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C == New important results on E{

strong interactions

e Semileptonic B decays:
from hadronic-mass and lepton-energy
moments to |V |

e B->]/psi Kr events: how to determine the
sigh of cos(2p3)

e Recent results in charmonium sector
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C == Heavy Quark Expansion in (E{
semileptonic B decays

a4 el L o ['(B—Xlv) a [V [2m2(m,-m,)3

e Leptonic and hadronic currents factorise
V- e Hadronic matrix element has to be corrected for
B . ")-5‘:: interactions with rest of B meson
e Expand in powers of 1/m, in terms of local operators
\ ’ e Expectation values of these operators are
properties of the b quark within the B meson.

T 'xl"\.d'\.

HQE parameters can be obtained from
moments of kinematic quantities

OO "dr
j (X—Xo) dXdX 1. First 3 moments of
<Xn >(Ecut) — B = fuor lepton-energy  X=F,
j dl’ .« 2. First 4 moments of
e dX hadronic mass X=M,
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Lepton energy spectrum )
«Tag events with high energetic electron . Bes
(p > 1.4 GeV in Y(4S) frame)

e Look for second electron in the event BLs
(p > 0.5 GeV in Y(4S) frame)

Lepton momentum

spectrum(p*..,=0.5 GeV):
° Large statistics p*=lepton momentum in Y(4s)rest frame
. Suppre_ss bacl_<gr0L!nds from J/¥ decays , 15001 A:R ot Y(4S) frame
by cutting on invariant mass = ! f
e Backgrounds from secondary decays are = 10000 |
reduced by cutting on opening angle o
5 c = T — -1
e Continuum background is subtracted by £ som i L=47,210
using the off-resonance data sample = ; Bo Xev()
0 0 | .5 2 2
p [GeVie]
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Lepton energy moments
results - 7o be submitted to Phys

Rev. D hep/ex 0403030

Br(B->Xev(y),(E>0,6GeV))=(10.36 £0.06 4, £0.23,4)%

First three lepton energy moments

2 3
Br(B —> Xe\’) <Ee> <(Ee _<Ee>) > <(Ee _<Ee>) >
I rest frmm
st | BABAR ~ 18 . = BARAR >
! 0.1 =00
= 1.7
L= (10% ;
- :
) Ly 1.t i ] 0.01
0.06 1% . = < 00
L FARAR : - RARAR
' ¥ LS
0,04 14 - : ~<0,03
0.5 1.0 | (1.5 L.0h 1.5 7 .5 1.0 .5 . (1.5 1.0 1.3
E_,lGeV] ElGeV] E_,lGeV] E,,[GeV]

Individual measurements are highly correlated
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Hadronic mass spectrum
~ 2250
= 2000 o Bits 7114 Signal Eventi
s — T ~>
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& 1250 Background b
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Hadronic Mass|(My) spectrum L=82fb-'~ 88 milion BB pairs

14-nn: FEEWETY ‘ - Data
£ - + — ¥+ D - =
L = Bodkaroums Analysis performed on recoil of fully

reconstructed B decays:
eB-flavor and 4-momentum known
eMes=(s/4-(pg*)?) 2 for bkg subtraction
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Hadronic mass moments @y

Moments <M,"> (n=1,...4) of the hadronic
mass spectrum in B —X_lv decays for
0.9 GeV < p*., < 1.6 GeV

To be submitted to Phys Rev.D

(My) (M5) (M3,) (My)
BABAR ) ol BABAR l _m BABAR ! _ BABAR )
gznal}{ r%{{ * | {% { * ‘%21l
3 { l g fons: | 2 { | Y }
A¢2.04 o 4.2 ] * < 19 *
3 {Hﬁ" Hff%? iy 2 *H*
200t Uas 44 18 me | e 708 11 13 15
P* in [GEV] P tmin [GeV] P i [GeV] |:',rn'un [GeV]

e Clear p*,,;, dependence
¢ Individual measurements are highly correlated
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Fit method

We use calculations in kinetic mass scheme by Gambino and Uraltsev

hep/ph 0401063
e FEight Fit Parameters: B(B—Xev), |Vg4|, m, and m_
e u_? - expectation value of kinetic energy of b quark inside B meson
e uc? - expectation value of chromomagnetic operator
e pp’ - expectation value of Darwin operator
e p.S°- expectation value of Spin-Orbit operator
2107 T T 4.5 T T P & o | 2E T T
E + {, : B * | | e { i
= >oal i | i 82 £ % M
oot MMy 15 of My 1357 My {5 = Ty, ™
< t}l_ < ors H ol 1. moments
202 l— = 1B |- "l|'—
L BABAR 4.1+ BABAR E4- BABAR 1 L BABAR 5
0 mé"‘l-; i = 0181 1 0.00 e —
1 - = -:;» 1 T-': o :1_ : = .
="'E.:. 0 'jﬂ;_ Kz | i 1.6F o - % - m 1 E"_:-_ S K i El
| = 3 - 1 = 010 T e i
4 o = T 1 = L T i | I moments
a4 BABAR 14-“BABAR 1 - BABAR .,  -00sf BABAR
. 0.5 1.0 1.5 I'J._E 1.0 1.5 I:LGE-:_E 1.0 1.5 0.5 1.0 1.5
Partial Br E ., (GeV)
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C Fit results

|Vcb] = (414 = O.4exp + 0.4,_IQE + 0.6,,) x 1073 _.':_‘ |::|||| :.:.
Br(B->Xev) = (10.62 % 0.16,, + 0.06,0:)% -
m,(1 GeV) = (4.61 £ 0.05,,% 0.04,0ct 0.02,,)GeV -
M1 GeV) = (118% 0.07,.% 0.06,00% 0.02,)GeV  ———
P ———
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(VA cos(2p) from E{
B> J/w K*(892)>Knr |

e CP content of J/y K*(892) is both odd (AL) and even (A,,
A,|) depending on polarization of S->VV decay (p-wave)
e Ambiguity on strong phase differences of A, amplitudes.

e cos(2B) appears in the interference term between CP-odd
and CP-even amplitudes of time-dependent decay rate, in
the observables: cos(5, 5, ) cos 28

cos(5L —5,)-cos2p3

Only the relative sign between cos of strong
phases diff. and cos(2p) Is unambiguous

ﬂ ~ 0.42
Very precise measure _ . ..
Sin(25) 07314 0.056 1 B=042+x | Sign of cos(2p) rea’uces_ the amb{gU/ty on
B~1.15 S from 4 to 2 possible solutions
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~ Amplitudes and strong phases(1) Z&

1 d’r

Zr A —

I' dcosOxk ~dcosOud @i -
f(| A [,| Al,| Ao|,co8(0 L —0 |),c08(0 | —00))

;-." " g i | Angular analysis of 4 final states:

BO->J/yKon® +c.c.

BO->J/yK*xt  +c.C.

Isospin symmetry guarantees

same amplitudes for these
\ channels

B*->J/yK*tn? +c.c.

B+->1/yKS ot +c.c.
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Signal yields from Mes=(s/4-(p5")?) *:
distributions

BO—J]/y(Ksn®)

*Ji

BO—J/y(K¥r) |

T 131414 evts [

|

ﬁ

]

tielpd 1

B+HJ/w(Ksn+) ﬁ

- 670+27 evts

4

't

4

" 791+33 evts

"'J au.*_
§r

2376+51 evts f

511 i

53 2K

!
I

ceN,

- Amplitudes and strong phases(2)

Results:

value stat. syst.
= 0.566 £0.012 + 0.005

| 412

|A;12=0.204 £ 0.015 + 0.005

B+—J/y(K+n0) .++

|
14,12 = 0220 + 0.015 + 0.004
58 F2.729%0.101 + 0.052
5-8 =0.18440.070+0.046

Results in agreement with
CLEO,CDF and BELLE

7.6 o significance non-trivial
strong phase

v |9-01=0.597+0.077x+0.017

‘7 éﬁ]__(fi)::::zg.!E;!E;‘:l

L 82fb I 88 m|I|on BB palrs
14/04/2004
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2nd solution:

5,-5,=2.958

12
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" Kns-wave: how to break &7

strong phases ambiguity

Krn mass spectrum shows a broad s-wave s
structure that lies in K¥(892) regiontoo <™ {  p_wave intensity

|
1)) -lI-

Introduction of a new amplitude and a wl |
new relative phase y=5.-8, 00 ;j S
Phase of a resonance rotates clockwise =j'”";
with mass because of Wigner causality 5 " S-wave intensity
principle :: . j( e
. ! .

In K*(892) region p-wave rotates fastand  * —t—
s-wave slow = y must rotate w 3 + Sol T
counterclockwise < 15 R e e

. o wI =66,
Fit for p and s-waves intensity and y by ¢ '+ | 1
M(Kn) bin fixing §—4,and 6,-4, to: 0.5 . e Y
Sol. T =(2.729, 0_d1|840) - S ST .ﬁ?l-.lﬂl ")
Sol. II=(3554,2958) m_(GeVich)



pird = Comparison W|th LASS data g

e Compare with LASS > ASS date BABARA

data# ‘f ”}5 __¢__¢_. 4— __Sol.1

— Kp—Kn(n) I —= |

0 S(I=1/2)_6p ﬁ> _‘__1)_

— Global phase = added ] fﬂ It

to LASS data points; | # + T4l ]

08 | -e--‘lf—+ |

e Remarkable agreement = ", i >
Solution 11 is the N Sol. II

physical solution o L=8200

0.8 0.9 1 1.1 1.2 1.3 1.4 1.5

my, (GeVic’)
# Nucl.Phys. B296, '
493(1988)
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cos(2p): value and sign

cos(2pB) from time and angular analysis of

BO->J/y(K.0r0)*0

Sample of 104 tagged events: low

statistics!
Fit with sin(2p) free:

cos2 B = +3.32 1070 (stat) + 0.27(syst)

sin2 g = -0.10 £ 0.57
Fit with sin(2p)=0.731

<=

cos2 P = +2.72 107 (stat) + 0.27(syst)

12000 toy mc exp. with
cos(2pB),..=(1-0.7312) *

gen

— 120 7

= 100 [Sin2B=0.731

= 80 = 272 |250.68
60 | Fitted E
40 cos(2 E
o | 0S(2B) E
o -l SN

-5 o E
14/04/2004
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624
623
6l

621
620

sin(23)=0.731

619

518 sin(2B) free

617 i 0500511522

We exclude cos(2B)=
-(1-sin?(23)) " =-0.68
@ 89% CL

15
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e Charmonium sector @ﬁ

o
B )y K nt =
y K nr
Analysis performed on 117.2
million of BBpairs
X(3872) observed by Belle and CDF.
Possible 1°Dy* charmonium state or - (a) .
D(*) mesons molecule? - ww . B-=J/ynnK [+
Signal Yield from Mg f _ 1I.;
distribution: o N ¥
1 — -+ LE ! L | L | %" |
Nsig=(2540 £72)events B3/ K
™ 3862MeV<m(J/ynn)<3882MeV I
Br(B- -=>J/ynntK)= ]| I[ } f ]u
10 |_| | q
(11.6%0.7, * 0.9, )x10 Ly R T
FRINE 21 S LN i v o -
a + ik H  + J TaL L
# Phys.Rev.Lett. 89,162002 (2002) 52 5225 529 5273 53

## Phys.Lett.B 579, 67(2004) Mg [ GeVieT)
LA O ZUCE, Michele Pioppi 16
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Narrow states in J/wnr mass @)
spectrum

10~

Results:
My zg72y= (3873.4 +=1.4) MeV
Agreement with Belle and CDF

Br(B- >X(3872)K-) xBr(X(3872)>J/v 1))
= (1.28 £0.41) x 105

Br(B- >h, K?) x Br(h,2J/y nn)) <3.4x10-6
@ 909%b CL

Br(B- >J/y Do) < 5.2 x 105 @ 90%CL

10

Events/ 5 MeVic”

34 35 LY. 3T 2.8 385 a9

J,'\H_lj GeV/ch) \
ne v(2s)  X(3872)  gignal significance
Used for
normalization 35 0}
14/04/2004
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Br(BC >J/yn K, )=(8.4£2.6,,+2.7,, X105

EFH
t.>J/yn K* BO->J/yn KO, Submitted to Phys Rev. Lett.
“w < hep/ex 0402025
c)
BABAR Search for X(3872)>J/yn:
o 1o y(2s) X(3872)
£l % U o6 l l J/yn mass spectrum
2 = =
g : 2, BABAR
E ; : i |
o ke < 2 P
| s 1N IH ||Il‘ ‘IIH[[HI
& &
|\ 375 425 45 4 ?-a
ﬂ.‘?.z 5t '-"'52 | T/ym Mass(GeVic)
g (W) My (W)
Br(B*2>J3/yn K*)=(10.8 £2.3_,,12.3, t)xlO'5

Br(B= >X(3872)K* SJ/ynK*)<7.7 x105 @909 cL | Analysis based on

90 million BB pairs

14/04/2004 Michele Pioppi
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L :

Evenis0.005 GeVi

Evants0,005 GaV/ 7

Tuirs Mpria=a
Fotialls Ml el

89x10-6 BB pairs

14/04/2004

B+ =2 KcO K

Br(B* = y . K*)Br(x, 2ntn)=(1.32 £0.28 £0.26)x10®
Br(B* 2> x o K¥)Br(y,, 2K*K)=(1.49 £0.36 +0.22)x10®

Using the Br of y, decays by BES# we obtain:
Br(B* - y ,, K¥) =(2.7 £0.7)x10-4

The result is lower than BELLE result:
Br(B* = y K*)=(6.0"24 +1.1)x104

Michele Pioppi

# Phys.Rev.Lett.
81,3091(1998)
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[(Y(4S)—»>B'B") N*'f ¢,

R+/O — —
r(Y(4S)—B°'B) 2Nz,

B+/BY with charmonium

Submitted to Phys Rev.D
hep/ex 0401028

0
B2y Ko{mm) oo B >1/y K
§ Jy>ere g
é - ﬁ MES r:“;:.'-:-.n L _
Elﬁﬂ Ejﬂu
%lm ,:Ejj
g Jy=2ppe 2
L =81 9fp-! R+/0 (e*e)=1.019 +0.054,,+0.031,
+/0 (u*p)= + +
¢ from MC, f=Br(K%.>r) R+/0 (p*p-)=0.994+0.049,,,+0.033
R+/0 (avg)=1.006+0.036,,+0.031
14/04/2004 20
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Summary

e Semileptonic B decays

Hadronic mass and lepton-energy moments
IV l= (414 +£0.4,,, + 0.4, £0.6,) x 103
m,(1 GeV)= (4.61 = 0.05,,* 0.04,,.+ 0.02,)GeV
m.(1 GeV)= (1.18 = 0.07,,,* 0.06,,,.+ 0.02,,)GeV

exp—

e J/y Krn events

New method to break strong phase ambiguity
Exclusion of negative values for cos(2p) @ 89%o C.L.

e Charmonium sector

My sg72y=(3873.4 +1.4) MeV
Br(B- >X(3872)K-) xBr(X(3872)>JAy nn)) = (1.28 £0.41) x 105

Br(B* >J/y n K*)=(10.8 £2.3_,, +2.3_, )x10®
Br(B® ©J/yn K, )=(8.4%2.6_ +2.7_,)x105
Br(B* > y ., K¥) =(2.7 £0.7)x10

R+/0 =1.006+0.036,,,+0.031

sys

syst

14/04/2004 Michele Pioppi
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BACK UP SLIDES

Michele Pioppi

g
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BaBar detector

Instrumented Flux Return
19 layers of RPCs

1.5 T Magnet
u* and K, ID

Drift Chamber

40 layers of wire in
gas mixture

Cerenkov Detector
144 quartz bars
K,mT separation = 3.5a

EM Calorimeter

6580 CsI crystals
e+ ID, 7@ and v reco

Silicon Vertex Tracker
5 layers of double sided silicon strips

14/04/2004 Michele Pioppi
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Unitarity triangle ol

% % % A
VeV T VeaVeo + Ve Voo =0 ¢S, ;

VigVuo e Vig Vip
VeaVebl/ ! [VoaVeol

Unitarity property of CKM matrix = |

can be seen as a triangle in i
complex plane ! ! B

] p

,8 — al'g|:— Vchcb :|
ViaVio

Golden channel to determine sin(2p)
B->1/y K,
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