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The Unitarity Triangle & B Decays
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CP violation in mixing and decay

0
B A fop
g: Af (t) — r(BphyS(t) - fcp) r( (t) - fcp)
= fCP r(Bphys(t) — fcp) +r(B (t) — fcp)
y =— Cfcp cos(Amt) + S, - S n(Am t)
&
= At
B 0 CP
If f=]J/4 Kg C=0 S=sin(2p3)
If £=ruT, pp C=0 S=sin(2a+Aa)
If f=Dmnt C=1 S=r sin(2B+y) << 1
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Experimental technique
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The BaBar detector

ElectroMagnetic
Calorimeter
6580 CsI(TI) crystals

1.5 T solenoid

“iﬁ:‘i
Cerenkov Detector e*(3.1 GeV)
(DIRC) P g
144 quartz bars ——
11000 PMTs
e (9 GeV) Drift CHamber

40 stereo layers

Silicon Vertex Tracker

Instrumented Flux Return 5 layers, double sided strips

iron/RPCs (muon/neutral hadrons)

SVT: 97% efficiency, 15 um z hit resolution (inner layers, [l tracks)
SVT+DCH: o(p;)/p;=0.13 % x p; + 0.45 %

DIRC: K-ttseparation 4.20 @ 3.0 GeV/c - >3.00 @ 4.0 GeV/c
EMC: 0JE=23%xEY[01.9%
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Measurements of 3

Jh Charmonium K°

ol

- Penguin and tree have the
same weak phase
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7 ’ ©K® / TCK® / nOKO
i PK°/ K'KK®
Tree e’ W (X?) Ko Mostly penguin. In principle
d d measures sin2f3, but sensitive

to new physics
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J/B Ks

sin2f is measured with good precision (using b - cc s):

L B T 4,
= I B — JiRS ’ 5 b
* 4o [ - 1.-"'(2:111"3 } g %100
i xakig L
S I B G g
{é w | JjeEre - m
L] Bs.ck,gmund
mys (GeV/ic?) gﬂj
=
=
£
. < 0
There is no cos term z
_ﬂj | | | | | | | | | | 1 | | |
the amplitude is
proportional to sin 23 The asymmetry is clearly visible

sin23=0.741+0.067 +0.034 (BaBar, 89M BB)

New time-dependent asymmetry measurement with B® - J/W K*(K_ 1)

cos 23>0 @ 89%CL preliminary _
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Unitarity Triangle fit

The fit results are T
compatible with the SM

Indirect determination of the "“3;
UT angles: 05—
* Sin(2a)= —-0.19+0.25 04l

° Slﬂ(2B)= 0.685+0.052 0.2
ey = (61.5t7)deg 5
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QK (BaBar)
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C=0.38+0.37+0.12
S=0.45+0.43+0.07
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of new physics

C=
S—

Luigi Li Giot

by ;Sq) QK (Belle)
B 16 b (?2??5010 %=

14 F
12
10

T B E L e

—0.15+0.29+0.07
—0.96+0.50""%

-0.11



g f
™ _'
o ) ]
g '_
DI— 20 _
@ 4
e i
g 05 - cob | |1
E e s ~ < g o/l/ = S
gos= o 1 Ees| T
1= : ; . 0 > ; ; — -1.6_ 4 2 0 2 4 At(psp
At (ps)
C=-0.10+0.19+0.09 C=0.27/£0.36+0.12
S=—-0.56+0.25+0.04 5=_1_62+°-56_051io_10

DIS 2004 Luigi Li Gioi 10



Status of S(sin 23

. ff) measurements

Charmonium : I-O-I E
0.741+£0.067 £0.034 .
(Belle-0,733+0.057+0.028) o4 Winter 2004

Jhyr i , AB/ .
_(}!05i0_4gi8_16 I ‘: | [ ?BAS;:? Include all sin 2[3

{Belle 0.72+0.42+0.08%)
D** D* measurements from

[—)rif; £0.29£0.1 = | BaBar (and Belle).
0.82+0.75+0.14

b*o*

O.24i0.69t0.12 '

0K’

d/s T
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(dc-bar)c

i Including those not
- B presented today.

047+034" oe, o .
(Bellg =096+ 01T = '

f.K
0"S 40, new
051i0.10 €

| *+— Db_ s penguins
'K | '
L | give lower values

(Bglle 0.43+0.27:+0.05) |

KKKs o4 |

0.56+0.25" 0" new |

(E{?Iledo,5110,f6&. % o
|
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— 005

0.48 . +0.06 : o
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Sin(2a) from B° - "t (p*p’) decay

Proceeds mainly through b - uud tree diagram, but penguin

; o s Used channels:
TC,
w P _ B - ot
b u Bd
i % v n_p . g - TP
U/ f
d % T[_’p_ - pp
J

extra weak and strong phases + |P/T| modify a by K:
sin2a - sin2a,_,; 20 =20+K

Torelate a to a_: Isospin analysis / /
iA*‘ iz\Jr_ —
Grossman-Quinn bound / V2 A\/A
00 >
PP o v

. BR(B" > =n'x")
sin“(a,, —a) < 1 0
BR(B" > n'x’) A =0 - dgg=a
PP
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Small penguin contamination: p*p

BR(B* - p*p°) =( 26.4+ 6.4) 10"
BR(B%/B°- p%p9%< 2.1 10° —— Small penguin contribution

We find B - p'p polarized —> CP even final state

2208 gnal events from ML fit on

E . ) | m,, E, NN(evt. shape), t, M, hel. Angles:

[ o | -¢ _T ||
g0l
Z NS LN _
= | BR(B°- p'p) =(30£4_ +5_ ) 10°
> 40 N I\ L
A !

0 ] flong(p+p_):(0-9910-03+0'04—0.03)

523 5.25

I’IIES(GGV/C%
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. Preliminary | o
P p : results

The time-depended asymmetry: Isospin analysis:

C=—023+024+0.14 interference, NR contribution
| — - I=1 amplitudes neglected
S=-0.19+0.33+0.11

1 .5 T T T T T T T T | T \ V \\I T T T T | T T T T | T T T T
i shaded areas have CL >0.05, 0.32, 0.90 |

, L. Standard CKM Fit

: h : 0 111 - | | | L1 1 L1 1
- ? 0 20 40 60 80 100 120 140 160 180
I | | o (deg)
- ; 0 + - . -
[ e B — p"p SU(2) analysis :
_1 5 L 1 I\\ | | 1 1 | | | 1 1 | | | | 1 | | 1 1 | | A\‘ \\ |

o 05 0 0.5 1 1.5 2

o=(96+10y, t4,  +13  )deg

syst—
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Measurements of v

Contributions from b - u transitions bring a dependence of CPV from y
Measure y directly in direct CP asymmetries & B* decay rates
Measure 2[3+y with CPV in mixing

Two cases
AN d A~ d
2 o - .
‘.Lu Uy ) "LE D sin(2B+y): A, doubly
go b s S | § cabibbo suppressed
a d d d
A~ AN
L K T
e u ~ _c D sin(y): A, colour
B b— _ < _
u L B S K suppressed
u u
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p—n constraints from D™m

From (small) asymmetry in B° — D 1 and B° — D 1t get
the sensitivity to sin(23+y)

< 33 @ H

0.1¢ tE
0% . e
0.4F . 05 I sing2p)

0.2F  Lepton tag [
1 . TN DO DU, B DO WO . 0
-3 6-4-202 46 8 i

At (ps) os |

% 0.15f
< 01
0.05¢

- CKMFitter

: i Group |
Of - J I I B
_0.05;_ - 05 0 [;_5
'0-11 Kaon tag + ’
DASE e »  [sin(2B+Y)| > 0.87 at 68% CL
A t (ps) e |sin(2B+Y)| > 0.58 at 95% CL
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How to extract y from B - DK decays

yis the phase between b -u and b - c amplitudes

/ DO K+\
B* [f] K*
\ 50 - /
- =0, _
y IAB - DOK_)|~0.1—0.2
|A(B~ ~ D'K)|

for most methods based on B- DK, the larger r;, the better precision ony

exploits the interference between B- - DK~ and B _, DK- when Do/D°
decays to a common final state

theoretically clean extraction of y, but generally with discrete ambiguities
(number of ambiguities depends on the D final state )
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B - [K*n‘]D K : ADS method

Atwood-Dunietz-Soni. equalize the interference amplitudes

favored suppressed
B - DO K~ DO - K1t %
suppressed favored [ K" T]p K™
B~ — D°K" D° K

R, <BUK T K O+BK 2K _ oy 2yn s
T BrK K )+ Br([K'r 1K)

R, .<0.026 @ 90% CL » 1 <0.22@ 90% CL

hep-ex/0402024 Sub. to PRL

Interference is going to be small

\

Tough measurement of y
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The program of measuring y

a number of decay modes give information on vy:

B D®K"Y, D' CP eigenstate

B_ DYK®Y, D°_, Double Cabibbo Suppressed (previous slides)
B_ D®K"Y, D°- 3body (require Dalitz analysis)

B°. D" m, p time dependent analysis, measures sin(23+y))

the methods provide a theoretically clean measurement of v,
but require very large B samples

Large effort in getting to y ongoing
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Summary and outlook

» The sin2[3 is already a precision measure

» Testing the SM:
very good agreement in J/ Ks with SM
some deviation on penguins (¢ Ks)
» New penguins modes (f° Ks , K" K™ Ks) studies
* d extraction need a full isospin analysis for T
* We have a first constraint on a with assumptions (I=1 neglected)

a=(96+10,, t4,  +13  )deg

Stat —

* Lots of new measurements aiming at measuring y

DIS 2004 Luigi Li Gioi

20



Backup slides



Events/( 1 ps)

Events /(1 ps)

p'p time-dependent asymmetry

C,=-0.23+0.24+0.14
§=-0.19+0.33+0.11

Isospin analysis:

L - Interference, NR contribution
= - I=1 amplitudes neglected
flong(P'P)=(0.962"**_ os5) BaBar & Belle




