Recent Results on Charm Decays

Lifetimes

— Mesons

— baryons

“Wrong” sign DO decays

— Mixing

— Doubly suppressed cabibbo decays
CP violation searches
Semileptonic charm decay

Summary/Outlook
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Results from:
BABAR
BELLE
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FOCUS
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Charm Particle Lifetimes
Lifetime is adefining property of a*“particle”
necessary to convert BR’sto decay rates P theoretical comparisons
Weak interaction lifetime modified by strong interaction effects

p non-perturbative QCD

—T‘;E :“"g;ﬁ)ﬂ(;

spectator coI or suppr exchange annihilation
internal spectator

Charmed mesons and baryons provide arich testing ground:
3 mesons (D*, D°, D)
4 baryons (L ., X.*, X%, WP)
doubly charmed baryons
|nterference effects are important: t >1 » t o+ >t

Pattern of lifetimes “predicted” but not exact lifetime val u&s
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Colliding Beam vs Fixed Target

_ Silicon
Beampipe detectors
Silicon
detectors
K
9
Colliding Beam Fixed target I

Better acceptance for short lifetimes Better L/s separation
Cleaner environment L arge data samples
Unbinned ML fit Binned ML fit
1d or 2d vertex 3d vertex

|
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Neither actually “see” the decay as in emulsion and/or bubble chamber




Charmed meson lifetimes

Fixed target. exponential decay
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Lifetime results for Charmed Mesons
+1s PDG2001
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E691
E687
CLEOII
E791
SELEX
BELLE
FOCUS

preliminary

] —

g | ravs Annihilation and exchange diagrams
N ; ' g are important for mesons.
o t { ; PDG2001: tp_/t 50 =1.20£0.02

| | | BELLE :tp /t o =1.17+0.02+0.01
Expect <1.07 without annihilation

and exchange.
Bigi & Uraltsev, Z.Phys. C.62, 623, 1994
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Charmed Baryon Lifetimes

Baryon lifetimes not measured as precisely as mesons. 5-30% vs1-2%
Baryon lifetimes shorter than mesons (e.g. t .= 60 fsvst ;= 410 fs)
Baryon cross sections are low b samples smaller than mesons
Lifetime cal culations more complicated than mesons

New resultsfor L .+, X .+, X0

not in PDG2001 preliminary
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Recent X" lifetime Results
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Charmed Baryons Lifetimes
Preliminary X2 result from FOCUS:
t=109*%9 fs (PDG2001: t=98+2 fg)
Based on atotal of 137119 events (X °® W K*, X-p*)

Comments:

Measured lifetime ratio for X/ L ;larger than theory:
t t

X2 =28+03 FOCUS: X< =21+0.1
L% Lt

Theory rangescfrom:

CLEOII.V:

1.3 Blok and Shifman, proceedings of 3" workshop on physics of atau charm factory, (1993)

1.2-1.7 Guberinaand Mdlic, Eur. Phys. J. C2, 697 (1998)

At some point in the future lifetime analyses may have to correct for:
VVCO® Xc+p_ Contaml nation Of XC+ Samp|e Cabibbo Suppressed s® U

X® L pcontamination of L * in sample insteadofc® s
Doubly charmed baryons

No
Calculations
avallable
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Why is DO-DO mixi ng interesting?

Only meson system where mixing has not been observed
Only meson system where mixing is generated by down quarks
Mixing in D sector expected to be small in Standard Model
doubly Cabibbo Suppressed (DCYS)
vanishes the limit of SU(3) flavor symmetry

If D mixing islarge:
DG3 DM: large flavor SU(3) breaking ?
DM >>DG new physics ?

D mixing only involves the first two generations:
CPV >>103pb New Physics

Can make measurements to look for mixing !
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D mixing Phenomenol ogy
Dyy)=p/D,)+0Dy) [Dy)=pDy)- gDy

Usua definitions:

Phases.
d is the strong phase between Cabibbo allowed and doubly Cabibbo suppressed amplitudes
f isthe CP violating phase in mixing (very small in SM)

CP Violation:
CPV in mixing dueto [p/gt 1
CPV in interference between decay with and without mixing i sinf 10
Assume no direct CPV
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Ways to Observe D mixing
Measure lifetime difference between CP+ and/or CP- states

and with flavor specific (CP mixed) states.
CP+: DO®K*K-, p*p
CP-: DO®KOr 0, K w
Mixed: D K-p*
Givesinfoony:
— GCP+ - GCP-
C:\bP+ + GbP—

:tD®K9_1 -

tD®KK

Measure “Wrong” sign Decays. /
hadronic decays. D®K+pr

xsinf

[1p)?-1
Vo - yoost - LAl I2pI)

Yep

Yo Y If no CPV

Requires good
time (vertex) resolution

Don't haveto

semi -leptonic decays. D®K*-v «
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“Wrong” sign D° decays
These decays can originate from:
a)  Double Cabibbo suppression (DCS) (hadronic decays only)
ekt X H|DOS[
RDCS_\< K" X*|H|D°>
b) Mixing

Wrong sign rate (R,,s) has interesting time dependence duze to rgixi ng+decay:
Ras M [Rpes +(ycosd - xsind )(&)/Rpes + (@)°]e @

X +y
Usual assumptions: d=strong phase difference

4
CP conserved b [p/gl=1 between CF and DCS decay's
X, Y], Rpes<<1

X =p ,ppp.pp’ et

Convenient to rotate away d: x¢=xcosd+ysind, y¢ycosd-xsind

X€ + y¢
Rus M [Rpes + YAGt)\/Rpes + 4 y
NO DCS for semi-leptonic decays.

Ry U (X® + y&)(Gt)2e ©

(Gt)Z]e- Gt
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Some Recent y,, Lifetime Results

CLEO: sub. PRD
KKy, =-1.9+2.9+16

Not afull blown lifetime analysis
Looking for lifetime differences
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{ IBABAR: preliminary
1 Y =-1.02£22417
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Recent Mixing Resultsviay,,

| ook
= ! — YCP—,[ =-1»y
ol ! } -i DRKK
-2 | 1 ‘<\_:‘ preliminary

N S S B R R
FOCUS E791 CLEO BELLE BABAR

experiment | y,,(%) comments

FOCUS 3.4+1.4+0.7 |Fixedtarget, K'K-

E/91 0.8+2.8+1.0 |Fixedtarget, K'K-

CLEO -1.2+25+14 | e'e, K'K,p*p

BELLE  |-05+107)7 |ete, KK

BABAR -1.0+22+1.7 |e'e, K'K-
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Mixing Limits using “wrong” sign and y,,, measurements

" CLEQO' s Time dependence of GD® K*p- )/ GD*® K-p*)
XE€ + y¢
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Mixing Limits using “wrong” sign and y,, measurements

What will this plot ook like in the near future?
New results expected soon from CLEO, FOCUS, BABAR, BELLE

OF-0° Mixre Limiks

FOCUS, CLEO___| . PSSty

SL sensitivity T LS.

<«—| averagey,,

i & '_. i
S o -
.
1%
L : L] _ 1% i
T

FOCUS prehiminary Kp

WINO2 Jan 24, 2002 Richard Kass



preliminary

|mproved measurements of G(D% K*p- )/ G(D*® K-p*):

“Wrong” sign D° Decay rates

Rys=GD% K*pr )/ GO Kp*) (%)
CLEOII 0.77+£0.25+0.25
ALEPH 1.84 +0.59 +0.34
E791 0.68 +0.34 +0.07
CLEOIIV | 033+0.06+0.04
FOCUS 0.40 £0.09 £0.03
BABAR 0.38 £0.04 +0.02
BELLE 0.30 £0.06 +0.08

M40 DkeV)

Eve

] i) B 85 11
02 (GeV) (WS: D =D, D'k
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More “wrong” sign D° Decay rates
CLEO 1.V resultfor DO ® K*pp*p-

1 -
|||||||||||||||||||

— : L
! - . Data uu, dd, ss
- gia;ﬁm I:IDther Charrn | Slgnal 10ther ICharm ] 1
"= D+ 50 == D'+& B Of b1 of data
=T, dd, ss > T * * i1 | used in analysis
3 = I * N
2 = T |i' |||| ] n“J I
W = el Il
g 2.0 LB e 54+ 14 WS events
@ i .
T o from 2D binned
I I ML fit
G_ YN T TN T TN YT T [N T T T [N T T T T N Y W u
1.80 1.8 1.90 0.005 0.010

Mass (GeWc ) Q (GeV)

(D°®Kppp) =041 7 (stat) £0.04(sys)] * (1.07£0.10)(phase space)(%)

CLEO I1.V result consistent with previous E791 result:
R,=0.25 *Oos‘f (stat) +0.03 (sys) (%) (phase space=1)
But cannot tell if thisresult isfrom DSC or mixing since:

Rws = Rocs * Y&/ Roest) + 0.5(y¢ + x¢)

D°® K*
Only other WS DP result: CLEO’SRNS—( 5 P p )
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D® KOp° and KZpP
Preliminary result from BELLE

| nterference between the Cabibbo allowed decay D® IzopO

and the DCS decay D%® K°pP can lead to arate difference between
D%® K p® and Kp°.

Expect a 5% (»tan?q,) asymmetry in:
_GgD°® Kgp )- GD°® KEp°>
gD°® KPY+3D°® KO

The magnitude and sign of A provides info the strong phase difference (d)
between D'® K*p-and D°® K-p*.

Experimentally very challenging !
Difficult to reconstruct K, ’sin an e*e experiment

BELLE calibrates K, efficiency using D°® K™-p*, with K"® K p-.
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DY® KPp® and Kp°
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X

2m [ E= IR (1]
® FRmos  @m Zms 7oz zom  Zm " :ul:. zu: zulz:. e
MU — AN ..r.l:'::?' .1I.|'|-r|l'lll'.:':;"i"'.'_.'||" i m I na ry '|I.|'|..|'.:Il i ':F': W I" F| rst reconstructlon
il !‘l._.--. Pre =1} nr'l.J Of D’S us ng KL, SI
L " DY® K*-p* ® Kgp* T DW® K p+® K pp*

™ 111895
=: N 1 1 1 1 1 N | 1 | 1 1 1 | 1 1 1 1
MDA} — ML) -+ MECEV ] MDY e
ol LAEnkr o) LR whr

Using 23 fb! of data BEL L E measures:

0 0
=D © K K )- &b © K Kip )—006+005+005
GD°® KPp%) +GD°® Kp?)

WINO2 Jan 24, 2002

Richard Kass



CP Violation in D° Decay

CPV expected to be small in the charm sector

SM predictions O(0.1%)
CPV > 1% evidence for non-SM processes

Look for particle U anti-particle rate differences
A _GD°® f)-GD°® f)
" oD’°® f)+ED°® f)

Use D* tag to distinguish D° from DO.

GD*"®p f)-GD" ®p f)
GD*®p*f)+ED” ®p f)
Wheref is: KtK-, p*p-, K, KO, p°p°, and K K,

Measure: A, =

WINO2 Jan 24, 2002 Richard Kass



CP Violation in D° Decay
20 A & 1; 10_....
15 E | ] | 1
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CLEO aso has the following results:

Ap(Kf)=-2.849.4% A (p°p®)=0.1+4.8%
Acp(KP9)=0.1+1.3% A (KK )=23+19%

CLEO “wrong” sign D°® K*p- analysisyields:
A o(K'p)=2"2 +1.0 %

-20 —

No mixing in fit

No evidence for CP violation in D° decay
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CP Violation in D* Decay

For charged D’ s measure the following:
_GD'® fN-QDh ® )
ACP_G(D+® fY+GD ® f)
Look for direct CP violation, no mixing.

Not much new since 2000
All results are from fixed target experiments.

15 —

10: + K *0 n f
o | ke TR P e
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CLEO Measurement of B(D*® K**n))

This decay issensitiveto P® V form factor

These form factors are related to ff'sin b® ulv and b® 4.

Can help reduce uncertainty in extraction of |V |

CLEO Method:

Use D* tag, reconstruct n using jet direction for D* direction
2-fold ambiguity, choose solution closest to dm=M.-My=140.6 MeV
fit K* massin bins for dm then fit resulting dm with K* +data to extract signal

R = B(D*® K ")
B(D"® K'pp™)
R,=0.74+ 0.04 + 0.06

R =0.72 + 0.104 + 0.06
R=0.73 + 0.04 + 0.05

PDG: B(D*® K-p*p*) =(9.0 £ 0.6)%
BR,=(6.7£0.4+ 0.5+ 0.4)%
BR =(6.5+0.9+05+0.4)%
BR=(6.6+£04+£05+£04)%
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CLEO’sform factor ratio measurement inL ® L en

Motivation: Alternative method for extracting [V, | and V|
Same set of form factorsin both decays f.(9?), ,(9?)

_ f(qw) _

Korner&Kramer predict: R: f,(g?)/f,(g%)=-0.25 (PL B275,495 (1992))

Ac Acwv

G - _ Stgnal Reglon
o [ right Sign
o | et Le
H L_ :l B E_ Lait Eidetund

b Wrong sign
Le,Le

Evantz /1 Mah'c"

IE| h‘l\.“\-\.':

e

2 111 }1z
M II W ic l‘-.1,”L G ile”

EXtract R usmg ML Tt '[O dval'lableS

t=( )
cosq,,= angle between e and Win cm of W

cosg, = angle betweenpandL incmof L

Preliminary Result: R=-0.31+£0.06x+0.06

|mprovement over previous CLEO result: R=-0.25+0.14+0.08, (PRL 75,624 (1995))
Consistent with Korner& Kramer
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WO® W en
Search for W.® W e*n by comparing “right” (W e*) sign and
“wrong” sign (W e) event yields.

preliminary

[ Tw 1552 | 1--2L!I:.- I.:'.:ib.l | 58E &332 1.702 1.5 |62 u MII-'I:I':I-!H'JI'IHHZ [T 1.72 1OX S,nal I er
Probability of background fluctuation < 9x10* than ARGUS result

BW.® Wetn )s(efe ® W, X)=42.2+14.1+11.9 fp [ 520+230£130fb

First observation of baryon b decay with no u or d in parent particle
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Charm Review Summary

Lifetimes. mesons: lifetimes measured to 1- 2%
baryons: lifetimes measured ~2 - 30%
theory may need atune up: tyit, |, >2 vstft < 1.7

Lclexp

D Mixing: Exciting times ahead
new results expected from BELLE & BABAR soon

CP Violation: Keep looking !

Semileptonic Decays. Progress measuring rates and form factors

“The future of charm physics lies ahead of us !”

Y ogi Berra? George W.?

b-factories are charm factories too
CLEO-c
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