Henry Band
U. of Wisconsin

BA@@ Laﬁ@;ﬂ;off Representi ng
the BaBar Collaboration

June19, 2002



Direct CP Violation %

P055|blg CI_D V|_olat_|<_)n in B system - C . f) r(B . f)
CP Violation in Mixing
CP Violation in decay / r( - f)"' F(B - f)
CP Violation in mixing and decay

Direct CPV may be observed in B* or B modes

Observed in the K° decays

Requires interference between tree and penguin

amplitudes with different phases (4gweak, 40 strong)
2|P|T|sin Agsin A

\P\z +|T \2 +2|P|T|cos Agcos A

cp
Examples: B->71K, n'K, (1113 w11)
Aq) |S y:arg['vudvub*/ VCdVCb*]’ ( a= arg['thth*/Vuqub],)
Complicated by strong phases
In certain models A ~10%
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Direct CP Violation Il

Strategy

Study decay diagrams with comparable tree and
penguin rates

b > : > u b—»—wb—d,s
W<ﬁ t 7R

. : 8 u

d,s <u

Charmless B decays
b u (CKM-suppressed Tree | V,,/V.,|2 = 0.006) (T)

¥

b-s,d (Penguins, induced FCNC) (P) | B>, B>K'T, KHK-

B~ wK®O, wm.....

B>10r0, . K'KO, ..
B->prm, rimm, K, K, KK
B%(pK(D’ rIK([ﬂ, K,
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Direct CP Violation IlI f%»

Another approach

Study modes with only penguin modes

Sensitive to “new” physics (charged Higgs, SUSY) appearing
in the loops

Reminder
Direct CPV measurements previously presented
In SM |As| =1, however, new physics may interfere
allow A to float in B>J/WKs , W(2S) Ks , X K®
Aep| =0.093+0.06+0.02 hep-ex/0203007
In analysis of B®— 1t , K, KYK-

A== —0.05+0.06+0.01 hep-ex/0205082
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BaBar Detector

Pep-II delivers boosted ete~ - Y(4s) - BB, By = 0.55

144 quartz bars 6580 CsI(TI) crystals
11000 PMs

Drift Chamber
40 stereo layers

Silicon Vertex Tracker

, 5 layers, double sided
Instrumented Flux Return strips

iron / RPCs (muon / neutral hadrons)
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Particle Identification (DIRC

R C

e Measure Angle of Cherenkov Cone in quartz

R Active 6 1
Detector COS = = m
Surface ¢ AB’ p By
o _ - Transmitted by internal reflection
Particle  Cherenkov light ~ Detected by PMTs

Run Mo = 5923
ETune = 25300
EDarte = 6170000
Event =10
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PEP-Il Perfformance

PEP-II and BaBar 0 ;

records: - “ | BABAR /,
Luminosity: 4.60 x 1033cm-2s! - | //
Recorded Lum?/ 8hr: 105 pb™ 70— pEp.i Delivered 89.821f /4
Recorded Lumi/24h: 303 pb! rgss —  BABAR Recorded 85.41/fb / /_,
Recorded Lumi/week: 1.8 fb! “;;22 [ DABARolpeak 884/ Vi

Most results based on €50 ////

55.6/fb recorded = J

between Jan. 2000 and £ ////

Dec. 2001 E 22 /_/_
Neg = (60.2 £ 0.7)x106 = S

Some results for 2000 12- /

data only ° Offow@%@‘glwoﬂ%ﬁ%@‘wvdlo‘%lcmz‘;@v
Nop = (227 £0.0K105 s P
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Charmless 2-body Analysis

Bt-> ', K+, KO, K*KO,
High p B daughters (tracks and light
resonances) 1.7<p<4.3 GeV/c? e’
Backgrounds dominated by qq continuum

B background from b - ¢ tend to lower
momenta

Use B kinematics and event shape variables
to discriminate between signal and e’

background

Reconstruct @ and Ks from yyand mtrtpairs
within 3 o of hominal mass

Combine with charged tracks to form B

candidates Background
Calculate the thrust direction of the -

remaining tracks in the event relative to the - Signal

B. Cut cos 6; < .9 (.8) | \
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B Meson Kinematics &

5-15 T T ]
% el Zio b | | -
%, |, Background § | }
< .L",.' Zt 100 :— -|_ —
| ! / .' 80 |- .
0.05 1 . :_ _ B-l- N Jﬁl;IJ
: G b 1 KT Il
" Fisher 20 - L
Combine other shape variables into a Fisher RN TS I D T
. .. = c. "o - . 1 ]
Discriminant 100 0 0L ; E
i w75 E o > ]
— B meson energy given by the CM beam R ;
energy sk I N ;
— Compare with measured candidate C 2‘; T R .
energy NE = F - 3 0. o ]
B beam < s - e e E
: . . 100 E - T E
— Substitute in invariant mass FUSRCAITTUUE TR TUVIEE TR
%9 %9 32 522 524 520 5728 ?0 10 20 30 40 50 60 70 80 90
m — \/ E — p AR N_/6MeV
ES beam B mgg (GeV/c?)
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B* = 1rm°, Ko KOt &

Projection of the
maximum likelihood
fits in mgg and AE

B* > 1t mmf B+-> K*7?

© ©
=
:_; B.r'l Br"l R I Q 10 N Q
=30 I % % 30 -
o
: Kgm & 0
5 | i 20 | .
o 20 IIIES | 5 e I
| H 1 I
‘ ﬁk , 10 ]
TIH_I-‘T 0 | ] ol . ki
: 5.275 53 52 5225 5.25 5.275 53
t Mg (GeV/cY) Mg (GeV/cY)
3_3 535 525 575 53
r1|m {GeV/icT)
% a0 3 | ¢ | 3
2% BABAR = o |
= q o330
[ %) <
%30 K TC = 2 |
g S 3 g |
& W 2o

10

-0.1 0 0.1 -0.05 0 0.05 0.1 0.15

”-ulil oes 0 005 AE (GeV) AE(K) (GeV)
AE (GeV)

XIVth Rencontres de Blois
June 19, 2002 Henry Band - U. of Wiscoiisin 10



Charmless 2-body Analysis |l

Estimate signal with a Preliminary
maximum likelihood fit using
Mg, AE, F, B, separately for From

T and K©° / "e

yield efficiency B(10—%)
K% |Ngon = 1713157 £ 9.2(16.3 £ 0.8% 175715 + 1.3
KOK| Ngox = —5.6T5 8 £2.5 [16.2 £ 0.8% [(—0.6755 £ 0.3) < 1.3
x| N__o=6271HY  |25.3+1.7% PR
KEn¥| Np_o=1497718 12234 1.5% 1113 1.0

AKKm)=-0.17+£0.10£0.02
Belle— A(K)mm")=0.46+0.15+0.02
AK ’)=0.00+£0.11%0.02
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Preliminary Acp
T I
B’ fK” BABAR
hep-ex/0205082 > | T |
| B> K -| .
Updates results in / | B*— mK’ | |
PRL 87 p. 151802(2001)—_ | B> n'n’ q |
hep-ex/0105061 B> K"
| —@— —
B > on® |
I___|_ " .i e
PRD 65 p. 051101(2002 I - R X ) S
+ St
hep-ex/0109006 \ - B %.G)K | —
B’ oK ¥ |
= .q)...Q. ———
-1. ) 0 ‘ +1.
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Radiative penguins

f \
b w1 . L . sd W
u.c.t HJF_HL\E;ZW,#E-F ,*Z/‘"-—,/
' y ] W
] - [ - - g 1] - ! - 2 - 5
Vta ] vtd uct uct

b —» sy is effective FCNC transition ] _
in SM via “penguin” loop diagrams Expected branching fractions

Dominated by virtual t quark B(B-> K" y)= 5x10-(CLEO)

contribution B(B->py)= .5-.8x10°¢
Sensitive to new heavy non-SM B(B>K /* /) ~(0.5) x10°°
particles B(B>K* /* F) ~(2) x10°6

Potentially large A,

b - syinclusive (ICHEP)
B K'y

B-py BB -py) ~
BB - K*y)

2
Via

Vis
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B -> Ky, py analysis

Both modes require isolated, py analysis
energetic y Use DIRC info to reject K's
1.5<E,<4.5 Several shape parameters are

combined in a Neural Net

—0.74<cos 6<0.93
COSO Thrusts COSO Helicitys COSOg,

Veto 1, n with m,, mass cut Energy cones, Az, R,
and lateral shower profiles Checked on B > D p*
Reconstruct p? , p*, K0, K™+
Combine with yto form B - N SN
% % 2 3| — Continuum Monte Carlo
AE = EB — Ebeam :’5:”‘25__ s Off-Resonance Data _
E oa-l —B° - D x* Monte Carlo _
— ¥ *2 ois_e *B° = D x* Data i
mES _\/Ebeam pB il b
0.0s .

{b 1 1
ol 02 03 04 05 06 07 08 09 |
NN Output
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B —> K&y, pyanalysis e

KH Cut on -0.20 < AE

< 0.10GeV. Fit mgg

py Signal obtained by
Maximum likelihood
fit using mgg, AE, mp
after NN cut.
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Projected vyields

NO
% 50 L B IR T T T T ]
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B-> K vy, pyresults

e BBt — K*t~] =[3.83+0.62+0.22] x 107° hep-ex/0110065
e Acp=-0.0444+0.076 £ 0.012, [-0.170 < Acp < 0.082] 90% CL

No significant signal for B — pv o5 168B
Preliminary 90% Confidence Level Limits:
B[BY — pV9] < 1.5 x 107°, B[BT — ptvy| < 2.8 x 10°°

Combined limit BR[B— py] < 2.3 x 1075, Bﬁbb:f < 0.06
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T (13
2 H
SUSY'models -
2 ]
o i
+i ..... o ]
s -t . i 7
& 1 S Y
- i f ; i : \ \\?1 ]
SM_HOIHKGS A g L SM L v v 1 N 1 N |
0 o 1% 15 2 4] 20
5 [Covz] s [R=v21

constructive interf.
¢ Solid line+blue bands: SM range (+35%); Ali et a(}. form factors .
destructive

¢ Dotted line: SUGRA model (R; = —1.2, Rg = 1.03, Rip = 1; R; = C;/C?M)
¢ Long-short dashed line: SUSY model (Ry = —0.83, Rg = 0.92, Ryp = 1.61)
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B-> K/*-, K /*-analysis

Exclusively reconstruct K&/ #/ -
K*+ =K, K =>K*1r, /=¢e,u

Reject candidates consistent with ST T
W= | *] ) nverting the veto allows
B ~K W( B—>J/W K samples to be
Veto potentially peaking used for signal efficiency
backgrounds St
B » D(—=Km)mt with PID
misid errors B J/Wee)K” B J/Yuu)K?
0.4 TR T .
- (@) N T (b) ]
~02f g T
Signal ~ § &3 @
region\u;\_*l e 4 i :
02 | { 1 '
J/Q->I+1- radiate or are mismeasured, i . Babar
the event shifts in both m(Y) and in AE. g4 L. LT
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Search forB-> K/t /-and B> K* [+ [~

Combining channels, the M
and AE projections of the fit

Previous limit from 23 10° BB
B(B>K /+/-) <0.5 x10-6

\_

B(B->K*/*/-) <2.9 x106
New Results
B(B R KI+I-) — (0.84+o.30+o.1o) x10—6

-0.24 -0.18

B(B - KI17)=(1.89°% +0.31) x10"®

Quote K * as limit

B(B> K*I*/-) < 3.5 x10°6
@ 90% CL

XIVth Rencontres de Blois
June 19, 2002

52 522 524 526 528 -02 -01 0 01 02

Mg (GeVE?) A E (GeV)

Assumed B(K"ee)/B(K*'up) = 1.2
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No significant signal of direct CP violation has been seen
Systematic errors are small

BaBar’s result on Korr A, =-0.17+£0.10+0.02

inconsistent with Belle at 3.3 sigma level

Now observe Improved upper limits
B> K/ F B-> K+K°
B-> 0 B> K* [+ F
B> py

Study of rare modes just starting
BaBar hopes to collect 500 fb -1 in ~4 years
~* 10 the reported events
With continued analysis improvements may observe
Direct CP Violation
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