Measurement of the angle y of
the Unitarity Triangle:
Status and prospects

'\ -

-"--.r
P =

) | Maffébfﬁama N
INFN Labor'a tori qumna// d’. Fr'asca 1/

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

Istiuto Nazionala Represe” g fhzf/

-

Semmar' at Fer'm//ab May 25 2007



The weak interactions of quarks

e The electroweak coupling strength of the W* to quarks is
described by the elements of the Cabibbo-Kobayashi-
Maskawa matrix in the Standard Model (SM)

u, =u,c,t

g ___
“Lws = 5 UL Y (Voxm)ij dr; Wi +he. - =

e 3x3 unitary matrix ==> 4 parameters (after ad hoc
choice of quark field phases)

relative magnitude

4 T\ of the elements (exp)
V ( Vud  Vus  Vaup ) - .- N

Vea Ves Voo | = | m [ -

Via® Ves Vi ]

o ~ -
? May 25, 2007 Measurement of y: Status and Prospects 2

e



The Cabibbo-Kobayashi-Maskawa Matrix

® An irremovable complex phase in V., is the origin of CP
violation in the SM

W;' W_l_g
— /7 .
/ — the phase changes sign
b V2 U - b i u; ,,,,, in the CP-conjugated
ke process
VUb ub “

VCKM — -\ X A)¢ —f-O(;'nd)
AN(1=-pCin) -AN 1
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The Unitarity Triangle

e Visunitary: VV*=1 ===>
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The BaBar De fec for

Cherenkov Detector
144 quartz bars
K, T, p separation

€ [9 GeV]

1.5T Magnet

Electromagnetic Calorimeter
6580 CslI crystals

e+ ID, 1% and y reco

Instrumented Flux
Return

12-18 layers of RPC/LST
_ uID

et [3.1 GeV]

Drift Chamber
40 layers

tracking + dE/dx
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Silicon ‘Ver"rex Tracker

5 layers (double-sided Si sensors)
vertexing + tracking (+ dE/dx)
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Pion/Kaon Discrimination

DIRC: Detector of Internally Reflected Cherenkov light

SIGNAL FORMATION in the DIRC

Purified Water

N
Light
Catcher

17.256 mm Thickness
(35.00 mm Width)

y
4
v
Bar Box ‘
Track i //
Trajectory o
.
o

L ™ Window -~ Standoff Box

7 [
) 91 mm— ~10mm
—4.90m —\ 197Tm ——

4%1.225m
Synthetic Fused Silica
Bars glued end-to-end

also dE/dx in Drift Chamber and
Silicon Vertex detector is used

Cherenkov angle vs. momentum
for pions and kaons

0.84F (a) ]

>4 o separation
at 3 GeV/c

0.784
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1.5 2 25 3 3. 4 45 5
Momentum (GeV/c)
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Key Analysis Technigues

Exploit kinematics of e'e — Y (45) - BB for signal selection

— | E? "2 Event topolo
mES — \/Ebeam pB p gy
2 oo L
> 4500 7 >
340000_— 7 gsmm-
ﬁ:mw_— . gdmw
o mm_— . o L
gamm- : = 3000
N J 2 L
S pC | :
a ISUCU_— 7 0
o000 ] 10000
som_— 7
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Mg (GOV)
S E >
q 20F : &
g 80 E 0
1@ E 0
S 1 1 g
= . -
¢ = Background % ; ¢ “ Background y
&0 3 - "
% MC = MC ’
g.z 52| 522 523 524 525 526 527 528 529 5-.3 02 -;1115; l-;.‘ ‘-U.Jﬂkﬁl l-;l‘ ‘(;IIE l0?1 “(;.lllS 02
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Extraction of y with B>D°K

. {_ V;’;Vud} o DY/DP decay to common final
N a_. state
_ K e The interference depends on
color W S
allowed 1 . V., and therefore on y
B : = ) e Critical parameter: ratio of
& O OD >f amplitudes:
AB~ > D K")

~0.1

U
+ g

[ DVS>F
b |=/”b | e Select the DP decays that

A(B~ > DK")

B~ Cl W= enhance the interference:
- o 3-body (e.g. Ksnrt): Dalitz
o aressed K- o CP-eigen. (e.g. Ks0): GLW

o DCS (e.q. D9>K'n): ADS

)
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The Dalitz Method
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The Dalitz Method (D°>K )

Atwood et al., PRL78, 3257 (1997)
Giri et al., PRD68,054018 (2003)

& . U 0_+ -
* D —>Kr'nm

v v data

o) = ACE > PRNLA e B )] -
c=m’(Kgr')’ mf\% D' Kim'm

o 54 Is strong phase diff. of A(B->D°K-) and | %
A(B- >0°K") '
e Ay(m2,m7?) is the D°>K nrw amplitude, -
determined from control sample — —
o Unknowns: rz, 65 and y
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The Dalitz Model of D°>K r*rn

® From sample of 390k D°>K rr (purity 98%)
o Isobar Model: 16 Breit-Wigner + constant term

o Parameters from PDG/other experiments (except for ¢ and o', fitted
from data)

o 8 alternative models to estimate the total systematic associated to the

model (including K-matrix to evaluate the nr S-wave )
m; =m*(Kyr*)?

:;Q k‘« BO - o I | Component Re{a,¢"™} Im{a,e'™}  Fit fraction (%)
3 N ‘%"” 'l K'(892) K (802 123 =001 13461 £0.0006 581
w2y . data g L IxU(HBU)‘ L608£002  —0576+004 6.7
N Sl | | Kj(1430) | -08M4£0021 09314002 63
= K'(1410) | -0248£0038 010840031 01
L - * @ | i K*(1680) | —128%5£0014 02050013 06
T T | Pl KTR02T | 00007200036 —0.1271 £ 0003 05
1 L ! T o Kj(1430) | 002720016 -0.076+0.017 00
- (e E(Gaviic) K000 | 000500 0177+001s 01
o ':.. ' I‘,q.ll ool T T (Tr\U) 1 0 216
Toi- h A10s ‘-1' w(782) ~002104:£ 000080 00304220006 0.7
%m_ Py PV g |1y A p(770) fa(1270) 060940018 038740018 21
g ; ,_ i S ||/ *. p(1450) 025340038 0.036+0055 01
oo ;‘-,x ) ford BT /);" bl Non-resonant | —0.09£0.19 301013 55
.%w | 2 || o | fo(080) 04465 00057 0.25724 00081 6.4
* [ \S/ 1 | N\ ‘l fa(1370) 0054011 161040011 20
K DG . el N 0 1984002 027340024 76
e {Gw,,{j) 2 e evich J 020040010 ~0.0655 + 0,008 09
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The Cartesian coordinates’

e Goal: Fit the Dalitz plot distributions of D°>Knr from
B- and B* decays to extract rg, 65 and y

e Complication: The Maximum Likelihood fit overestimates
rg and underestimates the error of y

e Solution: Write the Likelihood as a function of the
cartesian coordinates X, ¥:: | x_=r,cos(5, Fy)

Ve = r, sin(S, T 7)
[(B")oc|f, 2 +(xi +J7i)‘f—‘2 +2x, Re(f+f—*)+ 2y, Im(f+f—*)
LB ) |f [+ (4 )| +2x Relf £ )+ 25 1mlr 1))

f$ = AD(m-Tz-am-l_z-)

Likelihood is Gaussian and unbiased in x,, vy,

e Strategy: Extract x,, y, from ML fit to the D° DK nx Dalitz
? plot and derive rg, 65 and y from x,, y, with stat. procedure
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Sensitivity to gamma over the Dalitz plot

® Sensitivity varies strongly over Dalitz plane , 1
® 2nd derivative of the log(L) event-by-event o (1)~ (L)
weighs the event I iy
j weight = d a}ngL)
45 y

25 -

events: points (weight = 1)

~~Jld 5 Interference of B~ — D°[— Kng]K_
. with B- > D [ K p 1K
.~ =GLW like

B D CCEA s . Interference of B~ — D’[—> K "7 K~

I'&*‘ -

-~

0.5

DCS Kg(1430) / TH---_ (suppressed) with B~ —>BO[—> K n 1K~
OollIlo,|5llll1|‘III1{5HH£HH2f5HH£ 0 = ADS like

m;, =m’(KJmr*)? m
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Extraction of Signal

| IBIt ?DOIKtI 347 10¢ BB
BABAR

preliminary

e Selection of B->0D°K,
B2>D*0K(D*0>0°%%/y), B->DOK*

o Likelihood uses AE, m¢g, Fisher and
Dalitz Plot m2

Events / ( 0.00225 GeV/c?)

52 5.25
m, (GeV/c?)

Bt->D*0[Dont]K* B:->D*[Do%]K: B> DOK*+

——— T 347 105 BB " .. | 347 10¢ BB
BABAR BABAR
| preliminary ﬂ preliminary 1

b
) 97+13 40 - 93+12 .

227 105 BB

BABAR

30~ preliminary

N
]

4218

Events / ( 0.00225 GeV/c?)
s 3
| |

Events / ( 0.00225 GeV/c?)

Events / ( 3 MeV/c?)

—
o

wnmo
=]

1 | . | } v ) X , ) ) ) ) 0 . . . . | .
2 575 5 5 595 5.2 5.25 )
M, (GeV/c?) M. (GeV/c?) mes (GeV/c')
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—+I

1 2 3

m?2 (GeV?/c?)
T L L B ¥=:' L
04 @) BABAR | o4

- preliminary
0.2~ B_ - 0.2¢
o 1
0.2 - 0.2}
w4 d=2r,[siny|#0=directCPV[

7o|.4 7o|.2 (l) ofz of4

X,

Measurement of x,y

D->Kgnr Dalitz plot distribution

m? (GeV?/c?)

3

5, 2

BABAR

preliminary |

B-->DOK]

in signal region

3_

g
O e

m? (GeV?/c?)

- L 3 -
s Lﬁ.,g'_.'__' .D
M T R I

i D)

L BDOK

" BABAR |

preliminary |

T 2 3

m2 (GeVZ/c?)
" b) " BABAR |

preliminary

Yazt

(x..y.) are extracted

from the D%>K nn
Dalitz plot

Note: (x,,y,) of DK,

D*%K and D°K* are different
because (r;y,5;) are different

0.5
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Main systematic errors
Example: B>D%

C'P parameter BaBar B->DIK" ] —
: L n syst. (no Dalitz
o ggffl«i ggi? gg; yet. | ) all the x,y results
= [][]i; + l][}"'f‘ [][]2;-} in the baCkUp slides
€Ly =i Mob J)2E :
Yy —0.033 +10.066 0.018 syst. Dalitz model
|

the stat. error is dominant

e systematics (no Dalitz model)
o shape of the AE, mgg, Fisher PDFs
o efficiency map in the Dalitz plot
o fractions of D9/DO%ar in the background
o background Dalitz shape

(o)

¢ systematics Dalitz model/

o used 8 alternative Dalitz Models (K-matrix for nr S-wave, alternative
param. for K*°(1430), removal of some resonances,...)
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From x,y to y

Used frequentist method to extract vy, ry,8; from (x,,y.)
D*9K

I
|l 1
Iy
i L
>'|A
4 0
- 1
i |
I = ‘ ‘ o
|
| "
} ""I'\"""-.
o b "“‘n,l
. (T
1 1
g A/
|
4 | g
|
5
|
;
4

Y (deg)

rb
(bdim confidence intervals projections)

rp < 0.142 (rp < 0.198)
0.016 < r5 < 0.206 (r; < 0.282) 16 (20)
kr, <0.50 (kr, <0.75)

v = (9241 £ 10 £ 13)°
(stat) (syst) (Dalitz)

3 0.4

0
rb*

227 10¢ BB DOK*

02 04 06 08 1

(3dim confidence intervals
projections)

6p = (118 + 64 + 21 + 28)°
0% = (—62 + 59 + 16 + 13)°

+— Doesn't include
DOK*

hep-ex/0607104
hep-ex/0507101

May 25, 2007
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Comparison with Belle and role of r;

+ + - Frot F 0 +_-
n &DYy, DK n'n i FR +
DK*, D—>Kan'n XY D'K’, D'=Dr’&Dy, D—Kyn'n TN DK™, DoK', K™ 5Kn
PRELIMINARY y PRELIMINARY y+ PISEHLE&ﬁ[LDsy
T T T
04 - q % BaBar B*
| 0.8 ; 77 BelleB"
BaBar B
B _ _ Belle B
| 0.2 r ™ B+ 7 0.4 + Bl Averages -
s . \\
,,E 7777777777777777777777777 — (o [ STT P IRRRNIOONN S cowa s, S — 0 1 RN DT -
| \ -
N BaBar B* < + >
. m BaBar B -
5 . Belle B* B2 i % | 0.4 :
s R | Belle B 5
: BaBarB | BaBar B :
Belle B Belle B
Bl  Averages 0.4 Averages | 0.8 -
1 1 i 1 L :
1 L L 1 1 L
02  -041 g S " 0.4 -0.8 0.4 0 0.4 08
Contours give -24(ln L) = Ayt =1 corresponding to 60.7% CL for 2 dof X X+
Contours give -2A(n L) = A;(E =1, corresponding to 60.7% CL for 2 dof Contours give -24(In L) = sz =1, corresponding to 60.7% CL for 2 dof

[plots do not include Dalitz model errors]
BaBar: y =(92+41+10+13)° | [D%* ot included]
Belle: y=(53".+3+9)

e better precision of BaBar (x, y) does NOT translate to a
smaller error on y. Why?
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Dependence of Ay on the measured rg

Ax = Ay = ;A 2> Ay~ 1/rg

the error of y is ~
proportional to the
uncertainty of (x,y)'s and
inversely proportianal to

v

X the distance from (0,0).

Belle measurement is
consistent with larger ry.

May 25, 2007
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Future prospects

o With 2ab-! (~BaBar+Belle at the end of 2008), we expect:
o 2300 B->DOK: 900 B->D*0OK:; 450 B->DOK*

o o(x,y)=0.030 (B>DOK), 0.046 (B->D*0K), 0.100 (B->DOK*) | Dalitz mode

sys. not included

e Difficult to /area’icf the uncertainty on y because the relative |

error on rb(*) is still large
o Scenl: rb(DK)=0.072; rb(D*K)=0.064; rb(DK*)=0.15:  o(y)~13°
o Scen 2: rb(DK)=0.098; rb(D*K)=0.104; rb(DK*)=0.24: o(y)~ 9°

o Scen 3: rb(DK)=0.046; rb(D*K)=0.024; rb(DK*)=0.06: o(y)~25°

e Dalitz model systematics ~10° today. It's unlikely it will ever
go below ~5° using flavor-tagged DP’s.
= Though it may not have a major impact at the B-factories..

o .. it will certainly limit this measurement at the next
generations of experiments! (LHCb, superB)

o =>» model independent analysis UTFit

rB(DK) = 0.072+0.026
rB(D*K) = 0.064+0.040

rB(DK*) = 0.15+0.09

? May 25, 2007 Measurement of y: Status and Prospects 20
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Model/ Independent Analysis

[Giri, Grossman, Soffer, Zupan, PRD 68, 054018 (2003)]

T T T Ty 2 2 Oiz
L c=m (K

e divide the D>Ksrnx Dalitz plot in 2k bins
_ (symmetric with respect to the m;72 vs. m?
. axis.)
® cxpress the B->DK* yields in each bin in
] terms of rb,y,5, and a total of 2k unknowns
_: C/'/‘S' /
)| e D 4keqguations with 2k+3 unknowns,
‘o solvable for k=2 in principle

o b
0 05 1 15 2 25 3

m? (GeV?/c?)

for example in bin i and -i (see figure):

with this choice of binning this condition holds: €i=C.;
s;=-S_;

J;dF(B_ = (Ksmn"), K ) =T, +1;T,+2[x ¢, — y_s;] x+,y+ usual cartesian
: coordinates

%dl‘(B = (K ") K) =T, + 15T, + 206, — yos]

I = LI Ap(mZ,m?) | dm>dm; is measured with flavor tagged D°>Ksnr data
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Model/ Independent Analysis

e As a matter of fact, the 4k equations system with 2k+3
unknowns (prev. slide) requires additional input to be solvable
(even at LHCb or at a SuperB).

e Need to measure c; from CP-tagged D°>Ksrnr to reduce the
error.

Y(3770)>DD->D,D(K.mr) @ CLEO-c

o If the bin size can be chosen small enough (it depends on the
B2>DK signal yield) it's possible to constrain also s; with

_ 2
S, = iw/l—cl.

e preliminary studies:
~ A0 1 -
oy . 8 W/ﬂ? 50QQ B2>DK events (ry=0.1) hep-ph/0510246
(but it implies a sufficient number of CP-tagged D) and CKM2006 WG5 session

e CLEO-c data probably not enough for LHCb precision
Need BES-IIT data (beam collisions expected in 2007)
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y with Model/-Independent Analysis

Bondar and Poluetkov, hep-ph/0510246

T Y

LI v T llllll! 1 v |...|.!

rBzo' 2 I;Tnbimled

5 5 with 50ab-1
approach " | Model Indep. Analysis (1year of Super B)
: = 1 o(y)~4.5° if ry=0.07

| Model Depend. Analysis 0
B 1 #.| excluding Dalitz Model error (B2D% OﬂlY)

=

Y
o

G(y) (degree)

) __ - B-—)DKevents, .........
o Stat.error ¢

............ : G(’Y)~3° c(y)~9° (pB:O . 07)

- o(y)~1.50 o(y)~4.5° (rB=0.07)

) - - g

........... D S

L K| 02 ne007

Number of e

10ab-! 50ab-! <(B>D only)
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B:=>DOo%:* with D> r*nn°
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Method

e First measurement of CP parameters with this channel
e Compared to B-2>D°K-, DPKP r*n:
o ~0.5 signal yield (on 324x10¢ BB: 170+29 vs. 398+23)
o larger background
o different D Dalitz structure
o exploits constraint of expected number of events in Likelihood
o extracts p, , 0, instead of x,, y,, defined as:
X, —x" = p, cosY, x, = =[Re(f(m2,m?), " (m?,m?) Jdm>dm’

Y. =p. s, K
. - - f= D Dalitz amplitude

250 )

_ 0,=0.75+0.11+0.06
. p.=0.72+0.11+0.06

0, (degree)

==
200F

0,=(147+23+13)°
0.=(173242+19)°

150",

100f

[l I I
12

e
H+

will be combined
with other measurements



The Method GLW
(6ronau-London-Wyler)
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The Classic Observables

selected B>D%, B>D*%K, B->D%K*

. . CP even: D°>K*K-,n*n"
5 0"+ CP eigens. CP odd . DoéKsﬂio, KS(D; KS(I)

~ | )p">CPeigens. 4 observables: R.p,, Acp., Rep., Acp.

U _
K~
S~V

k- _T(B > DK )+T(B" - D2 K")

R, =
= 2I(B~- - D°K")

_ 2
=1£2r, cosY coso, +7;

I'(B—>D}, K)-I'(B" > D.,.K")

R.., A, not independent: L=
P er P Acr (B —D%,K)+I(B* —>D’,K")
Rep.Acp. + Rep.Agp. = 0 i i
=127, sin Ysind, /R,

? May 25, 2007 Measurement of y: Status and Prospects
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A Useful Alternative

® Rep., Acp., Rep., Acp. can be combined to: . Dalitz
_ RCP+ (1 $ ACP+) B RCP— (1 $ ACP—) Zj ‘\|
x+ — : [ . )N
- 4 o & e x____/’
R.,.+R. —2
2 .2 2 AYep+ CP—
Ty =X TV = ) o
¢ The comparison with the Dalitz method //"' ThE R e
is now straightforward: , / GLW
A“’ hua; ; . I |
. n‘zi— ; - I B
Dalitz: x,, y., x_, Y. ymal i i
I |
6LW: x,, x.,ré? " . A &
> 02 - . | -
Constraint (weak) of r.? A i H -
not drawn Lyl | :

0.4t
-‘8.4 -03 02 -01 -0 01 02 03 04
Ay

e Since the ry2 constraint of GLW is very weak, GLW alone can
hardly constrain gamma. But it helps when joined to Dalitz.

? Error of x+ from GLW even smaller than Dalitz
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Signal Extraction

s, BEIDKE SRR o Vields are extracted with ML fit on
%m o=z (X 0K 4 AE and the Cherenkov angle
%m """ e 1 @ Ry, are measured as Rpp,~ R:/R
o ety _ B(B~—D"K~)+ B(B*—»D"K*)
o 0 Ol ARG " B(B-—D"r~)+ B(B+—D'r+)
= BiéDOCP,,KI . DATA R. — B(B~—D¢p  K™) + B(BY = Dgp K1)
. ST == BB~ DYy ) + B(BT 5D )
g ST AT (Some systematic errors cancel in the ratio)
i .
_ DBi;IDOCPJz* D'lmfﬁ%) e most dangerous background sources:
g & b ik ] o charmless B2>Krn/KKK for D°>rr/KK
S g MO [ i o interference with D°>Ks(KK)non-¢
R AN o and Ks(rr=°)non-w for D°>Ksp and
LTS A ]
\ % &~
B->DOK B->D% | | continuum+BBbar bkg
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Summary of GLW Results

ACP Averages

Moriond 20068
PRELIMINARY

Rp Averages @

PRELIMINARY

g éaBar ' 035+0 13 +0.04 & Baéar 0.90 £0.12 £ 0.04
< ; o :
x Belle 0.06+D 14 £0.05 ¥ Bell':e 1.13+0.16 + 0.08
y a’  Average 0 2240.10 o Aveérage 10.9840.10
B->DO%K « BaBar : 0. 06+0 13 +0.04 < BaBar 0.86+0.10 £ 0.05
[5] [&] H
< fiss ¥
X Belle ; -0.12+014+005 ¥ Belle 117+0.14+0.14
. o Average u09+010 & Average 0.93£0.10
4 (g BaBar -0.10 i 0.23 0% Ig BaE;iar 1.06 +0.26 010
X Belle -0.20+ 0 22 +0.04 x Bell@e 1.41+ 0.25 + 0.06
B% D*OK ] QO I___Average____w_ ) _ 0 15+0.16 ;‘30 . Ave;rage 1.2540.19
f Belle 013+030+008 ol Bellée 1.15+0.31+0.12
X
|0 Average ... 613031 .5 Average |  iissoss
“ | < BaBar -0. 08+0 19 +0.08 « BaBar 1.96 +0.40 +0.11
X H =
o Average - Q 08 +0.21 x% . Avqrage 1.96+0.41
B DOK™* = St il . ISR : e S ) _ 1
—026+d40+012 © BaBar 0.65 + 0.26 + 0.08
. q.zei;o.z;z x% Avg:rage 0.65+0.27
1.4 1.2 1 -0.8 0.8 04 -0.2 o 0.2 0.4 0.6 0.8 1 1.2 1.4 1 = 0 1 2 3
BaBar: Belle:
Phys.Rev. D73 (2006) 051105 Phys.Rev. D73 (2006) 051106
Phys.Rev. D71 (2005) 031102
Phys.Rev. D72 (2005) 071103
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Impact of GLW and Future Prospects

e Projection of errors, for various assumptions on the values
of rg, at the end of 2008 (BaBar + Belle, ~2ab!).

Dalitz (2ab-') Dalitz+GLW (2ab")
1) 130 > 110
2) ® > 7.6
3) | 250 > 200

1) Current central values for ry (D°K + D*K + D°K*) *
2) Current central values enhanced by 1o
3) Current central values diminished by 1o

* see also slide 20
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The Method ADS
(Atwood-Dunietz-Soni)

? May 25, 2007 Measurement of y: Status and Prospects
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Double Cabibbo Suppressed Decays

) §<; 4 TG Do [IK)-T(B" - D> fIK)
, [(B~ - D[-> f1K")+T(B' > D[ fIK")

B D'+ Ktn-, K*nn,... i
- =2rr,Ssin Y/ R

(B~ — D[— f1K)+I(B* - D[—> f1K*)

R ps = - — N N
I'(B-—>D[— fIK )+I'(B" > D[— f]K")
=7’ +r, +2r,r,Ccos Y
DO->Kr:
1 =I(D >K'7)/T(D’ - K 7'*) = (0.060+0.002)%
S=sin(d5+0p) dp=strong phase diff. of
C=cos(d5+3p) DO/DO> K

e Cons: very small BF (no signal observed yet)
e Pros: large b>u vs. b>c interference
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DP=>Kr

Selected B>D%, B->D*%%K, B->DY%*. Below B->D%

232 10¢ BB 0 —t
1) 2105 DO>Kn- 2007 DO>Kmr
s 8 2160
5 6 / 4120
= 2 80
2 9 2
63 ; 3 40
0 0
5.2 5.2 5.25 5.3
mES (GGV) 3)0.07 - . | i :_- 225
R =(13%")x10~ oo | "3 5
ADS(DK) — 199 Dégw i 5 g
l]j:; Fr‘om RADS TO r‘B \ 0.03 £ zs—g
:.,B: RADséng/fgL (using r,=0.060+0.002) - z
E s 0.01
: u}_ . L . @%%%@@%m&@mm@mﬁ%@%@ﬁ , [ P 2'5
: . Rix e
no evidence of SlghG' ® rB<O 23 @90°/o CL
set upper limit on R ;¢
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OP>K* 7Y

e Compared to D°>K*rn~: 3-body decay, larger BF, more

background, smaller ry,

e If signal were abundant then a Dalitz analysis as the

DP>K nr could be done. BUT signal is very small (actually

consistent with zero) 1

> ADS analysis: o _T(B > D> fIK)+T(B" > D> 1K)
T T(B” > D[ fIK)+T(B* - D[ f1K*)
=7 +75 +2r,r,Ccos Y

ry =D’ > K 'z 7")/T(D" - K 7°7") =(0.21440.011)%

Co [ 45 (m) Ao (m) cosG(m)—5(m)+ 3, dm M = point in Dalitz Plot Cll
= _ _ <

\/ J ZD(;a)z dm- J‘ AD(;/I)z dm 5(m),5(m) = strong phases of D>f and D>f -
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DP>K*n~7n° Results

o B2>DK selected with ML fit to AE, mcs and neural
network with event shape info

hep-ex/0607065

226 10688 D92>K-n*nl

&t 2 2
: "k 2 | "B 0.006
g g "% BARAR S RiBiR
i zw; ------------------------------------------------------------------ a L preliminary .g' preliminary
- ] % 0.002} l‘ADS<0°03 9 % 000 rg<0.185 >
: DOSK 70 E> E (95% C.L.) E>§ (95% C.L.)
g %‘ BABAR a &
< i 0.001 0.002
Bb BT O 002 004 006 608 0.1 05
AE(GeV) Raps o 2
signal from ML fit Likelihood of R ,ps Likelihood of rp (bayesian

method with flat prior for
rg and |Ccosy| )

submission to journal imminent
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ADS: Summary of Results

R, Averages HEAG

PRELIMINARY

BaBar TR} B Gt
W PRD 72 (2005) 032004
& Belle 0.000 + 0.008 + 0.001
» : N
- - + - BELLE-COMNF-0552 i
B->D%-, DO>K*rn = A =
Average i 0.006 + 0.006
w HFAG
& BaBar -iy.pog Thoe
_ % _ - | PRD 72 ({2005) 032004
B->D O[DOTCO]K ’ DO%K T D"S' Average 0,002 ‘3 oa
. .| HFAG
5 BaBar em By | i
_ *O O _ 0 - | PRD 72 (2005) 032004 , :
B-->D [D Y]K ’ DO->K*n a Average L 0.011 aois
ol HFAG :
¢ BaBar { * 0.046 ¢ 0.031 + 0.008
- O J% _ 0 —— e PRD 72 (2005) 071104 :
B-->D% ' DO->K*n < Average : i 0.046 + 0.032
O HFAG i ;
'"2'm"B'aiBéir'mmmmi'”i """" S 0.012+0.012+0.009
e hep-ex/0607065 =
B->D%-, D9>K*r-n° i Average [ 0.012+0.015
a' HFAG T
-0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.0&8 0.1

® No signal observed so far: only upper limits on rg
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y with 1ab-! and beyond

Error ony (deg)

DOK + D*OK + DOK*

NOTE: rg=0.1 assumption was used for each mode

05 1 15 2 25 3 35

Luminosity (ab™

B LI I T | L | L | T | L | L | L ]
35 m Dalitz+GLW+ADS |
i A Dalitz+GLW ]
30H Dalitz -
- [ | Dalitz model error .
'y _
25 ]
20. ﬁg@w@ﬁﬁj@ﬁ
15k .
10 .
- 1
5 |
4

gives an idea of the relative
impact of different methods
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sin(2B+y) with time-dependent
CP asymmetries of B°>D™*)-/p*

? May 25, 2007 Measurement of y: Status and Prospects
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The Method

V, 7 Vi C )
d g Lt ) y D()
W + |44
_ I/cj) _ 0 b Vub 2
0 b C ~)- 0 mixing 0 ~ht
B “D B°5¢ B g il
. 2B + v + 6\
from B° mixing from Vub  relative strong phase

P(B® - DY%h* ,At) oc 1+ C cos(Am ,At) + ST sin( Am ,At)
P(B = DOFh*,At) oc 17 C cos(Am ,At) — S* sin( Am,, At)
2r 1—r?

sin2f+y+58) (= | _|AB D h)
1+ 72 1+ 72 "B S DO

§* =

112

~ 0.02

e S from time-dep. rates give 2B+y once r is known
e BUT r _too small to be extracted from € ==> r fixed using

?, external input + SU(3) [see later]
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Selection of signal

e full reconstruction of B>0D*n-, & partial reconstruction of

D*n, D*p B2>D0*n (in D*+2>0°*, D°
232 10¢ 68 /s NOT reconstructed)
% wmF all tags _
E - B—)th Be D+Tc— — 232 106 BB
g 4000 1~ Yield: 15038+ 132 - § 2000:_ 18710+270 l_epfon 1'09
3 °F & L Pur~50%
E ] . H L ~— B
- S 1000 =
6000 :_ B—=Dr Be D*+TE_ 8
4000 [ Purit:e32:02% 9 0_ . : :
r Yield: 14002 + 123 ~ N T T T
000 |- £ | 70580660 kaon tag
C L 100001 Pur~30% ]
0 s : .
o . m = ]
000 8o B>D'p 5000 .
Y : ;
oo F PST 182 183 1.84 1.85 1.86 1.87 88
. . : . m_ ... (GeVic’)
2o e e m,.s = missing mass of D°
e high purity e very high reco. efficiency

o Jower purity (B tag-dependent)
o only B°>D*r
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Fit to the Time-dependent Rates

full reco, lepton tag partial reco, lepton tag
B B,.=D"T* B, =IX [ B, =D"r B, =I'X Brec= D;H : ' Brec=D*"n
5‘200E o tag  Prec g Btag=B' ‘:‘(b) Btag= BObar
2 150 s ]
E 100f

LY}
(=]
T

o

1@

|-8-||
IUQ

—
=]
—T T
e

-10 5 0 5 1o -10 -5 0 5 10

o 10 -10 10

At (ps)
e Complication: Due to CPV effects on the Btag side, need to re-
parameterize St: S* >aTcTn-blo where: |4 =2 sin(2f +7)cosd
O.Long et al, (=1 for DO %) b=2r'sm(2f+y)coso' ~
RRDOEIS-S0ID ¢ =2cos(2B+y)(rsinS —r'sS")

Ve
0 with lepkn tag

a, b, c are extracted from time-dep fit (instead of S*)
o only a and c (with lepton tag) are used to extract 23+y
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The Results

results from the time-dep fit estimation of rP™h

full reco partial reco pon _ |BF(B* > D"h7) [ 9
aP™ = —0.010 £ 0.023 £ 0.007 g B BF(BO —)D(*)_h+) foo an(c)
27 = —0.03340.042 £0.012 ' D
aP°T = _0.040+0.023 £0.010 GD*x = —0.034+0.014+0003 -heglects exchange diagrams,

2T = 0.04940.042 £0.015 chr — _0.01940.02240013 US€S fD/f#)s to take into account SU(3) break.
Do — _ 009440031 +0.009 assumes tactorization

o, . . .
Do _ 0008+ 0.055 <+ 0.018 _— gc;;ioeﬁ)relahve error to these assumptions is

[t
“lep
see also Baak's talk

at CKM2006
N— -

BaBar full reco + partial reco
-l 1'"‘I""I""\""I""I""I"" TTTTTA TTITTT
© 0.9
- 0.8
0.7
0.6
0.5
0.4
0.3 e :
0.2
0.1

O 1

BaBar+Belle

x10°

| Uty
U oy = 290433
0.6

| sin(2B+y)| >0.64 (0.40)
@ 68% (90%) CL

Probability density

III]IIIIIIIIIl

—_ _\|||i|||||||| |

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
|sin(2B + v)| 2B+11°]
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Other Methods
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BO-> D(*)OK(*)0

o Interesting channel for the future.

o Can measure y using BO>DOK*? vs. BO->DOK*O (K*O>K*n~ self-
tagging) as B->DK-
o Can measure sin(2p+y) using ‘rume dep BOQDOK 0

e expected large ryg (nalve —C W S
estimate: rg ~ 0.4) \‘i R
K ()0 K (x)0

B(B" - D°K®) = (53£0.7+0.3) x 107> | still too few sig. events

B(B° = D*K° = (3.6+1.240.3) x 107> | for time-dep analysis

B(B° - D°K*%) = (4.04£07403)x 107> | > From ®, - L(B°= (K*X7)pK*)
B(B® — D°K*%) = (0.040.5+0.3) x 107° L DB (KX )p K~)

= 75+ r}f)‘ + 27grp, cos(y + 4;)
using bayesian procedure

constraining y with BO-> D )0K(*)0 .
could be harder than originally hoped 7, (D" K™)<0.4 @90% CL

May 25, 2007 Measurement of y: Status and Prospects 45




combination BaBar + Belle

frequentist

bayesian

=
-=+ D(*) K(*) GLW + ADS £ 5001 Ut
FRCR 07 --- D(*) K(*) GGSZ 3 Combined 2 e l
Full Frequentist treatment on MC basis % |
. e N D 4 VL S I =
without L eeb a ‘ E = -
H g C ] i
S|n(2B+'Y) - sk = -§ 0.0005
%, T X ] o L
0.4:— g "\ —: -
Uo— == 20 ‘4Iu 'alol ' 'slol ' I1|.l|o' I I12Iol ' 1‘4;---120 ;1‘-30 ° o0 e 6
vy (deg) o
0
y=(77%31)° y=(83+19)
{
--. D(*) K(*) GLW + ADS = F
O 7 b()k() GGSz =3 Combined ‘D :
\ © 0.002(- x
e |SIN(2B+Y)| e+ CKM fit s - the knowledge
L L e 2 | P B B LN T B B -
C k i ] = L i
» i . = 0.0015| of B is used
s % fon E = -
‘I_ Fi ‘_v" .'._ ] =] L
with e E- s K . g 0.001-
3 £ - _;“ k! 7 |
Slﬂ(ZB +Y) “E N 0.0005
02 N [wa ] S F
% 20 PR B0 100 120 ' l1a|wh":v;u- BT ° oo o
7 (deg) o Y[
_ (78“9 0 y =(79%18)
\ V=70 5
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Summary and conclusions

o Measurement of y is very challenging. Considered mission
impossible when the B-factories started taking data...

e B:>DXK™): decays represent the main method. The
extraction of y is theoretically clean.

e sin(2B3+y) with time-dep rates of B°>D*h help

e Statistics is currently too low for B°>DOK(* (promising
at LHCb or at a Super B)

e Difficult to predict the uncertainty of y with larger data
samples: the relative error of rg is still too large.
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End
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Likelihood used to extract signal yields and x,y

P = Pj(mes,AE,F,mp)P; (s12,513)

A(B) = |Ap(S12,S13) +rgeX ™ An(S3,S12) |2 |Aq(S15,512) |
L e |An(S13,512)°

o . ]
P fS-g From MC and DY sideband data /
th

¢=D" DV
fb':cmt {(1 = R'Ecmt} Rf:n::nt [P'Ccrnt
ot Ree D,
& W"““ES'EjSIE [HWI‘{}HESI == RRS
Jesg i cene 55 1r0M data (extended likelihood = vields)

Rc.m pg  Fraction of tue DY from MC and data (n);. sidebands)
R¥ B #B- > DK _
RCard,Eﬁ,WmngSig TE2B S IPK +E2#B S DPK Charge-flavor correlation from MC
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x,y results of B2>D(*0K®, DO>K nrx

BaBar 347.10° BB | hep-ex/0607104 hep-ex/0507101

B->DOK*
CP parameter BF — D=OKF C'P parameter Result
z_ 0.041 £0.050 £ 0.018 £ 0.011 ¥+ =#racoslds —v) —0.20£0.20£0.1140.03
” 0.056 +0.071 4 0.007 4 0.023 Yoo = Kresin(d, — ) 0.26 + 0.30 £ 0.16 £ 0.03
: ‘ _ ‘ ey = Krgcos(d,+)  —0.07 £0.234+ 0,13+ 0.03
ry —0.072 £0.056 £ 0.014 £ 0.029 Yas = HP351l1{5,+ v —0.01 £ 0.324 0.184 0.05
Uy —0.033 + 0.066 + 0.007 + 0.018 P——
z* —0.106 % 0.091 = 0.020 £ 0.009 227-10" BB
Yy —0.019 + 0.096 + 0.022 + 0.016
% 0.084 4 0.088 4 0.015 + 0.018
yi 0.096 +0.111 4 0.032 4+ 0.017
386-10° BB
Belle . — . o ”
BY - DKt || 0.025+0072 1 1701099 | _0.13510.968 | _g og510-080 | | hep-ex/0604054

Bt - D*Kt||—0.128%) 151 | —0.33010118 | 0.03235338 | 0.00810 1%

BY — DK™ ||—0.784% 207 [—0.281%0 130 | —0.1051 01 10 | —0.004 15152

TABLE V: Systematic errors in r,y variables,

Com ponent BY = DK mode BY = DK mode BY = DK™ mode
Ar_ | Ay |Ary | Ayy || Ar— | Ay |Ary | Ayy || Ar_ | Ay |Axy | Ayy
Total 0.013(0.016|0.017)|0.009 ||0.023 (0,027 |0.004 |0.011 |{0.029 |0.046 (0.006(0.013
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B- B*

%‘%ﬁ a) BABAR

fa " preliminary

TE “zj;f'l BABAR |

preliminary

(GeViic?)

2
+
]

m? (GeV?ic?)

m
[R¥]
e

B>DK R

2 3 JI. 2 . : 3
m? (GeV/c*) m? (GeV?/c?)

7.9 mex | BabBar:signal-enhanced
| Dalitz distributions

—
]

[, C) BABAR

| aa preliminary

]
o

m? (GeVZcY
e
m? (GeV2ic?)
r
rd
/

N (VRSN

P
f
g

B->D*[Dn’]K !

L 2 3 L 2 3

m? (GeV/c?) m? (GeV?/c) B- B> DOK* B+

—_F H — 3 H —~ 3F - 1 ~3F s
% [ € BAaBAR | B[ ) BABAR S ) o b
g h i \ﬂ\ preliminary g [, sois preliminary a [T a= it ‘\\\
v " v N E O\ E N
AR 8, \ IR 8, T

= . '\-\b § - - \\ o =+ . -\_ o b

e M 2 3 2 3
1 2 3 L 2 3 m2 (GeV?%c*) m2 (GeVZ/c?)

m? (GeV2/c?) m? (GeV?/c?)
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ool T 1 = TN 1
: ol . .l: ‘.‘- . :
6o LR
0 T '.;"‘ .i" :Fé' e | r I;"""‘ n‘}ﬂ f::“.'.f _.
B>DK S EAEER
0 ' 0
0 i 2 3 0 i 2 3
m2iGevicY m (Gaviie)
3 3 .
I S e BN 1 | Belle: signal-enhanced
& . 2 ]
= o = .'h | . . . .
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- ]
;- § o
- . -
B>D*[D70lK [ LA B S O
. :II [ ] l\- ‘.:
% 1 2 3 % i 2 3
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>
E 5 ot g™ E 5 *
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constraints on rg
DK D*oK DOK*

= o)
=2 T, = UT; = .
E m5 % 0.008 g 0.004
@
© T
£ | rB(DK)=0.071:0.024 = M8 ry(D*K)=0.066:0.042 > rs(DK*)=0.15+0.09
L rel ' 'S
] | [3°] (5]
=] L2 9
o O 0.004/ o
o { o o
0.005
% ez o4 os  ga 1 % oz oa os os 1
t4(DK) r (D'K)
bt S
?..150:— IF'.15|] :
100:
50
of
50 o
-100 . '
:IlIIIIIIIIIIIIIIIII]J!Il!lllllllllllllll]]II ||1||||||[|||klll|||i||r|||l||l|ll|ill!|l|@ll
0 010203040506 070809 1 0 0102 03 04 05 06 0.7 08 0;9 1 0 010203 04 05 06 0.7 08 09 1
_ ra(DK) rg(D K) re(DK))
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bayesian constrain on y of D°>nnn?

this measurement alone: y = 25+48 @ 687%CL*
[-67,97] @ 95%cCL

x107

U Tﬁ i

B->DK,D>rnn’

Probability density
=

o
X

-100 0 100
Y]
* UTTit, bayesian procedure
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