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Outline

* |V, | from T decays

 Measurement of branching fractions at BABAR
* T 2>Kv,
s T >Knlv,
* T>Kn'nv,
cT>Kmnnlv,
(First presented at ICHEP 2018)

* Impacton |V ]
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Determining | V.|

|V,.| measurements:

* Kaons .

* K= mbv (K|3) e 5.522[7)6 ?)(.)010610

t K2tV /oty (K) %24 00007
* CKM unitarity o R e

* T>s inclusive e 2 o0 Bl IELAV R O

e T>Kv/1>nv ——t £ Kv /T v, HFLAV Spring 2017
e Tau Ieptons —e— t average, HFLAV Spring 2017

0.2216 + 0.0015

02z 025
|Vus| Spring 2017

e Tension between result from t = s inclusive Eur. Phys. J. C77 (2017) 895
and other estimates (3.1c with CKM unitarity)
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T — s inclusive

R(T > X L R(T non-strange)
2 o 2
| Vus | | Vud |

>

strangc)

 Theoretical

uncertainty
through SR [R(T — X)=T(1 — X)/T (T — evr)]

o 5RT.SU3 breaking

n Ko’ (ex. K°) 0.3063 [N
K™ 2r%0, (ex. K°) 0.37s0 INIIIINENENEGEGNGNGN
K™ 3% (ex. K° ) 03715 NN
. | Kh h™hTw, 0.347s I
° K n'u, o.2561 I
Experimenta Ko, (o Ko ) 02056 Moéj.ez to be
1 1 T Kv . | :
uncertainty in R o —— Sodiess
T K, : K (n ) v, .
: H K v 0.1646 NN
T — s inclusive K™ wop S
. K n ntu, (ex. K w) o.1157 NN S
dominated by xR, e || Uncertainties
— 0
. K mony, o000 M budget on |Vus|
decays with K ooz o
K™ ¢v, (¢ — K:Ko_) 00138 N inclusi %
neutral hadrons K~ ur (6= KIKD) 0.006 | inclusive (%)
. f I K_27r_27r+u_5 (ex. K°) 0.0021 |
K 2n 2n nu, (ex. K°) 0.0010 |
I n I n a State T — non-strange 0.0896 [
B 0.0045 |
theory 04722 I
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Detector and
Cherenkov detector (DIRC)
144 quartz bars and 11000 PMTs data Sa m p I e

Electromagnetic calorimeter
6580 CsI(TI) crystals

solenoid
1.5T

435.10° ete” > T'T events
e* (3.16GeV)

As of 2008/04/11 00:00

-
a - _
> | BaBar /
g 500|— PEP Il Delivered Luminosity: 553.48/fb
c - BaBar Recorded Luminosity: 531.43/fb —
‘€ - BaBar Recorded Y(4s): 432.89/fb -
=} N BaBar Recorded Y(3s): 30.23/fb |
-l B BaBar Recorded Y(2s): 14.45/fb —/_/ _
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© - -
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Analysis method

1-prong signal modes:

c T>K (hnm%v_, n=0,1,2,3
i . c T>mn(nn%v,, n=3,4
\ A /{; 1-prong control samples:
: K- « T>n (hm)v,, n=0,1,2
*T2HV, Vv,

lE’lg
hemisphere

Divide event into two
hemispheres along thrust axis

Require one track in each
ﬁifi?:phm (oppositely charged)
* £ (tag)
e 1tor K (signal)
* No additional tracks
Reconstruct from 0 to 4 ° >yy

* No additional photons
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Signal selection

. . # selected Purity
* Various cuts: events (%) %

* Event topology (thrust) K- v 80 715 0.99
* Missing mass in event
* Missing mass in signal KnPv, 146948 65 2.16
hemisphere
. - 0
e to reject backgrounds: ~ © TV 17930 38 134
* qq, dileptons, diphotons |, . ; . e - -
e other t decays
* T decays with K. - mom®  mw3n®v, 58598 83 0.49
and n - n°n’ no counted
as background T 4n v, 1706 57 0.12
BABAR
preliminary
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Efficiency correction

* For mt°:
* Correction factor from = MF

data-MC comparison of L1

control samples: 1.0SE- iy
c T>tmlv, 1= HHHHﬂ_a.H—*——*HﬁF+
c TStV 095 o
e (t track not identified as ") 0.9
* as a function of p,o 0-85:"","'5'"':'3"";1 ' '

* For charged particles:
e Standard BABAR PID corrections

» Additional correction to take into account difference in topology
formasm, Kas Kand rtas K (mis-)ID

* From the 3-1-topology t*t control samples T — " it v_ and
T — 10 K"K v_: identify two tracks and check ID on the third track
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Split-off correction

* Fake photons by neutrons d: distance between the track

: intersection with calorimeter
from hadronic showers and the nearest cluster

* Not well modelled in MC _ 0
 Use T - 1t v, control mode 3 '*- BABAR

. . % N preliminary
* Relative excess in data: 5 006

0.04L
NP (d<40cm)—NME (d<40cm) .l ;.

}7 o N data -"" ST e
. . % 0 80 100 120 140 160 180 200
* Correction factor applied to dem]
: : . —— Data BT TV
the simulation: E3:oxEv.  E@Torav,
* w=1-n=0.972 +0.014 Kl AT v ny.
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Events / 0.1 [GeV/c]

Events/ 0.1 [GeV/c]

~Background

and

cross-feed

<10° T = K vy T~ = K x%x vy <10° T —+7F_ﬂ0W0WOVT
asE 2 900fF _ 2 st
At T s00f SRARTd K2nv, |3 "=
E 4] E + 44 T 1'3 3
P ; GDOE_ J ‘++++++_ = 255_
= = = s B 2E
e R S s g E
E E CR Y E
% %05 1 15 2 25 3 3 %
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<10° T = K mur T~ = K 7970 . T_'—+7f_ﬂ0ﬂowow0y7
& _ e F _ O
55 - e, —  s0fF sPR 1 = sof
- Tl Sk Vs i s ™
'E , > eof ¥ \%\ ﬁH 5 6oF
3= 5 » V /S 5 =
= = 40F + SR Y = 400
2= | . y i BABAR ?I}I;’,?/.‘" H E
= 20 o preliminary W @27 ks 20
E. - ﬁ E
% O o5 1152 25 33 %
p [GeVic]
—— Data ElT TV - Ryv, HET—-KNV [ R T
Ot —Kv, BTy, CdrseRalv, EJT=Knn'v. FAvsev,v,
Jr—Ka'y, N r—ora v, [r>KKyv, EWv-=mnryv,  Ellee-Spw
Jr—=Ka'n'v, AT = an v, |:|T._>K-'K°x5vr Fgv—rna'n'v, Ellee —qJ
Or-oKa'd'd’v, Opeore’se’cv. 5o R K., 7 - Rest

Plots of the momentum of the track in the signal hemisphere ~==-
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Uncertainties

* Analysis systematics limited

* Main sources : 1%, PID, split-off corrections
* Backgrounds for modes with large number of n%s

7 - Decay mode K v, K™ ’FTOV-T K™ 21"1'0V-r K™ 31'ror/T ‘.i'T_3’IT0V-r 7T_47F0V-r
(x1073)  (x1073) (x10™%) (x10™%) (x1072) (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 [%] 0.27 0.27 0.87 3.99 0.27 1.50
Ebkg (%] 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
BABAR P1D [%] 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
# 77 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
70 correction [%0] 0.03 [1.20 3.63 10.56 2.76 5.36
7570 — w4n0 migr. [%] 0.00 0.00 0.00 0.02 0.04 1.08
Kar® — K37° migr. [%] 0.00 0.00 0.13 4.78 0.00 0.00

Feb. 15, 2019

Georges Vasseur - LLWI 2019

preliminary

11



Branching fraction results

™ amc © Netvana, Al Rights Reesrved
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0.660 + 0.070 + 0.090 K- 2 0 _ 3 0 preliminary
@ DELPHI1934 T V. T STV,
K- v 0.850 + 0.180
- ALEPH 1999
0.696 + 0.025 + 0.014 L Py CLEO 1994
H-e—H OPAL 2001 ' 9.000 + 10.000 = 3.000
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[P BaBar 2010 5.600 £ 2.000 £ 1.500 0.977 £ 0.069 £ 0.058
0.692 + 0.006 + 0.010 | P | HFLAV Spring 2017 I P ! HFLAV Spring 2017
ol HFLAV Spring 2017 £.398 + 2.204 1.029 £ 0.075
0.696 = 0.010 this work —e— this work
. this work | | - | 6.151+ 0.117 £ 0.338 | | | | 1.168 + 0.006 + 0.038
C_?1? + ODDS + 0021 L L L L L L L L L L L L Ll L1 L L L Ll L L L L1 L
raaada g s s by s aalaaag 0 . 5 010 0.9 1 1“'} 1.2
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CLED 1994

0.510 £ 0.100 £ 0.070
ALEPH 1999

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

K3mOv,

H . H ALEPH 1999 — . —
3.700 £2.100 £ 1.100
I P l HFLAV Spring 2017 I P l
4.284 + 2,161
HzH nis work HoH

1.246 = 0.164 + 0.238

2 4 G 01 I 0.15
B(t — K 32%v_(ex. K'm)) [x10%] B(r — m 4l v_(ex. K"n)) [%]
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ALEPH 2005
0.112 £ 0.037 £ 0.035

HFLAV Spring 2017
0.110 £ 0.039

this work
0.090 + 0.004 + 0.007
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Impact on uncertainties on |V ]

H Koo, (ex. K) 0.3963
 Substantial A —

. K 3n u_ (ex. K, m) 0.3715
KA h hTo 0347 I

Improvement .
K mow, 0.2561 _

for- the K=nn 7%, (ex. KO w,m) 02456 N Modes that have
'?T_RSU,E 0.2424 [N been studied:

TKomw, 02210 NN - 0

modes under 0 K (n 1) v,
K™ w., 0.15s5 NN

StUdy K n ', (ex. K° w) 01157 NN
7 Ronu, 0.0256 [l

— 0
K 7w, 0o.0200 M o
® Other mOd es K nu, o013 1 Uncertainties
. ” K v, (¢ KO+K0’) 0.0138 : budget on |Vus|

K ¢v,. (¢ = KgK[) 0.0096

Stl to K 2n 2nty (Sex.LKO) 0.0021 | fl"O:’n .Fes((y)

. K 2n 2nTn'u_ (ex. K°) 0.0010 | Inclusive (7

I m p rove T ﬂ_‘:lon—-r;tr:n;e 0.0896 [ ]
B o.00a5 |
theory 04722 I
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Impact on |Vus]|

* With new
—e—
measurements:
- =]
* |V, | increased
a bit e
* Uncertainty ——
slightly reduced —e—
. —e—
e Still 30 —e—
i ——
discrepancy on o
T 9 S inCIUSive oo g d e g9 0 3 1 4
0.22 0.225
A
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K, PDG 2016
0.2237 + 0.0010

K,. PDG 2016
0.2254 + 0.0007

CKM unitarity, PDG 2016
0.2258 + 0.0009

T — sincl., HFLAV Spring 2017
0.2186 = 0.0021

T — sincl.
0.2195 + 0.0019

T—=Kv/1—>mnv

0.2241+ 0.0016

T average
0.2222 + 0.0014

HFLAV Spring 2017
0.2236 +0.0018

0.2216 £ 0.0015

A.L. elab.
CKM 2018
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Summary

* BABAR has measured 1-prong t decay branching
fractions:

T >K (nm%v,, n=0,1,2,3
ct>mn(nn?v,, n=3,4

* They are the most precise measurements to date
* Exceptfort - K v,

* They improve the T - s inclusive |V | measurement
e But discrepancy with CKM unitarity stillat 3 o

* Publication expected in 2019
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