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Reaching for 7y
(present and future)
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There are a few methods of determining 7y

A CP violation in Interference of
CP violation in Decay Mixing & Decay

!

!

- Time dependent asymmetries
in Bd>n*n~ and Bs>K*K~ decays
assuming U-spin symmetry

* Rates and asymmetries in Kn Decays

+ Amplitude triangles for BT >DcpOK+
(6LW method) -Time dependent flavor tagged

+ extensions/modifications analysis of

Bs->DsK" decay
Bd->D*n* decay




Data Samples
(present and future)

Results presented today are based on 81.2 fb~ 1(BaBar‘) and 78 fb~ 1(BELLE)
That corresponds to 88 and 85 min BB pairs (part of data sample)

Statistics available today at B-factories = 300 min BB pairs

In 2006 one expects = 1.2 bln BB pairs

In 2008 after 1 year of LHCb (and BTeV) operation ~ 1012 bb pairs

Super By-factory: 1.5 to 5 bln of “clean” BB events
depending on achieved luminosity




Y from B — Kn decays

Significant interference of
tree and penguin amplitudes

Akn ~ +P \J

Expect potentially large CP asymmetries K3

QCD penguins play the dominant role

Difficulties:
. Theore’rlcql Measurement of the ratios of
EW penguins BF and A9T ’
+ SU(3) breaking + (FSI) effects and Acp may provide
constraints on Y and strong
Experimental phase &

small BF, qq background
Particle ID is crucial



Summary of BFs [10-¢]

From J.D. Olsen talk
at the CKM workshop 2003

Mode BaBar BELLE CLEO Avg. oB/B (%)
Kta= 179409407 1854+1.0+£0.7 18.073°t:2 18.14+0.8 4
Koz+t 2004+£1.64+1.0 220+£19+1.1 1887313 % 206414 7
Ktn® 128711 +10 128+14F}18 129733712 12841.1 9
K% 104415408 126+24+14 12873917 112414 13
T 47406402 44+06+£03 455570° 46404 9
rtr? 55809406  53+£13+£05 4671506 52408 15
770 < 3.6 < 4.4 < 4.4 < 3.6
KtK~ < 0.6 < 0.7 < 0.8 < 0.6
K+K?° < 2.2 < 3.4 < 3.3 < 2.2

KK <16 < 3.2 <3.3 < 1.6




Comparison of BF
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Present precision is dominated by statistical errors
In a few years statistical and systematical errors should become comparable



A Specific Model: QCD Factorization

Beneke et. al., Nucl. Phys. B606, 245 (2001)
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CP asymmetries

BABAR

March 2003
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(allows one to eliminate dependence on the strong phase O)
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Largest deviations: 2c each in K*'n-(BaBar), p*n-(BaBar), and K*z’(Belle)
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Events /2 MeV/c?
I
o

‘In a few years statistical precision in the measurements

of Branching Fractions (B>Kmn/mr) should reach the level
of systematic error, 2-4% depending on decay mode

uncertainties

0

BaBar: KOrt* m

80 fb1

» Extraction of ¥ will be dominated by theoretical

In 1year BTeV expects:

4600 KOrn* events (with S/B=1)
62100 Kn* events (with S/B=20)

52

5.225 5.25

5.275 5.3
meq (GeV/c?)




Amplitude triangles

@ GLW method

Color-favored Color-suppressed

B> DK™ where Dgp=(1/42)(D% DY)
A(B™ > DcpK') = |A(B™ >DOK )| + |A(B” >0 ) eTe®

A(B™ > Depk?) = |A(B™ >DOK* )| + |A(B” D" )le~ Vel

CP-even states: K+K-, m+m-
CP-odd states: KsnO, Ksd, Kso, Kgn, Ksn'



Y can be extracted from the reconstruction of two triangles

Experimental problems:

A(B>DOK") is small === > <0 qshed friangles
DCSD lead to the common final states for DO and DY
(color suppressed A is of the same order as color favored x DCSD)

Experimental observables:

BF(B™>Dq 5K)/BF(B™>D o7t
RI,Z = 1.2 ( L2 ) , Al and A2

BF(B->DYK")/ BF(B->DOr")
allow, in principle, to extract Ryy-, O andy
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Eventaf0.0115 GeV
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(7.4+1.7+0.6)%
Ry= (8.31+0.35+0.20)%

0.09
Ap - = O.17i0.23t0.07

BELLE studied both D1K"and D,K"

R1=121+0.25+£0.14
R, =141+0.27 £0.15
Apic-= +0.06 + 0.19 + 0.04
Apx-= -0.18 £0.17 £ 0.05

No constraints on Y possible
with this statistics ...

Needed:
significantly higher statistics
precision measurements of D
Branching Fractions



P BO->D% ()0 mode

Two comparable color-suppressed amplitudes

l ﬁﬂiﬂrﬂﬂ
—a— B[*]n
B
) R0
Triangles are not as squashed
as in B*> DK* case
20 0RO -
ni + BELLE o BF(BO> DO K?) = (5.0 11:3+0.6) x 102

—

o
I_I_I_*_’_I_III
I

<yt I BF(EY> DORO)= (4871 506)x 105
o ﬁg‘ ﬂﬁiﬁ%ﬂﬂ )
:?; 0;" A IDOII_{*IO: Hope to see soon BO> pO k*0 decay
ETZ Hﬁﬁﬂ + + + + _ Present Upper Limit is
o ey BR(RO-> DO K*0) < 18 x 1070
%2 w01 o 01 o2



@ ADS variant of the amplitude triangle approach:
B- > DY[>f.]1K and B"> DI[>f,]k", fi= K=" orKn*nO

Use large interference effects
Experimentally challenging since BF of O(1077) are involved

€ Dalitz plot analysis of D > Kst™ T~ for B”>DK™ and
B*>DK" decays
Ksm™'n™ receives contributions from:

B> DOK~ D9>K* nt* K*"> Kgm~

B> DOk~ DO>K**n~ K**> Kom*

B> DO~ D9>Kp®  pO > mtr”

B> DY%K™ DO>Kgp®  pO > ntm

Enough information to extract Y for any magnitude of O



BO->D*r~ Mode

/ u . | C s
favored <g ’ suppressed <d >
b , T b u
§O D*- BO nt
d d d d

Suppressed/favored <102 ==  Small CP-violating effect expected

Time evolution:

'(B>D*T) « (1+RD*n2) + (l-RD*nz)cos(AmT) + 2 RD*rsin(2B+Y) sin(Amt)

(2B + ) is extracted from the measurement of
4 time-dependent asymmetries

Rpy*, can be estimated using BF(R9~> D)
BF(B9>D™ 1)  fps’

Tanz@)c fD*Z

BF(B9>D 1) =~



Evidence for BO>Ds*rn-

l: BELLE
s F + Ep - Epeam
4.2 4.1 EE[::;EH 0.1 0.2
Partial reconstruction
—:Ii?atn
BELLE — 8 evnioy
= r—
‘oo aide hand xide

missing mass(GeV/ie?)

Events/20 MeV

charmless

B" D'

- B'>D
M, sidebands =
&= Combinatorial 1

# 0555 *0

Br(Bo->Ds*n~)xBr(Ds* 2> ¢n™)

BaBar  (1.13+0.33+0.21)x107®

BELLE  (0.86 935+ 0.11) x1076

BELLE have measured
Br(Ds*>¢n*)=(3.72+0.39 1937 ) x10°
using full/partial reconstruction method

)

RD*R ~ 0022 + 0.007




Missing Mass (GeV/c 2)

~20 fb-1 6970 + 240 events

D**n~ Data Samples (partial reconstruction)
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D’ missing mass (GeV/c 2)

~30 fb-1 , 3430 + 80 events
Am = 0.509 * 0.017 + 0.020 ps-1

Tpo = 1.510 + 0.040 + 0.041 ps

8(sin(2p+y)) o« oc 0.15 for 1000 fb-! T. Gershon (CKM workshop, 2003)
or 3(2p+y) o 10°




Y from B — DK+, D* K-

Same principle as for BO>D*n
Since &y is small > sensitivity should not depend on the value of y

Two decay modes with comparable ampli’rudes B~ 104 each
‘S’i]h ‘vrl.,‘\

Ve Vis
: W.E E : E Eu }K'

_Bi{sa\ }

y can be determined from the measurement of 4 time-dependent
asymmetries (assuming that 8y is fixed from Bs mixing)

Contribution from NP is unlikely |

Looks as most clean method to measure vy



B. » D.n, DK kinematics at
LHCb

72k D~ nt
8k D~ K*

cGC ~6.5
2
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Importance of Particle ID Needed:
v Hadronic trigger

v K/m separation

v' Good proper time

resolution
~ 10000 . . ~ 1400 |
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In one year of LHCb running:

8k B.—D/K* reconstructed events

Sensitivity slightly depends on
strong phase difference A(T1/T2)

and X

o
Lad
T T 1

Assumptions:

&v-2 &y) [Rad]
2
[ *]
[ %]
s
-
—
%
SR

- 3k tagged Bs—>DsK"
» 30% background 0150
- 30% mistag B

011 X,=Am,/T=30
: ¢ A =0
0.05 = A, =052
LHCb: C 'y .'5.“”.2 =1.04
o(y) ~ 10° for xg = 15 LTI R TR R TIE
o(y) ~ 12° for x = 30 v-2 &v (Rad)

BTeV:
o(y) ~ 8°




Y from B— mw, K K

proposed by R. Fleischer

dis)

Measure time-dependent asymmetries in BO > n*n- and Bs > K* K-
decays to extract y

Agp (B 5> &'R) = function(d,,7)

A“E{B“ — X8 ) = function(d,?,7.¢,) where dxexp(i9) is a function
;:p{B — K*K") = function(d’,?,y) of T and P amplitudes

Agy (B, = KK ") = function(d’,?,7.9,)

Assuming U-spin flavor symmetry: d=d'and 9=9"
Y can be extracted




Y from By— nw, KK input values| BY = 7= | Bs > KT K-
(5) ’ vield | 27K 35K
. dir mix o B/S 0.8 0.55
Q Evaluation of ACP and ACP sensitivity . 0.75¢5 >0
from time-dependent measured asymmetry eD? 0.064 0.064
dir _
Ath (T)_ Agz 'COS(X’T)+AZ;’,X 'Sin(X'T) ACP 030 O.] 6
cr\T) = hAF- » -'hAF- AN 0.58 -0.17
R U T B W T AT 0.0 0.0

0.3 _BO -t TC-

J’ o3| Bg— K* K-

!
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In one year of LHCb operation :

BO s * 1" géamg_ss—m K-

o(A dir ) = (A Mix ) = 0.054 007

B.— K*K" 0053 |

S 0.06 C

o(A dir ) = g(A Mix ) = 0.043 0055 |

0.05 ;

Sensitivity to y: 0.045

. . 0.04 ;—

assuming 4 years of data taking oms | increasing xs —>

(4X27k Bd%TETE Gnd 4X35k Bs—> KK) 0.03 '2'0 : 22'5 : '25' : '_;7 . '3'0' ' '3'_’ = '3'5' ' '3'7 . '40

B/S = 0.8 and 0.55 correspondingly
fagging: &D2 = 6.47% A, of B> n*n- and

. . 0 - 0 +K -
Ad]raA mix of BY - m'r Ad“” DfB s KK AdirﬂA mix of BOs — KK~
6

Combining all
information:

. o(y) = 2.50

) g 0 '
0 20 40 60 BD 100 120 140 160 1EQ 0 0 40 &0 BO 100 120 140 140 1EO g 20 40 o0 B 100 120 140 160 1B0
't (degrees) 't (degrees) 't (degrees)



Conclusions

¥ can be measured both using CPV in decay (time-integrated)
and in the interference of mixing and decay (time-dependent)

(1) Theoretically clean:  b—> ¢ X
Amplitude triangles

Bs>DsK

T I
(2) Experimentally easier b = hh (h = non-c) rees + loops

Experimental precision on BF already below 10% level

Clear theoretical strategy how to extract Y is still missing
Measurement of rare decays with BF ~ 10-"could help

(1) VS (2) . >@ve probe for New@




Expectations from CDF

Run ITa

Acp=Ap(dir)cos(Amxt) + A p(mix)simAmxt)

nn/Kn/KK/nK separation:
. e LAV, MASS ~ 20 MeV/c2
3 —sum. Kinematical variables
ﬁ BoKn 1 dE/dX g o
E 80 Bs_)KK | AMd << AMS ga{)o
.| Bk -
O4a ESTUE TR 32 s 5_4"‘:1:.;5;"(:5}';%3};5_5 50 L
RunIIa: cACP(dir, mix)~0.2 (B, 2nr) .

~0.1 (B DKK) !

o(y) = +10°(stat)

L =65+4 b~
------------------------------------
++ CDF Run 2 Preliminary

B —> h'h~

__ +++ 301 +£27 signal events
+ Mean 5.24140.004 CeV,/c? ]
+ Width 0.04140.004 GeV/c™
+++ ]
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