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Figure 1: The unitarity triangle related tB decays as constructed from CKM matrix elements along with
definitions of the internal angles.
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Figure 2: The left diagram shows the first-ordbr— uud transition while the right diagram shows the
second-ordeb — uud loop process.

1. Introduction

The main goal of the BaBar experiment at SLAC and the Belle experimentét iK to
constrain the unitarity triangle fd decays shown in Fid] 1. This allows us to test the Cabibbo-
Kobayashi-Maskawa (CKM) mechanism for violation of the combined ahpayity CP) sym-
metry [1,[2], as well as search for new physics effects beyond thel&t@mModel (SM). These
proceedings give a summary of the experimental status of measuremenes@Kkh phasea,
hitherto referred to agy, defined from CKM matrix elements gs = arg(—\aVy;,)/ (MudVyp), and
shown in Fig[]L.

First-order weak processes (tree) proceedind by uud quark transitions as illustrated in
Fig.[3, such a®® — mrt, prt, pp anday (1260 7, are directly sensitive tg,. These amplitudes
contain the CKM matrix elemenY,, which carries the CKM phase;¢;. Now, the phenomena
of neutralB meson mixing includes the phase2¢@,. Considering only the interference between
the direct decay of 8° meson to &CP eigenstate and decays to that same final state where the
BO first mixed to form aBP, one obtains a relative phase -e2¢, from mixing and—2¢; from
the difference betweelm— u and the conjugatE—» u process. Thus, assuming a closed triangle,
@+ @+ @ = m, first-orderb — uud transitions are sensitive te2@ — 2¢; = —2¢.

In the quasi-two-body approach, CKM angles can be determined by meadhe time-
dependent asymmetry betweBhandB® decays|[[B]. For the decay sequentgtS) — BcpBrag—
fcpfrag, Where one of th@& mesons decays at timgp, to aCP eigenstatefcp, and the other de-
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cays at timefrag, to a flavour specific final statéyag, with q = +1(—1) for Brag= BY(BY), the
decay rate has a time-dependence given by

o 1t /Ty

P(At,q) = 1+ g(AcpCOsAMyAt + ScpsinAmyAt) |, (1.1)
where/t = tcp — ttag and Amy is the mass difference between tBg and B mass eigenstates.
The parameterdicp and S:p, describe direct and mixing-induc&P violation, respectively. An
alternate notation whef@-p = —Acp also exists in literature. If a single first-order weak amplitude
dominates the decay, then we exp&gp = 0 andScp = sin 2.

On the other hand, if second-order processes such as those depi€tigd 2 are present,
then direciCP violation is possibleAcp # 0. Additionally, as these loop processes (penguins) are
not directly proportional td/,,, our measurement &p does not directly determing,, rather,

Sp=4/1— Aépsin(Zg@ —2A@), whereAg is the shift caused by the second order contributions.
Despite this, it is still possible to determing, in B — h-h~ with anSU(2) isospin analysis
by considering the set of thr&&— hh decays wheréh is either two pions or two longitudinally
polarisedos [ffl. The main concept behind this is to recognise that the two produ@s i h*h°
decays must have a total isospinieE 1 orl = 2, sincelz = 1. For the penguin terms, only= 0
orl = 1is possible since the gluon carries: 0 and isospin is conserved in the strong interaction.
However, asg = 1 is forbidden by Bose-Einstein statistics, strong second-order loegerdidden
and henc&™ — hth® may only decay weakly at tree-level in the limit of neglecting electroweak
penguins.
TheB — hhamplitudes obey the complex relations,

1 N .
A= f2A+— +Ao, A o= —=A_+A, (1.2)

V2 V2
which can be represented as triangles in fig. 3.BAs— h™h? is a pure first-order mode, these
triangles share the same ba&gg = A_o, andAg, can be determined from the difference between
the two triangles. These triangles aggcan be fully determined from the branching fractions,
B(B® — h*h™), B(B? — h°h%), B(B* — h*h%) and theCP violation parameterdcp(B® — hh™),
Acp(B® — hOh?), Sp(B® — h*h™). This method exhibits an 8-fold discrete ambiguity in the de-
termination ofg, which arises from the 4 triangle orientations aroéng and the two solutions of
@ in the measurement &p.

At the B factories, two of the key variables in discriminatiBgsignal from the large back-

ground are the beam-constrained mads, = mgs= \/(EC""S 2 — (p§MS)2, and the energy differ-

bea

ence AE = Eg — EGMS, which arise as the energy of ealfin the Y(4S) centre-of-mass is known.
The full data sets taken at th§4S) resonance for the BaBar and Belle collaborations are 467

million and 772 millionBB pairs, respectively.

2. B—

The analysis oB — it performed by the BaBar collaboration is based on their full data set
467 million BB pairs [$], while the analysis from the Belle collaboration is based on 535 million
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Figure 4: The left plot shows the time-dependent asymmeg(gt) = (Ngo — Ngo)/(Ngo 4+ Ngo), of B® —
mtm from BaBar. The right plots from Belle show the fitAb for each flavour tag on top and the resulting
asymmetry below. Mixing-induce@P violation can be clearly seen in the asymmetry plots and &ighth
difference in theAt projection indicates dire@P violation.

BB pairs [6]. They obtain th€P parameters,

BaBar Belle
Acp = +0.25+0.08+0.02(3.00) Acp = +0.55+0.08+0.05(5.50)
Scp = —0.68+0.10+0.03(6.30) Sp = —0.61+£0.10+£0.04(5.30),

and the fit projections are shown in Figj. 4. Both experiments have oltkéReiolation in B — 17t

and the difference between the two measurements 3. 1 they also findAcp to be non-zero
implying that more than a tree amplitude is present and thus the presencetimiradimplitudes
should be considered to extragt A x2 of the 6 physical observables is constructed from the 5
constraining amplitudes in Eff. IL.2 ags which is then minimised in &, scan. Thex? is then
converted to a probability for one degree of freedom as shown ifi|Figrs,which BaBar excludes
the rangg23°,67°] at the 90% CL and Belle excludes the rag#, 79°] at the 95% CL.

3. B—pp

B — pp decays have an additional complication that the two sginniesons have a relative
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Figure 5. The left plot shows the constraint ag in the B — it system from BaBar where an 8-fold
ambiguity can be seen. The right plot shows the constreom Belle where the apparent 4-fold ambiguity
is coincidental.
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Figure 6: The left schematic shows the 3 possible spin projectiongefldnto the momentum direction of
eachp (dashed) in th® rest frame foB — pp channels. The right figure defines the planes from which the
longitudinal polarisation amplitude can be separated.

orbital angular momentuni, = 0,1,2. Since theCP eigenvalue oB® — pTp~ is (—1)}, it is
necessary to isolate a defini@& component in order to constraip. Now, the total angular
momentum of thgp system is),, = 0 andL has no component along the decay axis. Therefore,
the final state is a superposition of three possible polarisation amplitudeswvas shFig.[$: one
longitudinal @ : L = 0,2) and two transverséd( : L = 0,1,2) amplitudes. By considering the
distributions of thep helicity angles defined in their respective rest frames as illustrated ifi| Fig. 6,
and integrating over the azimuthal angle between the decay planes, tHarategpay rate is given

by

d2N 9 _ .
dcos,dcosts — E[4cho§91coszez+(1— fL) sir? 6, Sir? 6], (3.1)

wherefy is the fraction of longitudinal polarisation which can be determined in a fit ta @da-
veniently, it turns out that thep system is dominated by ti@P even longitudinal amplitudg][f] 8,
which means the transverse component can be ignored in an isospinsnalys

The BaBar analysis oB° — p*p~ is based on 384 milliorBB pairs [T] while the Belle
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Figure 7: The left plot shows thét distributions ofB® — p*p~ for (a) B® and (b)I?TO tags and (c) the
resulting asymmetry for BaBar. The same is shown on the fagtBelle.

analysis is based on 535 miIIi(BB_pairs [9]. They obtain th€P parameters,

BaBar Belle
Acp = 0.01+0.15+0.06 Acp = +0.160.21£0.07
Sp = —0.174£0.207552 Sp = +0.19+0.30+0.07,

shown in Fig.[Jl which demonstrate th&gp is consistent with zero, implying no evidence of a
penguin contribution.

The BaBar collaboration has recently updated tBeir— p*p° analysis with the final data
set [10]. They obtain the branching fracti®(B™ — p*p®) = (23.7+ 1.4+ 1.4) x 10-, which al-
lows a precise measurement of the isospin triangle baséy@nd 0.054+ 0.055+0.010, showing
no evidence for amplitudes which do not conserve isospin.

Unlike in B — 1T, we can measurgcp from B — p°p°, which can ultimately remove the
4-fold ambiguity ofAg,, leaving two solutions fo,. This is mode is experimentally difficult to
isolate due to its relatively low branching fraction in the presence of multiplkegsaands with the
same final state. BaBar has observed this mode with a significancémf[B]] and obtained the
CP parametersfcp = —0.24+ 0.8+ 0.3 andSp = +0.3+ 0.7+ 0.2, while Belle has obtained an
upper limit [12].

A consequence of the sm&@P — p°p° branching fraction relative tB* — p*p?, is that the
isospin triangles become flat making the 4 solutionA@f nearly degenerate. The constraints on
@ in B— pp are shown in Fig]8 from which BaBar determings= (92.4fg:g)° and Belle finds
@ =(917+14.9)°.

4. B — (pm)°

As B® — (pm)? is not aCP eigenstate, four flavour-charge configurations need to be consid-
ered. In principle, one can extend the isospin analysis leading to isosmtiagoa relations. How-
ever, it is possible to constraigp explicitly in a time-dependent amplitude analysis that includes
variations of the strong phase of interferipgesonances over the Dalitz PIpt][13]. The relative
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Figure 8: The left plot shows the constraint @n in theB — pp system using only BaBar results. The right
plot shows the constraint from Belle which uses its laB9%t> p°p° result, otherwise world averages. This
analysis was performed before the recent updaBsof> p* p° from BaBar and a plateau is present as there
is no constraint oicp(p°p%).
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Figure 9: The left plot from BaBar shows the constraint gnin the B® — (pm)° system with their time-
dependent amplitude analysis. The right plot shows thetinsfrom Belle where the dashed curve cor-
responds to the BaBar curve and the red curve contains adalittonstraints from chargegl” — (pm)*
modes.

moduli and phases of the six possible amplitudesoaiB_O) — mtmm P decays via charged and
neutral intermediate resonances are determined. These amplitudes are constructed frpin isos
relations from whichp, can be constrained without ambiguity.

The BaBar and Belle collaborations have performed this analysis with 37&4thmillion BB
pairs, respectively, and are in good agreement. Their correspogglismans are shown in Fif. 9
where BaBar obtaing, = (8713)° while Belle can only constrain 68< ¢ < 95° at 68.3% CL
for the solution consistent with SM.

5. BY — a;(1260* "

The B® — a;(1260* " system is analogous ®° — (pm)° however, information ong is
obtained in a quasi-two-body approach since a Dalitz plot analysis is cotglibg an additional
m in the final state. The time-dependence of the four flavour-chargegemafions where the;
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possesses charge(@): c=+1,a;: c= —1), is given by

o1t/ 1g0
Payn(&t,q,¢) = (1+CAcp) oo {1+q><
B
(Scp+ cAS) sinAmyAt — (Cep+ cAC) cosAmdAt] } . (5.1)

The parametefcp, measures time and flavour-integrated difetwviolation, Sop measures mixing-
inducedCP violation andCcp measures flavour-dependent dir€& violation. The quantit\S is
related to the strong phase difference between the contributing amplituB&s-taa; (1260 * it
decays andC measures the rate asymmetry betwe¢B? — a; 1)+ (B — a; i) andr (B° —
a; ") + T (B° — af ). These two parameters are not sensitiv€Rviolation. From these pa-
rameters, an eﬂ‘ectivqaéeff can be determined with a four-fold ambiguity,

ot = %1 [arcsir< 7 _Si:;:—SAC)z) + arcsir( 7 _SE(F;C_PA_SAC)ZM . (5.2)

The BaBar collaboration has performed this analysis with 384 miliBrpairs [I#] and ob-
tained the parameters

CPviolating CPconserving
Acp = —0.07+0.07+0.02
Ccp = —0.104+0.15+0.09 AC = +0.26+0.15+0.07
Sp = +0.37+0.21+£0.07 AS = —0.14+0.21+0.06.

The shift ing caused by penguin processes can be determined by inv8kifg) symme-
try [[[3] which involves measuring the branching fractions of $tu3) related channel® — a;K
andB — KjaT. One can then solve this system of inequalities,

1-2 1- 2R}
Coschzi eff*(pz) Z 7@7 COSZ(Pzi eﬁ*(pz) Z 7Ria (53)
’ 1— +2 ’ l_AgZ
P vV P
where
o UNET(KGT) o AMRT(@KY) o MEET(KR) o A2MRr (k)
R FREC ) T (e IR REC L) - fér(alﬂgél)

whereA2 = Vgl /Mud| = [Ved|/|Ved|, T are averaged decay rates afidire decay constants. By
inverting these equations, a bound || = | @™ — @ is calculated from@s™ — @] < (|@ ¢ —
@l +18 o — @l)/2.

The B — a1K branching fraction has been measured by BaB3r [16], and they baeatly
performed a branching fraction measuremenBof> Kia7T decays with their final data st J17].
Becausea is a mixture of theK;(1270 andKj(1400 states there interference must be consid-
ered. As such it was necessary to determinektiier model from external WA3 data taken by the
ACCMOR collaboration. They obtained the branching fractions,

B(B° — Ky(1270 " +K1(1400 ") = 3.1738 x 10°° (7.50)
B(B™ — K1(1270°m" 4 K1 (1400°7") = 2.9729 x 107> (3.20), (5.5)
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Figure 10: TheKrrrfit projections from BaBar. The top two plots are from t@®classes and the bottom
is for theB™ channel. The dashed curve represétl270 m+ K; (1400 11, the dash-dottedS* (1410 1
and the dotted curve is fa¢* (892) rrrr decays.

where theKrrr fit projections are shown in Fig. [10. Using these results they obtaip| <
11° (13) at the 68% (90%) CL. Thus, the solution nearest the SM expectatiorBfemay (1260 * 71+
decays igg§™ = (79+ 74+ 11)°.

6. Summary

Many independent measurementsgphave been performed at tBsfactories including new
results from BaBar iB* — p*p® andB — Kiarrdecays. At this timeB — pp is the best environ-
ment for constrainingy, because of its relatively small penguins. However, only a time-dependent
amplitude analysis such as that which can be performedBRith (pm)° will constraing, without
ambiguity. The world average fap, has been determined by the CKMfitter and UTfit groups.
They obtaing, = (89.0754)° [[8] and @ = (92.0+ 3.4)° [[[9], respectively, which was obtained
from the@ scans shown in Fig. JL1. THeexperiments have now accumulated their final data sets
and we anticipate the final word @m from the first generation d experiments in the near future.

References

[1] N. Cabibbo, Phys. Rev. Lett0, 531 (1963).
[2] M. Kobayashi and T. Maskawa, Prog. Theor. PI8;.652 (1973).

[3] I. Bigi and A. SandaCP Violation Cambridge University Press, Cambridge (2009).
[4] M. Gronau and D. London, Phys. Rev. Led, 3381 (1990).

[5] B. Aubertet al.(BaBar Collab.), arXiv:0807.4226 (2008).

[6] H. Ishinoet al.(Belle Collab.), Phys. Rev. Let®8, 211801 (2007).

[7] B. Aubertet al. (BaBar Collab.), Phys. Rev. 06, 052007 (2007).

[8] A. Somovet al. (Belle Collab.), Phys. Rev. Let®6, 171801 (2006).



Measurements af (@) J. Dalseno

-~ B _ To7pplpTt (BABAR) 2
Wornios 1 --- B - mmpp/pr (Belle) 2 L
3 B - muvpp/pmt (WA) Z 0004
1.0 [ LA B B B B x,lx | I T T x:lx b |
08 - . E
. 0 ]
E CKM fit i <
g °°r n0 g, meas. n the it i o 0.002-
- 04:— ." I‘T
0z ;o
i~ A I' S
Ooi\fi‘:‘.m”m””."u J | 41‘Ji o L s N A
0 20 40 60 80 100 120 140 160 180 50 100 150
9, (deg) G[U]

Figure 11: The left figure from the CKMfitter group shows the combingdcurve ofB — mrt, pp andpm

for the BaBar (blue) and Belle (red) collaborations. Therage is shown in green and the point shows the
constraint ong, from measurements of CKM parameters other tiparThe right figure shows the combined
@ results from the UTfit collaboration.

[9] A. Somovet al. (Belle Collab.), Phys. Rev. 36, 011104 (2007).
[10] B. Aubertet al. (BaBar Collab.), Phys. Rev. Lett02, 141802 (2009).
[11] B. Aubertet al.(BaBar Collab.), Phys. Rev. 28, 071104(R) (2008).
[12] C.-C. Chianget al. (Belle Collab.), Phys. Rev. 8, 111102(R) (2008).
[13] A. Snyder and H. Quinn, Phys. Rev.48, 2139 (1993).
[14] B. Aubertet al.(BaBar Collab.), Phys. Rev. Le&8, 181803 (2007).
[15] M. Gronau and J. Zupan, Phys. Rev7B 057502 (2006).
[16] B. Aubertet al.(BaBar Collab.), Phys. Rev. Let00, 051803 (2008).
[17] B. Aubertet al.(BaBar Collab.), Phys. Rev. Bl, 052009 (2010).
[18] J. Charlest al. (CKMfitter Group), Eur. Phys. J.41, 1-131 (2005), http://ckmfitter.in2p3.fr.
[19] M. Bonaet al. (UTfit Collab.), JHEP 0603, 080 (2006), http://www.utfigor

10



