Michael Gronau, BCP4, Ise-Shima, 19.02.01

e U-spin: Equal CP rate asymmetries in pairs

(M.G.)

of charmless decays

e Determination of weak phases

Pz = v from U-spin

BO _, K’""?rq:, B. - K= (MG & J Rosner)
or SU(3): What's special abous
=1.454+046%1 7

2F(B: = K*4#9)
F(B: = KOz%)

po = a from B — ww
(D. London)

Isospin analysis and alternatives

= Other determinations of ¢3 =~
(D. Atwood, S. Oh)

B = DE=
(A. Falk)

Bs (f) = DgK



Theorem about equal CP rate differences
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U-Spin Doublets ( ) ;i fJe‘v‘qu(ﬁqf)q’rQ’
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= Vg VaU* + VVesC*

Decays related by U(d « s)

s —d:

< FlU(E®)|B >=< UFUHCHIUB >= Au(Ac)

44(ngﬁ=f; éhszﬁi1)5=§¥:;v%$éwb4=1gzya&ﬂc
A(UB - Uf, AS =0) = ViViiAu + ViViiAc

A(B = f, AS = —1) = Vu Vi Au + Vu Vi A

AWUB=UJ, AS =0) =V, Vi Ay + Vp Vi Ac

P 3 r — B T — tan 9":'
Lubiud Vi Ves



Question : 4 rates determine |V, VusAu|, |VipVesAel
0= Argl(AuAL), o3 = = Arg(=V; ¥V VaVy) 777
Answer: Needs additional input
CKM unitarity

IM (V5 Vaus Vip Ves) = =Im(V Vi Vs Vog)
implies

Theorem: in the U-spin symmetry limit
AlF(B = f)

[A(B = DI? - |AB = D =
—Ar(UB = Uf) = =[|A(UB = Uf)|2=|,4-(_UE _ Uf)li?u]

examples:
AF(B® = K*n~) = —AM(Bs = 77K ™)
AF(B® - K*FTn~) = —AF(B; = pTK™)
AF(BT - Ktsts) = —Ar(BY = sTKTK)

AF(BT = K*¥a) = ~AT (B = 5)

CKM = opposite sign CP asymmetries



U-spin: determining ¢s =~
B Kve, B.» K57, BY = iils+ ce

B

A(EQ —= K+Tf1) = VJ&V@&A% + V(;VQ,QAC
A(Bs = 7t K™) = V! VagAu + Vi Vg Ao
A(B® = K™ %) = Vip Vi Au + Vi Vi Ac

A(Bs = 1~ KT) = Vyp Vil Au + ViV Ac

TR, H"_?T+) = Tl - h—_‘_ﬁ_) =

(B = KT5") = (8% = K—#7)]

additienal input for v: M(B* — I{S-wi)

rescattering (no " Tree" oc V¥ Vis)

A(BT & K9%*) = A(B~ =» KE%~) = Vi VesAc



_ F(BY = K*5¥) R
F(B= = Kn%) -
A(B? = K+5)
F(Bf = Kz%)

R

il

r(Bs = gi_ﬁvi)
= (B = Ka=)

&
n

= &(Bs =i K-—ﬁuk)
= TBES B

1 = |V Vs Au| /| Vo Ves Al
dcn = Arg(Ay A7)

! oy = AFQ(TVJqud%bVLZ)

R=1+r°+2rcosdy, cosy
Ry = tan 82 + (r/tan6.)? — 2r cosdx . cos~
.4[} = A:. =

—2r sin Jf’{—?r sin Y Ch&ﬂkrs *SU(g)

SU(3) breaking (factorization):
[ = Fpc(m?) fr/Fpe(m¥%) fi
CAs = —f2Ag

Tevatron Run II: §(v) ~ 10°



Another example of U-spin for
P33 =7 (R.Fleischer)

BO(t) » wtn—, Bs(t) = K+K-

Asym(t) = Apix Sin(Amt) + Agj cos(Amt)
for B® - #¥7~ and Bs » KTK~

Four guantities in terms of |P/T|zx, 4, 3, 7.

Tevatron Run II: §(+y) ~ 10°



Flavor SU(3) in B, B; — awr, Kn, KK
(rescattering)

A = ((PP)s_yaveleffective Hamiltonian|B, 4 ;)

(8@8)sym=1+8+27T 34+6+15 3

5 SU(3) reduced matrix elements:

(113]3) (8I1313) (8l6]3) (815]3) (27|15]3)

eguivalent to 8 diagrams in 5 combinations

occurring with given CKM factors




EW penguin x Tree

o "Tree" operators, Q1 and Q2! (V = A)(V = 4)

e EW penguin operators with dominant ¢;, Qg
and @io: (V=A)(V - A)

= EWP and Tree operators transforming as
given SU(3) representations are proportional

to each other
Sore (I8) _ 3eg + e10 VigWis

pilees _ 3
HOS=U(1E)  2e+e2 ViVas
Y= Sy e

= —(0.65 £0.15) e

= Hadronic matrix elements are related and
invelve a common strong phase



Example: BT - K%, k+z0
Where does only 15 contribute? B — (Kw);_3/5

ABT - K% ) +vV24(BT - k*#%) = <185 >

=(T+ﬁ‘+§’§w *%W) = _(T+C)(1 =§EW er?;@f')
Tree and EWP are subdominant

Dominant penguin € 3 are equal (A7 = Q) in

A(B¥ = K%*) and — vV2A(BT - K++79)

2r (B - K*79)

=1
K, F(B= = KO0z%)

Ll

|zt =1

Se———— |€osy —dpw| (bpw =065%..)

ﬁvﬁﬁfﬁlﬁ(*@* — ‘ETQ"K+)I
Vg fr |A(BF = KO%F)|

[also  A(B* = n¥a%) = < |16 > o T +C]

€

i

0.20 & 0.05

(RyVave =1.45+0.46 % 17?77 =v % ~ 50°



e

Final state rescattering

No Tree amplitude:

o&(&ﬁﬁﬁ'*ﬁ’ﬂzﬂé.{-g g C

e —
Is Esmall x fg/mp ? How large is rescattering

B st 0T o KTK~ 7

Present limit B(B° — KTK-) < 1.9 x 107
needs improvement

¢« A(BT = K%¥+) = (F=§ -
Is Asmall x fg/mp ? How large is rescattering

B* o K+s0 i+ 0 o g%+ 2

£ )tan 0.4 Atan=1 6,

Afﬂ# - RQK#) = =(P..—_%

enhancement by tan 26, & 20 of A/P ratio in
B+ - KO9K+ relative te B¥ — K%+ can be
measured



"

e BU(t) —» #Fx: Penguin Pollution

A(l) = agj cos(Amt) + /1 — ajgi,, sin 2(a + @) sin(Amt)

direct CP violation penguin poliution

COSs 9

._N.ﬁ@n@u&ﬂ : WW%I‘I
e e

o = Arg(P/T)
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e solution 1: Isospin symmetry
Bo(t) - ?f+7f_, BT a7+, B2 o %% ¢

- Pispure AfI=1/2 = (sx) =0

= T o PEW = f(xr) =2

[sospin triangle resolves penguin pollution
Difficulty: BY — #9%0 is color-suppressed BR <

10-° (if little rescattering B —» D+ P~ ,#ts —
FOﬁD)

ooy < | BB = 700)
sin(da) < \J B(B= - #*x0) (

2

e solution 2: Calculate |P/T| (6 = Arg(P/T))

= adgir, @amix = functions of (|P/T,4,3,~)

o New physics (D. London)
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e BT  DK* measures siny precisely

U b V3 u

T v 3 ey

— %Q

. T;, s - u

B+ —» DOK+ BT —» DO+
color-allowed (A) color-suppressed (A)

(1) P flaver modes: N° — K&+
o |
S

lowed (1) *= DOK+  DCS (a)
F=F(BY = (K~ 7)pk™) = |4a|? + | Zaf?

+ 2|AAga|cos(bpi + Ak =+ )

maximal for |A@/Ae| =1, 64+ A = 7/2



b

measured A4,a,a:
1412 o B(BT = DOK*) = (2.94+0.8) x 1074

jal? o« B(DY - K~7%) = (3.83 £ 0.09) x 1072

@)% o B(D® — K~7%) = (1.46 + 0.30) x 10~%

%gg.c@zﬂ.@m = (1.21 +0.13) tan24,
a
= tand. U —spin

not measured: A, (dpx + Air),

A V" Ves| |as _:
4 | wh o2l 81 = |Aa] o 0
A ch,Vusl |@1| | Aa|

Opg =7 probably small, as in B = D

A(DP = K=7%)
VA0 S K )
0 U -—spin, estimate < 20°
asymmetry cannot be excluded

Ar ?

éﬁ(ﬁ

= Sizable

F(B* = (K7)pK¥*) = functions of A, (6 + A),~

determination of v requires another DCS mode

PP o K-7#T7° (K*x, Kp) (A. Smith)



(2) D° CP meodes: 1)45 - K¥iE&=
Dy p® + po
+,— ﬁ( )

V2A(BT » DIKT) = +|A| + | Al exp[i(d + )]

" 2[F(B* = DLK¥) +C.C.

r(B+ — DOK+) +C.C.
s F(BT = DYKT) - C.C.
= F(B+ — DOK+) 4+ C.C.
Ry = 1+ |A/A|? £2|A/A|cosécosy
A = A, = |A/A|sindsiny

Three equations for |A/A|, 6, ~
14+ |A/A]? = (Ry + R_)/2
L measure |A f E‘ ~ 0.1 precisely
sin“y < R+ = new constraint on «

... 7= 40°, %: .1, =0= R_=0.85

108 B¥B~ pairs: d(R_) = 0.05

= T73° <~y < 107° excluded at 90% c.l.



e

(Sof fer)

o measure sin(24+4v) in BY(t) = D*YKk*V through
time and angular dependence involving inter-
ference of helicity amplitudes

(London, Sinha?)

e B(BT - DOKT)B(DY 5 K—7t) = (4.241.4) x
10 ® = method requires > ©O(108)BB pairs

(D. Atwood)



I#

e 55(3) = DgK

ures sin -«

(1) flavor tagged Bs time-dependence (Dunietz et al)

B, s (A% B; 3 (A3)(e=40e77))

/a_. cos(Amit/2)|Bs > As(b = Euf)

|Bs > T Dy K >

Li- isin(Amt/2)|Bs > E;(b — UCS)

F(Bs(t) = Dy KT) = e~ 4[| 4,/2 cos’
Amé

Ami
2

+ |As)? sin?

) = | AsAs|sin(ds + ) sin( Amit)]

(a) F(Bs(t) = Dy KT) = f(|Asl, |As|, 85+ )

(b) F(Bs(t) = DFK™) = [(y = —7)
() T(Ba() = Dy KT) = [(|As| & |As])

(d) F(Bs(t) = DFK™) £O|As| = | A, 9 = =)
this determines «
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(2) Untagged Bs(t) including - ~ 10%

Il

F(Eﬁ(&) — B;K*) + F(E@(ﬁ) o D;K*)
%(IA&@ + |J§.§|2)(g=rbﬁ s $=ng£) +

|AsAs|cos(ds + v)(e=TLt = =T at)
F(Bs(t) = DFK~) + F(Bu(t) > DFK )19 — —

2 rates determine « for known |Ag|

(|As| obtained from tagged Bs or factorization)

(3) CP-tagged B, time-integrated (Falk)
BSYF = (Bs + Bs)/V2 8O+ _, p¥p-

[|As| + |E&_|,,_g=@-(é§as=|=ﬂf-)j / V3

- ABCP* o Dy K)
ABETT = DFK ™) = [|As| + |Adle 10— /v/2
two triangles determine v

requires independent measurement of |A,|, |4

CP-tagged BS "t — DF K~ can be measured at
a very high luminosity e*e~ B factory on T(55)
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e Measure crudely many CP asymmetries
ABY 5 KT5°) = -A(Bs; —» 7 TK™)

ABY 5> 5¥r)=-A(B;s = KTK")
relative signs test CKM (U-spin)

e Measure precisely certain charge-averaged rates

F(B: » K*x%)  (B* - DRpk®)
F(B* = Kx%) ' r(B* = DY, K¥)

constrain ¢z = v

e Measure precisely certain CP asymmetries

determine ¢3 = v precisely

e Improve theory of hadronic B decays (Brodsky,

Li, Keum, Sanda, Stlvestring)
calculate P/T, SU(3) breaking, rescattering

questions can be studied experimentally




