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‘BaBar strategy

— —

Search for Lepton-Flavor and Lepton-Number Violation in the Decayt-—€ h*h'-
(2005)

https://arxiv.org/abs/hep-ex/0506066v1



Reconstruction and background suppression

* 1x3 topology: four tracks with zero net charge, coming from a common region, 3-prong in one hemisphere and 1-prong
in the other using plane perpendicular to thrust.

e Particle identification: one of 3-prong tracks must be an electron or muon and the two others either a pion or kaon.

* Photon conversion: ignored if ete~ inv. mass < 30 MeV/c2.

* Against qgbar & SM ttt—: no photon with E, <100 MeV.

* Against two-photon & Bhabha bkg: event's p;‘M < 0.2 GeV/c and 0,,.M € [0.25, 2.4] rad.

* Against qgbar & two-photon bkg: M ., € [0.6, 1.9] GeV/c? for ehh’ and [0.8, 1.9] GeV/c? for phh',

* Against Bhabha bkg: p;.,r0n"M < 4.5 GeV/c for em, leptons and pions must not pass kaon identification for all modes,
1-prong must not be identified as electron for electronic modes (except eKK) .
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Signal region and background estimation method

Blind analysis, with a signal region defined in 2D-space AM (= M,,.— m,) - AE (= E.. ‘M- E,.,,*M):

* ehh': AM € [-30, +20] MeV/c? and AE € [-100, +50] MeV optimised in simulation, smallest expected upper
« uphh': AM € [-20, +20] MeV/c? and AE € [-100, +50] MeV limits on Br in background-only hypothesis

PDF determined for each background type by fit on MC and each decay mode, then normalised according
to an unbinned maximum likelihood fit to the data in the side-band region (excluding signal region):

* ehh': AM € [-700, +400] MeV/c? and AE € [-700, +400] MeV Dominant background: low multiplicity qgbar, SM T+t~
 uphh': AM € [-400, +400] MeV/c2 and AE € [-700, +400] MeV Negligible background: Bhabha, up, two-photon events.

PDFs are defined in the (AM'-AE") space, slightly rotated from (AM-AE), as the product of:

* Pyw(AM") = Gaussian distribution for qgbar or sum of 2 asymmetric Gaussians for T+t~
« Pp(AE) =(1-x/V[1+x2])(1+ a;x+ a,x2+ a;x3), wherex = (AE'— a,)/as
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Uncertainties and results

Analysis performed using 221.4 fb! of data. NMode Efficiency [%] Mgz Nos. UL at 90% CL

e KTK~ 377+0.16 0.22+0.06 0 1.4-107°
» Signal selection efficiencies: 85 % Br for 1-prong t decays, E:K:;: ggg i g}g gﬁi ggg (1] ;g ' }g::
0 ) 70 0 . e T ; ' ' : 9.
40 9% for topology requirement, 20-70 % for PID criteria. s amnmie 0 8lETIE O 1 210~
p~KTK~ 216+0.12 0.24+0.07 0 9.8-1077
* PID efficiencies and misID rates measured in control samples. p"Ktr— 2974016 1.67+029 2 32.10°7
p~rtK~ 287+0.16 1.04+0.18 1 2.6-1077
* Main signal systematic uncertainty from measuring PID p~rtrT  3404£0.19 2994041 3 29-107°7
efficiencies (0.7-3.8 %), then modeling of tracking efficiency Bj:K_K_ 3.85+£0.16 0.04x£0.04 O L5 10_:
(2.5 %), restriction on extra photons (2.4 %). E+K_ m 3.1 +£0.14 0.16 006 0 18- 10_7
e m 3404+0.15 0414+0.10 1 2.7-10
, . . o pt KK~ 2064011 0.074+0.10 1 48-1077
* Main background systematic uncertainty from finite ytK-r~ 2854016 1.544025 1 99.10"7
amount of data in SB region, additional 10 % from varying ptr r 3304018 1.46+027 0 07107
the fit procedure and form of PDFs.
Br =N2%y, /(2 € L 0..), where N9y, =90 % CL upper limit Following:

R. D. Cousins and V. L. Highland, Nucl. Instr. Methods Phys. Res.,
Sect. A 320, 331 (1992)
R. Barlow, Comput. Phys. Commun. 149, 97 (2002)

on number of signal events when N, events observed
and Ny, background events expected.
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Search for Lepton-Flavor and Lepton-Number-Violating t = €hh’ Decay Modes
(2013)

https://arxiv.org/abs/1206.5595v2



Reconstruction and background suppression

» 1x3 topology: four tracks with zero net charge, coming from region dr < 0.5 cm and dz < 3 cm, 3-prong in one
hemisphere and 1-prong in the other using plane perpendicular to thrust.

* Further requirements: —0.866 < cos 6 < 0.956, tracks with p; > 0.1 GeV/c and photons with E, > 0.1 GeV.

 Particle identification: P(e) > 0.9, p > 0.6 GeV/c for electrons | P(n) > 0.95, p > 1.0 GeV/c for muons.

* Bremsstrahlung correction: electron's momentum corrected with momentum of every photon within 0.05 rad cone.

* Kaon and pion vetoes: P(K/m) > (0.6 - 0.9), P(p/K) < 0.6 for kaons | P(K/m) < 0.6 for pions.

* Missing momentum: cos 8, ;s € [0, 0.96] for electronic modes (against Bhabha, two-photons events, inelastic
vector meson-photoproduction) | cos 6M,. ..« € [0, 0.85] for muonic modes if hadron in tag side (against qgbar).

* Missing neutrinos: |pt.,s| > 0.7 (0.5) GeV/c for electronic (muonic) modes, > 1.5 GeV/c for t-— e-m* -, direction
points into fiducial volume of detector.
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Reconstruction and background suppression

Mode |P(K/x) i
e Against ggbar & Bhabha & uu: thrust magnitude follows —— T urr | — (090 <T < 0.98
= pKn| >0.9 |092<T <0.98

* Against ggbar: n ¢ < 2 (hadronic tag) and n,#8 < 1 (leptonic tag), it B0.G 099 <5 =L 005

2 . T — enm — 0.90 < T < 0.97
m,, < 1 GeV/c? (photons included). MDAl (R .

T—=eKK| >0.6 (090 <T <0.98

* Signal side: one additional photon allowed.

* Against photon conversion and other bkgs: in electronic modes, inv. masses of e"ht/h*th'~ (for t-—— e~hth')
or eth—/eth'- (for t-—= e*h-h'-) required to be > 0.2 GeV/c2.

* Against K decaying into u: in muonic modes, P(K/m) < 0.6 on muon candidates if hadronic tag side.

* Against di-baryon production with proton in tag: P(p/m) < 0.6 and P(p/K) < 0.6 on tag tracks.

* Additional requirements depending on decay channel (on M., m2 ., -...).
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Signal region and background estimation method

Blind analysis, with a signal region defined in 2D-space (My,;,-AE), fitting signal MC
distributions with an asymmetric Gaussian. SR defined as a 30 ellipse:

coord. center of ellipse
((Mepp —@;D cos — (AE <(AEY)sin0)* (Mo — Mp,,)sinf 4+ (AE — AE®) cos0)?

(1)” ’ Tk -

average of high & low widths

Ellipse parameters optimised to give highest sensitivity: FOM = ssig/\/kag

Background estimated in 50, side-band region, projected onto My, axis.

* Electronic modes: small amount of background, mainly from two-photon
processes. Extrapolating to SR as linear function of My,

Mode Mo T, TAE TRY
T~ s urtrT | 5.3 5.8 14.1 20.1
T~ s utr | 54 5.7 142 20.1
- e ot | 37 B2 143 220
T~ = etn T | 5.6 6.3 144 223
s KYK-| 34 36 129 172
~ o utK-K-| 34 33 129 173
T~ e KTK—| 44 44 13.3 198
7T~ =-etK K| 3.8 4.2 12.4 19.9
T > purTKT| 44 48 14.2 188
T e ntK 4.8 5.5 14.0 21.0
T s u Ktrn 4.6 5.1 143 18.7
T~ e Ktr | 4.9 5.4 13.9 21.2
T o putTK | 45 47 14.7 186
™ =setK 7| 50 54 14.0 21.2

* Muonic modes: main background from gqgbar (t = unm), T+t~ (Tt = unkK), or both (t = pKK).
Extrapolating to SR by fitting the SB using the sum of an exponential (t*t~) and a first-order

polynomial function (qgbar) for T = pmnm. For T = unK/uKK, linear function of My,,.
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Uncertainties and results

. . 1
Analysis performed using 854 fb-1 of data. Mode e (%) Nog  Osyst (%) Nobs 590 B (10°9)
T~ > pu wtr~ | 583 0.63+0.23 5.7 0 1.87 2.1
. . . ~ P
Main systematic uncertainty from : Ot | 699 Udsellde e L Al 39
T~ e wtn | 545 0554023 5.7 0 1.94 23
7~ = etnr | 6.56 0.37£0.19 5.5 0 210 2.0
° 1 , i - 0
resolutions of My, and AE due to data/MC differences (3.7-4.8 %), s KTEK-| 285 0514019 6.1 g ior 4
7~ = ptKTKT| 298 0254013 6.2 0 221 47
® |ept0n identification (19-22 %), hadron identification (13-18 %), T~ e KtYK-|429 0.17+0.10 6.7 0 2.29 3.4
7™ = etKTK7| 464 0.06+0.06 6.5 0 239 3.3
* 1.4 9% for charged track findind, same for integrated luminosity. TO o ntKT 272 072+£028 6.2 1 365 86
T = e nT K™ |3.97 0184013 6.4 0 227 3.7
. TOta| for a” mOdeS: (55'67 %) T — ,LL_K+7T_ 2.62 0.64 £0.23 5.7 0 1.86 4.5
7~ = e Ktn~ | 407 0554031 6.2 0 197 3.1
, ] ] o T = ptK 7w | 255 0.56+£0.21 6.1 0 1.93 48
Main background systematic uncertainty from statistics of sample and et K—m— | 400 046L021 6.2 0 203 39
shape of distribution (less than 20 %, smaller than statistical error).
Br =159/ (2 N €), where sqy = 90 % CL upper limit on number of Following:
signal events, based on number of observed events, number of G. J. Feldman and R. D. Cousins, Phys. Rev. D 57, 3873 (1998)
expected background events and systematic uncertainties. J. Conrad et al., Phys. Rev. D 67, 012002 (2003)
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