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T Physics at BaBar

Areas of T Physics with recent results:
e precise t branching fractions

BaBar is a 1 factory:
o« = 0.9 nb, (O'BB =1.1 nb)
L =531 fb"

— 488 million 1t pairs

* TMass
e constraints on Lepton Flavor Violation

» |Vus| from strange t decays

BABAR Detector

Js=10.58GeV

‘ Muon/Hadron Detector

_ Magnet Coil

il 3.1GeV

et . Electron/Photon Detector
. Cherenkov Detector

. Tracking Chamber

‘ Support Tube

Vertex Detector
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CKM Matrix element |Vus|

« Cabibbo-Kobayashi-Maskawa Matrix

Vua' @ Vub

Vcd Vcs Vcb
Vm' Vrs Vrb
o Unitarity condition: 2 2 2 _
Y Vel 1V, "+ V=1
negligibly small J
Vud| = 0.97425+0.00022
(Towner,Hardy 2009) _
IVub| = (3.9320.36)x10°3 |Vus| - 02255 + 0001 O
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courtesy of S. Banerjee, Kaon07

Methods of |Vus| determination

= ‘Vw‘fl(o)

K13 decays: 2 .
I
KU q@) g K*Z()éjﬁ = |[Vus|f+(0)

KL2 decays:

limited by
theory uncertainty:

o[f+(0)] = 0.51%
(PRL 100:141601,2008)
<=

o[F /F.] = 0.59%
(PRL 100:062002,2008)

limited by statistical
uncertainty

O S O
. V 2 F2
T decays, ki2-like method: ZEUr Kv)oc s
BR(t—-mv) |y IPF?
T decays:
- d,f - dCOSQ()‘ + ssin QC N M., H/u5|
174 : (:U

|Vus| theory uncertainty

estimate: 0.23%
(PoSKAON:008, 2008)
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IVus| from inclusive T — s decays

T decay rate into hadrons )
I (t"—|hadrons|v_) T \M\ u
RT = - RT,non—Strange T, Strange Vs

[(t—ev,v,)

Branching fractions are experimental
input for [Vus| determination:

OR is a SU(3) symmetry breaking

2 T, Strange . .
‘Vus — = correction, obtained from OPE/FESR,
R small; <0.1* Rt,ns/|Vud|?
T, nonstrange 1+ 5 R
2 OPE OPE = Operator Product Expansion
‘Vud‘ FESR = Finite Energy Sum Rules

(Gamiz et al., 2007)
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Strange 1 Decays

Decay Bp pe2oos | 7] % %]

7T — K, 0.685 4+ 0.023 34

(77 — K~ v, [indirect] 0.715 £ 0.004 0.6) (*) indirect T — Kv

T RF_TFUIL ()—1-26 j: UUIG 38 use precise measurement of BF[K — uv(y)]
' L L ) to get indirect measurement of BF[t — Kv(y)]

T — j’r‘;_TFUTFO UV 0.058 + 0.024 30 Rev.Mod.Phys. 78 1043 (2006)

=K'y, 0.831 + 0.030 5.7

= Koy, 0360 4+ 0.040 11

T — K . 0.280 + 0.002 0.7

77 — (Knrm)~ v, (est'd) 0.074 + 0.030 40

77 — (Knrrm) v, (est’d) 0.011 £ 0.007 64

T — K (1270)y, — K~ w 0.067 £+ 0.021 31

= K v, 0.016 + 0.001 62

T — KT, 0.013 £ 0.002 15 "“‘

T — K ov, 0.0037 4+ 0.0003 8.1 _

Total 2.8247 4+ 0.0725 2.6 | sippressed

(28547 + 0.0689 2.4) N 4
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Measurement of T K. mwm'v,

Selected event topology

Ieptqn tag signal
hemisphere Y hemisphere
+ o+ o+
[ =e ,u
T+
T
v, >k
I /
- /
/
/
YR,

red arrows: particles reconstructed with the BaBar detector
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(S.Paramesvaran, DPF2009)

Measurement of T K v

384 fb
B T l 1 T I .0 T T T LN R T T T 7
— C Sample ‘ p— - + sample -
- L Data — 500 — —— Data ]
Q 1200_—* — =Kl — Q C K ]
S | = Kg K BABAR g N J K KD ’
" | v = K2 = a® relimina ] 400— T — K::t‘ﬁu —
0 1000 R ol prominary . S - BABAR IR .
- - pyiudedt® P - preliminary 1 A .
Q 800 K _K; il S — —K E K.n _
P N 7 _— 300— & —
- N Other w - t Other .
_"B 600 B MNon t—events | E - -FH.} + —— Non tT—events .
@ N LI>J - .
= s _ i
1 400f - # f .
- A Z 100— ¥ t —
200( M " — C f h ]
3 . : B _—-.-_ -I+++1' :
0 1 z 3 a 5 % 02 02 06 08 1 12 14 16 138 2
0
CMS 70 energy [GeV] M(K27) [GeV]

* lepton tag on signal side » T Monte Carlo hadronic mass distribution
* high 1° energy required in CMS tuned with data
— high purity (93%) » Dominant systematic uncertainty:

o T1° trajectory within 90° of K¢ momentum — Tr°reconstruction efficiency (0.011%, rel. 3.2%)

BABAR  BF (t—K°mm’v_)=]0.342+0.006(stat.)+0.015 (syst.)| %

relimina
p ry orel. 4.7%

Aleksandra Adametz, MESON 2010




|Vus| from inclusive 1 — s

K., decays
(ﬂ 2246 +0.0012)

K, decays
(u 2259 + 0.0015)

Hyperon decays
(0.2260 + 0.0050)

Unitari
(0.2255 = 0.0010)

T inclusive

——
(0.2143 + 0.0026)
T inclusive (indirectt - K v ) — .
0.2155 + 0.0025
‘ ’ 3.70
] 1 | 1 ] ] ] | ] ] ] 1 | 1 1 ] ] | ] ] ] ] | 1 ] ] | ] ]
0.18 0.19 0.2 0.21 0.22 0.23
IV,

* |Vus| from K,Hyp,Uni.
(A.Denig Chiral2009)

«m (2GeV) =94 + 6 MeV
(M.Jamin et al., 2006)

« OR .z = 0.240 £ 0.032

(Gamiz et al., 2007)
* Vud (Towner, Hardy 2009)
* BF(t — s) from PDG2009

— update with new
BF (t—K v

|Vus| precision:
— before update: 1.31%
— Now: 1.15%
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arXiv:0912.0242

.  BF(T—>Kv)
|Vus| from ratio —-——

(To1mV)

BF(t—Kv) |V
BF (tT—T1V) V.,

2\ 1—mim

T

« O p long distance electroweak correction

(short distance correction cancel) (arxiv:0402299)
* |Vud| from super allowed beta decays (Towner, Hardy 2009)
. ratio f .2 /f #from lattice QCD (. Follana et al. PRL 100)
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BF (tT— K V)
BF (T—T1 V)

Measurement of

Select 1t events with
» one t decaying into 3 charged pions and neutrino (hadronic tag)
 the other 1 into the signal decay

sl sl
Hadronic T © H

Signal
Tag Teo & ‘\‘

sefulm/K
T s ‘/Blmd Measurement

BF(t™—>mv,.) BF(t—>Kv) BF(T—-Kv,)
BF(t"—ev.v,) BF(t —ev_v) BF (T —=mv.)

Measure:

» Systematic effects cancel in the ratios
(e.g. uncertainties of efficiencies, luminosity)
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M. Roney CIPANP 2009 BF( K )
T KV
results

BF (T—1 V)

Decay T — Kus T — T/
467 o | -, - ——
T—>Kv ﬁ 0.03883 +£0.00032 £0.00057 0.5945 +0.0014 £0.0061
i s, BF (0.692 & 0.006 £ 0.010)%  (10.59 £ 0.03 £ 0.11)%
Bl v, Ty, ToHT,Y BFppa (0.685 £ 0.023)% (10.828 & 0.105)%
T— KK v, Knv, By,
B other t B other ©
[l non-t B non-t |
Stk BABAR] 3w BABAR - - - S7r-
§_ 3 iy preliminary 1 § 3 st Preliminary 3 B( T _)K v't)/ B( T—oT v*t)
R A R ER e T
S Y E 2 I S (6.531+0.056+0.093)x10-2
0 1 2 3 4 5 0 1 2 3 4 5
Pom " (GeVic) PL™S (GeVc) Systematic uncertainties: B(n)/B(e) B(K)/B(e)
s . - Particle ID 0.51 094 &
E» ° E - Detector response 0.64 0.54 n?Xt
s - s 10 Backgrounds 0.44 0.85 slide
g ' - Trigger 0.10  0.10
Y “ 77~ 7" modelling 0.07 0.27
e Radiation 0.10 0.04
s [ — B(r~ = wtu) 015 040
x [GeV/c] in CM GeV/c] in CM Tete —rir- -
P | ] pr [ ] Total [%] 10 15
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BF(T—> K V)

PID uncertainty in 37—~ analysis

One of the dominant systematic effects: charged particle identification

 PID algorithm performance is studied using control samples

 PID algorithm is applied to unbiased track of known type to determine the efficiency in
data and simulation: differences are corrected

Kaon and pion identification
* Studied using two independent control samples

A control pion and a control kaon is Additional cross check:
kinematically selected in the decay chain:
. N 0 T decays in 3 charged tracks

D — 7Ts0ﬁ‘D « determine particle ID of two tracks

3" track is control pion/kaon
0 + -
D (-1 K)

« control pion has same charge as soft 1
« control kaon has opposite charge as soft 1

- - -+
Pion control sample: T — TU TT TT V_

- - - +
Kaon control sample: T K1 K v

T

Electron and Muon identification: Bhabha and radiative y-pair control samples
— e/w/n/K PID efficiency uncertainties are combined to a total PID uncertainty (previous slide)
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BF (T— K V)
BF (T—1 V)

|Vus| from

5, = (0.03 £ 0.44)%

Ezgi‘éafsu 0012 e (arXiv:0811.1429)

(072255 2 0.0015) . e [Vud|= 0.97425 + 0.00022
Hyperon decays (Towner, Hardy 2009)

(0.2260 + 0.0050)
Unitarity o f /f =1.189 £ 0.007

(0.2255+ 0.0010) (E. Follana et al. PRL 100)

T inclusive .
(0.2143 + 0.0026)

T inclusive (indirectt - K v) NP
(0.2155 + 0.0025)

T branching fraction ratio .
(0.2255 + 0.0023)

0.18 0.19 0.2 0.21 0.22 0.23

|V
us

|Vus| consistent with unitarity
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Conclusion

Unitarity 0.2255 + 0.0010
inclusivet —s 0.2155 + 0.0025

BF(T— K V)
BF (T—1mvV)

0.2255 £ 0.0023

m |Vus| from BF ratio consistent with unitarity.

m |Vus| from inclusive t — s decays: ~30 discrepancy from unitarity.

However:
* Program of 1 — s measurements not yet completed.
(Only estimates forr™ — (K7nrm) v, , 7~ — (Krnnw) " vy).
* Neglected correlations between BF measurements.
— The recently formed HFAG-tau group is addressing that.
» Theorists are re-examining the FESR calculation of dR.
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