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SEARCH FOR CP VIOLATION IN BY MixiNg

Mass eigenstates for the Bj meson:

(1+ep)|B°) £ (1 = €5)|B°)
V2(1 + lesl*)

by analogy with the K°-K° system where there is C P violation in
In the Standard Model || ~ 107, while new physies may allow

les| ~ 10=2.
B°=B8° # P> B°
We search for C'P violation using charge asymmetries in
semileptonic decays of B mesons at CLEO.
Our method takes advantage of
e coherently produced B®B° pairs from Y(4S5) decays
e high momentum leptons as a flavor tag at decay (B® = £+ X)
e high statistics — a factor of 10 over earlier analysis (1993)

e use of single lepton (a,) and dilepton asymmetries (ay) to
reduce systematics

|Brr) =

LK Z
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EXPERIMENTAL METHOD)

Consider semileptonic decays:

b— W+
In T(4S) — BB there are two B decays, so we define

Dilepton asymmetry:
N(£+¢F) = N(£~¢)

“ = NEe)+ NEE)
__ Ae(ep)A +lenl) | 4Relen)
~ (L+|eg?)? + 4Re(ep)? (1 + [es?)
Single lepton asymmetry:
_ N(£*)=N(£)
“ = N@E)TNE)
_ ﬂ] o deeXa
. %x‘[fm +hl 2
where the mixing parameter yg is
N(B°B®) + N(B'BY)

Xd = N(B0BY) + N(BYB) + N(B°BY)

Of course the measured lepton asymmet: - nd
from non-B° decays, @u&mgmtﬁhﬁmmam@mﬁ&ﬁe
ASynumetry.

5

A positively charged lepton is a flavor tag for a B® = (bd) decay,

\

»
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EVENT SAMPLE]

We use CLEO II and CLEO ILV data samples: 9.1 fb=! at Y(4S)
(107 BB) and 4.4 fb=! below T(4S)

Lepton Selection:
e electron ID uses E/p, shower shape and dE/dz

e muon ID requires hits at > 5A;,, in muon counters

e 1.6 < py < 2.4 GeV/e to suppress £ from b= ¢ = ¢

E ]
E st | -
: | i

P L
e J/v, ¥ veto and v conversion veto
 In dilepton events —0.8 < cos by < 0.9

Background Subtraction:

round using data taken below Y(45)

e fake leptons measured using fake-rate scaled hadron sample

\Lﬁmmmmmwmm&@ BB evenis.

e cte™ = qg DACKETow:

\

J

BCP4, Ise-Shima, Japan 22 Feb 19-23, 2001




Karl Ecklund Coraell |Vep| and e from CLEO

| —
MEASURED ASYMMETRIES]

Nm(e*) N (4-)

@? = Nm(f#)*Nm(g_)
@ = N™(f+4+) = N (E-¢-)

N (f+4+) + Nw(6=6-)
include fake leptons and non-primary leptons.

‘emwmﬁ@amtamam@f
the number of measured leptons may be written
N™(£2) = (6% )NO(£%) + f(h*)NO(h).
Similarly for the dileptons:
N™(EEEE) = 5 () NO(E2€5)+(6) f (h*) NO(BEEE )+ £ (h=) NO (hERE)
The superscript 0 denotes the produced quantities.

- J

o —
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dt£ + aa] + Tﬂ(ﬁ,ﬁ + ﬂ'ﬂ
1+ 7
dif“agy + 2a, + r1(ae + ay)
1+n

o
|

<=
I

--;;.5; Ehﬁ in MC & M by neasuring
dg 0 9"!‘ d-‘!*e = 0.70

. 4 mmmm in the fake probabilities
e 7o/(1 +:u)§mm@dwwm@em

e /(1 +ry) is the fraction of measured dileptons
ro ~= 0.001(¢e), 0.02(y), r = 0. UUb(ee) 0.15(&4#)

¢ u, 1s the charge asymmetry in lepton identificatio
Difficult to measure sufficiently well. Use a tnck below

Trick: We use the relationship
Xa [ oo/ (foots + fo7)] by

and @E@ equation to express «, in terms of a* and af,.
minate o, m ﬁh@ EXP] ~‘.-'-"~=‘§n_¢_.x£ @' ﬁz_, m we

m&%{*
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o _ @g(1+m)=2a}"(1+ro) = (r1 = 2ro)ay

== — 2wt + 1]

= S S B ey

i 286+:19 286£19 +0.000 = 0.046
ee 206£17 175£16 +0.079 = 0.062
He o00 £25 505 £25 =0.004 = 0.035
e’ 163 £16 12615 +0.128 = 0.078
€€

ce’ 10319 11220 =0.042 = 0.128

combined +0.013 = 0.050

We find x4 = 0.175 £ 0.008 in good agreement wi
average x4 = 0.174 = 0.009.

We do not claim a new measurement
E&E we use Eh& agreelnen

BY mixing with this data.
ncertainty on our dilution
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SYSTEMATIC UNCERTAINTIES

Uncertainties on a¥

Additive Systematic

Source Size
On-Off subtraction £0.0020
Charge dependent momentum scale =0.0006
Total additive systematic +0.0050
Multplicative Systematic
Souree Size
Dilution dike 7.0%
Xd 1.7%
On-Off subtraction 1.7%
Total multiplicative systematic 10.0%
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~

a)y = (+0.013£0.050%0.005)(1.00%0.10)

ombining with our hadronic tag analysis which found
(PL_B 490, 36 (%DO))

= +0.017 = 0.070 = 0.014
Jee
e(IZBL = +0.0035 + 0.0103 + 0.0015
B

CLNS 01-1717, CLEO 01-01 (hep-ex/0101006),
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( STATUS OF ¢p |

Comparison with other measurements from CDF and OPAL.

|Ves| and ¢ from CLEO

\

CLEOYS ams= —— soan L0008

(PRLT\ , (680)

QPALIT  wns " —

(Z.Phys C 76 40 ‘

COF97?  axw .- +0.025£),070

(PRDSS,846) | |

CLEe 1 - +0.008% 0010
ﬂmﬁ@wé@m'%%

CONCLUSIONS'

e Our new result is competitive without any assumption about
CPV in B mixing (¢p,), made by non-Y(45) experiments.

¢ Our technique is statistics limited and appropriate for use with
much larger datasets.

e

P
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EXTRACTING |Vi5| FROM B? — D**( iy

The partial width is proportional to |V, *:

G%‘ 2 E (a2
= 53 Vel [F(w)]"G(w)

my +mp. = ¢

For D*{y, w runs from 1 to 1.5.

: . dw 1=2wr + ¢
G(w) = md, (mp = mp.)*Vw? = L(w+1)? |1+ — (1- —

with r = mp./mp

e G(w) contains kinematic factors and is known

e F(w) is the form factor describing B = D* traunsition
o HQET relations simplify the most general form factor V , A{
o absolutely normalized at zero recoil (w = 1)
o As mg — 00, F(1) = 1; corrections of order 1/mp,

The plan is to measure dI'/dw and extrapolate to w = 1 to extract
F(1)|Vep|. We divide the data into ten bins of w and measure the
D*+¢y yield.

2
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Helicity Form Factors
How) = 1451 = Rfw)
2 _ N1=2wr+r2 w =1
Hi(w) = — ( le(w))
Form Factor Ratios: (%med by S&Eﬂ%ﬁﬂ 76, 3898)
Ri(w)= hy () /ha, (w) 1.2

Ro(w) & (hag(w) + rha,(w))/ha,(w) =0

fﬂ@fhm(tﬂ) (B@?’d et al; Cmm e; - .‘

HQET also provides a robust prediction for t malizatio;
= 1: (PLB264,455; 338,84; Pwm 51,2217; ﬁi@,ﬂﬁbﬁ 4124)

F(1) = ha, (1) = 0.913 = 0.042 -

\ ol Lathice © -ﬁﬁﬁ:ﬂ)

“Simose etk
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ExperivenT)

We begin with 3.3 Million e*e~ — Y(45) — BB events collected
using the CLEO II detector at the symmetric collider CESR.

We fully reconstruct D** candidates in the decay

D** — DOg* PP o K=5+

e

E E &

£

17 175

0.135 0.14 0.145 0.15 0.155 0.16 0.165

Am=m(Kxn)-m(Kr) 15 18 15 185

We reconstruct and identify lepton (e or u) candidates using
cylindrical drift chambers and a crystal calorimeter and muon

counters.

We require p.=0.8-2.4 GeV/c and p,=1.4-24 GeV/ec. )

S _
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SIGNAL AND BACKGROUNDS

The D* £ pairs may come from different sources:
e D*{v events
¢ D*X{v events including D**fv and D*wly

e combinatoric background (~ 6%)
o fake D** candidates
o estimated from events in the Am sideband.
e continuum background (~ 4%)
o from e¥e™ = ¢
o subtracted using data below the BB threshold
e uncorrelated background (~ 4%)
o real D** and ¢ from different B’s
o estimated using MC normalized by inclusive D** and ¢ yields
e correlated background (~ 0.5%)
o real D** and ¢ from same B
o eg. B—= D*D, with D, — £X
o estimated using MC
We fit for D*{y and D*X (v after subtracting other sources of D** ¢

- J
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cgrounds from D* X {v using kinematics.
?E'BED. = M} = M.,
PB||PD~£

We separate D*fv and ba

COs 'EBTD-;E =

cos Bp_p-¢ can be determined using 4-mome

P8 = (Pp- + Pe) + Pu,

po=mi=0 and Ep=/p}+m} = Epeun.
For S!@al events, coslp_p-¢ € (=1, 1), allowing separation of D*fy

D Xlv

We separate D*{v a,n,QD*Xfy events by fitting Losﬂa D -

\ P
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MEASURING w

w € (1,1.51) is the Lorentz boost of the D* in the B rest frame.
At symmetric colliders, the B’s are nearly at rest: pz =~ 300 MeV /.

We know the magnitude but not the dt_fecm of the B momentum.
It is determined up to an azimuthal ambiguity.

We compute w using the two extreme possibilities for the B
direction in the lab frame and boost the D* to the B rest frame.

CoseZ

Lab Frame

Toke The mem w of the Fwo cases
Them&lnﬁé@&uﬁﬁh&hism&thﬂdis&waﬂﬂis

mt&ntnﬂsgjw

9

P
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REPRESENTATIVE FiI78

1.000<w<1.051
2 25f . [ . ‘ '
& ol
R TF
psp B DUV

N 7
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\FIITI;NG di?‘/dw'

N = yield in the i** w bin

N; = number of decays in the j** w bin

€;; accounts for the reconstruction efficiency and the smearing in w.
N; =4fNyysB(D* = D7)B(D = Kn)7g : dw (dI'/dw)

We use the form factor of Cm Lellouch, Neubert (NPB3530, 153)
and fit for F(1)|V,| and ,% =1).

7
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F1T RESULTS

The fit gives
F)Va| = (42418%19)x 10~
Phy, = (L67£011=022),

with correlation coefficient C'(F(1)|Ve/, p°) = 0.90.
Integrating dI'/dw we find
[(B® = D*¢ ) = (0.0366 = 0.0018 = 0.0023) ps~’
B(B® = D**¢ ) = (5.66=%0.29=0.33)%

I

Preliminary

P
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SysTEMATIC ERRORS]

N

Source Vel F(1)(%) p*(%) T(B=D"{)(%)
Slow # finding 3.1 3.7 =
Combinatoric 1.4 1.8 32
Lepion ID 1.1 0.0 2.1
K, = & finding 1.0 0.0 19
Number of BB events 0.9 0.0 1.8
0.7 0.9 0.7
0.4 0.3 0.5
0.3 0.5 0.4
0.2 1.9 1.9
Subtotal 38 a7 5.0
Ri(1) and R»(1) 1.4 12.0 1.8
B(D — Kn) 1.2 0.0 2.3
B 1.0 0.0 21
B(D* = Dw) 0.4 0.0 0.7
Subtotal 2.2 12.0 3.7
TFotal 44 13 6.2
N i Lo L s g
BCP4, Ise-Shima, Japan 11 Feb 19-23, 2001
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'SLow 7 EFFICIENCY ]

~

Embedded Siow Pion Efficiency
Lm- ey 7 .—,—==Q==
[ el |
p ¢
. 3%%° ¢
: &
p | ¢
2 :
i 5 B daia
- ©  Monte Cario
025 3 i
[ L)
000 005 0.10 0.15 0.20 025
Slow Pion Momenium (GeV)
| W o .
Source Uncertainty
event environment 1.7%
amount of material in detector 2.3%
hit resolution 0.3%
charge division 0.8%
hit efficiency 0.8%
Total 3.1%
BCP4, Ise-Shima, Japan 12 Feb 19-23, 2001
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LEPTON SPECTRUM'

l

Events/(0.2 GeV/c)

> GeVic

Comparison of lepton spectrum in fit and data for | cos8z_p-¢| < 1.
Note pg is not used in fit.

8 P
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S\ 400 E f SRS . e o r— =]
S I B Dy
= 3s0f B DXy }
= L
z =
) E

.

22 24 2.6 28 ' 3.
E,. GeV

Comparison of D* energy spectrum in fit and data for
| cosfp_pug| < 1.

N I
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cos @y DISTRIBUTION

350

1 '

N EeE N N

150 F

100 |

g g~

e.os@,_gp

Angular distribution of lepton in W rest frame from fit and data for

| cosfp_peg| < 1.
\ Y,
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CONCLUSION AND SUMMARY

We measure

E()|Vyl = (424£1.8£19) x 1073
B(B® = D" ) = (5.66=0.29=0.33)%

From theory
F(1) = 0.913 +0.042,
which gives

IV = (46.4%2.0%21%21) x 1073

Preliminary
I have presented a measurement of F(1)|V,| with a

e systematic error 4.4%

B & >
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STATUS OF |V

These results are

e consistent with CLEO’s 1995 measurement
o take into account difference in form factor
itional data prefers larger F(1)|Vy|

e comparable to LEP exclusive measurements but larger

QuILOOK]

CLEO II:
Since ICHEP in Osaka

o working to include D*¢y

analysis

e 1o significant changes to results

Combined results expected soon
Future:

e CLEO ILV factor of 2 more data: 6.7 million BB

e B factories even more data

Systematics linited analysis, progress will come, but with much
Q- y
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Status of F(1)|V| from exclusive B — D*{v
RS B o

B

-
F(|V,|

urtesy of the LEP |V| working grouj
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R IVl 11072

9

0 02 04 06 08 10 12

i4 16 18 20

Note the correlation between F(1)|V,,| and g,

Consistency among all four at 7% C.L.
Status as of Summer 2000

7
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CoMMENTS ON LEP/CLEQO D*/v

Differences in experiments:

e CLEO has better w resolution g, ~ 0.03
ALEPH (best at LEP) ~ 0.07

e LEP is more efficient at low w (better slow =
efficiency)

B =D*X{v is not well known
e CLEO fits for D* X /v modes

e LEP uses model of Leibovich et al. (PRD 57,308
(1997)), also constrained by measurements

e CLEO:s yield of D*X {v is lower than expec
other measurements, but consistent

e If D*X (v | then D*{v and |V 1

ted from

Final comments:
e Final CLEO results will include D*%4v
e Data from B factories will be very helpful

S ____3
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first moments of the hadroniec mass-
hthﬁXgﬁvmﬂmﬁ-
ton energy spectrum in b — sy give:
Fhanhz T

Touder ()" be  pclaw mlls
©.38
0469 =+ 0060 = 0.015,
= 0.056 .

+ 0.059 =
1/M3

A = =0302
- 029 moments

These in turn give:

V| = 0.0401 = 0.0009 = 0.0006 = 0.0004.
©.09!(3 Ty AN 1/M?3
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|Vep| STATUS

|Ven|

Il

_ (41.3+£09%1.2)x107°

quark-hadron duality assumption.

Estimate at 5% giving

CLEO Inclusive |Vo|: (New syst. from a; added)

(41.3£09£06x04=10)x 1073

The above does not include theory uncertainty for

lvehl = (41.3% 1.5 oxpt. +20 Tl'wur}-*) x 1072

CLEO + LEP D*{v |V = (40.9 4
CLEO Inclusive V| = (413152
LEP Inclusive V| = (40.7 £21£20) x 107

—\

A
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#F_ i T T _._=_—'-——1_Fﬁ=$
Dély LEP+CLEO SR
LEP Inclusive N
55 30 32 34 36 38 495 T 44 46 48

e Good consistency, but
e Too soon to average inclusive and exclusive
e Must understand theory correlations

L >,

Feb 19-23, 2001

I
—

ROP4. Ise-Shima. Japan



