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What is Rare?

Suppressed or Forbidden by SM
— FCNC (c>u) GIM suppressed:
 D*-2>m*e'e’, DXy
— LNV/LFV:
* D*2mete’, D*2mtetu
— BNV:
« D2Xp
Not so exotic but interesting (BESIII targets)
— D-2>7tv (SM consistency)
— D->Ivy (Validate radiative contributions, x10)
Small Deviations rather than small rates (BESIII target)
— Lepton Universality (D> Xev versus D> Xuv)
D-mixing and CPV



Rare Charm Decays at Charm Factories

Current Exp Limits Current Exp Limits Current Exp Limits
CLEO-c/BESII! CLEO-c/BESII! CLEO-c/BESIII
NP SM SM
SM (LD+SD) LD SD
BR BR BR
D> XI*I- D> Vy D>tV
D>y

IV: Forbidden(Xeu,XI*I*)



DO-Status of measurements

Process Decay type Upper limit Process Decay type Upper limit

vy FCNC < 2.7 x1073 K0 ytp- N/A2 <24 x1073

ete FCNC < 1.2 x10°6 ata— 70 ptp- FCNC <81 x10~*

utp FCNC < 13 x10°% e* u¥F LFV <81 x10°7

70 ete~ FCNC < 4.5 x1073 70 et pF LFV <86 x107°

70 ptp FCNC <18 x10~* ne* uF LFV < 1.0 x107* Charm Factory DOS
nete~ FCNC <11 x10~* ata— et pF LFV < 1.5 x10°3

nut FCNC < 53 x10~4 plet u¥ LFV < 4.9 x10°°

atnx— ete~ FCNC < 3.73 x10~* wet uF LFV <12 x10~* CLEO-c 5X:|.O6
plete FCNC < 1.0 x10~* K-K* e* u¥ LFV < 1.8 x10~*

atax— wtu~ FCNC < 3.0 x10°3 de™ uF LFV <34 x10°° BESIII >107
POut FCNC <22 x1073 KU et u¥ LFV < 1.0 x10~*

wete~ FCNC < 1.8 x10~* K- ot et p¥ LFV < 5.53 x10~4

wptp— FCNC <83 x10~* K0 et u¥ LFV <83 x10°°

K+tK— ete~ FCNC < 3.15 x10~* 7w et et +cc LV < 1.12 x10~4

dete FCNC <52 x1073 = ptpt +ce LV <29 x10°°

K+tK— pytu~ FCNC <33 x10°° K- 7 etet +cc LV < 2.06 x10~*

optp FCNC <31 x107° K- n ptpt +celV <39 x107*

KO ete~ N/A® <11 x10~* K- K et et 4+cc LV < 1.52 x10*

KO ptp~ N/A2 < 2.6 x10~4 K- K- p* pt 4+ ceclV < 9.4 x1079

K- 7t ete” FCNC < 3.85 x10~* = x et pt +cec LV < 7.9 x10°°

K0 ete~ N/A2 < 4.7 x10°° K- 7 et pt +cc LV < 2.18 x10~4

K+ ot ptpu~ FCNC < 3.59 x10~* K- K- e* pt 4+ cclV < 5.7 x107°

From Flavor Physics in the Quark Sector: hep-ph 0907.5386



Charged D, :Status of measurements

Process Decay type Upper limit Process Decay type Upper limit
n+t ete~ FCNC < 7.4x10~6 T ete™ N/A® < 2.7x10~4
nt utp— FCNC < 3.9x10-6 t utu~ N/A® < 2.6 x107°
ptutu—  FCNC < 5.6 x10~4 KT ete™ FCNC < 1.6 x1073
K+ ete- N/A® < 6.2 X106 K+ ptp~ FCNC < 3.6 x107°
K+ ptp— N/A® < 9.2 x10—6 K*= ptp~ FCNC < 1.4 x10~3
7+ et uF LFV < 3.4 x10-5 nt et p¥ LFV < 6.1 x10~4
K+ et u¥ LFV < 6.8 x10~° K* e* p¥ LFV < 6.3 %1074
et et LV < 3.6 X106 m-etet LV < 6.9 107
= ptopt IV < 4.8 x10~6 T pt et WV <29 x107°
= et pt LV < 5.0 x10~5 m et ut LV < 7.3 %1071
pmut pt IV < 5.6 x10~4 K- etet LV < 6.3 x1074
K- etet LV < 4.5 x10—6 K= pmpm IV <13x107°
K-t ut IV < 1.8 x10-5 K- e+',u‘*‘ LV < 6.8 x10™4
K- et put LV < 1.3 x10—4 K w v IV < L4 x1077
K*~ put pt LV < 8.5 x1074

From Flavor Physics in the Quark Sector: hep-ph 0907.5386



D_|_ _s hie$ei CLEO-c

FCNC LNV o
D" —=mte’e” D" —=me’e” Ecm = 3.774 GeV
L=818 pb!
K'e'e” Ke'e® Npp = 2.4 x 106
D! —m'e’e” D —mae’e’ D,*
tot o B + N Ecm =4.170 GeV
K'e Ke L = 602 pb!

Npgper = 0.6 X 108

FCNC: Highly suppressed
SM rates 101°—- 107 PRD
Long distance (Vector pole) rates 10°— 10~ Accepted for publication

LNV: If seen may indicate Majorana nature of neutrino.
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Analysis Details (s) — hi€$€i

e All track mode (excellent E,p resolution)

« Standard tracking cuts (vertex and fiducial)
— K/m PID (RICH and dEdx)

e Electrons required to be more central and p>200Mev.
— This ensures E/p discrimination reliable.
— Radiation recover is used for electrons.

D*D- events

AE =(E,. -E,,) AM, = \/E2 Pl -m,.

beam

+ 20 MeV + 5 MeV

D,"’D, events

AMrecoil=\/(E0_ED;)2_(ﬁO_ﬁDS+)2 AM=M -m

D* D*
+ 55 MeV + 20 MeV

Larger spread from transition photon



Analysis Details D(J;) — h¥ete

Hadrons faking electron rate very low.
— Mass assignment for hadron is wrong.
— Negligible background for two electron
mode.
Backgrounds arise from processes that
produce two true electrons.

— Double semileptonic decay.

* Require energy on other side to be significant (>1.0 to
1.7 GeV)

— Additional electrons may arise from
conversions (continuum)

d(ee) m final state is expected to be of
order 10°®. The regions around the
poles are used for separate analysis.
All selection cuts were optimized for
best upper limit with MC before
analyzing data.

Backgrounds are estimated from MC.

=+

D*>mtete

Sw e SUSY
\\

e S N.SM(SD+LD)

M__ ™ SM(SD)

ee

NP Models are tuned
so as to obey constraints
imposed by D mixing.



Efficiencies and

D/, —h’e’e”

Backgrounds

Channel € (%) Npq

Dt - nmtete™ 34.55+0.21 5.73+£0.70
Dt - metet 44,37 £0.22 1.29+0.26
Dt - Ktete~ 23.58+0.19 4.87 £0.58
Dt - K- ete™* 35.99+0.21 1.24 +£0.31
Dt - nt¢(— ete™) 47.13+0.22 0.25+0.17
Channel € (%) Nbg

D; —ntete” 24.80+0.19 6.66 +£0.82
D;—»n‘e+e+ 34.07 £0.21 2.23%+0.36
D;L—»K+e+e‘ 17.67 £0.17 2.96 £0.45
D;—»K—e+e+ 28.31+0.20 4.08+0.46
Dj —-nTp(—ete) 34.590+0.21 0.72+0.19
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Results D —h7e’e
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FIG. 1. Scatter plots of AMy. vs AE. The two contours for each mode enclose regions determined with signal MC simulation
to contain 50% and 85% of signal events, respectively. The signal region, defined by (AE,AM,.) = (£20MeV, £5MeV), is

shown as a box.
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FIG. 2. Scatter plots of AM,...i vs AM. The two contours for each mode enclose regions determined with signal MC simulation
to contain 40% and 85% of signal events, respectively. The signal region, defined by (AM, AMccoit) = (£20MeV, £55 MeV),

is shown as a box.
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Results (s) —h'e"e

Channel N e (%) Nexp Nobe C(Nobs|Nexp) B
DY —wtete 4.76 x 10° 33.9 5.7 9 9.3 <59x%x107°
DT — 7 etet 4.76 x 10° 43.5 1.3 0 2.3 <11x10°°
DT — Kte e 4.76 x 10° 23.1 4.9 2 3.2 <3.0x 10"
DY — K etet 1.76 x 10° 35.3 1.2 3 5.8 <35x%x10°°
DY — a7 ¢(eTe) 4.76 x 10° 46.2 0.3 4 (1.7708+0.1) x107°

7.9 <37x10°°
DI —ntete 1.10 x 10° 24.3 6.7 6 5.6 <22x10°°
Df —n etet 1.10 x 10° 33.4 2.2 4 6.2 <18x10°°
DI — KteTe 1.10 x 10° 17.3 3.0 7 9.3 < 52x107®
D — K etet 1.10 x 10° 27.7 4.1 4 5.0 <1.7x107°
D —xté(ete) 1.10 x 10° 33.9 0.7 3 (06795 £0.1) x10°°

6.2 <18x10°°

These are the most stringent upper limits to date.

Still a gap of few orders of magnitude from SM.

The resonance searches are at a significance of 3.5 and 1.8 for D* and Ds respectively
so upper limits are quoted along with the BR.



Radiative Decays (D% Xy)

 More difficult target than electron final states
— Resolution relatively poor.

— Fake photon rates high.

— Vector-photon final states have large expected
contributions from LD physics so “New Physics”
opportunities are limited. Must look at relative rates
of p and w final states for example.

* B factories have done better with Vy modes.
— First observation of D° = ¢ vy (Belle)
— First observation of D°—>K*y (BaBar)



Radiative D Decay:

* Full reconstruction of D°>K* y (No D-Tag)
— Standard photon requirements.

— K* is well measured while photon is not.

* Introduces correlation in primary discrimination variables:
AE & M,

High Coz 1, Plots show M, . versus AE
£ | SR T el for D anti-aligned with photon

© Lo pesgaainiiic | (top) and aligned with photon | 5 | 8
EoindeiEERE s (bottom),

33 3 ' = T L - .
] - 130 5o G005 ¢ ' A 0.05

DeltaE (GeV)

N\

'.;l £ 13 MoV "’%

=,

1.84 1.845 1,85 1,855 1.86 1.865 1.87 1.875 1.88 1.385
Beam Constrained Mass (GeV/c?)



CLEO-c: D->X y Analysis

CLEO-c

Preliminary NData: 3374.00 NMC: 3013.26 —Mosm

: = . = Worero
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- i E 0 -‘- 1 TMCDDbaI
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Prospects for BESII|

The BESIII detector has very similar capabilities when compared to the
CLEO-c.

— TOF system at BESIII as opposed to Cherenkov system at CLEO-c. Two body
final states could be more difficult.

— BESIII will be able to include muon modes.

Currently BESIII has the world’s largest sample at 3770 MeV (~910 pb-?)
but it is still comparable to the CLEO-c sample size.

Will need an order of magnitude more data to improve limits (or make
discoveries).

With 10 fb! some new Vy observations are possible, a significant
observation of D> Tt v and . These data will close the gap between the
current experimental limits and the SM rates for FCNC where new physics
may lurk.

We are hoping for ~5 fb! in the next series of runs.



Summary

* | have presented results from CLEO-c for FCNC
and LNV decays D! —hn*e*e®
— No observations made. Improved upper limits.
* On radiative D° decays
— Confirmation of K*/¢ v.
— Improved upper limits on p/w y as well yy.

e BESIII collecting and analyzing open charm data.

— World’s largest sample near threshold.
— Will probe gap between current limits and SM.

— Potential for observations (¢(I*I')xt, p/w vy, D’ T V)



BESII (20 fbl)

Reference Best Upper /~ BES-11

Mode Experiment  limits(107"\_(x10°)
Y CLEO [442] 28 a.
prp DO [444] 2.4 17.0
ute E791 [438] 8.1 43
ete-  E791 [438) 6.2 2.4
wutp E653 [445) 180 12.3
#ue  CLEO [443] 86 9.7
x%ete”  CLEO [443] 45 7.9
Kep'p~ E653 [445) 260 10.6
Ksptew CLEO [443] 100 9.6

Kse'e  CLEO [443] 110 7.5

nutu CLEO [443] 530 15.0
nute~  CLEO [443] 100 12.0
ne e CLEO [443] 110 10.0

Table 27.3: Current and projected 90%-CL upper limits on rare D' decay modes at
BES-1IT with a 20 fb™ ' data sample taken at the ¢(3770) peak.



