ (ex.K 0)h−h−h+ ≥ 0neutralsντ (ex.K 0) 0.66 ± 0.01456 ± 0OPAL pub ABBIENDI 99H [1℄
Γ5 = e−νeντ 0.1781 ± 0.001082 ± 0OPAL pub ALEXANDER 91D [23℄
Γ7 = h− ≥ 0K 0Lντ 0.121 ± 0.008602 ± 0OPAL pub ABBIENDI 00D [2℄
Γ92 = π−K−K+

≥ 0neutralsντ 0.00159 ± 0.0005665 ± 0TPC pub AIHARA 87B [18℄
Γ54 = h−h−h+ ≥ 0neutrals ≥ 0K 0Lντ 0.151 ± 0.01 ± 0TPC pub BAUER 94 [53℄
Γ82 = K−π−π+

≥ 0neutralsντ 0.0058 ± 0.001845 ± 0
Γ92 = π−K−K+

≥ 0neutralsντ 0.0015 ± 0.00085515 ± 0
B Upper Limits on Tau LFV Bran
hing Fra
tions: Summary PlotFigure 2 summarizes the upper limits on the tau lepton-�avor-violating bran
hing fra
tions.21
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