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- HOT: B—h*h", B—nr® 2008 updates
arXiv:0807.4226 (2008)

- CPV observed @ 6.70
* B—pp

- HOTTER: B—p*p°® 2009 update
PRL102, 141802 (2009)

— Best precision for o
e B—pm
- Still to update

6o

- FRESH FROM THE OVEN: B—>K17t + Aal
to be submitted to PRD

- Fourth channel (after ntw, pp, pm)
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B—nw as a prototype

* o extracted from TD CPV asymmetries in b—uld channels

I A

a:arg[_Vrd V;b/ Vu.rf Vrjb] nx, pp’ pTC, 8171:
a2
VM. [« — )
mt“-": - ; % E ;
'|l"'I B
- — —— -
“n"‘u":.: Re d .l’j: b if d
(BD(I)—rf)—"' ve '[1+Ccos(Amt)—Ssin(Amt)]/2
(B (1) f)=¢ "11—Ccos(Amit)+Ssin(Amt)]/2

* Assuming only one CKM amplitude contributes to the decay
argle "PA(B°-»n'n )A" (B> n" n)]|=2u
2ImA

_ S—1 e >=sin(2a)
f A:ié:{?huﬂ + j
p A oo 1AL
1-+|Af
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Enter penguin
» Penguin has different strong and weak phases

& {4

%V Q E@( S=v1—-C’sin(2a—2Aa"")
o .

d C#0  allowed

argle P A(B"-»n " n )A"(B"-»n"n)|=2 Ay =20—2A o
e Use SU(2) or SU(3) symmetries to constrain Ao
SU(2) SU(3)
* geometric representation « AS=0 decays
- 2 triangles (B and anti-B) - [P~V V* |, P~V V* |

« AS=1 decays
=TT~ VLV L P~V VE

e P'/T' CKM enhanced over P/T

A, A" Gronau, Zupan, PRD70, 074031 (2004)
Gronau, London, PRL65, 3381 (1990) Gronau, Zupan, PRD73, 057502 (2006)
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Charmless (quasi) two-body analysis

« Kinematic variables: energy subsituted mass, energy difference

AE=E, —Vs/2
G 100005 - S hme
: g
s 8000 g 1, 6000~
-l : - - & 200
5 E Em S
= - o = B
B 4000 . g pE”
nal C 2000+ 7 + |
E(m_ E : u -'::.] o oLl
B ] | AE (Cra'V]
82 7522 524 526 528 53 e Y B | ¥ N
mg (GeV/c?) AE (GeV)
« Event shape: distinguish “jet-like” qq events and more isotropic B decays
T T T R .12
:?-;ii _ I: + ' ] | 0.l
%EM_ LR
s o Background
| " Signal
. T ] .
.02
i'h o1 02 a3 04 fJ_ﬁ fJn:w-fJ'.' ns o 09 1
Fisher discriminant |cost,|

« Extract the signal yield and CP asymmetries via an unbinned Maximum
Likelihood fit to several observables
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Time dependent analysis

B mesons are produced coherently

in a boosted frame e |dentify flavor and vertex
of the other B: NN based
tagging algorithm with

Y (4S) —»
( ) 6 categories
By =0.56
Fully reconstruct
: f signal final state
Atmem:treco_r&'.tg AZ:ﬁ’YCAtnmm%260um
Fi(ﬁtmeas) o
o—|Atl/T _ o Include
i {1 F Aw =+ (1 — 2w) | S sin(AmgAt) — CCDS(Amd&ﬂ] } tagging performance
® R(Atpeas — At,oa¢) Experimental At resolution: convolution with

triple gaussian, with parameters obtained
from a large sample of fully reconstructed B
decays, and free to differ between tagging

category
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h'h

e Simultaneous ML fit to ', T'K", K", K’'K

* |ncreased

K-Tt separation

- PID in the fit: dE/dx in DCH and Cherenkov angle in DIRC
« DCH = PID also for tracks outside DIRC acceptance
- Additional n'n’, K", K", K’'K™ separation from AE

* Yield = 1394 + 54

S S
8 f = DCH dE/dx .. ']
s '2 - DIRC .
§1u:— —11.5
2 T _
Al : |
x -

- —11
Q — .
o E:' o =
o L T -

- S TT——— 7|05

o

! PRI o o | - PRI ! | - !
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'’

* Reconstruct m—7YY, and include photon conversions yY—e*e-

 Use NN to improve signal vs. background separation

- Background model accounts for NN-m__ correlations

« MLfitto AE, m_, NN and flavor tag

* Yield =247+ 29

« BF =(1.8310.21 £ 0.13) x10-

° COO—

I BABAE

L Preliminary

Events f 20 MeV
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Soay
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L |
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- 0.43 £ 0.26 £ 0.05 (flavor tag- and time-integrated); no S° (no vtx)
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Isospin analysis for ntr

« Decompose B—nrw in isospin amplitudes (AO, AZ)

- |=1 forbidden by Bose statistics

« 8-fold ambiguity: x4 (Aa triangles can flip), x2 (o« — ©/2 - o)

B(x1075) C

Tt 55+04+0.3 —0.25 + 0.08 4+ 0.02
770 | 5.024+0.46 4+ 0.29 | (—0.03 + 0.08 +0.01)
7% | 1.834+0.214+0.13 | —0.43+0.26-+0.05

BABAR

Preliminary

b 20 a0 60 80
o - ol (degrees)

No gluon penguin =|4"°|=|4"°

1! 2l 3’4l 3|,4 2_;

1 -C.L.

50 100 150
o (degrees)
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B—pp
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Isospin analysis for pp
« BF(B—p'p) =5 x BF(B—x'n") but:

- 1=1 allowed in B—pp if m #m (wave function can be anti-symmetric)

* but measurements stable when decreasing allowed Am range

- EW penguin can have |=2 and contribute to B—p*p’

* no sign of direct CP asymmetry in B—p*p’

- B—>VVallows L=0,1,2 CP=(-1)"
. 3 polarizations: longitudinal H° (L=0,2), transverse H (L=0,1,2)
* Isospin relations hold separately for each polarization state o

. sz1 (CP even) from angular analysis

1 d*T 5 5 5 9
= oc 4 01 cos” 6 1 — fr)sin” 61 sin” 6
T (dcos Ordcos 03) x 4fr cos” 01 cos” B2 + ( ff_)S]I; 1 sin” 0,

Falk et al., PRD69, 011502 (2004)
Kagan, PLB601, 151 (2004)
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n"p’ update

» Higher signal efficiency and background rejection

e X2 increase in data sample w.r.t. previous measurement
* |Improved charged particle reconstruction
* |mproved background model

- 3D model for BB and continuum components
Psp = [P(mg+q—| cosbp ) xP(cos 0| NN)|X[P(1mg+q0|cos b+ ) xP(cosl,+ [NN)|xP(NN)

1) A_.(p"p’) = 0 = EW penguin is negligible
r, T,
T, +T,

=—0.054+0.055+0.010

ACP

2) both BF and f increase 2
BF(B"—p*p®)=(237+14+14)x10°° /250 8
[

— e — e — P

T —— I r—

f,=I',/1T'=0950+0.015+0.006 526 527 528 529
mEs(GerCZ)
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p"p’ results

B(x107°) fr C=-Acp S
ptp~ | 25.5+21759 0.992 +0.0247 075 0.01 4 0.15 4+ 0.06 —0.174+ 0207558
ptp” | 23.7+£1.4414 |0.95040.042 4+ 0.006 | (0.054 %+ 0.055 + 0.010) -
p’p" | 0.92+0.324+0.14 0.7575: 14 £0.04 0.24+0.84+0.3 0.3+0.7+0.2

. ACP(p+p0) =~ 0 = EW penguin is negligible = isospin analysis holds within 1-2°

« S% provides relative suppression of Ao ambiguities

Include C%, S%
Include p*p°, C%, S%

QIf ] o ¥ n ]'
- < 1
I S W S W S fggzs_s_e*fo_._u_%___;_i
030 0 20 DD 50" 100150

AO=0-0 i (deg) o (deg)
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p"p’ results

. BF(p*p°) and fL(p+p0) increase = isospin triangle flattens out

0.5

Include C%, S%

Include p*p?, C%°, S»

Warning: size of p°p’ is exaggerated

+ -

P L P’ P p’p°

(\

| — "-‘ IE,: ﬁ|
| | |
__________________ _,____;-'__III|_
| R E—( ED
A0=0-0 ¢ (deg) a (deg)
0=(82.6"2%°) 0=(92.4%¢?)
Aal<15.7 @68 CL| = | —1.8'<Aa<6.7 @68 CL
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B—am
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2Im(e " 4_47) PRL98, 181803 (2007)

S+AS= Y 2+\3+ Acp | —0.07 £ 0.07 £ 0.02
+ * S | 0.374+0.2140.07
AP —|Af AS | —0.1440.21 +0.06
iﬂc:\A_EHE > C | —0.10£0.15+0.09
+ * AC | 0.2640.15+0.07

—|At|/'r

O‘,:I:'J'T:F /
Foi™ (A1) = (1+Acp)

{1—Qtag$w—l—Qtag(1—2w) (S+AS)sin(AmgAt)—(C+AC) cos(ﬂmdﬁt)] }

e Extraction of o __

20 =argle A, A] 2a,+0=argle "4, AL]=arcsin— SFAS

A * V1—(CFACY
S=arg|A, A" agffzz( e,ff_l_a%ff)

- For small penguins, 6 = strong phase between tree amplitudes
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Ao from SU(3)

« Penguin (P)is CKM (1/A = [V_|/|V_]|) enhanced in AS=1 decays

« Use SU(3) symmetry and ratios of CP-averaged rates for
AS=1 (B—a K, B—K ) and AS=0 (B—a )
2,2 +,0 _—,+
Ra,+52‘ fo,BF(K m ") K,, = SU(3) partner of a,
PRLO7, 051802 (2006) [, BF(an)
PRL100, 051803 (2008)

and similarly for R °* from a K decays

* Get |o"-0| by solving the system:
1—-R%

cos2(aky —a) >
V1-AGp
| _ Rt A, = CP asymmetries
-

cos2(at; — a) >

:

9
1 - AES

* |Aa] = (Joter-0uf+| ot -0t])/2
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B decays to K (1270)xr and K (1400)x

« BF(B—K,  m) is the only missing piece for extracting o from B—a m

« SU(3) octet states K., (C= +1 octet) and K _ (C= -1 octet) mix

1A(

- |K,(1400)> = |K,,> cosB + |K,g> sinO
IK,(1270)> = -|K,,> sin0 + |K,z> cos0

0.051
0.04]

« Need to measure these to get BF(B—K_ )

0.02]

- Upper limits by ARGUS:

« BF(B? — K,(1400)*1) < 1.1x103 @ 90% C.L. + = w & & o qu

« BF(B* — K,(1400)°zt*) < 2.6x103 @ 90% C.L.
Argus coll., PLB 254, 288 (1991)
— Theoretical predictions
e ~0O(10°9)

Laporta et al., PRD 74, 054035 (2006)
Calderon et al., PRD 76, 094019 (2007)
Cheng et al., PRD 76, 114020 (2007)
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K, analysis

« Other consequences of mixing:

- broad resonances with nearly equal masses

- same quantum numbers and final state (Knm)

- intermediate decays almost at threshold = PHSP overlap |

. Interference

effects

« Use Knrt mass spectrum to distinguish between K,(1270) and K,(1400)

- Include interference effects in the signal model

« Highest statistics data from WAS3 exp. ACCMOR, NPB 187, 1 (1981)

- Knrt analyzed using a six-channel, two-resonance K-matrix model

R.= f_::'c:rfaj + f_ﬂbfbj
’ Ma_MKﬂ:n Mb_MKnn
KI--: faifaj + fﬂ):’fﬂ)j
’ Ma_MKnTE Mb_MKTLTc
1/2
28, | 2mym, . I,
pI(M 'n:'.n:): > *J (M nn_m3_m +I_j)
i K MKETE m3+m4 K 4 2
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K, analysis

 Model signal Knt mass from MC implementing the K-matrix model

f = Z Fi(Knrl|i) = Z F;C;BW{ A;

17w K

iFwk

« decay parameters fixed to the values extracted from fit to WA3 data

' Include background terms
(K " Tl') S 1::: / Parameter Fitted value
- 6" channel (wK) not fitted M, 1,40+ 0.02
; : M, 1.16 + 0.02
pK T 72° £ 3°
o 0.75 4 0.03
o v 0.44 + 0.03
K*om 27t fas 0.02 + 0.03
fi3 0.32 4 0.01
5o fod —0.08 + 0.02
i Fos 0.16 + 0.01
.FOK 400t faE) 0.06 £ 0.01
fos 0.21 + 0.04
ﬂ 52 3+ 1°
9 03 82° £ 2°
(K*m)p = 84 78° £ 4°
i 85 20° 4 9°
« production parameters left floating in the analysis of B decays
- (f,==cos0,f,,=sind e!*) = finite ranges for (9,0)
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K, analysis
« NLL scan over (9,¢) + extended ML fit for BF (mgg,AE,Fisher,m,_.,|H|)

- Use nonparametric templates for signal P(my,,.|9,9)

* Include K*(1410)r and K*ntt + pKnt as individual components

e 1

 Neutral modes £

13 b

- simultaneous fit to “K*” and “p” bands
* helps in resolving ambiguities on ¢
 Charged modes
- fit to “K*” band only 5

- not sensitive to ¢: fix (|)=%.14 rad

=
st
=

o[TTTT
[}
N
[}
©®
©
©
—t
—
—t
—t
[V
—t
w

» Results of NLL scan:
Neutral modes

ar 14

T
1 (rad5)
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K. 1 results
« BF(B°—K,(1400) + K,(1270)*1')~(3.1*°8 ,,)x10° S=7.50

« BF(B*—K,(1400)°z* + K,(1270)°t*)~(2.9*30_, ,)x10°> S=3.20
Neutral modes Charged modes
BF(B°*—K,(1400)*n)=(1.6*%8 ,4)x10"° BF(B*—K,(1400)°*)<3.9%10-°
BF(B°—K,(1270)*n)=(1.6"°_ ,)x10-° BF(B*—K,(1270)°*)<4.0x10-°
BF(B°—K, "1 )=(1.4*09, ,)x10"° BF(B*—K,,°t")<3.6x10°

m Knrn

150
100

50

B° K* band

0
100

Z sp

BY, p band : o

40-

B+, K* band

¥
525 506 5.7 528 529 0.1 o 01
Mg (GeV) A E (GeV)
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a T results

Blat7T)(x107°%) | Bla] KT)(x107°%) | B(a] KY)(x107°) | B(K{ 7= )(x107°) | B(K}{x1)(x107?)

(332+£3.8+3.0) | (16.3+2.9+23) | (33.2£5.0+4.4) (1.4799) < 3.6
fr(MeV) frk(MeV) fa, (MeV) fr,,(MeV) Ormiz(©)
130.4 £0.2 155.5 £ 0.9 203 + 18 207 + 20 72

Assume BF(a,*—n*nt*)=50%
« Evaluate the bounds on |Aa| by a MC based method

- Generate input according to the experimental distributions

- For each set of generated values, evaluate the bounds

- Get limits by counting the fraction of bounds within a given value
e 8 ambiguities on o 11°, 41°, 49°, 79°, 101°, 131°, 139°, 169°

- 2 (o0 — 12 -a) x 2 (roughly 2o <> 9) x 2 (average)

- assume 0~0 (from factorization) = 2 ambiguities

Ac| < 11° (13°) @ 68% (90%) CL

o= (79+7 +11) |
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Conclusions

 Much improvement has come from constraining model uncertainties

» Time dependent CPV observed in '
* In pp reached 7% precision in o, comparable to 5.3% in sin2f3
« n'nn still to update (not in this talk)

« a1 now provides a fourth independent determination of o
(P/T)W‘C(P/T)aln{(P/T)m

« Used the final BaBar data sample

- Many measurements still limited by statistics
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BaBar detector and dataset

1.5 T solenoid

ElectroMagnetic
Calorimeter

PEP-1I
Rings ™

Positrons

Cerenkov Detector 1 : .l : : A e (3.1 GeV)
(DIRC) | S —

Low Energy Ring
BABAR Detector

’(’E/Iectruns / g~ \ . i : ' Y Drift CHamber

High Energy Ring

Silicon Vertex Tracker
Instrumented Flux Return

As of 2008/04/11 00:00

B@mB.ar /

red Luminosity: 553.48/fb
d d Luminosity: 531.43/fb 4
d d Y(4s): 432.89/fb 4
orded Y(3s): 30.23/fb _
d dY(2 ): 14.45/fb B
‘eal osity: 53.85/fb
- » Final sample @ Y(4S):
ik INal sampie :
300

g - 4390
e _ 471x10° BB pairs

:1memdmmm

0

N o > > o © a ®
§§ § s s § s $ §§
P P L3 o P 3 P P
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