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Outline

- v related measuremnts
s B2>D(ntr K
s B>DKn
s B>D, n®
» B>Dgag
« Charmless 3 body
s B2>Knn, KKK

» Quasi-2-body Branching Fraction
s Search for direct P

« Polarization in B->VV
s B2>¢K* anomaly

« Investigating B meson wave function
sB->J/y D
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B->DK (D> rttnnP)

motivation

A Measuring interference
=] Pbetween b—>c and b->u
Ew 5~ amplitudes to the same final

S state directly allows to extract y
‘ff D>3 body mterference | DO>K_nn ._'
accessible via Dalitz % - )
analysis dr, = % Y Tre™ %8 dp
sRecently y measured in T NaRR S
B->D(K r)K
sBabar (hep-ex/0504039)
JI.?,eIIe (hep-ex/0504013) . _
sTrying out B> D(rnrn)K First step: measure the
‘Large interference (B:rsmchlng re}[tlo and the
sLow statistics & high asymmetry 4

background



B->DK (D> rttnnP)

results

_ 6 BB pai
£=229 x10° BB pairs - Neural Net used to discriminate

N
(=]

y5| continuumbkg | BaBar Preliminary signal from continuum and
continuumsod - | § combinatorial (mis-reco ©%D)

background

all

Events / ( 0.005)

« 36 cut on mgg and mp

= ML fit on AE & NN output to
extract the signal yield

“o06 o0 00z 0 o0z o0i ooe  ° Nsig = 13323

o
!I*II

10~

Working to evaluate potential
= (5.5+1.0+0.7)x106 for y measurements

BBt — (rt7 1) pK) = B(B~ — (ntn 7")pK"~)
B(B+ — (7T+7r WU)DKJr) -I—B(B — (7T+7T WU)D ) - O 02"'0 16"‘0 03




motivation

« Studying feasibility for
measuring y from B->DKn
(Aleksan, Petersen, Soffer, PRD67, 096002)

- Same strategy as B>DK

(Phys.Lett. B253,483 - Phys.Lett. B265,172)
but:
s C.K.M. suppressed

amplitude is not color _ _,;4 e ; MT D"
suppressed(large . — 7 e
interference) ) b L ‘::i; -
s 8-fold ambiguity (due to the ¢ ‘B ©}pe
strong phase) could be . %i " /éf; o
reduced to 2-fold by Dalitz ~ ~ ——.«, i -

Analysis



B0->DY(DO) K*r-

results

D>Knr,Krnr, Kt

w4 2-dimensional mgg, AE fit

Inclusive yields
N(B>DOK*n") = 244 + 35

= N(B>DK*m) = 27 + 37

£ 220 fb'1

o, [BiBaR " = " B4B4r
o preliminary 1 2300

5’200 ! {ﬁ ; + Bt . g 3.5
g _ it B T = +-Jf:1=
oL inclusive Mpg ¥ 1 5 | inclusive AE :
2t \ 1 10 _ ]
g [ DOK+gn— 2 | D°K*rx ]

O s sk o ww s T
meg(GeV/c?) AE(GeV)

Measured B.R. (excluding B->D*K contribution)
« B(B>D%Kn)=(8.6 +1.5 +1.0) 105
Identified two resonant contibuitions

. B(B>DK*)-B(K*>Kn)=(3.9 +0.6 +0.4)-10
- B(B->D,(2460)K)-B(D,(2460)->DK)=(1.9+0.4+0.3)-10 -

Non-resonant contribution

. B(B>D%n)

non-res

= (2.6 +0.8 +0.4) -10°

upper limit on the CKM suppressed
« B(B>D%n)<1.9-10° @ 90%

rnk_ = (GeV 2/04)

D5(2460) — Dr |




motivation

. xtraction of sin(2B+y) from time
CKM suppressed

dependent analysis of B>Dn A(B°— D* 7°)
requires knowledge of the ratio r=——
0 + -
« B(B°>D*n") not accessible AB - D'z )CKM allowed

s C.K.M. suppression
s Large bkg from the C.K.M. allowed amplitude

VJ:ZDQ Vm‘zﬁ Using SU(3) to obtain r
b : - @’D B W - N Br(B° > D, “z7)|V,| f,
B° us B° T Br(B° > D “7z")|V4|f,
d d

« SU(3) verified at few % level for factorizable processes
» here a heavy meson is emitted and factorization does not apply.

« Measuring B>D*n® and B->D_*=® will allow us to test SU(3) in
this enviroment and reduce the theoretical uncertainties on r

38



B->D, "

results

= From mgq sideband 4

s Peaking: 5.527%2; + ll d _
s from AE sideband E [ 11 T +~—-% i
s Probability of bkg fluctuation ~ 3% % m fl | ]

IIIIIIIIII [l!l llllll'

Upper Limit @ 90% CL: 025l 523 325 524 525 526 327 ;2:&;3/0523
| ®(B*—>D," %) <2.8 x105 |
Consistent with SU(2) prediction from Br(B°— D.* r):

B(B°— D¢* 7)=(1.640.3 +0.2)x10° ——» B(B*—= D,* 7°) ~ 0.9 x1 05
SU(2) 9

o £=124 x 10¢ BB pairs
a DS+9(I)TC+,K*OK+,KSK+ - 'l""l""I""I'"'['"'i""I'él""l"":
* Nygy = 27 sy
tot — . q
. N ° _ 14 7+476 8- ol
bkg — -1-5.78 B
s Combinatorial: 8.75% 5 °F LTLL L =




motivation

» Time dependent CP asymmetry in B> D*ar,, to
extract sin(2p3+y)

- small value for fa,,,

s CKM allowed and CKM suppressed amplitudes expected
of the same order
s r=1 -> large interference

¢ . U
DU+ (13’.\..)]

d d
Cabibbo suppressed W w Cabibbo allowed
(iso)spin favored ; - 7 : > ¢ (iso)spin disfavored
BE] G[T(QJ BE] D(f,_;,_
| —a - d d — - d

‘ StUdy|ng 809 Dsao(z)
s SU(3) partner

s Higher BR (no Cabibbo suppression)
s Provide info on the B>a,,, form factor

10



B-> Dsao(z)

results
£ =220 fb
.Ds+e¢n+,K*0K+,KSK+ NO :"II III L N R D
> FE e po e - E
a — + 0 0 E ek B 2Dy g
80(2) nmT" 100 70(15%) % 2-5: (] ek —
- Background shape fromMC & f [ ’ :

* No significant signal found [ ? 1 §7§

R

M'Dde 9“%| CL UL Theory 5.2 521 522 523 524 525 526 r:-le-; (Glez:”c%.)zg
Dfa; | 40-107° | 7.5-107° z EE or RO vq, E
/ . = :\\\ K .

Dfa; | 25-107% | 1.5.107° 5 2E 0 e ]
s 2 : E

o ]

- B(B°>D.a,) found lower than ~ * :
expected from factorization and ’
QCD Sum rUIeS hep ph/0105194 el o Do oo Lo o TR O T om0 M =
PRD 67,01401 1 52 521 3522 323 524 525 526 527 528 3.29

mgg (GeV/c)



g Br2>K*rntn-, KIK*K-

BELLE motivation

« B>Knn, KKK dominated by
b->s penguin process

 Full amplitude Dalitz analysis
allows to reliably measure
3.1 quasi-two-body branching

™« fractions (B>pK, K*mT ...)

o, PPN L Search for direct CP violation
s Looking for:

+ asymmetry in quasi two body
Branching Ratios

» Differences in relative phases

U _I 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 I_
0 2 4 6 8 10 12
2 12
Mk




B*>K*mn, KKK

BELLE results
£=140 fb-
BoKnm & Ny (Knm) = 1533 + 69
% ::: ] : :;n:::::m _: NSig(KKK) : 1089 i 4 1
Ezo - BE charmless

AE (GeV)

Bi[K¥mr+1r—] (charmless total)
Bf[K*+rr+7r—] (non-resonant)
Bf[K*0rr+]
Bf[K™0(1430)7r+]
Bf[p(770)K+*]

= (46.622.1+4.3) x 108

= (17.3x1.7x1.6 351 ) x 106
= (9.83+0.90+0.90 %0 35) x 108
= (45.0£0.2.9+6.2 1137 ) x 108
= (4.78+0.75+0.4470-37 ) x 10-8

Bf[f,(980)K+] x Bi[fy—m+n] = (7.55+1.24+0.69")-48 ) x 10-6

Bi[ K+ K+K~] (charmless total)
Bf[K+*K*K~] (non-resonant)
Bf[pK+]

Bf[X coK*] (X gt + KHK)

—0.96
= (30.6+1.2+2.3) x 108
= (24.0+1.5+1.8%19 ) x 108

= (9.60+0.92+0.71*0-78) x 10-8

- (1.96+0.35+0.33" )94 ) x 10-4

Events/ (0

Events/ (0.05 GeV/cz)

Non resonant amplitude needed

180

-
n
(=]

In the Dalitz fit model

M(t'nT) (Gev/c?)

B>Knn

i L B i P G
1 2 3 4 5
MK'T) (Gev/c?)

13



D

BELLE

Br2>K*rntn-, KIK*K-

results

» Fit the B* and B- samples individually to determine CP asymmetry for
each quasi-two-body channel

« Model related uncertanlty evaluated by repeating fit with different models

70
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1
ary L= 253 b
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TN
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0 %\1&’; I’AQ‘J'“.. 0 T B S S
0.8

M(z'T) (GeV/c?)

1

i m.m. -R, S
}"\M;@

1.2

Channel Acp

Kt +0.046+0.030 5517

K*(892)'m* | -0.14+0.08+0.02 ‘0>
K*,(1430)%1r | +0.06+0.05+0.02 53,
p(770)°K +0.27+0.1240.02 5 5;
f,(980)K+ -0.13+0.11+0.02 *3:2¢
YeoK? -0.30£0.220.02 355
Non-Res. -0.04£0.0810.02 3-8

r
A

2.40 hint for a Direct CP violation in B:->p(770)°K+

14



BELLE

B> oK*

motivation

V.,

A

1
B
Vz‘éf Hy=(+1,+1)

4 H_=(=1,-1)
7

*’ Hy=00

Angular momentum along
the direction of VI & V2 in
the B rest frame

(Paralel

] Transverse A= (Hy+HONZ
polarization A, = (H,-HONZ }

(Perpendicular ‘AD i

Longitudinal

Standard Model prediction, with
factorization assumption:

Ag=Ho

polarization

True for tree dominated decays

BaBar(89M)  f(ptp7) B
BaBar(8SM) 7 (p*p7) W+ c
Belle@5M)  f(p*p%) . i
BaBar(89M)  # (p+w)
., o = e, o
Not true in pure penguins
+

b A 5
BaBar(227M) fi(¢K"®) =|0.52|+ 0.05 + 0.02
Belle(152M)  f (¢K"0) =|0.52|+ 0.07 + 0.05 7 q
BaBar(89M) i (¢K™t) =0.46|+ 0.12 £+ 0.03 g _
Belle(152M)  f (¢K"+) ={0.49|+ 0.13 + 0.05 4

i, d = w, d

Jr= 3
Al A ]

4l /_1_0[{ﬁ]1],u1
- 2 2 2
Ao +[A] |4 My )

« Many possible
explanations:

s New Physics
s Transverse gluon
= Annihilation

s Rescattering

¥. Grossman, hep-ph/0310229
W.-5. Hou et al hep-ph/0408007

A. Kagan, hep-ph/0405134

F Colangelo et al, hep-ph/0406162

15



s B2oK*

geLLs strategy

a FU” angular Angles in transversity basis
analysis e R
allows to o 5 | oK® _
measure the » d¢,,dcosb,dcosb:
oolarization 2 F(A Ay Ag; by, COSO,, COSO. )

amplitudes A,

-
- Construct observables sensitive to New Physics and

Final State Interaction
(D.London N.Shina R.Shina PRD69,114013 2004)

- 1 — —
polarization A,, = §(|A>\|2 + [A5]%) Ai=—-Im(A A7 — A A;)4T-odd CP-violation
— . = — 1 _
If non-zero | Zti = ~Im(ALdi+ A 4 ¥, = 5 1A = [43])
possible FSI | Ay = Re(44; + 4,4;) o = Re(A4; — A4

New Physics if Z 0 16



B BIeK*

BELLE results

£=253 b

5 Neig(B-$K*) : 173 £16
- SIg(B_’d)K*-l-) 5+12

App(B-¢pK™) = 0.02 +0.09 +0.02
AcpB—¢pK*) = —0.02 +0.14 +0.03

eI Longitudinal
A | 0452005 202> olarizati
00 ER 045 £0.06 0. polarization >10c
¢K* Anomaly Ay - 1 0.24 £0.06 +0.02 away from 1
Ay - 1 0.310.06 +0.01
1 0.16 . . .
210 —— | 04151,£0.04 |ndication of Final state
Non-0 value can be .EJ_" - 4 —0.06 +0.10 +0.01 . .
: teraction
generated by FSI | 5 | v | —0.45 0.1 £0.01 n
o0 - - —0.06 £0.05 :0.01(also observed by BaBar)
by * - i
20 If NP exists 5 | 00620052001 No evidence of New
A (=AY-AY) = 1 0.16_5140.03 Phvsics
Most of them are A (= Al_Al) — 4 0.01£0.10 £0.02 y
consistent with zero Ao =4 1 —0.11 £0.11 £0.02 17

- |
-1-0806804020 02040608 1



B->J/y D

motivation

(BABAR PRD67, 032002)
L L L

Inclusive B>J/y X spectrum 21077

: points data }
- histogram NRQCD
prediction

Excess at low momenta

er 0.1 GeV/c
N

-

my =~ 2 GeV S
B~ 6x10-4 S 1

x o

m 0 e T

. . 0 0.5 1 1.5 2
Possible explanations Pey (GeVic)

- B=>J/yAp: ruled out (<2.6x10-°)
- B>J/y + Hybrid meson: No experimental evidence

« Search for B> J/wyD to test the intrinsic charm
hypothesis:

s presence of buct components in the B meson wave
function
18

s Expected B(B=>J/wD(rn)) =~ O(10-4)




B->J/y D

results
_ -1
£=112 b B+9J/\|]K TC+ BO%J/\VK TC+
‘ Doé K-t “}E @ 8
a D+9KSTC+ %20 )
“ J/w%e*e', pﬂ,t_ 210 4 |11[ H 4 WM
No significant signal coming o, +H HH % +5305-2
from D2>Kn o2 (Gevie™
Upper Limit @ 90% CL: é‘j ) © | @
B(B°—>J/y D °)< 0.64 x10- % 20 2 {
- ] 1 | | 1
B(B*—J/y D)< 6.2 x107° ’ ]
“1s 1o i 1.9

m,. (GeV/c %)

Ruled out intrinsic charm hypothesis 19



Summary
A lot of interesting results from the B-factories:
« B>D(n*rn")K, B>DKn:
trying new ways to measure vy
* B>Dn’, B2>Dgag .
testing factorization and SU(3) symmetry
« B>KKK, Knrw

Measured charmless quasi-two body BR
and looking for Direct CP violation

« B> ¢K* polarization puzzle

Looking for New Physics and Final State Interaction
« B>J/yD

Intrinsic charm hypothesis ruled out.

Lots of analyses are ongoing, more results are yet to come....



Backup slides
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« Angular Analysis in helicity basis
« Fit for:

s signal yield ng

= Longitudinal and transverse polarization
fi, f, :

s Longitudinal and transverse phases ¢,, ¢, L /
« Fit separately B% and BY samples

s Look for CP asymmetries
o, ¢ #0 can
be generated
by Final State
A|]|H,u _1 (Im(‘qj‘qm) N Im(A7 # ,;)) Interaction

YA |2 YA 2

sFrom fitted parameters derived
the triple product asymmetries:

sensitive to T-odd CP violation

22



B> oK*

| £ =227 x 10° BB pairs BABAR
Angular Fit e

fr. = 0.52 4+ 0.05+0.02
£i —0.22 4+ 0.05 +0.02

a,r!g(A_Lng)

¢ = 2.34 1333 £ 0.05 (rad)
¢ = 2.47 +0.25 +0.05 (rad

oL

) ]Obser-ved FsI >30

Ll PR i
210 s & 285 110

q'>|| = a,rg(AH/Ag) i

CPSearch
1080604020 02040608 |
. i Acp = —0.01 £0.09+£0.02 ) _ _
~f ] A% = 0.06+£0104001 j Direct CP Asymmetries
—— S A — —01040.24 +0.05
. 4 Agy = 0.271533 1+ 0.05 (rad)
— e 1 A¢, —0.36+0.25+0.05 (rad)
- 4 Al — —0.024+0.04+0.01 :
- . A?l,’r- = 4+0.11 4+ 0.05 + 0.01 T-odd CP Asymmetries

-1 -0.806-040.2 0 0.20.40.60.8 1 23



Entries / 12.5 MaV

BELLE
(b)
100 100
"
50 % 50 %
E @
: = =
B -(d) Bk |2 BF e ‘H";'
- K~k | 2 b=
20 -E g! 20
02 0 02 %2 5.25 5.3 - 1 1.05
AE (GeV) M, (GeVic") M{KK) (GeVicT)
3
d°Ryic+ (fur, 08 Oy, co8 05+ ) 9
d¢yrd cos Oyrd cos O k- 327

|AL|*2 cos® By, sin® O
+ | A [*2sin® Oy, sin® ¢y, sin® O -
+ | Ag|*4sin? 0y, cos® ¢y, cos® O-
+ ﬁRe( ﬁAg) sin? 0, sin 2¢y, sin 20 k-

— V/2Im(AE A L) sin 20y, cos ¢y, sin 20
— 2nlm(AjA L) sin 26;, sin ¢y, sin? Og-] |

™ T
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