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MELBOURNE

« Belle: B* > K*K~n*, Branching Fraction,(B), Acp PRD 96, 031101(R)
 Belle: B® - K*K.m~, Branching Fraction,(B), A arxiv:1904.06835
 Belle: B - K.K ;h*, Branching Fraction,(B), Acp PRD 99, 031102(R)
 Belle: B® - ppr, Branching Fraction arxiv:1904.05713

« LHCb: B® - K.n*n~, Amplitude analysis, A-p PRL 120, 261801

« LHCb: B, » K. K*r™, Amplitude analysis arxiv:1902.07955

« LHCb: BT - K*K~ %, Amplitude analysis, Ap

(http://moriond.in2p3.fr/2019/EW/slides/5 Thursday/1 _morning/5 Bertholet TimelndepCPV.pdf)

e LHCb: B* - ntr~ %, Amplitude analysis, A-p (FPCP, Tuesday,
May 8, 17:00)

M. Sevior, FPCP 2019 Victoria,
5/8/2019 Canada Slide 3


https://protect-au.mimecast.com/s/jl-SCXLKNwFNgoYkfDLR5u?domain=moriond.in2p3.fr

2. Charmless B-Decays

MELBOURNE
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Direct CP-violation

(P — f) £ T(P — J)

(8
\a\e (81+1) \b]e >=92)
\b\e (§2+¢2) ‘CL’@ (61—¢1)

|Af| = |al? + |b|* + 2]al|b|cos(AS + AD) |Af| = |al* + |b|2 + 2|al|b|cos(AS — AD)
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Kinematic Variables in B-
Factory measurements

_ *2 __ p*2 — * *
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M. (GeV/c?) AE (GeV)

M, . peaks at B mass for fully reconstructed signal
AE peaks at zero for fully reconstructed signal
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Continuum Background

MELBOURNE o .
. Continuum background( €* €~ — g@(u,d,s,¢) )

— Dominant background e,
— Event topology differs from BB decays 5 ,
A — e o e i
Jet-like " :
e e
e’ €
BB event
spherical  sign
.B L4
— Combined variables describing the event topology in an artificial neural network.
: : . _ N
Either tight cut to optimise FoM = N
. . M -M
— Make a loose cut to keep ~90% of signal and fit log(#)
—Mcut
4 J Liw log(—%__)
M | » HHM M — My,

& 08 1 =[] o 5 S L
NB NBy o
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Charm Veto

THE UNIVERSITY OF
MELBOURNE

Charm mesons and resonances are a copious source of h*h™ h € {p,K,m, u, e}
Cause peaking background directly or via incorrect PID
Apply a charm veto around charmed meson masses
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All Belle results are from the full dataset of 711 fb-’
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21 Belle: Aqp for BT—» KtKn™

MELBOURNE C.-L.Hsu et al. Phys Rev. D96, 031101(R) (2017)
Cabibbo and color suppressed tree f' l . f
And Penguin diagrams B { ﬂ B~ W, i
Br(B* —» K~K*m*) = (5.0 + 0.5 + 0.5) x 10~° _ -
PRL 99, 221801 (2007) BaBar . ;. g b
Acp = -0.123 £ 0.017 + 0.012 + 0.007 ; By kg S
PRD 90, 112004 (2014) LHCb " ——
400F T i Sk Y Fruaen 0 .t
LN ﬁ Gl - 2 oo LHCD +B
300;‘ ' — O
200; ) é %300—
3 * * E 5 200F
100E = —
En ‘ E 100 -
| SR T N S -
07‘12|i34|f|57 (()).SI llllll.2.l.1.4lllli6ll 1.8
My (GeV/c?) m(K*K) [GeV/e?]
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Belle: Fit for B¥—» K*K~ ¥ in My «Bins

Signal ——— Sum Cut on Continuum-suppression,
2D fit to Mg and AE
¢ Data

TS e, o
THE UNIVERSITY OF
MELBOURNE

(]‘ég\;/ffc : Nia Eff. (%) dB/dM (x10~7) Acp

0.8-1.1 | 59.8+t11.4+2.6 19.7 | 14.0+£2.7+0.8 —0.90 £0.17 = 0.04
1.1-1.5 | 21244+£21.3+6.7 19.3 Ssxasx 1.9 —0.16 =0.10 =0.01
1.5-2.5 [113.5=26.7=18.6 156 10.0+23+1.7 —0.15+0.23 =£0.03
25-3.5 | 1101 £176 49 151 100x£1.6£0.6 —0.09£0.16 = 0.01
3.0-5.3 | 1726 £25.7£74 16.3 81x1.2x+05 —-0.05=x0.15=0.01
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Belle results for BT - K*K™1t®

Total B =(5.38 £ 0.40 £ 0.35) x 10 ® C.-L.Hsu et al. Phys. Rev. D96,

Acp=-0.170+£0.073 £ 0.017 031101(R) (2017)
x10 7
3¢ 0.2F
250 *B* > K'K'm* T
& g ’L‘ B~ - K'K™m~ " — 1
~ 2 | e Phase space ~02) +—'ﬁ
= 1.5% ot
?2‘ 1= — 0.6
< F — _
Or:-f-JHIII|IIII|IIII|IIII|IIII|IIII|IIII|IiIIIII _||||||||||||-||||||.|||||||.--I|||.I...I..
1 15 2 25 3 35 4 45 5 s s 4 s s
MKK (GEV/CZ)_ M« (GeV/c?)
|A|2 = A2 + A2 1+ 2A; A; cos(AS + Ag) |A|2 = A2 + A2 + 24, A3 cos(AS — Ag)

Unusual dynamics showing a large enhancement and very large direct CP-violation
Acp =-0.9 £0.17 + 0.03 at Mg, < 1.1 GeV (4.8 o)
Hard to make a model do both.
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Challenge to Theory for B¥—» K*Kn®

POSY, AUDE,
THE UNIVERSITY OF

MELBOURNE
' P | p
Recall afetrrey ple®2m2) a1 =)
A, = AE-IAF o
SR VIERVIE b6+
f 7
457 = 1al” + b7 + 2lallbleos(Q8 + A®) |7, = |af? + b2 + 2lallblcos(a8 — AP)

Need an order of magnitude increase in EW Tree diagram
And an order of magnitude increase in Penguin diagram
both in 0.99 GeV < My, < 1.1 GeV

Major role for KK < i rescattering?
LHCb Moriond (http:/moriond.in2p3.fr/2019/EW/slides/5_Thursday/1_morning/5_Bertholet TimelndepCPV.pdf)
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https://protect-au.mimecast.com/s/jl-SCXLKNwFNgoYkfDLR5u?domain=moriond.in2p3.fr

Belle: B® - K*K.m~, Branching Fraction,(B), A

Y.S. Lai et al. arXiv:1904.06835

- Suppressed in Standard Model.

- The BY - K*K.n~ decay mainly proceeds via b — d penguin
process and hence sensitive to new physics in the loops

- Previous measurement by BaBar BR = (6.4 + 1.0 + 0.6) x 107°
(PRD.82.031101)

- Appears to be some structure at low M, -_+region and
asymmetric helicity angle distribution at low Mg- region but

limited statistics (~200) makes a detailed study difficult

The similar process Bf— K*K~n* found a large direct CP
asymmetry at My, < 1.1GeV

M. Sevior, FPCP 2019 Victoria,



Belle: BY - K*K .~ fitted yields

MELBOURNE . . . .
Make a unbinned maximum likelihood 3-D
Proiection plots fit on Mp~, AE and log-transformed NB
J P BC
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Differential decay rates and Asymmetry plots
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BY - K*K .~ Differential decay rates and Asymmetry
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Belle: B® - K*K.m~, Branching Fraction,(B), A

- N(K*Ksn™) — N(K™Ksmt)
- N(KtK,n™) + N(K~K )

Total Yield = 490+46 events
BR =(3.60+0.33+0.15) x 10 ~©
(Most precise measurement)

A

A=(-85%89+0.2)%

Threshold enhancement seen near 1.2 GeVc™2 in M-k, and a hint
of a peak at 4.2 GeVc ™% in M-

>
Full tables of differential BR are given in Y.S. Lai et al. <o

arXiv:1904.06835
M. Sevior, FPCP 2019 Victoria,



%Y. Belle: B* — K,K,h*, Branching Fraction,(B), Acp

THEP;NNERSTU;';OF
MELBOURNE . .
B. Kaliyar et al. PRD 99, 031102(R) (2019)  arXiv:1812.10221

B* - K.K.,K* and B* - K. K. ™
No contribution from V

Proceeds only through penguin loops and hence
sensitive to New Physics

M. Sevior, FPCP 2019 Victoria,



MELBOURNE
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Belle: BT —» KK hT Fits

2-D fit to AE and log-transformed NB to B* - K. K.K* and B* —» K,K.n* with cross feeds
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Belle: B¥ —» K.K.h* Br, A.p

0SY AU
THE UNIVERSITY OF

MELBOURNE
Differential BR and A.p for B* - K. K. K=
12x10'5 08
= e Data 0.6
E 10%+__+_ = Phase space MC 0.4F
© 2 %0'3 +_+__+_|
A *g.2 T
- e, - c— 4 +
t’ 2._ + _0-6
o0&~ - 0.8
1152253354455 1152253354455
Mysgo (GeV/c?) Moo (GeV/c?)

Br(B* - K,K.K*) = (10.42 +0.43 +0.22) x 107°
Ay (B - KK KT) = (416 £3.9+0.9)%
Br(B* - K,K.tt) = (6.5 +2.6 + 0.4) X 1077
(2.5 o significance)
90% Confidence Br(B* —» K,K.nt) < 8.7 x 1077

Substantial threshold enhancement over phase-space in Mg g (again)

B. Kaliyar et al. PRD 99, 031102(R) (2019)  arXiv:1812.10221 ol 24
M. Sevior, FPCP 2019 Victoria,
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Belle: B® - ppr®, Branching Fraction

B. Pal et al. arXiv:1904.05713, To be published in PRD

« Charmless baryonic B-decays also proceed via V ,, and
FCNC Penguin processes

« May exhibit DCPV and potentially sensitive to NP

* Hierarchy observed:

« 2 Body < 3 Body <4 Body

« Observed threshold enhancement of baryonic particles

« The process B? —» ppr’has not yet been observed
M. Sevior, FPCP 2019 Victoria,
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Correct for 7° energy loss in ECL using: 7 -

Projection plots of 3D fit to data
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g 200,_' I 7 & 200f ' ' g
18 o i BR=(50+18%0.6)x1077
% 1oo:+' H % 1005— :
> > F . o . .
T W + 13 «f | I i 3.1c significance
’  — 1 ++ + K 0= l . .
S0, . = Y SR S First Evidence for this decay
2 4 5
m(pp) (GeV/c?) m(pr?) or m(prY) (GeV/c?) 7>
sPlot NIM A 555, 356 (2005) used to extract distributions as function of m,,; BELLE
B. Pal et al. arXiv:1904.05713, To be published in PRD
M. Sevior, FPCP 2019 Victoria,



MELBOURNE
LHCDb Detector :
i Wiskght: 8,900 Sarnse Electromagnetic -
Height: 10 m Calorimeter L = ' N
Length: 20 | R i ."II‘

RICH1

Vertex
Locator

Tracking

Station
Dipole
Magnet

Tracking Calorimeter
Stations

New results from run 1, (2011 and 2012, 3 fb-1)

M. Sevior, FPCP 2019 Victoria,

LHCD: Dalitz Plot (DP) Amplitude analyses

Hadronic ~ Stations



LHCDb: Dalitz Plot (DP) Amplitude analyses

MELBOURNE
Emilie Bertholet
http://moriond.in2p3.fr/2019/EW/slides/5 Thursday/1 morning/5 Bertholet TimelndepCPV.pdf
L ) e
5 (my+my) i
- Information about the resonant structure. 8 i 2____-§— ————— (M-m,)?
D|rect aocess tor :
o Branching ra dnrect and indirect (local) CP asymmelries & b : ]
5 (M-my)?
Py ™y 1 il o ch'éE4 C :
2 2 2 k |
M—Oépwmz dr' = sy aaazz A dmizdmas : P
Py, My 2 - (mg+m,)? e B
i | 2l 5 ' |
i 1 9 3 4

mi, (GeV?)

etrisation of the DP: Isobar Model

Quasi-two body approach.

The total amplitude of the decay is described as a coherent sum of partial amplitudes:
nRes

A(mlzz,mzz_q) = Z (.}'F j(m‘lzz, 1'31223)

g e N

Isobar parameters Lineshape
weak + strong interaction strong dynamics
= sensitive to CPV = no CPV

M. Sevior, FPCP 2019 Victoria,
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] 1‘,@, =

wmene LHCb: BO - Kntm~and BO —» K*~n*, Amplitude
Phys. Rev. Lett. 120, 261801 (2018) ana|ysis and Acp

* The origin of the difference between neutral and charged
modes for B = Kn for A p remains: ("K-m puzzle”)

* New, more precise measurements of ®;(y) increase the SM
tension for B - K°n° A and S.p to 2.2 (PLB 785 (2018) 525)
 Recent theoretical work (Eur. Phys. J., C75(7), 340 (2015), J. Phys., G43(10),

105004 (2016)) shows that the B - K*~w* modes can help
understand the K-r puzzle

» An amplitude analysis of the 3-body B® - K,n*m~ decay can
fully isolate the B - K*~m™ process.

M. Sevior, FPCP 2019 Victoria,
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analysis and A.p

Candidates / ( 16.25 MeV/c?)

1000

500

Build an Amplitude Analysis

LHCb

------- B — Km'n-
B 5 Komr
combmatonal

B—>K°K7£+
——B—>K°Kn+

_0
R B(.s-) e K(S)TL"FTE (X)

J

b ) et % — i e T
5400 5600

5800

m(Kem*7") [MeV/c?]

Including the resonances shown

5/8/2019

LHCb: B® - K. r*w~and B® - K*~r*, Amplitude

Resonance Parameters Lineshape Value references
e mg = 891.66 £ 0.26 ]
K*(892) Do t05 00 RBW 27
Re(No) = 0.204 £ 0.103
o s Im(x) =0 : . )
(Kn); Re(A) = 1 EFKLLM [28 28
o = 1425.06 5
K3(1430) ”’l‘in :lqisd; (fg%; g RBW 27
ma = 1717 + 2 |
K*(1680) ’P"l;’ - ;21 fﬂ J Flatté [29] 27
1(500) ’E? :;;ff 372 RBW 30
ppisn mo = 775.26 £ 0.25 : o
p(770) Ty = 149.8+ 0.8 GS |31 27
mg = 965 £ 10
f0(980) gr = 0.165 £ 0.025 GeV Flatté 32
gk = 0.695 +0.119 GeV
£5(1500) - S RBW o7
N mo = 3414.75 £ 0.31 2 -
Xc0 T, =10.5+0.6 A o
Nonresonant (NR) Phase space
M. Sevior, FPCP 2019 Victoria,
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memee LHCb: BY » K,rtm~and BY — K*~*, Amplitude
anaIyS|s and Acp

L2220 T TTTTTTTTO TS o T T o ST 7200
T200f  p----LHCb_ 2 stogop oo LHC 1 Zisof
& 180F 1 gI180F 3 Emo;—
g 160¢ E 3 1 = l40F
S 140 E 1 1 S120f
%1(8)85 E 1 2 sof
R : 1 F eof
5 -s 1 S«
20F e 3 : 20f
% L 23 ) %
migw [GeV?/c4] mf{(gn_ [GeV?/c*] m2, [GeVZ/ct]
Acp(K*(892)"77) = —0.308 £ 0.060 + 0.011 4+ 0.012
éﬁﬁ%& Acp((Km)g7™") = —0.032 £ 0.047 £ 0.016 £ 0.027
Acp(K5(1430)"7t) =-029 £ 0.22+ 0.094+ 0.03
Acp(K*(1680)"7%) =—-0.07 £ 0.13+ 0.02+ 0.03
Acp(fo(980)KY) — 028 + 027+ 005+ 0.14

Acp(BY - K*~mrt) = —0.308 + 0.060 + 0.011 + 0.012 > 65 significance
Phys. Rev. Lett. 120, 261801 (2018)

M. Sevior, FPCP 2019 Victoria,



2 |LHCb: B, —» K.Ktm™, Amplitude analysis

MELBOURNE

Interesting admixture of Tree and FCNC Penguin Amplitude
Sensitive to NP arXiv:1902.07955
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LHCb: B, —» K.Ktm™, Amplitude analysis

MELBOURNE
—~ 150 — 150
2 | Cb i
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V] ) ¥
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Build an Am p||tude Ana|ysis Resonance Fit fraction (%) Resonance Fit fraction (%)
i K*(892) 15.6 £ 1.5 K’"(S‘]Q} 13.4 4+ 2.0
InCIUdlng the resonances Shown K;(1430)~ 30.2+ 2.6 (HiU)"’ 28.60+ 3.6
K3(1430)~ 29+13 I\j(l 430)* 58+1.9
% K*(892)° 13.2+ 2.4 K*(892)° 19.2+2.3
K;5(1430)° 339429 I&;‘}(liﬁ{])“ 27.04+4.1
K3 (1430)° 5.9+4.0 K3(1430)° 17428
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LHCb: B, —» K. KTn*, Amplitude analysis

2
)

S0F

40F

Candidates / { 140 MeV/e2)
Candidates / { 140 MeV/c?
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Interesting reaction dynamics leading to very large Direct CPV
New analysis with full Dalitz analysis
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LHCb: B - K*K~n*, Amplitude analysis, A.p

Emilie Bertholet
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Conclusions

Summary

Many interesting results from MultiBody Charmless decays and
Direct CP violation

B* - K*K~n* shows a large enhancement in M+ ,- and very
large Direct CP violation

New LHCD results showB* - K*K~nT results could be the effects
of KK < nit rescattering

Threshold enhancements observed in all My final states

Amplitude Dalitz Plot analyses from LHCb show qualitative more
information including quasi two-body measurements

Outlook

New results expected from ongoing LHCb and Belle analyses
New data from LHCb and Belle Il
Competitive and complimentary interplay between LHCb and Belle Il
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Thank you!
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