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Search for D° — ¢*¢— - Motivation

e FCNC decays are highly suppressed in SM

(allowed at higher order)

e With long distance contributions B ~ 10713

e LFV decays are forbidden in SM

e Certain NP scenarios can enhance B by many

orders of magnitude

e Charm FCNC and LFV decays probe couplings
of up-quark sector in contrast to B and K

Model

B(D® — pTp~)

Experiment
Standard Model (SD)
Standard Model (LD)

Q = +2/3 Vector-like Singlet
Q = —1/3 Vector-like Singlet
Q = —1/3 Fourth Family
7’ Standard Model (LD)
Family Symmetry
RPV-SUSY

< 4.3 x 10~ (CDF preliminary)
~ 10—18
~ several x 10713
43 x 1071
1 x 107! (mg /500 GeV)?

1 x 10~ (mg /500 GeV)?
2.4 x 10712 /(M (TeV))?
0.7 x 10~ 18
4.8 x 109 (300 GeV/mak)2
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E. Golowich, J. Hewett, S. Pakvasa, A. A. Petrov
PRD79 114030 (2009)

® Except Family Symmetry all NP exceed
the SM prediction

I. Dorsner, S. Fajfer, J. F. Kamenik, and
N. Kosnik, PLB682 67 2009

® | eptoquark explanation of fD* discrepancy
s

BMD® — ptp~) > 1.6 x 107
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Search for D° — ¢t¢/~ - Method

e Search based on 659 fb~! taken at T(4S) and 60 MeV below.
e To suppress background:

e use high momentum D** — D97t decays from ete™ — ¢t

e Measurement relative to well measured D® — 77~

Neg €nrn _
B(D® — tte7) = —LTRDO 5 wta)
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Normalisation channel (data)

Fit of m(m, ) distribution:
Double Gaussian 4+ FSR tail + linear
~ 50 x 103 D — 77~ decays
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Search for D° — /¢~ - Event selection

Standard charged track and PID selection

D° daughters fitted to common vertex (decay vertex)

IP constrained fit of D and 7gey to find D° production vertex
pL"" > 2.5 GeV/c to suppress bkg. (also rejects DO from B)
Candidate D° mesons selected using two kinematic observables:

e invariant mass of D° daughters: 1.81 < M < 1.91 GeV/c?
e energy released in D* decay: g < 20 MeV

~
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Search for D® — ¢*¢~ - Background

e Background in D% — ¢/~ according to generic MC simulation

e 80% from semileptonic B decays
e 10% from D° decays
e 10% other sources

Generic MC

events per 1 Mev/c’

e Can be grouped into: o
@ smooth combinatorial background »

@® peaking background from mis-ID of D® — 7 7~  SSE———
qlGeV/c?)
ﬂ':: Signal

e To further suppress background: oo

e requirements on signal region size in M and g

e maximal allowed missing energy in the event Ess

to suppress bkg. from semileptonic B decays
(undetected neutrinos!) B O E[GW]
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Search for D® — ¢T¢~ - Optimisation

For optimisation we select:
e signal region size (Miow, Myp, AQ)
e maximal allowed Epss
Optimised to obtain the best upper limits
Figure-of-merit: F = eg/NyL
e ¢y ... efficiency obtained from tuned signal MC
e Ny, ... Poisson average of Feldman-Cousins 90% C.L. upper limits
obtained with expected bkg. and no signal, using generic MC
Each leptonic decay channel optimised separately

D% — ptp~

30

9 ) o 0
$61018201830 1840 1850 186018701880 18901900191 98101820 18301840 1850 1860 1870 186018901900 191 002 04 06 08 1 12 14 16 18 s 6 4 2 0 2 4 6 8 W
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Search for D° — ¢*¢~ - Background estimation

To estimate background inside the signal region we
rely (almost) exclusively on experimental data

e Combinatorial background (smooth)
e estimated from 2D sideband in M and g

e shape: f(M,q) o< (1 —-aM),/q
e parameter a determined from fit to MC sample

e Peaking background (mis-ID of D° — 7t77)
e estimated from reconstructed D° — 77~ by
replacing pion mass with lepton mass and by
weighting each event with mis-ID probability
e mis-ID probabilities measured using
D** — D%+, D° — K—xt
e resulting distribution normalised absolutely
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Search for D° — ¢+¢~ - Results

25- Signal T D"Tn*n =] .Cambirmmrm[ 90% C.L. upper limits with pole.f
2 i i B(D®—ptp™) < 14x1077
B(D®—=efe”) < 79x107°

2

events per 1 Mev/c
=
&

2‘5’ TR T ST B (DO — ei;ﬁ) < 26x1077
1§:e+e_§ Lowest upper limit up to now
05§ i i U
22 1.82 1.84 1.86 1.88 1.9 &D 10*6&LG

: : =) PDG
2t T : ) —
15¢ H «Q

: i *se?gggd o FRO D
H H @360pb
1t H H l n@659fb"
05 F H H
0 H @659fb—*

1.82 1.84 1.86 ;\ZS[Ge‘};QCZ] 10—7 I
Channel \ events \ estimated bkg.
whp 2 3.1+£0.1
e+e_ O 17i02 10—8 ) )
etuT 3 2.6+0.2 i ete T

Channel
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Search for B~ — D¢/~ ¢~ - Motivation

e Lepton-number violating decay forbidden in SM

e Possible in new physics scenarios: multi-Higgs-boson, leptoquarks,
Majorana neutrinos, etc.

e In Majorana case up to B ~ 1077 (M Zhang, G Wang, arivi1003.5570v2 [hep-ex])

B—eeD)

=% B—eeD,

o
Sy
oL

o

my(GeV)

- CLEO studied ht¢=¢=, h=m,K® pin 2002 @9.2 fb~!
- B~ — DY/~ {~ is a CKM-favoured process in comparison to h™¢=¢~
- B~ — DT/~ has never been searched for
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Search for B~ — D¢~ ¢~ - Event selection

e Search based on 710 fb!

e Standard charged track and PID - a3 R | Signalmc
selection é
e Use K~mt7t to construct DT 8
e Require AMy - +,+ < 0.044 GeV/c2 o o; . -
e |epton requirement: e ey
- pe > 0.395GeV/c, p, > 0.69 GeV/c 3 ' -
- Ep > 1.3 GeV/c? g ™ Py | e
e Combine DT candidate and two highest § :7 %* %M*N
energy same charge leptons R A Pt
e Require window (M, AE): |oe ‘ ‘
o My. = El:%eam p% T rllas (Gevic) b

o AE = Eg — Epeam
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Search for B~ — D¢~ ¢~ - Variables

To suppress backgrounds, we use background and signal et
. . § o
PDFs of the following variables: % st
_ o B
e Missing energy Emiss = 2Epeam — »_ E Eomt
e Distance between helix parameter z of two leptons By (GoVIEY
(6z)
ol Dee
. . ) 5B 8 oml
— Z [N
e B flight direction cosfg« = 5] g
e Fisher discriminant of Fox-Wolfram moments ousf
(DxsrFy) in bins of missing mass square: BT e
25000 [ anal 600 |
E signa 500 0014
20000 - E .
” E background Sa00 F En.mzf
$5000 | \ a oo — |
£ F 2 300 B ool
oooo | EonE S ool
5000 F 100 2 oot
E o0.002f- Dee
% i 2 3 2 5 G 7 04 0 2 4 6 8 10 12 14 16 02 o4 06 08
imm(ksfw) type=ksfw1 ksfw[imm=0] type=ksfw1 cosfy,
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Search for B~ — D"/~ ¢~ - Optimisation

oo B —D'ee’
e From PDFs — likelihood ratio R ol “aen3s
e b — c decays and ete™ — ¢q, -
(9 = u,d, s, c) contribute to background oos
e Using FOM = Ngig/\/Nokg determine R cut .
e Use counting method to evaluate signal yield w;; et L el
e Signal region defined in (Myc, AE): HRUCSFW, €005 B 02)
e 527 < Mp. < 5.29 GeV/c2 V Maximum Value : (0.9880, 2.95b5)
e —0.055(—0.035) < AE < 0.035 GeV
E“é

1 L L L L L L L L L
'%.9 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1
LR(KSFW, cos 6-, E o 82)
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Search for B~ — D*¢~ ¢~ - Background estimation€_ />

Background from b — c and ete™ — gq
Background form rare decays:

e hadronic b —+'s, u, d
E e semileptonic b — ulv
e both contributions negligible

20 x data statistics

SE —rare
JF “X v

K e Topologically similar background:

W e o BT — J/YyKTnTxT lepton ID inefficiency
and lepton misID

4-i B~ Dee e Bt — D™ hTh'* lepton mislD

No significant background peaking
Background in signal region estimated from
(Mye, AE) sideband:

| e 5.20 < Mp. < 5.29 GeV/c?

M (Gevie) e —0.3<AE <0.3GeV

‘“:l
:l
:l
»E='
[ ] [ ]
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Search for B~ — D™{~{~ - Calculating B

e Branching fraction determined

B < Ny, Systematics
eff. xB(DT—K=ntn+)xNgg Source Dee Den  Dup
Unit %
e Upper limit Ny calculated MC signal efficiency 1.1 1.1 09
usin rocram pole by Conrad Tracking efficiency 5.2 5.2 5.2
§ prog P y K*x+ 1D 13 14 1.4
(PRD 67 012002 2003) Lepton ID 30 34 35
. . Mp. and AE shape 1 5 1
e extension of FeIdrnan-Cousms D+ mass shape 02 02 02
method by inclusion of N(BB) 14 14 14
systematic errors B(DY — K rxtat) 27 27 27
LR cut 5 5 5

Sum in quadrature 8.6 10.1 8.8
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Search for B~ — D™{~{~ - Preliminary results

Dee .

-]

r T T T |
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D

Channel ‘ events ‘ estimated background

Dte e~ 0 0.2+0.1
Dre p= | 0 0.8+0.3
Dtu—p~ | 0 14+04

No signal observed

Calculated 90% C.L. upper limits (preliminary)
B(B~—Dte"e”) < 27x10°°
B(B-—Dfep™) < 19x107°
B(B-—D'up”) < 11x107°

First measurement
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Summary

Search for leptonic decays of D° (PRD81 091102 2010)
e Found no evidence of these decays.
e Set new upper limits on branching fractions for these decays O(10~")
e Our results can further constrain the size of certain NP parameters

e The upper limit for D° — T~ (1.4 x 10~7) strongly disfavours a
leptoquark contribution as the explanation for the fp_ discrepancy
(PLB682 67 2009)

Search for LNV decay B~ — D¢~ ¢~ (Preliminary result)
e First measurement
¢ No signal observed
e Obtained upper limit O(1079)
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Backup
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Search for D° — ¢/~ - Background determination € />

e Misidentification of D® — 7+ 7~ (peaking)

e Shape — replacing the pion mass with the lepton mass in D® — 77~
decays

e Weighting each event with misidentification probability measured on
data

o Misidentification probabilities measured in data with D° — K=z, in
bins of particle momentum p and cosine of polar angle 6

e Resulting shape absolutely normalised

DO s rta— m — p misid probability 7 — e misid probability
o 6 005 — & 16
L N
E i .. 05 g i 045
2 004 2 04
. 0035 . 035
003 03
3 0025 3 025
0@ || 02
2 0015 2 015
N 001 ) 01
‘ Emmm——— s
T e e e 1 0108060402 0 03040608 1 ° ° °
-1 -08-06-04 -1 -08-06-04-02 0 02040608 1
mGev/c] cos(0) cos(6)
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Search for B~ — D*/*¢~ - Background estimation€_ />

20 x data statistics

B* - JjpK The analysis has considered:
e

- e Flat background form b — ¢ and
g o WL J{ ete” = qq
é 1 H o Non-peaking background form rare decays:
g o T e hadronic b— s, u, d
oot } e semileptonic b — ulv
825z P e both contributions negligible
25F e Peking background:
g of WL + e BT — J/yYK+rtxt lepton ID inefficiency
o H and lepton misID
g 10} J{ J{ e Bt — D™ hTH'* lepton mislD
G sp I e both contributions non-peaking

%.2 5.22 5.24 5.26 5.28
M, (GeV/c?)
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Spectrometer BELLE

D

il
’!H!Mun_.

<o

e B=15T
e Tracking system:

Silicon Vertex
Detector (SVD)
Central Drift
Chamber (CDC)

e Particle identification :

CDC(dE/dx)

Aerogel Cerenkov
Counter (ACC),

Time Of Flight (TOF)
Electromagnetic
calorimeter (ECL)
Detector K; and p
(KLM)
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Experiment Belle </t

Belle detector

s -d
e KEK, Tsukuba, Japan @ ré\?

e KEKB: asymmetric eTe™
collider at the energy of the

resonance
T(45) = 10.56 GeV/c2 214 /g

° q

(eT(3.5GeV) —+ e (7GeV)) Ay -

e Luminosity: dN/dt = Lo, RF caVIty
L£L=21-10%/cm?/s

e Integrated luminosity: «— e target
[ £dt = 1000fb~? W
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