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The DØ collider experiment at Fermilab have studied flavor changing neutral current process

c ! uµ+ µ � using a 508 pb� 1 data sample of p p̄ collisions at
p

s = 1.96 TeV. We observe the

D�
s ! φπ � ! π � µ+ µ � final state with a significance above background greater than 7 standard

deviations. We also measure 13.2+ 5:6
� 4:9 of D� ! φπ � ! π � µ+ µ � events with a significance of

2.7 standard deviations above background and set a limit on the ratio of branching fractions of

B (D� ! φπ � ! π � µ+ µ � )/B (D�
s ! φπ � ! π � µ+ µ � ) < 0.28 at the 90% confidence level.

Using the previously measured values of the D�
s ! φπ � and φ ! µ+ µ � branching fractions we

convert this to a limit on the branching fraction of B (D� ! φπ � ! π � µ+ µ � ) < 3.1 � 10� 6 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 theSM
(suchasR-parityviolatingSupersymmetry[1]) allow for signi®cantenhancementof FCNCdecay
rateswith respectto SM expectations.JustasthedecayB� → J=y K � → K � l+l � playedacrucial
role in benchmarkingthe studiesof b → sl+l � transitions,the observation of the decayD�

s →
f p � → p � l+l � is anessential®rst stepin thestudyof c→ ul+l � transitions.At this conference
we reporton a studyof FCNC charmdecays(of D�

s andD� mesons)including the observation
of D�

s → f p � → p � m+m� decay. Our study is basedon 508 pb� 1 of Run II datadeliveredin
2002-2004andrecordedby theTevatron's1 DØ experiment[2].

2. Production and Reconstructionof D�
s and D�

At theTevatron,theD mesonsareeitherdirectlyproducedin the p Åp collisions,or arecreated
asthedecayproductsof directlyproducedmesons,e.g.B. Wetakeadvantageof theexcellentmuon
coverageof theDØ detectoraswefocuson thedimuonD decays.In thisanalysis,datatakenwith
the dimuontriggers(with recordingrateof ≈2Hz) have beenused. We requiretwo muonswith
transversemomentumpT > 2 GeV=c. Thedimuonsystemis formedby combiningtwo oppositely
chargedmuoncandidatesthat areassociatedwith the samejet [3] andthe sameprimary vertex,
form a well reconstructedvertex, andhave an invariantmass0:96 < m(m+m� ) < 1:06 GeV=c2.
Thedimuonmassdistribution in theregionof thef , w, andr resonancesis shown in Fig. 1.

CandidateD�
(s) mesonsare formed by combining the dimuon systemwith a track (pT >

0:18 GeV=c) that is associatedwith the samejet andprimary vertex asthe dimuonsystem.The
invariantmassof the threebody systemmustbe in the range1:3 GeV=c2 < m(m+m� p � ) < 2:5
GeV=c2. Thethreeparticlesmustform awell reconstructedvertex andthe�ight directionmustbe
consistentwith aparticleoriginatingfrom theprimaryvertex.

Theabove selectioncriteriayieldson averagemorethanthreeD�
(s) candidates/eventin events

whereat leastonecandidateis reconstructed.We choosethe candidatewith the minimum value
of M = c 2

vtx + (1=pT(p))2 + ∆R2
π ; wherec 2

vtx is the threeparticlevertex c 2, ∆Rπ is thedistance
in h , f spacebetweenthep andthem+m� system,andthep transversemomentumis in unitsof
GeV=c. This selectsthecorrectcandidatein 90%of MC events.Eventsfoundoutsideof the1:75
GeV=c2 < m(m+m� p � ) < 2:15GeV=c2 region(sidebanddata)areusedto modelthebackground.

3. Background Suppression

Backgroundsare reducedby using likelihood functionsof four variables:ID;SD;ΘD and
RS . The isolation is de®nedas ID = p(D)=∑ pcone, wherethe sum is over tracksin a cone
of ∆R < 1 centeredon the D meson;the transverse�ight lengthsigni®canceSD de®nedasthe
transversedistanceof thereconstructedD vertex from theprimaryvertex normalizedto theerror

1 p p̄ collider at
p

s = 1.96 TeV located at Fermilab in the vicinity of Chicago in the USA. It expects to deliver �
5000 pb� 1 of Run II data until the end of 2009. The Tevatron hosts two collider experiments: the Collider Detector at
Fermilab (CDF) and the DØ experiment.
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Figure 1: The inclusive m(µ+ µ � ) invariant
mass spectrum for the 508 pb� 1 DØ data sam-
ple. The solid line is a fit to the distribution
that includes components for φ ! µ+ µ � , ω !
µ+ µ � , and ρ ! µ+ µ � as well as combinatoric
background.
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Figure 2: The m(π � µ+ µ � ) mass spectrum for
events with the likelihood ratio d > 0.75 (blue)
and d > 0.9 (red hatched). The results of binned
likelihood fits to the distributions including con-
tributions for D�

s , D� , and combinatoric back-
ground are overlaid on the histograms.

in theprimaryandD vertex measurements;thecollinearityangleΘD de®nedastheanglebetween
theD momentumvectorandthepositionvectorpointingfrom theprimaryto thesecondaryvertex;
thesigni®canceratioRS de®nedastheratioof thep� impactparametersigni®canceto SD.

For signalMC (S) andsidebanddata(B) events,we form combinedlikelihoodvariables(L )
re�ecting correlations.We thenselectevents,whoselikelihoodratio d = L (S)=(L (S) + L (B))
is greaterthan0.9.

4. Results

Figure2 shows the m(p � m+m� ) massspectrumfor eventspassingall above describedre-
quirements.We observe 51 eventsin the D�

s signalregion 1:91 GeV=c2 < m(p � m+m� ) < 2:03
GeV=c2 with anexpectedbackgroundof 18eventsdeterminedfrom extrapolatingtheeventyields
in the sidebands.This givesan excessof 33 eventswith a signi®canceabove backgroundof 7:8
standarddeviations.

TheD� → f p � → p � m+m� signalis extractedfrom abinnedlikelihood®t to thedatasample
with d > 0:9 shown in Fig. 2 assumingpossiblecontributions from D�

s andD� initial statesas
signalandcombinatoricbackground.The signaldistributionsaremodeledasGaussians.The ®t
parametersaredeterminedby relaxingtherequirementond to d > 0:75and�oating themeanand
sigmaof theD�

s Gaussian.Thedifferencein themeansof theD�
s andD� Gaussiansareconstrained

to the known value[4] andthe sigmasareconstrainedby s (D� ) = (m(D� )=m(D�
s )) × s (D�

s ).
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The backgroundis modeledas an exponential. The resulting®t is displayedin Fig 2. The ®t
yields56+12

� 11 of D�
s candidatesin theregion d > 0:75. UsingtheGaussianparametersdetermined

above,wesearchfor anexcessof D� eventsin thed > 0:9 datasample.The®t parameterizationis
identicalto the®t abovewith theexceptionthattheD�

s meanandsigmaarenow ®xedto thevalues
determinedin the ®t to the d > 0:75 region. The ®t yields 13:2+5:6

� 4:9 D� candidatesin the region
d > 0:9. This is consistentwith a 2:7s �uctuation in thebackground.We employ the following
identity to measureor seta limit onB(D� ):

B(D� → f p � → p � m+m� )
B(D�

s → f p � → p � m+m� )
=

f (D�
s )

f (D� )
×

e(D�
s ;d > 0:75)

e(D� ;d > 0:9)
×

N(D� ;d > 0:9)
N(D�

s ;d > 0:75)
;

wheretheproductionfractionsare f (D�
s ) = 0:101±0:027and f (D� ) = 0:232±0:018 [5]. The

ef®ciency ratiowasdeterminedfrom MC to be1:6±0:3, theuncertaintyontheratioof D�
s andD�

yieldswasfound to be+14%,-24%. TheD�
s andf branchingfractionsaretaken from [4]. The

statisticaluncertaintieswere+47%,-43%.Combiningtheabovequantitiesyields:
B(D±! φπ±! π±µ+µ−)

B(D±
s ! φπ±! π±µ+µ−)

= 0:17+0:08
� 0:07

+0:06
� 0:07 andB(D� → f p � →p � m+m� ) = (1:70+0:79

� 0:73
+0:76
� 0:82)×10� 6:

Wealsodeterminetheupperlimit on thesequantitiesat90%C.L.:
B(D±! φπ±! π±µ+µ−)

B(D±
s ! φπ±! π±µ+µ−)

< 0:28andB(D� → f p � → p � m+m� ) < 3:14×10� 6:

5. Conclusions

In conclusion,we have clearlyobservedtheD�
s → f p � → p � m+m� processindicatingthat

we have achieved bettersensitivity to threebody FCNC charmmesondecaysthanany previous
experimentthathasreportedresultson thesemodes.OurSM limit on theD� → f p � → p � m+m�

is almosta factorof 3 below thepreviousbestlimit setby theFOCUScollaboration[6].

Acknowledgments

I would like to thanktheorganizersof HEP2005for creatingthis warmatmospherein sucha
beautifulplaceasthecapitalcity of Portugal. Many thanksto themembersof theDØ collaboration,
especiallyto BrendanCasey for achieving thesegreatresultspresentedat this conference.

References

[1] K. Agashe and M. Graesser, Phys. Rev. D54, 4445 (1996).

[2] P. M. Tuts (DØ collaboration), Nucl. Phys. Proc. Suppl. 32, 29 (1993) and
DØ collaboration, S. Abachi et al. Nucl. Instrum. Methods A, 338 (185)1994

[3] Jets are identified by using the DURHAM clustering algorithm with the pT cut-off 15 GeV/c. S.
Catani, Yu. L .Dokshitzer, M. Olsson, G. Turnock, B.R. Webber, Phys. Lett. B269, 432 (1991).

[4] S. Eidelman et al., (Particle Data Group), Phys. Lett. B592, 1 (2004).

[5] L. Gladilin, hep-ex/9912064 (1999).

[6] J. M. Link et al., (FOCUS Collaboration), Phys. Rev. Lett. 572, 21 (2003).

4


