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/CKM Matrix and the Unitarity Triangle

4 parameters A, A, p, n 3 —4 _ -2 /22 AL
CP violation from imaginary AL (1-p=in) —AZ 1
parameter n

(pm)

Unitarity Relation ViV, +VeVe +ViaViy =0
represented as a triangle
sides of same order I
area proportional to amount

Cabibbo-Kobayashi- dy (V, V. V,)(d
Maskawa mixing matrix ,
S |= Vcd Vcs Vcb | S
relates weak (q’) and mass ,
(q) eigenstates b Vo Vi Vp)\b
Wolfenstein 2 o
parameterisation I-4/2 A AZ(p-in)

of CP violation
\ (0,0)

(1,0)
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/ The BaBar Detector \

DIRC (PID) 1.5T solenoid EMC
144 quartz bars 6580 CsI(Tl) crystals
11000 PMs

e*(3.1GeV)

-

A,

Drift Chamber
40 layers

e (9GeV)

Silicon Vertex Tracker

5 layers, double sided sensors
Instrumented Flux Return

iron / RPCs (muon / neutral hadrons)

\ [barrel being replaced with LSTs] /
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/ Time Dependent Formalism \

One B meson is fully reconstructed in a CP-eigenstate.
The time difference (At) between the two B decays must be known as well as the
flavour of the reconstructed B at the time of the other B’s decay.

« >
i Az = At Byc EB/'
B 0 B 0 E —-E\fCIi
Y(4S) c» 8 —
By =0.56 B Brag .
N Y, JRRN Y,
N

At time At later, the
B? (which could by

Tag-side meson decays
semi-leptonically;

Two mesons oscillate
coherently : at given time, if
one is a B? the other is charge of lepton gives now have oscillated
necessarily a B’ the flavour of the tag- into a BY) decays.

+ side meson:
I"=B’ |I"=B"

THE UNIVERSITY OF

Thomas Latham WARWICK

N
~ | ~




/ Time Dependent Analysis

~

*eg. = sin(20¢efr )

\_

*eg. =sin(2/)

Time evolution of B’/ B? asymmetry:
Qo 0
A, (At) = [(B" > 1)-T'(B" > fep) Amy =0.502+0.006ps™'
Qo 0 _
F I'B” - f,)+I(B" > f) n=+1(~1)for B"(B")
=13 sin(AmyAt)—nC,_ cos(Am,At)
2 G N
B 2 Im(ﬂfcp) 1-[4, CI ‘A Decay
fop — 2 Cf — cP ﬁf — fCP: - Amplitudes
cp 2 P N N T
1 T ‘lfCP 1 + ifcp “\p,,' ‘\\AfCF/,,’
S #0: CPVin interference C =0 - Direct CPV :“t\g"::/"“.'.'"j """ !
between mixing and decay - | from mixing:
. N " |B.)=p|B*)+qB") :
Coefficient S sensitive to CKM angles: | o
Only 1 decay amplitude: > 1 decay amplitude: i ‘BH>: IO‘B°> Q‘B°> ;
*Ci =0 « G #0 R LR E !
S, = Im(/lf ) « S not trivially related to CKM angles

/
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/ Analysis Variables - Topological \

= 50
Light quark continuum g+ .
cross section ~3x bb 2
B mesons produced (¢

almost at rest since e e e o
. E.. (GeV)
just above threshold

Use event topology to @ f

. . . Isotropic B event Jet-like continuum event
discriminate

Combine variables in Signal | | Continuum
a Fisher discriminant lk

\ or neural network B Fishé;Bisc}iEniﬁant /

Thomas Latham WAWICK
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/ Analysis Variables - Kinematic \

Make use of precision kinematic information from the beams.
Mg = \/Ebeam — Pg AE = EB Ebeam
e E 3= ;
SSJCU:— — L — -
G 30000|- - . 2 i
5 asocof . Signal = 0000, i
© 20000~ - . . . E L
2 ool 1 Distributions & aom .
1mm_— -] 10000 |
g.z 5I2| E.E 5‘:?.3 S.Zd 5_.:‘35 5.Lﬁ 527 5IE 5.'29 53 E,z 0-'15 ,(;1 * 0.05 -:IJ oos o1 015 02
Mg (GoV) AE (GeW)
; E T T T T T E T T T ; :.; T T U e e
3 [ 3
g 1of TR Continuum & I A
| ok E e : @
5 ‘% i Distributions 5 i
w E _E L 4
= 100 .
.= 5;_‘1 5‘:2 5:’!3 5;!4 5_;5 5:’5 SIZ? 5;&! 5289 5=.3 gz -;]J1SJ L -.E;'; . ‘-ﬂ_jﬂl:il l-::lJ ‘C;EL:E L Uf‘l ‘ ‘[;.;Lﬁ. ‘ 02
Mg (GV) AE (GaV)
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/~ CKM Angle 3

~

\_

sin(2[3) well measured in
charmonium modes — only
1 weak phase, clean
measurement

Looking for new physics
measuring sin(2f) inb — s
“penguin” loop modes:
¢K§, KgKgKg etc.

Also measure cos(2p) in
order to resolve the 4-fold
ambiguity

sin(23)=0.722+0.040+0.023

BaBar result from 227 million BB pairs
(combined fit to all charmonium modes)

1.5 —T
I excl

Thomas Latham

hep-ex/0408127
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/sin(z,ﬁ) in BO —> ¢KO & BO —> K+K_Kg (preliminary) \

0 0
B —C> ¢L< e sin(23,, )=0.5040.25"0%
ombination of K an _
modes S L C¢K0 =0.00x£0.23+£0.05
227 million BB pairs . Tf ¢K0 | | " @)
1st error statistical, 2nd 2 o.g- R e S
systematic 5050 —— ]
3-0.
-:]I - i
2 o5l (b) |
B” -» K'KKg ot
> el I i
Consider whole Dalitz plot < o'_‘:'_ #K/ |
excluding ¢ region (15MeV) | | | ©
Moments analysis using £ 0.5_’":*5“\# |
sPlots technique E 0 X%/
(physics/0402083) 505 KKK
determines the CP-even e a— 5 5 i 5

fraction: 't . =0.89+0.08+0.06

At (ps)
31 error from CP-even .
fraction uncertainty sin(28, )=0.55+0.22+0.04+0.11

\_ /

Thomas Latham hep-ex/0502019 submitted to PRD-RC WAWICK
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/sin(z,b’) in B’ - K/K K. (preliminary) \

e~ 60—

5 1S o
Like B — ¢K has been 2% 121
noted to have small S 1 2
theoretical uncertainty 8 | 0f
Pure CP-even state 10 ] 12 lllllllll

5‘:.]22 524 526 528 538 -0.1 -0.06 0 0.05 01

Requires beam-spot . ms@eVe)  aE(Gew
constraint vertexing E oo '
Results with 227M BB pairs: PN
BF =(6.972+0.6)x10°° 2 ol
S =-0.71703 +0.04 g st
C =-0.34"2+0.05 N:
Assuming single penguin : N
amplitude (C =0): 705 —]—
-1 E

0 2

[o}

1
=t
2

sin(2/8, )=0.79"0% +0.04 Ao

Consistent with the SM at precision
comparable with other penguin modes

Thomas Latham hep-ex/0502013 submitted to PRL WAWICK




et K°

oK°

Compare tree
0.722+£0.040+0.023 ! :
a n d pe n g u I n Average (charmonium - all exps.)
0.726 £0.037 .
0.06 +0.33 +0.09 |_§'._'|E i
BABAR 04 i
0.65+0.18 +0.04 i i P_.";“'|
BaBar alone: A J Y e —

12
decays BABAR O i
0.27+0.14+0.03 i I—O--l:
A sin(Z,B) ~ 290

nKS

/sin(Z,B) Comparison \

f,KE

BABAR 04 ! !

0.35 pﬁﬁ' £0.04 T
Belle 04 . P
030+059+0.11 ' ] ]
Belle 04 '
075+064" |1 T :
BABAR 04 ‘ ]
05510221012
uross] D e

0,04
BABAR 05
0717, +0.04

BaBar+Belle:

Asin(2f3)~ =370 & s - s

-1.26t0.68 t0.18 | 1
0424007 | | : heril : F'RJELIMINARY

-2 -1.5 -1 -0.5 0 0.5 1 1.5
- X S
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/cos(z,ﬁ) fromB — J/w(Kﬂ)

own...

\ data to add!!

B —VV decays proceed through 3
partial waves, L=0,2 (CP-even)
and L=1 (CP-odd)

cos(2/3) appears in the interference

Angular analysis allows separation
of partial waves

Sign of cos(2/4) still ambiguous
when P-wave is considered on its

0.02 }

C Moment

0.01 -
U

-0.01 |-

0.02

Broad S-wave also present [Nucl.

Phys. B296, 493 (1988)] g 2 A
Include this amplitude and = }‘2 { s°;‘°” i’;’;”s"’a soution
examine the phase motion el 1T
Only one solution shows physical . 1.2 -
phase behaviour £ 1¢ %
. 86% CL >' 32 = LASSdata ¢
2 ositive at 6 =
cos(25) p 86% o S
RGSUlt from 88M BB palrS — MmMore 0.3 - sofuttonZ physrcalsofutton

08 09 1 11 12 13 14 1.5

m,_ (GeV/ch)

/

Thomas Latham

hep-ex/0411016 submitted to PRD
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/~ CKM Angle « I

\_

Measured in B— 7z, prand pp
Tree and penguin diagrams present:
Measure o4 instead of o

C,=0

S, =sin(2a) [; O =0p—0;

Need to bound the shift |a+— ¢
Penguin:Tree ratio different for different decays

Thomas Latham WAWICK
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/ Untangling o \

ronau, London :
Use isospin SRLGS, 3381 (1990) zlaeff . al
symmetry to relate PROAE, (2)%%[1(:1993) —~
the decay rates: . /
. — AT
Triangles for 7z /pp v2 ‘400
Pentagons for prz %‘/f 1A+ \/
A0 — A0 i
Making fewest AT =AB’ >
assumptions gives AT =AB" > 7'7)
. A+O — A B+ + 0
the bound ] Grossman, Quinn : ~_0 ( _ ” ”_7[0)
. _— PRD58, 017504 A"=AB —»77)
sinz(aﬁ —CZ)< BF(B —> T T ) A% =A(BO _)72_072_0)
i (B* - z*7°)

\ BF A" = AB" > ﬂw

Thomas Latham WAWICK
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/a in B - 7z (preliminary) \

All results use 227M BB pairs except 7" 7 BF which uses 97M

_ o @  BiBAr
BO—) T %20; : BaBak ]
BF =(4.7£0.6£0.2)x10° E}H HAL E
<k |
S . =-030+0.17+0.03 q 1T + A
C . =-0.09+0.15+0.04 “g' o
BO_) 72-072-0 @ 2 522 5.24 S.Zr(?lES (GZ%EjCz)
BF=(1.17£032+0.10)x10° = ' fg’;:ffgz;
C, ,=-0.12+0.56£0.06 _'
B*>rr
BF=(5.8iO.6iO.4)><10% RN VTN
Acp =—0.01£0.10+0.02 oty ey

|sospin analysis of 7z gives only very
vsospin: |la— a4 < 35°at 90% CL j loose bound with current statisticsj

Thomas Latham hep-ex/0412037 submitted to PRL WAWICK
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/" B — p*p- (89M BB pairs) I

VV final state

Requires angular analysis to untangle different
CP states

T
t
'
'
'
l
'
T - 4
. :
P ]
1 T D
- ¥
- [
L ¢
'
.
:
:
'
v
]

o f, cos® @, cos’ @, +1(1— f )sin’ § sin* @
dcos@d cost, 1 2} C( ) 1 2j
Y Y
Longitudinal Transverse
CP+1 eigenstate  non-CP eigenstate

Longitudinal part in p*p~ system measured to be:
f, =0.99+£0.03£0.04

CP-even component dominates

\ Branching fraction measured to be: BF =(30J_r4J_rS)><106/

Thomas Latham Phys. Rev. Lett. 93 (2004) 231801 WARWICK
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B'—>p'p

PP

BO—),OO,OO

Bi_)pipo

/a in B > pp (preliminary) \

hep-ex/0407051

S, =-0.1940.33+0.11
C. =-023+024+0.14
pp

hep-ex/0408061

BF<1.1x10°

101
" E
60 =
4 =
2= NS =
IS D
-30 -20 -10 20 30

o 10
Aopp ~ (deg)

Isospin: |a— a4 < 11° at 68% CL

PRL 91 (2003) 171802
PRL 91 (2003) 221801

BF =(26.47%! )x107°
f, =0.9670"

\_ a=(96+10+4+11)

= 4

° BAB\R /\
0.8: A

J A

T

A —

0 20 40 60 80 100 120 140 160 180

« (deg)

Thomas Latham
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/a in B - (p7)’ (preliminary)

~

o 7" not a CP eigenstate

the Dalitz plot and removed the interference regions
Better to do an amplitude analysis

30

::| BU_}TE-'—TE_TEU (kin_) SrE?Eé'.llll TTTTTTT T TTTT
' interference regs. |, f:i% s,
i

Previous analyses have selected out the pz bands from

Extract a & strong phases using
interference between amplitudes

< i ) s Dalitz plot dominated by p*7—, p~7*,
A D - = o979 and radial excitations
= Lo By | PR
b | ! -' Analysis uses 213M BB pairs
| 1184 + 58 signal events

/

Thomas Latham
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~

\_

/a in B - (p7)’ (preliminary)

CP violating
observables:
A =—0.088+0.049+0.013

S,_=-0.10£0.14+0.04

pr T

C,.=034+0.11+£0.05

Non-CP observables:
AS =0.224+0.15+0.03

AC =0.15+0.11%0.03
5. =(-672+7)

+

C.L

o =113 +6)

BABAR
preliminary
0.5 .
P~
/
05 2. ____/,/ 29 )

A7 =-021+0.11+0.04
A =-0477011£0.06

- BABAR

 preliminary

Thomas Latham

hep-ex/0408099

WARWICK
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/ Combined Constraints on «

~

Combine all a results

Compare with global
CKM fit

o 1S measured

Mirror solutions
disfavoured

o= 037)

\_

Confidence level

0.8

0.6

0.4

0.2

End of 2004 1 Combined
Foooid
I -]
i H =
3 o
L P
L% -
5 i
Lo
y ..‘-‘ :‘-
— o {O-‘.-' - -
M«...‘l et L3l

I]llllll.][]][l]]l]][l]II|

T L [ 1
BABAR

0 20 40 60 80 100

o (deg)

120 140 160 180

http://ckmfitter.in2p3.fr/ j

Thomas Latham
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/~ CKM Angle 7 I

Access ythrough direct CP-violation in the mterference of
diagrams with b —ucs and b —cls '

_ yi
V. u. . AV
us < K( )+ b <.ub . U D(*p
- C
p_e c B iﬁ<
B* D0 VN5
u U u u K

Reconstruct D’ and D™ in the same final state
Charged B’s — time independent measurement [~ o, 75 0
Amplitudes have relative weak phase of » hep-ex/0408038

Need to also determine the relative strong phase (d;) and ratio
of magnitudes of the two diagrams:

+ +
r, = ‘A(B - D'K } Expected to be ~0.1 - 0.2
K ‘A(B+ S D K*} Sensitivity to y dependent on size of ry. /

Thomas Latham WAWICK
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/” DO to 3-body Dalitz Method I

Choose D' decay to 3-body state K z* 7~
Dalitz analysis of the D° decay with isobar model fixes the
phase variation &, across the Dalitz plot

Use high stats D** sample

Assume no D mixing or CP violation in the D decays

Fixing the D° model, fit simultaneously to B* and B- samples to
determine y, rg and &;

n ou g - . -
3 3|0 Y Sa | Tamary 8 ) ?A..{?;t.’* ;
v g ‘| g =b | H
S Th, B
= E \ st
l L ”; 1 m+ . jr B+
A T o) : m o
.lr-’ . :. ——— ; = 5 #’ -£+1.-;+; B.a.g.l +
m? (GeV’lc?) 0 mAGevrct) ’ mé(Gev?ic?)
g FTR ] s S
glm— §|:-m_ k / m , 1 é m+ E 407 | ]
& g 0 & T H |
?‘dcm g‘"‘n" g 1 " ‘ \ s + +\ m— B_
Em_ ‘%m | ﬂ’# 4} b %74 |
s o [ L \ v & *
1 iy s b bt

E =1\ & I I 2 B <
- 00 o / = I, 1 T C \ ]
E e l - ‘ “ 10~ i
I| 2 L] o u!:\ 1 (K] ‘_'r 0- l}iS ; l‘j ; - 2:5 ‘3 ul; ‘u.s 15 2
m? (GeV’ic?) m2,, (GeVic?) m(Gevic) mA(GeVlc')
*.
D™ Data B* Data

THE UNIVERSITY OF
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/” D® Dalitz Method Preliminary Results

Results from 211M BB pairs %, 224
| 26119 || DK
r, <0.19 e
g =(114+£4148+10) o
§
: D*(Dn%)K
* £
r, =0.155%9° £0.040+£0.020
s =(303+£34+14+10)
. % ._;;" _;.’_; bl I D*(D%)K
y=(70£26+10+10) i
\ 3rd error due to uncertainty on Dalitz model b /
Thomas Latham hep-ex/0408088

WARWICK
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/ Conclusions

\

BaBar producing great number of measurements

p

Well measured in charmonium modes
Comparison with b->s penguin modes shows possible

Measurements from three modes: 7z, px, pp
Constraint dominated by pp and pr

Many possible approaches

Dalitz analysis of D° decay most sensitive at present
Greater statistics essential for this measurement
\ Development of further methods in pipeline

indication of potential new physics — more statistics required

/

Thomas Latham

WARWICK
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/Comparison with Belle : CPV in B — n'n- \

BABAR
227M
2004 PRELIMINARY ,\
22M
003 .
88M
2002
1 0
S

Belle report observation
of CPV inB® —» m*n-

BABAR & Belle

{ >3c discrepancy between J
~

Belle 3.2c evidence for
Direct CP violation not
supported by BABAR
measurements

- /

/

Thomas Latham

INIVERSITY

WARWICK
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New experimental situation

\_

1.5

A

0.5

=

- Belle275SM __|

[T

~2 .30 difference between
Belle and BABAR

\

L

BABAR 227M

Thomas Latham

WARWICK
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/ GLW and ADS methods for y \

Gronau, London, Wyler Atwood, Dunietz, Soni

Reconstruct both D° /D" in Reconstruct D°/D’ in

decays to CP eigenstates decay to (Kn)°

Compare decay rates of B* Both D flavours can decay

and B~ to both CP-even and to kaons of either charge —

CP-odd final states of the D again four observables

Four observables determine Two further parameters: rp,

the three unknowns y, rg and the ratio of the D decay

Og magnitudes and & their

Significant signals observed relative strong phase

In several modes r, has been measured:

Only loose bound on ry 0.060 * 0.003

possible with current but &, is unknown

statistics No significant signals

ré =024+0.23 Observed in 227M BB pairS
r, <0.23 @ 90% CL

\Small value of r; will make extraction of y by these methods difficult./

Thomas Latham hep-ex/0408060, 0408069, 0408082 and 0408028 WA](V)//ICK




	Unitarity Triangle Angle Measurements at BaBar
	Overview
	CKM Matrix and the Unitarity Triangle
	The BaBar Detector
	Time Dependent Formalism
	Time Dependent Analysis
	Analysis Variables – Topological
	Analysis Variables – Kinematic
	CKM Angle b
	sin(2b) in                &                        (preliminary)
	sin(2b) in                      (preliminary)
	sin(2b ) Comparison
	cos(2b ) from                          (preliminary)
	CKM Angle a
	Untangling aeff
	a in B → pp  (preliminary)
	B → r +r -  (89M BB pairs)
	a in B → rr  (preliminary)
	a in B0 → (rp)0  (preliminary)
	a in B0 → (rp)0  (preliminary)
	Combined Constraints on a
	CKM Angle g
	D0 to 3-body Dalitz Method
	D0 Dalitz Method Preliminary Results
	Conclusions
	Comparison with Belle : CPV in B0  +-
	GLW and ADS methods for g

