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Outline

» Introduction

» sin2q.. measurements in B> nn

» sin2a. measurements in B> pn

» Branching Fractions For Rare Hadronic B Decays
» Charge asymmetries.

» Summary



CP Violation And The Standard Model

SM weak 1nteractions among quarks are controlled by CKM matrix:
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BO: :BO cd
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Constraints on the CKM matrix:
» unitarity:
€.2. VigVip TVeaVep tViaVip =0
» only 4 free parameters left,
including an undetermined phase (O )

e.g. mixing
t V.. @ b%uud é/

Unitarity Triangle

CPV & Opky # () =y CPV: 1, B,y # 0




CP Violation In Neutral B System

Interference of mixing/decay Interference term kfcp
B B ~
/ \ ﬂf q Afcp Lpecay
B0 @ & p Af Amplitu
WApc < _|Ratio
\_/ Mixing
Phase”
t=0 > t=¢
M, #1 2 CPV
0o B 0
A (t)= F(EO ()= Jer) F(Bo(t) = Jer) =—Cy,, cos(Amt) + S, sin(Amt
(B (?) = fop) + T (B (1) > f
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fCP

Probe of “direct CP violation"
A, |#1=> CPV
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Sensitive to the phase of A
Im () =0 & CPV




Rare Hadronic Decays

» Suppressed at tree(T) level due to Cabbibo, FCNC, etc.
» Significant Penguin (P) contribution.

igp+idy
> Broad physics interests: lT e 4—
" Measure CP phases: b 2
Angle a(¢,): B>nm, prt, pp tree

Angle B(¢,): B2N'K, ¢K (see K. Abe’stalk) b __
Angle y(¢;): B2Kn, ik P ei¢p+i5p-\ ,,,,}” 2
= Direct CPV via A, = (B-B)/(B+B) _
=Probes new physics in the loop. penguins
= Test hadronic models:
SU(2)/SU(3) symmetry, QCD factorization, FSI...

» Modes of interests (all charmless):
" B> hh (h=K.7) This talk:
" B p n/KW/p More slides on
" B2 n0/¢ KW/m CPV in B>nr and pr
* Also: B->baryons
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CP Violation In B> gtg—— ¢P=I

» Time dependent asymmetry: 2% = I/tbl/tcil/udmf
Acp(t)=—-C_cos(Amt) + S__sin(Amt) VViaViaV

-] A, [ 2ImA,, v 1| PIT|e%e”
7r7z: 29 sz: 20 lﬂﬂ =€ 0 _—i
+]4,, | +]4,, | 1+|P/T|e®e™
=A_(a,p,|P/T|,0)

d: strong phase
difference

» Tree only: A__=¢?* C__=0,S__=sin2a)

> With penguin: C__ ;t 0,S__=2sino)/(1+A_|?)
if 50



B'-> 7t Results: BaBar(81 fb!)

F(B'>nn): (4.7
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Events / 2.0 NVieV/Cc"

760 1n signal box

B> nr Results: Belle (78 fb!
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Physical Boundary Condition Test

- # o toy central value {&110-1 181%) |
[ #o (A,=0.569)2+(S,,=-0.822)%=1 ; 5938%) | Belle’s test
i """"""""""""""""" 1 Ehysicm ?boundr'y For (A, .S, )=(0.569,-0.822)

I A2+52£1) * probability of out-of-boundar
measurement =60.1%
* 16.6% of measurements
further from(0,0) than data.

»> It is possible to obtain
out-of-boundary values
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BELLE

Belle’s B2 CP Asymmetry:

Confidence Regions

1 Confidence level calculated with Feldman-Cousins frenquentist approach

»CP conserving hypothesi:
(S,... A, )=(0.0) excluded
at CL=99.93%. (3.40)

>data inconsistent with
no direct CPV (A_=0) at
CL=98.1%. (2.20)




B>ttt CPV Results: BaBar and Belle

)
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» Waiting for summer updates...




Constraints On o
B> wtn, ntn?, nn¥ related by SU(2)
* [sospin triangles yields a.
(up to eight-fold ambiguity)

KTETC — 20Leff- 20(

L A—r'm)
BFs (10°) L K
Viode BaBar Belle g
%A(E"+ﬂ+ﬂ') AR —1°n°
T 47 =+ 0.6 =0.2 44 + 0.6 =0.3 _.
0 | 5.57°40.6 53 £13 0.5 KA )
0.0 +0.8+0.6 +1.4+0.5 ; :
F T 1.6 000 S 2 .6 1.8 . 3/Mﬁfl4 Isospin Triangles

90% CL limits so far.

Grossman-Quinn bound

0 0_0
|2aeﬁp—2a|£cos{l—2BR(B 27 )} -

BR(B* > r*x")

(Gronau and London)

A]Q[\ Q‘TQ;]Q]'\]Q' nrnnqn/T nnr]nn/Qinhq/Qinhq p]"\QT’]QQ p(\111"\AQ



D
Constraints On o : Another Approach

» Gronau & Rosner presciption:
S_.= function of ( a, B, |P/T], 0)
S_.) to (a,0) with B and |P/T| as parameters

. ATCTC’
= Convert (A

Y1 [%
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0.15¢<|P/T|<0.45

world average
(23.5 +2.4/-2.2)°

Belle finds:
78° < <121.6° (95% C.L.)
insensitive to o

Compatible with prediction
from CKMfitter: 101° = 15°



Measuring CPV With B> pr (37)

» B>ntnnl is also a b>uud process which probes a.

»> It receives both tree(T) and penguin(P) contributions so oo must be
extracted out of phase confusion. This can be done via a full
time-dependent Dalitz analysis.

» Experimentally this is challenging so a convenient first step is to
look only at the quasi-two-body regions.

Quasi-two-body analyses ~ ™
. per'for'med on pTm, and p_Tl:+ bands ol:’ N

* interference region excluded
- pK fit simultaneously,
helped by PID




B->p7n Time Dependent Asymmetry

Interference of mixing/decay Two non-CP, .final state
T // can be combined to
BY
/

reveal time dependent

RO @ @ CP contents

=0 "=t

_ ICB’(t)— p'n)-TB(t) > p'7n7) _

(=== — > ——==—C" cos(Amt)+S" sin(Amt)
L I'B(t)) > p 7 )+I'(B(t) > p 7))
no -t 0 -+
(=B W2p ) TC WL ) __ o o5ams)+§ sin(Ame)
L I'B#t)>p " )+I'(B(t)> px")
Redefinition : CEC e , SES 5 , and ACEC —C , ASES =5
2 2 2 2
C,S, CP parameters: AC,AS:

CPVifC#0o0orS#0 reflect final-state difference



B—2pm: Yields And Charge A
(BaBar, 82 fb!)

N, =428+34£25 “
?
N =120421218  direcf CPV? B
N, —-N _,
AP =—22 P =-0.18+0.08+0.03
N, +N |
p p
K K- _N Kt
AP, =—F P~ =0.28+£0.17+0.08
N. +N |
p'K p K
Branching Fractions:

BF(B — p'n

BF(B — p

K= (73 2 £1.3)x10°

BF(B—p'n’)=(20.8 7 “Hx10~
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B->pn: Time Distribution and Asymmetry

direct CPV? (BaBar, 82 fb!)
C  =036+0.18+0.04 £ wsignalenhanced — po,,
Pr z 20 with likelihood cuts
Sm =0.19+£0.24 £0.03 2 .
_ +0.18 o 2 e s s
ACM =0.28 oo +0.04 §§Z o) + 7
AS,, =0.15+025+0.03 % i
i
<Emo.5_—
Note: g
naive factorization predicts
AC,, ~0.4.

hep-ex/0207068
ctibmitted to PRI



ACP, CmT, AC |
NE® o o +)EdN(B St
dt
.
wPN(B S ptpy 2 NB o p'm )|,_Oje”fdt
dt
_ dNB' = p'z) e
NB' - p'z)= ~ oo [ €7t =
pPN(B —>p7 dN(ﬁo_)p_ﬁ+)
dt

Define two asymmetries:

N(B —>pr)- N(B°—>p7z)

- ~0.62"°%+0.06 < 'l

i S
N(B —>pr)- N(B°—>p7z)
B )y

1
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—0. 11*016+0 04
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More statistics 1s needed

ey - +
o je T dy =+ 4E)1+(C+ACYN , =137 el
S (= AG)1+(C=AC)N,,,
L4451+ (C+ACON,,

e 1 ) )
oo [t == AE)(1+(C = ACYN,,, =116 5210

B->pm: Direct CPV?
_ translated into 2 pairs of CP conjugated rates (oc |4]%)
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Branching Fractions (BF) And A

I'B— f)-T(B— f)

Acp =—= ~
I'(B—> f)+I'(B—>f)
B 2|P||T|sinAdsinAS
P> +|T > +2|P|| T|cosAdgcosAS
The game:

* Collect(reconstruct) signals
» Understand efficiency
* Calculate BF and A

Note: Most of the BF results presented here are preliminary
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Summary Ot
Kn And nt Branching Fractions

BaBar(81.2 fb1) Belle(78 fb1)
Mode Nsignal BF(10-9) Nsignal BF(10-9)
K+~ 589+30+17 17.9+0.91+0.7 595.9+32 . 18.5 =1.0x0.7
K+r0 239+21 ., + 6 12.8 12 £ 1.0 198.9 + 21.5 12.8 + 1.4+14_
KO+ 172 £17 = 9 17.5t18 4+ 1.3 187.0 £ 163 | 22.0 =19 + 1.1
KOnO 86 = 13 =3 104 =15 0.8 72.6 = 140| 126 =24+ 14
T 157 £ 19 =7 47 £ 0.6 £ 02 | 132.7+189 ., 44 + 0.6 £ 0.3
o 125+ .+ 17 5.5+10 o+ 0.7 724 £ 17.4 53 £13x05
7070 23+10+84 | 160706 <36 12,0491 | 1.8+1405 . <44
K*K- 1 £ 8(<16) <0.6 0.07 4 <0.7
K*K® | —5.6%28 ;. +25 | —0.6796 ., +0.3<1.3 8.6 =59 [1.7x12=%0.1<34
. KK | 43%2 , 4+ 1.1 <1.6 20x19 |08 0.8 *x0.1<3.2 .




K And it BFs: Consistent Results

K T
c oF }Penguin enhanced <>
K o
< o>
KgnfL Penguin only ER——
— o>
KOTCO Penguin enhanced <o
< o >
+ -
<>
nT <o>
e e t |
nTw S22 treeonly o BABAR (88/60 M BB)

o Belle (85 M BB)

0_0
T TT IE:'. color surpressed

KK s
K +k0 double Cabibbo suppressed at tree
KK’ [

0 2 " 2 M ‘I5 M 2 M -JIO- M 2 .]I5- 2 M 0 l-o- M -2I5

Branching Fraction [ 0" ]



Knt And trt: BF Ratios

» vt and Ko BaBar Belle
()T (KHno) 0.26 + 0.04 = 0.02 | 024 + 0.04 +0.02 |<< 1/2
/!
= [sospin ratios: BaBar Belle if tree on

(e )/T(wn) 0.46 = 0.10x 0.05

what we have learned:
» Penguin seems to be strong. /S

» Isospin symmetry holds well for penguin dominated
(=» EW penguin small)

» Need more statistics for further constraint



Preliminary

B->¢K Branching Fractions

b _ S
S,k #Sin2f? B, (B)
oK p S K.

See: K Abe's talk

b->sss
Angular Analysis: T ~I';
|Ag |2= 0.43+ 0.09+ 0.04
|AL|2= 0.41+ 0.10 + 0.04 (Belle)
/T =O.653 + 0.07 £ 0.04 (BaBar)
L D
| /" BF(109) _ 5 e
Modd BaBar Belle - Pl
OK+| | 100409 ,+0.5 9.4 +1.1+0.7 “af
OKO | 76+13 ¥ 05 9022, +07 | B2y
OK* | /12,14 2.0+ 1.5 6.7+21_, ,+0.7 i
OK* ¥ 11.1 +£12 + 1.1 10.0+16_ %.2
<0.38




Preliminar

Another b->sss process: B>n'K

large BFs to be
understood

BF(n'K) ~ 6x BF(=K)!

for‘ “Sir‘ZB"

BF(10-6)

Mode BaBar Belle CLEO
nK* |76.9 £3.5 +4.4| 779 £6.0 £9.0 | 80410 + 7

KO 554 + 52440 68+ 104, | 89+8 49

another test bed

also obtained: limits on n'K**, n' K*0, n'n*, n'p®
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More BFs: B>pK and Inclusive hhh g
BF(10-) @
Mode BaBar Belle modes BF (10'6/'L'LE
WK | 7721 414 B*>mrnmt 10.9+3.3+1.6
pKr | 73713 413 B Kt | 59.1+3.843.2
pm | 227418422 | 20.8+60+28 . K*on+ | 10.3+1.2+1.8
pOr+ 24 = 8x3 8.0+23 . 10.7 fK+| 92+1.2+2.4
pp | 22507 ,,x49 J MTETIT ., 1K+ | 1.46£0.35+0.12
1/;\n/grula(r9 2gﬂyls(;sé+ ) 1% (Bele) “higher” K*¥n+ | 25.1+2.0+£9.0
1“::/ I'= (97.i_7i ;l)_% (iBGBOcu")e ) “higher™ fk” =12
pOK+ <6.2
modes BF(10) Knw non-res. <17
B>KKK, 13.4+1.9£1.5 BSKKK 50,649 121 6
BO>KKK, | 43+16_, +0.8 S 6.3
BOSKKK? | 29.343.444.1 ———— 13
B> K ntn- 53.94+3.14£5.7 @ R 13
Rt K+K+K - 22 N+1 RER D




Preliminary . T ‘
Still More BFs
BF(10°) |
Mode BaBar Belle : 0
20 . . . . 01 005 0 005 0.1A£.(1(5;ev0).2
nnt | 42 £1.0£03 | 5420 403 first observation - e
nK+ | 2.8+ 08%02 | 53+8_.+0.6 8 ’
nKO <4.6 <12 5
nK* | 22.1+111 433 |265+78_ +3.0 gLEsS s S
MK | 19.8+65 4+ 1.7 | 16.56_,4+1.2 e G20)
ot | 54+1.0+05 | 5944 ,+06 B2baryons (Belle)
= Mod BF(10-6
oK* | 50£1.0+04 | 673,406 " ; 7 (+O; T
oK0 | 53 +13+05 <7.6 e S
> APt 3.97+100_ . +0.56
~ 24 — T T T T T —
o E | ! ://
¢ , PPr+ 3.06 +073_, 40.40
22 first observation | — = 262
316 E PPK* 5.66 067 . +0.74
§ 12] ] PPK 0.94 0.5 +0.1
3 : PPK** 10.3 +10_ . +1.6
4 E PPK*0 <7.6
)




Belle A, Results (32-85M BB)
K Tt | >
<l | s |
<l o> | '
) I S S '
WK o> | '
nk™ [ s mbe—
K e—s ]
oK [ 1 ——b
DK'| | e——s I
DK | N ey
0.8-0.6-04-02 0 0.2 0.4 0.6 0.8

CP

No evidence of direct CPV from time-independent A

. .
nﬂllMlhhH\l



Summary
J Rare hadronic decays are no longer so “rare” (think yields),

thanks to large amount B mesons produced at B-factories.

1 CP measurements in rare decays became a reality
" B>
=-0.30 £ 0.25 = 0.04, S_=+0.02 = 0.34 = 0.05 (BaBar)
C.=-0.77 = 0.27 £ 0.08, S_=-1.23 £ 0.41 *0:98_ _ (Belle)
" B2>ptn:
A, =-0.63 fgj: +0.06,4,_=-0.11 fgij +0.04

S, =0.19+0.25+0.03 (BaBan)

= also: “sin2f3” in 0K, ’K, (see K. Abe’s talk)
1 New modes observed, adding to a large pool of existing
ones. BFs became more precise.
J No sign of new physics yet, but we are more sensitive than ever.
1 Lots of achievement and we expect more.



Backup slides



B-Factories: Asymmetric ee” Colliders@ Y (4s)

on) T .
& TSUKUBA Area (Belle) o Coherent BB production
S | 2% e
N HER LER 2%, 4 ant e
& Interaction Region % -
S & 1 e ’.)OCL
> Q° © B

a = KEKB: it
g '} &NI 8 x 3.5 GeV, By=0.43 é &OHO Area

(TRISTAN Accumulation Ring)

C-Based B Factory:
PEP-1l and BABAR

25 T T T T T T T T -
E . E : Low EHHE’? Ring
SERAC 6(BB)/c,,,=0.28 0 x 3.1 GE
L [ ! had ] o "’{Ieﬂm :O 55
50 i B B production threshold" — T BY ;
[ ' ' Y(ZS) 1 (upgrade of existing ring)
10 ; ;‘ +‘\ /,.* Y(SS) b E Both Rings Housed in Current PEF Tunnel
S Iy - Y(49) :
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BaBar and Belle
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el Flux Return (IFR)
DIRC: Quartz bar + water tank ACC: aerogel Cherenkov counters
SVT: 5-layer SVD: 3-layer. (4-layer soon)

=>high performance vertexing and PID €



Event Topology

flavor tagging

production

By=0.56 (baBar)
0.43 (Belle)

At=Az/ Byc <Az>~ 250 um (BaBar),

reconstruction
"reco B", exclusive

200 um (Belle)

Exclusively reconstructed B
(reco B)
 Use daughter tracks to
fit for decay vertex
* algorithms and resolutions
decay mode dependent
* o, ~ 65-90 um

Inclusively reconstructed B
(Tag B)
* Inclusive vertexing for
all remaining good tracks
* use additional beam spot
constraint if available.
* o, ~ 140-160 pm




