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D'E MOTIVATIONS

- e e — p—

@ In Standard Model (SM):

- FCNC are forbidden at tree level v, Z
§

- leading decay amplitude occurs at
higher order: loop / box diagram b e

@ Small branching fractions O(10-°):

- large data samples of the B-factories
~430(BABAR) | ~710(Belle) fb-! at Y(4S)
allow to study such processes

Q|

@ New Physics (NP) contributions:

- other virtual particle in the loop

@ NP probes: -
- Altered branching fractions, e

[

- CP asymmetry (Acp), SRS ¥ S TR
- Lepton number violation (LNV),

- Isospin asymmetry (A)),

- Forward-Backward asymmetry (Arg)... b
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OUTLINE

Measurement of direct CP asymmetries in
B — Xy decays using sum of exclusive decays

- -

Paper to be submitted to Phys. Rev. D
arXiv:1406.0534
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B —’Xsy

ANALYSIS GOAL

arXiv:1406.0534

. i §
@ Measure the direct Acpe to probe NP: /,_\\M
- Expected small in the SM due to left-handed b ! \ y
nature of interaction: g uet =
—0.6% < A2 < +2.8% _
Benzke et al, PRL 106, 141801 (2011)] A ['(b— sy)—T(b— 357)
CP = =

- NP may enhance Acp up to 15%
[Nucl. Phys. B 704 56, PRL 73 2809, PRD 60 014003 |

@ New observable: isospin difference of Acrp
AAcp = Acp(B*) — Acp(B°/B°)

- Used to access directly Wilson coefficients

AAcp o Im( gji )

['(b— sy)+T'(b— 37)

10
H o ngl
i=1

Effective hamiltonian:

factorizes short distance perturbative

- In SM, Wilson coefficients are real: AAcp=0 from long distance non-perturbative

- Since (7 is constrained by BF measurements,
gives first experimental information on Cs

effects
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B—- X Y arXi1v:1406.0534
S
EVENT RECONSTRUCTION

BT decays
, Kgnwt o~
@ Measurement performed using a sum of K+ 70 ~
38 reconstructed modes: K+t 7= ~
- 16 self-tagging modes for Acp measurement —— g0 4+ 0
S Y
@ K, musing charged PID, t/n—yy K™ 7% mw’ ~
: G Kent - w™
® Selectlon*crlterla: K+ 7t o 70
- 1.6 <Ey <3.0 GeV KQ nt 70 70~
- 0.6 <mxs <2.0 GeV K+ n ~
- |AE|>0.15 GeV !
[AE]| ¢ Kt K- Kt~
@ Use of two multi-variate classifiers: BY/BY decays
- reduce continuum background K" m ~
- select the best candidate K+ n n’~
KT nmn~ w
K+ - 7.‘.() 7.‘.()
KT nn~~
K"K K
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B —’XsY

Acp EXTRACTION PROCEDURE

arXiv:1406.

0534

@ Fitting simultaneously charged and neutral samples on

the mes variable

® Apeak: - from raw fitted yields

AC’P — Apeak — Adet + AD

® Adet: - due to difference in K* and K- efficiencies
(ox™ > ok™ Iin the detector material)

- extracted from mes side band: Aget = (—1.4 = 0.7)%

® Ap: . possible asy
and wrongly

mmetry in peaking background
reconstructed B— Xsy

- Accounted for as systematic uncertainty: 6Acr= 0.9%

—0 _ 0 +
400 ————— ,B, and B —_ * — 400 ——— ,B, and B T

RS '|— Total PDF i i RS ' : ; ; 4
= 350} ol S R N | | S 350f S AR, F T :
% 3()()i o Peak'mg ,,,,,,,,,,,, - ~ I v : + ,,,,,,,,,,,,,,,, H % 30(); ,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,, 3 S T : + + ,,,,,,,,,,,,,,,,, H
= 2O0p e Contimum - gjdle and, | {= ; side band., | |
0 250f t Pata |t N 1 woa2sof SR T S A W ]
A 1 H{H ﬁ ﬁ 1 //3\\+ ; N o + § 3 ' A 5
S 200¢ " LT RV PO +: """" i " SHPAE RN WA S 200} iR ot T F O T s L w R ¥ T 4

: T : 3 / \ | [ ! i : v / \ 1
Eg_. 150§+++ """" ++H++H R ++ 4l 'HW ....... + ..+//‘\ T Q 150p A T R +++H+ : +++ ,,,,,,,,,,,,, P A :
2] 100; rrrrrrrrrrrrrrrrrrrrrr T I S +: ,,,,,,,,,,,,, , "\ ,,,,,,,,, TR 0 0] O OSSOSO FFNNOS N +|/' ,,,,,,,,,,,,,,,,,,,,,,,, _.\.\\+}++é
S so/BABAR b "\ & soBaBAR A . %
m  iPrelimipary 0 a0 000 00~ @ fPreliminary = 000 x . SN

5.24 5.25 5.26 5.27 5.28 5.29 5.24 5.25 5.26 5.27 5.28 5.29

mys (GeV/c® )

mys (GeV/c®)
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B — XSY arXi1v:1406.0534

RESULTS

@ CP asymmetry for all B mesons:

Acp = —|—(17 -

B Sample Acp

1.9+ 1.0)%

All B +(1.73 £1.93 £ 1.02)%
Charged B +(4.23 +2.93 +0.95)%
Neutral B —(0.74 £2.57 £ 1.10)%

@ Isospin difference of Acer:
AAcp = —|—(5.0 1+ 3.9 -

- 1.5)%

@ Constraints on Wilson coefficients:

C
0.07 < Im =% < 4.48, 68% CL,

Cry

—1.64 < Im 229 Cag < 6.52, 90% CL.

Cr,

Systematics from background
dilution and detector asymmetry

—  min x° BABAR
7} 68% C.l. preliminery

90% C.1.

L}

s-
\

r

.

 |n agreement with the SM prediction
* First measurement of AAcep — constraint
on poorly known Wilson coefficient Cs
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OUTLINE

Measurement of the branching fraction and
search for direct CP violation from a sum of
exclusive final states
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Phys.Rev.Lett. 112 211802

B - Xsf P
ANALYSIS STRATEGY (1/2)

@ Lepton pair (ete” or u*u7) in final state offers more observables
than B—Xsy

® Sum of exclusive states:

- only method used currently to study b—s#?¢
- MC to estimate the missing modes

@ Branching fraction and Acp extraction: J/y and y(2S)
- observables vary with g2 (= m?¢¢) and mxs vetoes
- measure partial BF in bins of g% and mxs /\
@ J/IY and Y(2S) with same final states:
- vetoed and taken as control sample
g° bin mf, (GeV?/c*) my ( GeV/c?) 0
0 1.0 - 6.0 1.00 — 2.45 2 S
> Q
1 0.1-2.0 0.32 - 1.41 )
2 20-43 141 - 2.07
3 43 -8.1 2.07 - 2.60
4 10.1 - 129 3.18 - 3.59
5 14.2 - (MB M;‘)z 3.77 — (MB M;‘) 0 3 4 5 2'
m, (GeVic)
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B — Xt

Phys.Rev.Lett. 112 211802

ANALYSIS STRATEGY (2/2)

@ Study of 20 exclusive final states:

- mxs < 1.8 GeV/c?

- represents ~70% of inclusive rate

- only self-tagging modes™ for Acp
® Signal yields extraction:

- 2D MLF to mes and a likelihood ratio (LHR)

- mes> 5.225 GeV
- —0.1(-0.05) < AE<0.05 for Xsete (Xsp™n))

Likelihood ratio
on J/y sample

01

Illllll]lll]lll]

—— OnPeak Data

— BB + udsc MC

0.9l =
LHR

BY-> K p*p-
*B-I- > K+ “-!-IJ-
BY > K, e*e
*B* -> K* e*e-

BO -> K, pi0 py-
*B* -> K* 10 u*p-
*B* -> Ks T Uy
*B0 > K* 11 Y-

BY > K, 0 e*e-
*xB* -> K* 11l e*e-
*B* -> K, T* e*e-
*B0 > K* 11 e*e

*B+ -S> KS m TI'O u+p-
*B0 > K* - 110yt

BY -> K, 1 ptpr
*B-I— - K+ -I-I-- Tl-- |J+|J_
*B* -> K, " 110 ete
*B0 > K* 17 110 e*e-

BY > K, " T e'e
*xB* -> K* 11" " e*e-

Om

1x

27
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B — Xsf TP
RESULTS (1/3)

Phys.Rev.Lett. 112 211802

@ Partial branching fractions:
- extracted from likelihood profile

,
@ Fit projection examples: Total PDF
— Signal
~ -<F S 25F Signal Crossfeed
§25 g . LHR (mgs>5.27) BABA
S, S f - | —— BB Bkgd.
@ F e udsc Bkgd.
X ete” g 15t E ' Charmonium Bkgd.
q§ bin o i Hadronic Misid Bkgd.
5t 3 bkg. for e'e” modes
i i + 1 for p"n” modes
5.23 5.24 5.25 0.9 LR
—_ - . £ 3 . : . . .
N o L - I g qer g
§ "o BABAR| g .t LHR (mes>s27) [BABAR| 32 b Likelihood . BABAR
A S oF | = [\ | profile :
= 12 -~ - o 2: ...... N S R S S AT DN
X +,,~ % 10F £ sk : :
st N s f
2 bin % o
Q1 6_
. 4
2 2 .
. i, b e L1107
0 0 0.9 02 04 06 08 1 12 14 16 1.8
LR Reconstructed Partial Branching Fraction
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B — Xt

Phys.Rev.Lett. 112 211802

RESULTS (2/3)

@® Branching fractions (most precise SM calculations done for two g2 regions, our g% and g2s).

SM prediction (x1079)

this measurement (x107°)

[Nucl.Phys.B 802, 40 (2008)]

B(B— X,utp~)=(1.5940.11)
B(B — Xsete )= (1.64£0.11)

1.0 < ¢% < 6.0 GeV?

Xeptp~  0.66702210-30 4 0.07

X,ete™ 1.93F047H54 40.18

X 0t0— 1.6070355 015 £0.18

Nucl. Phys.B 802, 40 (2008)]

B(B — Xsut 17 Jnigh = (0.2575706)

g2 > 14.2 GeV?>

X,utp~  0.6075355 602 £ 0.00

X,etem 0.5670137552 +0.00

X 0= 05775187005 +0.00

@ CP asymmetry (value for the entire region q2>0.1).

Acp = B=1B _ .04 -

'g+I'p
SM __ +0.0017
ACP _ 0'0019—0.0019

- 0.11 = 0.01

[PRD 54, 882 (1996), Eur. Phys. J C 8, 619 (1999)]

g All the results are

consistent with SM

kexpectations (within 26))
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B — Xsf TP
RESULTS (3/3)

Phys.Rev.Lett. 112 211802

7

- Global fits to recent b—sf¥f and b—sy

- This leads to a reduced value of

@ LHCb anomaly in B K*up:

-

BABAR result :
data favor decreased value of C9. \E\)

~L0 1 ......... —r r 11 111 O.S !
O o8

SM Predictions

—+— Data

0.6
0.4

q
o
S

.
. 3 . 4 ™rerer ™ Tl ™

0.2
0
-0.2
-0.4

'0-6 —+—

-0.8

pl—_ e, e e e B
10 15

0 D y 20
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II|II
)—U
=
J -
—_
—_
—_
—t
@)
—t
0
(@)
p—t
VN
DO
(@)
—
(V)

I
)
I
I
I
I
I
I

)T

| | | L |
u)mgh,

BR(B—X, pu*y
-
o

Indication of NP?

o
="

inclusive BF(B—Xsf*f™)

r

&

BABAR measurement of BF at high-g?

~ 00

does not support this hypothesis

BR(B_’xsu+u')low-q2

T. Hurth and F. Mahmoudi, arXiv:1312.5267
-/ based on model independent fit from

S. Descotes-Genon et al., Phys. Rev. D88 (2013) 074002
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OUTLINE

Time-dependent analysis of B’ — Ksrn*y and
studies of the K'a ™ system in B" — K'n ™y
decays
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B - Kn-n+y
THE PHOTON POLARIZATION

* . Helicity: spin § - P
@ Radiative decays b — sy (FCNC): ijecﬁon e A= |]31|D
In SM interaction between left-handed momentum of'a particle
quarks or right-handed antiquarks oS @ vvnSH
Y s(A=-1/2) y(A=-1)
uct L
: mwww § : m ]
qu qgs
W W
Y
In the SM : predominance of left- Contribution of NP particles : enhancement of
handed photons the right-handed photons contribution

® Several experimental methods to probe the photon polarization:
e Measurement of CP asymmetry parameters

0 0

in radiative decay modes: B"— Kspy

Acp(Al) = F(EO(At) — fopy) — T(BY(At) — fop) Ogl\s/[ervable
D(B'(At) = fep) +T(BY(A1) = fer) Sfop X 2o~ (.02

Step sin (AmgAt) — Cyp cos (AmgAt)
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B - Knn'y

ANALYSIS STRATEGY (1/2)

Goal : Extract the parameter Sksp, in B’ — Ks p’y decays

@ Time dependent analysis of B’ - Ksn ="y decays:

e Difficulties:
- raredecay > BR(B'—>Ksnnty)=(9.8 £1.1) x 10-°

- irreducible contribution from non CP eigenstates diluting the value of Skspy

B? — Ks p(—nn") v : B’ — K*(—Ksn) ¥y
0 + R,L o YR,L

- measure an effective value of S: Skszry
- the value of Sksp, is diluted by a factor Dikspy such as:

SKO Tty

‘DKSP’Y‘ S.o
K py

® Dkspy is extracted from an amplitude analysis of B" — K" nn*y decays
using the hypothesis of isospin conservation

Simon Akar — BABAR BEACH 2014, Penguin and rare decays in Babar

17




B - Knn'y

ANALYSIS STRATEGY (2/2)

Three stages of the B+—> K+n nt K analysus

1400~

T UL DL B

- - + . .

(1) 3D ML fitto o oo 120 Fisher-
> gooiitagdy % 50 2 E

extract mkan " 8 g :
% - 800 ]

. S 600 ol <) :

and mk- signal S 3 o0 E
t 3 4 i1 E 2 BABAR

(5] SCF Signal b - . ]

Spectra > — Tt Preliminary % ; Preliminary |
= = 100 200 7

— — T & —teiaig. |

9.2 521 522 523 524 525 526 527 528 5.2¢ %2 0.5 0.0 005 0 005 01 0I5 0. 0 0 0.2 04 0.6 0.8 1

~— _— Mg (GeVic?) AE (GeV/c) Fisher Discriminant

(2) Fit to mka- spectrum to determine (3) Fit to mk. spectrum to determine
Kres amplitudes and BFs amplitudes of K'(892), p°(770),...
-> dilution factor calculation

120 — — ~ v~ "t T T T T I B B B L A B B B AL B ]
1200} ]
< 100t MKz BABAR| % 1000t IMKn 1 BABAR |
S Prellmlnary > ; Preliminary |
0] 80'_ ] (5) 800F 7]
O 1 :
on L % 600'
=N 2 400t
S 40F S 200f
s 20p 5 o
[_E Kres BFS LE g
0 i
3 af usedas =
FHe input 57 B EG TRl T e -
Glal . . . . “2 TT07 08 09 1 101 12 13 14 15 16
my.. (GeV/c?) my, (GeV/c?)
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B = Kty
THE DILUTION FACTOR

® Dkspy is determined from the charged decay mode B* — K*nn*y:

* Dkspyis extracted from a fit to the mk. spectrum
x FF g
I 146 + R(A3 Acer) +R(A3 A )

X FF(KW)

(K )+A(K7r) )]

ﬁ%
D -0
K 97 * * (KW)+| +|A(K7T) |
J AP + R(AzAg-+) + R(A5Age-) +
v

X FF(KW)

(ngp = 0.5497 882)

x FF, x FFRet o FF g
. 1200-mKn { "BABAR
§ 1000F s@fot Preliminary 1
g w0
@)
2 [
S :
S 3 : PDF Total
5 SR LR e e T . K*(892)
m : 2 e : p2(770)
Tg 4_;;;';;;;';;;;;;;;';;;'};;;;;;;;;;;;;;;;;;;;_ .
£ _2 lq.lié_ﬁﬁ?_};?ﬂ;?g@“ AR ”@iﬁﬁiéf“fx** 23 e I : (Km) S-wave
s 07 08 09 1 11 12 13 14 13 16

m,_ (GeV/c?)

: K*(892) — p%(770)

interference

: p%(770) — (K)o

interference
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T — e —

B* = K'n 'y
BRANCHING FRACTIONS

BABAR preliminary

Kres — K+T[_T[+

Resonances in the
K 't system

B(B* — Mode) x

PDGQG values

Mode B(Koee - K*7t1-) X 10-8 B(B* — Mode) x 10~° (x10-5)
glflﬁi‘;ww—y . 27.21 4+ 1.01+1:14 27.6 + 2.2
K1(1270) "y 14.47H150 4123 440415991338 £ 4.58 43 +13
K1(1400)*~ 4.0THL R 9.657 3539 + 0.61 < 15 CL= 90%
K*(1410)*y Q.71 32 23.831323+593 £ 2.38 0
K3(1430)*y 145152 +98 1041765753 +0.54 14 + 4
K*(1680)*y 17.0311-213% 71.67 781470 + 583 | < 1900 CL= 90%

B(B*" — Mode) x

B(B* — Mode) x 107

PDG values

Mode B(R — hh) x 107 (x1079)
g‘f“‘_s)i‘;+w+w_7 27.21 + 1.01+1-14 27.6 + 2.2
K*0(892) 7 17.81 10571 15 25.96 1321108 20*7
K*p(770)% 9.127015+1-39 9.217076+131 + 0.02 W < 20 CL= 90%
(Km)lmty 11.32F] 5320 0

10_81+l.42+l.91

(K"T)87"+’7 (NR) ~1.47-2.48

K3(1430)7+ 0.51 4 0.07°37

0.82 +0.117015 £ 0.08

< 9.2 CL=90%

0

Simon Akar — BABAR

BEACH 2014, Penguin and rare decays in Babar

20




B* = K'n 'y
BRANCHING FRACTIONS

BABAR preliminary

Kres — K+T[_T[+

B(B* — Mode) x

slods B(Koee — K*mtn~) x 1078

B(B* — Mode) x 10~°

PDG values
(x107%)

Inclusive +1.14
Bt — K+ntnry 2721 +£1.01775

27.6 + 2.2

K1 (1270) 14.47F 1304108 4404153997373 £4.58
K1(1400)*~ 4.07t1 93112 9.657 338 38 £ 0.61
K*(1410)*y 9.71 5 568 23.83%550 143 + 2.38

p N
Several of these measurements

are the world best

(or done for the first time) i

Resonances in the
K 't system

TIlCIoive

S 27.21 £ 1.017 11

43+ 13
< 15 CL= 90%
0
14+ 4

< 1900 CL= 90%

PDG values
(x107%)

27.6 = 2.2

K*0(892)mty 17.31109a+1.19 25.96+1-42+1.19
K*p(770)% 9.12+0 75+ 159 9.2179 7613 +0.02
(K7)gomty 11.32t};‘§§f§;%

2077

< 20 CL=90%

0

+1.4241.91
10.817 47 548

(Km)gmty (NR)

K (1430)%7 7y 0.51 +0.0770% | 0.82+0.11721% 4+ 0.08

< 9.2 CL= 90%

Simon Akar — BABAR
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B - Ksnnty
RESULTS (SKspy)

"~ ® Measurement of the “effective” CP asymmetry parameters:

e Extracted directly from a 4D ML fit to four discriminating variables on
the neutral decay mode B° = Ksrn*y:

Data L0 e R B R IS IS RN IS & 100 T A R SRR Rl AR R RN RARRE R
—— i . 100 ]
IMSgna | : Fisher =u..
: ) =4 5 - - [77 SCF Signal -
) SCF Signal 2 sof 80 1 Contruum
[ Continuum 8 O ~ Xy
X 6ol N [ ! b . i
— ia‘{t Y g g 60 % 60 )BiGeLeric 7
S s = s e
B B Generic S 40 1S a0l AR 5 0 i YGoeneric B
X BABAR : P - By ]
e 14 L1 q...q
Eo i;()e;\ - Preliminary 'R “ 2 Preliminary 20 7
- K§ x Y == e e e 1 et T W e e e e e e (| e ,'; B i P v vy
9.2 521 522 523 524 525 526 527 528 5.2¢ —%.2 -0.15 -0.1 005 0 005 0.1 0.5 0.z 0 01 02 03 04 05 06 07 08 09 1
mg (GeV/c?) AE (GeV/c) Fisher Discriminant
L L I L L
- —+-D ]
S 0.137 + 0 249( tat )-{—0.042( t ) 60 Tl?/ltaSignal At E
0 — — . . Stat. SySt. C SCF Signal
Kgntm=ry —0.033\5Y + | Do = 0.549+0-096 2 500 £ Contruum E
- +0.045 spY —0.094 0 - =>égzr+
CKgﬂ-—I-ﬂ-—,-Y — 0.390 :|: O.204(Stat)_0050(syst) g 40;-B§G6Leric -]
= u Xoy
5
a

S Omr+m—
Ly | Sk, = %KO Y = 0.249 & 0.45510.076

e |n agreement with the SM prediction
e With the current sensitivity, does not allow constrain out NP models
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SUMMARY & CONCLUSIONS

E—

» BABAR continues to produce exciting physics
results, adding more information and using more
sophisticated analysis techniques to improve the

precision of measurements in radiative-penguin
B decays

» All measurements presented here agree with thew M -
standard model predictions R

. - » 5
y ',\y‘,

» Larger samples are needed to tell whether or not -
there could be indications for NP. The analyses

shown here have interesting prospectives with
more data (Belle Il and LHCDb)

S A
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arX1v:1406.0534

B —’Xsy

The CP isospin asymmetry depends on interference between
electromagnetic dipole (C7,) and chromo-magnetic dipole
(Csg) transitions via an interference amplitude

w

—min x!
68% C.I. Preliminary
mam 90% C.l.

-

5 6 7

im(C,/C,)

_ ¢ Discontinuity

due to different
A7g values for

Im(Cgg/C7y)<0
or >0

e Flat plateau:
AAEXp=AATh

BABAR

Preliminary

Simon Akar — BABAR
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Phys.Rev.Lett. 112 211802

B — Xsf TP
MISSING MODES

@ Extrapolation to fully inclusive rate:

- A scaling factor derived from the ratio of unseen to seen

events in simulated B — Xs£*#~ signal events is used to scale
the measured BF into the total BF

| stack Xee | | stack Xmm |

| K, K=,

100
-| other

goll UNSeen

40

30

2 A 6 8 10 12 4 1% 18

2 - 6 8 10 12 14 16 18 20 22 2 - 6 8 10 12 14 16 18 20 22
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Phys.Rev.Lett. 112 211802

B - Xsf P
SYSTEMATICS

Te—————— e ————————————— B

7

® Systematics are grouped into three categories:

- Possible biases arising from uncertainties in the fit model pdf
parameterizations and normalizations, affecting the fitted raw
signal yields;

- Systematics affecting the calculation of un-extrapolated
branching fractions, e.g. BB counting, reconstruction
efficiencies, etc.;

- Systematics associated with the unseen scaling factor
derived from the underlying event generator model are
characterized using:

e 20 a priori generator-level variations in b-quark mass and Fermi
motion parameter, and hadronization of the Xs system by JETSET,;

and
e a posteriori variations of £50% in the n°, t* and kaon multiplicities
from the nominal generator model.

Simon Akar — BABAR BEACH 2014, Penguin and rare decays in Babar
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THE DILUTION FACTOR
ANALYTICAL EXPRESSION

PRem| =TS0 T
Kgpy

e CP asymmetry when considering all the resonances p°, K** or (K7)* S-wave
in the total amplitude:

0+, _—

Agﬁw ") = Cromtn—r COS(AME) +|Sk0 r+ 7 ~|SI(AMI)

e CP asymmetry when considering only the p° resonance in the total
amplitude:

AL (1) = Creo pry coS(AME) S [sin(AMY)

\

Simon Akar — BABAR BEACH 2014, Penguin and rare decays in Babar

28



THE DILUTION FACTOR
ANALYTICAL EXPRESSION

* In terms of amplitudes:

Bo(t) — Hyos Pscal?y H,.es = p°, K** or (Km)* S-wave ;

Pycal = K% or 7

Hres 0

AR (B — HrespscaI’YL
Hres O

AL (B — HreSPscaI'yR

_Hres —0 . Hreg '5Hres
. (B — HiesPscave E3A . cosyePL’ el

. hHres  ;sHres
= AR singe®r T ¥

A
Zgres EO — HI‘GSPSC&].WR

N— N N

(617 527 §37 £4>
(517 52) 637 54)

tan ¢

Hies
LR
5Hres

&i

-4 4

Cy./Cx,
CP-odd weak phases
CP-even strong phases

CP(HresPscal) = =£1

(+,—,+,—) for p and K+
(4, +,+, +) for (Km)* S-wave

) = C cos(AMt) + S sin(AMz)

T 5o

FEO

(t)
(?)

= M) +|Mg(®)]
— }/\_/11;(15)‘24—‘/\_/lR(t)‘2

™M

At (0 + A0 0) T

<
=
N
|
AN
A~
3

(Atft+ A5 0) + Ma()

(th‘"es £, (t) + Alfees

(A5 at0) + afi

p

p

gf_(t))

T (t))

1 : .
fj:(t) — 5 (e—ZMLte—%FLt + e—ZMHte—%FHt>

q_ —i2p
p

\
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THE DILUTION FACTOR
ANALYTICAL EXPRESSION

D =
Kg i SKO

\

/ [|Ap|2 +R(Ap Aot ) + R(AF A ) + R(Afees Ao ) + R(A gy Asem) - )}

f [lAp‘Q —|_§R(AZAK*+) —I—%(A;AK*_) -+ ‘AK*+| ;'AK*_’ + |A(K7r)+‘ ;|A(Kw)—‘ ]

k

Integration performed over phase-space region

The amplitudes entering in the dilution factor expression are

extracted from a fit to the mk, spectrum

\
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FIT TO THE Kar SPECTRUM:

FIT MODEL

e Fitto Knr invariant mass sPlot (binned) distribution

» 8 fitted parameters:

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

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

»  Randomized initial parameter values
e Fit fractions computed from magnitudes and phases

e Model:
» Five resonances modeled by BW (mean and width fixed to PDG values):
s Mass m? | Width I'Y 1
P I(m) =
Tl e | oweyyed) | ey P G,
1+ | Ki(1270) | 127247 | 90£20
K,(1400) | 14037 | 17413 , .
| K°(1410) | 1414+15 | 232421  |Amie)l = D |2 BW](m)
K*(1680) | 1717+27 | 322 £110 j —
2F | K3(1430) | 1425.6 + 1.5 | 98.5 + 2.7 & =G &)
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Mkn SPECTRUM FIT
MODEL (1)

/Line-shapes: A
* Line-shapes significantly distorted due to phase-space effects

e Extracted from MC distributions at generator level using EvtGen:

» Take phase-space corrections into account
» To be used to fit efficiency-corrected TM signal sPlot

e Used fit based BR of the different B Kyes Y

0.0025

.
cﬁ‘ -

\

0.015 v

e

K*(892) line-shape p%(770) line-shape

Kstar_ﬁ_&t(‘mn_& RW_E_E%G«::\_&
e - Entries 3672308 e = Entries 2151197
Q N Mean 0.9079 o 0004 JM‘\’ Mean 1.002
N 0.025F RMS  0.07151 N - m RMS 0.2331
® L " 00035 \
§ - g 0,003 ] N\
O 0.02— o -
Z § Z =

0.002

0.01F 0.0015}-

o]
-
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;.
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0.0005
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\_ /
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Mkn SPECTRUM FIT
MODEL (2)

/Line-shapes:

* Line-shapes significantly distorted due to phase-space effects

e Extracted from MC distributions at generator level using EvtGen:

» Take phase-space corrections into account
» To be used to fit efficiency-corrected TM signal sPlot

S-wave line-shape (using LASS)

© L
% B w'm"""h“'w"'"ﬁ'm
g 0005 M ", K1(1270) = (Knt)om
s L " W)
pd B | JM" “uh"
0.004— s N,
- |l'l |"n|
-
| m:' |'||
— "'
0.003— \
Y
[ \
| 'n‘
— '\
0.002— ".,'.
— ."\'.
0.001}— N
_.' "\‘.
B "
"\“"W‘—M«M.M
O_ | | | | | Illlllllllllwrﬁ—mlll

I T Y T Y T Y T N N A
0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6

\ | | ' | | m, (GeV/c®)

o_
\l

Simon Akar — BABAR BEACH 2014, Penguin and rare decays in Babar

33



Mknw SPECTRUM FIT
MODEL (3)

" Total PDF:

Parameters in the fit:\
2 fixed as reference - 4 free

\_

e Coherent sum of K’(892), p%(770) and Kr S-wave component:
2

max

m'ﬂ"ﬂ_ . )
[ A(mkr; Cj) ‘2 — / . Z@/HRJ' (MK, Mayr) e' 7 (M) dMqr| C; =\ ewj
MmN -
J

TCTT

2 U pew + ‘cpo ’2 H o + ‘C(Kw)o ’2 H(Kw)o@ Interference term

described in next slide

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

maoe®

HRJ- (mK':r) — / | IIRJ (mKTH m’;m) dm7r7r'
The invariant-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
§R[Rj(m)]> as LASS for S-wave ,
& 4
R, (m)]

®g,(m) = arccos (

m =Mz, => R;(m.;)is taken as a GS
\ line shape for p°(770), | /
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Mknw SPECTRUM FIT
MODEL (4)

(l nterference: Illustration:
RBW+GS interf. (¢p()= m/2)

e |Interference terms:

I(mKﬂ';CpO)C(KTr)O) = QOzpo [COS O_CI)RBW/ \/HPOHK* COS((I)Gs)dmmr SOTERUVEEI UV UV

M/h&oaasai

'rL
ma
m_. -

- SlIl 0 — @RBW \/WSIH(@GS) dm'n"ﬂ’]

m

\/H OH(Kﬂ-)O COS((I)Gs) dmmr

mm“

+2000 (K ), [COS((b 0 — @Ky, — PLASS)

’Tl'

— Sln(gb 0 — ¢(Kw)0 — (I)LASS \/H OH(KT(-)O Sln(q)gs) dmmT] .

mm”

Term describing interference Term describing interference
between the K*(892) and between the p°(770) and (Kn)
p%(770) amplitudes S-wave amplitudes

The interference between the K*(892) and (Kn) S-wave amplitudes
\_ vanishes due to the integration over the m: dimension )
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RESULTS

4 . )
e BY— Ksntty TDCP analysis:
» Measured the time-dependent CP asymmetry parameters in
the decay B? = Ksnn*y with the full BaBar dataset
(with mkzr < 1.8 GeV/c?, 0.6 < M < 0.9 GeV/c?, mkr < 0.845 GeV/c? and mkr > 0.945 GeV/c?)
Skomtn—~ =  0.137£0.249(stat.) " o35 (syst.)
Cnger—fy = —0.390 £ O.204(Stat.)i_8:84518 (syst.)
Skinin—n = 0.09+0.27(stat.) g (syst.)
CRomin-—ry = —0.05%0.18(stat.) + 0.06(syst.)
4 )
Comparable error on the effective CP asymmetry
parameters compared to Belle’s results
(with ~1.4 times less events in the present analysis)
\_ J
N\ /
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RESULTS

(e B? - Ksnty TDCP analysis: A
» The mixing induced CP violation parameter for B® — Ksp® decays:
S _
Sk0 py = f;g;:“ T = 0.249 £ 0.455+0-976 | Paper in prep.
» Compared with other CPV measurements in radiative decays:
SBeHe = 0.11+£0.337905 PhysRevLett.101.251601
gS‘BABAR7 = —0.78 £ 0.59 £ 0.09  PphysRevD.78.071102
S}%%llfo,y = —0.10 = 0.31 = 0.07  physRevD.74.111104
\_ _/
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AN ASYMMETRIC ete- ACCELERATOR: PEP-II

. . . 1600800-003 \
|||||||"’||||||||"’||||||||||"’||| | | | | | | | |
[ T (CUSB) 6.0 E (CLEO) A
_20[ " 55| ﬂ ] » Babar at SLAC
Q ¥ . .
L * " o h#’»ﬁf‘i:) » Running with PEP-Il accelerator
7)) 1 . | —
= 1 ' [ 248 #w o
§15— ;! w‘i+ {*‘;) » Clean environment
- 4.5 r(6S) | . .
f L " ¢ 11049), 7 » Data taking stopped in 2008
- 10.5 10.9 ]
10— | —
o | 4 i ,’. K " Eem. (GeV)
+q, : ‘\ * ‘\ :
-~ B \ K Q‘ .A‘ ]
M o S U S A = I o7
S AT YO AN V.Y SRR P i, X AP0 DS o(bb) 1 og
oL |’|I\|(-||S?l,f L] ’|r|(|2S|) 4 A |T:(|3|S|)| | _,,f| L1 1] |E| |’¥\|(Z|IIS|)| R O-(ha’drons)
9.44 10.00 10.33 10.53 . 10.62
9.47 10.03 10.37 E_) -
Mass (GeV/c2) + BB threshold ) p%p I
ow Ener
Ring (LER)
[3.1 GeV]
North Damping 1
Ring
m GeV Positron Raturn Line Positron Source /
2-qun "-L‘;;j
;g__:-,» ,c - P s ‘ 3
200 MoV Linac ' PEP Il High Energy Bypass (HEB)
| 20#"] Damping l Ge:;:)rmllgcl:frp I . PEP Il —
[1I 1% GaV) P:FP Il Low Energy Bypass (LEB) HF;lgnth(:"ieEr )y
Sactor-4 PEP Il [9 GeV] '

N et injeclor
\ - 3 km - /
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Electromagnetic calorimeter (EMC):
6580 CsI(TI) crystals

Identification of charged particles $
Separation K/1r>2.50 up to 4 GeV/c

BaBar

0]
o
o

N
o
o

L L L B B B TR

PEP Il Delivered Luminosity: 553.48/f v
BaBar Recorded Luminosity: 531.43/fb
BaBar Recorded Y(4s): 432.89/fb
BaBar Recorded Y(3s): 30.23/fb
BaBar Recorded Y(2s): 14.45/fb
Off Peak Luminosity: 53.85/fb

Integrated Luminosity [fb™]

300

200

100
Identification of ,,.

charged particles
Separation K/1r>2.50

up to 4 GeV/(che v = - | : $ B
\ l‘ B~ Full dataset:
- -1
- 1 Reconstruction of deviated jgdt 433 fb @Y(4S)
Silicon Vertex : charged particles tracks: 470 < 106 BB
Tracker (SVT): momentum and angles
5 layers
R tructi fd t d
\ L ke cons v " (Off resonance, Y(n3)) )
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COMMON ANALYSIS TECHNIQUES

1 )
Kinematics of fully reconstructed B Background discrimination
"‘“’ | | = = Suppression by multi-variable classifiers
" w | | |Mgs = \/ Eyean = P based on event-shape variables:
6o | mES - -
::J | | AE = Eb - Ebeam ete— — T(48) — BB | cte — q7
= "WM“"L"“""""" :'*i;l’ ey M
R NN § ! AE Topology:
0 | MC o E,, pn~300MeV/c
doo | e ST 'f; Strongly discriminate continuum events
L %2 B.22 S 2& 26 N2m 00 20 a0 O 70 20 W y (e+e__'qa (q=u,d,S,C)
. 3 | =)
K/t separation  Zost o) | )
Very good d K Tagging parameters
particle ID 7‘
between 1.5 1 By ~ 0.56 (BABAR)
and 4 GeV/C I L . L~‘,Ll..4‘.1‘4‘j AZ = ﬁ‘yCAT
coe Jp((iti’/cl’ < Az > ~250um
\ J \\ J
! Variables are often combined in a likelihood function, used in a maximum likelihood \
fit for signal/background separation and to measure parameters of interest
O 7,
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FLAVOR TAGGING IN BABAR

\

—

N\
Flavor tagging: the “golden channel” B — J/iy K3 as an exemple

PEP — II e B,
nclusive B-meson
E.- =9GeV E.+ = 3.1GeV / flavor identification
Vs = 10.58GeV

(BY)v(a5y = 0.56 Brag(ttag) =

bt
B S >
tag : — Bhrec (ttag) =B

5 trec
Brec | : K
T (4S5) decay yields \

an entangled state ‘< >
of B mesons At =t
— lrec

o ttag

A Good vertexing required

At ~ —— (Az) g = 257um for time difference
570 determination

Simon Akar — BABAR BEACH 2014, Penguin and rare decays in Babar 41



