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Outline
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e Model independent methods
e The Energy test
e Earth movers distance
¢ T-odd moments
¢ binned methods (Miranda method and co.)
e Phase space integrated results

e Model dependent methods

e Things | can not cover

e Input from multibody decaysto ¥y  Covered in the talks of

Tim, Jonas and
Wolfgang
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Introduction

The University of Manchester

e Multibody decays: final states are reached mainly through
resonances

e Unique sensitivity to phases

e Excellent environment for CP violation and mixing: strong-phase
differences varying across the Dalitz plot enhance the sensitivity

A . .
e P }AIQ . ;A}Q X Z [ As||Aj|sin(d; — 0;) sin(¢p; — ¢;)
i

e Tests of QCD (spectroscopy, amplitude models)

e Huge samples: a bless and a curse
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Why go model independent?

The University of Manchester

e Fast discovery tools
e Binned or unbinned methods

e (Can be used for direct and indirect CP violation tests
e Will cover direct CP violation today

e By design sensitive to local asymmetries rather than to global
asymmetries
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Energy test

The University of Manchester

e The Energy test uses a distance function ) to compute a T value

e T compares the average distance between pairs of events in the
phase space

n Wij n,n l/jij
' Zn(n—l) Zr‘z(ﬁ—l) nit

5,j>1 1,j>1 L,J
Average distance in  Average distance in the Average distance
the first sample second sample between the two

samples

e The distance function Phase space distance Our case

& 2 _ 2 _ 2
w(d;) = e~ %" di; = Z (% = %) Mei = My
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Optimising the sensitivity

The University of Manchester

e O is atunable distance parameter describing the effective phase-
space radius where a local asymmetry is measured

e 0O is analogous to the bin size in a binned approach

e |t must be:
e |arger than the resolution of d
e Small enough not to dilute local asymmetries
e Optimised value from sensitivity studies
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The Energy test in a nutshell

The University of Manchester

3 Used in: Phys. Rev.D 102 (2020) 051101
e Split sample is D%and D9 decays Phys. Lett. B740 (2015) 158
Phys. Lett. B769 (2017) 345

e Compute reference T value

e Compute T values from permuted samples using random flavour
tags (null hypothesis)

e (Compute P-value = fraction of permuted T values > reference T
value
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Sensitivity studies

The University of Manchester

e To verify that and how much the Energy test is sensitive to CP
violation:

e Simulate samples with comparable size to the Run 2 data
samples

e |nput different amplitude and phase asymmetries in different
resonances (e.g. 1%, 2%, 5%, 10% or 1°,2°,5°, ....)

e Run the Energy test

e Reset and repeat for a a set of d values (i.e. perform a so called
“d-scan’)

e Plot the P-value distributions

e Choose the & value (or values) that ensures the lowest P-values
(i.e. the best sensitivity)
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The University of Manchester
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Sensitivity studies

LHCb Simulation
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https://arxiv.org/abs/2306.12746

Validation of the Energy test

The University of Manchester

e To validate the Energy test is insensitive to instrumentation
asymmetries a control channel is needed:

e Same/ similar final state particles
e No CP violation expected
e High statistics

CF decays are great control samples

e Apply signal requirement to control channels
e Split into n subsamples with signal sample statistics
e Run Energy test with optimised & value
e Compute and plot the P-values
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The University of Manchester

e For visualisation only (toys):

My p-value distribution

Entries

P(x?) = 69.9313%
KS = 0.9972

S SN S

Symmetric: flat distribution
of the p-values
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Symmetric or not?
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Asymmetric: p-values
accumulate in the first bin




Search for CP violation in DO— -

The University of Manchester

e Singly Cabibbo suppressed DO decays

e Prompt sample tagged by D*+—DOrt*

e Signal purity 81% for resolved m° and 91% for merged

e | HCb Run 2 data (6 fb-1)

e Four times larger than the Run 1 sample (PLB 2014 11 043)
e Control sample: DO— K-+

e (Cross checks
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https://arxiv.org/abs/2306.12746

Dalitz plot distributions ’iﬁﬁﬁ

The University of Manchester

[arXiv:2306.12746 ]
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https://arxiv.org/abs/2306.12746

CP violation results in D9—= o ﬁHﬁé

The University of Manchester

e No evidence for local CP violation

e p-value =61%
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arX1v:2301.13211v1l [hep-ph] 30 Jan 2023

New model independent method

distance metri
for EMD: g=

Earth mover’s distance as a measure of CP violation

/g

Adam Davis,* Tony Menzo,’® Ahmed Youssef,”? Jure Zupan,®

N N
— . . q
@School of Physics and Astronomy, University of Manchester, M13 9PL, Manchester, UK I I q( %9 %) - mln z [ z ' f;](dl])

b Department of Physics, University of Cincinnati, Cincinnati, Ohio 45221, USA

E-mail: adam.davis@manchester.ac.uk, menzoad@mail.uc.edu, 1= 1 ]: 1
youssead@ucmail.uc.edu, zupanje@ucmail .uc.edu

ABSTRACT: We introduce a new unbinned two sample test statistic sensitive to CP viola-
tion utilizing the optimal transport plan associated with the Wasserstein (earth mover’s)

distance. The efficacy of the test statistic is shown via two examples of CP asymmetric 1 1 -
distributions with varying sample sizes: the Dalitz distributions of B® -+ K*7~ 7% and of f e f e f | = 1
DY — 7t7~ 7% decays. The windowed version of the Wasserstein distance test statistic is l ] N ? l ] N ’ l]

i ] I,]

shown to have comparable sensitivity to CP violation as the commonly used energy test
statistic, but also retains information about the localized distributions of CP asymmetry
over the Dalitz plot. For large statistic datasets we introduce two modified Wasserstein
distance based test statistics — the binned and the sliced Wasserstein distance statistics,
which show comparable sensitivity to CP violation, but improved computing time and
memory scalings. Finally, general extensions and applications of the introduced statistics
are discussed.

e The value of the EMD can be visualised as the work required to
transport and reshape dirt (weighted samples) in the form of one
distribution into the form of a second distribution.

e Toys for BO—=K+rm® and DO— i1 generated with Laura++, no

w  experimental results yet but looking forward
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T-odd moments method

The University of Manchester

Using triple product of final state particle momenta

Cr = ]_51(]_52 Xﬁ3) Cr: the triple product for the charge conjugate state

Define triple product asymmetries

A = FDO(CT > O) — FDO(CT < O) A = I‘ﬁo(—UT > 0) — Fﬁo(_éT < O)
T = T = — —
I'po(Cr > 0)+Tpo(Cr <0)° Tpo(—Cr >0)+Tpo(—Cr < 0)’
T—odd — 1 A A T—odd — 1 A A
dep =5( r—Ar) dp =5( rt+Ar)
Triple product asymmetries ~sing cosod
More careful consideration given in Durieux, Grossman
Phys. Rev.D 92,076013 (2015)
All production and detection effects cancel |
. Used in: BaBar: PRD 81 (2010) 111103

T: reverses the momentum, similar to P BaBar PRD 84, 031103 (R) (201 1)
FOCUS: PLB 622 (2005) 239-248

(no real time reversal) LHCb: JHEP 1410 (2014) 005
LHCb: Phys. Rev. D102 (2020) 05110
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T-odd moments in D+ = K*K%h*h- g

The University of Manchester
Belle

arXiv:2305.11405v1
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The University of Manchester

Recent measurements by Belle in red

T-odd moments in other D+ modes

arXiv:2305.12806v1
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MRAREEEY T-odd results BY = ppK+m

The University of Manchester
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In phase space regions sk

The University of Manchester

arXiv.2205.08973v |
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The Miranda method

The University of Manchester

lIntroduced by BaBar: PRD/8, 051102 (2008). Developed
further in PRD 80, 096006 (2009), PRD86, 036005 (2012)

e Divide the Dalitz plot intwo-dimensional bins
e (Compute, for each bin, the significance of the difference in the
numbers of D+s) candidates and D-)candidates, where the latter is
corrected for global charge asymmetry (e.g. from production and
detection).
irm+N N - .
CP — > a = .
\/ a(Ripg) i) 2, Ni(Dg))
e Two-sample x2 test: calculate p-value for no-CPV hypothesis based
2 2
on ¥ (Scp)= 2 (Scp)
Applied also to: LHCb D—TT, D—KST JHEP 1306 (2013) 112
LHCD D= KK PRD 84.112008 (2011) BaBar D—KKT PRD 87 (2013) 052010 (check)
- LHCb D—=3mPLB 728 (2014) 585-595 LHCh D°—=TTTTTT® PLB 740, 158 (2015)
SRg(\]{f‘ELTY CDF D=KSmmm PRD 86, 032007 (2012) LHCb D—KK7T D—477 PLB 726 (2013) 623-633 (5D bins)
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Signal purity 64% (D+s) and 78% (D+)

LHCb Run 2 data (5.6 fb-1)
D+~ K-K*K*

Candidates / (25 MeV*)

~ 1M

Sy [GEV?]
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Singly Cabibbo suppressed D+i)decays

S [Gevl

Search for CP violation in D+g— K-K+K*

The University of Manchester

2| bins in total overlaid

D*+— K-K*K*
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Results

The University of Manchester

e (Control samples:
e Phase space simulation
e Background samples
¢ D+s— K-K+rtt and D+— K-ttt (CF)

e Stability checks:
e different invariant mass fit models
e different binning schemes

e No evidence for CP violation
e p-value (D+s— K-K+K+) = 13.3%
e p-value (D+— K-K+K+) = 31.6%
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CP violation in B+—hhh

The University of Manchester

e (Quite complex

e Short- and long-distance contributions to the generation of the strong-
phase differences

e Arecent amplitude analysis found a large CP asymmetry related to the
interference between the S- and P-wave contributions in B+— 1+t
decays, also in S- wave and in D- wave [Phys. Rev. D101, (2020)
012006; Phys. Rev. Lett. 124, (2020) 031801]

e (P violation involving ot — KK rescattering was observed in B+—
tK+K- decays : Acp= (-66.4 °+ 3.8 (stat) £° 1.9 (syst))% [Phys. Rev.
Lett. 123, (2019) 231802]

e The patterns of localised CP asymmetries in the four charmless decay
modes B+— 1, Br— K+K+K- | B+—=m+K+K- and B+— K+rt+rt- can be
royainterpreted as originating from long-distance hadronic interactions
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MRS Phase space distributions

The University of Manchester arXiv:2206.07622
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Binned asymmetries

The University of Manchester

Acp(S12, 523) = <

THE

Split by flavour
Subtract the background, correct for efficiencies

Calculate asymmetries per bin

Ny A (02D )

Adaptive binning: with approximately the same number of events
e B+— tErtit: 400 bins ~ 229 events/bin

e B=x— Ks#tr—: 1728 bins ~ 276 events/bin

o Bx— xK+K-: 256 bins ~ 127 events/bin

o B:— K=K+K-: 729 bins ~ 461 events/bin estensoss
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The University of Manchester
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Local asymmetries

The University of Manchester
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Local asymmetries and rescattering

The University of Manchester

e Rich pattern of large and localised asymmetries which result from
interference between the contributions

e Possible mmt = KK rescattering

e The rescattering region is defined in the Dalitz plot in the two-kaon
or two-pion invariant mass range 1.1-2.25 GeV2/c4for B+— K+K+K-
due to the presence of the ¢(1020) resonance and 1-2.25 GeV2/c4
for the other three channels
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The University of Manchester
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Rescattering region B+—m+mn-

arXiv:2206.0/7622
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Candidates / 0.25 GeV?/¢*

Higher mass region B+—~mmm
The University of Manchester I‘I
e Higher mass region %

e (Clear Xco(1P) contribution

e comes from the B decay, as no such structure was observed in
the invariant mass sidebands

e |arge asymmetry is observed

- L e = D l T l | | -
180__ """ E _ —] & ]
= : LHCb_ —8 3 2500 LHCb . data _'
160 meappaps.. 5 O {h 1 _B+ -1 O ]
140F <l B = 2 50 fp’! } —— model I
- 1 S 400f 1 — B* > it -
120:— = S/ t ---- combinatorial
100 — % 300} 1 -~ B — 4-body -
80E- 5 | | 1 -- B* = KT
60F | 5 200} 1 ]
3 LIS | {
10 1 100} : F
20F- = S M‘j \
0: T R B B S B o PR T L 3 LN\ L
4 6 8 10 12 14 , 16 59 54 56 5 54 56
o ) . . . ) : .
AT, oy 16V m(m ) [GeV/e?] m(m) [GeV/e?]
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Direct CP violation in Bt—hhh

The University of Manchester

phase-space-integrated CP asymmetries

5.2

54

B =TT 1T TT
x10° ~ 45

> 50F ﬁ LHCb ﬁ . data 1 =
O
@) [ 1 —— model O
5 40:_ 5.9 fb . R Bi' _)'Kin-i-?c_ —. 5
= i ---- combinatorial ] S
N -~ Bo4body | <
3 30:_ - - B* sttt ] I3
CEE B >kt ] &
S 20} . ES)
= . ] =
S [ 3 1 8

10f \ k ]

Ok T2 A eeeeneemeeoseasasesetonaed | i Q";--&q’ :

5.6

m(K mtr) [GeV/c?]

H

arXiv:2206.07622

X0’

B+ — K*TT' 1T

+ data

—— model

-~ B — 4-body

5.6

— B* > K*K'K

---- combinatorial

5.6

Candidates / (0.01 GeV/c?)

|

T
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m(t K'K") [GeV/c?]

54 5.6
m(t'K K*) [GeV/c?]

5.2 54 5.6 54 54
m(K*m) [GeV/c?] m(K K*K") [GeV/c?] m(K*K*K") [GeV/c?]
3
T T | gl\ 12 %IQ ' ! ' | ' | | ! T T [ T T T I ]
i ! b .
© daa 1 = f LHCb . data -
I del N 10r -1 # —— model ]
—FoKKw | = | ~ 91 I
. .1 < N i — B > 1T
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- By — 4-body 7 § - -= B — 4-body .
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1] <= )
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Eva Gersabeck

m(m ) [GeV/c?]

5.6

5.6

m(mnn) [GeV/c?]

B+ — KKK~

38



Integrated asymmetry results %

The University of Manchester arXiv:2206.07622
x Production asymmetry

Acorr _ A
e The CP aSymmetry ACP o 1 mv;corrz:
g

Efficiency corrected raw asymmetry

e Significant inclusive CP asymmetries are found for the latter three B
decay channels, two observed for the first time

ACP(BlL — K*nptn
Acp(B* - K*KTK™
ACp(BjE — atatr
Acp(B* —» n*KTK~

+0.011 £ 0.002 = 0.003 & 0.003,
—0.037 £ 0.002 £ 0.002 £ 0.003,
+0.080 £ 0.004 4 0.003 £ 0.003,
—0.114 £ 0.007 £ 0.003 £ 0.003,

) =
)
7)
)

meoap Also,results on U-spin asymmetries in arXiv:2206.07622

SOCIETY
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B:—hhh and B—PV e

The University of Manchester

arXiv:2206.02038

e The method that does not require full amplitude analyses

e The method is based on three key features of three-body B decays:
e the large phase space

e the dominance of scalar and vector resonances with masses
below or around 1 GeV/c2 (confirmed by amplitude analyses
performed by Belle, BaBar and LHCb)

e the clear signatures of the resonant amplitudes in the Dalitz plot

e |arge phase space of these B-meson decays, different types of
resonant contributions are allowed

THE
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The method for B—PV

The University of Manchester

THE

Start with the decay B+— R(— h-1h+2)h#s:
e R is aintermediate resonance
e 5,=m2(h-1h+2) and s, = m2(h-1h=)

The resonance line shape (typically a Breit-Wigner distribution) is
observed in the projection of the Dalitz plot onto the s, axis

When a narrow interval in s, around the resonance mass is
selected, the projection of the data onto s, reflects the angular
distribution of the decay products.

ROYAL
SOCIETY
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The method for B—PV (continued)

The University of Manchester

arXiv:2206.02038

e Start with the decay Bx— R(— h-1h*2)h%s:
e R is aintermediate resonance
e 5,=m2(h-1h+2) and s, = m2(h-1h=)

e [n vector resonances, a parabolic shape is observed, since the
decay width is proportional to cosine squared of the helicity angle,
cos20, where 0 is defined as the angle between h-1and h%s

computed in the (h-1h+2) rest frame.

e |fthe (h-1ht+2) pair forms a scalar resonance, the distribution in s, is
uniform, since the decay of scalar resonances is isotropic in cos ©.

THE
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Results

The University of Manchester

e Background components formed
of these resonances plus a
random track: has an angular
distribution similar to the scalar
resonances, so it is absorbed in

the p* parameter.

In the TFr— P-wave, in the region

dominated by the B = p(770)0K+
Acp = +0.150 £ 0.019 £ 0.011

e First observation of CP violation
In this process

e Several other resonances tested:

B+ — K*(892)°r+ ,B —
K*(892)0K= and B+ — ¢(1020)K+
no other significant CP violation

ROYAFESUIS
SOCIETY
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Dalitz plot analysis features

The University of Manchester

e Interference plays a significant role in the phase space distributions

and in the physics sensitivity

e Amplitude analysis can explore several features of multibody

decays

e Relative phases between states
e Sensitivity to CP violating effects

e Resolve ambiguities in weak phases

e Hadron spectroscopy

THE
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Amplitude analysis

The University of Manchester

e Amplitude: sum of contributions
N N
2 2\ — 2 2\ — 2 2
. A (miy, mys) = ZAj(mu» mjs) = Z ¢,k (mi,, mjs)
c1: complex coefficients describing the relative magnitude and phase of the different isobars
Fi : dynamical amplitudes that contain the lineshape and spin-dependence of the hadronic part
Resonance mass term Barrier factors - p, g: momenta  Angular probability
(e.g. Breit-Wigner) of bachelor and resonance distribution
e S-wave (non-resonant component) description difficult, increasingly turning to
multiple approaches
e |sobar: Each contribution has clear physical meaning
e K-matrix: Experimental interface scattering results that enforce 2-body
unitarity
2 Quasi-model-independent: Binned amplitude determined directly from data
ROYAL
SOCIETY
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The University of Manchester

Quasi-model-independent partial- wave analysis, in which the TETES-wave amplitude
is parameterised as a generic complex function determined by a fit to the data.

D= TT-TUTT  ArRv:220803300
lea 3 = T .' — T T T v T ]
S5l it W
% 2.5¢ ' 00
oy 25

Candidates/ (2.4 x 10* GeV?)

s;, [GeV?]
The S-wave component dominant,

followed by the o(770)0r+ and
f2(1270)+ components.

First observation of the w(782) —
nmt decay

THE
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D*— T

0.5

—TUTT"  ARXIV:2209.09840
= LHCDH -
; | 1.5 fb! 3

e

5,,GeV?]

500

400

300

200

100

- H
S-wave dominant for D)= n-mm (58S

Candidates/(2.8 x 10* GeV*)

The S-wave dominant, followed by the

contribution from spin-2 resonances and a
small contribution from spin-1 resonances.

First observation of the Dgt — w(782)mtt

channel in the Dgt — =ttt decay.

Eva Gersabeck

Also: PRD 106 (2022) I'l, 1'12006.

PRD 79 (2009) 032003.
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i-mode id;
Quas A(s12,513) = As (512, 513) + ) 0™ Ai (512, 513) + (512 ¢ 513)

IS paramet
D*— TT-TUTT"  Arxivi2208.03300
% 2.5 ' 00
=3 25

Candidates/ (2.4 x 10* GeV?)

s;, [GeV?]
The S-wave component dominant,

followed by the o(770)0r+ and
f2(1270)+ components.

First observation of the w(782) —
nmt decay

THE

ROYAL
SOCIETY

D= TT-TUTT"  ArRXV-220909840

> F LHCb
r -1 A

O, r | 1.5 b -
5 25F 5 -
oy =

sk -

e . -

0.5 —E
T S S

slz[GeVz]

500

400

300

200

100

- H
S-wave dominant for D+~ - (589

wave amplitude
it to the data.

Candidates/(2.8 x 10* GeV*)

The S-wave dominant, followed by the

contribution from spin-2 resonances and a
small contribution from spin-1 resonances.

First observation of the Dgt — w(782)mtt

channel in the Dgt — =ttt decay.

Also: PRD 106 (2022) I'l, 1'12006.

Eva Gersabeck
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S-wave comparison

The University of Manchester

D+— 17T

CTS—"""""""' e D+S_’.r[_.r[+.r[+

5 H A AR N

L_D, O ) 3 1

- P @) 3 i 1.5fb 1

% — So2sE ? =
X F 1 ' .
S E \ —:
g 1.55— T —
= i .
= = ) i =
2 : ]
8 0.5:— =

[—

S-wave formed by the reactions ab—TTTT ,such
as r+T—, P ron,KOKo
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Candidates/(2.8 x 10 GeV*)

S-wave formed by the reactions ab— TTTT ,with
s(Uu+dd+Ss)S such as K*K-,KOKO,nn
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OVl . o B L R B L L B L B o 5 LI A A N BN BN LR B B
% E T T S-wave LHCb & 3 " m n* S-wave LHCb -
§° 305— —+ D¢ L.51b — o 400:— —+ D L51b -
= 5E —I—D* = i —I—D+
- ] 200 _
20F E A
15;— —E 0__ |
10Efo(500 =
5;_ ( ) _E —200_— >_;,/\\/ |
0 :'ole 04 06 08 1 12 14 16 18 02 04 06 08 1 12 14 16 18
m(t- ) [GeV] m(t- ) [GeV]
fo(980)11: couples strongly to KK
mode Df—anntat Dt—a atat
S-wave 84.97+0.14 61.8240.5
P-wave 8.5510.44 32.31+0.64
D—Wave 13.12+0.02 13.8 0.2
E(E)YAL
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Events / (20 MeV/c?)

THE

N
I?II

PHYS.REV.D 105,L051103 (2022)

o)
| S

—— Data
(@) — Total fit

------ KK (892)"

------ S(1710)rt

(N
IOIII

Al

-—pm===1"

Fore

M KK (GeV/c?)
D+ — KO,KO Tt

. 12 14 16 |

Events / (20 MeV/c?)

First amplitude analysis of D+s— Ko%Kn

PRLI29(2022)18200|

@

KK (892) |
KgK:(892)+
—-K*K (1410) *

M KK (GeV/c?)
D+s— KO K*110

6.32 fb-1collected at COM energies between 4.178 and 4.226 GeV

Enhancement in KO0gKO

partner of the fo(1710)

Same resonance observed by BaBar in nc—mmm ?
ROYALRD 104(2021)072002

SOCIETY

and KoK+ near 1.7 GeV/c2: isospin one
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PHYS.REV.D 105,L051103 (2022)

N\: 60'_ Data
e |
§ 4 - (@) — Total fit
S L KK (892)" \
= [ S(1710)m* *
49 20 T
S - e
L AL
>
= hphptd o
1 1.2 1 4 1.6 1.8
K,,K,, (GeV/c?)
D+*s— KO KO Tt
destructive interference betwegen
20(980)0 and fo(980)
implies the existence of an
isospin one partner of the

fo(1710) meson, the ao(1710)0 :
supports KK* molecule

THE hyfothems rather than a glue ball
ROYA
SOCIETY

Events / (20 MeV/c?)
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First amplitude analysis of D+s— Ko%Kn

PRLI29(2022)18200|

- (@) - kR (892 |
KgK:(892 )
—-K*K (1410)’ *

12 T4 16 713
(GeV/cz)

K”K*

D+ — KoK+

M =1.817 £ 0.008 = 0.020 GeV/c2

I'=0.097 £ 0.022 + 0.015 GeV/c2

B(Ds*—ao(1817)*70 =(3.44 £ 0.52 +
0.32)x 03 Significance > 0o

BESII
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Amplitude analysis and branching fraction measurement of the

Loads of amplitude analyses

decay D+ -> KSO pi+ pi0 pi0
2305.15879

Amplitude analysis of DO -> KLO pi+ pi-
2212.09048

Amplitude analysis and branching fraction measurement of Ds+

-> K+pi+pi-pi0
2205.13759

Amplitude Analysis and Branching Fraction

Measurement of

Ds+ -> K+ pi+ pi-
2205.08844

Amplitude Analysis and Branching Fraction

Measurement of

Ds+ to KS K+ pi0
2204.09614

Amplitude Analysis and Branching Fraction

Measurement of Ds

to K+K-pi+pi+pi-
2203.06688

Amplitude Analysis and Branching Fraction

Measurement of

Ds+ -> pi+ pi0 eta’
2202.04232

Amplitude Analysis and Branching Fraction

Measurement of

Ds+ to KsOKsOpi+
2110.07650

Amplitude Analysis and Branching Fraction

Measurement of

Ds+ -> pi+pi0Opi0
2109.12660

Dalitz-plot analysis of D s+ -> pi+pi-pi+

21H8B.10050
ROYAL

SOCIETY

BESII

Amplitude analysis and branching fraction measurement of Ds+ -> eta pi+ pi+ pi-
2106.13536

Amplitude analysis of the decay D+ -> K+ Ks pi0
2104.09131

Amplitude Analysis and Branching Fraction Measurement of Ds+ -> Ks pi+ pi0
2103.15098

Amplitude Analysis and Branching Fraction Measurement of Ds+ -> K-K+pi+pi0
2103.02482

Amplitude Analysis and Branching Fraction Measurement of Ds+ -> K-K+pi+pi0
2103.02482

Amplitude Analysis and Branching Fraction Measurement of Ds ->K+K-pi+
2011.08041

Amplitude Analysis and BF measurement of DO -> K- pi+ 2pi0
1903.06316

Amplitude analysis of Ds+ -> pi+piOeta
1903.04118

Amplitude analysis of D+ -> KS pi+ pi+ pi-
1901.05936

Amplitude analysis of DO to K-pi+pi+pi-
1701.08591

BESIII: PRD 95 (2017) 7, 072010

D
<[o

Dalitz analysis of D* — K-7t'n) decays at Belle Belle

Belle Collaboration, published in PRD 102, 012002 (2020 July 6

D to 4h() decays : LHCb: JHEP 02 (2019) 126
LHCb: Eur. Phys. J. C78 (2018) 443
CLEO-c data: JHEP 05 (2017)

Eva Gersabeck 53
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Summary

The University of Manchester

e Unique sensitivity to CP violation
e Important for QCP tests
e A plethora of methods to explore multibody decays

e Development of model unbiased methods is an interesting
challenge

¢ Many interesting results, very active field
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