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Highlights of Flavor Physics

e CP violation

= Discovery: Mixing-induced CPV observed in Kaon decays
[Christenson, Cronin, Fitch, Turlay, '64]
= [he Kobayashi-Maskawa mechanism
[Kobayashi, Maskawa, ’73]
= Direct CPV discovered in B meson decays
[BaBar & Belle, '01]

« CKM: Measurements of fundamental parameters of nature

Cronnin Fitch
[Nobel Prize for Physics in 1980]

Kobaashi Maskawa
[INobel Prize for Physics in 2008]




Why still Flavor Physics?

Unanswered questions.
®

-
"

Precision test of the standard model = new dynamics

Matter vs  Anti-matter

What else can be do except improve the precision?

New facilities (BESIII, Belle Il, upgrading LHCb, CEPC)! New opportunities!

= Release new channels & new observables

Never forget a bunch of new particles — — baryons!

Mesonic flavor physics — Mesonic & Baryonic flavor physics!
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Huge opportunities for baryon

Particle = BESIII Belle 1I LHCb (300 fb~1) CEPC (4xTera-Z)
B°, BY . 5.4 x 10'0 (50 ab~! on T(49)) 3 x 1013 4.8 x 10!
B+ - 5.7 x 10'° (50 ab™! on Y(49)) 3 x 1013 4.8 x 10!
BY, BY . 6.0 x 10® (5 ab~! on Y(585)) 1:x 10 1.2 x 10"
BF = : =301 1.2 10°
gAg, AY - - 2 x 101 1x10% >
D% DY 1.2510% 5.2 x 1011
D= 1:2x10° 25 |
D= 1 x 107 88 x 1010
A¥  0.3x10° 5.5 X ED
T 3.6 x 105 4.5 x 10*% (50 ab *+om T(45)) 1.2 x 101

No reason to spare the prairie!
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Huge opportunities for baryon

 Same heavy quark: Remeasurements and retests of the mesonic version
= |mportant but not fully satisfactory
» Different spectator = Principle differences

= Three quarks = Different power counting in baryon decays (to probe QCD)

"= Nonzero baryon number = Sensitive to different (non-)standard operators

<-> Nonzero spin > -




Polarization induced observables

* Spins/Polarizations/Helicities of baryons provide fruitful observables.

. Lee—Yang parameters: a, ﬁ, 4
General Partial Wave Analysis of the

T 0 p X Decay of a Hyperon of Spin 1
0 | T. D. LEe* aAnp C. N. YANG
< Institute for Advanced Study, Princeton, New Jersey

0 — (Received October 22, 1957)
AN — pr) = i, (S + Pys)uy

Theoretically, they are expressed by partial wave amplitudes (helicity amplitudes i, = § = P) as:

2Re(S*P) 2Im(S*P) S|>—|P| dl
a = : ~ P= : ~ V= : : x 1+ acos@
|S|17+ | P| 1S+ | P| S|1“+ | P d cos @

Experimentally, they are measured by proton polarizations: .
A Spin measurements are difficult!
- (a+cosO)p+pp X s+y(p X §) X p

P 1 +acos®

Key point: particle spins are encoded
In their decay products.



Polarization induced observables

* Build spin-dependent CP violation observables, e.g., a + a, y — 7.

o With entangled E"=" and 2~ — Az~ — p2x~, BESIII measure the Lee-Yang
parameters and thelr induced CPV [BESIII, Nature 2022]

(@) p+p 3
Strong phase independent! Apcp ~ ( ) = (=5%+15)x 10
\/ 1 — (a)? a—a

e Traditional direct CP asymmetry: sine dependence on strong phase.
A7 = |A? A = Aeie + Ajeihei® = A eiPiei(] + re'e'®)

Acp = , L L L L
cP = | A |2 + \K\z A = Ale_“blelél + Aze_’%e”32 = Ale_“ble”sl(l + re " Pe'%)




Polarization induced observables

» Application to more channels with Cascade decays (e.g. A, = AV — p3n)

_________________________________

/

1. Angular distribution encodes the helicity amplitudes

2. They induce CPVs with different strong phase dependences

S1N O, VS COS O,

_________________________________

(Geng, Liu, Wei, et al, 2106.10628,2109.09524,2206.00348;Zhou, et al, 2210.15357)
« Strong phase dependence: sin o, vs COS O,

| sin d | |cosd|
1.0

\/W\/ » Whatever the strong phase is, either|sind| or

06} ;7\ /7 \ /7 \ !/ \

AN SN A | cos & | would be larger than 0.7.

N N Y A * |If both of CPVs are measured, the strong

02} 4 \ / \ ! \ / \

! \ / \ \ \ phase can be determined.




T-odd correlation induced CP asymmetry

e General conclusion: T-odd correlation J_ induces CPV with cosine dependence on

strong phases (03— (0.)
10_=—-0_T, AL === X COS O,
{00 +(02)
If it satisfies two conditions: (i) for the final—s’gate basis {| l//n>, n=1,2,...}, there is a
unitary transformation U, s.t. UT |y,) = e |y ); @ UQ_U" = O_.

Proof:
(f1Q-|f) = (i|STQ_S|i) (m| Q=) = (W | TTT Q—|tpn)*

= Z<m|s’f V) (V| Q [t ) (10| S |105) = —(Um|T'Q-Tlvm)’
= (V| TTUU Q_ UTU T by
(
(

= ZA* n (Y |Q—[n) - — (| TTUY Q_ UT )
Ym|Q—|n)”

Q_ .
F1O_1f) 3 Im(A7A,) A g, o sind,,cos &

0. . .
[Wang, QQ, Yu, 2211.07332] . A5 o 8in g, sin &



T-odd correlation induced CP asymmetry

» Example 1. Triple product Q, = (5, X 5,) - pin P - P,P,

T:p ——p,h— h; U=R(x):—p = p,h—h condition (1)
T:0 - -0 U=R():Q, - 0, condition (i1)
X o 3 2
- Example 2. Triple product O, = (p; X p,) - p3in P — P,P,P;P,
T:p —>—-7p; U=P:—-p —>7p condition (1)
r:Q,——-0,; U=P:Q,— -0, ~ condition (11)
o ¢
Z

'Wang, QQ, Yu, 2211.07332]
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T-odd correlation induced CP asymmetry

e For the decay A\, — N*(1520)K*, three such T-odd correlations

Triple product O, =5 X5y p= é(sfsz‘ — 5755)

l

- AN ;= A - AN s A — — i —_ —
Hepta product 0, = (51 D)y PO + Q5 - DIy P) = —sisylssy = s1787) + (883 = s787)8s]

- - - - i S —
Penta pl’OdUCt O3 = (51 5)01 +O1(51-5,) — O, = E(Sfrsfrsz Sy — 818 52+52+)

* Their expectations are imaginary helicity amplitude interferences

(Q5) = 2\/§ Im (H+1,+%H:k1,_1 + H* 3H+1,+%)

7 —L=3

COS O, VS S1N O
Exactly Complementary!

* Moreover, complementary T-even correlations are found

P1 = 31 ) 32 — (31 13)(52 [3), Pz = (El 15)(32 ’ﬁ)Pl +P1(§1 13)(32 15), Real part
(P xRe (H,, . :H*  +H* H_ 1)
_ o) =) - INVAT e=d) - AND - - A - - A * ’+2 —1,—% —1,—% + ’+2
Py=Pr—[s = (s -D)llsy” — (5 p)° ]l = [(sy X 5p) - pll(s, X 55) - p]

'Wang, QQ, Yu, 2211.07332]
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T-odd correlation induced CP asymmetry

* The expectations of the complementary T-odd and T-even correlations are both
encoded in angular distribution of secondary decays of N*(1520)K*

dl’ 9 9
dcy deg dp > P1Pz (‘HH”L%
1 2

—|—S%(§ + ¢3) ("Hﬂﬂ% +|H_y 1

2
_|_ ‘H—l,—%

1 2
-+ QC%(_ -+ C%) (‘HO,% -+ HO,—I—%

3
" 262 * * .
— %Im (H_|_17_|_%H_17_% + H‘FL‘F%H—L—%) S111 290
. SR (3, o H AR 2
* Complementary CP asymmetries V3 o (o 401y + Mo Moy g ) cos2
- 4
can thereby be measured, which _ 81‘\3}22(32 I (Hopyy gy o +Ho 1Y _g)sing
depend on cos o, & sino.. 4
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(Q3)
(P3)
(O +20,)
(P + 2P,)

'Wang, QQ, Yu, 2211.07332]



Summary

Baryonic flavor physics has become more and more important

Based on the spin/helicity information of baryons, CPV observables can be built with
different dependences on strong phases

We prove that a subset of T-odd and T-even CPVs, are proportional to cos o0, and sin 0..

They can be extracted from angular distributions of Cascade baryon decays.

It may help discover the baryonic CPV, and afterwards help determine the strong
phase and hence the weak phase.

Thank you!
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