CPAs corresponding to the imaginary parts of the
interference terms in cascade decays of heavy hadrons
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CPV induced by TPA in four-body decays

Triple-Product Asymmetry AT (see Long-Ke Li's talk)
angle between two decay planes: ¢ = ¢, + ¢ Za
(P1 x p2) - p3 ~ singp < Y

AT — Nsin ¢>0—Nsin g <0
sin ¢>0+Nsin »<0

b‘(\e\\c\W 3. 3 N

A
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background and motivation

CPV induced by TPA in four-body decays

TPA induced CP asymmetries
TP-CPA is proportional to the cosine of a strong phase §:

S(ab*) — I(@b") ~ sin Gueak COS I,

Why?
.A:ZA;( A:ZAmeimcp
k m
AP ~ R(AAY) -
|.A|2 N (AmA* el(m—m )go)
Acp ~ R(AAL) — R(Ac Aw”) ~ R(AnA7y) cos[(m — m')¢]
~ SiN Geak SIN I +S(AmAL ) sin[(m — m') ]
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CPV induced by TPA in four-body decays

TP-CPA searching

e DV 5 KtK—ntn—, DY - KTK—nt#9, D(+) — KTK—nt#0,
D(+)—>K+7r’7r+ 70, D® — KK Tn—, A — pK—nr™,
N — pK=KTK=, =% — pK= K7+

o A= prrta: al % = (—4.0+£0.7 +0.2)%.
@ TPA induces CP asymmetry (TP-CPA) has never been observed yet.

v
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background and motivation

general consideration

A= ZAmeimgo A= Zakbk
m k

AP ~ R(ARAL, e/ (m=m)¢) AP ~ R[(akbi)(al bir)]
~ R(AmA?L,) cos[(m — m')y] ~ R(akag )R(bkbi/)
+S(AmAL ) sin[(m — m' )] +S(akal ) S(bkblr)

non-zero (b b}, ) provides opportunities for CPA corresponding to
%(aka}i/).
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interference of resonances in cascade decays
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interference of resonances in cascade decays

three-body cascade decay H — rc, r — ab

A, .
M= g o s,:s—m$+1m,F,
r
r

decay amplitude squared

IMP* ~

AP AP ()

+
s> sl 5155

The interfering term

" <A1A§> R (ALA3) R (s153) + S (A143) S (s153)

5155

|s150°
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interference of resonances in cascade decays

The interfering term

" (A1A5> R (ALAL) R (s155) + S (A1A3) S (s15)

5155 |s15|°

R (s155) = mil1maly + (5 — m%) (s - m%)

S(s155) = (s — mg) ml1 — (s — m%) mols
r
= mlr]_(]_ — erj) (S - m/22)

where m), = mg\/(l — %Fi)/(l — zflti)
Now the difference between the behaviour of R (sis3) and S (s1s5) is
obvious: while the latter tends to change sign as s passes through m5~,

the former does not.
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interference of resonances in cascade decays

a pair of CPV observables
m2in, (T2 a2
il (|M|2 — M| ) ds

i (17 [T )

Acp = ~sind contribution mainly from R (A;.43)

fm2 A (|/\/l| - |M| ) sgn(s - m’22) ds

Alp = ~cosd mainly S (A;.A43)

e

From Jian-Peng Wang's slides in 2023

> It might reduce the sensitivity of CPV on the strong phase,

afth = (cosd + cos ) sin &
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Forward-Bacward Asymmetry induced CPA in B s atn—nt

© Forward-Bacward Asymmetry induced CPA in B* — nta— 7™
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Forward-Bacward Asymmetry induced CPA in B s atn—nt

Forward-Bacward Asymmetry induced CPA in B — ntn—n®

-

Interfering of p(770) and f5(500) results in /
FBA. g "

+

7w~ cm. frame

72
f,:qzszAj fjll <|M| M| ) sgn(cy) dcyds

AFB —
m.2 — — 2
I 13 (1M + [T ) e

cP =

72
f,:;szAj I <|M\ |M| > sign(cp) sgn (s - m’22> dcyds
/2 -5 JE—
fnzzszAj f_Jrll (’M’z + ‘M‘z) ngdS
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Forward-Bacward Asymmetry induced CPA in B s atn—nt

LHCb, PRD 101 (2020) 012006 [1909.05212]
P’ K )

FB (NB— - NB+ )cos Ohel >0,k — (NB, - NB+ )eos Ohe <0,k

(NB— + NB+ Jeos Ohel >0,k + (NB, + NB+ )eos Ohe <0,k

AFB ave_ Zk 8[(NB— - NB+ )eos Ohe| >0,k — (NB— - NB+)cos She|<0,k]

k 3[(NB— + NB+ )cos Ohel >0,k + (NB— + NB+ )eos Ghe|<0,k]
= (0.8£1.0)%

40

2 + H Jr + FB,gi( PETED Dyl ) {( B— — Np+)cos e >0,k — (Ng— — Nt )cc
g 0“‘ ++ + + +++++ + ‘H“H‘ ACP - Zkzg [(NB— + NB+ )cos Ohel >0,k + (NB— + NB+ )cos Ohel <
B = (13.2+1.0)%

Jﬂrﬂ + 1 +
-20 +
-40 JHDF
04 06 08 1 1.2 1.4 1.6

Mgy, [GeV /c?]

Z.-H. Zhang ICPA corresponding to the imaginary parts of HFCPV2024 14 /17



Summary and Outlook

@ Summary and Outlook

Z.-H. Zhang ICPA corresponding to the imaginary parts of HFCPV2024 15 /17



Summary and Outlook

Summary and Outlook

@ pair(s) of complementary CPA observables may provide us
opportunities of discoveries CPV in charmed hadron multi-body
decays, in heavy baryon decays.
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Summary and Outlook

Thank you for your attentions!
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