arXiv:0908.0761v1 [hep-ex] 5 Aug 2009

arXiv:XXXX. XXXX BaBar-PUB-09/023
hep-ex SLAC-PUB-13737
August 5, 2009

M easurement of D°-D° Mixing using the Ratio of Lifetimesfor the Decays
D - K—ntand KT K~

B. Aubert! Y. Karyotakis! J. P. Lee$, V. Poireaut E. Prencipé, X. Prudent: V. Tisserand, J. Garra Ticd, E. Grauges,
M. Martinelli*® 3 A. Paland® > M. Pappagallé’,® G. Eigen? B. Stugu? L. Sun? M. Battaglia® D. N. Brown? B. Hoobermar?,
L. T. Kerth? Yu. G. Kolomensky’, G. Lynch? I. L. OsipenkoV? K. Tackmanr, T. Tanabe, C. M. Hawkes$ N. Soni®
A. T. Watson® H. Koch,” T. Schroedef,D. J. Asgeirssofi,C. Hearty® T. S. Mattisorf J. A. McKenna M. Barrett?

A. Khan? A. Randle-Cond8,V. E. Blinov,° A. D. Bukin,[{ A. R. Buzykae\i® V. P. Druzhinini® V. B. Golubev?®
A. P. Onuchint® S. I. Serednyako¥? Yu. I. Skovpen'® E. P. SolodoV? K. Yu. Todyshe\t® M. Bondioli,}* S. Curry!!

I. Eschrich!! D. Kirkby,** A. J. Lankford!! P. Lund!! M. Mandelkernt! E. C. Martin!! D. P. Stoke! H. Atmacant?

J. W. Gary*? F. Liu,*2 O. Long}? G. M. Vitug,*? Z. Yasin? V. Sharmal® C. Campagnani? T. M. Hong* D. Kovalskyi*
M. A. Mazur!* J. D. Richman? T. W. Beck!® A. M. Eisner!® C. A. Heuscht® J. Kroseberd?® W. S. Lockman-®
A. J. Martinez!® T. Schalk!® B. A. Schummt® A. Seiden'® L. Wang}® L. O. Winstrom?!® C. H. Cheng'® D. A. Doll, ¢
B. Echenard?® F. Fang!® D. G. Hitlin,'® I. Narsky® P. Ongmongkolkut? T. Piatenko'® F. C. Portert® R. Andreassef/
G. Mancinelli}” B. T. Meadows'’ K. Mishra” M. D. Sokoloff!’” P. C. Bloom*® W. T. Ford*® A. Gaz® J. F. Hirschauet®
M. Nagel® U. Nauenberd® J. G. Smitht® S. R. Wagnet® R. Ayad®fl W. H. Toki° R. J. Wilson® E. Feltres?®
A. Hauke?® H. Jaspef? T. M. Karbach?® J. Merkel?® A. Petzold?° B. Spaarf? K. Wacker?® M. J. Kobel?! R. Nogowski?*
K. R. Schubert! R. SchwierZ! D. Bernard?? E. Latour?? M. Verderi?? P. J. Clarke® S. Playfer’® J. E. Watsorf3
M. Andreotti*,?* D. Bettonf*,?* C. Bozzi*,>* R. Calabres#,?* A. Cecchi®,?* G. Cibinettd®,?* E. Fioravanti®,?*

P. Franchini®,?* E. Luppi*®,?* M. Muneratd®,2* M. Negrini*®,2* A. Petrell&®,?* L. Piemontesg?* V. Santorg® 2
R. Baldini-Ferroli?> A. Calcaterr&® R. de Sangré® G. Finocchiard® S. Pacett?® P. Patter?s I. M. Peruzzi?>{] M. Piccolo?
M. Rama?® A. Zallo,?® R. Contri** 2% E. Guido?® M. Lo Vetere®®,26 M. R. Monge?®,%6 S. Passaggig?® C. Patrignarti®,2
E. Robutt#*,?® S. Tos#? 26 K. S. Chaisanguanthuff,M. Morii,?” A. Adametz?® J. Marks?® S. Schenk?® U. Uwer?®
F. U. Bernlochnef? V. Klose?® H. M. Lacker?® T. Lueck?® A. Volk,2° D. J. Bard®® P. D. Dauncey? M. Tibbetts3®
P. K. Behera! M. J. Charles’! U. Mallik,3! J. Cochrart? H. B. Crawley®? L. Dong3? V. Eyges3? W. T. Meyer3? S. Prell®?
E. l. Rosenberd? A. E. Rubin®? Y. Y. Gao23 A. V. Gritsan®® Z. J. Guo®® N. Arnaud* J. Béquilleux3* A. D’Orazio 3*
M. Davier3* D. Derkach®* J. Firmino da Cost&} G. Grosdidie?* F. Le Diberder* V. Lepeltier3* A. M. Lutz,**

B. Malaesci?* S. Pruvof P. Roudead* M. H. Schuné®* J. Serrand* V. Sordini3*fl A. Stocchi®* G. Wormser*

D. J. Lange®® D. M. Wright 2 1. Bingham?® J. P. Burke®® C. A. ChaveZ® J. R. Fry36 E. Gabathule?f® R. Gamef®
D. E. Hutchcroft®® D. J. Payne® C. Touramanis® A. J. Bevan®’ C. K. Clarke®’ F. Di Lodovico?’ R. Sacco’ M. Sigamanit’
G. Cowan3® S. Paramesvarali,A. C. Wren® D. N. Brown?2° C. L. Davis?® A. G. Denig?#® M. Fritsch#® W. Grad|#°
A. Hafner?OK. E. Alwyn,*! D. Bailey** R. J. Barlow?! G. Jacksori! G. D. Lafferty® T. J. Westi! J. I. Yi,*1 J. Andersorf?
C. Chen? A. Jawahery*? D. A. Roberts?? G. Simi*?2 J. M. Tuggle?? C. Dallapiccola® E. Salvati?®* R. Cowan*

D. Dujmic* P. H. Fisheft* S. W. Hendersoff! G. Sciolla?* M. Spitznagelt* R. K. Yamamotd'* M. Zhao** P. M. Patel?®
S. H. Robertsoft® M. Schran'!® P. Biassorfi*,*6 A. Lazzarg®,*® V. Lombardd,*® F. Palomb6’,46 S. Stracka’,*®
L. Cremaldi*’ R. Godand”{1 R. Kroeger*’ P. Sonnek? D. J. Summeré” H. W. Zhao?” M. Simard?® P. Tarad®
H. Nicholson?® G. De Nard@®,° L. Lista®,%° D. Monorchig?®,>° G. Onorat6”,*° C. Sciacc&’,*° G. Raverp! H. L. Snoek3!
C. P. Jessof? K. J. KnoepfeP? J. M. LoSeccd? W. F. Wang?? L. A. Corwin 23 K. Honscheid® H. Kagan®® R. Kass>®
J. P. Morris>® A. M. Rahimi2® S. J. Sekul&® Q. K. Wong>3 N. L. Blount®* J. Brau®* R. Frey®>* O. Igonkina®* J. A. Kolb>*
M. Lu,>* R. Rahma#t? N. B. Sinev>* D. Strom>* J. Strube’* E. Torrence’* G. Castellf®,> N. Gagliardi®,%> M. Margoni*®,%®
M. Morandirf*,>®> M. Posocc6,>® M. Rotondd,>® F. Simonett6®,%° R. Stroili*?,° C. Voci®?,*° P. del Amo Sanche?,

E. Ben-Haim?® G. R. Bonneaud® H. Briand®® J. Chauveat® O. Hamom® Ph. Lerust€® G. Marchiori®® J. Ocariz3®
A. Perez3® J. Prendkp® S. Sitt?® L. Gladney®’ M. Biasini?,%8 E. Manonf?® %8 C. Angelini*®,>° G. Batignant®,>°
S. Bettarini? 59 G. Calderini® 594 M. Carpinelli® 5°ft] A. Cervelli® 5 F. Forti®,5° M. A. Giorgi®®,%° A. Lusiani*,5°
M. Morganti*® > N. Neri*® 5° E. Paolont®,>° G. Rizzd"*,%° J. J. Walsh,*° D. Lopes Pegné’ C. Lu %% J. Olserf®
A.J.S. SmithE° A. V. Telnov F. Anulli#,5! E. Baracchiri’ ! G. Cavotd,%! R. Faccint® %! F. Ferrarott6,% F. Ferron®,6
M. Gasper6®,%1 P. D. Jacksoh®! L. Li Gioi*,6* M. A. Mazzoni*, ' S. Morgantt,’! G. Piredd4,% F. Reng&® %!

C. Voend %! M. Ebert8? T. Hartmanrf? H. Schrodef? R. Waldi®? T. Adye 8 B. Franeké® E. O. Olaiya®® F. F. Wilson®3
S. Emeny®* L. Esteve®* G. Hamel de Monchenauif,W. Kozaneck®* G. Vasseuf? Ch. Yecheé®* M. Zito,* M. T. Allen,®


http://arxiv.org/abs/0908.0761v1

D. Aston® R. Bartoldus®® J. F. Benite£° R. Cenci®® J. P. Colema#f® M. R. Convery?® J. C. Dingfeldef® J. Dorfan®®
G. P. Dubois-Felsmanf?,W. Dunwoodief® R. C. Field®® M. Franco Sevill#® B. G. Fulsomt® A. M. Gabareer?®
M. T. Grahant® P. Grenief® C. Hast®® W. R. Innes$® J. Kaminski®® M. H. Kelsey® H. Kim,®® P. Kimf® M. L. Kocian %°
D. W. G. S. Leith%® S. Li,%® B. Lindquist®® S. Luitz® V. Luth %> H. L. Lynch %5 D. B. MacFarlané® H. Marsiske5®
R. Messnef5{] D. R. Muller 5 H. Neal®® S. NelsorfS C. P. O'Gradyf® I. Ofte 85 M. Perl® B. N. Ratcliff,55 A. Roodmarf®
A. A. Salnikov® R. H. Schindlef® J. Schwiening® A. Snyder®® D. Su8® M. K. Sullivan® K. Suzuki® S. K. Swain%®
J. M. Thompsorf? J. Va'vra®® A. P. Wagnef> M. WeaverS® C. A. West®® W. J. WisniewskE®> M. Wittgen8° D. H. Wright &
H. W. Wulsin® A. K. Yarritu,%® C. C. Young® V. Ziegler8° X. R. Chen®® H. Liu,%® W. Park®¢ M. V. Purohit®® R. M. White 6
J. R. Wilson® M. Bellis %" P. R. Burchaf/ A. J. Edward$ T. S. Miyashitel” S. Ahmed® M. S. Alam® J. A. Ernst$®
B. Pan®® M. A. Saeedf® S. B. Zain%® A. Soffer8° S. M. Spanier? B. J. Wogsland? R. Eckmanrf! J. L. Ritchie!*
A. M. Ruland/* C. J. Schilling’* R. F. Schwitterd} B. C. Wray/* B. W. Drummond’? J. M. Izen/? X. C. Lou,’?
F. Bianchf®,”® D. Gamb&®,”® M. Pelliccion®,”®> M. Bombert®,4 L. Bosisig®,’* C. Cartar8®,’* G. Della Ricc&®,’
L. Lanceri*,’ L. Vitale®®,’ V. Azzolini,”® N. Lopez-March’® F. Martinez-Vidal’® D. A. Milanes/® A. Oyangurer?
J. Albert/® Sw. Banerje€® B. Bhuyan/® H. H. F. Choi/® K. Hamano’® G. J. King/® R. Kowalewski’® M. J. Lewczuk/®
I. M. Nugent/® J. M. Roney/® R. J. Sobi€® T. J. Gershori! P. F. Harrisor!/ J. llic,’” T. E. Latham’’ G. B. Mohanty’’
E. M. T. Puccio!” H. R. Band’® X. Chen/® S. Dasu’8 K. T. Flood,”® Y. Pan/® R. Prepost? C. O. Vuosalo’® and S. L. W8

(The BaBar Collaboration)

!Laboratoire d’Annecy-le-Vieux de Physique des ParticiflesPP),
Université de Savoie, CNRS/IN2P3, F-74941 Annecy-LexViErance
2Universitat de Barcelona, Facultat de Fisica, DepartamB@M, E-08028 Barcelona, Spain
3INFN Sezione di Bafi; Dipartimento di Fisica, Universita di Bafi 1-70126 Bari, Italy
4University of Bergen, Institute of Physics, N-5007 Bergsorway
SLawrence Berkeley National Laboratory and University ofifoania, Berkeley, California 94720, USA
SUniversity of Birmingham, Birmingham, B15 2TT, United Kiom
"Ruhr Universitat Bochum, Institut filr Experimentalpiky$, D-44780 Bochum, Germany
8Universi’[y of British Columbia, Vancouver, British ColuimpCanada V6T 171
®Brunel University, Uxbridge, Middlesex UB8 3PH, United #dom
10Budker Institute of Nuclear Physics, Novosibirsk 630090ssR
Hyniversity of California at Irvine, Irvine, California 9257, USA
2University of California at Riverside, Riverside, Califia 92521, USA
BUniversity of California at San Diego, La Jolla, Californi@2093, USA
14Universi’[y of California at Santa Barbara, Santa Barbaraalifornia 93106, USA
15University of California at Santa Cruz, Institute for Panié Physics, Santa Cruz, California 95064, USA
8California Institute of Technology, Pasadena, Califor@al125, USA
YUniversity of Cincinnati, Cincinnati, Ohio 45221, USA
BUniversity of Colorado, Boulder, Colorado 80309, USA
¥Colorado State University, Fort Collins, Colorado 80523SA
2%Technische Universitat Dortmund, Fakultat Physik, 2224 Dortmund, Germany
2 Technische Universitat Dresden, Institut fur Kern- urgdldhenphysik, D-01062 Dresden, Germany
22| ahoratoire Leprince-Ringuet, CNRS/IN2P3, Ecole Polytégue, F-91128 Palaiseau, France
ZUniversity of Edinburgh, Edinburgh EH9 3JZ, United Kingdom
24NFN Sezione di Ferrarg Dipartimento di Fisica, Universita di Ferrara 1-44100 Ferrara, ltaly
BINFN Laboratori Nazionali di Frascati, 1-00044 Frascatitaly
Z8NFN Sezione di Genota Dipartimento di Fisica, Universita di GenoYal-16146 Genova, Italy
Z'Harvard University, Cambridge, Massachusetts 02138, USA
ZUniversitat Heidelberg, Physikalisches Institut, Psidphenweg 12, D-69120 Heidelberg, Germany
2Humboldt-Universitat zu Berlin, Institut fir Physik, Winstr. 15, D-12489 Berlin, Germany
%0Imperial College London, London, SW7 2AZ, United Kingdom
SlUniversity of lowa, lowa City, lowa 52242, USA
%2|owa State University, Ames, lowa 50011-3160, USA
3Johns Hopkins University, Baltimore, Maryland 21218, USA
34 aboratoire de I'’Accélérateur Linéaire, IN2P3/CNRSUtiversité Paris-Sud 11,
Centre Scientifique d'Orsay, B. P. 34, F-91898 Orsay Cedexnde
%5_awrence Livermore National Laboratory, Livermore, Caiifia 94550, USA
3%University of Liverpool, Liverpool L69 7ZE, United Kingdom
%’Queen Mary, University of London, London, E1 4NS, Unitedgtiam
%8University of London, Royal Holloway and Bedford New Calleggham, Surrey TW20 OEX, United Kingdom
%University of Louisville, Louisville, Kentucky 40292, USA
403ohannes Gutenberg-Universitat Mainz, Institut fir ighysik, D-55099 Mainz, Germany
“University of Manchester, Manchester M13 9PL, United Kimmgd



“2University of Maryland, College Park, Maryland 20742, USA
43University of Massachusetts, Amherst, Massachusetts3)108A
4*Massachusetts Institute of Technology, Laboratory forldarcScience, Cambridge, Massachusetts 02139, USA
*McGill University, Montréal, Québec, Canada H3A 2T8
“®INFN Sezione di Milant; Dipartimento di Fisica, Universita di Milant 1-20133 Milano, Italy
4University of Mississippi, University, Mississippi 386JSA
“8Universite de Montréal, Physique des Particules, Meatr Québec, Canada H3C 3J7
“Mount Holyoke College, South Hadley, Massachusetts 010%3,
SONFN Sezione di Napdli Dipartimento di Scienze Fisiche,
Universita di Napoli Federico fl, 1-80126 Napoli, ltaly
*INIKHEF, National Institute for Nuclear Physics and High Ege Physics, NL-1009 DB Amsterdam, The Netherlands
52University of Notre Dame, Notre Dame, Indiana 46556, USA
530hio State University, Columbus, Ohio 43210, USA
S4University of Oregon, Eugene, Oregon 97403, USA
INFN Sezione di Padoda Dipartimento di Fisica, Universita di Padoal-35131 Padova, Italy
56| aboratoire de Physique Nucléaire et de Hautes Energies,
IN2P3/CNRS, Université Pierre et Marie Curie-Paris6,
Université Denis Diderot-Paris7, F-75252 Paris, France
>"University of Pennsylvania, Philadelphia, Pennsylvan@i a4, USA
*8INFN Sezione di Perugfia Dipartimento di Fisica, Universita di Perugfa 1-06100 Perugia, Italy
S9INEN Sezione di Pisg Dipartimento di Fisica, Universita di Pida Scuola Normale Superiore di Pia-56127 Pisa, Italy
5%Princeton University, Princeton, New Jersey 08544, USA
51 NFN Sezione di Ronfa Dipartimento di Fisica, Universita di Roma La Sapiefiz&00185 Roma, ltaly
2Universitat Rostock, D-18051 Rostock, Germany
83Rutherford Appleton Laboratory, Chilton, Didcot, Oxon, TIX0QX, United Kingdom
84CEA, Irfu, SPP, Centre de Saclay, F-91191 Gif-sur-Yvettanée
85S|LAC National Accelerator Laboratory, Stanford, Califir94309 USA
%University of South Carolina, Columbia, South Carolina 292 USA
®7Stanford University, Stanford, California 94305-4060, AJS
%8State University of New York, Albany, New York 12222, USA
69Tel Aviv University, School of Physics and Astronomy, Tél, 488978, Israel
yniversity of Tennessee, Knoxville, Tennessee 37996, USA
"University of Texas at Austin, Austin, Texas 78712, USA
"University of Texas at Dallas, Richardson, Texas 75083, USA
*INFN Sezione di Torinf Dipartimento di Fisica Sperimentale, Universita di Toof, 1-10125 Torino, Italy
"INFN Sezione di Trieste Dipartimento di Fisica, Universita di Trieste 1-34127 Trieste, Italy
SIFIC, Universitat de Valencia-CSIC, E-46071 Valencia, Bpa
"SUniversity of Victoria, Victoria, British Columbia, Canadv8W 3P6
""Department of Physics, University of Warwick, Coventry Q¥4 United Kingdom
"8University of Wisconsin, Madison, Wisconsin 53706, USA
(Dated: August 5, 2009)

We measure the rate @°-D° mixing with the observablgcr = (Txr /T ) — 1, Whererx x and s
are respectively the mean lifetimes 6P-evenD? — KK~ andCP-mixed D° — K~ =t decays, using
a data sample d884 fb~—* collected by theBABAR detector at the SLAC PEP-II asymmetric-enefgyFactory.
From a sample oD and D° decays where the inital flavor of the decaying meson is nerdehed, we obtain
yep = [1.12 + 0.26(stat) + 0.22(syst)]%, which excludes the no-mixing hypothesis3ao, including both
statistical and systematic uncertainties. This resul igdod agreement with a previoBaBAR measurement
of yop oObtained from a sample ab** — DYz T events, where thé° decays toK ~«", KTK~, and
77—, which is disjoint with the untaggeB° events used here. Combining the two results taking intowatco
statistical and systematic uncertainties, where the syatie uncertainties are assumed to1b8% correlated,
we findycp = [1.16 £ 0.22(stat) £ 0.18(syst)]%, which excludes the no-mixing hypothesisiato.
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Several recent resultd [1,(2,[3, 4] show evidence for mixingwith the tagged analysis, prior to examining the mixing fessu
in the D°-D° system consistent with predictions of possible from the untagged data. In general, systematic uncemainti
Standard Model contributiond [5,6,7[8, 9]. These resléts a related to the reconstruction of signal events cancel ififdre
constrain many new physics mod[,,, 14], antime ratio. However, uncertainties related to the somewhat
increasingly precisé)®-D° mixing measurements will pro- differing backgrounds present in thé~ 7+ and K+ K~ final
vide even stronger constraints. One manifestatioP®D?  states lead to larger systematic uncertainties in the gethg
mixing is differing D° decay time distributions for decays to analysis compared to those of the tagged analysis, which has
differentCP eigenstate$ [15]. We present here a measurememtuch higher signal purity .
of this lifetime difference using a sample bf andD° decays We use384fb~! of ete~ colliding-beam data recorded

in which the initial flavor of the decaying meson is unknown. at, and S||ght|y below, thg‘(4S) resonance (Center-of-mass
AssumingCP conservation in mixing, the two neutral [CM] energy /s ~ 10.6GeV) with the BaB&R detec-

mass eigenstates);) and| D) can be represented as tor [19] at the SLAC National Accelerator Laboratory PEP-I|
0 - asymmetric-energy Factory. Candidaté®® signal decays
|D1) = p|D°) + ¢q|D°) (1)  arereconstructed in the final stats =+ and " K . The

|D2) = p|D°) —¢|D%) , selection of events and reconstruction of signal candi-
dates closely follows that of our previous tagged anal{dsi§ [
where|p|® + |¢|* = 1. The rate ofD°-D° mixing can be We requireK* and=+ candidates to satisfy particle identi-
characterized by the parameterss Am/T" andy = AT'/2T",  fication criteria based odE/dz ionization energy loss and
whereAm = my — my andAl’ = T’y — T’y are respectively Cherenkov angle measurements. We fit oppositely charged
the differences between the mass and width eigenvalues of thpairs of these candidates with appropriate mass hypotheses
states in Eq[{1), antl = (I'; + I'y)/2 is the average width. a common vertex to form #° candidate. The decay time
If either = or y is non-zero, mixing will occur, altering the ¢ of eachD® candidate with invariant mass within the range
decay time distribution oD° and D mesons decaying into  1.80 — 1.93 GeV/c?, along with its estimated uncertainty,
final states of specifi¢P [16]. is determined from a combined fit to tHe” production and
In the limit of small mixing, and n@P violationin mixing  decay vertices, with a constraint that the production ploet
or in the interference between mixing and decay (assumgptiorconsistent with the e~ interaction region as determined on
which are consistent with current experimental results¢, t an event-by-event basis. We retain only candidates with a
mean lifetimes of decays to@P eigenstate of asample 6f  y?-based probability for the fit’(x?) > 0.1%, and with
(rB’y and D° (1), along with the mean lifetime of decays —2 <t < 4psando, < 0.5ps.
to a state of indefinit€’P (rx.), can be combined into the  We further require the helicity anglé;, defined as the
guantity angle between the positively charged track in e rest
frame and theD° direction in the laboratory frame, to sat-
2) isfy |cosOy| < 0.7, which aids in the rejection of purely
combinatorial background events. Contributions from e
mesons produced iB meson decay are reduced to a negligi-
where (73,,) = (7,310 + Tg")/g, Noting that the untagged ble amount by rejectin@® candidates with momentum in the
K~ [17] final state is a mixture of Cabbibo-favored and ete™ CM frame less thar.5 GeV/c. For events with multi-
doubly Cabbibo-suppressé andD° decays with a purely ple candidates sharing one or more tracks, we retain only the
exponential lifetime distribution, along with a very smatl-  candidate with the highe#t(x*). The fraction of events with
mixture of mixedD° decays, an analogous expression alsgnultiple signal candidates is' 0.05% for the K" K~ final
holds for (7). Given the current experimental evidence in- State, and- 0.3% for K~ 7+.
dicating a small mixing rate, the lifetime distribution falt The invariant mass distributions for the fima — K~z +
hh and K7 final states is exponential to a good approxima-andD® — K+ K~ samples are shown in Fig. 1. For the life-
tion. If ycp is zero there is n@°-D° mixing attributable to  time fits, we use only events withi#10 MeV/c? of the D°
a width difference, although mixing caused by a mass differsignal peakl.8545 < Mpo < 1.8745GeV/c? (the lifetime
ence may be present. In the limit of no diréd® violation,  fit mass regioh The K ~n+ and K+ K~ signal yields within
Yyop = Y. this region and their purity are given in Table I. Events \vith
We measure th@® mean lifetime in theD" decay modes the mass sideband regions8l < Mpo < 1.83 GeV/c?
K~—nt and K™K, where the initial flavor of the decay- and1.90 < Mpo < 1.92GeV/c? are used to determine the
ing D° is not identified (theuntaggedsample). This sam- combinatorial background decay time distribution witHie t
ple excludesD® mesons which can be reconstructed as partifetime fit mass region. In addition to purely combinatdbria
of D*t — D%z decays, as these decays (thggedsam-  backgrounds, there are small background contributions fro
ple) are the subject of an earliBaBaR analysis|[18] whose decays of non-signal charm parents where two of the decay
results are combined with those of the current analysis. T@roducts are selected as the daughters of a signal decay and
avoid potential bias, we finalized our data selection ddater subsequently pass the final event selection. These misrecon
fitting methodology, sources of possible systematic uagert structed charm backgrounds are accounted for using simu-
ties to be examined, and method of calculating statistical | lated events. Their contribution is 0.7% (~ 3.8%) of the
its for the current untagged analysis alone and in comhinati total number of background events in the 7+ (KK ™)

<TK7T>
(Thn)

Yyop = -1

3
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FIG.1: (@) D° — K~ nt and (b)D° — K K~ invariant mass dis-
tribution with the data (points), total fit (line) and bac&gnd contri-

bution (solid) overlaid. The innermost dashed lines onegittide of

the signal peaks delimit the lifetime fit mass region, witivéo and

upper mass sidebands shown on either side.

TABLE I: D° — K~n" andD° — K+ K~ signal yield and purity
in the lifetime fit mass region.

Sample Signal Yield (x0%) Purity (%)

K nt
KTK~

27102 £ 3.4
263.6 £1.0

94.2
80.9

signal region.
The meanD" lifetime is determined from a fit essentially

5

final states. We account for a smal (1%) difference in the
K~—7T and K™K~ resolution function width using an addi-
tional fixed scale factofx. The value ofSk i is determined

from the data, withSx . fixed to 1.0. Possible biases result-
ing from this assumption are included as part of the study of
systematic uncertainties. All other resolution functi@mam-

eters are shared among the two modes, and all parameters are
allowed to vary in a simultaneous extended unbinned maxi-
mum likelihood fit to both final states.

The decay time distribution of the combinatorial back-
ground is described by a sum of two Gaussians and a modified
Gaussian with a power-law tail to account for a small num-
ber of events with large reconstructed lifetimes. The wddth
of these Gaussians are not scaled using event-by-eventunce
tainties. Events in the lower and uppgér =+ (K + K ) mass
sidebands are fit separately, and a weighted average of-the re
sults of these fits is used to parameterize the PDEforr+
(KK ™) combinatorial events in the lifetime fit mass region.

Misreconstructed charm background events have one or
more of the charm decay products either not reconstructed
or reconstructed with the wrong particle hypothesis. In the
K—n" (KTK™) final state~ 60% (~ 95%) of these events
are from trueD® decays, with the balance coming from
chargedD and charm baryon decays. The charm background
is long-lived and is described using an exponential coraalv
with a resolution function consisting of two Gaussians veith
shared mean and widths that dependrarBecause the num-
ber of these events in th& —7 (K™K ~) sample is small
relative to the total background, an effective lifetimetidisi-

identical to the one performed in the previous tagged analytion taken from simulated events and summed oveKaltr*
sis [18], using the reconstructed decay timand the decay (K K~) charm backgrounds is used in the 7+ (Kt K )

time uncertaintyr; for events within the lifetime fit mass re-

gion. Three categories of events are accounted for in the lif

time fit: signal decays, combinatorial background, and eaisr
constructed charm events.

lifetime fit.

Since the lifetime fit PDFs depend on the event-by-event
decay time uncertainty, PDFs describing the distributibn o
decay time uncertainties for each of the event classes are re

The decay time distribution of signal events is describedyyired to avoid bias in the likelihood estimator used in the

by an exponential convolved with a resolution function whic gata fit [20]. We extract these distributions directly frone t
is taken as the sum of three Gaussian functions with widthgata. For combinatorial events, the distribution of dedmet

proportional too;. The functional form of this probability
density function (PDF) for signal events is

Rx(t,o0:7x) = fisD(t,00;Sx53,t0,7x)
+ (1—ftg)[wa(t,Ut;SXSz,to,TX) (3)
+ (1_ftQ)D(taa.t;stlathTX) )

where fi; (with ¢ = 1...3) parameterizes the contribution
of each individual resolution function, is a scaling factor
associated with each Gaussiag, (whereX = K, KK) s
the lifetime parameter determined by the fitis an offset to
the mean of the resolution function, and where

D(ta a5 S, th T) =
4 2
Cat/exp(_ttrue/T) exXp (_%) dttrue

with normalization coefficient’,,. Up to an overall scale fac-
tor in the width, the resolution function is identical fortho

(4)

uncertainties is taken from a weighted average of the distri
butions extracted from the lower and upper mass sidebands.
The decay time uncertainty distribution for signal evests i
obtained by subtracting the combinatorial background unce
tainty distribution from the uncertainty distribution df @.e.,
background plus signal) candidates present in the lifefime
mass region. The signal distribution is also used for the rel
atively small number of misreconstructed charm background
events.

The results of the lifetime fits are shown in Figk. 2 ahd 3,
along with a plot of the point-by-point residuals for each
fit normalized by the statistical uncertainty associatethwi
a data point. We find théd® — K7™ mean lifetime
Tir = 410.39 £ 0.38(stat) fs and theD® — K+ K~ mean
lifetime 7xx = 405.85 &+ 1.00(stat) fs, yielding yop =
[1.12 £ 0.26(stat)]%. The statistical significance of this mix-
ing result without taking into account systematic uncettas
is 4.30. This untagged result is in good agreement with our
previous tagged analysls [18]. When the two results are com-
bined, we findycp = [1.16 + 0.22(stat)|%, a result with a
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FIG.2: D° — K~ 7" decay time distribution with the data (points), FIG. 3: D — K'K~ decay time distribution with the data
total lifetime fit (line), combinatorial background (graghd charm  (points), total lifetime fit (line), combinatorial backgmd (gray) and
background (black) contributions overlaid. charm background (black) contributions overlaid.

statistical significance df.30, excluding any systematic un- position of the lifetime fit mass region, the size of the mass
certainties. window is varied by+-2 and+5 MeV/c? without changing the
Numerous cross-checks have been performed to assure thess region center, and the center is shifted-by> MeV/c?
unbiased nature of the fit model and to validate the assumwhile retaining the nominal0 MeV/c? width. The total sys-
tions used in its construction. We have performed fits totematic uncertainty obtained from variations in the lifiei fit
datasets composed of fully simulated signal and backgrounchass window is 0.110%.
events in the proportions seen in the actual data, and find no The modeling of the misreconstructed charm background
bias in the measurement of individua. and7x  lifetimes  js taken from simulated events, and we vary the expected con-
for simulated signal events generatedit.6 fs (very nearthe  tribution from these events by 15%(£5%) for the K —n+
nominal D — K= lifetime value [16]), or for a lifetime (K +K ) final state. These bounds are conservatively as-
value~ 10% greater than this fob? — K*K~ . We ad-  sjgned based on the results of otfBaBsR charm analyses in
ditionally find no significant variations in the reconstioat  \hich the background modes here are fully reconstructet, an
efficiency for signal decays as a function of the true decayn which data and simulated event yields are found to agree
time. within a few percent. We additionally vary the effectiveshf
Many of the systematic uncertainties associated with the intime used in the charm background lifetime fit PDFs by the
dividual lifetime measurements cancel to a great exteritén t same percentages, which corresponds t&2¢ in the statis-
ratio of lifetimes. We consider as possible sources of syste tical uncertainty given the number of simulated events used
atic uncertainty: variations in the signal and backgroutd fi The largestAycp| value within each of these two classes of
models, changes to the event selection, and detector ®ffectariations is assigned as a systematic uncertainty, 0%585
that might introduce biases in the lifetime measurements.  for the normalization variations and 0.0624% for the effext
We test the assumption of a shared signal resolution moddifetime variations, which are then added in quadrature.
by separately fitting each mode using completely independen \We account for a possible bias associated with obtaining
resolution functions, and assign as a systematic uncgrtainthe combinatorial lifetime PDF in the lifetime fit mass regio
the magnitude of the changycp| in ycp relative to the re-  from data in the lower and upper mass sidebands by fluctu-
sult of the nominal fit. We additionally perform the nominal ating the PDF parameters taking into account the correigtio
fit using a double Gaussian signal resolution model, and-simiand statistical errors resulting from the sideband fits. dfe c
larly assign a systematic uncertainty. The total uncetyas-  struct 100 PDF variations for each of the lower and upperside
sociated with the choice of signal resolution modelis 0%16 bands for each of the final states, and then perform the nom-
To estimate possible biases correlated with the extent anidial lifetime fit using each variation. We separately coneput



ent data-taking periods; several different azimuthal aoldmp
angle bins in the laboratory frame for tii#’ candidate; sev-
eral bins of the opening angle in the laboratory frame betwee
Uncertainty Source |Aycr| (%) the two D° daughters; several bins of th2” helicity angle;
and several bins of th®° momentum in the CM frame. We

TABLE IlI: Systematic uncertainties.

Signal resolution model 0.016 i mifi ; ;

Mgss window 0110 observed no significant biases in any of these cases.
Misreconstructed Charm model ~ 0.086 In our previously published tagged analysisl [18], we com-
Combinatorial PDF 0.115 bined the tagged result with the result of an untagBeiar

o: selection . 0.069 analysis done using a much smaller datdsét [21], and this pre
Overlap candidate selection 0.017 vious untagged result is superseded by the result herehwhic
Detector effects 0.093 is yor (Untagged — [1.1240.26(stat)-£0.22(syst)] %, which
Total 0.216 excludes the no-mixing hypothesis3atc, including both sta-

tistical and systematic uncertainties. Our previous tdgge
sult [18] isycr (tagged = [1.24+0.39(stat)£0.13(syst)] %.
These results contain no events in common, and are thus sta-
istically uncorrelated by construction. However, themegpf
Correlation in the systematic uncertainties is substhraizad
We evaluate systematic uncertainties associated wittethe sve conservatively assumelao?; correlation in th system-
lection of the final dataset by individually varying the sele atics shared between the_twolanalyses. Comblmng_thg tagged
tion criteria. We change the maximum allowed decay timeand untagged resul_ts _taklng into account both statisticdl a
uncertaint .byi() 1 ps, and assign the largelhycp| value systematic uncertainties [22], we flrngl_a(correl_at_e()l =

y -~ bS, 9 gesycp ’ .$'1.‘.16 + 0.22(stat) & 0.18(syst)]|%. Summing statistical and

the RMS of the 10Q\ycp values associated with each of the
four sets of variations, and assign the largest RMS, 0.1159
as a systematic uncertainty.

0 . .
0‘0.69@ as a systematic uncertainty. We vary the way 1 ystematic uncertainties in quadrature, the significaht@®
which signal candidates that share tracks with other sign easurement ié 1o

candidates are selected by removing all overlapping candi-
dates, and separately by also retaining all such candidates We are grateful for the extraordinary contributions of our
and again take the larger of the resulting tidaycp| values, PEP-II colleagues in achieving the excellent luminositd an
0.017%, as a systematic uncertainty. machine conditions that have made this work possible. The
We account for possible detector effects which might biasuccess of this project also relies critically on the experdnd
the lifetime ratio by using several different detector cgufa-  dedication of the computing organizations that supBaBAr.
tions to re-reconstruct simulated event samples withssiegi  The collaborating institutions wish to thank SLAC for itgsu
greater than the actual data for each configuration. Thase coport and the kind hospitality extended to them. This work
figurations include vertex detector misalignments, aloity w is supported by the US Department of Energy and National
boost and beamspot variations, whose extent is based dn resiScience Foundation, the Natural Sciences and Engineering
ual uncertainties in studies of mu-pair and cosmic evertie. T Research Council (Canada), the Commissariat a I'Energie
misalignment configurations introduce changes of ugfio  Atomique and Institut National de Physique Nucléaire et
in both K K and K7 lifetimes, as well as changes in the off- de Physique des Particules (France), the Bundesministeriu
set parametet, of up to5 fs. Since the same simulated event fur Bildung und Forschung and Deutsche Forschungsgemein-
sample is reconstructed for each set of detector configurati schaft (Germany), the Istituto Nazionale di Fisica Nuatear
the variations are dominated by systematic effects. Tta tot (Italy), the Foundation for Fundamental Research on Mat-
systematic uncertainty arising from this source is 0.093%. ter (The Netherlands), the Research Council of Norway, the
Table[Tl shows the contribution from each source of sys-Ministry of Education and Science of the Russian Federation
tematic uncertainty given above. The total is calculatethas Ministerio de Educacién y Ciencia (Spain), and the Science
sum in quadrature of each of the individual items. In additio and Technology Facilities Council (United Kingdom). Indi-
to the contributions quantified in the table, we also look forviduals have received support from the Marie-Curie IEF pro-
possible biases by fitting the data separated in: sevefal-dif gram (European Union) and the A. P. Sloan Foundation.
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