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Recap and Outline

* sin23 measurements (Lecture 4):
— b — ccs : very good agreement with SM (CKM) expectations

— b — s8s : ¢Kg update from Belle now consistent with BaBar
and compatible with the SM

— b — sss : all compatible with the SM within ~ 1o , except N Ks;
all below the SM except f,Kg; more data needed to
understand if there really is a non-SM effect

* Today:
— Review of results on nwt, pnt, pp and sin2a. (¢,)
— Measurements of y (¢,)
— Wrap-up on the Unitarity Triangle and CKM fits
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Acp in charmless B — PP

K.Abe, LP05
Decay Mode BaBar Belle SM diagrams
K mn~ —0.133 £0.0304+0.009 | —=0.11340.021 £ 0.008 | tree, penguin
Ktq? +0.06 £0.06 £0.01 +0.04 +£0.04 £0.02 |tree, penguin
KEHJF —0.094+0.05+0.01 +0.05+0.05£0.01 |penguin
Kon® —0.06+0.18+0.03 +0.16 £0.29£0.05 |penguin
TrmT +0.09+0.15+0.04 +0.52+0.14 tree, penguin
atal —0.01£0.10+£0.02 +0.02+0.08£0.01 [tree
7070 +0.124+0.56 £0.06 0.441'3:2% +0.17 tree, penguin
KK~ signal not seen signal not seen W-exchange
K+KY seen seen penguin, annihilation
K°K" seen seen penguin
P T s e U e
> d . d’ d —U

tree (0, = ¢3)

penguin (¢,, = 0)

W-exchange (¢, = ¢3)

annihilation (¢,, = ¢3)

Extraction of ¢»; may be difficult due to hadronic effects. Hope to learn about them from measurements.
(e.g. Why Acp(K*7") # Acp(KT ™) ? Expect the same based on naive factorization)
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sinZoa (¢,) from
time-dependent CP asymmetries in
b — uud

S|
D
|

— Mixing-decay interference
nm, PT, PP

blv

(0,0) (1,0)



sinZa from B—zrx, pz, po

Interference of suppressed
b — u “tree” decay with mixing

but: “penguin”
IS sizeable!

Neglecting
penguins:

_ B2mixing _ BY decav: tree
b —$—1d wﬁ aT
b Pt
d—s—s—Db 7 7
q/ P = e '/ A OCVufl;vud o 1
\ /
A _9 A _ 282y _ gi2a

v/ p A”Z.

BO decayv: penauin

b W 4w
u

T
= —u7r+
d d

Acc \_/t;th oc N

/

a1 Pe"7e"

g T +Pe7e"

=P Coefficients in time-dependent CP Asymmetry:

S, . =sin2«a
C_=0

But: large penguins
expected !
|IP/T|~0.3 =

S__=4l1- Ciﬂ SIN 20 o

C__ocsino

NB: Experimental challenge: BFs down to ~ 10-6 ; purities also are lower!




Isospin analysis for x = a — a_4

Use SU(2) (u and d quarks) to relate amplitudes of all it (pp) modes.
AT =AB" >h"h)
AT =ABT > hth?)
A% =AB% - h%hY)
hh =7z, pp

~: Charge
Pure tree conj.

Gronau, London : PRL65, 3381 (1990)

nn favored for isospin analysis

no? measured: too small for isospin
analysis, too large for limits

pp has 3 polarization amplitudes

Expected dilution because of mixed
CP, but instead...

...almost 100% longitudinally
polarized: pure CP-even state

Larger branching fraction than nn
p%p? not observerd yet (small)
- good limit on a—o. 4

pp gives best determination of a
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i
= =
h o in

B > r*tr-

BaBar (227 M B-pairs)

B" tags

X -
F_———1 :
Tt
s 0 5

At (ps)

Events/1.25ps

Raw Asymmetry

20

%]
=]

0

[ s

Belle (275 M B-pairs)

Total
- -
g
————— K
S continuum

Total

- -

J mE

————— K

s continuum

= (€) 0.0<r<0.5
- —
;._Lﬁ T L P |
- (dl) 0.5<r<1.0
S S
-:F e
C | ] 1

5 0 5



CP fitresults: S, _and C__

Irgfrgvoeldgagzrgement BaBar, hep-ex/0501071 o BaBar
(CL=0.019, 2. 0)i Belle, hep-ex/0502035 ¢ Bglle
BABAR (2004) . . .
~0.30£0.17+003 ol Belle claim: 4.0 ¢ evidence of direct CPV
Belle (2005) g 45
-0.67+0.16+0.06 e > [
Average ! :
-0.50+0.12

—a—i C
s, i i |
2 475 15 125 1 -0.75 -05 -025 0 i
S

n

BABAR (2004)
—-0.09+0.15+0.04 r
-5 —
Belle (2005)
-0.56+0.12+0.06

Average
-0.37+0.10
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B— i . experimental issues

» Higher backgrounds than charmonium;
K-r separation to distinguish zz from Kx;
otherwise the analysis is as ‘simple”

— mgs AE, “Fischer”, 0.%, 6. ; At, “tag”

* For the isospin analysis:
— B> 7%7°: BF =(1.45 £+ 0.29) x10°
— Too small, not enough

* Direct CPV evidence from Belle (4.0c),
not seen by BaBar
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_ Asymmetry
SodS o

B®— pp

BaBar (232 M B-pairs) Belle (275 M B-pairs)
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B —p'p”

« Reconstruct the p*© — 7+ 0

 As for nw, CP fit based on: kinematical signal
identification + /K separation + event shape
variables; and At, tag

« From the polarization measurement (7, ): almost pure
CP eigenstate

|t can be treated as a “two-body” decay, but: /arger
backgrounds!Not only continuum, also from other B
decays, and “self-cross-feed” (SCF)

lﬁ*-!
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FIG. 1: The distributions for the highest purity tagged events
for the variables mgz (a), AE (b), cosine of the p helicity
angle (c) and m;+,0(d). The dotted lines are the sum of
backgrounds and the solid lines are the full PDF.

B’ Tags

B'Tags

, Asymmetry
B hchEP . cn e e BRER o aBBEE

At(ps)

FIG. 2: The At distribution for a sample of events enriched in
signal for B” (a) and B* (b) tagged events. The dotted lines
are the sum of backgrounds and the solid lines are the sum of
signal and backgrounds. The time-dependent C'P asvmmetry
(see text) is shown in (c), where the curve is the measured
asymmetry.

November 2005 L.Lanceri - CP Violation and Flavour 12




F.Forti, LPOS

Isospin analysis with B — pp

Almost complete
polarization f;
= ~ CP eigenstate

Time-dep. fit
S _..C

PP,

pp, L

Branching Fractions
isospin-related channes

N ew BABAR BELLE

/

0.978+0.0147 5 0.951 0> 00
—0.33+£0.247%  0.09+0.42+0.08

SoplL

¢, —0.03+£0.18+0.09 0.00+0.30%}
% (30£4£5)x10° (244£2.271)x10
b (22573, £5.8)x10° (BL7£7.15)x10°
B <1.1x10° 5

p0p0

Use averages for BF and S/C
coefficients
Use BABAR p%? limit, which dominates

the error. |a—oy |< 11°

November 2005
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Isospin analysis with B — pp

L L L B L ) L ) BN
i 1 B—pp (WA)
1271 % ----- WA & B - p*p” (BABAR)
e WA & SIC,,(p*p") (Belle)

0.8 —

1-CL

CKM fit

no o meas. in fit :

...... [ | """-ﬁ-!‘-‘e.?'-- "

Lol L L1 | N | I|III_
40 60 80 100 120 140 160 180

o (deg)

a| pp] =96 £13°
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BY— por

B — 77 “Dalitz plot”

20

1 B> '’ (kin.)
—— [ interference regs.

N 1 e S ialin
mEBEDB Asdooa0onoe 0o0nDs
= i i Sy, o PERR T IT A 1
Q = . 2z =3 24 =2 28 2T
% " ar !
| | 15 Tt

(1) Quasi-2-body

; (2) Full “Dalitz”
analysis

analysis




(1) “Quasi 2-body” parameters

Not a CP eigenstate: time dependence is more complicated:
5 coefficients instead of just 2:

Fit parameters -’4;”-' Glohal charge asymmetry
C - Direct CP-violating
B 0 — ptn )tp+ﬂ—— /\‘( - ‘ 1.”?' | :
‘ bmr Mixing/decay interference CP-violating
= - AS, - Dilution parameter
B v — p T|'+ .r\ )\r g . ‘_\ 5'“” .
L\(?m Linkedto B" — p 7t vs B = p ot

These coefficients are related to two more intuitive asymmetries:

N(B° - pta~) = N(B° = p~nt)

A_, = —
TTON(BY S ptam) + N(B° — prwt)
A — Cor — Apr X AC
1= AC; — Ay x Cpy
4 = _ N(B" = pnt) - N(B" = ptr7)
Ay

JV[B“ — p )+ N(BY — ,(JJ“’ )
o Ap'r + (?mr + Ap'r X A(Tp'r
14+ ACyr + Apr X Cpr
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F.Forti, LPOS

“Quasi 2-body” parameters
At~ [Bi 5 Bﬁ 2} Belle [152M] BABAR|[213M]

. 021+0.1140.04 Az 0167000 0,088 £0.049£0.013

S —0.28i0.23+8‘(])g _0.10+0.14+ 0.04

_+ - .

A = { s HB_J C 02540071008 0.3420.11£0.05

=—0.47"1+0.06 A" 00220167092 _0212£0.1120.04
Hint of direct CP-violation —» A _0'S3i0'29j8.82 —0.47i0.15i®

" BABAR combined 3.6c
preliminary

05 -

a:(IOZilliIS)” (I:(]13+%;_6)0

[Based on factorization &
SU(3); Gronau & Zupan]

hep-ex/0408003 BABAR CONF-04/038
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“Full Dalitz” analysis

A full time-dependent Dalitz plot analysis can constrain a.

Time-dependent decay rate: Snyder, Quinn : PRD 48, 2139 (1993)
n—|ﬂf|;’;TBD ‘ . ‘
‘Aétﬁ(/—\TMQ — AT [ASWZ + ‘J—l‘}n‘z —+ (‘J—l‘},rr‘z ‘./4‘37—‘ )LUH ﬂ.!??dﬁf)
T RO

+ 2Im {,ZMAE,T} 5111(&-r12.dAt)] :
Interference at equal masses-

squared gives information on B + _ 0
strong phases between A37z - f+A + f—A T 1EOA

resonances ~ ~ ~-— ~0
A =fA+f A +fA
[ ol A - . ° script {+-0
d ‘\«\—‘> 20 refers to {p*,0-,0%
o The "f's are functions of the Dalitz-plot and
(@) g describe the kinematics of B —pz (S—-VS).
/;r\ ) The "A's are the complex amplitudes
: 7’ containing weak and strong phases. They
L iy are independent of the Dalitz variables.
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Experimental & analysis issues

 Signal and backgrounds: also here, not only
continuum but also “other B” and “self-cross-feed”:
keep migrations in the interference regions under
control!

« Rather long path from fitted coefficients to the Unitarity
Angle, through parametrizations of the tree and
penguin amplitudes and their phases

lﬁ*-!
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1-CL

o determination

nn determination: limited power
pp best individual measurement

1.2

0.8

0.6

0.4

0.2
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afall] = (99%°)°
_' et T | thp T
B G — B—nn WA
R s B—opn 1 Combined
[ e Bpp e CKM fit
x.\'_lJ‘v. D
0 20 40 60 80 100 120 140 1E|30 180
o (deg) -

F.Forti, LPOS

Mirror solution are disfavored,
thanks to p.

m Same precision as global CKM fit.
11
a[CKM]= (96, )° C
1 -

1_5_||. _ T T T

CKM fit

no o meas. in fit

05 |
0
05
-1
L afromB—nr, =«
=3
LP 2005 » TP, PP
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4 0.5 0 0.5 1 15
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Methods to measure y

e The challenge: directly measure the b->u
phase (V) relative to the b—>c phase (0).

I~

e These amplitudes interfere for D final states
that both D° and D° can decay to.

_ A(b—u)
- A(b— ¢)

T = Ry Fcs larger r, = larger interference term
—> more sensitivity to y
Fcs is an unknown color-
suppression factor. Expected to  Ru is the left side of the ~ -
u r,~ 0.1+ 0.2

be in the range [0.2,0.5]. Unitarity Triangle (~0.4).
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Methods to measure y

s B-DK™M-, B DK

- D"° D° decay to same final state. Problems:
e D%, Gronau-London-Wyler (GLW) Sqguashed ftriangles
¢ D%oncr Atwood-Dunietz-Soni (ADS)  Small triangles

e D°3K.n*n~ Dalitz | Giri-Grossman-Soffer-Zupan Model dependence

— The best results at present

¢ Sin(ZB + Y) in B°>D"*n* Alternative interference method:
L 2B from mixing (time-dependent!),
- Via BB mixing. y from suppressed b—u decays

Large number of events, but: small time-dependent asymmetry
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B- - DIPK- Dalitz

- Interference since both DKo ntn- and DO—>KOmtn-

O1/—
_/’ D K \ R 50K+
B Kzr )k lop B \(
‘]\b DOK_J \ DOK+ A
ub VvV b*

u

Ker ™ )K "

 Sensitivity to y enters via amplitude « V ; interference
occurs in Dalitz plot for DO(D%) —»>KOm*r-

Mi = f(m>,m?)+ e f(m2,m?) ~ Ab—c) AB —DK"

Dalitz distributions

M, = f(m,m?)+ref(m>m?) Ab—u)_ AB DK
)

‘If'(m:j‘r,mz_) + rviiﬂjﬁajj"(uﬁ,mi) |2 and ||f'(.‘}'12_:H?3_) + rﬁi(_“ﬁﬁj.;"(n:i,H?E_) |2

These will have different patterns if = 0 and @3 # 0. r, @3, and O can be extracted from the difference.
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DO Dalitz Plot Model (old plots)

> Sclect D° sample from
x 101 %
/OB [ Ko ﬂ_]ﬂ+ | 01800 events, 3% background Belle

BELLE

L
S 1200
Qur fit - i
Resonance -
Amplitude Phase, © Fit fraction ,g 1000 |
oK, 1.6640.11 218.0+3.8 | 11% s00 |
P70 K, 1 0 21% 600 iy -
wk, (3.30£1.13)-107 | 114.3323 | 0.4% E ]
1980 K, 0.405+0.008 212.942.3 | 4.8% @
oK, 0.3110.05 236111 0.9% 200 ¢
[A2T0) K, 1.3640.06 35213 1.5% 0} "oisl
fA1370) K, 0.8240.10 30818 0.9% '
K (892 1.65610.012 137.6:0.6 | 60% 1200 7000 Err—————
K'(892)'n- 0.149+0.007 325.242.2 | 0.5% & E e
1000 S A
K 1430) 1.9610.04 357.3%1.5 | 5.8% so00 bt ML
K 1430 0.30£0.05 12848 0.1% 800 E | L
4000 g e oA e
K 1430 1.3240.03 313.5+1.8 | 2.8% 600 E ] P
i 3000 - S — e S —
K 1430) *x- 0.2110.03 281.549 0.07% . N
K'(1680) ‘z- 2.5640.22 7046 0.4% 2000 |
Ll 1000
K'(1680) =* 1.0240.22 102111 0.07% .
Non resonant | 6.1£0.3 14643 24% 0 0 0' : o
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Dalitz distributions

BaBar (227 x 10°BB)

K.Abe, LP0O5

Belle (275 x 10°BB)

" (i _ ) g —
— DK+ B~ — D'K B+ 5 DOR+ B~ — DK~
b 3 % 3 P A ™ # ‘55
= .'s-— 25 --.F::: 4 L a5L __ln. f
1 iy e 5 e _:
ﬂ!;— \7'5:— DE I....I..T.I......-I::.l...'ll?:.:.. {lj 1 1 I.'..:.;:‘:ul.l.:. e
o 2% i s F z.lé'w_ﬂ:l 3 2% i i F z.l'!.,'wﬂﬁ:l L 15mf%ﬂ&“2|'3~::“'|3 i 1‘5m?2|'Ga‘:'2|':§.'{:*l

D(D°n")K* DD ")k~ D*(D°r%)K+ DO(DORO)K -

o g e o T
% " BaBur "%_-5_ BaBar %2_5 - %25 . E
E = al = ol =
.':— i : _-HE+ " E
wf f 1Sp 15p - 3
£ E 13 1!
wf N N, 05 " 3
N T L - 05 1 15 2 2 3 05 1 15 2; "3
] 0 (] T EEm— ] 0 (E] T FE I m, [Ga’ m [GaV =/ ich)
DD yK* DD YK~ DK+ DK™~
TR R 5 T
3 BB | 3f BABAR it 1%
FoE : = a2t 1S o~ E
£ F E E E
E E 15F 15F 3
ﬂ!g— - DE 2 {l-&-l I 'I .I I- -
: . . E . . . . . 1]'5 1 15 %jw:“‘] s 1 15m?$G@2|"§.'{£"]3
o nx 1 (&} H i’é-w-o'l:l a nx 1 (] H i:'-m"m’
Difference between B™ and B~ signifies direct ( 'f-’ violation
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K.Abe, LP05
Fitting for Re(r e/ (*919)) and Im(rye(F9:19))

e Dalitz distributions
BT : |f(m%r,m2_) + 1930 f(m2 m?) f B : }f'(mz_, m2 )+ r_e' =079 f(m? }l
Physically 4 = r_, allow them to vary separately for better statistical behaviour
e Determine x4 = Rf(rif"[i‘*’#a), Vi = Irn(rif"[i‘*ﬂa) for each decay mode
® Perform pseudo-experiment technique (Toy Monte Carlo)

(x+,v+) x decay mode — (r, ) x decay modes and ¢5

BaBar Belle
DK+ FK* DK* D*K* DK**
"'I"'I"'_‘*}*:':I'Id' L (L ) [ i';.:ﬂ“;' IIIIIIIIIIIIIIII : i;:ﬂ-ﬁf'"""""' ””II”III‘: g 1:_ IIIIIIIIIIIIIIIIIIIIIII
] _ Eosf Mok 1 Foap 18 ¢
02f 02F (+ 3 . 1 ost
[ 01E 3 1 ﬁ-]!'_ ] Z (_"j e
ol [ i of | (R ) P St ¥
! 01 f N/ 3 : _ ] s -‘t:_“‘._
’.u: '0'22' @ J” ' -0.2:_ LE 1 s .
-ﬂ'..._— -ﬂ.:l;- — 04 F ] +5°
E ] . I
04 T _'}1.-...|...|...|...- S e | d FT - T - T L A NPT S N T T
04 02 0 02 04 -04 02 0 02 04 04 020 0 08025 0 0 e TS 0O e
X X
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vy (¢,5) Dalitz fit results

K.Abe, LP0O5

Modes r o (°) 03 (°)
BaBar| DK | 0.1184+0.079£0.0347 3% 104 £451,1 £33
D*K 0.169 £0.0961003% H0 050 206+ 41115 +15
combined ?[l:l:;%lf{ﬁ J_FH“
Belle | DK 0.2T£0.08£0.03£0.04 RYESUESTESS!
D*K 0.1240-1°4£0.02 4 0.04 321 £57+£ 11421
combined ()Sf{; + 13411
DK* 0251017 4+0.094+0.0440.08 358 £35+84+21+49 | 11243549+ 11438

Errors: statistical, detector systematic, /) — K¢ T decay model, non-resonant DK

20 allowed interval

BaBar 12°-137°
Belle 22° - 113°

Significance of direct C PV

BaBar 2.4o
Bele 2.3c
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CKM fits



CKM fits (CKMfitter group)

B ]
C g
0.6 _.,:? 'Y 1 r_
TR :
05 28 =
| | 04 12 :
Anglesonly —_%s -
03 - E s
. E I@ (x
02 F
01 E E
;\\ B 1
0 C L 1 L I 1 L L L L I L L L l L L 1 I L 'l L I Il L 1
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1

ol

0.7 L L T | T T T | T T T

0.6 Rysisin 2B Amy By i
: d% TLP2005 -
0.5 E '£|~ \\ -
No angles S ™ ' ‘
9 e | SO &7 3
= % _ /x,',; £‘1( E
03 B3 . " 3
0.2 & S
0.1 B [V V.| 5 ¥
0 L I L 1 L l L '}
04 02 0 0.2 0.4 0.6 0.8 1

P
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Putting it all together

1 l5 T T T Ll ’ 1 Ll I Ll I Ll Ll Ll
" | excluded area has CL>0.95 | :

0.5:
All constraints .= ol

-0.5

-1 '5 1 1 1 1
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Conclusions on B mesons - 1

* “Direct” CPV

— Observed by BaBar and Belle in B - Kr~
— Evidence by Belle in B —» n*n~, not seen by BaBar

* CPV in mixing

— Expected to be small (~ 10-3), not seen yet

* sin2f3
— Precision measurement with charmonium modes dominate
now CKM fits, in agreement with SM expectation

— Looking at b — s penguins for non-SM effects : $K° from
Belle now compatible with SM; if present, effects are not
large = more data required
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Conclusions - 2

e sin2o

— wn interesting, also penguins = isospin analysis needed
for sin2a., too few n%x?0...

— p*p~ smaller corrections

— p'n- asymmetries measured in “quasi-two-body” approach;
first results also from Dalitz analyses, work in progress

— DK and Dn methods: few events, sensitivities depend on r,
(CKM and color suppression factor of interfering amplitudes)
= Dalitz method is the best up to now: need more data...

« CKM fits are giving a consistent picture (SM works!)
and also feedback on B decay mechanisms
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Conclusions - 3

« Short term prospects for the B factories, very successful up to
now:

— Double the integrated luminosity at least twice with the present
detectors:

~ 500 fb-! per experiment by 2006 (KEK-B is almost there!)
> 1 ab! per experiment by 2008-09
« This will not exhaust the B physics program...

« Hadron collider experiments: B, y, some rare decays

« Tevatron, CDF/DO0: upgrades and new triggers, preliminary results for
B, mixing, sensitivity still marginal
 LHC-B at LHC: expected on line in ~2007; BTeV terminated

» Long term future of B-factories: physics case of a Super B-Factory
* Prospects under discussion by the interested community
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