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Introduction

Belle measurement of r-— z-v,.£+f- branching fraction (¥=e, u)
BABAR study of r-—K(0,1,2,3)2°%v, and > 7z(3,4) 2%,
BABAR branching fraction and spectral function =K K%,
Measurement of |V in inclusive 7-—=Xg v, decays

Conclusion and outlook

G. Eigen, Victoria, 09/05/2019




Measurement
of the -z v £+
Branching Fraction

(£=e,u)
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DD

<5 Motivation for - v £+~

BELLE

€ QED contributions in which the photon is emitted from the t and the =

®) \/ © v \\/ Structure
._/ém_ﬁ_ —M independent

€ Weak contributions from vector current and axial-vector current (structure dependent)

Branching Fraction Predictions
W@ \/ o | \&/ B(t-»rz viete”) [1.4, 2.8]x10°
: <‘ i §\ AN S B(r >z viptp-) [0.03, 1.0]x107°

Roig et al., PRD 88, 033007 (2013)
€ Last 3 diagrams involve y W'z vertex with 2 gauge bosons off their mass shell
=» serve as probe for new physics BSM, e.g. sterile v, that explains MiniBoone’s
excess can enter diagram =»enhance 5(7 = 7" v.£"¥") iy prp 85, 011301 (2012)

€ Ifyis real, YWrvertex plays important role for calculating radiative corrections for
- 7~ v, =>helps with evaluation of hadronic light-by-light scattering to (g-2),
Guo et al., PRD 82, 113016 (2010)  Decker et al., PLB 334, 199 (1994) Miller et al., RPP 70, 795(2007)

€ B(r— 7 v .£7¥f~)can be used to validate Resonance Chiral Theory
G. Eigen, Victoria, 09/05/2019 Ecker et al., NPB 321, 311 (1989); Cirigliano NPB 753,139 (2007)



DD

<5 r - v £~ Analysis Strategy

€ Belle does blind analysis using data of £,,=562 fb-! at Y(4S)

& Select tt events as a first step
® 4 charged tracks; ZQ, =0; pr;>0.1 GeV/c
® E>50 MeV in barrel, E,>100 MeV in endcap

e+
® remove background from e*e- - e*ey, qq and 2-photon
=» magnitude of momenta: 3 GeV/c <X|p;|< 10 GeV/c /
=» Missing mass: 1 GeV/c? < M < 7 GeV/c? 1-prong decay
=» Thrust: 0.85<7<1.0
® Tau residual backgrounds PRD 78, 072006 (2008)

(use Belle’s = form factor for - 7~ z%v,) Main BKG: T — w1V,

Dalitz decay of m° y-conversion m - p misID

Br=1.174+0.035% Tr
T T ¢ T
vV M V¢ ‘% T Vi W
T )/ .
’E/ “
B e_
Vi \ / A / T
1-prong decay /prong decay 1-prong decay 1-prong decay

G. Eigen, Victoria, 09/05/2019 5
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DD

<o

BELLE

o
o
=]

— |-~ DATA

| |Hlp(—neey)
L (WP (>myYV
[ Jother-tt

| non-tt

| |l 5-lepton

Use likelihood ratios to select 7, e* (Pg/,<0.6, P.>0.5)

©

[=1

o
T

Use bremsstrahlung recovery for e+

Require at most 1y with E, <300 MeV

COS O._.cc <1.

Veto Dalitz decays (110 MeV/c?<M,,,<160 MeV/c?)

[ IMC signal
L L=5621b"

[

=3

o
T

Events/0.025 GeV/c?

FN

o

o
T

DATA/MC
| #*/ndf 37.95/33
0.2539

%

0.1 02 0.3 04 05 0.6 0.7 0.8 0.9
M(mee [GeV/c]

Control region: M_..<1 GeV/c?; signal region: 1.05 GeV/c? < M_..<1.8 GeV/c?

1

n
o
o

See 10243 events in control region wrt 10083504 expected bkg events

T|LL Control region € Use likelihood ratios to select 7, =~ (PK,R<O.8, P,>0.97)

§ 2s0/Belle preliminary —- — *_ o 3 B 5 )
<0 & Require: M =(2(E,, B, )(E,, ~Ey)+ M ) <1.8GeV/c
T 200 B nly
‘ o and M,,<0.85 GeV/c?2and T>0.9 to remove hadronic bkg

150 Il 5-lepton

[ ]MC signal
L <5621 € Use transverse decay length R,, to remove r -7z 7z 7 v
0 G events where i are misidentified as pu
N Signal region: R,,<0.15 cm; sideband: R,,>0.20 cm

02 12 22 32 42 52 62 7.2 82 9.2 10.2
R,y [cm]

G. Eigen, Victoria, 09/05/2019® Observe 505 events in sideband for 477 +23 expected g



DD

< - v L ¥~ Results

BELLE

’ e A Ve = e < A
€ Forr— 7 v.ete observe 676 events in g

. . B elle preliminary-.-oata L ~ DATA
signal region wrt 478 +23 expected bkg i oo || 8 e
S [Jother-tt ] E zﬂg::rg K
eve n tS S [ non-tt ] [ non-tt
‘qc: S, [l 5-lepton % N Il 5-lepton
i = Signal Region ~ |[__JMC signal + Signal Region [ JMC signal

€ Fort*—> 7tv_e*e- observe 689 events in

signal region wrt 476 22 expected bkg
events excess o2 1(;ee1[23e\}/f:]16 e s 8o 1 11 12 M1(.1€e)2]1.6 TR
23 i T :
€ This is a 5.9c excess yielding (&g=1.88+0.07)% N, -N,
+ —
B(r - rv,ete)=(2.11£0.191+0.30)x10-> B(t—»>nvee )= 2
2.0 _-L-¢g_
, . Belle preliminary " s
€ Total systematic error is 14.4% e s o T ot -
€ Forr -z v.u*p- see 1315 events in signal ¢ *Belle prefminary (2550 | g e
region wrt 1129455 expected bkg events i« B || Eu o
weor [l 5-lepton n 5-lepton
80; [ JMC signal ao;f [ ]MC signal

L =562 fb"

L =562 fb”

€ For r*—>rz*v.u*u- see 1263 events in signal =
region wrt 1115154 expected bkg events o

777********** 12 014 % 0.02 0.04 006 008 01 012 0.14

R, [cm] R,y [cm]

€ Thisis a 2.8c excess yielding
B(t— v u*u)<1.14x10° @90% confidence level (4 9% total sys error)

Belle preliminary
G. Eigen, Victoria, 09/05/2019 7



Measurement of the
r—K(0,1,2,3)n v,
&r->7(3,4)n v,

Branching Fractions



Introduction

R
€ The CKM element |V | can be extracted from B(z—=Xv,) V., —\/ / s
AR, /V | -6
where . B(T% stf) < B(T% deT) b s L
* Blroevy,) 4 Bltoevy) Cov(|V,, .BF(z > X)) 100
dtheory: €ITOr from SU(3) breaking effects O sr(rox,,) IV,
RO, (ex. K°) 0.3063 I
T ~onlu (ex | e
€ Significant part of K_2mvr (o K 03789
; B (oa ) 0.3715 I
experimental error R i 03473 I
f = 0.2561
comes from Knn 0, (ex. Ko w,m) 02456 N
- K% | ]
B(r ~K (0-3)2°v) TR0, U e
Kv. 0.1646 N
& New BABAR study of K™ wv.,. 0.1585 [N
= K-n 72_0 v y K_7r_7r+uT (ex. Ko,w) o.1157 NN
& Ko, 0.0256 M
where n=0to 3 K o, 0.0200 [N
and > 7 (3,4)7%v, K m. . 0013
K ¢v. (¢ > K K) 0.0138 1
K ¢, (¢ — KeK)) 0.0006 |
e Use T (0’1 ,2)720 V, K:27r:271:u,6 (ex. KO) . 0.0021 |
i — K 27 27 7 v, (ex. K) 0.0010 |
and = v, v, as T
Lo g T — non-strange 0.0896 I
control sample pUniv 0.0045 |
- 0.4722 I

G. Eigen, Victoria, 09/05/2019 9



A

Analysis Method

€ Divide event into 2 hemispheres
along thrust axis

Tag 7"with e or 4 in one hemisphere

tag
Select n* or K= in other hemisphere hemisphere

Veto events with additional tracks

Select 0 to 4 n% with 2% - yy

Veto events with additional photons

signal
hemisphere

Suppress 2-photon processes Veru

—~CM . =CM
Pr _ (pSig +ptag )T
- ~cm| | =cwm

Emiss \/g - Psig Ptag

Suppress backgrounds with K° s with m?,,

>0.2

€ Selection range is mode specific (for signal m?,<. >0 due to 3v)
G. Eigen, Victoria, 09/05/2019 10



Corrections

€ Apply 7° efficiency correction using control samples: ,, -
® Compare —hv, with =—hnv,in data and MC '
=> define momentum dependent correction factors - 15 )

. - BABAR 7 momentum
® Validate on —h2n°v, sample 1-1E retminary
1.05
€ Apply PID efficiency correction: Y
® Use 7~ - K-K*7z v, mode, identify K* and =~ 0.9
= test PID on K 0,85

~ ~ a — ! ~ 6
Distance between & & yinEMC  p_ [GeVic]
3.5

® Use 7~ — 7~ 7" 7~ v. mode, identify both 7~

EE BAB.
=> test PID on ~* s 0 prlminiy
® Measure PID efficiencies of K-and 7+ B

@ 15E

€ Apply split-off correction osc|
® neutrons in hadron showers in the EMC can (02040 60 80 100 120 140 160 18 T
! Distance between 7~ & yin EMC
travel and produce a secondary shower that is =

0.12F

identified as photon (not well-modelled in MC) S of, TORW N
® Correct MC by weights w=1-7,; =0.972+0.014 %,
o N*“(d <40 cm)— N"°(d <40 cm) Z?)z ; If,e‘.,lnfg‘aﬁ

20 140 160 180 200

G. Eigen, Victoria, 09/05/2019 N 02



€ The data are well described by the simulation

x10°

ToWV,V,

o 10
S BAB
> ABAR
(% 60 preliminary
p
e
— 50
o
-~ 40
%
=
g 30
A
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o 04F
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TV,

Momentum Spectra of Control Modes

(b)
o2 Pv,
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preliminary
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4]
x10°

o 80F

% 70E

= 60F

S 50

a S
20E
105
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preliminary

C§D
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(d)

2 2.5

3
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It —->Kn'n'n’v,

BT > v,
ST — 'l v,
AT >t nn v,

OOt - nn’n’ v,

Ot —>aKRv,
0t >nRa'y,
- K‘ISZVT
It —>KK nv,
[t —»n KKy,

BT Knv,
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EEtT—->nnr v,
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[ ]t — Rest
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VAt —ev. v,
Bl ce —>u
Elc:c—qq

3.5

12



Momentum Spectra of Signal Modes

€ The data are well described by the simulation

x10° 7->K- v, x10° 7= —>K- 79,

S st S BB
(B 4 Ig,:ﬁn‘aﬁ B (8 65 - "+++ preliminary —— Data )
= 35¢ - B = 5F - e e o Jv—>Kv,
S 3F - S 4B - S | v —Kn'v,
v 2.5F - o 2] E - -0 0
I R e s v 7 e MRS
A 155 SR S Pl ] .
E " hE R R e LIRS
0SE S | ELoLEL  elar
0 0.5 1 1.5 2 2.5 3 3.5 0 0.5 1 1.5 2 2.5 3 3.5 BT > T Ve
(2) p [GeV/c] (b) p [GeV/c] T o v,
t-K-22, r ->K-3 2%, 77T > TRV,
5) E , i) F ; 000 _0
> 00 N BaBAR > loob H b BABAR [Mlv—->mT T ® V.
3 800 + * +++ preliminary ) 5 + + + + preliminary
: 700E * " : C NN N —=U
S 600E s S0 S E:—>nk v,
2 S00E- 2 60 _ E ]t —>n Iiono V.
= E [=} L -
g ;‘88‘ 2 b EJv—>KK v,
= - I+ KK v
200E- 20E 70 0y,
100E- TP , [ Jr>nK K,
% %5 1 15 2 25 335 %05 1 15 2 25 3 35 - Knv.
(c) p [GeV/c] (d) p [GeV/c] To>Knnv,
_ _ 0
x10° T~ >~ 3 7PV, t-on-4 O, Elv-oTnT Ve
i) = o C NT >TNR TV
< 3.5F = =~ - \\‘ n T
> . > s BABAR
(B 32— 7 2 -N““, Igre‘lﬁn‘a?y (B 100:_ prelimi:\a:y [ ]t —Rest
S 258 | \\\x v = 80p ElT-ouv,v,
> HE ZN? = - YA A
2 = Dle- 2 60 +or *u-
§ 1sE Sla = = Bl c'e -
R '1§_ = @ 40F Blc:c—qqJ
0.5E [ // 2 20
0: | “. NS avam J e O_
0 05 1 15 2 25 3 35 0 05 1 15 2 25

. . . 3 35
p [GeV/e] p [GeV/c] 13
(e) (f)



Branching Fractions

Subtract all backgrounds that are not the six signal channels using simulation
Determine signal and cross feeds simultaneously for the 6 signal modes

Using the MC simulation determine migration matrix M;, which gives the probability
that a produced mode i is observed in mode |

Inversion of the matrix yields true produced number N/ = (/\/7_1)1,](Nj°bS — ijkg)
of events
NProd: truly produced signal mode |
Branching fractions are calculated with Npbs: observed modej |
NPka: expected background in mode |
Nprod 3 ) . using MC
B=1— [1-_% L: integrated Iumln;?sny
i O,.. T-pair cross section
Lo
Efficiencies:

® for - -K(0,1,2,3)2°v. modes &=0.1-2%,
® for r-—->(0,1,2,3,4)2° v, modes £=0.1-3.3%
® for 7~ —urv, v, &=1.3%

G. Eigen, Victoria, 09/05/2019 14



€ BABAR preliminary measurements presented at ICHEP 2018
® Improvement for > K-y,

® 4 newresults, 7r>K2n%v., 7->K3n%v, > 31, ro>74n v,

CLEO 1994
0.660 £ 0,070 £ 0.090
DELPHI 1994
0.850 £ 0.180
ALEPH 1999
0.696 £ 0.025 £ 0.014
OPAL 2001
0.658 £ 0,027 £ 0.029
[P BaBar 2010

0.692 = 0,006 £ 0.010
ol HFLAV Spring 2017
0.696 + 0.010
this work
0717 £ 0,003 £ 0.021

e

0.6 07 0.8
Bt — K v.) [29]

CLEO 1994
0.510 + 0,100 + 0.070
ALEPH 1999
T 0.444 £ 0.026 + 0.024
OPAL 2004
0.471+ 0.059 + 0.023
BaBar 2007
0.416 + 0,003 + 0.018
[ HFLAV Spring 2017
0.433 £ 0.015

[ this work
0.505 £ 0.002 £ 0.015

HeoH K iOv
—e—4

e

0.4 0.5 O.Ei
Bt — K

G Elgen Vlctorla 09/05/2019

K-2mOv

H—e—H

—e—|

1
0 5

10
B(r — K 2r° v_ (ex. K%)) [x10]

B(t — K 3al v_(ex. K’ m)) [x10]

6

CLEO 1994

9.000 £+ 10.000 £+ 3.000

ALEPH 1999

5.600 = 2,000 = 1.500
HFLAV Spring 2017
6.398 + 2.204

this work
61510117 £

ALEPH 1999

3700 £2100+1.100
HFLAV Spring 2017
4.284 + 2.161

this work
1.246 = 0.164 £ 0.238

m-3mov
H——e:—1
—e—1
—a—
IIIIIIIIIIIIIIIIIII
049 1 1.1 1.2

B(r — n 3x% v_ (ex. K)) [%]

-4 o
— & —
I o {
He&H

L I L
0.1 0.15
B(r — m 4n%v_(ex. K" n)) [%]

Branching Fraction Measurements

BABAR
preliminary

ALEPH 05C

0.977 = 0,069 + 0.058
HFLAV Spring 2017
1.029 + 0.075

this work

1.168 + 0.006 + 0.038

ALEPH 2005

0.112 £ 0.037 £ 0.035
HFLAV Spring 2017
0.110 + 0.039

this work

0.090 = 0.004 = 0.007

15



Measurement
of ther =K K% v,
Branching Fraction



Motivation for - K"K% v,
m? B(t > K'Kv,) 1N
12znq(m? - ¢°)(m? +2q°) |V, B(r‘ IR 6+VT\76) N dq

€ Measure the spectral function V(q)=

g=m(K-K%) dO'(e+e‘ - KR) 47200
€ Same spectral function appears in isovector part dq = 7
of o(e*e— KK) which BABAR measured

PRD 88, 3, 032013 (2013)

PRD 89, 9, 092001 (2013)
€ Combine BABAR and SND results on o(e*e— K'K')  prp o4, 112006 (2016)

and c(ete— K K9))

€ In a model-independent way obtain moduli of isovector and isoscalar form factors
and relative phase between them =» may use for hadronic contribution to (9-2)muon

e K~
KS e+ |’<+
17

& Previous work:

® Belle measured r—» K-K9% v,
branching fraction PRD 89, 072009 (2014)

® CLEO measured spectral function
PRD 53, 6037 (1996)

G. Eigen, Victoria, 09/05/2019



Y
A

e S

T__)K_KOS V.

Use BABAR data with £=(468+2.5) fb-"

Tag one rwith - £y, v, (£ =€, p),
=» require identified e or

Look for 7= K-K% v . on the signal side
® Require identified kaon
® Require 77 compatible with K%,
=» decay length in lab system must be 1-70 cm

Suppress ete- — e*e and e*e - utur

PRD 98,3 032010 (2018)

Suppress e*e- - qq and e*e- — BB
Require invariant mass m(KK%) <2.2 GeV/c?

Require sum of photon energies < 2 GeV (subtract background with 7% later)

Selection efficiency: ex13%
G. Eigen, Victoria, 09/05/2019 18



Y
A

Background Subtraction

€ Subtract combinatorial K% — 7+ 7z~ background
bin-by-bin in m(K*K0%%) extracted from K% sidebands

® Background fractionis ~10% for
m(KK%) <1.3 GeV/c? increasing to ~50% for
m(K-K%)>1.6 GeV/c?

e S

0]
(=)
(=]
(=)

(o))
[
(=)
(=)

number of events /(1 MeV/Cz)

€ >80% of residual rbackground contains 7°s “

2000 -

€ Background without 7% is subtracted using simulation

0.48 0.49 0.5 051 5
m__(GeV/c)

€ For background with 7% perform bin-by-bin subtraction
® Divide data into 2 classes, w and w/o a =° E
N, .=(1-)N,+(1-g, )N, & N ,=eN, +gN,
® The signal and background probabilities ¢ and g,
are determined for each m(K-K%) bin

® Fit yy spectrum to Gaussian & O0"-order polynomial
=» correct g, by 0.984+0.006 and & by 1.05%0.05

® With corrected values determine N and N,

L L L | L L L | L
0.1 0.12 0.14

G. Eigen, Victoria, 09/05/2019 m,, (GeV/ch) 19



Results for — KKV v,

A
A

€ Observe N;=223741x3461 events and measure branching fraction

0 Nsi 3
B(t > KKy, )= S0 =(0.739+0.011+0.020)x 10"
2Lo, B (T — ¢ var) PRD 98,3 032010 (2018)

& BABAR measurement agrees well with Belle result

PRD 89, 072009 (2014) B(t” - K 'K2v,)=(0.740+0.007 +0.027)x 10"
€ Determine normalized mass spectrum and extract spectral function
Normalized K"K°s mass spectrum Spectral function
%150 2 .
% e BaBar | I .-6--?-
| 5 CLEO : s L _6_-¢-"" + "

) ;.T..u..l .............. AT I ole oo
. 1 12 14 1.6 1.8
. Eigon, Victoria, 091093019 || mede  PRD 53, 6037 (1996) e ) [




Measurement of
|V | In Inclusive
- Xg Vv, Decays



A |V | from 71X 1.

€ Precision on |V, from 7 -»X,v. modes improved due to BABAR 7> K-nz%v,
results

e Kigs N, =2+1+1, PDG 2018
0.2231+ 0.0008
@ K, N =2+1+1, PDG 2018
0.2253 + 0.0007
- CKM unitarity, PDG 2018

0.2256 + 0.0009

T — s incl., HFLAV Spring 2017

0.2186 + 0.0021

I PA | —2.90 T — sincl., A.L. PHIPSI 2019
0.2195 + 0.0019

0.22 0.225
IV |
us PHIPSI 2019

€ Discrepancy wrt to |V,¢| from CKM fits remains at -2.9c

G. Eigen, Victoria, 09/05/2019 22



Future on |V |

€ Modes under study provide big improvements
Cov(|V,, .BF(z - X))

€ For other modes we need improved errors o IV,

BF(t—X ;) us

100

. 7 Ko’ . K° . .|
€ Other approaches: K (e K 0.3963
® Use preC|ser KO_3‘?TOUT (ex. K%, 1) 0.3715
K°h h hu_ 0347 NN
measured K BF oo [ —
to predict 7 BF K n~ntn%, (ex. K% w,m) 02456 (N Modes that have
 Rou 0.2424 been studied:
Ko, 0.2210 | K- (n 1°) v
K v 01626 [N £
® Use rspectral = o150 N
function K=t (ex. K, w) 01157 [N
7 Ko, 00256 M
K™, 00200 H o
JHEP 1310, 70 (2013) K ., 00138 Uncertainties
K v (9= KK ) 0.0138 : budget on |Vus|
Ko orte ok ooost | from t->s
K 2r 2ntnv, (ex. K%) 0.0010 | inclusive (%)
T — non-strange 0.0896 I
Bamv 0.0045 |
theory 04722 NN

G. Eigen, Victoria, 09/05/2019 23



Conclusions

€ Belle observed 7— 7v_ e*e- with a 5.9c excess yielding 7>
B(r->v.e*e)=(2.11%*0.19%+0.30)x10-° Belle preliminary S
and set an upper limiton B(z »v . u*17)<1.14x10°> @ 90% CL

€ BABAR measured > Knz%v, (n=0,1,2,3)and 7> 7 (3,4) 7% v,
® Except for 77— K-v,, BABAR results are the most precise = BiBar

min

-

€ BABAR measured the 7-— K-K?g v, branching fraction agreeing with
the Belle’s result =» extracted the spectral function that is more precise
than CLEO’s measurement PRD 98,3 032010 (2018)

€ Discrepancy on | V| extracted from 7 —-X, v, modes wrt to CKM fits is reduced to
2.90

G. Eigen, Victoria, 09/05/2019 24



Outlook

BABAR will publish Knn® results, measure spectral functions in other modes and
improve branching fractions for other modes relevant to |V (|

BES Il is working on a new t mass measurement using 5 energy points at the t
threshold with a total integrated luminosity of 173 pb? = o(m,) < 100 keV

Belle Il will log a luminosity of 50 ab-! yielding 4.6x10'0 t pairs that allow for many
Improved r measurements and many rare rdecay searches

(]
>
S 10°
(b}
©
P
= 10°
—
S .,
@ 10
£
— -8
s 10
o
o
>
5 107
O
(o}
S 4ot
(@)
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T > :
< - v £ Systematic Errors
€ r ->r-v.e* e mode ® r -or v, .u*u mode
€ Total systematic error is 14.4% € Total systematic error is 4.9%
MC size 3.74% MC size 1.7%
Tt cross section  0.3% Luminosity 1.4%
Trigger 1.16% Tracking 1.4%
n veto 1.86% Trigger 0.3%
Br’s of BKG 4.42% PID 3.7%
Luminosity 4.66% Br’s of BKG 1.0%
Tracking 4.66% n->p Mis-1D 1.5%
PID 11.14% Total 4.9%
Total: 14.4%
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Pion Form Factor from r— 7 7%v.

€ Belle measured the pion form factor in -— 7~ z% v_, which provides an improvemen!

over the CLEO result

G. Eigen, Victoria, 09/05/2019

Pion Form Factor
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CLEO
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PRD 78, 072006 (2008) PRD 61, 112002 (2000)
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BAaBAR

Selected mode data bkg from MC € from MC [% ]
T = U,r, 1075810 62364.0 0.74
T ST v, 1473594 340960.0 1.278
T > 7 Ty, 6742483 368918.5 3.28
T~ =7 2n'y, 1268108 75058.7 1.55
T = 3n°y, 58508 0698.1 0.49
T o Anty, 1706 729.5 0.12
T = K v, 80715 18669.3 0.99
TT o K v, 146948 51983.2 2.16
T = K 21w, 17930 11128.8 1.34

1863 1467.7 0.13

— —5 0
preiminary T — K 310,

G. Eigen, Victoria, 09/05/2019
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r Background Modes

TABLE II. 7 decay modes that contribute to the background
of the signal modes. The branching fractions correspond to
the PDG 2017 averages [10].

Decay B[%)]

T — T Us 10.828 + 0.105
T~ > 7y, 2546 + 0.12
7 = 210y, 9.239 + 0.124
T~ = 7 iy, 0.138 £+ 0.009
7 = 1 n2n'y; 0.0181 + 0.0031
T~ = K nu, 0.0154 + 0.0008
7 — K v, 0.0048 + 0.0012
T~ > Ko, 0.839 + 0.022
77 > a K°rO, 0.383 + 0.014
7 - K K, 0.149 + 0.005
7 > K K%, 0.149 + 0.007
7 =1 K'nu; 0.0093 + 0.0015
T~ > a K°K%;, 0.153 + 0.034
T~ — e Usls 17.82 <+ 0.05
TT = W UL, 17.33 + 0.05
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Branching Fractions

TABLE III. Summary of the measured branching fractions and their uncertainties. Uncertainties that are relative to their
branching fraction value are reported as percentages and labelled with “[%)]”. The total uncertainty is obtained by adding the
statistical and systematic uncertainties in quadrature.

Decay mode 7 >K v, K 71 7 K 2%, 7 > K 37%, 7 > 7 37%, v — 7 47%,

(x107?%) (x107%) (x10~*) (x10~*) (x107?%) (x10~*)
Branching fraction 7.174 5.054 6.151 1.246 1.168 9.020
Stat. uncertainty 0.033 0.021 0.117 0.164 0.006 0.400
Syst. uncertainty 0.213 0.148 0.338 0.238 0.038 0.652
Total uncertainty 0.216 0.149 0.357 0.289 0.038 0.765
Stat. uncertainty [%] 0.46 0.41 1.91 13.13 0.52 4.44
Syst. uncertainty [%] 2.97 2.93 5.49 19.12 3.23 7.23
Total uncertainty [%] 3.00 2.95 5.81 23.19 3.27 8.48
Signal efficiencies [%] 0.27 0.27 0.87 3.99 0.27 1.50
Background efficiency [%)] 0.15 0.15 0.87 6.32 0.11 1.67
Background B’s[%] 0.18 0.30 1.44 11.52 0.21 3.49
BABAR PID [%] 0.15 0.11 0.18 0.71 0.08 0.20
Custom PID [%)] 1.83 1.55 1.78 2.56 0.20 0.26
Muon mis-id [%)] 1.48 0.01 0.00 0.00 0.00 0.00
Number of 777~ pairs [%] 0.79 0.93 1.40 2.61 0.71 0.98
Track efficiency [%] 0.43 0.50 0.76 1.42 0.38 0.53
Split-off correction [%] 1.52 1.84 2.77 5.17 1.40 1.94
7% correction [%] 0.03 1.20 3.63 10.56 2.76 5.36
751’ — m4r® migration [%)] 0.00 0.00 0.00 0.02 0.04 1.08
K4r® — K37° migration [%] 0.00 0.00 0.13 4.78 0.00 0.00
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Systematic Errors

TABLE IV. Statistical correlation matrix for the branching

: : TABLE V. Systematic correlation matrix for the branching
fractions of the signal modes.

fractions of the signal modes.

K Kr° K27° K370 w370 wdn® K Kn° K2n® K3r® w370 7l
K 1.000 -0.029 0.001 -0.000 -0.000 0.000 K 1.000  0.743 0.506 0.251 0.299  0.190
Kr° -0.029 1.000 -0.086 0.004 -0.000 -0.000 Kx° 0.743 1.000 0.859 0.554 0.720 0.542
K279 0.001 -0.086 1.000 -0.208 -0.002 0.002 K270 0.506 0.859 1.000 0.624 0.875 0.684
K37 -0.000 0.004 -0.208 1.000 -0.038 -0.005 K3x° 0.251  0.554 0.624 1.000 0.636  0.529
73’ -0.000 -0.000 -0.002 -0.038 1.000 -0.312 w370 0.299 0.720 0.875 0.636 1.000 0.805
dr® 0.000 -0.000 0.002 -0.005 -0.312 1.000 wdr® 0.190 0.542 0.684 0.529  0.805 1.000

TABLE VI. Total correlation matrix for the branching frac-
tions of the signal modes.

K Kn° K270 K3n° w30 w470
K 1.000  0.726  0.472  0.205 0.292  0.160
Knr° 0.726  1.000 0.799  0.452 0.704  0.458
K2x° 0472 0.799 1.000 0.448 0.816 0.551
K37° 0205 0452 0.448 1.000 0.514  0.370
737°  0.292 0.704 0.816 0.514 1.000 0.651
wdr° 0.160 0.458 0.551  0.370 0.651  1.000
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Efficiency correction factor

ratio

0.995

0.99

0.985

0.98

‘ [ A i
i +4 o ‘ ]
i | 1‘.2 o 1‘.4 o 1[6 , 18
Myy (GeV/c)
G. Eigen, Victoria, 09/05/2019

Efficiency for 7= K"K%v,

Selection efficiency Signal & background probabilities
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Cf”

r—>K-KOSvT Systematic Uncertainties

TABLE 1. The systematic uncertainties on B(rv~ —
K~ Ksv,) from different sources.

Sources uncertainty (%)
Luminosity 0.5
Tracking efficiency 1.0
PID 0.5
non-K s background subtraction 0.4
77~ background without 7’ 0.3
777 background with 7° 2.3
qq background 0.5
total 2.7
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r— K"KV v_Spectral Function

TABLE II: Measured spectral function (V) of the 7= —
K~ Kgvr decay, in bins of my - x.. The columns report: the
range of the bins, the normalized number of events, the value
of the spectral function. The first error is statistical, the
second systematic.

G. Eigen, Victoria, 09/05/2019

mg -k, (GeV/c®)  Ns/Nio x 107 V x 10?
0.98 — 1.02 5.6 £ 1.4 0.071 & 0.018 £ 0.006
1.02 — 1.06 26.0 + 2.7 0.331 & 0.034 4 0.026
1.06 — 1.10 46.0 £3.2 0.593 4 0.042 £ 0.042
1.10 — 1.14 70.8+ 3.5 0.934 + 0.046 & 0.056
1.14 — 1.18 84.4 + 3.4 1.148 £ 0.047 4 0.057
1.18 — 1.22 92.3+3.3 1.309 £ 0.046 + 0.052
1.22 — 1.26 98.2 + 3.2 1.468 £ 0.048 4 0.044
1.26 — 1.30 98.4 + 3.2 1.569 # 0.050 + 0.042
1.30 — 1.34 96.3 + 3.0 1.663 £ 0.052 4 0.042
1.34 — 1.38 90.2 + 2.9 1.715 4 0.052 % 0.039
1.38 — 1.42 87.8 + 3.1 1.873 4+ 0.066 + 0.039
1.42 — 1.46 65.1 4 2.6 1.597 + 0.064 + 0.032
1.46 — 1.50 57.3+2.5 1.666 + 0.073 £ 0.032
1.50 — 1.54 38.1+2.5 1.361 4 0.090 + 0.023
1.54 — 1.66 36.9 + 2.4 0.785 & 0.049 4 0.013
1.66 — 1.78 6.6 +10.2 0.986 & 1.520 £ 0.014
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After non-K° subtraction

number of events / 50 MeV/c”

W
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G. Eigen,

V., .| from taus (Experiment)

Use precisely measured kaon BRs to predict tau BRs

m.  Sg 1'—nts /m2 - T
B(t — Kv,) - — — | == Rgm B(Ku)
2myemy, Sgyw \ 1 — m, /my
- - K K -
f - Qm; Séw I;; (1 f 6[.’»: t 65(](2)) T
B(ri=t Kmir) =r—ne =i e = ~ — B(K — mei,)
My SEW IK (1 T~ (SEM -1 6SU(2)) Tk
[and similar formula for B(1 — K= v)]
phase space integrals I require tau spectral functions

A T ds S : i ﬁ 3 - 2 L 3A;)<W = 0
/ s\/— ( mi) |:<1 , mi) Q= (8)|f.(s)|" 4 as Ak~ (5) |fo(s)]

Ko

new: <

» results:
» B(t — Kv) = (0.713 £ 0.003)%
» B(t — Kn'v) = (0.471 + 0.018)%
» B(t — K'mv) = (0.857 + 0.030)%

» note: the latter two uncertainties are 100% correlated

» |V,¢| calculation using 3 above predicted tau BRs to replace the HFLAV averages

Using kaon BRs to predict tau BRs

M. Antonelli et al., JHEP 10 (2013) 76

Alberto Lusiani, SNS — CKM 2018, Heidelberg, Germany, 17-21 September 2018




