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Abstract
Using the CLEO-c detector at the CESR collider, we measure the branching ratio of the purely leptonic decay of D* and D*_ mesons to be B(D* — p*v) =(3.82 £ 0.32 £ 0.09) x 104, B(D,* — p*v) =(0.591 £ 0.037 + 0.018)% and B(D." — t*v) = (0.591 +£ 0.037 + 0.018)%,
using 818 pbt and 600 pb-! of data taken on the y(3770) and y(4170), respectively. Furthermore, we find Beﬁ(D+S — u'v)=(0.565£0.045 +0.017)% when we average results for t*— n*v, and t"— e*v,v . We obtain the decay constants /. and /, ., using these results,
combined with precise measurement of D™ and D" lifetimes and assumptions that |V 4| = |V ¢[ and [V | = [V 4| . We find . = (207.6 £ 9.3+2.5 )MeV , /5. = (259.5£ 6.6 £3.1) MeV and . //p+ = 1.26 £0.06 £ 0.02 . The value of 4. Is obtained by combining the results of a
simultaneous Standard-Model fit to the two D, channels, pu*v and t*v , t*— n*v, with an independent measurement of D*, — t*v, © * — e*v,v _decays. No evidence Is found for a CP asymmetry between I' (D* —» u*v), ['(D,;f - u'v) and I'(D,;* — t*v), specifically the fractional
difference in rates is measured to be 0.08+0.08 (4.8+6.1%) for D* (D,*) mesons . We also set 90% confidence level upper limits on B(D* —» t*v) < 1.2 x 1073, B(D* > e*v) < 8.8 x 10°and B(D,*t »> e*v) < 1.2 x 107*.

1-Introduction 4-D* — utv Selection Criteria and Fits to the Data 7- Analysis Technique for D*, — ¢*v (¢ = p*, t*(v*—> v )) 10-Analysis Technique for D*, - t*v (t*>e*v v )
Vcd(s) R
Purely leptonic decays of heavy mesons Using our sample of D- event candidates we search for events with a single We tag D, decay either produced directly or from We reconstruct one D, to tag the events with a D, single tag (ST). We identify
involve both weak and strong interactions. (¢C W [+ additional charged track presumed to be a u*. Then we infer the existence of D" — y Dy and search for the signal in the other _ a single tag (ST) by using the invariant mass (Mp,) and recoil mass, M;¢ips)
The weak part is easy to describe as the  D* . the neutrino by requiring a measured value of the missing mass squared D.*. Tagging modes are fully reconstructed by first © ™" against the tag. The M. pg) IS defined as
annihilation of the quark antiquark pair via _ (MM?2) near zero (the neutrino mass), where constraining 2.015 < mg. < 2.067 GeV and then e = . —
_ anng 2.7 Moo=y PEee = E5)*= | Pu - By |
the Standard Model (SM) W* boson. The . .d (s) v MM?2 =(E_ —E ) —(P.. -p.) examining invariant mass (Mp, ). In order to detect w=-——— recoil(D; ) ee D, e D
Strong interactions arise due to g|uon eXChanguerg between the charm 5 D* 2 D* el the phOtOﬂ from DS*, we look for MM*Z, defined as < EZZZ and is reqUired to be within 55 MeV of the D*S mass. To estimate the tagS
(strange) quark and the light anti-quark. These are parameterized in terms Here Py is the three-momentum of the fully reconstructed D*, and E,, is the MM?2 = (E.., —~E. —E. )2 —(Pry — Ps — P.)2, | and backgrounds due to the wrong tag combinations, we use the tag Mo,
of the “decay constants” for the D* and D;* mesons as #,+ and .+ The energy (momentum) of the candidate pi*. R = R sidebands. The signal and side band regions are defined as
decay rates are given by : As muons deposit less than 300 MeV of energy in the calorimeter 98.8% of recoiling against the photon and the Dy tag | SOUURNSTUNNS PR O -20 MeV < AMp< +20 MeV and -35 MeV < AMp< =35 MeV or
LD, — V) = 1 G2F2 M. |1 m; v P the time, we define two cases, where should peak at the D" mass-squared. To extract rigres +35 MeV < AMp < +35 MeV, respectively, where AMp, = My — mp, . We
(s) V= 8r ~ Do Pt 2 cd(s) * case (i) refers to muon candidate tracks that deposit < 300 MeV (muons tags, we perform a two-dimensional binned maximum likelihood fit of the MM*2 find a scaled sideband subtracted yield equal to 26334 + 213 STs.
and we use |V, | = |V, | =0.2256 and | V.| = |V,,| = 0.97418(26). The SM deposit less than 300 MeV, while hadrons often interact and deposit and M,_distributions in the intervals of 3.5 < MM*? < 4.25 GeV 2 and + 60 MeV o mee o wwe o
decay rates are predicted using Lattice QCD (LQCD) theoretical calculations significantly more energy) and from Mp_respectively. We find a total of 438591936 tag events within the e | b R imere | ) E t E
of the deeay constants. Meson decay constants in the B System are used to * CasSe (II) s for candidates depositing > 300 MeV., which we use to check the intervals 3.872 < MM*2 < 4.0 GeV2and +17.5 MeV from MD : ﬁ: T% Z]j;: : E i\ """
translate measurements of BB mixing to CKM matrix elements. If LQCD background estimation. - . . o i | - | |
calculations disagree with the measured values of the decay constants for D We evaluate baCkgroundS Comprising of Kx* peak in MMZ SpeCtrum near 8'S|gna| ReCOnStrUCtIOH Of D+S — 'V m— [ zﬁ: I - | 1
mesons, they may be questionable on B mesons. If, on the other hand new 0.25 GeV?, m*n’laying within the v signal region, T v, where T* — *v s o TEe e ol 2 STy - a e
physics is present, it is imperative to understand how it affects SM-based and other t* decay modes as p*v, u*vv,, p'n° and wu*v forming a cocktail. Using the selected Dy sample from the MM? .| e o o
predictions of the B decay constants. We obtain the line shape of K°x* fitfrom D° — K-n* and rest from MC. We also region, we search for events with asingle . Ll Wi E
evaluate backgrounds from D?modes and continuum, which sums to 2.4 + 1.0 additional charged track presumed to be a u*, = =f (f’ o1 Ci Ecc>300 MeV
2-Data Sample and CLEO-c detector events. Then we fit the data to obtain signal events, first by keeping the requiring that it makes an angle >25.8°with 2 | AL
T+V/H+V ratio fixed to SM ratio and then floated. the beam axis. We require no extra tracks - j_ (©) Cased Electron like . i Y Data‘
In these studies we use 818 pb™' and 600 pb-' of CLEO-c data collected Case (i) or showers above 300 MeV. With kinematic . ' Using the ST sample, we search for events ol b NG Sgna
+e- collisi - s fi - - - B IO | I sl W . with a single additional charged track, presumed ~ [ L, MBeaomaeq)
from e*e" collisions at the (3770) and y(4170) resonances respectively. trv/prvis fixed to SMratio | trv/utv floating . constraints, we compute MM?, defined as T e o f 2 g 100} .
The CLEO-c detector is equipped to measure the momenta and directions i . T F 2 _ Figmeem—— o be a e” with momentum of at least 200 MeV.  5.,| ]
of charged particles, identify charged hadrons, detect photons, and % sackgroune o : MM* = (Ecw —Ep, =B, —E,)" =(Pcm = Po, =P, = P,)", We then find neutral clusters in the calorimeter ¢« ]
- o o » s I cocktal s o . | o | that are not matched with the ST tracks or et~ 9| ]
determine their directions and energies with good precision. S g 3 S o' We perform a two-dimensional unbinned maximum likelihood fit to the sum of . . o ] ﬁ
£ f E the MM2 distributions f ) and i\ The ofher di on in the fit i candidate and that are consistent with being o :
“I E | thz invarialr?trrln;]slg ZZez:rzarT?e {)&nd case (). The ofher dmension in fhe S photons above 30 MeV. We then study the total ~ °C !
, & olenoid Coi 4 ‘ B _ ] ; ' | E (GeV
Excellent Calorimeter = t\?““‘w N dCCIlaérrmt TETCOTCMO . 5 o o ' Tc}{bzg_)'nv _ _0.70 5 o.'10\‘\ 556 Sum of Case(i) and Case(ii) CaSe(i) energy EeXtra Of these C|USterS and AMDS Sldeband Figure J -
Coverage and Resolution T Ren — VIV (Gey 2) MME(Ge 2) S ——— B o regions. The signal and sideband regions are chosen to be E,,.< 400 MeV
< A namver . o e e (R and 600 MeV < E, .. < 2 GeV respectively. The contributions of several
Excellent Tracking Coverage T TEEANSO A beampie xed St = NU | = backgrounds in these regions is estimated using Monte Carlo simulations
and Resolution SC Quadrupole 149.7+12.0 utv events 153.9£13.5 u*v events $ 10 [ S el §® 15 e < aof 9 | ! g g S
pylon & i1 75 8 w+v events 13.5+15.3 t*v events 2 & sof ‘ 5 1 y The signal region yields, 80.6£15.9 events after background subtraction.
Ring Imaging Cerenkov \g : : = wof S 12§ s “l
and dE/dx for PID A S 5-Branching fraction and decay constant  «l 12-Branching fraction and decay constant
Muon Chambers sc \%**“t:‘t;:\ lf}f;ﬂ’&cjgﬁﬁwaeﬁer . . . o o . 22,; ST S ¥ ; ) et M 12'-.,:..‘.+.L.._.r,zf-.-r-J-J R
uadrupoles /S 1 l W The branching fraction determined by fixing the t™v contribution relative to the T N AT o R PN The branching fraction and decay constant are determined to be
et lﬂxf’ \on w*v contribution to the SM ratio is B(D*—p*v)= (3.82+0.32+0.09)x10~*. Fixed | S Floated B (D, — tv) = (5.30 £ 0.47 £ 0.22)%
\ p The decay constant 7. is then obtained using 1040+7 fs as the D lifetime 235.5 £ 13.8u*v events Simultaneous fit to case(i) and case(i 221.8 £ 17.1 ptv events o+ = (252,51 11.1 £ 5.2) MeV
+ A Great Accelerator Team CESR Magnet Barrel Muon ' ' _ 113.4 t*v events eof 67.5+ 12.6 ttv events
o Chambers B U210 € |y CIUF ITEN AN 8 e = (AID RS B o -~ Combining this result of /. with our result for 4, .+ from the p*v plus t*v
Y. 8 analysis with the SM consfraint, we find
At the w(3770) resonance, only DD pairs are produced, where D A somewhat less precise value is obtained by floating the t+v to u*v ratio. ?'2"5‘”6'?"?;";5 '_i't : = - % & (F)]? ?2?2)59(;}6% 22;”5 |\§|)'e{/6) &
represents D° or D*. At the y(4170) resonance, DD, D'D", DD are That fit gives B(D*—u*v) = (3.93+0.35+0.10)x10~* FEp—— " Case(l) 988 ° Lk - -
produced, where D is DY or D* or D,. The largest D, channel is DD, which The corresponding value of the decay constant is case(ii) 1.2 f ¢+Jr+ Using the /. calculation from D* — p*v analysis, we find
we use to study D leptonic decays. for = (207.6£9.3+2.5) MeV [radiatively corrected] Fix t vareain Case()) _ 55 “LHL """"" Jost 1o+ = 1.26£0.06+0.02
case(ii) 45 et PRD 79, 052002 (2009)
] : : ; . :
3-Analysis techniques for D" — pv 6-Search for D* — t*v and D* — e'*v : . 13-Conclusions
e D ] y 9-Branching fraction and decay constant
sigen:Igino’?hee otheerc la);: 32C:yeaT;nging;;des We fit both case(i) & case(ii) constraining the relative t+v yield to the pion T B e e e ¢ case | and case 2 b Our result of /. = 206(9) s in agreement with LQCD calculations of
e fullv reconstracted by first evaluatin acceptance in calorimeter = 55/45. The fit yields a sum of 27.8 + 16.4 t+v, neranc +|ng raction aetermined from f It10 stmorcase 1.and tase « by fo+=207(4) from the HPQCD & UKQCD and #,.=207(11) Fermilab/MILC
AE th y it i y it J Y — t+ — mtv event. We find that e ——— fixing tﬁh% v C‘i”t”bUt'O” relajlve to thJer LV IS o1 1% radiaf collaborations. Our combined result of /. = 259(7) is 2.3c and 0.7c away
’ ) tiot der?nce cljnth ebenergy 01 e g o) ©@ | o © _ B(D*—>1*v ) <1.2x1073, @ 90% c.l., 1« Pl PRV = (0 91_—20'03 7+— 0'2017)4 [MA\;adlatlver corrected| from the results of /. = 241(3) and /. = 249(11) of the two LQCD
cedy products and the beam energy. < k | oo} | o T N S Jfogr =(203.3 £ 8.2+ 3.7) Me groups, respectively. The difference in /. could be due to physics beyond
. g AT A\ i + +y i i WhAAT , , , _ , SM, or statistical and systematic uncertainties in the experiment and LQCD
Forthe selected events we then view the  ~ ——+2J The+SM r+at|o oy t? Hv S Zlin. HiE f'rld ! The branching fraction determined from simultaneous fit to case 1 and 2 caloulations J P
reconstructed D beam-constrained N e ! S =BG =Y STA DL 6 l'%%% AL \ 1IN without SM assumption is It | J
mass defined as | . e B (D — pnv) =(0.565 = 0.045 £ 0.016)% [radiatively corrected] agrze e gtgg-c Bs—> HV( )
oo | I . . : ’ : B = ° ! -C U;—> tv (W _
: — e Aw==hw For e. v, we do not fm.d gny candidates ; o ‘ o+ =(257.3£10.3 £3.6) MeV l . CLEO-c D, — pv (wisM) | Experiment
My = \/Ebeam ->'B) . Gov allowing us to set an limit T B(Ds = tv) = (642 +£0.81 & (I\)/il 3)% —— CLEO-c Dy~ tv (e)
i Figure'3 N - ! g +=(278. 7+ 17.1 £ 3.8) Me 20 226203 CLEO-c Dy — pv (ave
B(D*—>&*v)< 8.8x1075, @ 90% c.. ‘ S /s CLEO¢ Dy > pvfave) |
This sample includes 460,055 # 787 + 2,760 signal events and 89,472 PRD 78, 052003 (2008) R N — R=11.4+ 1.7+ 0.2 [SM value 9.72] — (3)9” = E%fa”é%b’ﬁ”“i D(% — 1. [PoS (LATTICE 2008) 278
background events. Y ey 0 L - - . bt e o & PR, Ul (L)
e The 90%C.L upper limit on the branching fraction of D*; —> e*vis | | e Th
PRD 79, 052001 (2009) B(D+s N e+V) <12 ><10—4 195 215 235 255 GeV 275 295 315 335 eory




