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Flavour-changing neutral currents -

Quark flavour changed by interaction with W boson:
elementary vertices qg’'W

Standard model forbids flavour-changing neutral currents (FCNC) at tree level:
no elementary vertex bsZ or bsvy z
GIM mechanism provides exact cancellation

Loops can induce FCNC, but they are suppressed by the GIM mechanism
amplitude « mass squared difference of quarks

e.g. KO — utu-
sinfc W cosbc W~
s w s m
K’ u Vu K’ ¢ Vu
3 + d ’
cosO¢ w* " -sinfe W' "

B(K® — putpu~) = (6.84+0.11) x 107°
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FCNC through loops

Loops can contain off-shell particles = sensitivity to much larger mass/energy scales

Example: B%-B° oscillation proceeds mainly via loop containing t quark
observation of B°-B° oscillation at ARGUS in the late 1980’s (handful of events of the type
ete™ — Y(4S) — BOBO or B°BP%) immediately led to lower limit on m; > 50 GeV/c?

b Parameters Comments
o @ ‘: - ‘{ r>0.09(90%CL) this experiment
= x>0.44 this experiment
B'2fy~f, <160 MeV B meson ( ~pion) decay constant
m,<5 GeVic? b-quark mass
T<14x10""%s B meson lifetime
| Vial <0.018 Kobayashi-Maskawa matrix element
Hocn<0.86 QCD correction factor *
. ( - -} m>50 GeVie? t quark mass
ey - —
1 azt b
ARGUS, Phys. Lett. B 192, 245 (1987)
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FCNC in the SM and beyond

Standard model contributions
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Sensitive to new physics, e.g.
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Effective couplings

"Integrate out” heavy degrees of freedom (like Fermi theory of neutron 8 decay)

Effective Hamiltonian expressed via Operator Product Expansion (OPE) in terms of
operators O; and calculable Wilson coefficients C;

4G
Het = — \@F\/tqvac W) Oi(p +Z

A2

New physics (NP) can enter via new particles in loops
= potentially modifies phase and magnitude of SM C;
= angular distributions as function of g2 sensitive to NP

= probes new couplings and NP at a scale of a few TeV

For decays b — sy, b — s€T{~:
relevant operators O7,, Og 10
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Effective couplings: b — s¢t{~

o Y OEG
v/Z g
; p s b é s b g E
b W Sb W i O, Ogq
(f)  Electromagnetic (g) Chromoemagnetic (d) ()
penguin operator penguin operator
O'n Osc
14 14
)z 12 4
Osv - OlEIA
b S
b ot s Oov-104
(h) Semi- (f)
leptonic operators
Qgv_104
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The BABAR experiment

m PEP-Il: eTe™ collider, 3.1 x 9 Ge\/z Solenoid 1.5 T

Vs = 10.58GeV [Y(49)]

Asymmetric beam energies
c.m. lab boost By = 0.56

Asymmetric detector

> acceptance in c.m.
—0.9 < cosb* <0.85

m excellent performance

» Good tracking, mass resolution

» Good 7, ° reco.
> Full PID fore, u, ,K, p

= in operation 1999 — 2008
collaboration still active
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Instrumented Flux Return
Identification of muons and
neutral hadrons

 efficiency > 85%,

nmisid ~ 4% at p > 1.5 GeV.

GeV)
y

Cherenkov Detector (DIRC)
Particle identification
K separation > 3.40
atp <35 Gev

Electromagnetic Calorimeter
6580 Csl(TI) crystals
Electron and photon energy
- measurement
Silicon Vertex Tracker O(E)/E = 1.4% EV © 2.2%
5 layers of double-sided Si-strip detectors Drift chamber
Vertex reconstruction, tracking + dE/dx 40 layers, momentum measurement
Efficiency ~ 97% for charged particles and dE/dx

o(pr)/ pr= 0.13% pr @ 0.45%

= High luminosity

> Lpeak = 12.069 x 10383 cm=2s~1
» 42610~ on Y(4S)
471 million BB pairs




Reconstructing B mesons

AE=E,-E,, Mg =\ Eporn — Py Event "shape”
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Blind analysis, multivariate discriminants, maximum likelihood fits
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B — Kty overview

In the SM: left-handed quarks, right-handed anti-quarks (V' — A structure)
produce left-handed photons in b — s+ transition
opposite helicity suppressed by ~ mg/my, ~ 0.02

Therefore, B — s, and B® — Syg

? JGlu
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B — Kty overview T T

Y
,;%9 I .
7, and g in principle distinguishable - /¥
= no interference between final state without and with mixing X
= no CP violation in interference _ K/
B>~

Acp(At) = Sy, sin(AmAt) — Cy, cos(AmAt)
SM prediction: Sy, ~ 0.02

NP models with large right-handed contributions are allowed, within branching fractions,
and can lead to large CP violation

Previous results:

m B% — K9p% Belle Phys. Rev. Lett. 101,251601 (2008),
BO — K970y BaBr Phys. Rev. D 78, 071102 (2008); Belle Phys. Rev. D 74, 111104 (2006)
CPV compatible with SM; no evidence for NP

m BT — KT 7t 717 LHCb Phys. Rev. Lett. 112, 161801 (2014)
photon polarisation non-zero (5.20)
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0 0t r— - Rev. D93,
B — KS T 7T f), analy515 strategy BABAR, Phys. Rev. D 93, 052103

- Bgg o Kntmy

=~ Bigg
Az =~ 260 pum
< %
B meson decay-time distribution in presence of CP violation:
|At] AD i
cexp| 1+ Qrag > + D (Ssin(AtAm) — Ccos(AtAm)) ¢ | @ R(At)
BO

Gag = 1(—1) for Biag = B°(B°)
AD,D  Mistag probabilities
S CPVininterference (suppressed in SM: ~ mg/mp)
C  direct CPV (0 in SM for CP-eigenstate final state)

? JGlu
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B° — K7t 7t~y analysis strategy

r. problem: background from B — K**7¥y dilutes Sk, from B® — K§p%y
need to perform full amplitude analysis to obtain dilution factor

Dkspy = Sksnny/ Skgpy
2. problem: not enough B — K97+ 71~ to perform amplitude analysis
> Perform amplitude analysis on Bt — K+ 7+ 7t~ to identify resonances and
amplitudes
> Use isospin relations to relate B — KTt m~yto B — K9nt vy
Hebinger, Kou, and Yu, LAL-15-75
» Calculate dilution factor from these amplitudes

/ [\AKSPF M 2= Mt P+ 2R (At ) + 2R (A Ay o )] am?

Dkgpr =
/ [\AKSPF + | At |2+ |A(Kn)gn* 12+ 2R(Ak oAt ) + 2§R(A;SpA(Kn)aﬂ, )] dm?

Use full phase space to determine amplitudes
Determine dilution factor in optimised region
0.6 <M +,- <0.9GeV, Mk, < 0.845 GeV or mk, > 0.945 GeV
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BT — KTty results

Determine B yield from ML fit to meg, AE, and event-shape Fisher discriminant
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Bt — KTt 7t~ amplitudes

Use sPlot technique to produce background-subtracted mass spectra
perform 1D fits (not enough statistics)

120FT T T T T
i " ] Mode B(B* — Mode)[10-°] Pre[‘;'gfi]WA
gjﬁ Ki(1270)%y 441763138 tu g 43413
; 2 Ki(1400)*y  9.7%45+28 106 <15
z K*(1410)*y 271754752 £27 n/a
ZEE 17 T T T8 K3 (1430) "y 87124;?'07-‘* +04 14+4
sy (GeV/C?) K*(1680)Ty  66.7193+183 £ 5.4 < 1900
- 1200 T +
= ‘ Mode B(B* — Mode)[1076]  Previous WA
S [10°°]
S K*(892)07ty 23.440.973% 20*¢
5 K*p(770)%y  8.2+0.4+0.8+0.02 <20
3 (Km)3mty (NR) 9.9+0.7%1%5 <92
2 K3(1480)%7ty  1.327099+520 £ 0.14 n/a

my, (GeV/c?)
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BO — Kg 7-[+ Ty results BABAR, Phys. Rev. D 93, 052103

BO yield and CP parameters from time-dependent ML fit

100r c
T 8 E
S @ - —+— Data
8 E [ Correctly-reconstructed signal
o 60 1 = |- Mis-reconstructed signal
§ L 3 E %\Commuum
S 40f T 30 -ézrv
b2 r g = B B’ Generic
g ¢ 2 3 e
Z 2 E , Gonet
————— E E §va
82 521 522 523 524 525 526 527 528 529
Mes (GeV/c)
Results:
B(B® — KOt m=y) = (24.0+£2.4%}]) x 1078
_ [ _ +0.19
SKsnﬁ»ﬂf,y = +0.144+0.25 iogéo3 DKSP'Y =-0.78"547 Cos
_ +0. _ +0.
CKsﬂJrnfv =-0.39+0.20754 SKSP'Y =-0.18+0.327 s

Consistent with Belle Phys. Rev. Lett. 101, 251601 (2008)
Several new amplitudes observed

CP asymmetries consistent with zero and the SM
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Angular analysis of B — K*{*{~

B
=
|
|

B — K*{* ¢~ angular distribution depends on
m Ok between K and B in K* rest frame

m 6, between ¢+ and B (¢~ and B) in £* ¢~ rest frame

= ¢ between di-lepton and K7 planes
q° =m? (o)

Test operators Oz, Ogy, O104
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Angular analysis OfB - K* €+£f BABAR, Phys. Rev. D 93, 052105
Extract yield with ML fit to (mgg, AE, BDT probability)

Not enough events to perform full angular analysis: integrate over two angles to find
longitudinal polarisation F; and lepton forward-backward asymmetry Arg

1 dr 3 3
=2F(¢? 2 21 F (02)) sin2
I(q?) dcosbx 2 1(q%) cos” b + 7 (1 = F1(q)) sin” b
1 dr 3

3
_ - = 2\ ain? P4 2 2 2
T(@?) dcosf, 4FL(q )sin® 6, + 8(1 FL(g%))(1 4 cos® ;) + Ars(q°) cos b,

Bt - K (= Ktnete™ Bt - K (= Ka)utu~-
Use 5 final states BT — K**(— KnT)ete™ Bt — K* (= K{nH)utu~
BY —» KO (= Ktn)ete™

and 6 bins in g2, excluding charmonium states J/ip and (2S)

New: electron mode for BY; first measurement for Bt decays
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Results for bin q% 1 < qz < 6 GeV? BABAR, Phys. Rev. D 93, 052105
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shaded distributions include signal and background
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F[_ and AFB versus q2 BABAR, Phys. Rev. D 93, 052105
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Observable P»

Less susceptible to theoretical uncertainties than F; , Agg alone:

_ 2 A
Pe=—31"F

For1<q? < 6GeV?: PSM = 0.11 £ 0.10 Descotes-Genon et al., JHEP12(2014)125

= Babark® |

PZ

v BabarK*® |
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In bin qg, see discrepancy > 20 with SM
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Summary

= BABAR continues to produce measurements of b — s transitions:
Time-dependent CP asymmetries in B — K9mt =
Angular asymmetries in the decays B — K* £+~
first measurements in charged B mode

= Results (including any tensions with SM) compatible with measurements from other
experiments

= Much more statistics needed to improve precision
(LHCb; Belle Il, see Riccardo’s talk yesterday)
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