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1. Introduction and Motivation




1.1 Why KT scattering is important?

« Hadron spectroscopy: determine resonances and their nature
— P-wave: K*(892), K*(1410), K*(1680), ...

— S-wave: “K(~800)", ...
— Exotics,...

e 1t and K building blocks for hadronic physics:
— Test of Chiral Dynamics

- Extraction of fundamental parameters of the Standard Model

- Look for physics beyond the Standard Model: High precision at low
energy as a key to new physics?

=) Very important when Final State Interactions at play!
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1.2 Ex: Kmtscattering, P-wave

K*1T threshold
/ Boito, Escribano & Jamin’10
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1.2 Kmscattering from lattice QCD

&/°  Wilson, Briceno, Dudek,

60 5 3 Edwards, Thomas’19
© Adapted by
I Pelaez & Rodas’22
0k
11 S
150}
120}
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2. Using KTt scattering to test ChP'T




Ex: Krtscattering, P-wave

K*TT threshold _ _ .
Boito, Escribano & Jamin’10

Tau data

1 7T—Knv,

200 T — 71 r 1.1 1 171"

[ ChPT esmn st :
150

=100 | |
o _ -
= threshold |
50 |~ parameters : )
- l LASS —e— 7
- v ' Estabrooksetal. —=— -

0 T S T T T T TR T T
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2.1 Chiral Symmetry

- Limit m, —0

(1)
1 v o— . _ .
£QCD — L:gCD = _ZG/,WG“ +quyuDqu +qu’}’“DuqR v q=|d
1 \ "/
with qL,REE(lws)q

Symmetry: |G=SUQ3), ®SUQ3), —» SUQ),

« Chiral Perturbation Theory: dynamics of the Goldstone bosons (kaons,
pions, eta)

. Goldstone bosons interact weakly at low energy and M,,1, <m <A,
Expansion organized in external momenta and quark masses

Weinberg’s power counting rule

C,= 2L, .L,=0(p"),p={gm}| |p<<A,=47F,~1Gev
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2.2 Chiral expansion

The structure of the lagrangian is fixed by chiral symmetry but not the
coupling constants - LECs appearing at each order

The method has been rigorously established and can be formulated as a
set of calculational rules:

LO: tree level diagrams with L, L, : F,B,
10
NLO: tree level diagrams with £ _ i
1-loop diagrams with £ ! L, = ;L" et

90

NNLO: tree level diagrams with _ i

. J . with £, L= ZC,- O,
2-loop diagrams with [:2 i=1
1-loop diagrams with one vertex from L4

Renormalizable and unitary order by order in the expansion 10



2.3 ChPT in the meson sector: precision calculations

« Today's standard in the meson sector: 2-loop calculations

« Main obstacle to reaching high precision: determination of the
LECs: O(p®) LECs proliferation makes the program to pin down/
estimate all of them prohibitive

* |n a specific process, only a limited number of LECs appear

« The LECs calculable if QCD solvable, instead
— Determined from experimental measurement

— Estimated with models: Resonances, large Ns
— Computed on the lattice
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2.4 Test of SU(3) ChPT

* Interesting framework to test ChPT is offered by the kaons: K, K,
K — 31, etc

* A very interesting quantity is the scattering length: first term in the
expansion:

2 L. .
—Ret!(s) = —sin 28} (¢) = ¢* [a{ +b ¢t 4 ¢t 0((16)]

Vs 2q L

 For 1T SU(2) ChPT very successful!

Emilie Passemar
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Tt scattering lengths

H. Leutwyler

= Universal band
e tree (66), one loop (83). two loope (96)
002~ — Pradiction (ChPT + diepersion theory, 2001)
DIRAC (2005)
-— NA48 K ->3 x (2003)
- NA48

003 — gges

-0.05

006
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2.4 Test of SU(3) ChPT

Interesting framework to test ChPT is offered by the kaons: K3, K,
K — 3T, etc

« A very interesting quantity is the scattering length: first term in the
expansion:
1

2 e
—Ret](s) = —sin20; (¢) = ¢* [a{ +b ¢ ot (9((16)]

Vs 2q —

 For 1rmr: SU(2) ChPT very successful!

« What about SU(3) ChPT?
In principle slower convergence if convergence at all!
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KTt scattering lengths: S-wave

. Buettiker, Descotes-Genon, Moussallam’04
S-wave scattering lengths

-0.03 . . . . .
-0.035 r Roy-Steiner .
004 | I
4
-0.045 ChPT O(p") -
N
“s 005} - Janowski’14
B T T T T T T T
g -0.055 r ! ! !
-0.06 + -0.04 - _
0065 - ong loo|
-0.07 CA ® Weinberg 1966
’ ’. 0,05 - tree level prediction for a
-0.075 L L L L ES553 one loop prediction for a
0.14 0.16 0.18 0.2 0.22 ( 32 two loop estimate for a,
12 a, i two loops ——— Buettiker et al. 2004
mga, ) ® Zhou & Zheng 2006
0.06 ' —— NPLQCD 2006, Fit A
e —— NPLQCD 2006, Fit B
—— NPLQCD 20086, Fit C
—— NPLQCD 2006, Fit D
—— NPLQCD 2006 for a('J
== Fu 2011 fora,
-0.07 |~
1 1 I 1 I 1 I 1 I 1 I 1 I
0.14 0.16 0.18 0.2 0.22 0.24 0.26 0.28
1/2
0
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Roy-Steiner equations for K7t

« Unitarity effects can be calculated exactly using dispersive methods
« Unitarity, analyticity and crossing symmetry = Roy-Steiner equations

e Input: Data on Kn— Kr and tt— KK for E 2 1 GeV

two subtraction constants, e.qg. a(‘)’ and a;’

« Qutput: the full Kt scattering amplitude below 1 GeV
=) In poor agreement with the experimental data

* Numerical solutions of the Roy-(Steiner) equations:

— TUT. Pennington-Protopopescu, Basdevant-Froggatt-Petersen (70s)
Bern group: Ananthanarayan et al.’00, Caprini et al.’11
Orsay group: Descotes-Genon, Fuchs, Girlanda and Stern’01
Madrid-Cracow group: Garcia-Martin,et al.’11

— K t: Buettiker, Descotes-Genon, Moussallam’04 , Pelaez & Rodas’16 22
— KN: Ruiz de Elvira et al’15
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KTt scattering lengths: S-wave

-0.03

Pelaez & Rodas’22

-0.04 ~

-0.05

3/2
0
T

mya

-0.06 -

-0.07

Miao et al. 04
DIRAC 17
HDR SR CFD
FDR SR CFD
FN 07
Buettiker et al. 04
BELO 14

BE NLO 14

BE NLO ff 14
BE NNLO 14
BE NNLO ff 14
NPLQCD 06
FU 12
PACS-CS 14
ETM 18

FDR CFD-old
FINAL VALUE
New CFD

Hédkémocenmril

0.12
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Lattice

0.18 0.2 0.22
1/2
mga,

Dispersive

BE: Bijnens & Ecker’14
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KTt scattering lengths: S-wave

Pelaez & Rodas’22

1/2

3/2

Reference My, My, Description

Biittiker et al. (2004) [43]  0.224 £0.022 —0.0448 £+ 0.0077 Dispersive Roy-Steiner
Peldez-Rodas (2016) [41]  0.220 £0.010 ~0.05407001" Fit constrained with FDR
Bijnens-Ecker (2014) [86]  0.142 —0.071 ChPT LO

Bijnens-Ecker (2014) [86]  0.173(0.169) —0.064(—0.066) ChPT NLO fit 14 (free fit)
Bijnens-Ecker (2014) [86]  0.224(0.226) —0.048(—0.047) ChPT NNLO fit 14 (free fit)

Miao et al. (2004) [87]
NPLQCD (2006) [88]
Flynn-Nieves (2007) [89]
Fu (2012) [91]

PACS-CS (2014) [92]
ETM (2018) [93]

0.0023
0.1725 £ 0.00171) %23
0.175 £ 0.017
0.1819 & 0.0035
0.182 £ 0.053

—0.056 + 0.023

0.0024
—0.0574 £ 00167 psg
—0.0512 +0.0018
—0.060 =+ 0.006
—0.059 + 0.002

lattice, improved Wilson quenched
lattice. Domain-wall valence
lattice+Omnes Dispersion Relation
lattice, staggered, moving wall source
lattice, improved Wilson

lattice, twisted mass.

Emilie Passemar
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KT scattering lengths: P-wave

IK*TT threshold _ _ _
Boito, Escribano & Jamin’10

200 T — 71T r 1.1 "1 17T
[ ChPT SYITYE :
150
- |
E _ i
=100 | ]
o _ .
- threshold |
50 F parameters 7
5 l LASS —e— 7
: v Estabrooks etal. —=— 1
0 : A _= N T | : 1 1, 1 . 1

Tau data

1 7T—Knv,

0.6~-07_-48 09
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KT scattering lengths: P-wave

Boito, Escribano & Jamin’10

2 |
ﬁRe tlI(s) — 2_(1 sin 25{((]) = qu [alI - blI q2 + clI q4 + O(QG)]

Taudata : ChPT O RChPT O(%) B ChPT O(°) [l Roy-Steier i

m3a;’? x10 © 0.166(4) 0.16(3) 0.18(3) 0.18 0.19(1)
m3 b1/ x 102:  0.258(9) : - - 0.18(2)
mlc/? x103F  0.90(3) i - - 0.71(11)

llllllllllllll

) Recent analysis combining K3, tau and D data : 0.249 +0.011  Bernard’14

B Bemard, Kaiser, Meissner'91
- Bernard, Kaiser, Meissner’91
- Bijnens, Dhonte, Talavera’04
- Buettiker, Descotes-Genon, Moussallam’04

* Poor agreement :> need more data

Emilie Passemar 20



3. Hadron spectroscopy




3.1 Determining of pole and width

« Once one gets KT scattering amplitude

=) analytical continuation into the complex plane

Poles on the second sheet correspond to zeros on the first sheet!

Plot from M. Pennington

resonance pole

Dispersive analytic continuation

Emilie Passemar 22



K7t scattering, P-wave

K*TT threshold _ _ _
Boito, Escribano & Jamin’10

200 LB I Y S B RN B I N RN RN R R B
B l o 0 /® A a 4; + -
150
_ Tau data
_ I 1 7T—Knv,
E _ i
=100 f ]
o _ .
- threshold |
50 parameters : B
. l LASS —eo— ]
: v Estabrooks etal. —=— |
O ’ : - = 1 ] 1 | I | 1 | 1 | 1 | 2

06~-07_-4U8 09 1 1.1 12 13 14 15
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3.2 K'(892) mass and width

K*(892) MASS PDG 22
CHARGED ONLY, HADROPRODUCED
VALUE (MeV) EVTS DOCUMENT ID TECN_ CHG  COMMENT CHARGED ONLY, PRODUCED IN 7 LEPTON DECAYS
891.66+0.26 OUR AVERAGE 0 VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT
et R e ke & P koy P sEATE0O0+0M 53 OEPRANOV 07 BELL 7 — Ky
801 +1 NAPIER 84 SPEC — 2007 p — 2K§X o o o We do not use the following data for averages, fits, limits, etc. o o o
891.7 £2.1 3700 BARTH 8 HBC + 70KTp— KOxtX @900 +05 7BOITO 10 RVUE 7 — KOr— v
891 1 4100 TOAFF 81 HBC — 65K p— Kon p 8. 3 8 T
892.8 +1.6 AJINENKO 80 HBC + 32K+p— KOxtx 8920 %09 ”BOITO 09 RVUE 77 — Kg“ Vr
890.7 +£0.9 1800 AGUILAR-.. 788 HBC +  0.76 pp — Kq:j}:(%wi 895.3 +0.2 8,10 JAMIN 08 RVUE v~ — Ken v,
886.6 +2.4 1225 BALAND 78 HBC + 12pp— (Km)T X 11 - ~ 0
2960 boa o CoOPER v toc 1 ombs A (K)ﬂ X, 8964 £09 11970 ; BONVICING 02 CLEO 7~ — K_ﬂ'OI/T
801.9 +0.7 900  LPALER 75 HBC — 143K p— (Km)— 8% *2 BARATE ~ 99R ALEP " — K™ v
892.2 £15 4404 AGUILAR-... 718 HBC — 3.9?51.6 K= p—

(Km)~p

891 42 1000 CRENNELL 690 DBC — 39K N — KOz—X NEUTRAL ONLY
890 +£3.0 720 BARLOW 67 HBC + 12pp— (K97)TKT VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT
889 3.0 600 BARLOW 67 HBC = 12pp— (K0m)EKn 895.81+0.19 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram below.
891 +£23 620 2DEBAERE 678 HBC + 35K*p— Kortp 805.4 £0.2 £02 243 13DEL-AMOSA.111 BABR DT — K= rTefw
80 £12 1700  SWOJCICKI 64 HBC - 17K™p— KOmp g0 0y i03 ng MBONVIONI 08 CLEO DY — K-ntat
e ¢ ¢ We do not use the following data for averages, fits, limits, etc. e o o ' ’
8935 411 - 4 ABELE 900 CBAR = 0.0pp— K+K—0 895.41&0.32J_r8:i§ 18 15 LINK 051 FOCS DT — K~ rntuty,
890.4 +£0.2 £0.5 80+0.8k °BIRD 89 LASS — 11K p— Kor—p 806 +2 BARBERIS 98t OMEG 450 pp — pfp K*K*
890.0 +£2.3 800  23CLELAND 82 SPEC + 30KTp— k%xtp 8959 £05 402 ASTON 88 LASS 11K p— P,
896.0 +1.1 3200 23CLELAND 82 SPEC + 50KTp— K8w+p -
893 +1 3600 23CLELAND 82 SPEC — 50KTp— Klnp
896.0 +1.9 380 DELFOSSE 81 SPEC + 50 KTp — K=x0p
886.0 +2.3 187 DELFOSSE 81 SPEC — 50 KTp— KTx0p
894.2 +2.0 765 2 CLARK 73 HBC - 313K p— Kon p
894.3 +1.5 1150 23 CLARK 73 HBC - 33K p— Konp
892.0 +2.6 341 2SCHWEING...68 HBC — 55K p— KO p
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3.2 K'(892) mass

and width

K*(892) MASS PDG 22

CHARGED ONLY, HADROPRODUCED
LLE (e fvze DOCUMENT ID TECN CHG  COMMENT CHARGED ONLY, PRODUCED IN 7 LEPTON DECAYS
891.66+0.26 °URw S VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT
T AR e e K r T KOG mears00s0n D SEPRMNOV 07 BELL - Kir,
801 +1 NAPIER 84 SPEC — 2007 p— 2K3X o o o We do not use the following data for averages, fits, limits, etc. @ o o
801.7 +2.1 3700 BARTH 83 HBC + 70KTp— KOrtX @900 405 TBOITO 10 RVUE 7~ — KOno—
891 +1 4100 TOAFF 81 HBC — 65K p— Konp 89 B 8 B
892.8 +1.6 AJINENKO 80 HBC + 32Ktp— KOztx 8920 %09 ” BOITO 09 RVUE 77 — Kg”
890.7 £0.9 1800 AGUILAR-.. 788 HBC + 0765p— KT KLt 8953 402 8,10 jAMIN 08 RVUE 7~ — Kgm~
886.6 +£2.4 1225 BALAND 78 HBC &  12pp— (Km)* X 896.4 +0.9 11970  IBONVICINI 02 CLEO 7~ — K~ x0y
891.7 +0.6 6706 COOPER 78 HBC + 0.76pp — (Km)E X D 3 ~ 0
891.9 +0.7 0000  LPALER 75 HBC - 13K p— (Km)” 895 £2 BARATE 9R ALEP 77 — K™ 7v
892.2 +15 4404 AGUILAR-... 718 HBC — 3946K p—
(Km)~"p

891 42 1000 CRENNELL 690 DBC — 39K N — KOz—X NEUTRAL ONLY
890 +3.0 720 BARLOW 67 HBC + 12pp— (KO9n)TkT LLE QMo VTS DOCUMENT ID TECN  COMMENT
889 +3.0 600 BARLOW 67 HBC + 12%p— (K0m* Kd%;uo.m OUR AVERAGE Bror includes scale factor of 14, See the ideogram below.
891 +23 620 2DEBAERE 678 HBC + 35K¥p— Klnfp 8954 TUZ TUZ 243k I3DEL-AMO-SA.1lI BABR Dt — K- rtety
BL0 £12 1700 SWOJCICKI 64 HBC — L7K™p— KOm™p o0 yos i03 g MBOWICINI 08 CLEO D — K-rtrt
e o ¢ We do not use the following data for averages, fits, limits, etc. e o o
803.5 +1.1 27k 4 ABELE 99D CBAR + 0.0pp — KtK— 0 895~41i0~32t8223 18 ILINK 05 FOCS DT — K_WWJ’VM
890.4 £0.2 £0.5 80+0.8k °BIRD 89 LASS — 11K p— Kon p 806 +2 BARBERIS ~ 98e OMEG 450 pp — psps K*K*
890.0 +2.3 800  23CLELAND 82 SPEC + 30Ktp— KQxtp 895.9 +0.5 +0.2 ASTON 88 LASS 11K p— K=t
896.0 +1.1 3200 23CLELAND 82 SPEC + 50Ktp— Kg7r+p :
893 +1 3600 23 CLELAND 82 SPEC — 50 KTp— Kgﬂ_p
896.0 £1.9 380 DELFOSSE 81 SPEC + 50 KTp— K=Tx0p
886.0 +2.3 187 DELFOSSE 81 SPEC — 50 Kfp — kT0p
894.2 £2.0 765 2 CLARK 73 HBC 313K p— Kor—p
894.3 £1.5 1150 23 CLARK 73 HBC — 33K p— Konp
892.0 £2.6 341 2SCHWEING..68 HBC - 55K p— Kox~p

Emilie Passemar
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3.2 K'(892) mass and width

897
896 -
895 -
894 -
893 -
892 -
891 -
890 -
889 -

Mass of K* (892) [MeV]

eg. K p— K% p

T — Ky

PDG 22

D — Krev,

888

Emilie Passemar

Hadronic

Tau lepton

D decays
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3.2 K'(892) mass and width

54

48

46

42 -

Decay width of K* (892) [MeV]

eg. K p— K% p

T — Kmv

PDG 22

D — Krev,

40

Emilie Passemar

Hadronic

Tau lepton

D decays
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3.3 Kappa(800)

« The results coming from Roy-Steiner and data at higher energy not in
agreement with low energy experimental data :> need improvement!

Problem: no other precise data Descotes-Genon, Moussallam’06

M, (MeV) ' (MeV)
This work 658 + 13 55T + 24
Zhou, Zheng [16] | 694 £ 53 606 + 89
Jamin et al. [18] | 708 610 S-wave
Aitala et al. [7] | 72119443 | 584 +43 £ 87
Pelaez [19] 750 £18 452 £+ 22
Bugg [9) 75013, 634 + 120 do
Ablikim et al. [20] | 841 +23%% | 6184527 | T i)
Ishida et al. [14] | 87775 668730 D8 §§
« Existence would suggest 041 & !
o not a glueball 021 507
0() 0.
Im[ s ]
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3.3 Kappa(800)

— PDG status [1] Pelaez & Rodas’22

0 Breit-Wigner param. [1] ' ' I '
Conformal CFD [11] .
Pelaez [43]
Zhou et al. [45]
Bonvicini et al. [46] .
Bugg [47]
Padé result [48]
Descotes-Genon et al. [34] 1

Pelaez-Rodas UFD

Pelaez-Rodas 1-sub UFD
Pelaez-Rodas CFD .
Pelaez-Rodas 1-sub CFD

s
‘ﬁ:{_ _‘
T

D
S
|

—_

o

S
|

.
W
)

L d JoYeR 4

B

S

S
|

—T/2 (MeV)

)

W

-
I

L | '|' _

-350

) . | | | |
400 650 700 750 800 850 900

M (MeV)
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3.3 Kappa(800)

Buettiker, Descotes and Moussallam’04

* Inputs for S wave in Roy-Steiner analysis from LASS

S-wave
160 . . . . . .

140 t

120 r

100 |

80 [

60 |

08 09 1 1.1 12 13 14 15
E (GeV)
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3.3 Kappa(800)

Buettiker, Descotes and Moussallam’04

* Inputs for S wave in Roy-Steiner analysis from LASS

S-wave

50 .

=12 ——
=312 ——
40 ¢ Estabrooks ——+— ’ i
Estabrooks X ¥
30
R
520
(]
=,
10
— O
O
O |
-10 |
-20

0.6 0.65 0.7 0.75 0.8 0.85 09 0.95 1
E (GeV)
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4. Tests of the SM and new physics




K7t scattering, P-wave

K*TT threshold . . _
Boito, Escribano & Jamin’10

200 -1 r 11 1.1 1171
150
E
=100 F
co -
- threshold - .
50 = parameters ' o
' l | LASS —e— ]
i v * Estabrooksetal. —=— :
O 1,: - = 1L l 1 l :l l 1 l 1 l 1 l 1L

06~-07_.-48 09 1 1.1 12 13 14 15
Emilie Passemar mKTt [GCV] 29



4.1 Determination of fundamental parameters: V__

« Extraction of the Cabibbo-Kobayashi-Maskawa matrix element V/
» Fundamental parameter of the Standard Model

Description of the weak interactions:

L, =W (l_)LV w¥ U e y®v, +y"v, +7,7°%, ) +h.c.

EW \/Ea C

Leptons Quarks

Emilie Passemar
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4.1 Determination of fundamental parameters: V__

The CKM Mechanism source of Charge Parity Violation in SM

Unitary 3x3 Matrix, parametrizes rotation between mass and weak
interaction eigenstates in Standard Model

Vud Vus Vub
= | Vea Ves Ve
Vie Vis Vi
Weak Eigenstates CKM Matrix Mass Eigenstates

LR

~ | m ] %

Y

Emilie Passemar
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Status on V_ and V , Cabibbo angle anomaly

' Bryman, Cirigliano,
02261 crivellin, Inguglia’22
0.225 -
0.224|
V
us . (0.27%)
0.223|
| o
0.222
" (0.58%) g
[ o~
0.221} Y
_ 0+ — 0+(0.030%) _'r;r
I Neutron (0.050%)
ool o o . . - 7 U 1.
0.960 0.965 0.970 0.975

Moulson, E.P. @ CKM2021

IV, =0.97373(31)
v, | =0.2231(6)
v, NV, =0.2311(5)
Fit results, no constraint

Vud

el =1+

Negligible ~2x10-°
B decays
( ys) 26



PathstoV_,and V__

 From kaon, pion, baryon and nuclear decays

0+—0*
(Y
Ve KTy, | A>pev, | K- v
[y =

(Gg‘l))g X |‘;J|‘2 X |]\’{had|2 X (1 + 61?.0) X Fxin

4

/

Channel-dependent
effective CKM element

Hadronic matrix
element

‘S\

Radiative corrections

The most precise determination of Vus comes from K,

37



4.1 Determination of fundamental parameters: V__

K(P) 7(p)
>

« Master formula for K — 1lv;: K = {K* K%, 1={e,u} t=(P=p)
=(P-p

Gm® L2 2
F(K—)ﬂ'lV[}’])= 1;2”;; C;Sg@ff” (0)‘ I (1+51§4+5slgzz))

_ A A
(#(p,)| 57,0 \K(pK>>=[(pK+pﬂ)ﬂ- . (pK—p”),,]fJfH%(pK—pﬂ),, £(@)
A A
| |

vector scalar

Emilie Passemar



Dispersive representation for the form factors

Bernard, Oertel, E.P,, Stern’06, ‘09

— f+,o(s)=exp|:ij‘w ds' §,..(s") ]

9% §' s'—s—I€

\ $. o (s): phase of the form factor
—

 Omnés representation:

§< S ¢ ¢+,0(S) = 0y, (5)

~
K1r scattering phase

) 525, ,0(5)

/ :> ¢+,0(S)=¢+,0as(s)=”i” (Z_,O(S)—)I/S)

[Brodsky&Lepage]

« Subtract dispersion relation to weaken the high energy contribution of the
phase. Improve the convergence but sum rules to be satisfied.

Emilie Passemar 39



4.2 FSI in the quest for New Physics

- Ex: CP violating asymmetries: B — K*|I Matthias et al'12
Camalich&Jaeger’11

Doering, Meissner, Wang’13 efc..

1.0f

n ot

-0.2F | o -0.5F

-1.0f

(Py)
o o
o o
(Psg)
o
o

q (GeV?) 9 (GeV?)
LHCb’17: 2.9 ¢ discrepancy in Py, 4.0 o in Pg !

[blue: SM unbinned, purple: SM binned, crosses: LHCD]

Emilie Passemar 40



4.2 FSI in the quest for New Physics

« Ex: CP violation in D = KTr1T

Emilie Passemar

Ex: Dalitz plot
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4.2 FSI in the quest for New Physics

Ex: CP violation in D =2 K111

Full set of equations

o &2 _(u)
82 U :Q2 U u2 T d 2
e (1) = ol ){ aM2 u'2(u’ — u) Ho
7T
o Pl _(u)

120y —
M2 u'e(u’ — u)

Pl () =91(u){cO+C1u+u2/
4

o

1
1

du}

Niecknig & Kubis’15

1/2

1/2 1/2 2 3 4/ (S ) 1/2
+ C3S + - - — 71K~ du
( ) (S) {02 C38 + C4S C5S S (Mye-+ M 2 3/4(5’ S) 0

3/2(3) ”

SUi(s) =)/ %(s)1 s dus
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= D)
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4.2 FSI in the quest for New Physics

« Ex: CP violation in D - KrrTT Niecknig & Kubis’15

Dalitz plot slices
CLEQO’08
800
3 M| | | | | | LR DAL B 800 B
: I 700 600
25 | 1F4 600 i
< = ~ 1Fq 500 4007
S 2} 11 400 200
< 15 F 1r1 300 s
N 7] 200 5
1 F 11 100 400
P EEFEPEE APETETErS ITEPAVETSN SSTATArE ATEITAr APEVETETS ATACErArE Arerd i A O
04 06 08 1 12 1.4 16 1.8
s [GeV?]
2005 F
400 500
bin number
o fullfit:  x*/ndof~ 1.1
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4.2 FSI in the quest for New Physics

« Ex: CP violation in D - KTt Niecknig & Kubis'15
fit fractions slices
8
Full fit T
600
S (8+3)% sool
S| (72+12)% ool
P21 (10+2)% 5
S¥Y2 | (16+3)% 400
D'/2 | (0.15+£0.1)%
Y (106 +20)% 2001 T
400 | 500
bin number

e fullfitt  x®/ndof ~ 1.1

e fit fractions: hierachy of partial-wave amplitudes compare to previous
analyses
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5. Conclusion and outlook




5.1 Conclusion

« Determining K1t scattering reliably very important:
— Low energy: test of Chiral Dynamics

— Intermediate energy: Determination of Resonance parameters

— Very important to help taking into account final state interactions
and hunting for new physics
=) CP violation in heavy meson decays

« Hadronic data on which most of the analyses rely not in good
agreement with more recent data coming mainly from tau decays

=) worth remeasuring it.

* Possibility at Jlab with K ?
Major advantage: pure 1=1/2 measurement

Emilie Passemar
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5.2 Outlook

« Possibility at Jlab with K ?
Major advantage: pure 1=1/2 measurement

« Challenges: Extracting the Kpi phase shift from KN
=) Reliable interpolation at the pion pole

« Require a collaboration between theorists and experimentalists

Emilie Passemar
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