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CP violation
* Within SM: observation of baryon CPV still awaiting...... until 20251

* Sakharov conditions: CP violation required to explain matter-antimatter asymmetry

3

» Astrophysics reveals asymmetry beyond explanation of SM (n = (ng — ng)/n, ~107°

1973
CKM mechanism: Bottom meson: CP . Bottom meson: Bottom meson: Barvon:
explain CP violation violation in mixing w  direct CP direct CP ry. T
Kobayashi and and decays of B° violation of B° violation of B CP violation
Maskawa BaBar and Belle ¥=' . BaBar and Belle gLHCb

b b

1991,2001

Strange meson: Strange meson : Bottom meson : Charm meson:

CP violation in direct CP direct CP direct CP

neutral Kaon violation of K° violation of B* violation of D°
KTeV and NA48 LHCb LHCb

decay
Cronin and Fitch
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CP violation

* Within SM: observation of baryon CPV still awaiting...... until 20251

* Sakharov conditions: CP violation required to explain matter-antimatter asymmetry

» Astrophysics reveals asymmetry beyond explanation of SM (n = (ng — ng)/n, ~107°

AAY (A} = Ax*n™) = —0.013 £ 0.053 £ 0.018,
1973 , AAP (A) - AK 77) = —0.118 4+ 0.045 + 0.021,
CKM mechanism: B - o . _ :
explain CP violation AA™ (A} = AKTK™) = 0.083 £ 0.023 £ 0.016, 3.10, evidence for CPV in baryons
Kobayashi and AAY (Z) 5 AK~7%) = 027 £0.12 +£0.05,
Maskawa

T 160 ! - ® ) ' s :
= LHCb 9 b =~ LHCb 9 b
> 140 AR )< 29 GeV > =HAK )< 29 GeV
3 S e eon Gew oo w0 ?_ K> 22GeN
1964 < 120 — Total fit - — Total fit
St c < — Al AK'K S — A, AKK
rangc meson: 0 S dree S 100 e e -\I\'-'I\- = 12 B RS
CP violation in Ap = AK"K™ + o P e P o il
-5 === A, AK x (mis) -4 A.— AK x(mis)
neutral Kaon S 60 Comb. bkg = Comb. bkg
decay T 10 4:5“’ ::: Y, = e Koms AKKy
: . 5 . Al : < A— AK'K =
Cronin and Fitch o2 P TTTOP: © e
59100 5600 5800 6000 5800 6000
m(AK*K") [MeV/&] m(AK'K) [MeV/¢)
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CP violation
*  Within SM: observation of baryon CPV still awaiting...... until 20251

* Sakharov conditions: CP violation required to explain matter-antimatter asymmetry

3

» Astrophysics reveals asymmetry beyond explanation of SM (n = (ng — ng)/n, ~107°

1973 7> 2004 | e | 20251 ?( !)

NN vaoanhanicna.

r : L A v 4 | v v v 1 4 d : v 1 4 v v 1 ) § - ) j
£ 14000 LHCb 9 fb™! 1 fwmooF  LHCH9 1
0 e Srow, @ e e B
A é pK ” ” < = e Total fin < - v Total it
b 5|0uw'» : PR . = 10000 : -pK'xa
o — vk n ) — 8 = PK'xu
= s000f Comb. bkg 4 I so00fF Comb. bkg 3
Acp = (2.45£0.46 £ 0.10)% § ool epree 108 % g
g m. L= pK yi=nx ) .§ ml)[‘ A, = FK e vl-:
2 s000f B { 2 aoof Aepeme) 3
S L L=pKK'x 18 L —=pKKx 1
5.26 2000+ — 5, = pK K 3 2000 — B, =K'k’
?. S, 58 6 g.-‘ 56 55 6
L mipK x*x) [GeVic?) m(pK*aa*) |GeV/ic?) oo
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Motivation )
—_— Al = (-1.1£0.7+0.4)%,

No observation in A%p =( 0.2+£0.8+0.4)%,
Three (or more) body decays may provide more insight:

* Phase-space dependent strong-phase & resonant contributions
LHCb has explored:

« Ay, — J/Yph direct CPV, 3fb-1

« 5, » pK~ K~ amplitude analysis, 5fb-"

« A, » pD°K~ direct CPV, 9fb"

« Ay » A, (- AhT)h~decay parameters, 9fb-"



A%/E0 - AKYK~

Predictions 2%/59 = Am*r-
A) > AK* ™
> This work: CPV in A} /Z; = AhTh'~ channels g0 - AKmt

b meson decays: Bt - h*th*h~ *+ b baryon decays: A}, > Ah*h'~

Ly T T T !l :
Q - -. =32 .
T »F tiee () 05X 4 o~ 40 Ap — AV decay chains, Acp ~ 0 — 4%
S wf rl 1 Joa [PRD.107.053009, EPJC.76.399, PRD95.093001,
s F I Il 1 o2 PRD99.054020]
T 10 -
& 0k EEPP N**n~ scattering, Acp ~ — 4%~10%
ES 55 5—-0-: [CPC.48.101001]
— Il -0.
0;_ l- B+ N n'l'n—n 0.8
o 5 10 _ 15

mX(n'),  [GeV/ct]
Both dominated by b — suu process, CP violation exists theoretically

k
IR ay — Vts I/ub T
b > g*— > S b >

[

e
S »w



LHCb detector e . e

» LHCb detector is designed for heavy flavour events

\_ doesn't ocour

* VELO Detector: excellent position & time resolution
* PID System: hadron & muon identification
* Tracking System: track resolution
* Trigger System: high efficiency, high signal rate
Runl+Run2 LHCb Detector
* Has collected 9 fb~! with Runl + 2 S
» Expecting even more events (~5 times) in Run3 i il
* Efficiency also increased TT | X \\\\
i e LT ARG
The LHCb detector has world-leading precision | 7777 S LAl 1] I AN
in bottom hadron CPV measurements . RO T = . NN

*

[JINST'3 (2008) S08005]
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S_ignal extraction

» Events collected with LHCb trigger system is “dirty”, when we need N

> A set of selection procedures to suppress

12000 p———T T
C LHCb unofficial

backgrounds, which mainly come from: 10000

8000 |
1. Randomly combined tracks (majority) 6000 |-

2. Physical backgrounds: 4000;' :
2000 |- [ -
|

a. decays through charm states (D°,J/¥, xco .-.)

0=="500 5000 300 6000
b. partial reconstruction or mis-identified processes mdA_b)/GeV/cA2
A} mass peak

11



A%/E0 —» AKYK~

Event selections A0/E9 > Amtn-
B A - AKYm™
. . _ g > AK mt
» Dedicated selection procedures: L

1. Mass vetoes: remove mass regions near physical peaks

2. MVA selection: machine-learning based BDT classifier

* Utilizing kinematic and topological information

»  Trained with simulated sample, optimized with Ng/4/Ng + Np

_ Ap > AKK signal yield: N = 1920 + 50

3. PID requirements G000 T e T
800:— (a) T — Total fit _:

— A)— AK'K"

— =) AK'K™

--= Ay— AK*7(mis)

400 . Cco)mb. bkg._ h
Y B A= AK'Ky

T e —
1

4. Mass fits are performed:

600

* Describe remained backgrounds

200F

*a-nu#»}t E.__freliminary

0 /. w_u.nih.ﬂu..._-
5400 5600 5800 6000
m(AK*K") [MeV/c?]

Candidates / (20 MeV/c

* Signal component

12



QV observable

phy _ T(Ap=f)-T(Ap—f) N N(Ap—f)—N(Ap—>f) _ Araw
CP 7 T(Ap=f)+T([Ap>f) ~ NUp=+NAp-f) —  CF

Event selection > Signal extraction

o T T T T T 1 &S T T T .
) B -1 b ) -1 ]
> " F (a) ﬂ- — Total it ] Oj b) — Total fit ;
signal (DCB function) > 400F e o e e ] By e e e e ﬂ . E
=) F — =% AKK 1 8 - 1 —E, > AK'K ]
. Z 3001 --- Ay AK*7(mis) < 300 ---Hg—) AK m*(mis) =
partially reconstructed background @ - Comb. bkg. A : Comb. bke 1
cross-feed background (DCB function) g 200¢ A AKK Ty S 200¢ A AKKy ]
g - 5 e A AR ] g : 4 0 o
g 100k i 8§ 100 \ T A AKK R .
e S VO £ L S | W
T +W—i—"‘*lt“"’**‘ A \_. ) P AP s B e o
2400 5600 5800 6000 2100 5600 5800 6000
m(AK*K") [MeV/c?] m(AK*K") [MeV/c?]
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Acp measurements

Corrections

Ph 4 )
ACPy = +Al§?’w' - Aprod- —Adet-
Osys = (~0.1%) 1.8% 1.5% |® 2.4%
N J

Phy _ T(Ap=f)-T(Ap—~f) -
Arp = Ay i Ty o) Physical CP asymmetry

A

A

_op(Ap)—op(4})

prod op (Ag)+0'p (Zg)’

:Eexp(f)_eexp(f)
exp Eexp(f)+eexp(f)’

Production asymmetry
[arxiv:1807.06544]

Experimental efficiency asymmetry
[arxiv:1807.06544]
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AAcp measurements -
similar topology

Ph y— _
> DMep = Asignai(4p > ARYR'T) = Aconia(4) = AL (A7)

_ AARaW ( ARaW Raw ) _ AAprod _ AAexp_

Signal Control

« No CPV in control mode A} - AF(Ant)m™:

Phy Phy
AA ACP,Signal

* AAprod., AAexp. helps to reduce systematic uncertainties

Channel AAp (%) AAexp (%)

Ay — Art = 0.1£0.1 0.1£0.9

Ay AK 7~ 02402 14+1.0

Ay AKTK~ —0.24+0.2 0.0+0.9

Z) > AK 7" —52+4+4.0 0.3+1.6 15
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Global AA,p measurements

AAT (A = Antr™) = —0.013 £ 0.053 + 0.018, Significance: 0.3¢
AAY (A) - AKTr™) = —0.118 £ 0.045 £ 0.021, Significance: 2.20

AACP(A) > AKYK~) = 0.083 £ 0.023 + 0.016 Significance: 3.10

> First evidence for CP violation in /12 — AK"K~ decays until publishment

LHCb90 fb !

a L L ] & T -
Q - -1 . 9 r ]
% - (a) | — Total fit -% E -(b)- A — Total fit .
> 400F = FF=—- —-—A,?-;-iﬂ*#‘————;--gqqﬁg-g— —————— . —Eﬂ-; AK*K~ -
() L =0 +pr— o o =0 S ptp— 7]

@ - Hg_) A.K+K % 7] @ . B i AKK
— 300 — A AK* 7 (mis) = — 300 — —_— Hz_) AK " 7*(mis) ~

8 - Comb. bkg. 2 - Comb. bkg.
fa] -y 1 .. 0 + ] o3 | ]
2 200 : | Ag—) AK K_y ] 3 200 Eg—) AKK y 1
2= - 5 A AKK T ] 5 C 4 0 .
S 100k 1 5 100f o A —> AKK 70 E

-
O i + 1 © .
T oy T e, o A L : b st -~
400 5600 5800 6000 ?400 5600 5800 6000

m(AK*K") [MeV/c2] m(AK*K") [MeV/c?]
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Source of CP asymmetries

||||||||||||||||||||||||||||

& 160F B 1 %160 B 3 _ . I
E 140 (2) ———%gi%rfb————':—g-l@ ————— E%g%%ib 3 ﬂr:‘ 25 i ( \ | | | _70
- — Total fi - — Total fit E B a -1
= ) S =0 N o LHCb 90 b
= 100¢ B o & el —EPLACK _ +pr— N
g sof Ao ki | g ---H:—)ZK_:*(mis) ; 0 201 A,— AK'K 60
g 60F Cﬂmb/-il;(ki 1 3 60 Comb. bkg. 3 (D L
; . I - Ay AKYK” 4 B e A AKK- 3 -
LT %* A § » AL = I =50
Jl R BT TRRE RRRIE P S N PR W I 15+
00 5600 5800 6000 400 5600 5800 6000 R i 40
m(AK*K™) [MeV/c?] m(AK*K") [MeV/c?] '|'M -
< 10F 30
0 = - o s
Ay > N** (- AKT)K™ region S [
[ 20
I 10

Main source

0

0 10 20 30
A} - A¢p/f(1500)(—» K*K~) region m*(AK*) [GeV?/c]
AAcp = 0.150 + 0.055 + 0.021(2.50)




Results for Branching Fractions

16

14+

12

B (x107°)

11.0x 2.6 1.4+ 3.8

5.3+ 0.4 T 0.5 + 0.5 ,,,,,,,,,,,,,,,,,,,,

46 +0.2+04=x05

104 1.4

< 2.4 (CL 90%)

A) > Antn~ A - AK*m~ A) - AKYK~ E) —» AntnT E) - AK nt EQ - AK*K-
First evidence First observation of Zp
charmless three body decays

First observation

19



Conclusion

* First evidence for CP violation in A} » AK*K~ decay mode,
which mainly origins in the N** region.
* First observation for charmless three body 5,‘; decay

E) — Am*K~and First observation of A) » Amr*m~ decay mode.

* One solid step towards establishment of CP violation in baryons

20



arXiv:2503.16954v1 [hep-ex] 21 Mar 2025

gjtlook: Stories ahead

CERN-EP-2025-031
% LHCb-PAPER-2024-054
March 21, 2025

First observation baryon CP
Observation of charge-parity Violation in A?) — pKT[-I—T[_

symmetry breaking in baryon decays

LHCD collaboration®

— What’s coming next?

The Standard Model of particle physics, the theory of particles and interactions

at the smallest scale, predicts that matter and antimatter interact differently due .

to violation of the combined symmetry of charge conjugation (C') and parity (P). L] M O re d ata W Ith R u n 3/4/5 nEn
Charge conjugation transforms particles into their antimatter particles, while the

parity transformation inverts spatial coordinates. This prediction applies to both

mesons, which consist of a quark and an antiquark, and baryons, which are composed - - -

of three quarks. However, despite having been discovered in various meson decays, [ J N t I I b d
CP violation has yet to be observed in baryons, the type of matter that makes up the eW q u eS I 0 n S WI e ra I S e
observable Universe. This article reports a study of the decay of the beauty baryon

A to the pK ~m*n~ final state and its C' P-conjugated process, using data collected

by the LHCb (Large Hadron Collider beauty) experiment at CERN. The results

reveal significant asymmetries between the decay rates of the Ag baryon and its

C P-conjugated antibaryon, marking the first observation of C'P violation in baryon

decays, thus demonstrating the different behaviour of baryons and antibaryons. In

the Standard Model, C'P violation arises from the Cabibbo-Kobayashi-Maskawa

mechanism, while new forces or particles beyond the Standard Model could provide

additional contributions. This discovery opens a new path to search for physics

beyond the Standard Model.

Submitted to Nature
21



Discussion

A} - N** (> AK*)K~ region
AAcp = 0.165 + 0.048 + 0.017 (3.20)

- O 0 0 O - 9
14 15 16 17 18 19
MA++ -

DN
(91

m2(K*K™) [GeV*/c4]

30% )t
0

20%
10 %
0
-10%
-20%
-30%

p— [ [\
o W o

(9

— 1 T T ]
LHCb 9.0 fb™! !
A)— AK'K~

10 20 30
m2(AK") [GeV?#/ ]

CP violation ~10%
expected in specific
phase space.

[CPC.48.101001]

70
60
50
40
30
20
10
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Discussion

Pinning down CPV sources in A, » N*(—» AK)K~

» Amplitude analysis

Entangled N** contributions: scattering data?

Entries

Mass & Wldth |Ilustrat|ons (from PDG)

10

Welghted Entrles

g_

T

| L L | T

%

Data

NI89S: 172 N2100: 1/2+
NTSRR NS
- N2120: 3/2- =
RNV FIED —_——
N1900: 3/2+
J650: 12 ]
N2040: 3/2+
N1875: 3/2-
N2060: 5/2-
N2190: 7/2- i
700 M N2000: 5/2+
1739_59% Nllm o i 1 | } |
T N2220 9/2+
e i
Il T e L o E [ [ WS T N -
1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4
Mass [GeV]

yp — AK?" scattering process
y+p —> K +A

o
o
L
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£ # SAPHIR (04)
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jhgas et ABBHHM
P g *s
‘% 2+ g #.h b ThG * -
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S |
[ .- b
T < x K
TEE: H Ty,
y c 1
i< |
i [N
& Ny [ R . [ . ! . L
1.6 1.8 2 2.2 2.4 2.6
Boryon Mass, W (GeV)
np - — AKO scatteri ng process
E b
Y| = [ | wprK )byck PRI23,50(1969)
- ‘ ‘ Jones,PRL.26 86051 971)
- Knase] PRDI11,1
— Bakcr,NPBMl 2! (19 8)
08— Saxon-! Ba]_(e,r_ NPB162,522(1980)
E ” giSIU Prediction
07— !I! EH
- l‘!lll “ Rest
06 :_ fﬂl + | L | |
g £ .
E osf [ l| | |
° Eoo i
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FIG. 5. Predictions of integrated cross sections of 7 p — 7m and 7~ p — KCA.
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Source of CP asymmetries (Continue)

= 257 ——————————1 20
o - -

= [ (9 LHCb 9 fb' ] 18
> 20 A= Azrtn 416
O 114
™ 15F 12
F [ 10
3 i

3 10

S

0 10 20 30
mA(Ax) [GeV?/c?]
AY > Af2/fo(- mm™) region
AAcp = 0.088 + 0.069 + 0.021(1.20)

[\
W

T I T T T T I T T T T I

LHCb 9 fb!
Ay— AK*m~ -

(W]
o
LI L L

[
n

m2(K*m) [GeV?/ 4]
=

0 10 20 30
m2(AK*) [GeV?/c4]

A) - N** (> AKY)m™ region
AAcp = —0.078 + 0.051 + 0.027 (1.40)

Small contribution from 4} - AK*
26



Matter and antimatter asymmetries

* Visible world dominated by matter

* Cosmic Microwave Background indicate large matter-antimatter asymmetry in
universe ng _
n=—~10"10
Ny

After inflation
Matter = antimatter

Today
Matter dominated

(B el i)

. I

e —4
e

Sakharov conditions: CP violation required >




Motivations (Experimental)
A) > AKTK ™

CP asymmetries in charmless b baryon decays Ap > AK*m™
A) - At

b meson decays: Bt - hth*h~ b baryon decays: A) > Ah*h'~

Significant CP asymmetries observed In
localized bins ?
[LHCb, PRL 123.231802]
Great opportunity for CPV
INn baryon decays

Entries / (0.0675 GeV?%/ ¢
Entries / (0.0675 GeV?/ ¢%)




Acp In adaptive binning scheme

2D adaptive Binning on Dalitz plot (m(h*h™) vs. m(A h*)) based on signal numbers

. . Acp results in adaptive binning scheme
Number of bins (200 events per bin)

A) — Artr—
A) — Antr~

0.058 £+ 0.114 £ 0.028
0.067 £+ 0.111 £ 0.028

Channel Bin Acp
A% > AKYK~ 10 - onl . A) > AKTK~ 0 0.017 £ 0.092 £+ 0.025
y measures in > e
. . three A0 d A} — AK K_ 1 0.188 £ 0.075 £ 0.023 o
Ap - AK"t™4 . ree Ap decays A - AKTK~ 2 0.062 + 0.077 £ 0.022 No significant CP
Ay > An"n™4: A) - AKTK~ 4 0.088 £ 0.077 & 0.022
Demonstration of Binning Scheme Ay~ AKTK™ 5 0061 % 0.089 & 0.024
i 8 A AKTK~ 6 0.066 % 0.088 + 0.024
T TP A) - AKTK~ 7 0.168 £ 0.070 & 0.021
<. %: : A) - AKTK~- 8 -0.002 £+ 0.080 + 0.023
: ) : . = Al - AKTK—- 9  0.025 + 0.074 + 0.022
2 A) - AK 7~ 0 -0.153 £ 0.079 £ 0.027
: L 2 A) — AK 7~ 1 -0.284 + 0.188 £ 0.041
B A) - AK 7~ 2 -0.006 £+ 0.062 £ 0.028
Binning A) - AK 7~ 3 -0.264 £+ 0.125 + 0.030
3 A) — Artr— 0 -0.483 £ 0.200 + 0.043
£ A) = Ao~ 1 0.147 £ 0.092 + 0.026
2
3

4 45 5
m(A K*)[GeV/c?] 2 9



Selection: Preselection and mass vetoes

Mass vetoes
* Narrow resonances: K$ ,D% AY 5% ]/ and y¢ < Add veto cuts on states

m(ntn~) of A} - Antm~ before mass veto

T 2500

O —

© 2000
1500 F
1000

500

30



Signal extraction

Fit model: Simultaneous fit applied

Signal Model

* Sum of two Crystal Ball functions

* Parameters extracted from MC (except mean and width)
* Mean and width shared among all decays

Mis-ID background

* Sum of two Crystal Ball functions
* Parameters extracted from MC

* Ratio of Signal and mis-ID fixed

Partially reconstructed background
* Argus convolved gaussian
* Parameters extracted from MC

Combinatorial background A
* Parameters shared among all decays



Fit results

A} decays ~ 1000 events
=P decays ~ 100 events

Yields and significance:

(using Wilks’ theorem)

A - Antm™ (64 +0.4)x 102 > 100, first obs.

AY) > AK*m™ (6.18 + 0.32) x 1072 > 100

A) - AKYK™ (1.92 + 0.05) x 103 > 100

Ey) > Antn” (5.6 +2.7 )x 10t first evidence

Ep = An*K~ (1.19 + 0.15) x 102 first obs.

Ep - AKYK~ (1.2 +0.9 ) x 10° 2




Total efficiency is calculated with:

€Total = €acceptance X €stripping/rcconstruction X €trigger X €offline—selection X €pPID

Efficiency measurements: Based on simulation samples

e corrections on A} pr, n (y) variables

* PID efficiency:
further simulated with recalibrated MC
(Data-driven)

* Efficiency evaluated in bins of Dalitz plot,
perform per-event efficiency corrections

D Wi
> wife’

w;: sweight of data

€ =

33



Production dasym metry LHCb-PAPER-2021-016

0 A0 < sE e

AA?J — O-(pp _ Ab) — O-(pp _ /_\b) < 4;— }EC:E):?TeV,Ifb" — —

" alpp > A)) + a(pp - A}) 4 festvonet e |

2F —— B

1 3

Production asymmetry of bb, Y S T SO E

dominated by gg fusion TEE
AO

Hadronization asymmetry of A? and _ B "_

S5F -

AY in pp collisions | ;IECV,ES’:?TGV’%_]_E

3¢ —8TeV,2fb‘1_§

Ap : 1~2% , measured by LHCb as a function of y, pr N3 _ﬁ___i_ = E

AAp ~ 0.2%, with uncertainties around 0.2%: consistent with 0 ' :%: gy L

() remrremanmnmnsmtnsasn e s e

Ap: Only Run 1 measured, Run2 (expected to be smaller) uses-it . .

0 10 20

Run1 measurements

Ay p [GeVic]

34



Detection asymmetry

A =E(f)—6(f)
Ye() +e(f)

[Chin. Phys. C 40 (2016) 100001]

N

« Matter, antimatter interact with detector (made by é “0‘ \V'rrhu-u.u.u.i_;
matter) differently iz 3

- f:different combinations of p, K, i etc. pob— — -
* Including effects from reconstruction of particles, PID, l IOMOW”'M [GeVlfgl

trigger effects; A% = AR, + A%+ A% A=K, mp

- Obtained using data-driven method with calibration channels

AD(T(':I:) ~ Ol%,AD(Ki) ~ 1%7AD(p/}_)) ~ 1 — 2% — AAD: ~1%
Significantly reduced
using control channel

35



QV observable

phy _ T'(Ap—=f)-T(Ap—f) N N(Ap—f)-NAp—f) _

CP T TAp-H+T@Ap>f)  NAp-H+NUAp-f)

T

Experimental effects

— T~

o)) —e@y) ;€D —eld)
P T o(A) + a(A0) Ye(f) +e(f)

Production asymmetry Detection asymmetry

raw
CP
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Measurements of A.p

. production: Apdecay - Ah*h'~: “AWWIVBN Detection Ah*th'™:
production: WSS /) decay - Ah*h'": VIV Detection Ahth'~:

. ot . -

+
1
2
Q
~~
>
v

€exp

Eexp = Slg (A )

+ _ + -~
A = Nprod Nprod /Ftot —I'~ /Ftot A — EgXp_EeXp Aui = NSlg NSig
ro eX - — S1 +
P N+rod+Nprod I‘-l_/rtot‘*'r /rtot p ngp +€exp g NSlg +NSlg
Aprod + Aexp ~ Araw

Acp = +Asig- - Aprod- _Aexp-

(~0.1%) 1.8% , 1Lo%~> 24%
*Larger/close to statistical |

2

Osys

37
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Motivation
- o ALY = (=1.140.7+04)%,
* No observation in /1, two-body decays AT = (0.240.8+0.4)%,

* Three (or more) body decays may provide more Iinsight:

* Phase-space dependent strong-phase & resonant contributions

S T : T TR :
® LH Cb haS exp|0r6d i: :;‘l::':t“ . . {:':'“:u,»x ‘ & ::)H,l'«h(—' o . %":n,;x' ‘
) ) | P pK) <! ,(,\;' ..?[)';,KI‘; % ’;5~ - ombinatorial 3
« Ap > pD°K~,pKJn~ ... direct C@zg; 2%
. m 208, E 20
¢ 5, » pK~ K~ amplitude analysis: HMW{ | | E 15
9 10} 4 B 10}
§ " LT
e Ny o A (- Ah"‘)h_decay paramets%gl “l.- AAAAA 1““11# 8 | e
b c 500 5600 5700 5800 5900 400 5500 5600 5700 5800 5900

M(DpK") [MeV/c?) M(DpK*y{MeV/c?)

A = 0.12 £ 0.09(stat) 7505 (syst).
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&otivation

pK—_ .
* No observation in /), two-body d Acp = (L1£07+04)%,
Al as A%, =( 02+08+04)%,

* Three (or more) body decays may provide more Iinsight:

* Phase-space dependent strong-phase & resonant contributions

* LHCb has explored: o ST e T
Moy L M(pK) [ yose—— e . Y Yo— . " — fal 3
_ _ : : il e e ledpt o el |

e Ap > pD°K~,pKJm~ ... direct CW“:E: ’*}

_ :3 20 % | : .{ mjw%m ; 1: 41 1 W*,,f,_

« =y - pK~ K~ amplitude analysisz HWW e
° 10 (PR 10V) X 1OV) E

5 " OF epm’ T LHCh OF ‘wpm’ LHCS
+ Ap > Ac(— Ah*)h~decay parametgrs; i ¢ 4T il e 0 M

Tt T




&otivation

» No observation in 4}, two-body decays

AP = (—1.14+0.7 £ 0.4)%,
AV, = ( 0.24+0.840.4)%,

Three (or more) body decays may provide more insight:

* Phase-space dependent strong-phase & resonant contributions

LHCDb has explored. ~ asf e e i _ 45?(..1-}' """"" MetCa ;
' S 40F ik —— gt [
0 % 35F i - "'l h LHCh =" 2 ""l & LHCD =R ‘ P’ £
0 — — . : 2 M % «nl R > a «al AL :
) p '\’30: .
Ab - pD K ) pKS 1w e dlreCt C S 25:_ TABLE V. Results for the CP -asymmetry parameters. The 3
o 2' statistical uncertainties are obtained from pseudoexperiments, ]
_ _ . . 2 20f while the systematic uncertainties are obtained following the 3
) Eb —_ pK K ampIItUde anaIySIS_.é 15} procedure described in Sec. VI. ~
g 10 ; , P (102 3
5 SE Component AT (1079) l
+) - Nt A L(1385) =27 + 34 (stat) 4 E
° (138! 27 + 34 (stat) £ 73 (syst) It
Ab — AC(_) Ah h decay parame 50 Al(1405) =1 =4 24 (stat) + 32 (syst) 900
M A(1520) =5+ 9O(stat) £ B (syst)
A(1670) 3 & 14 (stat) £ 10 (syst)
¥(1775) —47 + 26 (stat) + 14 (syst) ' ’
¥(1915) 11 4 26 (stat) + 22 (syst)




Motivation
— AP = (—1.14+0.7 £ 0.4)%,
» No observation in 4}, two-body decays AP = (024084 0.4)%,

* Three (or more) body decays may provide more Iinsight:

* Phase-space dependent strong-phase & resonant contributions

* LHCb has explored: gl = S PN “oe
; L M@
© 35F } 4 ; "
01— 0_ — . Pﬁ ol Decay A = An Al = AK
* Ab - pD K-, pKS n~ ...direct C = b B 0.368 + 0.019 + 0.008 0.35 £ 0.12 £ 0.04
7 ok B -0.387 £0.018 £0.010  —0.32+0.11 £ 0.03
e . — K~ ' ISE skl 7 0.502+0.016 £0.006  —0.743 + 0.067 + 0.024
b pK K amp“tUde anaIySISé b il 7 0.480 4+ 0.016 +0.007  —0.828 + 0.049 + 0.013
8 si  A(ad)  0.633+0.036+0.013 2.70 +0.17 + 0.04
° Ab N AC(_) Ah"‘)h_decay paramets%s A (rad) -0.678 +0.035 +0.013 -278 £0.13 £ 0.03
! Ry 001240017 £0.005  =0.04 £0.15 = 0.02
R, ~0.481 £0.019 £0.009  —0.65 =+ 0.17 + 0.07

—r - - - - . b
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