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Report on the Runl B kkk amplitude analisys effort: a work in progress

Will assume an audience familiar with the Isobar approach to Dalitz plot fitting and also the
QMTI for the s-wave

Use Laura++ for the Isobar and Jeremy's (and Juan) fitter for QMI



Starting point
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Figure 6: Projections in bins of the m(K 1K)y, variable of (a, b) the number of B~ and Bt
signal events and (c, d) their difference for B* —+ K*K+tK~ decays. The inset plots show the
¢ resonance region of m(K K ™)y between 1.00 and 1.05 GercQ, which is excluded from the
main plots. The plots are restricted to events with (a, ¢) cosé < 0 and (b, d) cos# > 0. The
yields are acceptance-corrected and background-subtracted. A guide line for zero (horizontal red
line) was included on plots (c, d).
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Dalitz oveview

h
Entries 77838

T |Yenx 3l P ~80k events in 80Mev window
o R _SED g Clear: 3(1020) ~ (15%), J/w,Xc
ST p Lot of structure indicating non s-wave contribution,

not clear which f2(1525)? (1680)??

P Very large NR ~35% of the events are above m >4
P Obvious CPV not following known structures
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P> Super zoom in B- anticipating
Problematic regions




Dalitz isobar

From the Isobar model the total signal amplitude for BT and B~ is defined as:

A(mi mi, ) = 3 g Mgj(mi mi,),

where ¢; = (x + Ax) + i(y + Ay) and & = (x — Ax) + i(y — Ay) is the complex coefficient for
a given resonance decay mode j. Ax; and Ay; parametrize the CPV in the decay.

Caveats:

» Need to be particularly careful on adding scalar contributions- no angular signature
long list of poorly stablished states enhance the possibility of destabilizing the fit
producing large interfering solutions

» Sum of fit fractions > or <« than 100% signs large destructive or constructive
infeference terms

» Relative phases and amplitudes are measured. Phases are determined through the
interference. Need to chose one contributions to have the parameters fixed:
®(1020) and Xc are too narrow and the NR is too unknown.



on the possible contributions

BaBar: Study of CP violation in Dalitz-plot analyses of B - K*K-K?% Bt - KTK K+,
and BT — KKK+ Physical Review D 85, 112010 (2012)

> FNHI[Slg, Sgg] R N i : P Anr(si2,823) = (GSD+351$ +ﬂ-sz-'-'32) +
(apo +ap1z + apaz?®) Pi(cosfs),

TABLE VIII: Branching fractions (neglecting interference), CP asymmetries, and CP-violating phases (see Eq. (II)) for
Bt 5 K*K-K*. The B(B+ — RK +) column gives the branching fractions to intermediate resonant states, corrected for
secondary branching fractions obtained from Ref. [15]. Central values and uncertainties are obtained from Selution I. In addition
to quoting the overall NR branching fraction, we quote the S-wave and P-wave NR branching fractions separately.

Decay mode |B(BT = KTK~K*) x FF; (10°%) B(BT = RK*) (107%)  Acr (%) A¢; (deg)

#(1020) K 4.48 £0.2270-3 9.2+04707 128 £44+£1.3 23137}

fo(980)K 94+16+28 —8+8+4 9XT7+6
—» fo(1500)K* 0.74 £ 0.18 £ 0.52 17+4+12

f2(1525)K* 0.69 +0.16 + 0.13 1.56 + 0.36 + 0.30 14410+4 —2+46+3
—P fo(1710)KF 1.12 4+ 0.25 + 0.50

Yo K+ 1.12 £ 0.15 £ 0.06 184 +£25+ 14 —4+13+2
—» NR 228+27+76 60+44£19 0 (fixed)
—» NR (S-wave) 5223 + 27
—pp» NR (P-wave) 24+37 + 27

P We want to include explicitly the rescattering amplitude but its parametrization is still under study.
as a start (see Melissa's taslk) because we believe that it can be the carrier of CPV

P We have "interpreted” the exponential NR form ...
(obs: since this is a symmetrical state this amplitude automatically
Interferes construtively with is self)

B H
B anbell 2EGacy

U et

@ Tobias non-resonant function
[Phys.Rev.D92.054010,2015] instead of &

m?
Tar(m? ) = (1+ 2 K=)~1,

where A was set to 1 GeV.



contribuitions
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Strategy and fit results

We tried many, many, many combinations. I will show one fit... which is the "best"and yet pretty bc
and than we make a change in the strategy

We never include wide scalars that populate the same phase space region, i.e, either TobiasNR or
a low mass free MW pole or f0(980)

We had to "create” the rhoVETO object to accommodate the B-(and B+) structure at high mass
The interference of fO(1700) with the NR +- solve empty region at m2KK~3

To evaluate the model we compare plot s_high for the regions defined by the re lines and
s_low for costhetal3> and <O for the blue and green regions
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partial conclusions

P> With the known (or even created) objects it is very hard to ha a reasonable fit
» Notice the large interference and the fact that the rescattering ACP>0 where we'd expect <O

p We did not yet tried a generic NR ~ BaBar... Rather we are trying the QMI

. . Nuclear Physics B 899 (2015) 247-264
> Inspired ini  Three-body non-leptonic B decays and
QCD factorization
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.. at first we started doing this porposed split

“ig. 1. Left: The physical kinematical region in the plane of two independent momentum invariants s},‘_’f, jlrfh (Dalitz

slot), divided into the different regions with special kinematical configurations: I — Mercedes Star configuration, Ila, ITb
- Two collinear pions, I1la, IIIb — One soft pion. Right: Dalitz plot distribution for B* — 7+7~ 7% from Ref. [5].
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Non-S-wave: ¢(1020), f5(1525) and X0

S-wave: 20 bins below charm threshold, 10 bins above, spread evenly in the mass

Bose symmetric binning in orthogonal direction implied
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Jeremy fits the whole phase space but also splits ... I will show only those to compare w isobar
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QMI (Jeremy)

shigh > 14
FF{phikKp) = 15.3876 </- 0.328246
€— FF+(phiKp) = 15.3885 +/- 0.414427
| FF-(phiKp) = 15.3867 +/- 0.389577
mi,  (KTK™) < 14 GeV?/c* m2, . (KTK™) > 14 GeV?/c? FF(f2Kp) = 1.73203 +/- 0.232363
g g FF+(f2Kp) = 1.30891 +/- 0.324 183

w60 . . . 3 % . . . 3 FF-{f2Kp) = 2.15516 +/- 0.311331
@ s L s0F! :
?a'n E ] .%'n :]_ 3 FFichicOKp) = 0.96111 +/- 0.1203
2 g 3 = 4oF = FF+(chicOKp) = 0.937932 +/- 0.148136
i £ ] 7 E 3] FF-(chicOKp) = 0.984288 +/- 0.149289
W0E 4 B 30F 3
B et 3 U TF + E
20F - 20 = FF{SwaveKp) = 70.8911 +/- 0.619718
. '{:_ ] E +=|::]=j:}:+ 3 FF+(Swavekp) = 71.7097 +/- 1.68053
x i T pEm s BECTT ==FE FF-{SwaveKp) = 70.0725 +/- 1.01145
ﬂ 1 1 1 1 1 1 1 1 1 1 1 1 | 0 ] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I~ 12 4 L6 18 1 1.2 14 L6 18 "
my., (GeVic?) m,., (GeVic?) FF{Sum) = 88.9718 +- 0.505555
FF+({Sum) = 89.345 +/- 1.5163
< T c _F TF F73 FF-(Sum) = B8.5986 +/- 1.12189
= 3 — 150 S 3
< "ﬂi L e dhach et + .
S " + 3 ¥ T i Acp(phiKp) = -5.81554e-05 +/- 0.0174326
gu 4 T = 3 Acp(f2Kp) = 0.244292 +/- 0.131327
4 E £ of 3 Acp(chicOKp) = 0.0241157 +/- 0.0864499
,E E g 505_ -|- _E Acp{SwaveKp) = -0.0115474 +/- 0.0138049
i ] By f E
o - U oo E
E Wk T Al : P —
SO DT U & R TR T : o e = ST B Ehﬂh <14
L6 18 | 1.2 1.4 1.6 1.8
: g (GeVr - ) o My (GeV/c? FF(phiKp) = 12.4058 +/- 0.184568
S-wave motion clearly different in Mhigh (K ¥ ) regions which is unexpected FF+{phiKp) = 12.1633 +/- 0.282241
Could be looking at a new C' P violating mechanism! FF-(phiKp) = 12.6483 +/- 0.280112
Next 31913 is to piXEiiSE the QMI FF{f2Kp) = 2.55233 +/- 0.195227
BY S KTKYK - oM 6 FF+(f2Kp) = 2.62721 +/- 0.313784

FF-(f2Kp) = 247746 +/- 0239317

FF(chicOKp) = 5.90076 +/- 0.188311
FF+(chicOKp) = 3.89043 +/- 0.261576
FF-{chicOKp) = 7.91109 +/- 0.274622
P ~comaparable non Swave
FF(SwaveKp) = 79.9672 +/- 0.709158
FF+(SwaveKp) = 83 6826 +/- 1.02964
. . . FF-(SwaveKp) = 71.2518 +/- 0.971649
P Very different Swave: amplitude shape; phase motion and CPV
FF{Sum) = 100.826 +/- 0.667746
FF+{Sum}) = 107.364 +/- 1.03635
FF-(Sum) = 94 2886 +/- 0.94534

Acp(phiKp) = 0.0195457 +/- 0.0170584
Acp(f2Kp) = -0.0293366 +/- 0.0760898
AcpichicOKp) = 034069 +/- 0.0283046 12



Fit24036T (-3(1680) - f2(1270))
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This have the same nonSWave as the QMI
(unfortunately I do no have the phase and
amplitude for the SWave)



fit2300LT (same as 10050)
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The isobar M_highLT region reproduce the
CPV via destructive interference of TobiasNR and

Rescatt!



final remarks

P Very interesting, large statistics and low background... should be the first to be done,
but...NO too hard!

P> Special features:
Large NR - need better model
Large localized CPV not clearly associated to standard possible contributions - need better model
Apparently the quasi-2body approximation fail in several regions, really?
Nevetheless some stable isobar outcomes: NR>~80% CPV~-13%

P> Very recently we started the QMI approach - very promising
- sensitive to non Swave model
- difficult to interpret, but it is a guide to isobar -win win
- start working on 2D QMI (Juan Otalora) - if indeed quasi-2body fails ...
even more sensitive to noSwave model
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