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@ﬁ Direct CP Violation
4 _
|A, [P —| A7 ’= 0 === direct CPV

* need interference between diagrams with different strong
(6;) and weak phases (¢;) :

p | A, [ —| A7 =23 4.4, sin(g —g, )sin(5, -5 )
L,J

—0
« Direct CPV only seen in KOK; ¢' ~ few 106
 theory predicts large asymmetries in B*? (few to 80%)

 Diagrams from New Physics (e.g. SUSY) can modify SM
asymmetries/branching fractions

Adrian Bevan University of Liverpool 3



P
LS

¥
—=sExperimentally - look for CP asymmetries:

_Br(B— f)-Br(B— f)
" Br(B— f)+Br(B— f)

ACP

Neutral B — time dependent asymmetry

) direct CPV
fi (A1) = 64 1£S, sin(AmdAt);@ﬂmdAt)}
T

C#0 &= direct CPV; e.g. for px, nim ...

Charged B — time integrated asymmetry (no
mixing); also used for some B results (e.g. K°z9)
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Searching for direct CPV

* Large A.p requires amplitudes of similar order
— b—u: suppressed tree: charmless decays
* large predicted A.p
— b—s,d: penguins: radiative decays
« small predicted Ap

Understand penguins

Accesstoaandy [B-D*mDK,

K B'— J/YK,, D*D¥,...

(1,0)

Sensitive to New Physics effects via loops
— minimal SUGRA: B—X,y, ¢K*, KOz* ...
— R-parity Violating SUSY: ¢Kg
— SUSY searches — K*y
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P Experimental Issues
 small branching fractions
— large continuum background (u,d,s,c)
— other B background

« charge bias
— detector: trigger, tracking; reconstruction small

— event selection, particle ID, analysis Sysetfrrg‘r"f‘t'c

» Proof of principle few per mille

— Acp In Jym, JWK prD 65091101 (2002)
— Ay, =0.01£022 £0.01

— Ay = 0.003 £ 0.030 £0.004
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Event Selection Techniques

Use beam energy to constrain mass & energy

AEJ:EJB _Ebeam mES :\/(Ej;am)z—})lg2
AE o ~ 15-80 MeV; larger with neutrals 1

03 ——

g _ ]
[ = 7 o
) = ] o
D02k - - - “signal LN B 2w BABAR ﬁ
< I - - = ] -
L - - - - i ;1
T - = - - 1 £
0.1 j_ = - i _-\ - — 2 )
: o i ) S a:gﬂn
O - = %%E= [
01F - e ]
-02__Bb k= d-.;;—:a:gj;';:‘;mi: ] ﬂ"||||l|||||||||||||||||||||||.|||||||‘|1..Im|hl.m.\.
i ag gr@un =====§.=;§§=§“‘ ] 5200 5210 5220 5230 5240 5250 5260 5270 5280 5290 5300
0.3 - L= :.l f' L - :.‘:I L CLEe T ats =-|=' - ] Beam-Energy Substituted Mass (MeV/c 2]
52 522 524 526 528 0 5.3

(a) m, (GeV/c?)
Adrian Bevan University of Liverpool 7



Event Selection Techniques

== B events are spherical
== U,d,s,C IS jet-like

l ud.s,c B ev_ent

* Fisher Discriminants =i
e Thrust \ %00'_ Signal
» Sphericity Sl \

* Fox-Wolfram moments
» flavour-tagging (e, u, K, slow = from other B) _[

..!
D s - | ||||||||||||||||| 0
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
Fish t

er Discriminan

My u.ds.c
' *background

« Maximum Likelihood fits or cut based analysis

« off-resonance & AE sidebands are used to parameterise
light quark background
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Two body decays

can measure
o eg. B—ntn, ntn0, nOn0 see Jim Olsen’s talk

v eg. B—>K*r, Kzt* using Fleischer Mannel bound
Acp Can be sizeable
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Plots have an optimised cut on likelihood ratio
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New resultS===p | ~88x106 B pairs

Preliminary ~60x106 B pairs
Mode Nevents Branching ratio (x10-5) Acp
BO—K*n- | 589 +30 | (17.9£0.9+0.6) |-0.102 +0.050 +0.016 |4=m 50/,
B*—>K*n® [239+22+6| (12.8 £1.2 £1.0) -0.09 +0.09 +0.01 AACP
B*—n*n® (1252 +10 | (5.5+1.0 £0.6) -0.03 +0.18 +0.02
BO—Kor0 [86+13+3 | (10.4 +1.5+0.8) 0.03 +0.36 +0.09
BOK*K- |<15.9 <0.6 (90% C.L.) -
B*>K*Ko |<10 <1.3(90% C.L.) -
B* Ko+ |172£17£9) (17,5 +1.8 +1.3)

-0.17 £0.10 £0.02 ¢j

hep-ex/0206053

All upper limits are @ 90% C.L.
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B—hhh, h=r, K
Motivation

* measure y using a full Dalitz plot
« look for direct CPV in charge asymmetry

Method

« cut based analysis across the Dalitz plot for branching ratio:

data light q background

1 @ Nudsc bk,
Br(B— f)= Y, Z - s B background
BE/ I @\

sum over Dalitz plot bin efficiency

B backgrounds: J/yK, Dn/DK, X-feed; D—nn, K, KK
-subtract open charm from J/y, v, and D°

*measure Br(B-——D°z) as a cross check
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56.2x10° B pairs

Branching fractions measured across the Dalitz plot

Br(B* > K'7*7n")=(59.2+4.7+4.9)x10°
Br(B* > K K'K")=(34.7+2.0+1.8)x10™°
Br(B* > ' n ) <15x107° (90% C.L.)
Br(B* > K'K*7")<7x10° (90% C.L.)

*Main systematic uncertainties
*PID 3~6%
* tracking 2.4%
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« B—owK, ont, penguin; A, ~6% (theory)

~60x10°B pairs preliminary
Br(B* > n'K*)=(67+5+£5)x10°
Br(B’ > n'K°)=(46+6+4)x10"°
Br(B’ > n'K°)<13x10"°

~22.7x10°B pairs
Br(B" > wor*)=(6.6"1+0.7)x107

k

~22.7x10°B pairs —
Ap(B* >n'K")=-0.11+£0.11£0.02

——

A (B > or')=—-0.01"% £0.03

Adrian Bevan

Events / (0.0025 GeV/c?)

PRD 65 (2002) 051101
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Preliminary BO—>(DKO ~60x10° B pairs

First Observation!

- . — +7.7
6.6 o significance Slgnal yleld =26.6, events

(statistical) | Br(B” - wK")=(5.977+0.9)x10”°
* penguin

L0.2[
* sensitive to a, y -
« expect small A-p -
0.1 . . !
« ML fit 3 N DU
» dominant systematic O e e SR
uncertainty: e S S
- background shape ©i - - " S Y FU
 neutral eff R P T LRI B A
° I i 3....'.....1..'........7....r......i.... ........
traCkmg %%, 5.L21 5.22 5.|23 5.|24 5.|25 5.|26 5. 5.|28 5._|29__ 5.3
Mg (GeV/c?)
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B—¢K™, ¢

2\ Motivation:

¢ Agp~2% in SM

« New Physics m&j@ ¢
K()

o
(ACPUP to 30%) | o 5 (%) Bb o
* sin2f if no new physics - R . -

4, d 4, d a4, d

o
F o
L h;
IQ
il L]
©-
B %

& Ne

[

see Doug Wright's talk
~22.7x10°B pairs /
A (B* = pK*)=-0.05£0.20+0.03
Ap(B" — oK) =-0.43"2 +0.06 - OK?
Ap(B’ = @K™)=0.00+0.27+0.03

PRD 65 (2002) 051101

A | |
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AN
~22.7x10°B pairs | PRL8T7 151801 (2001) ??
Br(B* = @K *)=(9.7+"% £1.7)x10™° 2
Br(B" — oK) =(8.6755+1.1)x10°°
~60x10°B pairs L
Br(B* — pK*)=(9.241.0+0.8)x10"* 1 H oo
Br(B’ — ¢pKJ)=(8.7"71+0.9)x10™° 5.200 5.225 5.250 . 5.300
ot s e reliminar Mes (GeV) 17
Br(B* - or*)<0.56x10°(90% C.L) | P y




see Erich Varnes’ talk

&

B-—DOp)K-
*A-p— Search for direct CPV
eaccess to y

— _ *
AB* > D K")=|A|e” | V,V.) D° reconstructed:

N 0+ i5, iy * - In Krt, Knr®, K
A(B™ > D'K7) =[ A ee” (VpVe) -in K*K- (CP=+1 eigenstate)

Br(B~ —» D°K")
Br(B~ —» D°zn")

R = = (8.31+£0.35+0.20)%

Br(B~ — D, K" )—Br(B" — D.,K")
Br(B~ — D), K™ )+ Br(B" — D, K")

A, =0.1740.2370%
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B K*‘Y ~22.7x10° B pairs

Phys Rev Lett 88 101805 (2002)

. Acp <1% in SM.
« SUSY can enhance to ~20%
Reconstruct

K" >K'n ,K'n’,Kn' K

Br(B > K'y)=(423+0.40+022)x10°

Events0.002 GeV/c?

Br(B" > K"y)=(3.83+£0.62+0.22)x10™

i ® =
> o Y ... 8 4 2 10 ! ;' RREN ]
- o o A1 T | 1 1
5.26 5.28 53 .2 5.22 5.24 5.26 5.28 53

mes(GeV/c?)

A p(B—K*y)= -0.044 + 0.076 + 0.012
[-0.170, 0.082] (90% C.L.)
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Other results: see talk on o | ~88x10° B pairs

B —

ALY =0.19+0.14+0.11
AL7 =-0.22+0.08+0.07
C,, =0.4575+0.09

I

: o via iIsospin analysis and

|
S, =0.16+0.25+0.07 |

|

I

|

direct CPV from time evolution

C.=-0.30 +0.25 +0.04
S_=0.02+0.34 +0.05

@ 0.38719+0.11

AlS . =0.15£0.25£0.05

Br(B’—r*7n)=(4.7 + 0.6 £ 0.2) x10°
Br(B*— r*7°) =(5.5 #1.0 #0.6) x10°
Br(B°— 7% < 3.6 106

o\]ﬁ
H T
%t .
e

o5 I

—C - COS(AmAL)+ S sm(AmAt) |

110 —8 6 4 2 0 2 4 6 8 10 Preliminary




First CP results from BO—pn

Branching fractions and A.p

II‘
measured in many decays

A.p precision achieved 5~20%

No direct CPV signal yet ...

watch for future updates

Adrian Bevan

Summary and outlook
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