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The D@ collider experiment at Fermilab have studied flavor changing neutral current process
¢! uptp using a 508 pb 1 data sample of p p collisions atp s = 1.96 TeV. We observe the
D! om ! m u*u final state with a significance above background greater than 7 standard
deviations. We also measure 13.2* ZS of D ! @m ! m u*u events with a significance of
2.7 standard deviations above background and set a limit on the ratio of branching fractions of
B(D ! o ! mpu p )/B(Dg! om ! m p*pu )<0.28 at the 90% confidence level.
Using the previously measured values of the Dg ! @m and ¢! u* p  branching fractions we
convert this to a limit on the branching fractionof B(D ! ¢@m ! m u*p )<3.1 10 %at
the 90% confidence level.
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1. Intr oduction

Flavor changingneutralcurrent(FCNC) decaysare forbiddenat tree level in the standard
model(SM) andproceedvia higherorderpenguinor box diagrams.Many extensionsof the SM
(suchasR-parityviolating Supersymmetrifll]) allow for signi®cantenhancemerdaf FCNCdecay
rateswith respecto SM expectationsJustasthedecayB — J=y K — K |t playedacrucial
role in benchmarkinghe studiesof b — sI*l transitions,the obseration of the decayD, —
fp — p Il isanessentialrststepin thestudyof ¢ — ul"l transitions.At this conference
we reporton a study of FCNC charmdecays(of Dg andD mesons)ncluding the obsenation
of Dy — fp — p m'm decay Our studyis basedon 508 pb ! of Runll datadeliveredin
2002-2004andrecordedoy the Tevatron's' D@ experimentf].

2. Production and Reconstructionof Dg and D

At the Tevatron,the D mesonsareeitherdirectly producedn the p 4 collisions,or arecreated
asthedecayproductsof directlyproducednesonse.g. B. Wetake advantageof theexcellentmuon
coverageof the D@ detectoraswe focusonthedimuonD decays|In this analysisdatatakenwith
the dimuontriggers(with recordingrate of ~2Hz) have beenused. We requiretwo muonswith
transyersemomentumpr > 2 GeV=c. Thedimuonsystemis formedby combiningtwo oppositely
chaged muon candidateghat are associatedvith the samejet [§] andthe sameprimary vertex,
form a well reconstructedertex, and have aninvariantmass0:96 < m(ntm ) < 1:06 GeV=c?.
Thedimuonmassdistributionin theregion of thef , w, andr resonancess shavn in Fig.

CandidateD(s) mesonsare formed by combiningthe dimuon systemwith a track (pt >
0:18 GeV=c) thatis associateavith the samejet and primary vertex asthe dimuonsystem. The
invariantmassof the threebody systemmustbe in therange1:3 GeV=c? < m(mm p ) < 2.5
GeV=c?. Thethreeparticlesmustform awell reconstructedertex andthe ight directionmustbe
consistentwith a particleoriginatingfrom the primary vertex.

Theabove selectioncriteriayieldson averagemorethanthreeD(s) candidatesientin events
whereat leastone candidatés reconstructed\We choosethe candidatewith the minimum value
of .4 = ¢4+ (1=pr(p))%+ ARZ; wherec?, is thethreeparticlevertex ¢2, AR is the distance
in h, f spacebetweerthe p andthe m™m systemandthe p trans\ersemomentumis in units of
GeV=c. This selectghe correctcandidatén 90% of MC events.Eventsfound outsideof the 1.75
GeV=c’< m(m'm p )< 2:15GeV=c? region (sidebandiata)areusedto modelthebackground.

3. Background Suppression

Backgroundsare reducedby usinglikelihood functionsof four variables: #p; .%p; ©p and
Z. Theisolationis de®nedas . = p(D)=3 pcone Wherethe sumis over tracksin a cone
of AR< 1 centeredon the D meson;the trans\erse ight lengthsigni®cances de®nedasthe
trans\ersedistanceof the reconstructed vertex from the primary vertex normalizedto the error

1pp collider atp s=1.96 TeV located at Fermilab in the vicinity of Chicago in the USA. It expects to deliver
5000 pb 1 of Run |1 data until the end of 2009. The Tevatron hosts two collider experiments: the Collider Detector at
Fermilab (CDF) and the D@experiment.
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Figure 1: The inclusive m(u* u ) invariant Figure 2: The m(rt p* u ) mass spectrum for
mass spectrum for the 508 pb ! D@ data sam- events with the likelihood ratio d > 0.75 (blue)
ple. The solid line is a fit to the distribution and d > 0.9 (red hatched). The results of binned

that includes components for ¢! u*py , w! likelihood fits to the distributions including con-
uru ,and p! ptu o as well as combinatoric tributions for Dg, D , and combinatoric back-
background. ground are overlaid on the histograms.

in the primaryandD vertex measurementshecollinearityangle®@p de®nedastheanglebetween
theD momentunvectorandthe positionvectorpointingfrom the primaryto thesecondaryertex;
thesigni®canceaatio Z» de®nedastheratio of thep impactparametesigni®canceo 5.

For signalMC (S) andsidebandiata(B) events,we form combinedik elihoodvariables(.¥)
re ecting correlations.We thenselectevents,whoselikelihoodratiod = £ (S)=(.Z(S) + .£(B))
is greaterthan0.9.

4. Results

Figure@ shavs them(p m"m ) massspectrumfor eventspassingall above describedre-
quirements.We obsene 51 eventsin the D signalregion 1:91 GeV=c?> < m(p m™m ) < 2:03
GeV=c? with anexpectedbackgrounaf 18 eventsdeterminedrom extrapolatingthe eventyields
in the sidebands.This givesan excessof 33 eventswith a signi®canceabove backgroundof 7:8
standardieviations.

TheD —fp — p m'm signalis extractedfrom abinnedlik elihood®t to thedatasample
with d > 0:9 shavn in Fig. B assumingpossiblecontritutionsfrom D, andD initial statesas
signaland combinatoricbackground.The signaldistributionsare modeledas Gaussians.The ®t
parameteraredeterminedy relaxingtherequiremenbnd tod > 0:75and oating themeanand
sigmaof theDg GaussianThedifferencen themeansftheDg andD Gaussianareconstrained
to the known value [f]] andthe sigmasare constrainedby s(D ) = (m(D )=m(D)) x s (Ds).
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The backgrounds modeledas an exponential. The resulting®t is displayedin Fig[2. The ®t
yields561% of D, candidatesn theregiond > 0:75. Usingthe Gaussiarparametersletermined
above, we searcHor anexcessf D eventsin thed > 0:9 datasample. The®t parameterizatiois
identicalto the®t above with theexceptionthattheD, meanandsigmaarenow ®xedto thevalues
determinedn the ®t to thed > 0:75 region. The ®t yields 13255 D candidatesn the region

d > 0:9. Thisis consistentith a 2:7s uctuation in the background.We emplgy the following

identity to measurer setalimit on (D ):

#D —fp —p mm)_f(D;) eDs:d>075 N(D ;d>09)
#Ds —fp —p mm) f(D) eD ;d>09) "~ N(Ds:;d> 075’

wherethe productionfractionsare f(Dg ) = 0:101+ 0:027and f(D ) = 0:232+0:018[f]. The
ef®ciengy ratiowasdeterminedrom MC to be1:6+0:3, theuncertaintyontheratio of D, andD
yieldswasfoundto be +14%,-24%. The Dy andf branchingfractionsaretakenfrom [f]. The
statisticaluncertaintiesvere+47%,-43%. Combiningthe above quantitiesyields:

20 Lon L rui) - 017088+ 0%and#(D —fp —p mm)= (17078734578 x 10
We alsodetermingheupperlimit onthesequantitiesat 90%C.L.:

2(D* £ gEgT -
e hh ) < 0:28and#A(D —fp —p mm)< 314x10 ©

5. Conclusions

In conclusionwe have clearlyobseredtheD, — fp — p m"m processndicatingthat
we have achiered bettersensitvity to threebody FCNC charmmesondecaysthanary previous
experimentthathasreportedresultsonthesemodes.Our SM limit ontheD —fp —p mm
is almosta factorof 3 below the previousbestlimit setby the FOCUScollaborationf].
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