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What's the rare?

FCNC processes are very rare in SM being suppressed by absence of tree level
diagrams and by GIM mechanism;

FCNC in Charm are even more suppressed due to absence of high mass
down-type quark;

Many new physics scenarios can therefore contribute enhancing these processes
with new particles running in the loops or even at tree level

Some models predict enhancements in the up sector only

Lepton flavour, lepton number and baryon number violating decays are essentially
forbidden in the Standard Model

No theoretical uncertainties
However in some new physics models they can be allowed at sizeable levels
If not seen can put strong constraints on NP parameters



FCNC In Chqrm
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Standard Model: e
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Short distance contributions heavily suppressed by GIM mechanism
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SM rate dominated by long distance contribution due to D — XV — X/t~

where V' = ¢, p,w

Long distance contribution are of non-perturbative nature giving large
theoretical errors

Branching fractions at 10~°, but non-resonant part is at the level of 10~
Outside of the resonances (both low and high ¢*) there is still big room to
discover new physics contributions

Rev. D66 (2002) 014009]



Flavour changing neutral currents: ¢ — uf™ ¢~ new physics

KpylE]

e Different new physics scenarios allow

for enhancement of FCNC processes

e NMSSMR, gives large contributions

[Phys.Rev. D66 (2002) 014009]

e Leptoquarks can also contribute

Phys.Rev. DT9 (2009) 017502
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For D — p°u* = also forward
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Overview of cha
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FCNC of charm from BABAR

[Phys.Rev. D84 (2011 OT2006]
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e SM short distance contribution at 3 x 10~*

e Long distance contribution mainly due to Vector Meson Dominance. predicted

tO be [Phys.Rev. D66 (2002) 014009]
VMD o 4.0 10—58
B‘DG—*?‘“‘I = -3.5_2_5 - 10

e However ¢ — uy process can be enhanced up to 6-107°% (200 times the SM) level

in MSSM | puys.Lett. B500 (2001) 304-312]




DY — ~~ at BABAR

Fit procedure:

e Unbinned maximum likelihood fit to
Imvariant mass

e DY — ~~ signal: crystal ball and
bifurcated gaussian

e Combinatorial background: 2" order
Chebychev polynomial

o DY — 7970 background Crystal Ball
function

RESU]tS:[EAEAR submitted to Physical Revew D ]
Measured a D” — 79%x% branching fraction:

Bpo_,.0.0=(844014+03)-107%

For DY — ~~ found negative signal yield

N = —6 % 15 events leading to an upper limit:

Bpo_y,, <22-107°% at90%CL

which is constraints NP to at most 70 times

the SM.
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Comparlson BESIIIvs BABAR: D%—yy
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D" — ptpu~ decay: Standard Model

e Highly suppressed in the Standard Model.
Short distance contribution
(D° = pTp=) ~ 10718

e Dominated by long distance contribution
in particular from D” — ~~:
B(D = utp=) =27 x 107°B(D° = ~~)
[Phys.Rev. D66 (2002) 014009]
which gives an estimate:
B(D" — ptp~) =z 1074

e Using BaBar upper limit: papar 2011):
B(D" — v~) < 2.2x 107% at 90% C.L. one
could estimate an upper limit on this
contribution of B(D” — pTp™) <6 x 107

e D' — ¢te™ even more suppressed




D—u*tu- at LHCb
e 0.9 fb~! of pp collisions at /s = 7 TeV were used

e An additional sample of 79 pb~?! for background studies

e Monte Carlo generated samples with full detector simulation | gon-conp-2012-0085]
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LFV In charm decay

@ established for neutrinos
@ can enter charged sector
in loops

@ predicted rates
unmeasurable small

@ enhancement predicted in
many New Physics
models, e.g.

@ multi-Higgs extensions’
@ leptoquarks?
@ low scale seesaw models®

"Phys. Rev. D 44, 1461
2Z. Phys. C 61, 613
3Phys. Rev. D 73, 074011

Standard Model + neutrino oscillation
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Overview of LFV In charm

DT decays
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LNV In charm mesons

DT — n T

@ resonant production in
accessible mass range

@ rates depend on Majorana
neutrino—lepton coupling
|V,a
(e.g. arXiv:0901.3589)
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Limits on LNV In charm from BABAR

charm decays SCOL] or ot
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Sensitivities for rare charm decay at BESII|
and super-B

» Do XI*I- can be reached at 10-¢ at BESIII

» DO—l*I- and yy will be reached at 10-7 at BESIII

BESIII may reach contribution from long distance

Sensitivities will be improved by order of two (102 -10-°)
at Super-B factories, and models can be tested.



Questions

e Can we measure D% »vv, or yvv ?
« Can we measure D ->K/nvv ?



Radiative D decays-- Predictions

TABLE XI. Amplitudes (in GeV~!) and branching frac-
tion predictions.

Mode AFC APV Bp_am,(107°)
P-I P-II  VMD VMD K PRD52, 6383

DfpTy 82 -—-1.9 + 3.2 +2.8 6—38
D°K*°y 5.6 —5.9 +3.8 +(5.1-6.8) 7-12
Dbty 7.2 ~ 6.3
Dtaty 1.2 ~ 0.2
Dlrafy 21 ~ 0.01
Dtpty 13 —-04 +1.6 +1.9 2-6
Dby 1.2 ~ 3.5
D*aly 0.5 ~ 0.04
D%aty 34 ~ 0.03
DIK*ty 2.8 —0.5 +0.9 +1.0 0.8-3
DYK; ™~y 6.0 ~ 0.2
D%p% 0.5 —0.5 £(0.2-1.0) %£(0.6-1.0) 0.1-0.5
D°%°%y 0.6 —0.7 +0.6 +0.7 ~ 0.2

B(D" — dy) = (2.78 = 0.30 = 0.27) X 1077,
B(DY — K*Vy) = (3.28 = 0.20 = 0.27) X 1074,



DO ¢y, KOy

Dominated short distance contribution (a) (b),
Long distance contribution: (c) and (d)
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BABAR measurements:
B(D" — py) = (278 = 0.30 = 0.27) X 1077,
B(D" — K*Vy) = (3.28 = 0.20 = 0.27) X 10~



Events / ( 0.005 GeV/c?)

Events /( 0.025)

90
80

70

60

BABAR fit results

I Generic Background (BG
e n° Background
@@ D° — ¢ 1y Background

BG Fit
D% — ]

T

1.75

1.8 1.85

M(o7) (GeV/c?)

(a) The ¢y invariant mass distribution.

T T | LI | T T | LI I LI | T T | L | T T | I—
I Generic Background (BG) 3

B D — ¢ n° Background
[ D° — ¢ n Background

BG Fit 3

------ D° - ¢ n°+BG Fit 3
— Total Fit 1
e Data 4

Events / ( 0.002 GeV/c?)

dN(D°—K yd(c 0s6),)

300

250

200

150 §

100

50

0.25

o
o

e
-
o

o
-

0.05

E Generlc Background (BG

1.75

o' Kx* 7® Background

I 0° . K"y Background
BG Fit

" "

KL = D' =K n'+BG Fit
e Total Fit

e Data

18 1.85 1.9
M(K ) (GeV/c?)

(c) The K 'O’_r' invariant mass distribution.

_'..—|||||

_I.—IIII|IIII|IIII|IIII|IIII|I



Dominant background D%=> ¢m®
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Study of D*>K™ vy at BESIII
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Expected peaking backgrounds:
D+>K™*n0: 1 events
D+ >K* non%: 11 events

Events/ (0013 )

Figure 12: The fit results based on cocktail MC sample with 40 signal events inputed.



Study of D*=>p*y at BESIII

Events / ( 0.02 )
Events/ (00775 )

Expected peaking backgrounds:
D*>p*n%: 101 events
D+ 2>n* non0: 0 events

Events /( 00145 )

Figure 20: The fit results based on cocktail MC sample with 40 signal events inputed



Highlights

DoVI*l-: Aggasymmetry

D—PI*l —: lineshape of lepton pair,
Interference effect between long-distance
and FCNC weak amplitude (New physics
amplitude);

These variables are useful to discriminate NP
from SM.

Expected number of events: 1k — 10k at STF
with lab 1.

We are looking at these decays at BESIII.
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