ICFP2003 o
FP20 TBABAR

T & @ Melvana

Rare B Decays at BaBar
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v’ Purely leptonic decays

v Radiative decays

v b 2sll decays

v DOK®) decays

v' Charmless hadronic decays

v'All results are preliminary unless journal ref. is given
v’ All limit values are 90% CL unless otherwise specified
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e This is 2nd experimental talk (must

have been 31...)

e All are already shown in LP0O3

e Confusion due to afy vS ¢;0,05?
(Don’t worry, no triangle in this

talk!)
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B Decays

B mesons decay lots of different ways :
=» provide wide range of different physics topics to study

PDG 2002:
B>D+X O(%)
B=2]/¥+X 0(103) :
B -2 light hadrons 0(10-) - : : -
B = hadrons + v This area"|s referrec! to as “Rare
B - lepton pair + X ? B decays” during this talk
e sensitive to new physics as

we probe rarer decay modes

e new physics scenarios
already become sensitive

=>» Currently, BaBar and Belle have 108 B mesons
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e Small CKM matrix element

What are Rare B Decays? (1)

- %/ d
v exclusive b 2 u hadronic charmless decays. [« 7~
B 2 ntn- K*n, ... Vi/Val~h du > d,u
B 2 nnan, Knn, pp, Kp, ... BR~10 -5~ -6
u
v exclusive b 2 c with V. involved (not really rare?)|”. // 5
B* > DK* BR~104~5 0 T T ¢
v’ exclusive b 2 u, purely leptonic /| V! b I
Bt =21[*v BR~10 -5~-12 y D

10/7/2003
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What are Rare B Decays? (2)

e |eading diagram involves a quantum loop (“penguin” loop)

v gluonic loop: b = s gluon ( gq) exclusive -

b < '/< \\\' < S
q
B =2 ¢K* ... (pure gluonic loop) BR~10 =~ -6 %’< 7
B 2 Kn, Kn' (gluonic + small tree) d.u ) d.u
v radiative loop: b 2 (s,d) v ™
B > K*,py,my | €xclusive (b 3s,d ) h — —- 5.d
inclusive (b 2 s y) . Ho
B 2 sy BR~105~7 ) d,u
B ~10 -4 It
v electroweak loop yiﬂzﬁ< .
B 2K w, K I b e 5
BR~10 -6 W
d,u < d,u
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Motivations

e Hints for new physics ad T e

: new particles in loops 5 s b s b == s b

u,c,t u,c,t g,g,;’ 67 i [;
b 2

might show up in:

v different (higher) rates than SM only

v different CP violation than SM only

v different differential distribution than SM only

e Constrain & test Standard Model

v Sides of the unitary triangle: radiative decays
| V./Vi| + B 2 K*, py complements BY mixing studies (Am,,)
QCD: inclusive b =2 sy (photon spectrum) =>HQET parameters, useful for

e Search for direct CPV

v" Direct CP asymmetry occurs if B 2 f (any final state) with

at least two (SM or New Physics) amplitudes with different weak and
strong phases:

|:<
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Outline of the talk

e Purely leptonic decays jAN
Exclusive tv search .
sides of
triangle
e Radiative degays Talk by Ko
Exclusive K*y BRs, py and oy searches |V, |/| V.. .
: =)
o B > Xsll decays Talks by J.P.Lee, Yamada, Vaidya ;h
K I BR >
Inclusive X, II B =
search for B 2 K wvv 2
} angle y 5
e DK decays ™
B> D*OK_ Talk by Li, J. Chay
angle o
e Charmless hadronic decays
B 2> hh
Inclusive B = hhh. B = Khh Talks by Du, Yang, Yoshikawa, S. Baek,
’ Sechul Oh
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The PEP-II Asymmetric B Factory

0 GeVe x3.1GeVet
Y(4S) boost: By = 0.55

Head-on collisions PEP Il
Low Ener
Ftin? &LEE}'
[3.1 GeV]- = .
Morth Dampi
e R
. ] Pasitron Retumn Line Pasitron Source PEPR I
&-aun I : IR-2
.—*g R : 1 B - Hl :'i\ Dﬂi‘ﬂﬂtﬂ'r
E.ﬁ;.':‘gl'cut'lg'r'-’ Linac FEP Il High Energy Bypass [HEB)
South Damping S el ikl
[1.15 GeV] PEF || Low Energy Bypass {LEB) F:?ng tﬂ%ﬁ{
Sactor-4 PEP NI [9 GeV] "
et injeclor
- 3 km -

Located in the 2.2 km PEP tunnel
at the Stanford Linear Accelerator Center
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ete” collisions at BABAR

= [ * Y(19) From CLEO Y states =
c 200 — ]
7z ( bb ) resonances |
o 15 - + + ]
8 Y(29)
T |
T 10} + o Y(3S) 1
o 5l / '\+ : \*\_ o, 1 (4S) ] Y (4S) Energy Scan
\6 [ +‘ \ t¢,¢/¥ : #‘fé’ \?g*,,..t canaterae) “}¢4‘*-¢1i . e . : ] . . . .
oLt L PR R N 1 ooof PEP'II :
944 946 10001002 1034 1037 1054 10.58 1062| | BABAR
Mass (GeV/c?) '
Cross sections at Y(4S): 005 ?ﬂ: ;
1
bb ~ 1.1 nb | T
cc~ 1.3nb ool
A e diLE) T Ecy _MY(4S) (MeV')

BABAR collected 91.6/fb in
Runs 1 and 2, and a further
33.8/fb in Run3

ss ~ 0.3 nb
uu ~ 1.4 nb
-~ 0.9 nb
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The BABAR Detector

| Electromagnetic Calorimeter

1.5 T solenoid

i | et (3.1 GeV)

A

Cerenkov Detector
(DIRC)

-

Silicon Vertex Tracker

e (9 GeV)

/05 23.35

- Drift Chamber

Deadtime (%)

Instrumented Flux Return

Dedicated front end
electronics, DAQ, S
trigger systems | "o e v, o o ae e

o 7 days age

-’-‘

Il
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500 ————T

400 -

events/(1.25 MeV/c®)

Experimental Tools

kinematical variables to select B

BABAR
- Control Sample

' B=Drt

baokg round

(m¢h ,A.O’a e G ;._. o

Mg =

o(mgs) = 2.6 MeV/c?

(/24 P, By I EX - p?

Vs: ete- CM energy

400

520 - (GGV/C ) b.

:30 (E,p;): four momentum of initial e*e- system

lab frame
pp- B candidate momentum

300 -

events/(6 MeV)

100

Control
BABAR g

ample
+ B’>Dt

AE=E,-E,

eam

o(AE) ~ 20 MeV
but can be worse with =0, v...

10/7/2003

Most of them are pioneered by CLEO!
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Experimental Tools

Continuum suppression

30 ———— ————————— 09?]6?5—(?10
bkg MC 1
off-res data |
| e Moments (Fox-Wolfram moments)
20 . / Thurst, helicity angle (if available)...
3 Y
> e Occasionally, some of correlated
£ | variables are inputs to multivariate
< o techniques (Neural network, Fisher
- discriminator...)
4
_RLE'F.-EI" I T N e i o)
0 0.25 0.50 0.75 1.00
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Purely leptonic decays

Bt =21t v| predictions for B-3! v are especially clean — good test of SM
SM: W-annihilation decays with V , vertex

BR(B* —['p) = L2201 ( _m_éj falWVales
mB u L

87T

v BR is very small for [ = ¢,u (helicity suppression)
v BR (B 2 tv) ~ 250 BR (B -=2uv) but experimentally more difficult

(multiple neutrinos)

. E l+
A good place look for new physics
: charged Higgs Hou, PRD 48 2342 (1993) ,[ L
leptoquark Valencia, Willenbrock PRD 50 6843 | = )
(1994)
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Purely leptonic decays

B* 2u*tv

Selection:

BR(B* = u*v) < 6.6 x 10 6 (EPS03, 81/fb)

- (GeV)

SR
<

11 events seen

BKG = o
5.0+1.8-1.4 >l

10/7/2003

v Event shape cuts

v’ Select mono-energetic muons

v'AE and m4 cuts

I 1
5.15 5.2 N
Mg GeV/c

5.25

)

5.3

50

40

30

20

10

0

2

1

0

SM: BR ~ 4 x 107

|
5.1 5.15 5.2

5.25

(GeV/c)
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Bt =21ttv

Purely leptonic decays

BaBar reconstructs the other B by:

B 2D v+ X [y
B- 2 DO + n,n* +n,K* +n; n0%+n,K°,

hadronic tag

30

SElEE el B4BAR
tag

25

hep-ex/0303034

Events / ( 0.04 GeV )

2 ppgeesre oot

-- bkg

-- Sig
T L P R SRS AT

0.9 1

rc eV)

BR(B = tv) < 7.7x10* (had.-tag)

And look for t decays of :

hadronic

T D et vy v, }semi-
_tag’l

™2 ptv, v, B leptonic
Tt v -tag
>’ v

Tt 2 Tt v
hep-ex/0304030

14

12

hadronic-tag:
D etv, v,

10

Events/0.11 GeV

e data
-- bkg
-- sig (BR=10-3 assumed)

e

02 04 06 0.8 1 1.2 14 16 1.8 2 2.2

neutral energ

[=+]

T T LT T T TT]
T

[=3]

Y

QAII\|I\I|\II‘II

[ %]

[=]

BR(B = tv) < 4.9x10 (semi.-tag) BR(B 2 tv) < 4.1x104 (combined) SM:BR ~ 4 x 107
10/7/2003 Eunil Won, Harvard University for ICFP03 @ KIAS 15



So far, we covered...

e Purely leptonic decays Sol Vi
Exclusive tv search

10/7/2003

o Radiative decays
Exclusive K*y BRs, py and wy searches |V, |/ | V.|

e B 2 X Il decays
K® 1l BR
Inclusive X, I B
search for B 2 K vv

e DK decays
B- 2 DK
e Charmless hadronic decays
B =2 hh
Inclusive B = hhh, B 2 Khh

Eunil Won, Harvard University for ICFP03 @ KIAS
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/4
N b 9 5 ’Y Wilson coefficients: contain

b s,d
u,c,t short distance physics only
e Loop diagrams can accommodate heavy 10 ' |
new particles (SUSY,H*) H, o« Z C.(1)O.(u)
i=1 S

e Formulated in an effective Hamiltonian: Long-distance

, contributions are here
G.x m .
em'""h

7 V'V
y/A

ts’ th

I'(b—sy)=

2(‘C7eﬁ,

2+O(1/mb,1/m0))

Can be normalized with b >clv: (G¢#m,° | V,.*V,, | ? cancels by assuming | V*.V,, |=|V,]|)

e Probe new physics through Wilson coefficient | C, |,
NLO calculation for SM and various new physics scenarios available

° A, inB 2 X,y
ACP can be significant if new CPV phase in b=>sy  very small (<1%) in SM

e Photon spectrum

: expected to be 8(E -m, /2), smeared due to perturbative gluon brem + non-
perturbative b quark motion

: @ precise measurement of the photon spectrum allows to determine |V, |
10/7/2003 Eunil Won, Harvard University for ICFP03 @ KIAS
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Loose selection

e Pioneered by CLEO (1993)
E, over huge bkg (from non BB pairs)

n%n backgrounds from B decays

Events / 20 MeV

e Two issues in extracting BR(B X, vy) 10
Subtracting B2X, v
Correcting inefficiency due to E, cut

1

1.8 2

- continuum
10°

BB bkg

signal

22 24 26 28 3 32 34

E, (GeV)

e BaBar uses two different techniques:

C7 5(1999) - extract E, moments and BR

v'Inclusive y measurement + B tag with lepton
require E, > 2.1 GeV

require a high momentum lepton (from the other B)

v'Semi-inclusive (pseudo-reconstruction) : reconstruct 12 exclusive modes
obtain a hadronic mass spectrum with shape by Kagan and Neubert EPJ]

10/7/2003 Eunil Won, Harvard University for ICFP03 @ KIAS
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900~ R DL L L L L L L B ]
9 800/ i =
B X y B RS > Data B tag with lepton
. L700[7" / —
o 200 " 75 Gevie 7 7, = 0.24 (GeVic ' E = 1 . BB background 1
% 180 my, =465 GeVic? iy = 043[(3ch BABAR = K600~ i 8
S 160 pata 3 Ssool- 14 Integrated to obtain -
= 140 a1 e | | Branching Fraction ]
T 120 - L4004, 7
= 100 B g — Hzg0}- - -
| RO S et = - 1 h
G0 -g\- T 2001 A e |
40 e g e 100 T .- —
2{] ;_"“- - e e "_; 0 i 1 | L1 1 | I'I | 11 -I rél_r&-‘-ﬂ\v#‘i_iq_zl I_ -I 7 -&*&:

() Bt - 1.8 2 22 24 26 28 3 32 34

g
‘s

UBENS] [GieV/c'] E"(GeV)

SM: | Kagan and Neubert (hep-ph/9805303) Gambino and Misiak (hep-ph/0104034)

BaBar B tag with lepton SN (3.88 £ 0.36 £+0.37 +0.43 - 0.23) x 104
(hep-ex/0207076)

BaBar Semi-inclusive S ; (4.3 + 0.5 0.8 +1.3) x 10
(hep-ex/0207074)
| ul (3.34 £ 0.38) x 10
World Average [ CJessop SLAC-PUB-9610 including CLEO/Belle/ALEPH

1 4 5 6 7

BR x 104 No deviations from SM: many constraints on new physics scenarios
To further reduce errors: Theory need to go from NLO to NNLO

Experiments need to lower E (more data)
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Exclusive radiative decays

BaBar PRL 88 101805 (2002
BéK*’Y 5 _.a ar ( 5

Experimentally very clean signal but
large theoretical errors for BRs
(B=2>K" form factor calculations)

Selection:
v'require a high energy photon
v'reconstruct K* candidates

v'remove continuum background

Mode BR x 10° £

BY2K™0y | 4.23 + 0.40 (stat) + 0.22 (sys)
B*2>K* vy | 3.83 + 0.62 (stat) + 0.22 (sys)

Bosch and Buchalla (hep-ph/0106081):
SM predicts BR ~ (7 £ 2) x 10° , A, < 1%

Theoretical debates: form factors from LCSR,
lattice, and extraction from exp. consistent?

4 B(B—>Ky)-B(B—>K'y)
“ BB->Ky)+BB—>K'y) T -0.044 +0.076(stat) £0.012 (sys) mmmp consistent with zero

10/7/2003 Eunil Won, Harvard University for ICFP03 @ KIAS 20




Exclusive radiative decays

B2 p(o)y

SM: BR ~ 10

e b 2 dy mode
Mode to measure | V,,/V,. | independently
from Am /Am,

e \Worse background from continuum than

the case of K*y

: Optimized neural network of event
shapes helicity, z vertex displacement,

etc... (1 hidden layer of 10 nodes)

e Kaon rejection from B 2K*y important

: 80 % pion efficiency with 1 2 % kaon
fake

10/7/2003

0.2F

0.1

0.3* b

) - Continuum MC
o QOff-reson. Data

— BY—>D-nt MC [
e BO—>D-rtData ||

00 02 04 06 08 1.0
Neural Network Output

1— o 0.1
_ o I L
0.9 - 10.082
o i -.-"“ +:§:_ O
c 0.8 10.06E
— -
RS I | )
= 0.7F BaBar BEXEs
i A
+ =
%06 Jﬁ} " Joo2E
0.55— ¢* {}O .

2 3 4

Eunil Won, Harvard University for ICFP03 @ KIAS
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Exclusive radiative decays

Limits on B2p(w)y

no evidence of signal observed

Mode BR x 106

BO>ply <1.2

Bx>pty <21 =

B Do y < 1.0 =
)

-0.1

seems just around the corner!

Since SM BR ~ 10, the observation h

Using isospin relation:
[(B2>py)=[(B* > p*y) = 2I(B%>pY),

BR(B->py) < 1.9x106

10/7/2003

0.: B e e
BB 0y, p0> i

0.1

0

RETRAN

*y

78/fb

hep-ex/0306038:

L 1] oy w,e
L L] w &
s ., . o
.
" @ - .h:.' . .
L O . o P
- ..-.' .' . .. L]
- - - : -
- ¢ . .‘.

b) ]

o 4
1

Eunil Won, Harvard University for ICFP03 @ KIAS

o1, - - S E
- - hd

00— . ) ~ e - . - |

- e % - -

0.0, .. R o e _

- . ~ . -

—{].2_—. . - * N - —_
_{] 2 R 11 L ®e | v s b v b b e b v by 1
5.2 521 522 523 524 525 526 527 528 529 S5
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Exclusive radiative decays

Limits on | V,,/V,.| usually comes Am /Am_but we also have N g
b : ‘ s,d
2 2 /283 u,c,t
BR(B —)K*y) B 2 Vts (]_m?{* /m§)3 J P Ali and Parkhomenko

EPJ C23 89 (2002)

C: radio of the form factors
AR: calculated to leading order in o, and Aqep/my

BR(B->py)/BR(B>K*y) < 0.047 Ali and Lunghi EPJ C26 195 (2002)
and with L 3 - > -
Using LCSR: £ = 0.76 *0.10, , & $
AR =0.015+0.011 |**| N R
I Q\:_{ Ayks ?7/'/\“ aluks
06 )
A L
0.4 - < 7
_ _ L - , .

gives a loose bound in the ( p, n.) =~ S
plane : not competitive to ones %2 | e '
from Am measurements at the | wll4-7" |
moment o 05 05 1

10/7/2003 Eunil Won, Harvard University for ICFP03 @ KIAS 23



Exclusive radiative decays

B K*,(1430)y

CLEO and Belle observed this mode previously
K*,(1430) - Knr (50%)

LP03:hep-ex/0308021

g

o0
|O|

- o data
0F - fit
20F peaking bkg

Events /( 0.03 GeV)

(5).2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29 -%.3 -0.2 -0.1 ] 0.1 0.2 0.3
AE (GeV)

(a) mg (GeVic?) (b)

Events/(0.05)

GO 01 02 02 04 05 06 07 08 09 1 GO 01 02 02 04 05 06 0.7 08 09 1
(c) |cos6,| (d) |cosé,|

10/7/2003

0, : the angle of K in the rest
frame of K, w.r.t. the flight
direction of K*, (helicity angle)

v Background suppression
=>neural network (cos0, cos0;,
P irackr P .SPhericity, Fox-
Wolfram moments)

v’ Likelihood fit to m.,, AE, and
cosO,, simultaneously

5.8 & for K*,(1430)%
K',(1430)° > K*r

4.1 o for K*,(1430)*y
K,(1430)* = K*n0,Kor+

Eunil Won, Harvard University for ICFP03 @ KIAS
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Exclusive radiative decays

* [
B2>K 2(._430)’Y Branching fraction mesurements

B 3K"", (1430)y 1.2240.25+0.11
Bt K*,(1430)y 1.44+0.40+0.13

Veseli and Olsson, relativistic form-
. + -6 I/
SM:(17.3 £ 8.0)x10° ¢ & or model PLB 367 309 (1996)

2)

| k(14300 > K*n-

| k*,(1430)* > K*n0, Kon*

Events / ( 0.045 GeV/c )
2 5ok
H LI LI

Events / ( 0.045 GeVic

1.2 1.4 1.6 | & ((;é%w'fcz}

10/7/2003 Eunil Won, Harvard University for ICFP03 @ KIAS
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So far, we covered...

e Purely leptonic decays ol Vol
Exclusive tv search

e Radiative decays
Exclusive K*y BRs, py and wy searches |V, |/| V.|

10/7/2003

e B 2 X Il decays
K® 1l BR
Inclusive X, I B
search for B 2 K vv

e DK decays
B- > DK

e Charmless hadronic decays
B = hh
Inclusive B = hlhh, B 2 Khh

Eunil Won, Harvard University for ICFP03 @ KIAS
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b > s I*]- decays

~
<
A
X
<
~
<
A
X
<

Usually formulated as a function of s=g%/m? ,=(m(l)/m,)?

2

dr(b— si'l°y (e, \ GemVVs, ,
= | — 3 (1-=5)
ds 47 487

2
eff
+ (:10

x {(1 + 2s)(\cgﬁ"

2) + 4(1 + 2)C§ﬁ
S

e NNLO calculations (up to cc threshold) available

e Sensitive to C,, C,, and sign(C,) (C, from b >sy)

e g2 distribution, forward-backward asymmetry (Ap;) may
reveal new physics

10/7/2003 Eunil Won, Harvard University for ICFP03 @ KIAS
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Inclusive B 2> X, 'l

LPO3: hep-ex/0308016, 82 fb!

*l=¢ n(p.>05p,>08GeV)
e Form B 2 X I*I- candidates by
adding K* or K. and up to two
Tc:l:

e No more than one =0

e In total, 10 different
topologies considered

Events /(0.0025 GeVic }
Events / ( 0.0025 GeVvic’ )

528 320 33
(Ge\ﬂc )

e m(X,) < 1.8 GeV T %
e m(l*l) > 0.2 GeV & 8
e likelihood fits to 3 S
Mode | BR x 108 (m(1*[)>0.2 GeV) | s
B 9XSe+e- 6'6:|:1'9+1'9-1'6 g.z 521 522 523 524 515 Sﬁj&& 5. ,3
(Ge\ﬂc )
B2Xu'u 5.7+2.8+1.7-1.4 « Signal :
B23XI'T 6.3+1.6+1.8-1.5 contributions 2 |
from across a B | g
With (m(*l) > 0.2 GeV), range of o :
hadronic mass - 2
SM prediction: (415 + 07) X 10-6 for both €, e NO deviation 5; } E
agreement with SM at from SM so far T Y Y T B e W Vo RE

Ic )
10/7/2003 1 o level Eunil Won, Harvard University for ICFPO3 @ KIAS m(X,)



K(* : K* KO,

[*l: efe,

K* K In total 8
final states

2D fit (mpq, AE) for Kil mode
3D fit (myq, AE,m, ) for K'll mode

Mode BR x 10°

B3Ke'e 0.74 +0.18-0.16 £ 0.05
B3Kp'w 0.45 +0.23-0.19 + 0.04
B>K'e'e 0.98 +0.50-0.42 £ 0.11 |
B3K i 127 +0.76-0.61 £ 0.16 |3
B>KIl 0.65 +0.14-0.13 £ 0.04 [2
BK'*T- 0.88 +0.33-0.29 + 0.10 |@
SM (Ali et @/, PRD 66 034002 (2002)) g
B>KIF  (0.35+£0.12)  x 10
B3KT  (1.19+039)  x10°

— Data consistent with SM (Note:

Zhong et-al, hep-ph/0206013 predicts
10/7/2003 slightly differently)

10

Events / 0.006 GeV/c?

|

Events / 0.02 GeV

0
52 522 524 526 5.28
m,. (GeV/c*)

0

5.2 5.22 524 526 5.28

m . (GeV/ c?)

Eunil Won, Harvard University for ICFP03 @ KIAS

—h
o

—h
(=)

(2]

EXCIUSive B > K(*) l+l'J—LPO3: hep-ex/0308042 113.1 fbr!

-
[$)]

'y
o

[3)]

Events / 0.05 GeV

—g—

G 1 1
-0.2 -0.1

0 0.1
AE (GeV)

10

(3]

151

c)

¢

Events / 0.04 GeV/ ¢?

Oo

T

0.8 0.9 1
m, (GeV/c?)

1.1
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7 6

BaBar +7- Next goal is to measure
hep-ex/0308016 B 9 Xs l l B RS BRs more precisely and
B > X_I'I (e*e) T o [sM (Aietal differential distributions
o PRD 66 034002 (App 9)
B> X, Il (u"w) A lm— | (2002)) o«
CLEO (e*e) ':‘3 s B = KI*I- + signal
] > -
(W) 24l | SM
|
10° 10° w0t &7
Al Zh B2 it T T T
- L ARty i
hep-ex/0308042 - B =2 K It = ‘ H ‘ ‘ ’ ‘ ‘ | H ‘ ‘ ‘
0" ‘ ' ——
S-E0 | 0 (Gev/oc2)
PRL 87 1818003(2001)
CDF | Sl B> K T
PRL 83 3378 (1999) 4
10”7 10° 10° E 3
BaBar " Il
hep-ex/0308042 . B> KI'T S, 1] | |
g UI T LHIN L
PRL 87 1818003(2001) 21 0 =t -
CoF , ol [
PRL833378(1999) . . .| [ | . 0% 1 3
10° 10 10° mGeV/ c?)
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b=>s vv

. The decay B> X, vv is theoretically cleanest (no photon-penguin), but
experimentally difficult)

e SM predicts

vBR(B=2>X, vv) = (3.5 £ 0.7) x 10~
Buras hep-ph/9806417

v' BR(B*=2K* vv) = (0.38 +0.12-0.06) x 10~
Buchalla et al, PRD 63 014015 (2001)

B—-> K v=v

e BaBar looked at the exclusive mode B=> K wv

e Two undetected neutrinos =» The other side of B
must be tagged

e BaBar uses two methods for B reconstruction

Semi-leptonic tag A Hadronic tag

10/7/2003 Eunil Won, Harvard University for ICFP03 @ KIAS
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B> K vv

Semi-leptonic tag (B- =D v X)

v'Select semi-leptonic decays (0.5%)
v'Signal side B
only one track w/ p* > 1.5 GeV
E.s < 0.5 GeV

> 1800 |
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1400 [

E ntnos{ll}l} MeVic)

~1200
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200 [
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all data 1
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= .
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4F . .
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B—-> K v
Hadronic tag (B-2D’X") 3 events seen

v'Signal side B : similar to semi- BKG = 2.7+ 0.8
leptonic case (but remove n%) s o Onpeskdita
. Total MC
v'Select Hadronic decays i .
(0130/0) I Eﬁﬂi%,séuc
2 T MC -+
f 15
2 +
1 "
Method BR x 10* g oMl om W ool L LT,
522 5.24 525 5.26 527 5.28 5.29 53
Hadronic tag <0.94 Mge (GEVJ"CE)
Semi-leptonic <1.05 o sk
. - i . %WNa
Combined <0.70 (] a b > Y
= C B"E" MC
o [ EE-,TI%,S&MG
E T MIC
SM: BR ~ 106 £ + +
L%. I . [ rm PR S B R R R

1 1.5 2 2.5 3
Signal track momentum (GeV/c)
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Summary of BRS (BABAR only)

SM prediction

—il— DATA

<€— upper limit

Xy (%) B
(*) averaged: by - .
EW f ea -
i
<
<
T
el
-~
< : : : K V_V
< 5 | |
o E— T
< .
| | ||||||| | " 4 ...III | ] 1 1 11 ] | ||||||| ] | L 1 1111l
107 10”7 10° 10° n* .
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So far, we covered...

e Purely leptonic decays 1V,
Exclusive tv search

e Radiative decays
Exclusive K*y BRs, py and wy searches |V, |/| V.|

e B 2 X Il decays
K® Il BR
Inclusive X, II B
search for B 2 K vv

10/7/2003

e DK decays
B- 2 DK

e Charmless hadronic decays
B = hh
Inclusive B = hlhh, B 2 Khh

Eunil Won, Harvard University for ICFP03 @ KIAS
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Angle y and B 2D K

A
<

us

u > u u

NP S
D’ . = —(| D’ >+|D" >) Related with y angle (up to AETSIDNE) \/ZA(B 2Dcp.K)
r 2 discrete ambiguities)

4 %/ 5 b — suppiessed

I
EH
+
)

< “

Ed
triangle is

squashed

\ 4

\2A(B*=> D, K*)

e Presently the amount of data is insufficient to A(B-> D'K)

measure more amplitude triangles

e We can look for a time integrated direct CP e —— _
asymmetry A(B*2 D'K*)= A(B2DK)

= BB - DgPK_) —B(B” - DgPK+) Requires selecting CP
B(B~ = DK )+B(B" = D/K™) eigenstates:

CP +: ntn-, KK

CP - : K9 (n%9,0,n,Mn",...)

ACP

+2rsmosiny

= 2
l1+2rcosocosy +r
10/7/2003 Eunil Won, Harvard University for ICFP03 @ KIAS 36



B- 3D p_, K

Look for D, 2 K*K and n*n” (CP=+1)
Likelihood fits (m,s, AE, particle ID (for KK), m(D?) (for nr)) in order to extract BRs

EPS03: 81.8/fb

E 20— EB - D% E - EB — D’n
o yab- B DX n o f 1B - DK
= = B — mrn S = — + /-
T fac Ongr DoKX
g F - bkgtm) g 0 bkg(K)
5 14— bkg(K) 1 5 20—
12 E
“]f 15:—
8F -
— 10—
&1 -
AL 5F
20— - '
ot ol ’ : '
0.1 -0.05 0 0.05 0.1 -0.05 0 0.05 a1 “
AE (GeV)

: 0.1 :
AE (GeV)

BB —> DgPK )+B(B" — DgPK ") ratio of Cabibbo-suppressed to -favored BRs
P B(B" > DYr )+ B(B' > DYr’) = (8.8+1.6+0.5)x10 72

Acp=0.07%0.17 £ 0.06 EEEEP No sizable DCPV seen
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Summary of B=>D K

Parameterization from hep-ph/0306308
Belle measured R_and A as well

_B(B > DK )-B(B' - DgK')

R, = EPS03 79.1/fb
) B(B~ — D°K")
(-_IF_-:?_ : L] L} L l L) L] L] l L L] L] I L L] L] I L L] L
A, is A, for CP=+1, A for CP=-1 = 100 RN
Mode BR < sof 121415 signal evts
B 2 DK’ (6.3 £ 0.7 £ 0.4) x 10 2 [

BY > DIK0 (3.0 £ 1.3 £ 0.6) x 10
BY > DOKO (3.4 £ 1.3 £0.6) x 10°
B- 2 DK* (8.3 £ 1.1 +1.0)x 104

B--2DPK™ is a vector-vector decay

IIIIII]IIIIIIIIIIIIIII

longitudinal polarization measured to be : 52 .22 223 220 Sl =
/T =0.86 £ 0.06 £ 0.03 m

e Current experimental errors are too large for simultaneous extraction of v,
ratio of b 2c and b 2u amplitudes (r,,) and the strong phase

10/7/2003 Eunil Won, Harvard University for ICFP03 @ KIAS
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So far, we covered...

e Purely leptonic decays fol Vil
Exclusive tv search

e Radiative decays
Exclusive K*y BRs, py and oy searches |V, |/| V.|

e B 2 X Il decays
K® I BR
Inclusive X, II
search for B 2K vv

e DK decays
B- > DK

10/7/2003

e Charmless hadronic decays
B = hh
Inclusive B = hhh, B 2 Khh

Eunil Won, Harvard University for ICFP03 @ KIAS
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Charmless hadronic decays

A Tree diagrams -~ 5
b DR u Unfortunately, tree diagrams are not alone:
u penguins (gluonic and electroweak) can
< J . also lead to the same final states:
9 > q [T T T e !
- W™ e '
B2 nn: (mtn, nnl, nont) b — e L« d,s
B-2pn, B2 pp, a7, ... + %’<u
Z
4 ) 1 |
b < - < u i e :
.< u Data indicate gluonic penguins are
s | large and complicate extraction of o
q > q 1
B2 Kn: (K*n~, K", Ko7°...) Interference of T & P results in

10/7/2003
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Charmless hadronic decays

B2 nm

Two isospin relationships for the decay amplitudes of B and
B mesons into 2 pions

= Angle between the two triangle = Aa

We need: -
A( BY>r070)
BR(B">n*n) BR( BO=>1n) IN2A(B" Frm)
BR(B:3nn0)
BR(B*=>nn%) BR( BY=>r'nY) A6 =)

to measure the sides of the triangles -
A(B' 97'5_%0)= A(B+ 97'5+TCO) (If elec_:tr_oweak
® One expects BR(B 2Kn)/BR(B2nn) ~ 5 % ﬁ:g?eléltlés)
only tree is assumed

e But measured BR(B2Kn)/BR(B2>nn) ~ 4
=» penguins are significant

Two triangles no longer have a common base
=» no single measurement is likely to give the value o

Quinn and Grossman (hep-ph/9712306) suggest a boundary
BR(B® - n°7°)

BR(B* - z*z°) AB 2n-n)
10/7/2003 Eunil Won, Harvard University for ICFP03 @ KIAS
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B -2 nx0

v’ Used the full data set (113/fb) LP0O3
v Major backgrounds include continuum and B 2 p*r®
v maximum likelihood fit (m,s, AE, Fisher) to extract the signal yield

| 2

~ EECY - -
2> IR ,:H:H:H: |
~ - - - -
> 10F 5 | |
' 10 £ £
= L RRAresR N - |
|| - TSP |
S’ 5_ - .
S T 111 | ; pr’ R
m> RE a2t S -

N A R N IR B
92 522 524 526 . 28 0 2 4 6 8 10

N(z'z")=467ly3 Mg (GeV/C ) BR(B'>n°n%) = (2.1 £ 0.6 £ 0.3) x 10°¢

significance : 4.2 o = “observation” sm: Br~ (0.3 - 1.1) x 106  (averaged over B° and B°decays)
10/7/2003 Eunil Won, Harvard University for ICFP03 @ KIAS 42



B -2 nx0

Event display of a candidate BB
event with one B — =% \

10/7/2003
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Summary of B 2 hh, including ==Y

Measured Search for direct CP
Branching Fractions

Mode BR x 10°

No significant A, has been observed
yet, but precision limited by statistics

K 179+ 09  £0.7 N -
Ko 200+1.6 1.0 | |
K 12.8 +1.2-1.1 + 1.0 .
KOrf 10.4 +1.5  +0.8
T 4706 0.2 N Kor*
! 5.5 +1.0-0.9 * 0.6
oy 21406  +0.3 o
K*K <0.6
K* KO <22 . . . 5 mon?
KO KO <1.6 A B BN
-1 -0.5 0.5 1
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Inclusive B* 2h*thh*, exclusive Ktn*n-

direct CP =» angle y Blanco et al, PRL 86, 2720 (2001)
v' BaBar inclusive B* 2hthh*

v veto DY, J/y, y(2S), %, Mmesons

v efficiency varies across Dalitz plot
v' cross-feed between modes taken into account

help for o« Snyder and Quinn, PRD 48, 2139 (1993)

B* 2K*n*n Dalitz plot study

Modes BR x 108 Acp
B*2ntnwt 10.9+£3.3+£1.6 | -0.39+0.33+0.12
B*2K*nmt 59.1+3.8+3.2 | 0.01+0.07+0.03

Kr* 10.3+£1.2+2.8
f,K* 9.2+1.2+2.4
oK™ | 1.46%£0.35+0.12
higher Kt 25.1+2.0£9.0 Bt =>K*ntn
higher f,K* < 12
p’K* <6.2
nrnt non res < 17
B* 2K*KK* 29.6+2.1+1.6 | 0.02+0.07+0.03
B* 2K*Kr* < 6.3
B* 2Kntnt <1.8
B*2K*K*m <1.3
10/7/2003

N‘-\ T T T T T T T T | T T T T | T T T T | T T T T | T T ]

= F1K(892) ]
> BABAR -
e preliminary -
NE+§ _:
—U—»‘ v : q f-}'hr*.‘r'ﬁr\&'@: ?nu.:r...-ﬁ" e

P00 5 10 15
hep-ex/0304006: 81.8/fb
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vector-vector decays

B> oK’

vector-vector decay : not a CP eigenstate
=» angular analysis to separate CP odd/even

:.,_.;::j':_f_'-._,_..»-- (f,=T,/T)

L L
e .. BABAR ) :
chosgldcosgz Z{Z(l_fL)Sinz 91 Sinz 62 +fL COS2 61 0052 92} : BO q)K O :
v | : ]
v provides additional information about decay > *r ]
dynamics and & (Kramer, Palmer PRD45 193 (1992), S -
Chen et al, PRD 66 054012 (2002)) Z 0 .
v' Acp in $K*(pure penguin) is sensitive to new = T I
. ) ) ) O 10 —
physics (Hinchliffe, Kersting PRD 63 015003 (2001)) = I nﬂﬂ g 1% ]
H ]
v likelihood fits (mgs, AE, Fisher, myx, my, J J_|_I Jj |_| .
0,,0,) to extract BR, f;, Ap simultaneously e L . 1 & I
5.2 2 5.3

Mode | BRx10° | f (%) Acy mgg (GeV/c)

BY K™ ¢ 11.241.3+0.8 | 65+ 742 | 0.04+£0.12+0.02 hep-ex/0303026:81.9/fb

B*2>K*¢ | 12.7+2.2-2.0+1.1 | 46+12+3 | 0.16+0.17+0.03
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B2 pK pp

vector-vector decays

hep-ex/0307026:81.9/fb

B—=>pK" : dominated by penguin? direct CP?
B=2pp :angle a

v/ similar angular analysis as in B2K¢

v’ first observation for B 2p*p~ (LP03)
likelihood fit (m g, AE,Fisher,mp,,mp_, 64,0,)
simultaneous fit to signal yield and f;
reconstruction efficiency low : 4%
signal yield : 93+23-21+9
significance > 5 ¢

events/(2.5 MeV)

J| BABAR FENS

5.2

20

ke>kn | BABAR -
@k B'— p°K " -

my, (GeV) 53

53

m,. (GeV/c’)

Q
Mode BR x 10 11 (%) Acp E
B*2p°K™ | 10.6+3.0-2.6+2.4 | 96+4-15+4 | 0.20+0.32-0.29+0.04 if 0
B*=>p*p 27.0+7-6+£5-7 | 99+1-7+3 - °->)
B*2p*p® | 22.545.7-5.4+5.8 | 97+3-7+4 -0.1940.23+0.03 | = [
B 2p0 p° <21 - - o
10/7/2003 Eunil Won, Harvard University for ICFP03 @ KIAS  hep-ex/0303024:81.9/fb 47



Charmless hadronic decays - Summary

n'K* 76.9+3.5+4.4 | n'KO 55.4+5.2+4.0
nK* 2.8+0.8+0.2 | nK*0 19.8+6.5-5.6+1.7
nK*+ 22.1+11.1-9.2+3.3 | nK? <4.6
oK* 5.0+1.0+0.4

KOt 10.3+1.2+1.0-2.7

Krntn 59.1+3.8+3.2 | KOt 47.0+5.0+6.0
K*KK* 29.6+2.1+1.6 | KOK-K* -

K*KO KO - K*KO KO -

pOrt 24.0+£8.0+3.0 | ot 22.6+1.8+2.2
ot 5.4+1.0+0.4 | p~K* 7.3£1.3+1.3
nrt 4.24£1.0£0.3 | ©KO° 5.3%1.3%0.5
K*o 10.0£0.9+0.5

IRl0) < 0.38

Belle has results in these channels
10/7/2003 Eunil Won, Harvard University for ICFP03 @ KIAS 48




10/7/2003

So, we are done

e Purely leptonic decays fol Vi
Exclusive tv search

e Radiative decays
Exclusive K*y BRs, py and oy searches |V, |/|V,.]|

e B 2 X Il decays
K® I BR
Inclusive X, II

search for B 2 K vwv

e DK decays
B- 2 DK

e Charmless hadronic decays
B = hh
Inclusive B = hlhh, B 2 Khh

Eunil Won, Harvard University for ICFP03 @ KIAS
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Summary

» 108 B mesons provide unique opportunity to study rare B decays
e Purely leptonic decays approaching SM predictions
e Radiative decays
many studies were done (BR, y spectrum, new physics scenarios)
important to lower E, cut
B 2 X Il decays
Most of decay modes identified
Need to get differential distributions

e DOK® decays
Lots more data is needed to extract angle vy

e Charmless hadronic decays
n'rn’ observed

Still lots more data is needed for angle
e No hints of new physics in rates, A, and distributions yet

10/7/2003 Eunil Won, Harvard University for ICFP03 @ KIAS
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Prospects

[
L

|.|. \ i._\....\.l.Hl..
Mon owl shift 0,819 Total Live time
SVT abort V¥ 4 otal Peolum|

BabarO‘HIlneiPEPllRaﬂo 10? DCHtip AN

e BaBar is back in operation since September
e We expect to have more data: 500/fb in 2006

140 |
130 —
120 —
110
100 |
90 |

70
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Integrated Luminosity (fb )

40 |
30 |
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2003/10/06

80

BABAR

PEP-II Delivered 140.05/tb
BABAR Recorded 133.64/fb
BABAR off-peak 12.50/fb

ek

/

— Delivered Luminosity
— Recorded Lumincsity

Off Peak

Integrated Luminosity (fo ')

P

2003/10/06 12.49

BABAR

Run 4

PEP-II Delivered 3.12/fb
BABAR Recorded 2.99/fb
BABAR off-Peak 0.00/fb

w

N

— Delivered Luminosity
— Recorded Luminosity
Off Peak

ae°
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Backup
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B 9 S y beyond SM ﬁsevg?g;i Cg'?rltj;kYamada (Fri)

2HDM MSSM (m(H*)=200 GeV, m(stop)=250 GeV, others 800 GeV)
500 1, T T B_X ’,‘ ] 8 T T T 10 T T
il 5 R, 1 e resummed Az=500GeV 1 =y resummed
STV e - | -
B-mX Ty ermomemeem ——— NLO ——— NLO
400 L DIRE(r)T weeeee ] :‘1 L At>0 :‘1 gt At<0 J
L 4 9 g o z
1 A 1=-500 GeV %
H 4 2 L= 500 GeV -3 # A=-500 GeV
cc P eeEm————— £ sl
i TYPE Il 2HDM 4 @ TUEIIES @
e = 4 r h e N e R e T o
i S sl TSssssoo—oo— |
100 e T ] Exp. allowed e ——— ——
i e T 5 0 | 5 . . .
10 20 30 40 50 60 70 0 10 0 10 20 20 40

Lower bounds on type II 2HDM m,,, BR in @ MSSM scenario (Carena et al, PLB 499 141 (2001),

Much more restrictive than direct A, : stop mixing parameter )
search by LEP A,n>0 : constructive interference btw SM and charged Higgs

A,n<0 : destructive

(Gambino and Misiak, NPB 611 338(2001))
: my > 280 GeV if renormalization scheme

dependence is introduced

= If A,u>0 : model requires very heavy super-partners
If A,u<0 : model favors large tanp
(SLAC-PUB-9604)

Type I: u and d quarks get masses from the same Higgs doublet
Type II: u quark gets from Yukawa couplings to H,, d gets from couplings to H,
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Constraints on C,and C,,

usng brncingfroctors (ERUIT g e O e
e A ) I e—— 1

lor

I
X . . I .
-15& -1 5 { &

- it -10 5 f.:II 5

e Studied on variants of SUSY (to NNLO)

e Cutting out some non-SM C, and C,, space from b sl*I- with a
|C,| constraint from b sy

e But sign of C, is not determined yet

‘ There is room to improve constraints by measuring BRs more precisely
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