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interference terms in cascade decays of heavy hadrons
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background and motivation

@ CPV confirmed in decays of Ay, is found by LHCb in four-body decays.

@ While large regional CPA is found in some multi-body decays of
bottom mesons, the overall CPA is smaller, hence cancellations occur.

@ plenty CPV observables in multi-body decays
T-odd observables, regional CPAs, partial-wave CP asymmetries,
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background and motivation

CPV observables usually originates from the real parts if the interfering
terms, and is proportional to sin d sin ¢

A=A+ A
Acp = AP — |A]? ~ R(A1A3) — R(A1AY) ~ sindsin ¢

How about constructing an observable originates from the imaginary parts
of the interfering terms:

S(A1A3) — S(A1A; ) ~ cosdsin
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example: CPV induced by TPA in four-body decays

Triple-Product Asymmetry AT

angle between two decay planes: ¢ = ¢, + ¢p Za
(PL X p2) - p3 ~sing 2 y

AT — Nsin¢>0_ sin p<0
sin >0+ Nsin <0
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background and motivation

TPA induced CP asymmetries
TP-CPA is proportional to the cosine of a strong phase 9:

S(A1A2*) — S(A1A2") ~ Sin Pueak COS 6,

Why?

A= Z Ane'm?
m

JA] ~ R(AmAs, e/ (m=m)?)
~ R(ARAL) cos[(m — m')y]
+S(AnAL ) sin[(m — m') ]

If m— m’ # 0 (suppose m — m’ = 1), one can construct CPA observables
such as TPA induced CPA.
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background and motivation

TP-CPA searching

e D° 5 KtK—ntn—, Dt - KtK—nt#0, D(t) — KtK—7t#0,
Dé) — Ktg—gta0 DO — KgKgTr+7r_, /\g — pK—rmtm,
/\% — pK~KTK™, Eg — pK= K7t

o N9 pr—mtr: 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

Inspiration from TPA induced CPA

.A:ZAmei'mp ‘A:Z‘Ak:zakbk
m k 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 3(bgbj,) provides opportunities for CPA corresponding to
(\\S(akaz/).
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interference of resonances in cascade decays

@ interference of resonances in cascade decays
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interference of resonances in cascade decays

example 1: three-body decay with a resonance plus a
smooth background term

decay amplitude:

M:?—FB, s,:s—mf—kimrr,
r

decay amplitude squared

1M| |A’|’ + |Ba)? +2§R<@),

| Sr r
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interference of resonances in cascade decays

The interfering term

S (A B) m, T,

R (A,B*) _R(AB) (s m?) +

Sr |5r|2

a pair of complementary CPV observables

s (P =3[ ) s
e (

Acp = ~ sind sin ¢

M| + !M}2> ds

i I A Ay (|/\/l| |M’2> sgn (s - méz) ds
ACP = ~

[ (|M2 + \M|2) ds

A2, 4+ AZp ~sin® ¢

mainly from (A, B*)

cosdsing mainly R (A,B*
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interference of resonances in cascade decays

example 2: three-body decay with two nearby resonance

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

Ay «42 )
M=—4 s,:s—mf—i—lmrrr
S1 S2

decay amplitude squared

2 *
|/\/l| \Aﬂ |As| Lo <M)’

_.I_
1sP " sl 5153

The interfering term

" (AlA;) R(ALAS) R (s153) + S (A143) S (s155)

5155

|s152/°
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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

i (1MP = TMF ) as

ACP = 9 —
fm’2 e (|M|2 + |M| ) ds

2-A_

~sindsing  mainly from R (A;.A45)

fm2 S <|M| |M|2> sgn (s - m§2> ds
~ cosdsing mainly S (A1A;

I (WP 5 o

From Jian-Peng Wang's slides in 2023

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

A%p + (AZp)? ~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—rx

Interfering of p°(770) with a S-wave results in FBA.

FBA induced CPA (FB-CPA):

f”?éfﬁ* (|M| |M| ) sgn(cy) dcads

FB _
AFB =

/2A

fmg 24AL 1 (|M +}M| )dCedS
Complementary CPV observable to FB-CPA:

fn:zszA+ <|M| | M| ) sign(cy) sgn (s— m’22> dcgds
AFBS —
cp

’2
my=—A_

fm§2+A+ fjll <|/\/l|2+ |M|2> dcgds
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Forward-Bacward Asymmetry induced CPA in B s atn—nt

(2020)

012006 [1909.05212]

. +”+ AFE (NB— - NB+)cos Ohel >0,k — (NB— — Ng+ )eos Ohel <0,k
J T ey CP.k = "N N N N
L [ A ( g— T+ B+)c059he|>0,k +( g— t B+)cos(9he|<0,k
= W <0
: 15
'u AFB,aveizkzgl(NB— - N3+)cos Ope >0,k — (NB— - NB+)cosehe|<0,k]

cP -
Zi‘ig[(NB— + NB+ )eos Ohel >0,k + (NB— + NB+ )eos 9he|<0,k]
= (0.8£1.0%

PRD 110 (2024) L111301 [2407.20586]
(1212 = Hhe) [(Wa— — Nt eos 50,k — (Ng— = N+ )eos by, <0,4

E):S [(NB, + NB+ )cos Ohel >0,k + (NB— + NB+ )cos 9he|<0,k}

20+ ++F+ ﬁmﬂm mﬁ = (132£1.0%
Jﬂrﬂ + J(
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Summary and Outlook
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Summary and Outlook

Summary and Outlook

pair(s) of complementary CPA observables in multi-body decays
@ overcome the cancellation problem of CPA

@ more complete understanding of CPV induced by the interference of
intermediate resonances

@ provide us a more comprehensive method of study CPV in multi-body
decays of heavy hadrons.

v

Ve wEt | wgl | wit | wit | ot | wi?2 | 912 | staterr.
A" | 73 |61 29 |-31|-40|95|-08]| 207
A3 | 10.8 10.6 | 0.4 | -06 2.05
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Summary and Outlook

Thank you for your attentions!
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