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Outline

Long but quick introduction: importance of DCPV,
difficulty of calculating A-p, a few potential Acp # 0

CP asymmetriesin B — K«

s isospin sum rule, prediction for Acp(B° — K'7z")
o Acp(BY — KTr™) # Agp(BT — K™7¥) puzzle?
s implication of small Acp(BT — K+70)

CP asymmetriesin B — mnr VS B — K«
» success of flavor SU(3)

» prediction for Acp(77Y)

Role of DCPV in search for New Physics in b — sqq
Conclusion
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Importance of direct CP violation

Reminder (topics not to be discussed):
#® DCPV is crucial for determining v in B — DK
® Acp(ntn7), Acp(ptp~) used for precise v = (72 +6)°,

2B ‘/t 2
agrees with v = (66 & 6)° from {74 = féB Dz ‘Md;

#® In general A-p # 0; requires interference of two
amplitudes with different weak and strong phases

#® For large Aq-p look for cases with two comparable
amplitudes and large strong phases (resonant effects)

#® Null tests: expect very small A-p In certain decays
[Acp(Bt — J/yKT)| < 0.01 HFAG: —0.02440.014

[Acp(BT — ntaY)] <« 0.01 0.04 £ 0.05
Nonzero asymmetries = New Physics
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Tree and Penguin amplitudes
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Difficulty of calculating A p

A(BY — Ktn™) = |Ple® + |T|e" 0 = strong
AB’ = K=7t) = |Ple® +|T|e™™ = weak

B — K-rt) - 1(B° — K*+r~)
F(EO — K=+ T'(BY - K+tn—)
- 2|T/ P|sin d sin ~y

1+ |T/PJ? + 2|T/P| cos d cos~y
T/P| < 1: = —2|T/P|sindsiny + O(|T/P|?)

Acp(B' - KTn7) =

difficult to calculate strong phases ¢: large uncertainties
QCDF: 1/m; and as-suppressed
however
“long-distance charming penguin”, B — DD, — K, “annihilation”
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A sample ofA-p out of O(100)

CP Asymmetry in Charmless B Decays
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CP asymmetries (HFAG)

nonzero asymmetries

B - Kt B ztxs= ( Belle Babar )
—0.097 £ 0.012 0.38£0.07 (0.554+0.09 0.21 4+ 0.09)

related asymmetries

Bt - Kkt Bt 4 KO+ RBO_, 0.0 pO_, 0.0
0.047 £0.026 0.009£0.025 —0.12+0.11  0.36793;

~ 30 asymmetries

mtn Ktn [(*077 K+p0 piﬂ':l:

—0.1940.07—-029+0.11 0.194+0.05 031175 —0.13£0.04
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3o asymmetriesw +0.2, +0.3

Acp(n™n) = —0.19+0.07: large 2P/(T + O)

Acp(K*n) = —0.29 £0.11: small P ~ T, dest. interference
Acp(K*p%) = 0.31715: interf. of Py, and large Ty + Cp
Acp(p™nT) = —0.13£0.04: const. interf. (Py,Ty) — (Pp,Tp)
Acp(K*n) = 0.19 £ 0.05: no good reason for “large" Acp

All asym. except K*'n are very reasonable in flavor SU(3),
QCD-factorization (SCET), PQCD; a few were anticipated

help study dynamics of hadronic charmless decays
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CP asymmetries I¥ — K

A few simple facts about B — K7 (b — sqq)
® AB— Kr)=B(AI=0)+AAl=1) (u < d)
ABT — K'7")=B+A", —V2A(B" - K™n')=B+A
—ABY = Ktn)=B-A", V2AB" - K7 =B -4
# |[sospin quadrangle for amplitudes
AK'7%) — A(K ™) + V2A(KT7%) — V2A(K%7Y) =0
#® Penguin-dominance: P(AI =0) € B, non-P/P ~ 0.1
(1) T(K%%H) = T(Kt7r) = 2I'(K+t70) =~ 2T (K 970)
ratios consistent with 1 within 20: R, R., R, (next)

(2) small CP asymmetries Agp(K 7~ ) = —0.097 4 0.012
IS first observed interference between P and non-P
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R, R, R,

F(BO — K+7T_)
R = — 0.90 &+ 0.05
F(B+ SN KO7T+)
o' (Bt — K+t
R. = —1.114+0.07
“T I'(Bt — KOT)
N(BY — Ktnr—
R, = (B" = K7m7) 974007

2T (B — K070)

consistent with one within 2o
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Sum rules for rates and asymmetries

Amplitude quadrangle relation and P-dominance imply

[ D(KT7 )+ D(KO%) = 2[0(K+a%) + (K O70)][1+ (2onk)2

A AKT 7)) +AK7T) = 2]A(KTaY)+A (K70 [1—|—(n0np)2
few %

A(Km)=T(B — K7) - T'(B — Kr)
A = ACP(K+7T_) —+ ACP(KO7T+) ~ ACP(K+7TO) —|—ACP(KO7TO)
I'—SR holds experimentally within 5% expl. error

A —SR predicts: Aqcp(K%7Y) = —0.1404+0.043 (—0.124+0.11)

error can be reduced by smaller errors in Acp(Kz+, K+7Y)
+0.025, £0.026
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ACP(K+7TO) # ACP(K+7T_) pUZZIG?

Acp(KTn~) = —0.097 +£0.012 spectator d
difference = 50
Acp(KT7%) = 0.046 £ 0.026  spectator u

AKtn ) =P+T+.. V2AKT™7") =P+T+C + ... (next)

This would be a puzzle if |C| < |T'| but not if |C| ~ |T|
QCD calc. and SU(3) fits (excl. these asym.) find |C| ~ |T'|

NO PUZZLE

Implication of 2 different asymmetries: Arg(C/T) < 0 large
seems like a difficulty for QCD-factorization/SCET
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Color-suppressed tree amplitude

B+ N K+7TO
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Small Acp(K+7%) vs. smallR, — 1

AKTaY)Y=P+T+C AK%7nT) =P
small Acp(K*T7%) and small R, —1= 2FF(K+”O) 1

(K°7+)
0.046 £ 0.026 0.11 = 0.07

looks like a problem
would not work without electroweak penguin contributions

Sum rule (ACP(K+”O))2 + ( o] )2 = (2rc)* 4+ O(r3)

sin 7y COS Y—I0EW

Sew = |'£i‘g'| —0.604+0.05 7. = "ﬂ;f |~ 0.2040.02 (incl. SU(3) brk)

Acp(KTnY) )~ R.—1~0 = cosy~dpw = 7~ (53 £4)°
with errors: v < 88%at 90% cl (—0.05 < R.-1 < 0.1 = ~v < 71°)
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Take a break

from

precise isospin sum rules for ', A
5%

to

less precise SU(3) relations for A
30%
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CP asymmetries I — Kx, wn

A(Kn)=T(B — K7) - T(B — Kn)

Two simple relations: (1) A(Kta~) = —A(xtn7)

(1995) (2) AK'7Y) = —A(x"7Y)
proof , slightly over-simplified (A = Vs/Vig = —Veq/Ves)
AKtn™)=P+T A(rtr™) = AP+ X T+ E+PA

neglect £ + PA [A(B" - KtK~)~1/my] = equalCP
rate asymmetries with opposite signs from P7T interference

same for V2A(K'7Y) =P —-C  V2A(x'7%) = - AP - \"1C
more rigorous proof includes Pgw, and P, terms in 7T and C
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Success of flavor SU(3)

(1) A(KTn7) = —-A(rTn7)
B(Ktn )Acp(KTn~) = —B(xtn")Acp(nTn™)
—1.884+0.24 = —-1.96£0.37 (1079)
works well, does not require SU(3) breaking

2
IEinT&P:  AKTr7)=— ("}—K) A7)

1.8840.24 =293 £0.55  (107Y)
works less well
very likely: J}—K in 7 but not in P

must improve A-p measurements to determine pattern of SU(3)
breaking, useful for extracting a precise value of v in B — 777~
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Large positivedp(m'7")

(2) A(WOWO) = —A(KOWO)
A(Kr) sumrule: Acp(K%7Y) = —0.140 4 0.043
prediction: Aqp(r'7) = —ACP(K%O)%((I;S;T;)) = 1.07 +0.38
(0362937 )

SU(3) breaking 4= in C (?):  Agp(n'7") = 0.80 £ 0.31

arge Acp(n'n®) > 0 = B(B® — %) < B(B’ — n%r")

= comparable sides in B triangle but squashed B triangle

discrete ambiguity disappears in the limit of flat B triangle
Interesting implication on B — 7w Isospin analysis
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DCPV Inb — sgq decays (New Physics’

Asym. Sand C = —Acpin B — XKq(K7)

X 0 0 n' W
—nepS 0394018 0334021  0.61+£0.07 0.4840.24
C 0014013 0124011 —0.0940.06 —0.2140.19
X P £0(980) KTK~ KeKg
—nepS 0204057 0424017 0581918 0.5840.20
C 0644046 —0.02+£0.13 0.1540.09 —0.1440.15

sin 20eg = (—nepS) = 0.53 £0.05 vs. sin28 = 0.678 £ 0.025
Is this 2.60 difference due to New Physics?

(Acp) = (—C) = 0.01 £ 0.04; Is this good news for SM?
In the Standard Model S and C are Erocess-degendent
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Two comments

® When studying AS = —ncpS —sin25 # 0 in B — XKV
consider also the possibility Aqcp = —C #0
In the Standard Model AS and C sit on a circle
point on circle is determined by strong phase

AS \?
+ C% = (2¢sin 7)2 ¢ depends on process
cos 23

# Once AS and C disagree with calculations of ¢ beyond
hadronic uncertainties, study source of New Physics

To determine A = 0,1 of NP operators, study also Aq-p

and A; in Isospin-reflected decays B — XK+
A, = N XKN-T(XK")
I = T(XKH)+T(XK9)
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Conclusion

No need to re-emphasize the importance of DCPV:
yinB — DK,B—nTr",ptp~; Acp(nta’) #0= NP

Acp’s are well-understood although difficult to calculate
Acp(KT7%) # Acp(KT77) is not a puzzle

Acp(Kn) sum rule predicts Aqcp(KY7Y) = —0.140 4 0.043
Small Acp(K™7") and R. ~ 1 imply a constraint on ~

Acp(Ktn™)/Acp(nTn™) agrees with flavor SU(3), may
fix pattern of SU(3) breaking which is useful for ~

Flavor SU(3) predicts a large positive Acp(77"), which
has an implication on the B — 7w isospin analysis

Acp’sin b — sgq play a role in studying New Physics
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