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Fundamental particles

+3 colours for each quarks

3 generations
+ antiparticles

Total number : 60 + H = 61

All have spin excl H

M(matter) ~ 550 GeV

@ 2Q(quarks) = - XQ(leptons) !
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Yto Takoe crnektpanbHasa gyHkums (SF); v — K'Kgv.

1 dl\\ 1 B(t > K,Kv) M¢
N olm/m(l\/l2 m2)2(M? +2m?) B(r —evv) 12nV2

V(m) onucbiBaeT cnekTp Mmacc agpoHoB B pacnage T: dN/dm (K'Kg)

CornacHo CVC SF cBsasbiBaeT cnekTp macc dN/dm ¢ cevyeHnem e+e-

m2

V(m) = m
( ) Ao’ Ge*e‘—>KR(I:1)( )
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MoTunBauns gaHHOU paboThl:

v UamepeHue cnektpansHon coyHKumu (SF) B pacnage 1 — K'Kgv.

v" Ucnonb3yda CVC 1 SF nony4nTb N30BEKTOPHbLIN BKNAaA B CEYEeHne
e*e” -> K Kbar (I1=1)

2

v CpaBHUTb pacyeTHbIE N30BEKTOPHbIE BKNadbl OT e+e- U T ANd
npoueccoB e‘e -> K Kbar (I=1)

v KoppekTuposka maccoBoro cnektpa B MC reHepatope T -> K'Kg vt
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T — lepton production at BaBar
e'e -1 T

E. ., = M(Y(4S) = 10.58 GeV

G = 0.92 nb
L=0.5ab1
N, = 10°
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T Branching Ratios (PDG 2016)

BR(T" — KgK'v,) =0.740 +- 0.025 107
BR(T ->Kgmv,) =42 +-0.07 1073
BR(T -> KcKnv,)) =0.75 +-0.04 107

BR(T" -> K'v,) = 0.696+- 0.01 %
BR(T" -> 7T'v,) =10.82 +- 0.05 %

T Branching Ratio in MC

11.5% difference !

-

BR(T -> KgK'v,) =0.8255 1073 %

tau->KKsnu



CLEO K'Kg mass spectrum from t decay.

CLEO Collab. Phys.Rev.D 53, 6037 (1996)

N .
I?I
11 12 13 1415 16 17 18

V]

; s : o0 ST : dl(7— K~ K%:)/d\/Q2 . 5o p ;
Figure 7: The normaized distribution o= K in the kaon pair invariant mass

\/Q_’2 in units of GeV™' obtained from the fitted kaon form factor; the solid (dashed) line
corresponds to the constrained (unconstrained) fit. The event distribution measured by
CLEO Collaboration (]3] and normalized, dividing by the total number of events, is shown
with points.
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DATA used in analysis

1. Runl-runé - 468.3fb?
KL=L,c /Lrun

2.MCe'e” >171t, 816.3fbl kL=1.74
3.MC e*e- > 171" — I*KgK'v,, 1088 fbol | kL = 2.32
4. MC ete” > uds, 856fb!, kL=1.83

5. MC ete” — c-cbhar , 868.5 fb'l  kL=1.85
6. MC ete” — B-Bbar, 1352.4fb1  kL=2.89
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Selection criteria

T, > KK, 1, > evv,uvv

Yo N ol WODN

N(tracks)=4,

N(Kg)=1, Kg -> T
N(K*)=1, N(n).or.N(e)=1
s =1-70cm

thrust > 0.875

K Pigp= 0.4-5,

e,u: cos0),,<0.9, py>1.2,

Ocy > 1100, - angle lept. <--> KKgq

SEy < 2 GeV

Pem < 4.9

Monte carlo selection of
1 > I"'Kgn'v, mode :
1. N(Kg)=1, N(K%)=1

2. N(u).or.N(e)=1

3. N(1t9)=0, N(t*)=0

tau->KKsnu




Thrust>0.875

Comments to selection conditions

0 — angle between lepton and KKg in c.m.

210° w
5 0 (lept-KKy)
s

1t bkg — blue

gq bkg — black

TT signal — red
Errors - data

2

10 ©

10
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thrust
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Comments to selection conditions

All photons energy in an event

§104 SE 1t bkg — blue
& Y qq bkg — black R - Klsld]ec'ay Ilerllglth' |
17 signal — red E L
w
Errors - data e [
10° 2 |
§ — data
4; — TMC
H
10 2 ‘Elo 4_ ---- Th MC il
R -
I—
10
0 2 4 6 3
YE (MeV) 1071
| | | | L |
0 2 4 6 8 10
1. (cm)
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Signal and background suppression - all cuts applied

+1—(MC) ~7.510% ev. > 1.2 10° ev. ( ~ 3.5 orders)

udsch(MC) ~ 4.3 10% ev. > 3.5 103 ev. (~ 6 orders)

+1—(KKg,MC) ~ 3.10° ev. > 0.7 10° ev ( ~ 4 times)

data ~4.210%ev. > 1.4 10° ev ( ~ 4.5 order)

18.06.2018 tau->KKsnu 12
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Detection efficiency vs KKg mass — all cuts applied

w

0.2
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1.6 ,
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Data/MC efficiency corrections

o
s a) a) —signal t > KKgv,
1.05 L | | L | b) -nont—>KKgv,
pp -%—%—-:-%-‘T“'%‘_%_'I' e | | Used PID Tables from:
' - i muSelectorsMap(21)
0.95 N KselectorsMap(26)
i | eSelectorsMap(8)
0.9 | . . . | . . . | . . . . . .
1 1.2 1.4 1.6 18 Corrected MC efficiencies:
oLl — K2>K, t=2>K
g b) 1T * S
1.05 F L | Ll [ | o | | H H, YU
AT L —1 e e woe
1 - - .
I
i Corrections applied
0.95 | -
, o to value of €
0.9 R - . inprevious slide
 Mys™® mGevy
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K background subtraction

i R PR S ) e B L i [ S S s E HE L
N KS mass | Am=0.472-0.522=0.050 GeV
5 | _
< 8000}
B
:
S 6000
5 Effect of Kg background
g subtraction
4000 - : :
y Hist — with Kg bkg
8000 - Points — without Kq bkg
2000 - , |
6000 - B
fa-0-0-p.0-0g S BS54 L
0 ; 0255 iy 4000 -~ 1
0.48 0.49 0.5 0.51 :
m__ (GeV/c?)

Sideband subtraction

Nys=(aN - Ng,)/(a—B),
a=0.5, =0.0315

2000 -
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KKg mass spectra in data and MC after

applying selection cuts. K¢ bkgd subtracted

8000 — 8000
6000 s a) Data 6000 : b) MC KKS i
4000 - 14000 | ]
2000 12000 | N

0 1.5 -0 1 | 1r5

400 1 ———— 8000
300 '%"%'-H. IMCaa 16000 ; d) MC 7—bg |
200 |+ 4000 | §
100 |- | 2000 | .
Myks I'Sm(GeV) Myks 1°5m(GeV)
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qq background contribution

300 H+

200 —|—Jr +

! Data agree
_|_ 1 with MC near
_|__|__|_ endpoint at
: MC udscb bkgd T | MR = m(D)!
100 _I—_|- s
N ,
I endpoint
0 | ! ! ! | ! ! ! | ! ! ! | ! ! A\ VA
1 1.2 1.4mKKS 1.6 m&ev)
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Lepton CM momentum, data-MC comparison

2000
1500
1000

500

2000 r

1500

1000

500

18.06.2018

- a) e—tag E
_ e data
L il _
- -#-:.&' * MC
- - - -i::u-—n- |
-._"""1_1:-*
| L ‘
2 4 p(GeV/c)6
‘ ‘ —
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- -a-‘*:;.kté- e data g
-4 - e
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ggq background
subtracted from data
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Leptons CM cos6, data-MC comparison

2000 —4= .
4.:——4:"-49:—’;—-#—__&_—0— eSS
1500 +—+_‘:'—_ Q) e—tgg
1000 — ® data
e MC -
500
0 reli—
-1 -0.5 0 0.5 1
coso
2000 + .
_,u:—*-—-m-—
1500 - o) i—tog
1000 ® data
—
500 * e -
0 = e
-1 -0.5 0 0.5 1
cos6
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subtracted from data

19



Distribution of selected events over subprocesses

"~ TauMC T — [KgK?
events number (32341 ev.)

+
Data events Tau MC 71~ — non I'KgK*
number (69286 ev.) —  events number (35441 ev.)
+

MC hadron bkgd
e*e” - udschb
__events number (5382 ev.)

18.06.2018 tau->KKsnu 20



T~ — KKy, ~ 70%

Structure of T background

Background without 7%, well measured,

T > 7Kgy, ~10%  subtracted using MC

1.
2
3. T > Kgnlv, ~6%
4. T o> v, ~ 8%
5

Background with ©t° ~ 80%, mass spectra
not measured, subtracted using data

T~ > nndv,

18.06.2018

Structure of gq background

uds ~ 80% , cc ~ 15%, bb ~ 5%

tau->KKsnu
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Subtraction of ¥ background
System of linear equations (in each KKg mass bin)

Eq.1 N_0 =0,
' T © |_—"number of found r°
N ~=(0-¢g.)N_. -I—(].—Sb)N “ —
ex0 S SIQ N o >0 Nexo =Naio =Nogo = Nggo
_— 0 , T,
N —c NT I NT " Nexi =Ng _Nbg(?1 N IIEq.Z
eX1 S 7‘Slg b Y\bg T.0 T,0 T,0
NS|g1 (N sig,1 +N8|g )
Eq.3
€: =N;;,? (N 553 +Nigo )
Solution of/linear equations gives the
signal (N",s) and background (N*,,) v N From MC
KKg mass spectra 65 et |
Correction to t° efficiency: I : T
0e=1-(0.024+-0.08)= it ‘ |
= 0.976+-0.008 Es#0 | o T
(BAD 2621) 0'57‘1”‘112”‘114”‘1‘6‘1\‘4‘1(.‘%;\,)7
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Extraction of KKS mass spectrum from the
system of linear equations (in each KKg mass bin)

Eq l /I\ITCO =O’
' number of found nt°
N ~=(1-g)N'. +(1-¢ )NT</ | Eq.2
eXO S Slg b NexO — thO _Nb:C],O N quO
— Nﬂ:o >O’ T,0
T T Nexi =Ny _Nbg,1 _qu1
N . =¢e.N". +¢ N
eX1 S 7‘S|g b Y\bg NIO (N T,0 NIO )
sig,1 sig,1 + sig,0
3 =N;;,? (N Z5+Nz5) | Ea3
Solution of/linear equations gives the <
signal (N“(s) and background (N%,,) B N From Me
KKg mass spectra 65 et |
Correction to t° efficiency: I : T
0e=1-(0.024+-0.08)= Zj et ) ‘ |
= 0.976+-0.008 Es#0 | o T
(BAD 2621) 05— 1 — ‘112‘ ‘ ‘114‘ ‘ ‘1‘6‘1\‘4‘1(.‘(8};\,)7
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Subtraction of @ background

Structure of ¥ background M(m%) =M, =
=100-160 MeV

Fitting gives:

n¥ spectra for sum of events in all Am bins

> T 400 N0 = Ngauss t
3000 -+ - L ] +N
r Ol) \ ] 300% [b> { RANDOM
. Data 4 ] - T—sign. :
2000 |- 1000 b ]
S A R T Only Nganpowm
1000 | = S 1100 | et
0 i | . . . . | . ] 0 : | . . . . | .
0.1 0.15 0.1 0.15
500 ———————————— —
200 7 11000 - -
2000 | ©) ] - d) Py ] _
so0 | TTP9 [ 1750 | aq-bg/\ 1 68% - is the part of events
oo L 188%ise0 1 with true nt° in T background
500 7 S 7 250 | s -
0 T ol ]
o M Y e
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Split lower line in Eq.1 p.24 (for sum of events)

Transformation of lin.equations

-

1 T B T
NeXO—(l aS)NSig+(l ab)N

0

Nex1=¢
\_

S

th
Sig

~

Without t

e N7
+0.32 SbNbg

rue °

J

NS R 0.68 e abNT

With true

bg”

18.06.2018
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Corrections to background subtraction
(for sum of events in all Am bins)

Ideal equation system b
N'ex0 = NT. +(1—gp)NT =~ &s=0! /
Sig bg €*, ->0.68*0.72 = 0.49
N*eX]- — S*b N gg Fraction of events with r°
N 0 — €vents without 70 + lin. background

N, — events with n° from Gaussian fit to the n° spectrum only

NTSig (modified) = 1.01 NTSig (p.24)

18.06.2018 tau->KKsnu
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Return to eq,1 p.24 with division into KKy mass bins
with corrected efficiencies

(1 T ! T
NexO =(1 SS)NSig+(1 gb)Nbg

0N T r nI'L
Nexl _SSNsig +8bNbg

Corrected efficiencies:
g'g -> &5 (1.05+-0.05)

g\, ->¢,0.984
— 70 efficier‘hy correctian
- Spurious photon correction

0.984 =1 - 0.024*0.p8

Frac]ion of events with 7t°

18.06.2018 tau->KKsnu 27
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The final KKg mass spectra for tau signal and background

: it
Tau signal spectrum N sig .
) 15000
o o signal MC
I - + data |
| —i—:i:-- 10000
- 4 T MC - red
4 L Data - black
-
ol - 5000
_i._ _u__ﬂ_
R B A MR S =@=—I-------— 0
| 1.2 1.4 1.6 1.8 |
m, . (GeV/cT)
tau->KKsnu

Tau background spectrum Nqu

o
.
]
4T o T-bkg.MC
|
-s- * data
o
o
o+
-a-
I
8- _D_.+-
-o- o
ot |
L. _-_.I ................................. :F:..m.‘:ql—:..ﬂm ...l_i_
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My, (GeV/c’)
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Branching fraction BF(t~ -> KKgV,)

BF =

exp

IepGrr

=0.740£0.011x10°(stat)£ 0.021x107°(sys)

Nexp™ (223741+-3461 - total number of signal events,

L=468+-2.5 inv.fb, B, =0.3521+-0.0006, c . =0.919+-0.003 nb
Total error (stat+syst) = 3.2%

18.06.2018

BF (PDG_2016) = 0.740+-0.025

tau->KKsnu 29



Summary of systematic to BF(t™ — KsKv.)

1 - Kgbkgd —-0.4%

2 - luminosity — 0.5%

3 — hadron bkgd subtr, - 0.5%
4 — track efficiency — 1.0%

5 - PID -—0.5%

6 - 1 bkgd with 1 —2.3%

7 - 7t bkgd without 7° — 0.3%

Total — 2.7%

18.06.2018 tau->KKsnu



dN/(Ndq)*1000

100

50
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BaBar-CLEO KKg mass spectra comparison

o CLEO
0
e BaBar
0
1
e
T T
I [m
L'IT g O _+_
| ! -4 Equal events number
i 0 normalization
-
o O
| *_ |
—4- : O
_-_--l.--l ............................................... .
1 1.25 1.5 .75
m, . (GeV/c™)
tau->KKsnu

31



Vector spectral function for T° -> KsK™v_ process,
- first measurement

gO.IS !
S | i
3 Y |
e L
7p) | 1-e- co-
> | | o-e- | +T | |
orp I R A
1 e 1 1 f
|
|
_‘_
| | | o
oos |+ [
0 o1 | | | | | | | | | | | | |
1 1.2 14 1.6

. . 1.8
Myks m(GeV)
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3aknodyeHune

B npouecce 17 -> KgKv. n3MepeH MaccoBbIvi CNEKTP
KSK‘ CUCTEMbI C TOYHOCTbH 3HAYUTENbHO Ny4ylle Yem
B NpeablayLnx namepeHmnsax

N3mepeHHasa BEpOoATHOCTb pacnada T -> KKy,
XOPOLLIO COornacyeTcsi CO CPEAHEMNPOBLIM 3HaYEHNEM

BnepBble NocTpoeHa BeKTopHasa cnekTpanbHas
yHKUMA  pacnaga T -> KKy .

To be submitted to Phys.Rev. D, rapid communication

tau->KKsnu
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