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. Search for direct CP violation in B — X,y using a sum of
exclusive final states

— To be submitted to PRD

« Time-dependent analysis of B¢ — K mr-1r*y and studies of the
K*r-11* system in B+ — K*1mr-11*y decays
— To be submitted to PRD

« Measurement of the B — X _t*{- Branching Fraction (BF) and

search for direct CP violation using a sum of exclusive final
states

- Submitted to PRL ( arXiv:1312.5364 )
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http://arxiv.org/abs/1312.5364

Radiative B decays

* Forbidden at tree-level in SM, flavor-changing neutral-current
(FCNC) processes proceed via loop and box diagrams such as:
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Wilson coefficients C; from long-distance effects

* New physics brings in new loops, and may change the SM
values of Wilson coefficients / introduce new terms, e.g. C, & C;
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BABAR experiment

* The experimental data were collected between 1999 and 2008
with the BABAR detector at the PEP-Il asymmetric energy e*e-
collider located at SLAC
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Common experimental techniques
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Kimematics of fully reconstructed B
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Good charged
particle ID (in

particular K/m) “f p.
up to few GeV/comslf
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kinematic and topological properties

Background characterization:

= Mainly continuum: e*e—qq (q =u.d,s,c).
Suppression by multi-variable classifiers based
on event-shape variables:
Fisher discriminant, Boosted decision trees (BDT)

e¥te— — 'T'{d-.‘f:l — BB ete— — 99

Topology: '?F’ W

P ~300MeV /¢

Angular [S~uoas)an) - Bl T8 9
5 e N T e+>~v\ -

distribution:|*7 5 jave B| 72125 swave’

— Background from B decays: classified by

Variables are often combined to a likelihood function, used in a maximum likelihood
fit for signal/background separation and to measure parameters of interest

DIS 2014

Liang Sun



B—>XSV

» Measurements of direct CP asymmetries (A _,) from a
sum of exclusive final states

W_

S
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Direct A InB — Xy

FEO/B——>XS~7 —I'po/ptoxaq

Acp =
I'o/p- x4 T1Bo/B+ X0y

AAX.y = AptX,y — AB0/§0—>X57

DIS 2014

- Depends on two Wilson coefficients:
In the SM, AA

Xsy

- G4, can thus be constrained by AA

Liang Sun

Xsy?

B—Xy

Direct A, for the sum of exclusive decays is measured by:

HFAG avg A__ = (-0.8 £ 2.9)%

A.p in the SM is expected to be small and within (-0.6, +2.8)% (1)

Difference in direct A.; in charged and neutral B mesons:

interferegge\ amplitude
17MeV < Azg < 190 MeV

T

AAx_ ~ = 4??2(}5%%;?3 (gﬁff) (1)
= 0 as the two Wilson coefficients are real
NP may modify the two Wilson coefficients

- G, is constrained from b — st*{- and #(b — sy)

for the first time

(1) Phys. Rev. Lett. 106, 141801 (2011)



B—Xy

Event selections

« 16 self-tagging final states used 0 . qed Modes:  Neutral Modes:

reconstruct B meson decays: K2 7t ~ K+ ~
. . + 0 Kt w0
- Other modes rejected for being §+ LZT_ N K+ ot W_Zr_ .
not flavor-specific or low in yield KO 7wt 70 ~ Ktn n%n%~
L 0.0 Ktnmn~
« Requiring in each event at least K™ m’y K+ s R .

one high energy photon
(1.6 <E’, < 3.0 GeVinthe Y(43)

rest frame) K™ n~

« Requiring 0.6 <my, <3.2 GeV,
m > 5.24 GeV, and
|AE| < 0.15 GeV

* Primary (non-peaking) background of continuum events is
suppressed by requiring the ratio of angular moments
L12/L10 < 0.46. Further background suppression with 2 BDTs

Requiring K_from K_— 11,
m°/n from /N — vy
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B—Xy

Fitting for asymmetry

« Raw asymmetry is extracted via fitting simultaneously for B and B
tagged samples

« A.p Is measured by correcting the raw asymmetry with detector
asymmetry, which is determined from the m_¢ < 5.27 GeV sideband

« In the entire m,, range, we have: A, = +(1.7 £ 1.9, £ 1.0,)%

- Consistent with SM B’ and B
SM 400 T ] a0
-0.6% < ACP <2.8% 350§—j ;Ziljf?g — 350F e bee b
. 3005— ——————— Continuum .- — 300
~ The most precise Wi

250 |

measurement to
date
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2(}(} -Il.l !:l; I

[ I=II'-' ':. . i
150 f-----F -H-- LR Rt

Events per 0.25 MeV
Events per 0.25 MeV

N R IR AP B, & ||L|.--|"'-
8.24 5.25 5.26 5.27 5.28 5.29 8.24 5.25 5.26 5.27 5.28 5.29
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AA

Xsy

and implication on Im(C_ /C_ )

* From the simultaneous fits to charged and neutral B samples

measure

DA =+(50%39 +15_ )%

First measurement

« Confidence limits are set on Im(C, /C,,):

DIS 2014

First constraint of
this kind for NP

——  min x? BA_‘;AR
68% C.I. pOMIs
m 90% C.I.
1 2 3 4 7
Im(C Bg/ C?v)

Liang Sun

¢
0.07 < Im C—Sg < 4.48, 68% CL,

~1.64 <Im % < 6.52, 90% CL.
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Im(C, /C, )
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{== 90% c.I.||




o= -
B - Ky
- Time dependent analysis of B” — K_mr"my and

studies of the K'rr" system in B" — K’y decays

W-_ 0 +
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B — Kamy

Introduction ot :

s(A=-1/2) y (A=-1)
* |Inthe SM, left-handed quarks and right-handed anti-quarks

— B° >
SM=b - sy or b = N /f
B_o

CP asymmetry parameters =0
* |n the presence of NP, opposite helicity photons may get involved

NP = b — syLr or b — §yrL = B, i
\ -
éo/

CP asymmetry parameters #0

* Time-dependent CP asymmetry:

—0
Ao — T8 = fom) = P(BA0) o) =
['(B (At) = fcepy) + F(BO(At) = fepy) SfCP X

= &y, sin (AmgAt) — Cs_,, cos (AmgAt)
Am BB’ oscillation frequency, fixed to the measurement (1)

Objective: measurement of Sin B' — K¢ p y decays

23 ~ (.02

b

DIS 2014 Liang Sun (1) Phys.Rev.Lett., 99:171803, 2007 12



B — Kamy

Dilution factor

* Irreducible backgrounds from non-CP eigenstates (K1) which lie
underneath the p°(770) resonance and dilute the value of S;{gm

B — Ks p(—nnt)y : B' - K(—Ksn*)n¥y:

« Not possible for K "1 events due to Drgpy Soo
s K
low statistics

« By assuming isospin symmetry, we determine the dilution factor from
the amplitude study in the B — K"y decay

- Full2D m_-m__amplitude study is still not possible given the sample
size

DIS 2014 Liang Sun 13



« Three stages of ML fits to find the dilution factor: [’DKU oy = 0.54910-000

1) 3D fits to

extract
K+1T-1T+
signals

o
O

Events/(0.013 GeV/c?)

Residual

Norm.

DIS 2014

Fitting to K'r11™ events
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B — Kamy
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3) Fit to determine amplitudes of
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BFs in the K'TT 11" system

BFs for K _ - K

BFs of different

resonances decaying to
Kt and m'n

Some of these
measurements are
the world's best

DIS 2014

B — Knry

B(BT — Mode) x

PDG values

hde j + le’ )6 e
Mode Bl s K+nrn=) x 106 B(B* — Mode) x 1( (x10-6)
Inclusive 1. o
. - 27.2 + 1.07] 3 27.6 + 2.2

BT — K ntr —13
K1(1270) 7y 1457301 44070032+ 4.6 43413
K1(1400) % O 0.77557 13 £ 0.6 < 15 CL= 90%
K*(1410) "4 9.7+% 2l 23870200 £ 24 0
K3(1430)%~ 15112109 1047530503405 14+4
K*(1680) 17.051 7430 71772512 4 5.8 < 1900 CL= 90%

BABAR

Preliminary

B(B* — Mode)x

PDG values

e )% + le) x 1079 6
Igilil}er - 27.2 + 101%13 27.6 £2.2
K*0(892) 7 17.3+£0.9112 26.0713+1.8 2017

K+ p(770)0A 01705413 0.27054+1.3 +0.02 < 20 CL= 90%
(Km)20n+y 11.3 + 15739 0

(I\Jl)[;:|+ (\TR)

K (1430)07+ 0.51 + 0075005

10.8+ 14410

)

0.15
0.82 4+ 0.117 1 & 0.08

< 9.2 CL=90%

0
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TDCP analysis in K 1

B — Kamy

4D ML fit to extract CP asymmetry parameters
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B — XS€+€'

 Measurement of the branching fraction and search for
direct CP violation using a sum of exclusive final states

- arXiv:1312.5364

- +
. [ l
- / ; L/
-~
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{J I__BES- ~ ,_ H;r.;_d.: "{“5_-: I;F;'-'_
< & &

. .
b o teu ~ S b te,u s
VWA,
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Event selection

« 20 exclusive final states with < 2 pions and < 1 11°:

e m_ >35.225 GeV
« -0.1(-0.05) < AE < 0.05 GeV for X e’e” (X p"y’)

« Selection represent ~70% of the inclusive rate with
m,_< 1.8 GeV, accounting for K’ modes, K° — 1’1’ and

m° Dalitz decays

* We extrapolate for the missing modes, and those with
m, > 1.8 GeV, using JETSET fragmentation and theory
prediction

. We measure the total BF and partial BFs in 6 bins of
q°=m? »and 4 bins of m_ Vetoed regions

Uy

(=] = .
DIS 2014 Liaiyg L)Tllil(GeV‘lc g

B —>XS 't

m_<1.8GeV
Xs

B - K?
BT K™ ppu~
B - K2 ete~
BT KT eTe™

BY — K*0 (K? 70ty
BT — K*T (KT 7% putpu~
BT — K* (K 7 )T pu~
B° = K* (KT n7); +,u_
BO — K*0 (KO )
BT = K*t (KT 7n9)ete™
BT — K*t (K« )e*e

e

BT — KE ,u"',u
B Kt « TO s~
BY — KJ 7t ﬁﬁ

BT — K™ n+?r T
BT =Kt 70 ete™
B - KTt = 7% ete™
B K27t 7~ ete™
BT K™ 77 7~ ete”

Requiring K_from K_—
mm, ° from m° — yy




Event selection :

m_<1.8GeV

* 20 exclusive final states with < 2 pions and < 1 T°: .
BT K™

+ Mg > 5.225 GeV E—

 -0.1(-0.05) < AE < 0.05 GeV for X e'e” (X p|’) I

« Selection represent ~70% of the inclusive rate with
m,_< 1.8 GeV, accounting for K’ modes, K° — 1’1’ and

" Dalitz decays I

* We extrapolate for the missing modes, and those with
m > 1.8 GeV, using JETSET fragmentation and theory

- )
prediction BT KO n* 20 jtp
 We separate B and B samples in the 14 self-taggin B = Kt 70yt

modes to measure direct CP asymmetry I
— BT K" n" n~ ,({+;{_
4 T(b—5t) — (b~ stt) Bt KO nt 70 ete
Y= b= st0) + (b stt) BO s K+ 7~ 0 ete
SM expectation well below 1% @) I

BT KT n7 7~ eTe™
(1) Phys. Rev. D 54, 882 (1996); Eur. Phys. J. C 8, 619 »
(1999); JHEP 0807, 106 (2008); JHEP 0901, 019 (2009) Requiring KS from KS —

DIS 2014 Liang Sun ', m° from m° — yy



B —>XS £

Fitting strategy

« Signal extraction with 2D ML fit to m_4 and likelihood ratio Ly

which is based on boosted decision trees and peaks ~ 1 for
signals

Example fit for X e'e” events with 2.0 < ¢° < 4.3 GeV?

Signal Enhanced Range: LR = 0.8 Signal Enhanced Range: m__> 5.27 GeV/c? ?S
§ : L,=
8 25 S 30 TS + TB
g 20 .‘;’25 ) Ubk
. 0 L % P .. signal/bkg.
w w g
. 15 A probability from
I~ HH e
: 10 _ BB BDT output
oF
C 5 _J—
R TR T T T R TR s 0T o5 o8
g, (GeVic) Le
Fit Likelihood Projection
— 3_ .
3 F — Total PDF Mis-reconstructed
525 .
RN WA R A — signal ¥ signal events
AN BABAR T

Signal Crossfeed

— BB Bkgd. Different background

_  categories
Continuum Bkgd.

Co : - o Charmonium Bkgd.
il PR ERTr B ol il IR R AP
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Reconstructed Partial Branching Fraction
DIS 2014 Liang Sun
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B —>Xs £

Branching fraction results

 Total branching fraction (g* > 0.1 GeV?)
B(B— X (()=(6.73"""""+0.5)x107

-0.63-0.25

Vetoed regions

B _(B—X(()=(46=08)x10" (1)

o of
- <20 higher than the SM expectation 3 15'
O, C
* In the low mass range (1 <g°< 6 GeV?): ~ "
205
B(B— X (') =(1.60"7""" +0.18)x10°° % o0 =
B (B—Xe'e)=(164=011)x10"° (2) @ > 10 15 20

- In good agreement with the SM

s BABAR

el

* In the high mass range (q° > 14.2 GeV?)
B(B — X ()= (057 7""" +0.0)x10™°

-0.15-0.02

B_(B—>Xe'e)=(021£007)x10° (2)

.L

406 08 1 12 14 16 18
m, (GeV/c?)

4
2
0
0

- ~ 20 higher than the SM expectation

dB /dm,_(10°/[GeV/c?))
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B —>Xs £

Branching fraction results

 Total branching fraction (g* > 0.1 GeV?)
B(B— X (()=(6.73"""""+0.5)x107

-0.63-0.25

Vetoed regions

B _(B—X(()=(46=08)x10" (1)

o 2f
— < 20 higher than the SM expectation }31-5;
Q) C
The BF measurement for q° > 14.2 GeV? =
disfavors by ~2.5-30 the 8C, NP interpretation 205
of the recent LHCb “"anomaly” for an angular % 0
observable from B° - K™ py (3) 3

-~ Expected pBF lower than SM in this interpretation

BABAR

el

(9D}
T T T

* In the high mass range (q° > 14.2 GeV?)
B(B — X ()= (057 7""" +0.0)x10™°

-0.15-0.02

B_(B—>Xe'e)=(021£007)x10° (2)

.L

406 08 1 12 14 16 18
m, (GeV/c?)

oo N B

- ~ 20 higher than the SM expectation

dB /dm,_(10°/[GeV/c?])

DIS 2014 Liang Sun 0P



B —>XS £

Results on direct ACP

e Over the full dilepton mass range, we have:

BABAR Preliminary

Acp (B — X T07) =0.04 £ 0.11][stat] == 0.01][syst]

« Direct A, is measured in different regions of g2

> CP asymmetry is found to g5 ...
be consistent with zero

everywhere

DIS 2014

D_ B H

< " BABAR

iPreliminary

i

Jhy
w(ZTS} :

| E—

10 1 1 15 1 1 1 1 20 1 1 1 25

Or
w
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Summary

« With the full data set of 471 M BB pairs, BABAR continues to
produce exciting results in radiative B decays

« Ax(B — X.y) is the most precise result to date and agrees with
the SM

« Mixing-induced CPV parameter for B® — K poy is found to be
compatible with the SM

« BB — X tt) and A.(B — X t+{) are generally consistent with the
SM, however some tensions exist for the total & and partial %4
with g2 > 14.2 GeV?

— The high g2 # disfavors the dC, NP interpretation of LHCb “anomaly”

* To continue searching for NP, high-statistics data sample from
Belle Il and LHCb are needed for conclusive answers

DIS 2014 Liang Sun
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Our #(B — X I'l) results

LHCDb “anomaly”

LHCb
06

04 —+— Data

02 +

o+ - — - — — . J - —
-0_2+

-0.4
-0.6
0.8

SM Predictions

20

08

0.2
0.4~
0.6
0.8

0 5 10 15

20

q? [GeV/c*]

DIS 2014

0.6

e T
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TABLE I: B = X.eTe™, B — X putpu~ and B — X, ¢T¢~ partial BFs (in units of 107°) and Acp by ¢*( GeV?/c*) and
mx, ( GeV/c?) bin. The number in parentheses after each result is the multiplier which is applied to the measured semi-inclusive
rate to account for unreconstructed and my, > 1.8 GeV/c? final states. Estimated contributions from the vetoed charmonium

¢® regions are included in both the total and mx, binned results, but not in the total Acp.

The first uncertainties are

statistical, the second experimental systematics and the third model-dependent systematics associated with the multiplicative
factor. There are no model-dependent Acp systematics and Acp 1s not measured as a function of mx,; the multiplicative
factors are not used in calculating the total Acp.

Bin Range B — XgeTe™ B = Xsptpu™ B — X0t AcPp_x. i+
a2 1.0 <¢? <60 19370371020 +0.18 (1.71)  0.6670521050 +0.07 (1.78)  1.60F035 1015 £0.18  —0.06 +0.22 +0.01
q? 0.1 <g?><20 30510327029 +0.35 (1.96)  1.83FD-300-50 +0.20 (2.02) 2.7070-35+0-2L +£0.35 —0.13+0.18 4+ 0.01
g2 20<q? <43 060703001 £0.07 (1.73)  —0.1570537075 £0.01 (1.80) 04670357000 £0.07 042 T50 4+ 0.01
2 ) 2 +0.31+0.13 - (1 = 1+0.5440.19 - +0.2740.10 = q=+0.44 2%
¢ 43 <q? <68 06970317013 4+ 0,05 (1.53)  0.34705370-12 4 0.03 (1.59)  0.6070-2740-10 +0.05  —0.4570 22 £0.01
2 2 : 1+0.424-0.22 A [ +0.5140.11 : : +0.324-0.10 ;
g3 101 <q¢®<129 114702710224 004 (1.16) 0877031701 +0.03 (1.18)  1.0219-3210-10 1 .04
+0.1940.03 - +0.3140.05 -—+-0.1640.03
g2 14.2 < ¢2 0.567 018 003 £0.00 (1.02)  0.607058 7007 £0.00 (1.02)  0.5710 187005 £ 0.00 |
a2 a2 U q2 — — — 0.19 T9-15 +0.01
, +0.1840.04 - 1+0.2540.04 +0.1540.03
mx,1 04<mx, <06 060701810044 0,00 (1.00) 07473254094 + 0.00 (1.00) 0.71F01578-0% 1+ 0.00
- +0.344+0.10 - +0.444-0.08 : +0.2740.06
mx, 2 0.6<mx, <1.0 1'20_3'33_8'3; +0.00 (1.00) 0.76_?.%}_8_3; +0.00 (1.00) 1'02_3'35’_3'?3 +0.00
1. +0.72+0. - (- +1.16+0. - 1 29+0.61+0. =
mx,3 10<mx, <14 1.60_8_22_8_%? +0.05 (1.18) 0'65_%'38_8'?3 +0.02 (1.18) 1'32_3'3?_3'13 +0.05
/ - +0.76 +0. o /- +1.35+0. 4 ar+0.67T4+0.5 ;
mx,4 ld<myx, <1.8 188T0T8H0T1 4012 (1.91) 01971334070 + 0,10 (1.91)  1.36708170-20 £ 0.12
Total 0.1 < ¢ 7607022000 £0.50 441000 1 0.27 6.73 0 B 055 £0.50  0.04+0.11+0.01
DIS 2014 Liang Sun
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