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Recent Results from BABAR

* BaBar still produces a lot of
results

&> 531 published papers and
counting

* Rare decays and symmetry

violations: complementary to
the LHC

* Most recent highlights:

0 Probes of New Physics in
Penguin Decays

0 Lepton Number Violation

a2 CP Violation in Bt+— K r*r®

Protvino, June 2014
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| Analysis Techniques at B Factories

* B decay data collected at
Y (4S) resonance

A Near threshold: spherically
symmetric

* Largest background from
“continuum’ QED udsc
production

0 “Jetty” events
* Discriminate using topological
“event shape” variables

O Measure 1n “off-resonance”
data
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| Analysis Techniques at B Factories

* Multi-variate discriminating techniques common
& Fisher, Likelihood, BDT, ANN, ...

 Precise kinematic discrimination: mgs and 4E

* Multivariate max likelihood fits to extract parameters of interest

rrrrrrr
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| Flavor Changing Neutral Currents

-
M+ \ VIJ Ve /l e+ 7
W+\\~ -7 W
b\/\’\ b S
Y - - -

* FCNC: precision test of the Standard Model

0 For example p—ey

&~ Sensitive to lepton mass differences in SM

0 Heavy quark transitions: b—sy
&= Sensitive to effective quark mass differences
&~ Rates and spectra: precision test of QCD

&= CP Asymmetry: sensitivity to New Physics

Protvino, June 2014 Yury Kolomensky: New Results from BABAR



‘ Semi-inclusive Measurement of b—sy
CP Asymmetry

arXiv:1406.0534, submitted to PRD
(Preliminary)

Protvino, June 2014 Yury Kolomensky: New Results from BABAR



Semi-inclusive Measurement of b—sy
* Reconstruct B—Xsy decays in 16 exclusive final

states Measure Direct CP Asymmetry:
glfai}S;?;T ) :F(b — §7) — F(E — §7)
B0 Kt " T'(b— sy)+T(b— 357y)

Bt — Ktowto—y
B+ —» Kgntnly
B+t —» Ktn0nly

Dominated by long-distance effects in SM:

B® —» K+a— w0y prediction 0.6%<Acp<2.8%

BT - Kgntow mwhy

B* —» Ktotm—m0n NP loop e.ffects can enhapce ACP up to
Bt - Kentn%n%~ 15% and induce <10% difference between
BY » K+tota—m—y B+ and B°

B - K+om a0n0~

B Kin(es vy NPB704,56; PRL 73,2809; PRD 60,

B - K*n(— )=~y (014003
Bt o KK K+t~
B 5 K+K—K*r—~

Protvino, June 2014 Yury Kolomensky: New Results from BABAR



Semi-inclusive b—sy: Results

B Sample Ap eak D Adet ACP

Al B +(0.33=1.87)% =0.88% —(1.40=0.49+051)% |+(1.73+1.93+1.02)%
Charged B +(3.14 £ 2.86)% +0.80% —(1.09+0.67+0.51)% |+(4.23+2.93 +0.95)%
Neutral B —(2.48 +2.47)% +0.97% —(1.74+0.72+0.51)% |—(0.74 + 2.57 + 1.10)%

— Axo
Acp = (1.7£1.9£1.0)% | arXiv:1406.0534 X3

.. First Measurement !
AAxsy=(5.0£3.9£1.5)%| (Preliminary) In agreement with SM

AAxsy provides limits on a poorly
constrained Wilson coefficient Cgy:
TF(Cyy/ C7)€[—1.64,6.52] @ 90%CL

PRL 106, 141801; JHEP 1204 008
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B— Xs I'l Branching Fraction and

Direct CP Asymmetry

PRL 112, 211902 (2014)

Protvino, June 2014 Yury Kolomensky: New Results from BABAR
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| Electroweak Penguins: B—X;ll
« FCNC Rare decays (BF ~ 10)

[
* Sensitive to TeV-scale physics, 0 V.2 .Y

e.g. SUSY b i%”fj s

Q Direct CP asymmetry Acp suppressed 7 g = U
in SM to ~1% level (PRD 54, 882) _ y’/—/v -

0 NP may enhance the value, ; YJ"V\W < vt
especially at high g* (c.f. PRD 79, ) )
034017) ‘ ‘

e H X
 Existing puzzles A

® Large isospin asymmetries b dew s b Timd TS

“” Forward-backward asymmetries # g Bx. SUSY

¢~ LHCb angular analysis (L. Pescatore) R £ I

Protvino, June 2014 Yury Kolomensky: New Results from BABAR
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+|-
o B— X I' .
Semi-inclusive measurement using the sum of 20 exclusively
reconstructed modes

0 MC-assisted extrapolation to the total rate

&~ About 70% of inclusive rate with M(Xs)<1.8 GeV reconstructed
¥~ Complementary to (and competitive with) LHCb

Final states:
0 0 pions: K+, Ky
0 1 pion: K+, K+mt-, KoV, Kt
0 2 pions: K+, K+, Km0, K+
& CP-symmetric modes not used in measurement of Acp
Well-identified leptons (I1=e,u)

Extract results by likelihood fit to distribution of kinematic
variable mgs and event topology likelihood ratio Lr

Protvino, June 2014 Yury Kolomensky: New Results from BABAR



B— Xs I'lI": Results

O 2F SM Perturbative region: 1<q?<6 GeV?
S 15 e'e X ptp= 0-66107575,34 £0.07
0] B Xgete™ 1.93F0-9140-2L £ 0.18 rx 106
o § [ 2E9e X, €707 16070414017 4 o 13
G } . .
A BABAR . .
o (Average Xl*l- consistent with SM)
O e LY
é g Above P(2S):
— : 0.31+0.05
2 (GeVIc?P Xsptp™ 0.6077 557001 £ 0.00 ny
a X.etem 0560197003 4 g9 L x 1076
=T +p—  ( rm+0.1640.03
% | BaBar X 70 057712005 £0.00
> 6 .
S I ) . About 20 above SM expectation
< 4% B(B — Xpupt)nign = (2.4075%3) x 1077
© i T% | 1 T. Huber, T. Hurth and E. Lunghi, Nucl. Phys. B 802,
,C_’ VAR j I - 40 (2008).
EQ 0__><;‘< ' . Opposite direction compared to evidence for
O 04 06 08 1 12 14 16 1t ?emfo; frOItn SMto?Eervgiatl?H?
see L. Pescatore’s talk and backu
! m,. (GeV/c®) b
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B— Xs I'lI": Results

N e _
<l:c.) 1
- BABAR
- ——
" >
-1_— : : :
— L i 1 1 1 1 1 1 1 1 1 L [ 1 1 1 L 1
0 5 10 15 20 25

a? (GeV?/c%

Acp (q2>0.1 GeV?) = 0.04 +0.11 (stat) £ 0.01 (syst)

(in agreement with the Standard Model)

BF ,— BF,
Acp=

BF ,+ BF,
Measure Acp in g° bins, for

e,u final states separately and
on average

No model-dependent
extrapolation of signal rates

for Acp

Protvino, June 2014
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Time-dependent CP Asymmetry in
B—Kmmy

(Preliminary)

Protvino, June 2014 Yury Kolomensky: New Results from BABAR
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‘ CP Asymmetry in B—>Krmy

F(J‘?0 (At) = fopy) - T(B°(At) = fcpy) SM p’rediction S, =mJ/m,=0.02

1“()‘?0 (At) = fepy) + T(B(At) 5 fepy) .  Non-zero asymmetry is a sign of new

= 8}, sin(AmgAt) - Cy,, cos (AmgAt) physics effects (e.g. RH currents)
Complementary to photon polarization
(At is the proper time difference between B decays) measurements (c.f. LHCD)

Acp(At) =

Experimental technique: time-dependent CP analysis of CP eigenstate BO—Kspy

Complication: dilution from irreducible background of non-CP eigenstate
BO—K*[Ks]my. Measure dilution from amplitude analysis of B*+—=K+m-mt+y

CP eigenstate BO—Ks'py Non-CP eigenstate BO—K*[Ksr]|my

Protvino, June 2014 Yury Kolomensky: New Results from BABAR
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Events/(0.0023 GeV/ic?)

Events/(0.533 ps)

CP Asymmetry in B—>Knmy

Max- 11kehh00d fit to 4 variables: mgs, AE, event shape Fisher, Az

100 — - . : ; i - = — - ——— m— ] '-"'|""|"'|""|""|""|"'I""III L5 LR 2
ook 4 ]UD"H: Dala
: BABAR ] o BAB_AR_ ] BABAR ;ggi;;:la ]
. Preliminary S 8- A Preliminaryl sy l}q Preliminary %?ﬁmm E
Al — (3 i f ] -:; | I -1(3': ¥
3_ E 60 g Genaric
40 - % E 40 '-"-‘r, EEZI Ef3 Eennﬂc
2 = My B
2 ] & i iy
S e = e R N e d Vt'."-\"-"—mm.u,_, i,
gQ 521522 523524525 52652?528529 ?).2 -0.15 01 005 0 005 01 015 O 0001 02 03 0.4 05 0.6 0? 0.8 09
Mg (GeVie?) ARyGevie) Fisher Discriminant
?0:' LEER N L LR LN S E: LT LT (LR BRI LRSI B LB IEE B R ':
e BABAR Branching Fraction measurement:
F ianal 1 1 ]
sof Eg:nﬁdg:r: Prehmlnary: 0 0+ — +1.6 —6
gl f B(B® — K%t n—v) = (23.9 £2.4716) x 10
B & Goneric a :
30—53{%
BNenc
2 CP Observables:
; S 10 0.14 4 0.25(stat )+O'O4(s st.)
10F f : K3mtm—n - ' 1/ —0.03\5Y5t)
e 0 T & 3 Cng+7r—7 = —0.39 4 0.20(stat.) & 0.05(syst.) ,

Correcting for dilution: |Syo,, = 0.25 + 0.46(stat.)* 00 (syst.)
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Search For Lepton-Number Violating

Processes in
B+—h++
PRD 89, 011102(R) (2014)

u -y ult
4 Sl o] R
Bt W = D/l p/ K
b d/s
A

I ——
Protvino, June 2014 Yury Kolomensky: New Results from BABAR
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‘ Lepton Number Violation

d U

* Nuclear Physics: Neutrinoless ,
double-beta decay Ovp[3 probes L
Majorana nature of neutrinos |

* LNV in B decays: another

probe W‘,\\# -
0 Access to 2" and 3" (and o
possibly 4™ generation # .
&= Different effective neutrino ul/c
s D i prl KO
d/s

&= Additional Majorana phases
accessible

@ Or new physics in 2" and 3™
generation

Protvino, June 2014 Yury Kolomensky: New Results from BABAR
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LNV: B+—hl+]*

14 decay channels Saol
. . ) s + Bt—metu*
Multivariate background suppression (BDT)  g= +
Maximum-likelihood fit to 3 (or 4) variables 3"
& mgg, AE, BDT [and D/K/p mass] g

Cov v vy
5.24 5.25 5.26 5.27 5.28 5.2¢€

No significant signal observed Rl Gevid
S : =
(] L
S I + *. 011+ 11+ 5k
> Br—=K"IK - Jutu S
S r al
o S 30f
Al o =
o ~ L
S -
S @ 20
~ C L
; g) L
= @10
o :
3 :
Co v v e e Fr
524 525 526 527 528 52 -0.5 0 05 1 0
mgg (GeV/c?) BDT output
> I ~ | 2 40
Oy S, r ©
15 o 15— g
8 I = I 230
S I 2 o
2100 g 10~ % @ o
c L -
(0] + + L
> L L - L
W5 5 10F
- i “‘-o‘.s““é“‘ols_""1
-0.2 0 0.2 08 085 09 09 1 BDT output
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LNV: B+—h-1+]+ Results

PRD 89,011102(R) (2014)
¥ 471x10% B decays
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| Dalitz Analysis and CP Asymmetry in
B*—Km !

To be submitted to PRD
(Preliminary)

Protvino, June 2014 Yury Kolomensky: New Results from BABAR
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| Dalitz and CPAnalysis in Bf>Km*m’

Ab V24,

» Dalitz analysis can be
used to measure CP
angle y

0 Requires full amplitude

. Phys. Rev. D74, 051301 (2006)
and CP analysis of K* Phﬁ. Rev. D75, 014002 (2007)
system
o K1 puzzle: 1sospin AAcp = Acp (K*T7°) — Acp (K* ™)
asymmetry AAcp In Acp (BY = K*t7%) = —0.06 + 0.24
K7 system BaBar: Phys. Rev. D84, 092007 (2011)
. : y Acp(BY - K*r7) = —0.23 4+ 0.06
J Look for insights in K7 HFAG, arXiv:1207.1158 [hep-ex]

Protvino, June 2014 Yury Kolomensky: New Results from BABAR
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B*—Kr'n® Analysis

« Extract event yields from max-likelihood . - BaBar preliminary
fit to 3 variables R T TN
" 100+,
® mgs, AE, BDT S
" 1014+63 signal events over 31k background ‘% U s
3 . R
 Dalitz analysis to measure individual Y e evied
contributions 3
‘¥~ Resonant contributions, strong and CP phases % =
— E 2007
& 25 a ¢
3 :
%ﬂ 208 ¢ R 0"
& 15 A E (GeV)
K'+(892)m0 g K
i A 665214 g
K'0(892)m* M (VI z
N=%, = ;—me{ m2o+) " 50T,
| |

Protvino, June 2014 | complex coefficients decay dynamics
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BABAR Preliminary

B+—Kmrtm0 Results

First measurements

N

Decay channel

B(107°%)

Acp

K%t 7Y 4594+ 2.6 + 3.0 + 8.6 0.07 + 0.05 + 0.03 + 0.04
K*(892)r™ |14.6 £244+1.3+£0.5 —0.124+0.21 +0.08 +£0.11
K*T(892)n° |9.24+1.3+0.6+0.5 —0.52 £ 0.14 + 0.04 + 0.04
K3°(1430)7™ |[50.0 £ 4.8+ 6.0 + 4.0 0.14 £ 0.10 & 0.04 H 0.14
K;T(1430)7° |17.24+244+1.541.8 0.26 + 0.12 + 0.08 + 0.12
pT(770)K° 94+ 1.6+ 1.0+256 0.21 +0.19 + 0.07 + 0.30

5.40 significance
(first observation)

Stat, syst, and model-dependent uncertainties

3 .40 significance
(first evidence)

Protvino, June 2014
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B—K®m Results

+ | 0\ __
Adcp = Acp (K+7°) — Acp (Kr—)  |Ka® [Acp (|K %) = 0.040 £ 0.021

—k—
K'n Acp (KTn™) = —0.082 £ 0.006
A Acp(Km)
—K—

AAcp (K*m) = —0.29 + 0.16

Protvino, June 2014 Yury Kolomensky: New Results from BABAR
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Summary

* Unique sensitivity to new physics in B decays
0 Complementary to LHC in SUSY parameter space

0 In case of discoveries, shed light on flavor structure of New
Physics

0 Complementary to other rare decays and precision
measurements

@ Muon g-2, u—e conversion, u—>ey, Ov3[3

* High-multiplicity, inclusive and semi-inclusive final
states accessible at B Factories

* Few puzzles and smoking guns

0 Belle-1II can improve sensitivities by 1-2 orders of
magnitude

Protvino, June 2014 Yury Kolomensky: New Results from BABAR
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Backup

I ——
Protvino, June 2014 Yury Kolomensky: New Results from BABAR



28

Rare B Decays

e Powerful (indirect) probe of New Physics

a (Old) smoking gun: B*—1*v, sensitive to charged

Higgs
— +
b p !
gt
u Vg
2 2\ 2
B(B_ o 3_17) = GFmBm? (1 - ﬁ) fB‘Vub| B

Bsa (BT — 77v) = (0.80 £ 0.20) x
(using fg=190+13 MeV and Vuw=(3.5£0.4)x10-3

Charged Higgs contribution:
B(B— tv) = B(B — TU)SM X TH

B tan? 6)2
mH

TH:(].—

Protvino, June 2014

x 1074

600

B— Xy

R
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B+—t+v: Hadronic Tag Technique

* Reconstruct “the tag
B” completely
& efficiency 0.28%

* Reconstruct leptonic

and hadronic T decay
modes (~70% BF)

* Key discriminant:
unassociated neutral
energy Eextra

O Look for excess of
€V€IltS @ EextraNO

Hadronic tag Signal decay
- é + . -I-l-+
D B ; B* +
’ ”“/\y Tea
X ; VY
. V
B~ —» DWOX~
e a
D - Kot K ntn7° K—ntn—nT,
K% Kontn— Kontm— 7"
KK, ntn~
D*O N DOWO,DO’)’
- y
e A

X =nrt + mK + pr® + gK°
n+m<o5, m,p,q=< 2

Protvino, June 2014
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‘ B—1Vv [PRD-RC 88, 031102 (2013)]

@ Events selected on the recoil of Fu”g reconstructed B#DY X, J/y X
with Tag E{‘ﬁciencg =0.28 %
e Cvents reconstructed in the e'vv, Wy,

T — T . )

/Sf\@/\ . v, p(n’)v channels requiring a smgle
By  D(*) / charged track

7 ¢ BKG from continuum & combinatorial

e’ /% 2 reduced 139 means of a likelihood ratio
T N sy, . ,
- o explomng toPologlcal variables.
o) From E ]qt

Extra

BR(B—+10)=(. 8§+O 72 (5ta’t> +0.24 (595@)10 (s:gnnqcance 380)
@ Fxceeds the SM Pred:ctlon bg 2406 (1.60) usmgv from the exclusive

(mclusxve) charmless semlleptomc B decags

Protvino, June 2014 Yury Kolomensky: New Results from BABAR



B—TV  [PRD-RC 88, 031102 (203)]

@ Constraints on 2HDM tﬂPC Il model

o o8F
S 9 mgB 9
> 6 B(B — ZV)QHDM = B(B — lV)SM X (1 —tan ﬂ—z)
- T , My
™ Inclusive \/Ub
| 4 Dabar ,
s | Exclusive V L . l , ,
b u " Strmgent imits set Iin
—— = the (tanp, m_) Plane:
% 0.1 0.2 0.3
tan B/m__ (GeV™)
g 5 |
S 100§ Babar S100p Babar
[ hadronic tag onlg lﬂaclronic tag onlg
Inclusive Vub i Exclusive Vub
S50 50
Excl. a1 2o Excl. at 2o
Excl. at 3o fr Excl. at 3o
. . . . | . . . | 0 ' ' ' ) . ; : ' * L
% 500 1000 0 500 1000
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B—D)tvy

¢ Tree level cleca9 less model W™ / H— 1%_
clel:)enclent, several observables b P , (;
» B{_ 1 D™
sensitive to NP q q

e BRs for the different lePton sPecies are Prcclictecl to be different in
the SM:

B(B — DY rv) R(D)sm = 0.297 +0.017,

(=)

..Theoretical & experimental uncertainties (\/Cb, Form Factors,

Particle identification, reconstruction effects) reduced in the BRs
ratio

+D, D affected digerentlg bg chargecl Higgs exchange (cligerent
helicity)

Protvino, June 2014 Yury Kolomensky: New Results from BABAR
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() [PRD 88, 072012 201%)]
B—2D 710

o D<*>| events selectec] on the recoil cnc reconstructed hadronic B decags

D%

150

©(se on|9 lePtonic: T clecags

100

=2

uYields extracted bg means O1C a

simultaneous fit to:

0
80
7’ m_
4 Lel:)ton momentuminthe B € « 3
Sl 2
rest frame ! S
) . 5
*M miss (Pe+e-~Pbtag~PD(*)~P|> i :- 3
o
i
60

R(D)=0.440+0.058+0.042
R(D)=0.3%2+0.024+0.018 i

| B " b 2
[Pl (GeV)

uSgstematics from BKG PDF shape oL
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€D [PRD 88, 072012 201%)]
B—2D 710

I Results above the SM Predic’cion bg % 46 / SM\

Belle 2007
BABAR 2008 —
Belle 2009 L
Belle 2010 H
First 50
BABAR 2012 H-Hobservation
L | I R I

=

M ] L
02 04 06 08 03 04 05 06

R(D) R(D")
¥
uAclcling Belle results: Belle & BaBar Deviation
[PRL 99191807, PRD 82 072005] R(D) 2.40
Deviation from SM Preclic‘cion at4+.86 R(D*) 3.80
Combined 4.80

Protvino, June 2014 Yury Kolomensky: New Results from BABAR



35

| Amplitude Analysis of B+—Knmy

e Extraction O1C the clilution 1Crom S S S SR A P PP __

, , ) - 1200:'I5a5ar + —  Total PDF :
amplltudes of intermediate S} 1000} Preliminary f T K(890) - 0770
/ % 800l ) interference
states clecagmg to Kmt and 0 : sy PTG ;
, . a 600F e inerf ]
e Full amplltude analgsls in the g i -
m(Kn)-m(nn) difficult due to % 200t
small statistics g 0 =
. m i A
% Perform a 1D fit to m(Kn) 20, v -
- S | 5 e, P
using as inputs the BRs EEOM, -!éﬁ'?‘&%;ﬁ;ﬁm ht*’mwé"ﬁ% g; gi
biained £ 1 ﬁz“‘ 0708 09 1 L1 12 13 14 15 16
obtained trom the m(Knr) nt m,, (GeV/c)
— - +0.096
0, . = =0.
DH sPY ,:CA\pJ /A\K*J /A\(K7t)5~wave> O 549 -0.094

Protvino, June 2014 Yury Kolomensky: New Results from BABAR
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' Amplitude Analysis in B*F—Ksr'n’
/ \ ) BaBar preliminary

&3 150
Decay channel B (10_6) % 7 K™(892)
Kot 0 15.9 £ 2.6 + 3.0 £ 8.6 = 100 .
- | | 3 K0(1430)
=3 AT A
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Implications from B—X_I*I- Partial BFs on LHCb “anomaly”

* A recent LHCb paper essentially claims a ¥4 sigma i
observation of a non-SM signal from one of an R SM Pradictions LHCDb 7
0.6 -

ensemble of 24 guasi-independent observables

04 —+— Data —
« PRL111, 191801 (2013) 02 4»

* There are, however, a number of caveats
* ~4 sigma is a local significance; globally, assuming

0.4

iy

SRR

all 24 observables are independent, there is ~1 in 06

200 chance that this is a statistical fluctuation 0.8
However, all 24 observables are not, in fact, % 5 10 5
independent and are tied together by the q* [GeV'/c’]

transversity amplitudes which underlie the choice T T T T T

L ) ) O o8l LHCb - -
of angular projections here, P’4 and P’'5 ool SM Predictions |
* This implicit correlation also requires that other 0,4+ —4—Data .
related observables, which are also dependent on 0.2~ N
the same underlying Wilson coefficients and/or 0:__ '''''' | '''''''''''' H
transversity amplitudes, show an effect (albeit 04k i
possibly smaller), but this is not seen in LHCb’s AFB 0.6~ —(>— -
analysis or other experiments’ angular analyses or, o8 . T T 7
more importantly, in the form-factor free inclusive L 5 10 . 20
g% [GeVieY]

B->Xsll analysis
* Many theorists are “explaining” this singular LHCb
result as a BSM contribution to C9, 6C9
* Afew are also exploring the implications of this on
other RadPen observables
* The next page shows change in B->Xsll BF if 6C9 is
interpreted in the context of an MFV scenario

Figure 1: Measured values of Pj and P (black
points) compared with SM predictions from

Ref. [11] (blue bands).
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Implications from B—X_I*I- Partial BFs on LHCb “anomaly”
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independent analysis. Future measurement bhased on the full data set of the B factories (13% un- low qz
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Figure 3: 1-.2- and 3-0 ranges for the branching ratio at low- and high-¢* within the model-
2 ; ! 1

certainty) assuming the best-fit point of the model-indpendent analysis as central value (Black)
and the SM predictions (Red).
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