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Introductlon and overview

Study of the Knn
+ +
resonant system Q K >
(Branching fractions) l input
Compare with standard <0 ; >
<B—>K*£+l’> model (SM) predictions B —Rgnmy
=) | Constrain the parameter | ¢mm—

space of new physics
(NP) models CP violation (S)

*
=D

Search (lepton universality?)

Angular analysis Mixing induced

« Modes with branching fractions (BF) of ~ 10 to 107 in the standard model (SM)
= New physics (NP) could significantly alter BF, CP asymmetries or angular observables
= Challenge: small theoretical & experimental uncertainties for powerful comparison
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b— s y(£f): FCNC processe

——————————— = o

They provide, at relatively low energy, probes to NP at large mass scales

s Within the SM, these processes proceed via loop/box diagrams like

-

b

b

Gluino loop i Chargino loop
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The BaBar detector and dataset

L R e e e

Magnet 1.5T I Silicon Vertex Tracker I
— .

PEP-Il: asymmetric
beams at Y(4S) threshold

Drift Chamber I

/

e © GeV) BaBar in operation: 1999-2008
Detector of All analyses presented use the
Instrumented Cherenkov light full BaBar Y(4S) dataset:
flux return - ~430 fb! at the Y(4S)

- ~470M BB pairs

Electromagnetic calorimeter

BaBar 1s well suited for the measurements presented here : hermetic detector,
clean environment, excellent PID, good K¢ and n¥ reconstruction
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Common analysis techniques

Kinematics of fully reconstructed B | Background characterization:
S T ; e JE > Contipuum: e*e'qu .(q — u,d,s,.c).
C me || - Suppression by multi-variable classifiers based
3 1 [AE = Es — By on event-shape variables (topology):
: M C - : 1 AE Fisher discriminant, Boosted Decision Trees (BDT)...
0 él_';_?_g‘.._-__.__» _ * - ;1: _____

Good charged oo —— o
particle ID (in -
particular K/rr) ™7 /
up to few GeV  osif

15 2 25 3 35 4 45 5
p(GeV/c)

(spherical)
0.8

- Background from B decays: classified by
kinematic and topological properties

Variables are often combined to a likelithood function, used in a maximum likelithood
fit for signal/background separation and to measure parameters of interest
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B—=Kn ny
« Time dependent analysis of B® — K tr*ry and studies of

the K*mrr* system in B* — K*mrm*y decays

Phys. Rev. D, 93, 052013 (2016)
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B—Kn'my

Fundamentals and motlvatlons

« SM: left-handed quarks and right-handed anthuarks . b

s(A=-1/2) y(A=-1)

= NP particle may be present in the loop and enhance
right-handed photons

— B *
SM=b->syLorb—5yr = \ /x/fv
éo

CP asymmetry parameters =0

NP = b — syLror b — SyrL = B’
CP asymmetry parameters # 0 \

Acp(At) = I(B"(At) = fory) — T(B°(At) = fopy) Olgl\sdervable
D(B°(At) = ferm) + T(BY(AL) — forn) Sfop X e = 0.02

= Sy, sin (AmgAt) — Cy,, cos (AmgAt)

Objective: measurement of Sin B? — K¢ p y decays
(probe for NP with right-handed currents)

=« Measurements from both BaBar and Belle are available for B — K nt'y
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B—Kn'my

Strategy (I)

A P A PP I P e e o r—

« Difficulty: irreducible contribution from non CP eigenstates

B’ - Ks p'(—a )y : B! > K (—Ksa*)n¥y:
YR,L — YR,L

= As there are not enough B? — K r'ny signal events to perform this amplitude
analysis, D is extracted from B" — K'n'n"y decays, assuming isospin symmetry.

s Further difficulty: due to the 4-body final state the kinematic boundaries of the
(K= - ) phase space vary event by event.
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Strategy (1) S

Three stages of the B* — K*na™y analysis

1200 e T 700F 1400 T
4 1000F d - 600F . ]
g 1000 ] g %0k 1200 Fisher -
1) Maximum & = 12 o g 1000 ;
% S 400F = E
. . . S 600 42 F S 800 3
g c ~
likelihood fit < ER- £ 600 =
g 40 S 200¢ 2 ]
2 C i P =400 4
Q200 100Baeee ]
[ R Chamiess e 0 I 200 3
52 521 522 523 524 525 526 5.27 5.28 5.29 02 015 -01 005 0 005 01 015 02 0 .

0 0.2 0.4 0.6 0.8 1

i i oo T
(2) Extraction of 5 100} S ol , .3
. % ‘ 2 800F L
signal my, & 8 :g e _‘
My, Spectra S S 00} :
km SP S 40f % ook _:
b= i = ‘
L 20 o 0 :
2 Of M 200 :
3 4y 3 4 -
2 or = £ o j
Za 40} — 1 ze AT I I 1 1112 1.6

L] * . B . . 2

(3) Fit of my., Myrr My (GeV/C) [ mgs (GeV/c?)

(projection) to AK .. — Knam) (input) A(K*), A(p)...
extract amplitudes

Amplitudes =» dilution factor and branching fractions
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B—Kn'my

The dilution factor

« From the fit to the my_ spectrum in the (charged) mode B* — K*#m'n*y

| [|Ap,<o|2 — |Ags - |* — |A(K,,)*+ |2+ 2% (A* oA grsz) + 2R (AX " VA (k) +~)|dm?

D K() s . 2

sV T [Ako | + |Ag+a-* + 1A gayst 2~ + 20 (A5 goAgrg-) + 20 (A;KT;A(K,,);%_)]dm

(isospin symmetry) [Hebinger, Kou and Yu, LAL-15-75]

- : . +0.19
;01000;- DK?PO}’_ O'78—0.17
& 800
g 600f Total PDF
o "
s oy gk T Ty K'(892)
3 200:'
P ot | —-- @
= 200f : (K), S-wave
ES  opEheR, s, L _ ; — . —  K(892) - p°(770) interf.
z&) | L BT N P T N L
07 08 09 1 1.1 12 13 14 15 1.6

— == p%770) - (K)o interf.
Mg, (GeV/c?) ST =
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B—Kn'my

B(B* — Mode) x 1076

Previous world
average (PDG) (x 107°)

S
K..— Kt
B(B* — Mode)x

Mode B(Kyes = K2t727) x 107°
Bt - Ktntny e
K,(1270)*y 14.5121+12
K(1200) 7 syl

* + . .1
K*(1410)"y 110555
K;(1430) "y 1.24,9H2
K*(1680) 15933432

245+09+12
P e
*1=29-23 .
2715852 +27
8.7:1987, £04
66.71 334103 +5.4

276 £2.2
43+ 13

<15 at 90% C.L.
n/a
14+ 4
<1900 at 90% C.L.

Resonances in K*rt™ system

B(B* — Mode)x

Previous world

Mode B(R — hr) x 1076 B(B* — Mode) x 107° average(PDG) (x1079)
K*(892)%z*y 15.6 £ 0.6 +0.5 23.4+0959% 2017
K*p(770)% 8.1+ 0453 8.240.4+0.8 +0.02 <20 at 90% C.L.
(Kn)xty 103597433 - v
(Kz)yz'y (NR) e 9.9 +0.743 <9.2 at 90% C.L.
K;(1430)%zty 0.82 +0.061 )¢ 13220001020 +0.14 n/a

Eli Ben-Haim
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Results (BF in B* — K'mrm'y) B—>Kn'ny

s Measured in m(Knn) < 1.8 GeV
K — K"
B(B* — Mode)x Previous world
Mode B(Kps = K nt27) x 107° B(B* — Mode) x 107° average (PDG) (x 107°)
Bt - Ktntny o 245+0.94+12 27.6+2.2
K,(1270)*y 14543413 415381+ 46 43£13
K,(1400)*y 4_1j|'.-gjl'.-(2) 9_71“2‘_-33-38 + 0.6 <15 at 90% C.L.
K*(1410)"y (22421 +5.4+5.2 n/a
K3(1430) ty 14 + 4
K-(1680)'7 Several of these measurements EEEPE TS
i& are the world best
Resonances . .
(or done for the first time)
e . Previous world

Mode B(R — hr) x 1076 B(B* — Mode) x 107° average(PDG) (x1079)

K*(892)°zty 15.6+0.6 +0.5 23.44+0.970% 20%]

K*p(770)% 8.1+ 04193 8.2+0.4+0.8+0.02 <20 at 90% C.L.

K)ozt 10_3+0.7+15 . n/a

EKﬂggﬁry(NR) T 9.9 +0.713 <9.2 at 9% C.L.

K;5(1430)%z "y 0.82 4 0.06772 1.327010 1020 £ 0.14 n/a
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Results (S)

B—Kn'my

. From the time- dependent analy31s of the (neutral) decay mode B0 - K 'y

5 Performed in phase space reglon 0pt1m1zmg SK

7

1007 100
‘“g 80 5 o c
CO = O 801
é “B ; 60 é 60
% 40 g 40 “l"""'""""-""-'-.-__... e 2w
5 20 =20 20
0% 501 5225235 S 500 536 527 538 529 _%, e 0.15 02 oy 0 ' i ﬂ” ~
70; —+— Data
60F [ 1 TM Signal . .
2 s ] SCF Signa With present sensitivity,
e F ontinuum - o . .
. = X v “ S in agreement with the SM
2 300 B Kty . L. . .
N B’ Generio prediction and with previous
[8a] B Xs
10 Bgéoeneric measurement from Belle
i [PRL 101, 251601 (2008) ]
_ +0.03
8K2ﬂ+ﬂ-y = 0.14 £ 0.25 £ 0.03 CKg,,+,[-y = —0.39 £ 0.20" 1,
SKO +
_ ST Ty +0.06 SM .
SKgp'y — DKO __O 18 O 32 ~005 SKng ~ 0.02
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B—Kn'my

Stay tuned...

Recent theoretical developments
result in a different expression of the
dilution factor

A paper with a new computation will
be shortly submitted to the arXiv

Skspy Will be re-extracted from the
BaBar measurements presented here.

Possibly, another BaBar time-
dependent analysis could be
performed 1n a different part of
phase-space to minimize the
uncertainty on S, .

e I e e o r—

The time-dependent CP asymmetry in
BY & K7 — Kintw™ decays

88, AKAR, °E. Ben-Ham, ©J. HEBINGER, “E. Kou anp 9F.-S. Yu

@ University of Cincinnati, Cincinnati, OH, United States
® Laboratoire de Physique Nulcéaire et des Houtes Energies, Université Pierre et Marie Curie,
Universite Paris Diderot, CNRS/IN2PS, Paris, France
Laboratoire de I'Accélératenr Linéaire, Univ. Paris-Sud, CNRS/IN2PS (UMR 8607),
Universite Paris-Saclay, 91898 Orsay Cédex, Frunce
4 Lanzhou University - Department of Physics, Lanzhou 750000, Gansu, China

Abstract

The time-dependent CP asymmetry in B% — p?K %y — KJwtx— has been mea-
sured recently by the BABAR and Belle collaborations. This measurement is sensitive
to the photon polarization in the quark level process b — #y. While this polarization
is predominantly left handed in the standard model, it could be modified by the
existence of new physics contributions that may possess different CP properties. In
this paper, we derive the CP violation forrmulse for B® — K%x* 7 including the
most dominant intermediate states. We also discuss the future prospects of this
measurement at LHCb and Belle I1.
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B — K"l

« Measurement of angular asymmetries in the decays
B — K"l

Phys. Rev. D, 93, 052015 (2016)
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B — K"t

? Fundamentals and motivations

< P0551ble hints of physws beyond SM seen in angular analyses of B0 — K*0 TRaTh

[JHEP 1602 (2016) 104 (LHCb), arXiv:1604.04042 (Belle)]
and 1n partial BFs of B, — ¢ (" [JHEP 1509 (2015) 179 (LHCD)]

0 SM from DHMV

® LHCD Run 1 analysis =
0 Belle arXiv:1604.04042 T

Motivates
investigating

%l/ %F | similar modes

© = N WA Lo o O
™
(OS]
Q

dB(B?—¢up)/dg? [108GeV2c4)

q? [GeV¥c4

s« B — K*{"{ angular distribution depends on:
o 0,: between K & B in the K* rest frame
e 0, between (*& B in the £"€rest frame

e O: Between {70 and K* decay plane

Eli Ben-Haim CKM Workshop, Nov. 30th 2016 ) 16



s The sample size does not allow

performing a full angular analysis

dl’ 3

=>» determine from the cos 0, and

cos 0, distributions:

e Longitudinal K" polarization F;

3

dl’ 3

e Forward-backward asymmetry Agg

= The analysis is done

e Combining 5 decay channels

B — K"t

— §FL(q2)(:os2 O +
Z(l — Fr(¢*))(1 — cos® Ok)

['(¢?) d(cos ;) - ZFL((]2)(1 — cos? 0;) +

3
§(1 — FL(q2))(1 + cos? ;) +
.AFB(q2)COS 91.

0.10-2.00
2.00—4.30
4.30-8.12
10.11-12.89
14.21—(my —m,. )’
1.00—6.00

i

e B — K+ (= Kyt | |9
0 0 + =Y 1t 11—+ 9
BY - K*(— KV n™)utu; 2
Bt - K**(— K*tn)ete qi
- ;
prem=®i g+ K**(— Kgnt)ete™ 9
B - K*(—= Ktn~)ete . q:
9

Eli Ben-Haim
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e In 5 exclusive ¢?bins and one broad low-g>
q’ bin Range (GeV?/ch)

g> =m(lTL)?
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Ep.
D’ Strategy (11)

B — K"t

= Signal yield obtained from mgg my, and a Likelihood ratio based on a BDT

bin
9%

(example)

total PDF

Backgrounds:

— — combinatorial
charmonium
— — — X-feed
mis-ID

Eli Ben-Haim

1580 » Ktn—ete~
2 L pko. signal
o u
g 10:— g N
E -
: -
g 5:
m -
5.2 5.22 5.24 5.26 5.28
Mg
25F
~ B Kta—utu~
3 201
e r
S
o 151
2 10F
= N
g N "‘..:.'.:,':‘
w 51 [ sl I
5.2 5.22 5.24 5.26 5.28

Mgg

- -y
o (4

Events/ (0.02)
a

—

Events /(0.02)
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Angular fits
for bin %) (1<q’<6 GeV?)

B — K"t

125

B+
K*nlete
Krurp

K" piw

Signal (total

\
Eventf/(0.1)
£ a @©
| IIII
T
y—
d
T
d
1 T
T
»
T

v
s L i :_* -,..//
T L
B 145—
12f
K'me'e o A
K*ﬂ'ww\f
Signal (total) N2 "L

e

0.5

cos Oy
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(Shaded distributions include Si-gn‘é'lmand béckground)

14—

12—

-
o
|

Events/(0.1)

16—
14f-
12f-

10(

Events /(0.1)

/ / 7 /;‘//‘ 7/ 77/
iz /4 7777,
-0.5 0 0.5 1

cos 0,



i& Results

2
_._FL and Agy versus q°

B — K"t

_ % Belle

| ® CDF

{ O LHCb
O CMS

% ATLAS
B Babar K*

__ﬁ}ﬂ‘ﬁ{;@ ::: Iii@::....: ................
SRani RTINS N N S B S 2 +’ﬁ ETE T
o *{MHH“H-&* -------- *f}-f* ------ i x\

v Babar K*°
A Babar K**

SM predictions
/  Uncertainty
~+10%

(Latest LHCb results not included)

Eli Ben-Haim CKM Workshop, Nov. 30th 2016
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* _
Results B — K"t
F, and Ag; for @2, (1<¢?’<6 GeV?)
S LS TFB T | - -
Babar K** . B Babar K** 1k .
I I I |
Babar K*° — . Babar K*° e
I I I |
I I I |
Babar K*** ——— i Babar K*** i .
I I ] |
Belle K*** . i E Belle K*** : : 3
I I ] |
CDF K*° E- i CDF K*° : l -
I I I |
LHCb K*° | LHCbK*® | —*— 1k
F i il Apg
cmMs K*° o CMS K*° M
I I I |
ATLAS K*° . B ATLAS K*° e
I 1 1 I 1 :I IE 1 1 1 I 1 1 L1 I L1 1 1 I 11 1 1 I: I: I 1 11 1 I 1 1 11 I 11 1 L I 11 1 1 I 1 11 L I
0 0.2 0.6 0.8 -0.3 -0.2 -0.1 0 01 0.2 0.3 04 0.5 0.6

s In the low g” region theoretical uncertainties (e.g. charmonia) are smaller
« BaBar F, is lower than SM prediction (>30)

s BaBar A, agrees with SM and other experiments

Eli Ben-Haim
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i’% Results B KU’
_The observable P, versus q*
2 Ay . L
) = (has smaller theoretical uncertainties)
3 (- F )
- 3 B Babar K*
y SMpredtons “?‘_..i':' Babar K*
i 2| > 20 discrepancy in g% J..... 8¢ ... A BabarK*
_____________Q:ﬁ::ﬁ:ﬁf:_ﬁﬁﬁﬁi:ﬁﬁﬁﬁff:ﬁ:;:ﬁ:ﬁ::::: """"""""" AN S I R
R VS S SRS S S G S

P,(1<q?<6GeV2)=0.11+0.10

Eli Ben-Haim

CKM Workshop, Nov. 30th 2016
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BT — K™t't

« Search for B* — K"t at the BaBar experiment

arXiv: 1605.09637 (accepted for publication in PRL)

Eli Ben-Haim CKM Workshop, Nov. 30th 2016 23



&ﬁﬁ;
i Fundamentals and Motivation

""""" o

Bt — K't't

. H1nts of lepton unlversahty Vlolatlon in R(K) and R(D(*)) 9 NP with Higgs bosons?

™~

-o-LHCb -m-BaBar ——Belle

e

L 2_' LN LA AL B AL AL B BELENLNLE B i g
<% [ LHCb N
il L2 T 045
x| PLSE - OSONe
L eF ~2.70 " AR
NM i 0.4
NEE Tt

+ [+ 1 [ 035
Q@ | SM- 1 s
<= F——— . Q(Q 03
DQCQJS'_ h Il

Il ~L i ,;: 0.25
I ] 02
=~ . 1 A TR SRR

= 9 5 10 15 20 =

2 [GeVYc4]

IIIIIIIIIIIII

T T T T T T T T T T T T T T T
= BaBar, PRL109,101802(2012)

= Belle, PRD92,072014(2015)
LHCb, PRL115,111803(2015)

= Belle, arXiv:1603.06711

= HFAG Average, P(¥?) = 67%

= SM prediction

AY*=1.0

i\) TTTT[T

s Clearly motivates search for B* — K*t"1" (BR~10"7 in SM)

s T reconstructed in leptonic modes:

T~ e ViV,

« Final state with missing energy... extremely challenging

Eli Ben-Haim

CKM Workshop, Nov. 30th 2016

RD), PRDS20 054510(2015) HF AG IR
R(D*), PRDSS 0940252012) :
1 1 1 1 1 1 1 1 N .

0 3 0.4 0.5 0.6
R(D)

T~ = W VY
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Bt — K't't

i Strategy

« Kinematic constraints from fully
reconstructing the second “Tag” B through
its hadronic decays (¢ ~ 0.3 %)

B.,.—S X

Vi

tag
D™, D™= D', JAy <=5Kandn

= mgg and AE requirements on B,

=« Signal B event selection (e.g.): Event W daughters
missing energy

e Significant missing energy

 Commmsonqicr)  ERERT Ll g
q° = (pe+e_ — Dtag — pK) ?_3 250; Peaking background—g

= 92% of the background has correct By, 5 ™ Comb. background E
(peaking), mostly B— DV(—K £-v){*v T L T | E
with the same final state 100 H E

=> Train 8-variable NN (Multi Layer S0E- y E
Perceptron) to optimally subtract %4 .ft.l.z, - 1

this background by applying a cut.
Eli Ben-Haim CKM Workshop, Nov. 30th 2016
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Bt — K't't

- e R e P rissoaans |

s Compare observed number of candidates after MLP cut with expected background

yields:
e Combinatorial: myq sideband data (5.20 < myq < 5.26 GeV/c?)
o Peaking: MC shape + B, yield, validated with B* —D’(—Kz'){"v control

sample
ete” uﬂf e -
Nie 49.442.442.9 45.842.4 £3.2 59.242.8 £3.5
e;ig(xlo_S) 1.1 £0.2x0.1 1.3£0.2£0.1  2.1x0.210.2
obs 45 39 92
Significance (o) -0.6 -0.9 3.7

No excess =2 set upper limit B(B* — K*7°77) = (1.31°966+035) 5103

-0.61-0.25

B(B* — K*1777) < 2.25%107(90% CL UL)

Sensitivity far from SM expectation, but probes phase space of some NP models

Eli Ben-Haim CKM Workshop, Nov. 30th 2016
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Summary and Conclusions

R ——— ST NI T FT FIIEREEES o

s BaBar continues to produce exciting physics results, adding more
information and using more sophisticated analysis techniques to
probe new physics effects in radiative and b — sll decays

s« Few hints of tensions with the SM predictions in B>K*£7£- modes.

Other measurements shown agree with the SM predictions. All
measurements provide constraints in the parameter space of NP.

« Larger samples are needed to tell whether or not there could be
indications for NP. The analyses shown here have interesting
perspectives with more data and more modes (Belle II and LHCDb)

D

Due for first physics at 2017-2018 Already results from Run-I|
Upgrade planned for 2019

Eli Ben-Haim CKM Workshop, Nov. 30th 2016 27
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Extras

CKM Workshop, Nov. 30th 2016
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Effective Hamiltonian

4G 123268 Gluon pengui
i=3-6, uon penguin
H = F V V E [ C O + C O ] i=7 Photon penguin
eff .\/E tb (M) (M) (M) (M) 1=9,10 Electroweak penguin
1 left -handed part nght _handed part i=S Higgs (scalar) penguin
suppressed in SM i=P Pseudoscalar penguin

Eli Ben-Haim CKM Workshop, Nov. 30th 2016 29



M fit model

B—Kn'my

® Model:

»  Five resonances modeled by BW (mean and width fixed to PDG values):

Mass m; | Width I'}
(Mev/d) | (Mev/ec?)

K,(1270) | 1272+7 | 90+20

K,(1400) 1403 + 7 174 £ 13

l+

K*(1680) 1717 £ 27 | 322 £ 110
27 | K5(1430) | 1425.6 £ 1.5 | 98.5 £ 2.7

® Fitto Knr invariant mass sPlot (binned) distribution

» 8 fitted parameters:

» =>4 magnitudes, 2 relative phases
»  =» 2 widths (K1(1270) and K*(1680))

BW(m) =

)2 —m? —

}:qnwﬂm)

(

( o,
- [K7(1410) | 1414£15 | 232+21 |A(m; ¢)

(

. —(rv. p'Pi
c; =( e

J M=MKxx

2

m=mgxx

» Due to the integration over the angular variables, only resonances with same

JP interfere
»  Randomized initial parameter values

®* Fitfractions computed from magnitudes and phases

Eli Ben-Haim CKM Workshop, Nov. 30th 2016
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B—Kn'my

T T DS T e e o r—

Need to correct the 2-dimensional mk--mx: signal sPlot (A)
Built mk--mx: efficiency maps for each Kres— Knn

Checked that efficiency maps were not correlated to mkpipi
Combine them using weights extracted from data (B)

Used projection on mk: for the fit (C)

I signal mkx
< * sPlot
g 1200 +
@ 1000

800

- %4

400 ### ++ .

200 ¢ bt

frg) 5% 4
: o , * it b s,
W!(se' " k;).o i 1 017 ‘oAla olgA : H‘t%l 112 113 11‘"\ ‘zé;Vlc"ie

(C)

CKM Workshop, Nov. 30th 2016 31



Lineshapes in M_fit

B—Kn'my

Based on generator level
MC, with input from M__fit
Takes into account large

distortions due to phase
space

* .
K (892) l'ne-Shape Kstar_ POF_EwiGen_px
- . Entries 3672308
Q - Mean 0.9079
“Eoozs - RMS  0.07151
O 002
4 C
0.015—
0.01— :
0.005/— 3
0‘.J~z .l..& 4 TR U P
07 08 09 1 11 12 13 14 15 16
MK

Eli Ben-Haim

S-wave line-shape (using LASS)

3
3 0,005 oMo,
E 2L P K1(1270) — (Kn)on
A
3 # \
] .
0.004}— s N
— 3 \
o 4 ‘\.
; \
0.003— 3
u \
‘\
- .\
0.002}— ; \
= .:' l\_
ooof; \
. .
P P P I I L, ‘\\Tm
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M, fit model (1)

Total PDF:
* Coherent sum of K(892), 09770) and Kr S-wave component:

max

/ min (Z Cj \/HR (7nK7ra7n/7r7r) “ery (m)) AdMrr

= |CK‘| HK* - |Cp0|27'[p0 -+ |C(K7r)o|2H(K7r)0 + 7

|A(mgx;c;)]? = , ¢ = ;e

* Invariant-mass-dependent magnitude defined as the projection of
two-dimensional histograms:

moeE

%11’.) (mlﬁr) = / IIRJ (mKr:ammr) dmmr'

* The invariar;t-mass-dependent phase is taken from the analytical
expression of the corresponding line shape:

( R;(mk~) is taken as

m=mg, => RBW for K*’(892) and
Br, (m) = arccos (?R[Rj(m)]) Ny as LASS for S-wave ,
R, (m)
m=Myr = R;(mg,) is taken as a GS
line shape for p°(770),
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M, fit model (1I)

e I e e o r—

Interference:
* Interference terms: e
I(mgx;cpo,C(Km),) = 20,0 [cos(@po — @RBW)/ v HpoHgk- cos(®gs) dmp
—sin(¢p0 — Prew) -~ /HpoHgk- sin(®gs) dm,m]

.',‘z::;l.l'
+20 00K ), [(-()s((,'),,u D(Kn)o q)l‘,\ss)/ \/Hl,ull(;\'ﬂ)” cos(Pas) dMmyx
. 1,]”']”
my
—sin(Pp0 — G(xm), — ‘I’I,Ass)/ \/II,;“H(KW)U sin(®gs) dmyx
,,L"’ll"
mTw

Term describing interference between the
K*(892) and 0 °(770) amplitudes

Term describing interference between the
0 9(770) and (Knt) S-wave amplitudes

Interference vanishes between the S-wave and the K*(892)
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Time dependent CP parameters (I)

» Measured the time-dependent CP asymmetry parameters in the
decay B? — Ksn'nt* ¥ with the full BaBar dataset
(With mkzx < 1.8 GeVic?, 0.6 < Mz < 0.9 GeV/c2, mksx < 0.845 GeV/c? and mkx > 0.945 GeV/c?)

Skt ny = 0.14 +0.25 £ 0.03
Cxonay = —0.39 £0.20%507

SKinin-y =  0.09%0.27(stat.) (o7 (syst.)
CRomin—ny = —0.05%0.18(stat.) £ 0.06(syst.)

Comparable error on the effective CP asymmetry
parameters compared to Belle’ s results
(with ~1.4 times less events in the present analysis)
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Tlme dependent CP parameters (II)

» The mixing induced CP violation parameter for B = Ksp °y decays:

SK07r+7r— +0.06
Skt = —ETTY . 0.18+0.327) 8¢

K py

» Compared with other CPV measurements in radiative decays:
SBe“e =0.114+0.33"9 09 PhysRevLett.101.251601

Sﬁ?ﬁ7 = —0.78 £0.59 £ 0.09  PphysrevD.78.071102

Sg%llfo = —0.10£0.31 £0.07  PhysRevD.74.111104
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