Recent FOCUS results on charm
mixing and CP violation
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Measuring Mixing

In practice. one has to compare the transition rates to 2 particular

CP - conjugate final states,

. rn’ - f)
C.E. /I.-{D“-—}f}

where the transition D" — f is through mixing.

In D" hadronic decays, D" — f can go through mixing as well as

through a simple DCS process.

dN,, ; y g
]A Rye e = e "-ﬂ,(rf'i'-‘:,‘f

In this case:
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On the other hand, processes such a semileptonic decay have no R, terms!
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Theoretical “guidance”

D°-D° Mixing Predictions
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Mixing Measurements %6’5‘

Pretend that R =[ "‘":-‘" J=u.05%.

nux

How could one "see" it at 95% CL ( 20)?

One could observe = 16 D" - (K u v)decays

over a background of 10 among =12000 D" = 7' (K gV )decays

I[f mixing is through x (AM)

One could try to measure CP mass differences to 25ueV

If mixing is throughy (Al Or observe

One could measure the KK/Kx lifetime to 1.6%]| | hadronic mixing
. interference

— 4000 KK (background free) events. (CLEO) with ~50

NB: assuming K'n* equal mix of CP * and CP events...
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CLEO enlivened this subject considerably...

D° -0° Mixing Limits
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Required sensitivity to compete with CLEO
CLEO is obtaining an 95% allowed y’ range of
-5.8% <y < 1% (no CP assumption)
In FOCUS we would compare lifetime of KK to that of K.
*The errors on Kn will be much smaller than KK
_ T(D—}K;r)_l o O(Tgx) _ I
(D — KK) " T, NNE

)?

CLEO’ 95% y range implies o, = 1.73%

g, = l — N*= ] -
T JN¥ 0.0173°

= 3300 background free KK events 831
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FOCUS has adequate statistics to do this!
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We have more
than adequate
KK statistics to
make an impact on
this measurement
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reconstructed!!

Successor o E687. Designed 1o study charm particles produced by ~200 GeV photons

using a fixed target spectrometer with upgraded Vertexing, Cerenkov, E+M Calorimetry,
capabilities. Includes groups from USA, ltaly, Brazil, Mexico, Korea

and

I million charm particles reconstructed into D->Kn , K2n . K3n
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Time evolutions uUs
—
100000 Kt . [100000 -~ e A =
10000 |
lo>5 i
1000 1000
._51“: | back+ signal ‘ 100 P o
& 10 hackground jo | Dack+signal
2 1 _ | I 5l I'l'.u.'l\gh!fllnl.l
- 0 1000 2000 3000 4000 0 1000 2000 3000 4000
KK
- l/6>9
100
10
1
0 1000 2000 3000 4000

We illustrate a low and high I/ detachment with tight kaonicity. Fits cover ~3.5
orders of magnitude and about 10 lifetimes. Fit quality is very good.
Buckgrounds have a short as well as long component. Detachment dramatically
reduces the background level at low detachment
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Subtracted time evolution Us
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This shows the background subtracted and (very slight) MC
corrected KK and K yields versus U for our “official™ fit.
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Results S
‘ |3 Wk x 30 x2 options x2 bin
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8% Sample standard

6% deviation of fit variants
a% | is +0.61

2% 1
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L1} Absolute lifetime
systematics not shown
until we analyze K3 etc

Focus mixing and CPV resulis 19




De lifetimes

DY lifetime update
Average 7(D") = 04128 + 0.0027 psec
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Experiment {pub | D lifetime

order s
E6YI | 422+ 8+ 10
E687 2 413 £4+3
E791 3 413+3+4
CLEO 4 |4085+4.1+35
FOCUS |5  [409.4+ 1.34 + x*|
*Kn only
Average of 4096 + 1.3
3 recent x2=0.52 for 2
values
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95% CL

mparisons to CLEO and E791 ¢ '"s'

ixing Limits
T -

FOCUS

The comparison to CLEQ is only
valid if one assumes a small strong
phase difference &

We have essentially the same

| sensitivity to the CLEO CP
1| constrained fit but are getting the

opposite sign!

FOCLS
Vop=342+1.39+0.74 %
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Phase ambiguity

We also show results under a 40°
phase rotation for CLEO which is
roughly the estimated maximum
of the model of Falk, Nir & Petrov

(99)

CLEO and FOCUS would be

more consistent if 0> 90°...

but FOCUS has some overlap

even with CLEO’s most
restrictive fit at 6= 40°.

D% - B° Mixing Limits
. A :

1 FOCUS
7 5791
V.

5=

95% CL

A

Focusmunang a... .. .. ...

10

15




Search for CP asymmetry in charm decay

Ideally we would measure:

I'D"->K K'n")-T'(D -K K'n)
(D > K K'n')+I'(D - K K'n)
D" - K K)-TI'(D° =K K*)
D’ > K K')+(D' 5K K*)

Op(D" > K K'mr')=

or: . (D" - K K')=

*In the first case, would search for direct CP violation:
—need for CS decays

*In the latter case, D* asymmetry is complicated by a direct as well
mixed contribution.

Buccella et al predict state specific asymmetries in the range of

0.002 - 0.14 % a3t
%U S
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Tagging and asymmetry ratios Us

We ratio to a Cabibbo allowed reference states to correct for
known production asymmetries: ~ -3% for photoproduced
mesons.

_n(D)-n(D)
n(D)+n(D)

ND =K h"ﬂ"_l
ND - Knrn'n')
NID" K K*)

For the D" we use: (D)) = — s
N = K )

Acp

For the D" we use: (D) =

For the D", we determine the charm by tagging the charge
of the batchelor pion fromD™ — D'z’

Focus muiang and CPY results 24



| S bty

CP violation search (D—KK)
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Events/ (5 Mev,/c*)

CP violation search (D*—>KKmn) %El“ﬂu
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CP asymmetry results Us

Decay mode FOCUS

Previous best (E791)

+ +
D* - K K'n' +0.006 £ 0.011 £ 0.005

-0.014 £ 0,029

R | +
D“ S KK 0.001 £0.022+0.015

o010+ 0049 + 0012

+0.048 £ 0.039 £ 0.025

D" > rx'n

-0.049 £ 0.078 £ 0.030

*No evidence for CP violation.

*Our limitson K"K m" are much better than K"K~

*Need to use tagged D° sample which cuts our sample by 80%

*Qur limits are ~2—3 X more stringent than E791 reflecting our

larger statistics.
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Summary Us

Vep=342+£1.39+0.74 % | e o0 Thedenvimn
T(KT) = 409.4 + 1.34 +22 fis | [ ok | OT5-00T005 000

1 KK !ﬂunﬂumwnis QO L00H LO00

Tn‘-ﬁ‘m;unh

D)+ 1(D)

T IV —=ir -iﬂﬂﬂiﬂl]ﬂﬂuﬁ | (U MR £
15 FOCUS 1 D) D)
| _p)-n
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7772

J principal results presented

*A value for KK and Krt lifetime ratio
r(D— Kn) |
Veop = e
" b - KK)

*A new value tor Kt hifetime but without
full systematics

95% CL. |
l ; *Much more stringent CPV asym limits
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