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® Motlvatlon Cabibbo, Kobayahsi and Maskawa (CKM) Quark Mixing Matrix

The Standard Model: 163 g - .
Verm = = | —s102 — 182836 109 — 818283 8903 a unique CP phase
5152 — C1c283€" —C152 — 81C253€" C2C3 |, J— _—

- K9 system: indirect (¢) and direct (¢'/¢) (K; =1TTT)

CP violation <

BY system: mixed induced (B’ J/APK()+ direct (B—1r11,K1T)

-

Direct CP in charged systems: K*? B*?

Th: Acp(B® - K~nt) ~ Acp(B~ — K~7°) but ~B—K-=+ = ~0.08220.006
'AB——*K_WO = 0.040 £+ 0.021

Matter-antimatter asymmetry

1. Baryon number violation
2..C and CP)violation

3. A departure from thermal equilibrium T

1967: Sakharov

J
()

The CP violating mechanism in the SM, i.e. the phase in the CKM, ‘ New Phvsics
cannot account for the matter-antimatter asymmetry in the universe. y
= To study direct CP violation in heavy flavor (b-hadron) systems LHCb +
SuperKEKB

Goal | To test the standard model and look for New Physics!




Direct CP-violating asymmetry (CPA) in the B decays:

» A _ D(B=f)-T(B—f)
Acp(B = ) ['(B—f)+I'(B—f)

T

D(B ~ f) #T(B - )

T — ——

Ow: Vi = AN (p —in) < weak CP phase

I —_—_—

ds: effective Wilson coefficients, final state interactions, ...

on-shell processes give the imaginary parts <«<— strong CP phase

I ——

See fal /NI, 2= i, BRARFE s talks
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o Direct CP Violation in 3-body Baryonic B Decays
© Three-body charmless baryonic B decays:

Br(B~ — ppr~) = (1.624+0.20) x 107° BT(BO N pp) _ (1471—8;%) % 1078 (LHCb)
BT(BO—)pﬁKO) _ (27:|:03)X10_6 et veseeesseeeesseeeseseeesbeseeeARs e e s R R eee AR eee SRS een e b Ao RA SR A eeneARAe e SRS en e b A eneses et s s sm e ns e s sseeness e sssn :

Br(B~ = ppK~) = (5.9+0.5) x 107°
Br(B° — ppK*®) = (1.2+0.3) x 107°
Br(B~ — ppK*~) = (3.6+£0.8) x 107°

....................................................................................................................................

Br(B~ — Apy) = (244+0.5) x 107° Br(B~ — Ap) < 32x 1078 (BELLE)§
Br(B~ — Apr®) = (3.0£0.7) x 1078

Br(B® — Aprt) = (3.14£0.29) x 10~

BT(BO s A./—\RO) _ (48:]: 10) T

Br(B° = AAK*®) = (2.5+1.0) x 107°
Br(B~ = AAK*™) = (2.2722) x 107"
Br(B~ — AAT") < 094 x 107°

Hou+Soni,

e Large BRs: Br(B—BB'P) >> Br(B—BB') due to the threshold enhancements «~——| prLss(01)4247




e Direct CP Violation in 3-body Baryonic B Decays
© Three-body charmless baryonic B decays:

Br(B~ — ppr~) = (1.624+0.20) x 107° Using the generalized factorization method

Br(B® — ppK®) = (2.7+0.3) x 107° along with QC? counting rule

Br(B~ = ppK~) = (5.9+£0.5) x 107° SU(3)r & SU(2)s symmetries

0 —7m*0\ __ —6
Br(B” — ppK™) = (1.2£0.3) x 10 Chua, Hou, Tsai, PRD66 (2002) 054004:

Chua,Hou, Eur. Phys. J. C 29 (2003) 27;
CQG, Hsiao, PLB610 (2005) 67;

Br(B™ = Apy) = (244£0.5) x 107° CQG, Hsiao, PLB619 (2005) 305;
> CQG, Hsiao, PRD72 (2005) 037901;

Br(B~ — ppK*~) = (3.6+0.8) x 107°

Br(B~ — Apr®) = (3.0£0.7) x 107° CQG, Hsiao, PRD74 (2006) 094023;
CQG, Hsiao, Ng, PRL98 (2007) 011801;

Br(B® — Apr™) = (3.14+0.29) x 107° CQG, Hsiao, Ng, PRD75 (2007) 094005;
Br(B~ — A./—\K—) = (3.4+0.6) x 10~ CQG, Hsiao, PRD85 (2012) 017501.

Br(B® — AAK®) = (4.841.0) x 10~®
Br(B® — AAK*%) = (2.5+1.0) x 10~®

Br(B~ = AAK*™) = (2.27}2) x 107®
Br(B~ = AAT) < 0.94x 107° /

Hou+Soni,

e LLarge BRs: Br(B—BB'P) >> Br(B—BB') due to the threshold enhancements «~——| prLss(01)4247




o Direct CP Violation in 3-body Baryonic B Decays
© Three-body charmless baryonic B decays:

Br(B~ = ppr~) = (1.62+0.20) x 107° —_ ﬁr&"f
W
Br(B® — ppK°) = (2.7+0.3) x 10~ b ; ;

up
B- —(*) (fT 0=
==) Br(B” = ppK ) = (5.9+£05) x 107 . CC:: > K(;;(K ")
7 - W U
BT'(BO — pﬁ}?*o) — (12 + 03) x 107° b :W u(d)p
mm) Br(B- — ppK*") = (3.6+0.8) x 10~ B~(B) (T,
_ (d) - ald)

Br(B~ — Apy) = (24+0.5) x 107°

Br(B~ — Apn®) = (3.04+0.7) x 10~ ~
Br(B® — Aprt) = (3.1440.29) x 1075

Br(B~ =+ AAK™) = (3440.6) x 107°

Br(B® — AAK®) = (4.8+1.0) x 10~ > =

Br(B® — AAK*®) = (25+1.0) x 107© B
. o

P

Br(B~ — AAK*™) = (2.2732) x 107°

Br(B~ — AA77) < 0.94x 107° %

Hou+Soni,

e Large BRs: Br(B—BB'P) >> Br(B—BB') due to the threshold enhancements «~——| prLss(01)4247

‘ e Large direct CP violation in charged B modes of 5 * _, pﬁK ()£ — ggfg’?(sg%’élflggm




The direct CP asymmetries in B¥ — ppM=* (M = K, K*):

CQG+Hsiao+Ng,

PRL98,011801 (2007)

Acp(M) =

The amplitudes of B~ — ppK®)~:

Ak

A g+

Gp
/I/—

V2

Gp

V2

M fre-€" o (pplury (1 — 75)b[ B7)

il [aK (plablB™) + B <pp\u%b|3>]

ax (Ok)

¢ *

2m
VVio.a1r — Vi Vi, [CL4 in e CL6} =1

2

My s

2 Y 2
['(B” = ppM~) —T'(B" — ppM™) - gACP(K(*)) (e O f¢ ()
TR Rt Sl ety Qg |? + ||

_ (lex]® > 18]°)

(Nc=3 at the scale my)

a; = Ciff—l—cgff/Nc
e ciff—l—cgff/Nc

ag = /7 4+ TN,

I

i !

1.05
(—427.8 F9.1n — 3.9p) +i(—83.2 £ 3.9n — 9.1p)

(—595.5 F 9.17 — 3.9p) + 9(—83.2 + 3.97 — 9.1p)

St 0

Skl (0

¢ (i=1,2,..,6) being effective Wilson coefficients (WC's)

1

for the b — s (b — 5) transition



Direct CP asymmetries in B — BB/ M:

D/ + =T *+ 4+ , ~+ + I - - = - _
B —- BB'M |B*~ — ppK*=|B* — ppK~ |B~ — ppp~| B~ — ppn (QG+Hsiao+Ng,
Acp(M) 0.22+0.04 | 0.06 £+ 0.01 -0.03 -0.06 PRL98,011801 (2007)

Belle (2004)

—0.05 £0.11

BaBar (2005) —0.16 + 0.09
BaBar* (2006) [ 0.26 +0.19 | —0.1379-0° 0.06 + 0.02

0.32 = 0.14 0.04 = 0.07

BaBar (2007)

Belle (2008) | —0.01 +0.20 [—0.02 + 0.05 —0.17 +0.11
PDG (2014) | 0.21 +0.16 |—0.16 % 0.07 0 + 0.04

LHCh** (2014)

0.021 £+ 0.020

0.041 £+ 0.039

!

|

Large , Accessible to the LHCb as well as Super KEKB!




Direct CP asymmetries in B — BB/ M:

CQG+Hsiao+Ng,

PRL98,011801 (2007)

B —- BB'M |B* — ppK**|B* — ppK*|B* — ppp™| B* — ppr+
Acp(M) 0.22 +0.04 | 0.06 + 0.01 -0.03 -0.06
Belle (2004) —0.05 +0.11
BaBar (2005) —0.16 £0.09
BaBar* (2006) | 0.26 +0.19 | —0.1370:0° 0.06 £ 0.02
BaBar (2007) | 0.32 +0.14 0.04 + 0.07
Belle (2008) | —0.01 0.20 | —0.02 £ 0.05 —0.17 = 0.11
PDG (2014) 0.21 £ 0.16 |—0.16 £ 0.07 04 0.04
LHCb** (2014) 0.021 + 0.020 —0.041 + 0.039

!

|

* TB.Hryn'ova, SLAC-R-810 (2006)

** PRL113, 141801 (2014)

Large , Accessible to the LHCb as well as Super KEKB!

Remarks: 1. Independent of BR measurements+Free of hadronic uncertainties

2. A14CP(I{(*))|CKI\J elements ™’ 0.01

3. Small nonfactorizable contributions:

AAcp(K™) <0.005 (0.04) for N, =3 — N¢/ =2 and o

4. Annihilation contributions and final state interactions — suppressed




e Direct CP Violation in Ap Decays: Ar— pM(V) M=nm,K
V=p, K*

pQCD! data
7 M(V) M(V
105B(A, — pK-) | 2.0710| 4.9+0.92 ﬁ& Z’ i
105B(A, — pr~) | 52123 | 41408 | : " ;
d >

)
IOGB(Ab —> pK*_) a— — d g d

b
Ap" Ay, U u P
d
(a) (b)
1063(/\(, — pp_) S o
102 AC’P ( Ab N D K_) _5 i_zg _10 I 8 4 43 1W1thou ta,nnlhllatlon .................................

~ 2. without color- :
10 Acp(Ay — pr-) | —31748| 647438 2. without color-suppressed tree amp:

102.ACP(A(, — pK*—) — —
102Acp(Ab — pp_) — —

' C.D. Lu, Y.M. Wang, H. Zou, A. Ali and G. Kramer,
PRD80, 034011 (2009).

2 PDG
3 CDF, PRL106, 181802 (2011); arXiv:1403.5586 [hep-ex].
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M=nK

Av— pM(V)  y_ ks
Y.K.Hsiao+CQG,

PRD91,116007(2015)

A(Ny — pM) = i Zsmy fur [OlM (p|ub|Av) + Bu (P|ﬁ75b|1\b)‘

A(Ay = pV) = SEmy fretay (pliv,(1 — 75)b|As)

Qy —V V al—ththa4

_ _ 2 f3
(p|uy.b|Ap) = up[f 1V + ——10u,q" + (Ip]uAb
A My,
_ . 92 . 93
(Pl’ll’}’p’}’5b Ab) - up[gl')jp + zapuq‘/ + Qp]75uAb
‘"lAb mAb

(plub|Av) = fstpua,

(playsb|Ay) = fpiyysua,

};(04 + ryrag)

(M |q17,7592|0) = —i farqy
(VI@1uq2/0) = my fve,
T — ——

ra = 2mi,/[my(mg +my)]

a; = I 4+ TN for i =odd (even)

T —

e

Ji=g1and fa3=go3=0

e By the SU(3) flavor and SU(2) spin symmetries or
the heavy-quark and large-energy symmetries
Khodjamirian, Klein, Mannel, Wang, JHEP 1109, 106 (2011);

T. Mannel and Y. M. Wang, JHEP 1112, 067 (2011).
S —

e



7 M(V) g, M(V) M=n, K
L ./ Ap—pM(Y) VIR
u b

b - u —
Ao L e P YK.Hsiao+CQG,
. Y PRD91,116007(2015)

Ahs = pM) = im0+ e plasbi )
(M|@17u759210) = —ifmqy

A(Ay — pV) = %mvae”*av(pmfyﬂ(l — 5)b|Ap) (V1q17u92/0) = my fve;,
aym(Bu) = V;than'l — V;ith;(a4 + rapas) rv = 2m3, [/ [mp(mg, +my,))
ay = VubVanl — thVt;a4 a; = !+ 1 /NS for i =odd (even)

Ji=g1and faz3=go3=0
(pl'&%;b Ab> - fl ﬂ'p’)';tu/\b

(playaysb|As) = g1y uysu hi(g*) = (ip RY
PlUYu Y501 Ab) = G1UpYuY5UA, (1—gq /mAb)
(p|lub|Ap) = fstiyun, e By the SU(3) flavor and SU(2) spin symmetries or

the heavy-quark and large-energy symmetries
Khodjamirian, Klein, Mannel, Wang, JHEP 1109, 106 (2011);

T. Mannel and Y. M. Wang, JHEP 1112, 067 (2011).
R — ————————

(pluysb|As) = fruyysua,




7 M(V) g, M(V) M=n, K
L ./ Ap—pM(Y) VIR
- u b

b U —

Ao L e P YK.Hsiao+CQG,
. , PRD91,116007(2015)

Ahs = pM) = im0+ e plasbi )
(M|@17u759210) = —ifmqy

A(Ay — pV) = —Emv frer oy (plary,(1 — s)b|Ap) (V]@17,92|0) = my fve,
ay(Bu) = V;than'l — V;ith;(a% + 7ar06) rv = 2m3, [/ [mp(mg, +my,))
ay = VubVanl — thVt;a4 a; = cf f 4 cfﬁ /Nc(ef ") for i =odd (even)

Ji=g1and fa3=go3=0

(p|uy,b|Ap) = fiiyy,ua, .
(playuysb|Av) = grupyuysua, fi(d") = (1— qzjm?\ 2
(plub|Ap) = fstyuy,
(pluysb|As) = fruyysua, fs = T::;:b_ -~ pf fp= 1:::: 2 : 7::791 EoM



B(Ap = pr~) _ f7 lax|® + oz 1+ &7 R . = B(Ay = pp~) fo lapl® + |ogl?
N = 2 2 12 1 PR* = "B(A K*)  f? 2 K- |2
B(A, = pK-)  fZ|ak]®+ |ag? 1+ & (Ap = pK*7)  fige lak-|* + |ag-|

Rer =

|01v|2 — |0‘V|2
lay|? + |ay |2

ACP(Ab%pM): (|a1\4|2—|a1\7[|2 +§_) 1 A (A R V)—
|O~’M|2+|aM|2 M 1+§1¢1 CP\{\b p —

Q.12 12
s (Iﬁml £ | B ) Ry,y B = [(plavsbln) /) (plablAs)

e R 1.008
Ap—p — L )

CKM matrix elements + (&5, &F) = (1.03 £0.04 £ 0.00, 0.11 £ 0.01 £ 0.02) ,

Effective Wilson Coeffs (& &) = (—4.0+03 +£0.0, —4.0£0.2 + 0.3) x 10°°
\ /

the CKM matrix elements non-factorizable effects
SEEE— | — ———
(fﬂ’stvfp, fK‘) — Rﬂ—K RpK‘
(130.4 £ 0.2, 156.2 + 0.7, 210.6 =+ 0.4, 204.7 £ 6.1) MeV our result |0.84 - 0.09 + 0.00 4.6 + 0.5 + 0.1
Cpr = 0.136 £ 0.009 pQCD [4] 261-8(5) o

by fitting the two branching ratios
CDF [14] |0.66 = 0.14 + 0.08 —

Cr=0.14+0.03
from the light-cone sum rules LHChH [1 5] 0.86 = 0.08 +0.05 _—

JHEP 1109, 106 (2011); JHEP 1112, 067 (2011)
'4] C.D. Lu et al., Phys. Rev. D 80, 034011 (2009).

(14] T. Aaltonen et al. [CDI Collaboration|, Phys. Rev. Lett. 103, 031801 (2009).

[15] R. Aaij et al. [LHCb Collaboration|, JHEP 1210, 037 (2012).



our result* pQCD! data

10B(Ay, — pK~)  |484+0.7+£0.14+0.3|2.073| 4.9+0.92
108B(A, — pr) 42406404 +02 52723 4.1+0.82
105B(A, — pK*~) |25+03+02+03| — -
10°B(Ay — pp™) 114+16+1.24+06 — —
102Acp(Ay — pK ™) 584+02+0.1 |-5%%|-10+8443
102Acp(Ay = pr~) | —=394+02+£00 |-311%| 6+ 7+3°
102A4cp(Ay = pK*~)| 196 +1.3+1.0 — —
102A4cp(Ay = pp~) | —3.7£0.340.0 — —

* where the errors for B(A, — pM(V')) arise from fys(y) and f1(g;), the CKM matrix elements and non-factorizable effects

while those for Acp(Ay — pM(V)) are from the CKM matrix elements and non-factorizable effects

' C.D. Lu, Y.M. Wang, H. Zou, A. Ali and G. Kramer,

PRDS80, 034011 (2009).
2 PDG

3 CDF, PRL106, 181802 (2011), arXiv:1403.5586 [hep-ex].

Our approach can be extend to the
two-body decays of other b-baryons

B(Z, - XTK*)~28x 107
Acp(Ep = XTK*™) ~ 20%

See fi] /NHI’s talks
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e Summary

¥ Direct CP violation in 3-body baryonic charged B and
2-body Ap baryon decays are large in the SM:

our result| B* — ppK*|B* — ppr™|B* — ppK**|B* — ppp™

1058 5.9 1.6 3.6 10

10 Acp 6 -6 22 -3

our result| Ap, > pK~ | Ap, > prm~ | Ap, > pK* | Ay = pp™

1058 4.8 4.2 2.5 11.4

102 Acp 6 4 20 4

f !

small hadronic & other uncertainties

¥ Some of CPAs are accessible to current experiments.

<<= ¢ Rich physics in b-hadron decays.

More studies are needed at B-factories,
especially, LHCb + SuperKEKB.









