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Why charm rare decays
■ Rare charm decays offer the possibility to search for 

signals beyond Standard Model in the up-quark sector. 
◆ There might be CP conserving and CP violating contributions 

within the Standard Model and beyond 
◆ There might be new particles/interactions through loops

■ Experimental explorations play important role
◆ First principle theoretical calculations have limitations
◆ Non-perturbative hadronic effects
◆ To calibrate theoretical tools, and searches in other sectors

■ Once NP appeared somewhere, it might well also in
charm
◆ Complementary to s, b, l, v sectors
◆ Important ingredients of global “precision search”
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Different NP models for “the B anomaly”

• Z’ many …
• 𝑺𝑼(𝟐)𝑳 singlet or 

triplet
• 𝑼 𝟏 𝑳𝝁)𝑳𝝉, 𝑼 𝟏 𝑩𝟑)𝑳𝝁

…

arXiv:1403.1269,1501.00993,
1503.03477, 1611.02703…

• Leptoquark
• Scalar (𝑺𝟏, 𝑺𝟑) or 

Vector (𝑹𝟐,𝑼𝟏,𝑼𝟑)
arXiv: 1511.01900,

1503.01084,  1704.05835
1512.01560, 1511.06024
1408.1627   …….

• New Scalar or 
Vectors or 
leptoquarks possible

arXiv: hep-ph/0610037
1509.05020, 1608.07832
1704.05438, 1607.01659
1704.07845 …

2018/2/9

Model-building: EFT-type considerations =>Simplified models => UV completions 
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Rare D Decays
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D0
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Charm data samples(D)
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beam Sample

E791 500 GeVπ D105.2 5×

CDF GeV1pp D105.1 6×

FOCUS GeV200γ D101 6×

CLEO ))4(( see Υ−+ D105.1 5×

CLEO-C ))3770((ψ−+ee ccnb881
BABAR ))4(( see Υ−+ cc106 8×

LEP ))( 0Zee −+ D101 5×

BELLE ))4(( see Υ−+ cc108 8×

BESIII ))3770((ψ−+ee ~ 107 DD
LHCb pp                                  ~1010,

may further extend ~2031+ （V Vagnoni talk)
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BESIII charm data samples
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∼ 0.5 B        𝜓(3686) events    ∼ 24×CLEO-c
∼ 1.3 B       𝐽/𝜓 events                  ∼ 21×BESII

∼ 2.9/fb      𝜓(3770) ∼ 3.5×CLEO-c yellow book: 90M DDbar

∼ 9/fb XYZ	above	4	GeV
• 20 points for R &QCD Scan: 

500/pb finished in May 2015
• Y(2175) resonance: 100 /pb 
• 2016: 3/fb Ds data at 4170 MeV 
∼ 5×CLEO-c

• 2017: Y(4260), X(3872)
• 2018：6-8B 𝐽/𝜓 (NEW)
∼ other data sets: tau, resonance 
scan and continuum, etc.
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∼ 0.6/fb Λc pairs at threshold Unique

18

0

1000

2000

3000

BES CLEOc BESIII

4.03/4.14 GeV 4.17 GeV 4.009/4.178/4.6 GeV

0

500

1000

1500

2000

2500

3000

MARKI DELCO MARKII MARKIII BESII CLEOc BESIII

Ø D0(+) samples

D0(+), Ds
+, Lc

+ samples (pb-1)

Ø Ds
+/Ds

+/Lc
+ samples

LXR Seminar at Center for HEP, PKU., 2017

18

0

1000

2000

3000

BES CLEOc BESIII

4.03/4.14 GeV 4.17 GeV 4.009/4.178/4.6 GeV

0

500

1000

1500

2000

2500

3000

MARKI DELCO MARKII MARKIII BESII CLEOc BESIII

Ø D0(+) samples

D0(+), Ds
+, Lc

+ samples (pb-1)

Ø Ds
+/Ds

+/Lc
+ samples

LXR Seminar at Center for HEP, PKU., 2017

∼ 0.482/fb 4.009 Ds study
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BESIII Detector
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Ref:
NIM A614, 
345 (2010)

Clean environment and high 
luminosity at BESIII are 
helpful for indirect probe 
rare/forbidden decays
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2015 ETOF upgrade: 60ps
2018/19: Inner tracker
upgradeBESIII Detector Performance

Exps.
MDC

Spatial 
resolution

MDC

dE/dx
resolution

EMC

Energy 
resolution

CLEO-c 110 µm 5% 2.2-2.4 %

BaBar 125 µm 7% 2.67 %

Belle 130 µm 5.6% 2.2 %

BESIII 
115 µm <5%

(Bhabha) 2.4%

Exps.
TOF

Time 
resolution 

CDFII 100 ps

Belle 90 ps
BESIII 68 ps (BTOF)

60 ps (ETOF)

MUC:    Efficiency ~ 96%
BG level:  < 0.04 Hz/cm2(B-MUC), < 0.1 Hz/cm2(E-MUC)

LXR Seminar at Center for HEP, PKU., 2017 14
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How BESIII compare to LHCb
in charm rare decay studies

LHCb BESIII
production pp collision@LHC e+e- annhilation@BEPCII
Cross section*L 1010 107

Particle ID good good
Detector configuraiton forward hermetic
Trigger system dedicated comprehensive
uniqueness Time-dependent full kinematic constraint
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Highlight/Uniqueness of BESIII
Ø Pair production near threshold in e+e-

Ø Tagging, with extremely low background
Ø systematics cancellation in DT, 
Ø absolute measurement

Ø Full kinematics available
Ø Neutron/anti-neutron
Ø Invisible signatures

Ø Low energy photons and electrons well reonstructed
Ø Also pi0

BESIII is more competitive in channels with 
low energy electron/photons, neutrons, pi0’s

Statistics@production Efficiency

Good complementary
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Scope of this talk
■ Many common techniques, refer to other BESIII talks:

■ With statistics up, BESIII is more involved for searches
with charmonia, off resonances, dark sector etc.
◆ Only cover charmed hadron decays in this talk

■ As demonstrations, will focus on
◆ Rare decays (with photons)
◆ c->u e e, c->u v v (with e/pi0/missing)
◆ LFV, LNV, LNV & BNV processes (with e)
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QC measurements at BES III Xiaokang Zhou
BR measurements at BES III Bai-Cian Ke
Leptonic and semileptonic decays Hailong Ma
Ds+ -> pi+ pi+ pi- Inclusive Liang Sun

Λc running + measurements Lei  Li
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Tagging technique at threshold
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Analysis Technique 
• e+e-ÆDD (Lc

+Lc
- ), near Thrs.    

9 Tagging D- (D0), Lc
- from 

hadronic decay modes 

• Event is very clean    

• Double tag analysis   

9 (semi-)leptonic decay event can 
be well reconstructed in the 
recoil side of the tagged D (Lc

-)  

• High tagging efficiency  
• Most systematic uncertainties 

can be cancelled out  

M2
missing=E2

miss – p2
miss ~0 D-ÆK+p-p-   vs.  D+Æm+n 

m+ 

p Event is very clean 
p High tagging efficiency 
p Most systematic uncertainties can be cancelled
p Could measure absolute BFs 
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Charm rare decay with
photons

Charm rare decays at BESIII2018/2/9 #
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D0->γγ: Motivation

■ Measurements at B factories:

■ Measurement at BESIII
◆ Double tag
◆ Fitting delta(E)
◆ Major background: D0->pi0pi0
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BABAR as well as with the c → uγ branching fractions
expected in the SM and MSSM [5].

TABLE I. Summary of systematic uncertainties for D0
→ γγ.

Source Contribution
Cut variation ±6.8%
PDF shape +4.0

−2.4 events
Photon detection ±4.4%
K0

S reconstruction ±0.7%
π0 identification ±4.0%
B(D0

→ K0
Sπ

0) ±3.3%

)γ
 u

→
B(

c
-1010

-810

-610

-410

)γγ→0Upper limit on B(D

SM

M
SS

M

FIG. 2. Ranges of the c → uγ branching fraction predicted in
the SM and MSSM [5] are compared with our obtained upper
limit on B(D0

→ γγ), shown by the purple solid line. The
limits from BABAR [8], BESIII [9], and CLEO [7] are indicated
by the green dotted, red long-dashed, and black dashed lines,
respectively.

In summary, we search for the rare decay D0 → γγ
using the full data sample recorded by the Belle experi-
ment at or above the Υ (4S) resonance. In the absence
of a statistically significant signal, a 90% CL upper
limit is set on its branching fraction of 8.5 × 10−7. Our
result constitutes the most restrictive limit on D0 → γγ
to date and can be used to constrain NP parameter
spaces. This FCNC decay will be probed further at the
next-generation Belle II experiment [20].

We thank the KEKB group for excellent operation
of the accelerator; the KEK cryogenics group for effi-

cient solenoid operations; and the KEK computer group,
the NII, and PNNL/EMSL for valuable computing and
SINET4 network support. We acknowledge support from
MEXT, JSPS and Nagoya’s TLPRC (Japan); ARC (Aus-
tralia); FWF (Austria); NSFC and CCEPP (China);
MSMT (Czechia); CZF, DFG, and VS (Germany); DST
(India); INFN (Italy); MOE, MSIP, NRF, BK21Plus,
WCU and RSRI (Korea); MNiSW and NCN (Poland);
MES and RFAAE (Russia); ARRS (Slovenia); IKER-
BASQUE and UPV/EHU (Spain); SNSF (Switzerland);
NSC and MOE (Taiwan); and DOE and NSF (USA).
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D0->γγ: analysis method
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We could use similar technique to perform other D 
rare decay search, and estimate the sensitivity
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D0->γγ Results
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PRD91, 112015 (2015) 



Dayong Wang

Comparison and prospects
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momentum in the φ rest frame. As we wish to apply cor-
rection factors obtained from D0 → φγ, which contains
one photon, to the signal channel with two photons in the
final state, we shift the MC M(γγ) mean value by twice
its correction and multiply the width by the square of
the corresponding correction factor. On the other hand,
the ∆M resolution is dominated by the momentum mea-
surement of π+

s , for which there is no difference between
the signal and control channel. Therefore, the ∆M cor-
rections are applied without any change.
To calibrate the peaking background shape in M(γγ),

we compare data and MC distributions in a sample of
D0 → π0π0 that is partially reconstructed using the
higher-energy photons from each π0 decay. The ∆M
correction factors are obtained using a sample of can-
didates in data and MC events for the forbidden decay
D0 → K0

S
γ, where the selected candidates are mostly due

to partially reconstructed D0 → K0
S
π0 decays.

We apply the fit to simulated MC samples and obtain
yields for the three event categories that are consistent
with their input values. Furthermore, we check the sta-
bility and error coverage of the fit by applying it to an
ensemble of pseudo-experiments where events are drawn
from the PDF shapes for all three event categories as
described above. The exercise is repeated for various
possible signal yields ranging from 0 to 100. We find a
negligible bias on the fitted signal yield and the latter
consistent with the input value within uncertainties.
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FIG. 1. Projections of candidate events onto the M(γγ) (left)
and ∆M (right) distributions, applying a signal-region crite-
rion on the other variable. Points with error bars are the
data, blue solid curves are the results of the fit, blue dot-
ted curves represent the combinatorial background, magenta
dashed curves are the peaking background, and red filled his-
tograms show the signal component.

Applying the 2D fit described above to the 3148 candi-
date events, we find 4±15 signal, 210±32 peaking back-
ground and 2934± 59 combinatorial background events.
Figure 1 shows the results of the fit. In the absence of a
statistically significant signal, we derive an upper limit at
90% CL on the signal yield (N90%

UL ) following a frequentist
method [18] using an ensemble of pseudo-experiments.
For a given signal yield, we generate 5000 sets of sig-

nal and background events according to their PDFs, and
perform the fit. The CL is obtained by calculating the
fraction of samples that gives a fit yield larger than that
observed in data (4 events). The systematic uncertainty
(described below) is accounted for in the limit calcula-
tion by smearing the fit yield. We obtain N90%

UL to be 25
events.
As this is a relative measurement, most of the sys-

tematic uncertainties common between the signal and
normalization channels cancel. However, some resid-
ual systematics remain. We estimate their contributions
by varying the selection criteria that do not necessar-
ily factor out. These include Eγ2, AE , and P(π0). For
Eγ2 we estimate N/ε with and without any requirement
on the photon energy in the D0 → φγ control sam-
ple. The change with respect to the nominal value is
taken as the corresponding systematic error. The un-
certainty due to the P(π0) requirement is calculated in
the same control sample by comparing the nominal yield
with the one obtained with a substantially relaxed cri-
terion [P(π0) < 0.7]. We double the above systematic
uncertainties, as our signal has two photons. Since we
do not have a proper control sample for AE , we fit to
the data without this requirement and take the resulting
change in the upper limit as the systematic error.
Another source of systematics is due to the calibration

factors applied to MC-determined PDF shapes for the
fit to data. In case of signal, we repeat the fit by vary-
ing the PDF shapes in accordance with the uncertainties
obtained in the D0 → φγ control channel and take the
change in the signal yield as the systematic error. To
estimate the PDF shape uncertainty due to the peak-
ing background, similar exercises are also performed by
changing the corresponding calibration factors by ±1σ.
Finally, there is a systematic uncertainty in the effi-

ciencies for photon detection, K0
S
, and π0 reconstruc-

tion. The systematic error due to photon detection is
about 2.2% for Eγ = 1GeV [19]. With two energetic
photons in the signal final state, we assign a 4.4% uncer-
tainty. The uncertainty associated with K0

S
reconstruc-

tion is estimated with a sample of D∗+ → D0π+
s , D

0 →
K0

S
(π+π−)π+π− decays and is 0.7%. We obtain the sys-

tematic error due to π0 reconstruction (4.0%) by com-
paring data–MC differences of the yield ratio between
η → π0π0π0 and η → π+π−π0. The last error is that
on the branching fraction of the normalization channel
D0 → K0

S
π0 [13]. Table I summarizes all systematic

sources along with their contributions.
The 2D fit is then applied to the normalization channel

of D0 → K0
S
π0, using the same signal and background

models as for D0 → γγ. All signal shape parameters are
floated during the fit. We find a signal yield of 343 050±
673 events. Using the above information in Eq. (1), we
obtain a 90% CL upper limit on the branching fraction
of B(D0 → γγ) < 8.5× 10−7. In Fig. 2, we compare our
upper limit with those obtained by CLEO, BESIII and

PhysRevD(2016).93.051102

use a Crystal Ball Line function (CBL) [22] plus a
Gaussian, and in the ΔEγγ dimension, we use a second-
order exponential polynomial:

YðΔEγγÞ ¼ N × e−ðc1·ΔE
γγþc2·ðΔEγγÞ2Þ:

In our nominal fitting procedure, we fix the following
parameters based on MC: the power-law tail parameters of
theCBL, the coefficients (c1 and c2) of the above exponential
polynomial, and the mean and the width of the Gaussian
function. The normalization for the background from all
other D0D̄0 decays is left free in the fit, as are the mean and
width of the CBL and the ratio of the areas of the CBL and
Gaussian functions. Table I lists theDT signal-reconstruction
efficiencies for each of the five tag modes.

As a test to validate the fitting procedure, we fit to
10,000 sets of pseudo-data (toy MC samples) generated
by randomly distributing points based on our generic
MC samples while taking into account the Poisson
distribution with input D0 → γγ branching fractions of
ð0; 5; 10Þ × 10−6. The average branching fractions mea-
sured with these samples are ð0.3% 1.2; 5.0% 2.4;
10.0% 3.1Þ × 10−6, respectively, where the quoted uncer-
tainties are the root-mean-squares of the distributions.
Figure 2 shows projections of the fit to the DT data

sample onto ΔEγγ (top) and ΔEtag (bottom). We also
overlay background distributions predicted by the MC
simulations. The fit yields Ntag;γγ ¼ ð−1.0þ3.7

−2.3Þ, demon-
strating that there is no signal forD0 → γγ in our data. This
corresponds to BðD0 → γγÞ ¼ ð−0.6þ2.0

−1.3Þ × 10−6 where
the uncertainties are statistical only.

IV. SIZE OF D0 → π0π0 BACKGROUND

To estimate the contribution of background from D0 →
π0π0 events to our selection, we make a second DT
measurement with the same sample used in searching
for D0 → γγ. Within these tagged events, we reconstruct
D0 → π0π0 with the π0 candidates that are not used in
reconstructing the tag modes. The selection criteria for
these π0 candidates are the same as those used in recon-
structing the tags. We select the pair of π0 s that gives the
smallest jΔEπ0π0 j and extract the DT yield by fitting to
Mπ0π0

BC , while requiring −0.070 < ΔEπ0π0 < þ0.075 GeV.
In this fit, a double-Gaussian function is used to represent
theMπ0π0

BC shape for theD0 → π0π0 decays, while theD0D̄0

MC shape describes the background.
Figure 3 shows the fit to the Mπ0π0

BC distribution in
1.840 < Mπ0π0

BC < 1.886 GeV=c2, which yields Nobs
π0π0 ¼

1036% 35 events for D0 → π0π0. Thus the yield in our
data sample of D0 → π0π0 with a D̄0 decaying into one of
the five tag modes isNproduced

π0π0
¼ Nobs

π0π0=ϵ
π0π0
DT , where ϵπ

0π0
DT ¼

6.08% is the DT efficiency for D0 → π0π0 as determined
with MC. The expected π0π0 contribution to our γγ
candidates can be then obtained as

Nexpected
π0π0

¼ Nproduced
π0π0

× ϵγγ
π0π0

¼ Nobs
π0π0

ϵγγ
π0π0

ϵπ
0π0

DT

where ϵγγ
π0π0

¼ 0.11% is the efficiency for D0 → π0π0 to be

counted as D0 → γγ. The efficiencies ϵγγ
π0π0

and ϵπ
0π0

DT
include the reconstruction efficiencies for the tag sides
as well as the branching fractions, although these cancel in
the ratio.
We consider the following sources of systematic uncer-

tainty in determining the D0 → π0π0 contamination: π0

reconstruction (1.5%), photon reconstruction (2.0%), bin-
ning of Mπ0π0

BC (0.1%), fit range (0.1%), background shape
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FIG. 2 (color online). Fit to the DT sample in data (points),
projected onto ΔEγγ (a) and ΔEtag (b). The dashed lines show the
overall fits, while the dotted histograms represent the estimated
background contribution from D0 → π0π0. The solid line super-
imposed on the ΔEγγ projection indicates the expected signal for
BðD0 → γγÞ ¼ 10 × 10−6. Also overlaid are the overall MC-
estimated backgrounds (gray shaded histograms) and the back-
ground component from non-DD̄ processes (diagonally hatched
histograms).

M. ABLIKIM et al. PHYSICAL REVIEW D 91, 112015 (2015)

112015-6

p BESIII has the least background
contamination

p and very good control of systematics
p Could still be competitive with the final

DDbar sample
p Detailed projection study is needed to

check what is the critical points for
DDbar sample size
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BABAR as well as with the c → uγ branching fractions
expected in the SM and MSSM [5].

TABLE I. Summary of systematic uncertainties for D0
→ γγ.

Source Contribution
Cut variation ±6.8%
PDF shape +4.0

−2.4 events
Photon detection ±4.4%
K0

S reconstruction ±0.7%
π0 identification ±4.0%
B(D0

→ K0
Sπ

0) ±3.3%

)γ
 u

→
B(

c
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FIG. 2. Ranges of the c → uγ branching fraction predicted in
the SM and MSSM [5] are compared with our obtained upper
limit on B(D0

→ γγ), shown by the purple solid line. The
limits from BABAR [8], BESIII [9], and CLEO [7] are indicated
by the green dotted, red long-dashed, and black dashed lines,
respectively.

In summary, we search for the rare decay D0 → γγ
using the full data sample recorded by the Belle experi-
ment at or above the Υ (4S) resonance. In the absence
of a statistically significant signal, a 90% CL upper
limit is set on its branching fraction of 8.5 × 10−7. Our
result constitutes the most restrictive limit on D0 → γγ
to date and can be used to constrain NP parameter
spaces. This FCNC decay will be probed further at the
next-generation Belle II experiment [20].

We thank the KEKB group for excellent operation
of the accelerator; the KEK cryogenics group for effi-

cient solenoid operations; and the KEK computer group,
the NII, and PNNL/EMSL for valuable computing and
SINET4 network support. We acknowledge support from
MEXT, JSPS and Nagoya’s TLPRC (Japan); ARC (Aus-
tralia); FWF (Austria); NSFC and CCEPP (China);
MSMT (Czechia); CZF, DFG, and VS (Germany); DST
(India); INFN (Italy); MOE, MSIP, NRF, BK21Plus,
WCU and RSRI (Korea); MNiSW and NCN (Poland);
MES and RFAAE (Russia); ARRS (Slovenia); IKER-
BASQUE and UPV/EHU (Spain); SNSF (Switzerland);
NSC and MOE (Taiwan); and DOE and NSF (USA).
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(0.5%), signal shape (1.7%), and the ΔEπ0π0 requirement
(0.6%). Combining statistical and systematic uncertainties,
we estimate the number of D0 → π0π0 events among
the D0 → γγ candidates to be 18 events with a
relative uncertainty of 4.6%, spread across the ΔEγγ

fit range.

V. SYSTEMATIC UNCERTAINTIES
FOR D0 → γγ ANALYSIS

MC studies demonstrate that D-decay measurements
based on DT-to-ST ratios benefit from cancellation of most
of the systematic uncertainties of tag reconstruction. The
overall systematic uncertainty in our measurement is there-
fore dominated by other effects. The systematic uncertain-
ties that are independent of our signal-fitting procedure are
that associated with detection of the two photons, which is
estimated by studying the reconstruction efficiency of a
daughter photon from π0 decay in a DTD0 → K0

Sπ
0 sample

(2.0%); the signal-side Mγγ
BC requirement, which is esti-

mated from the ΔEπ0π0 distribution of the DT D0 → π0π0

sample and by observing the stability of the BðD0 → π0π0Þ
while varying the selected range of Mπ0π0

BC (3.1%). The
systematic uncertainties in ST yields (1.0%) are estimated
first for individual tag modes, and then combined in
quadrature with weights based on the observed tag yields
(Ni

tag). The sources for the uncertainties of ST yields we
consider are the choice of fit range, assumed signal para-
metrization, and the Mtag

BC signal window. Combined in
quadrature, these total 3.8%.
We also consider six possible sources of systematic

effects due to our fitting procedure. (i) Fits are redone
with all possible combinations of fitting ranges:

−ð0.12;0.10;0.08Þ<ΔEtag <þð0.08;0.10;0.12ÞGeV and
−ð0.30; 0.25; 0.20Þ < ΔEγγ < þð0.20; 0.25; 0.30Þ GeV.
(ii) The MC-based analytic form of the D0D̄0 background
shape (excluding the D0 → π0π0 contribution) is varied
by changing the input branching fractions for D0 →
π0η=ηη=K0

Lη=K
0
Lπ

0 by $1σPDG [17]. (iii) The flat non-
DD̄ background shape is replaced with a shape that is
linear in the ΔEγγ dimension. (iv) The fixed size of the
background from D0 → π0π0 is varied by $4.6%. (v) The
fixed shape of the background from D0 → π0π0 is studied
by comparing ΔE distributions of DT events from D0 →
π0π0=K0

Sπ
0=Kππ0 between data and MC simulations in

which we intentionally ignore the lower-energy photon
from each π0 decay to mimic our background. We conclude
that we do not need to assign additional systematic
uncertainty due to the assumed D0 → π0π0 background
shape in the fit, except to give an extra Gaussian smearing
of σ ¼ 5 MeV in theΔEtag dimension. (vi) The fixed signal
shape is studied based on the DT D0 → π0π0 sample in
which we study distributions of its ΔEtag and ΔEπ0π0 for
four cases by requiring that one of the two photons from
each of the two π0 to have at least 0.5, 0.6, 0.7, and 0.8 GeV
to mimic our signal photon energies. From all four cases,
we find that we need an extra Gaussian smearing of σ ¼
16 MeV and a shift by a factor of 1.0025 in the ΔEγγ

dimension as well as an extra smearing of σ ¼ 5 MeV in
the ΔEtag dimension.
Table II summarizes systematic uncertainties that are

independent of our fitting procedure, as well as systematic
variations that we consider to estimate uncertainties due to
the fitting procedure. In the next section, we describe how
we combine these systematic uncertainties into our
measurement.
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FIG. 3 (color online). Fit to the Mπ0π0
BC distribution in data

(points) for D0 → π0π0 DT candidates. The solid line is the total
fitted result, while the dotted and dashed lines are the background
and signal components of the fit, respectively. The diagonally
shaded histogram is the background determined with MC.

TABLE II. Systematic uncertainties and variations forD0 → γγ
analysis.

Uncertainties independent of fitting procedure

Source Relative uncertainty ð%Þ
Photon reconstruction 2.0
Mγγ

BC requirement 3.1
ST D0 yields 1.0
Total 3.8

Systematic variations due to fitting procedure

Source Variations

Fit range (GeV) $0.02 in Etag and $0.05 in Eγγ

D0 → π0π0 norm. $4.6%
D0 → π0π0 shape Smear in ΔEtag

D0D̄0 bkg shape ΔBinput½D0 → ðηπ0=ηη=K0
Lπ

0=K0
LηÞ'

Non-D0D̄0 bkg shape Flat vs Linear
Signal shape Smear in ΔEtag and ΔEγγ , shift in Eγγ
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the inclusive DD̄ MC samples, in which both D mesons
decay inclusively, indicates that there are no significant
backgrounds which peak in MBC.

B. Double-tag event selection and yields

We search for the signal Dþ → γeþνe in the remaining
charged tracks and showers recoiling against the ST D−

candidates. Exactly one good remaining charged track is
required, with charge opposite to that of the ST D−. The
track must be identified as an electron by combining the
information from dE=dx, TOF and the EMC. The PID L
is required to satisfy LðeÞ > 0 and LðeÞ=ðLðeÞ þ LðπÞþ
LðKÞÞ > 0.8. There must be at least one remaining photon
to be selected as the candidate radiative photon. The
selection criteria of good photons are the same with those
for the ST side; in the case of multiple candidates, the
highest energy photon is used. However, we reject events in
which any pair of photons satisfies χ2 < 20 in the π0 1C
kinematic fit. To improve the degraded momentum resolu-
tion of the electron due to FSR and bremsstrahlung, the
energy of neighboring photons, presumably due to FSR, is
added back to electron candidates. Specifically, photonswith
energy greater than 50 MeVand within a cone of 5° around
the electron direction (but excluding the radiative one) are
included. To suppress the background Dþ → K0

Le
þνe, the

radiative photon is further required to have a lateral moment
[27] within the range (0.0, 0.3). This lateral moment, which
describes the shape of electromagnetic showers, is found in
MC event studies to peak around 0.15 for photons but to vary
broadly from 0 to 0.85 for K0

L candidates.
In the selection of DT events, the undetected neutrino is

inferred by studying the missing energy, Emiss, and missing
momentum, ~pmiss, which are defined as

Emiss ≡ Ebeam − Eγ − Ee; ð4Þ

and

~pmiss ≡ −
h
~pγ þ ~pe þ p̂ST

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2
beam=c

2 −m2
D−c2

q i
; ð5Þ

in the rest frame of eþe− system. Here, Eγ (Ee) and ~pγ (~pe)
are the energy and momentum of the radiative photon
(electron), respectively, andmD− is the nominal mass of the
D− meson [21]. In calculating ~pmiss, only the direction
vector of the ST D− candidate, p̂ST, is used; the corre-
sponding magnitude of momentum is fixed. The variable
Umiss is then defined as

Umiss ≡ Emiss − j~pmissjc: ð6Þ

The distribution of Umiss for the surviving DT candidates is
illustrated in Fig. 2; the Dþ → γeþνe signals should peak
around zero, as shown with the dotted curve.
By studying the MC simulation samples, the background

from the semileptonic decayDþ → π0eþνe is found to have
a nontrivial shape in Umiss. Therefore, we study the Dþ →
π0eþνe backgrounds exclusively by selecting a control
sample in data with exactly the same selection criteria for
the STevents and electron candidates used in the selection of
signal events. The π0 candidates are reconstructed from two
photons with a 1C kinematic fit constraining their mass to
the π0 nominal value and having a fit χ2 < 20.We extract the
yield of the control sample Dþ → π0eþνe, Nπ0

DT, by fitting
the corresponding Umiss distribution. The expected number
of background Dþ → π0eþνe in the selection of signal
Dþ → γeþνe, N

exp
π0

, is calculated with

Nexp
π0 ¼ Nπ0

DT
P

i
Ni

ST
εiST

εiDT;π0

X

i

Ni
ST

εiST
εi;γDT;π0 ; ð7Þ
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which takes into account the effects of both systematic and
statistical uncertainties. We obtain a smooth probability
density function (PDF) from the data sample using the
kernel estimation method [30]. A large number of toy MC
samples are generated according to the smooth PDF, while
the number of events in each MC sample is allowed to
fluctuate with a Poisson distribution according to the yield
found in the fit to the data sample. The same fit procedure
used for data is applied to each toy MC sample, while
randomly making systematic variations in the fit procedure,
as described in the previous section. In the calculation of
the branching fraction BðDþ → γeþνeÞ for the toy MC
sample, the DT efficiencies are varied randomly according
to the detection efficiency uncertainties (5.8%), and the
ST yields and the corresponding efficiencies are varied
randomly according to the statistical uncertainty due to the
size of data and MC samples. The resultant distribution of
BðDþ → γeþνeÞ for all toy MC samples is shown in
Fig. 3. By integrating up to 90% of the area in the physical
region BðDþ → γeþνeÞ ≥ 0, we obtain an upper limit
at the 90% C.L. for the branching fraction as
BðDþ → γeþνeÞ < 3.0 × 10−5.

VI. SUMMARY

In summary, we present the first search for the radiative
leptonic decay Dþ → γeþνe in the charm sector based on a
DT method using a data sample of 2.93 fb−1 collected with
the BESIII detector at a center-of-mass energyffiffiffi
s

p
¼ 3.773 GeV. No significant Dþ → γeþνe signal is

observed. With a 10 MeV cutoff on the radiative photon
energy, the upper limit of the decay branching fraction
for Dþ → γeþνe is BðDþ → γeþνeÞ < 3.0 × 10−5 at the
90% C.L. The result approaches the theoretical predictions
in Refs. [12,13]; more data may help to discriminate among
the full suite of theoretical models.
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where εiDT;π0 is the DT efficiency ofDþ → π0eþνe, ε
i;γ
DT;π0 is

the rate of misidentifyingDþ → π0eþνe asDþ → γeþνe for
the tag mode i, individually. The values of the corresponding
efficiencies are summarized in Table II. We find Nπ0

DT ¼
3016# 68 and Nexp

π0
¼ 612# 14, respectively, where the

errors are statistical only.
An extended unbinned maximum likelihood fit is per-

formed on the finalUmiss distribution as shown in Fig. 2. The
signal shape is derived from the simulated Dþ → γeþνe
events convoluted with a Gaussian function to compensate
for resolution differences between data and MC simulation.
The parameters of this Gaussian smearing function are
extracted according to the discrepancy in resolution between
data andMCsimulation in the control sampleDþ → π0eþνe,
and are fixed in the fit. The shape of the background Dþ →
π0eþνe is extracted from the simulated Dþ → π0eþνe
sample, and is normalized toNexp

π0 . For the other background
components, the shape from the inclusive MC sample
(excluding the contribution from Dþ → π0eþνe) is adopted
and the yield is determined in the fit. We obtain a signal yield
of NDT ¼ −21# 23, and the resulting branching fraction is
BðDþ → γeþνeÞ ¼ ð−2.5# 2.7Þ × 10−5, where the uncer-
tainties are statistical only. Since no obvious signal is
observed, an upper limit at the 90% C.L. on the branching
fraction of Dþ → γeþνe will be set below after taking into
account the effects of statistical and systematic uncertainties.

IV. SYSTEMATIC UNCERTAINTIES

The systematic uncertainties in the selection of the ST
candidates are assumed to largely cancel, with any residual
effects being negligible. Other systematic uncertainties,
related to the detection efficiencies, are summarized in
Table III. To evaluate the systematic uncertainty related to
the model of the decay dynamics, an alternative signal MC
sample based on the single-pole model [1,12] is produced,
and the resultant difference in the detection efficiency with
respect to the nominal value, 3.5%, is assigned as the

systematic uncertainty. The uncertainties of electron
tracking and PID are estimated to be 0.5% and 0.5%,
respectively, by studying a control sample of radiative
Bhabha scattering events. The uncertainty in photon
reconstruction is assigned as 1.0%, based on a study of
double-tagged D0 → KSπ0 events [28]. The uncertainty
related with the lateral moment requirement for the photon
is estimated to be 4.4% by studying a photon control
sample from radiative Bhabha scattering events. The
quadratic sum of the above systematic uncertainties, related
to detection efficiency, is 5.8%.
The systematic uncertainty associated with the estimated

number of background Dþ → π0eþνe events includes a
statistical uncertainty on the size of the DT control sample
(Dþ → π0eþνe) of 2.3%, and relative uncertainties on the
detection efficiency relative to signal of 1.0% for the π0 1C
kinematic fit and 1.0% for the extra photon with respect to
the signal. Adding in quadrature, the total uncertainty of the
background Dþ → π0eþνe rate is 2.7%. Note this value is
not the direct fractional change in the branching fraction of
Dþ → γeþνe; it is the fluctuation of background Dþ →
π0eþνe and will be considered along with other effects
from the fit procedure.
Various sources of systematic uncertainties in the fit

procedure are considered: (a) fits are redone with the fitting
range being as ð−0.15; 0.25Þ GeV or ð−0.20; 0.25Þ GeV,
(b) the mean and width of the smearing Gaussian function
for the signal shape are varied according to the correspond-
ing uncertainties obtained from the control sample
Dþ → π0eþνe, (c) the number of the background Dþ →
π0eþνe is varied according its uncertainty (2.7%), and
(d) the shape derived from the inclusive MC sample is
replaced by a second-order polynomial function to describe
the other backgrounds excluding Dþ → π0eþνe. All of
these fitting procedure effects are accounted for within the
upper limit evaluation described next.

V. THE UPPER LIMIT ON THE BRANCHING
FRACTION

To set the upper limit on the decay branching fraction
BðDþ → γeþνeÞ, we follow the method in Refs. [28,29]

TABLE III. Systematic uncertainties related to detection effi-
ciencies in the branching fraction measurement.

Source Relative uncertainty (%)

Signal MC model 3.5
eþ tracking 0.5
eþ PID 0.5
γ reconstruction 1.0
Lateral moment 4.4
π0eþνe backgrounds 2.7a

aNote that this value is a fractional change in the π0eþνe rate,
not in the branching fraction of Dþ → γeþνe.

TABLE II. Summaries of the DT efficiencies of Dþ → γeþνe
(εiDT) and Dþ → π0eþνe (εiDT;π0 ), and the rates of misidentifying

Dþ → π0eþνe as Dþ → γeþνe (εi;γDT;π0 ), where the branching
fraction of K0

S → πþπ− and π0 → γγ are not included. The
uncertainties are MC statistical only.

Tag mode εiDT (%) εiDT;π0 (%) εi;γDT;π0 (%)

Kþπ−π− 27.09# 0.11 27.93# 0.14 5.32# 0.07

Kþπ−π−π0 14.28# 0.08 13.79# 0.11 3.05# 0.05

K0
Sπ

− 28.97# 0.10 30.23# 0.14 5.87# 0.07

K0
Sπ

−π0 15.62# 0.08 15.17# 0.11 3.29# 0.06

K0
Sπ

þπ−π− 17.86# 0.09 17.55# 0.12 3.72# 0.06

KþK−π− 21.12# 0.10 22.28# 0.13 4.19# 0.06
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the inclusive DD̄ MC samples, in which both D mesons
decay inclusively, indicates that there are no significant
backgrounds which peak in MBC.

B. Double-tag event selection and yields

We search for the signal Dþ → γeþνe in the remaining
charged tracks and showers recoiling against the ST D−

candidates. Exactly one good remaining charged track is
required, with charge opposite to that of the ST D−. The
track must be identified as an electron by combining the
information from dE=dx, TOF and the EMC. The PID L
is required to satisfy LðeÞ > 0 and LðeÞ=ðLðeÞ þ LðπÞþ
LðKÞÞ > 0.8. There must be at least one remaining photon
to be selected as the candidate radiative photon. The
selection criteria of good photons are the same with those
for the ST side; in the case of multiple candidates, the
highest energy photon is used. However, we reject events in
which any pair of photons satisfies χ2 < 20 in the π0 1C
kinematic fit. To improve the degraded momentum resolu-
tion of the electron due to FSR and bremsstrahlung, the
energy of neighboring photons, presumably due to FSR, is
added back to electron candidates. Specifically, photonswith
energy greater than 50 MeVand within a cone of 5° around
the electron direction (but excluding the radiative one) are
included. To suppress the background Dþ → K0

Le
þνe, the

radiative photon is further required to have a lateral moment
[27] within the range (0.0, 0.3). This lateral moment, which
describes the shape of electromagnetic showers, is found in
MC event studies to peak around 0.15 for photons but to vary
broadly from 0 to 0.85 for K0

L candidates.
In the selection of DT events, the undetected neutrino is

inferred by studying the missing energy, Emiss, and missing
momentum, ~pmiss, which are defined as

Emiss ≡ Ebeam − Eγ − Ee; ð4Þ

and

~pmiss ≡ −
h
~pγ þ ~pe þ p̂ST

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2
beam=c

2 −m2
D−c2

q i
; ð5Þ

in the rest frame of eþe− system. Here, Eγ (Ee) and ~pγ (~pe)
are the energy and momentum of the radiative photon
(electron), respectively, andmD− is the nominal mass of the
D− meson [21]. In calculating ~pmiss, only the direction
vector of the ST D− candidate, p̂ST, is used; the corre-
sponding magnitude of momentum is fixed. The variable
Umiss is then defined as

Umiss ≡ Emiss − j~pmissjc: ð6Þ

The distribution of Umiss for the surviving DT candidates is
illustrated in Fig. 2; the Dþ → γeþνe signals should peak
around zero, as shown with the dotted curve.
By studying the MC simulation samples, the background

from the semileptonic decayDþ → π0eþνe is found to have
a nontrivial shape in Umiss. Therefore, we study the Dþ →
π0eþνe backgrounds exclusively by selecting a control
sample in data with exactly the same selection criteria for
the STevents and electron candidates used in the selection of
signal events. The π0 candidates are reconstructed from two
photons with a 1C kinematic fit constraining their mass to
the π0 nominal value and having a fit χ2 < 20.We extract the
yield of the control sample Dþ → π0eþνe, Nπ0

DT, by fitting
the corresponding Umiss distribution. The expected number
of background Dþ → π0eþνe in the selection of signal
Dþ → γeþνe, N

exp
π0

, is calculated with

Nexp
π0 ¼ Nπ0

DT
P

i
Ni

ST
εiST

εiDT;π0

X

i
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ST

εiST
εi;γDT;π0 ; ð7Þ
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FIG. 1. The MBC distributions for the six tag modes. Dots with
error bars are data. The blue solid lines show the overall fit curves
and the red dashed lines are for the background contributions.
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FIG. 2. The Umiss distribution. Dots with error bars are data, the
red solid-line histogram shows the overall fit curve, the blue
dashed-line histogram shows the background Dþ → π0eþνe, and
the green shaded histogram includes all other background. The
black dotted line shows the signal MC simulation normalized to
the branching fraction BðDþ → γeþνeÞ ¼ 100 × 10−5.
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Motivation

2017/9/12

4

� Radiative charm decays are dominated by long-range non-
perturbative process that enhance the branching fraction to the 
order of 10-5, while short-range contributions are predicted to 
yield rates at 10-8.

Physics and Software Workshop

Measurement of 𝐷0 → 𝛾 𝐾∗0 𝜙

Zhenglei Dou (Nanjing University)

2017/9/12

1

Motivation

2017/9/12Physics and Software Workshop

5

� Previous experimental results
� Belle Collaboration (2004)
� 𝐵 𝐷0 → 𝜙𝛾 = 2.60−0.61+0.70 𝑠𝑡𝑎𝑡 −0.17

+0.15 𝑠𝑦𝑠𝑡 × 10−5

� BABAR Collaboration (2008)
� 𝐵 𝐷0 → 𝜙𝛾 = 2.78 ± 0.30 ± 0.27 × 10−5

� 𝐵 𝐷0 →  𝐾∗0𝛾 = 3.28 ± 0.20 ± 0.27 × 10−4

� Belle Collaboration (2017)
� 𝐵 𝐷0 → 𝜙𝛾 = 2.76 ± 0.19 ± 0.10 × 10−5

� 𝐵 𝐷0 →  𝐾∗0𝛾 = 4.66 ± 0.21 ± 0.21 × 10−4

p BESIII work in progress
p With present data set,

gamma K* could be within
reach

p Difficult for phi, due to phi
pi0 and phi KL backgrounds

p Not so comeptitive with more
data
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D->h(h’)ee
processes

Charm rare decays at BESIII

SD

LD

2018/2/9 #

contributions in c → uγ and c → ul+l− transitions are described by:

LSD
eff =

GF√
2
V ∗cbVub

!

i=7,9,10

CiQi, (1)

The operators are then:

Q7 =
e

8π2
mcFµν ūσµν(1 + γ5)c, Q9 =

e2

16π2
ūLγµcL l̄γ

µl, Q10 =
e2

16π2
ūLγµcL l̄γ

µγ5l. (2)

In (1) Ci denote, as usual, effective Wilson coefficients (they are determined at the scale µ = mc),
Fµν is the electromagnetic field strenght and qL = 1

2(1− γ5)q. In the case of the c → uγ decay
only C7 contributes, while in the case of c → ul+l− all three Wilson coefficents are present. At
the one-loop level contributions coming from penguin diagrams are strongly GIM suppressed
giving a branching ratio ∼ 10−18 [5, 6, 7, 8, 9]. The QCD corrections enhance this rate to
BR(c → uγ)SM = 2.5× 10−8 [10, 11]. Within SM the short distance contribution coming from
Q7,9 leads to the branching ratio [8, 12, 13, 14]

BR(D → Xue
+e−)SDSM ≃ 3.7× 10−9. (3)

However, this short distance contribution is overshadowed by long distance contributions, which
are the result of the nonleptonic D decays [8, 12]. The branching ratio for the inclusive decay is:

BR(D → Xue
+e−)LDSM ∼ O(10−6). (4)

The amplitude for the D → V γ decay can be most generally written as:

A[D(p) → V (p′, ϵ′)γ(q, ϵ)] = −iACP ϵµναβq
µϵ∗νpαϵ∗′,β

+ APV [(ϵ
∗′,β · q)(ϵ∗ν · q)− (p · q)(ϵ∗ν ϵ∗ν)] . (5)

The authors of [15] have reinvestigated long distance dynamics. Using the QCD sum rules result
for the tensor form factors (T ρ ≃ Tω ≃ 0.7± 0.2 ) they found that parity conserving (violating)
amplitudes are (Aρ,ω

PC,PV )
SD ≃ 0.6(2) × 10−9/mD|C7(mc)/0.4 · 10−2| where superscripts ρ,ω

denote the appropriate vector meson state V . For the determination of short distance
contribution one has to know the matrix element of the Q7 operator. In the calculations of it the
tensor form-factors are present [15]. The long distance contribution was estimated by knowing
that the relation BR(D0 → K∗0γ)/BR(D0 → K∗0ρ0) = BR(D0 → φγ)/BR(D0 → φρ0) is

a consequence of vector meson dominance [15] |(AV
PC,PV )

LD| = [32π/2m3
D(1 − m2

V
m2

D
)−3Γ(D →

V γ)]1/2, what gives, for V = φ, |(Aφ
PC,PV )

LD| = 5.9(4)× 10−8/mD. These estimations are close
to the previously determined ones in [5, 6].

The SM short distance contributions to D0 → γγ and D0 → µ+µ− can be determined using
the effective Lagrangian (1), while in both decay modes the dominant contribution comes from
long distance effects [12, 9]. Recently D0 → γγ and D0 → l+l− were reconsidered in [13]. The
branching ratio coming from long and short distance contributions are BRSM

LD (D0 → γγ) ≃
(1 − 3) × 10−8, BR2−loops

SD (D0 → γγ) ≃ (3.6 − 8.1) × 10−12. In the D0 → l+l− decay also the
SM long distance contribution dominates over the short distance ones. The authors of [13]
considered contributions coming from γγ intermediate states due to long distance dynamics in
D0 → γγ arriving at the value BR(D0 → µ+µ−) ∼ (2.7−8.0)×10−13. Recently LHCb improved
the bound on the branching ratio BR(D0 → µ+µ−) ≤ 6.2× 10−9 [17].

Among all exclusive decay modes containing lepton pair in the final state, the simplest one
for experimental searches are D+ → π+ℓ+ℓ− and D+

s → K+ℓ+ℓ−. Close to the φ resonant peak

2
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• Flavor Changing Neutral Current (FCNC) (e.g. D＋→h＋e＋e－) processes 
are expected to be very rare since it can not occur at tree level in the SM. 
Short distance: ~ 10-10~-9 level, MPLA8 (1993) 967
Long distance: ~ 10-6~-5 level, PRD76 (2007) 074010

• Lepton Number Violation (LNV) (e.g. D＋→h－e＋e＋) decays are forbidden 
in the SM, while beyond the SM, e.g., 
Majorana neutrino: ~ 10-30~-23 level, PRD64 (2001) 114009
may be greatly enhanced to ~10-5~-6 with EPJC71 (2011) 1715)

• Thus, processes of the form D＋→hee provide a sensitive and an ideal lab 
for investigating new physics within and beyond the SM. Any observation 
of definite signals would be clear evidence of NP.

• BESIII has collected a huge open charm data sample, it’s expected to get 
better results for these decays.

D＋→h＋e＋e－ and D＋→h－e＋e＋

2018/2/9 Charm rare decays at BESIII 20
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Previous measurements
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Scatter plots for MBC versus ΔE, where the signal regions are shown 
as a blue rectangle. The contours are determined from MC simulation 
to enclose 84% of signal events for each channel.

Preliminary results
(to be published)

2018/2/9 Charm rare decays at BESIII 22

Preliminary
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Systematic Errors
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Preliminary



Dayong Wang

D->h(h’)ee processes
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6.2. RARE DECAYS 83

Table 6.2: The latest experimental upper limits on branching fractions (in unit of 10�6) for the

rare D decays into h(h0)e+e�.

Decay Upper limit Experiment Year Ref.

D0 ! ⇡0e+e� 45.0 CLEO 1996 [14]

D0 ! ⌘e+e� 110.0 CLEO 1996 [14]

D0 ! !e+e� 180.0 CLEO 1996 [14]

D0 ! K0e+e� 110.0 CLEO 1996 [14]

D0 ! ⇢e+e� 124.0 E791 2001 [15]

D0 ! �e+e� 59.0 E791 2001 [15]

D0 ! K⇤0e+e� 47.0 E791 2001 [15]

D0 ! ⇡+⇡�e+e� 370.0 E791 2001 [15]

D0 ! K+K�e+e� 315.0 E791 2001 [15]

D0 ! K�⇡+e+e� 385.0 E791 2001 [15]

D+ ! ⇡+e+e� 1.1 BaBar 2011 [16]

D+ ! K+e+e� 1.0 BaBar 2011 [16]

D+ ! ⇡+⇡0e+e�

D+ ! ⇡+K0
Se

+e�

D+ ! K+⇡0e+e�

D+ ! K+K0e+e�

p In unit of 10-6

p BESIII could update all of them
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D->h(h’)ee: ongoing at BESIII

■ With double tag technique at
threshold, both D0 and D+
FCNC are studied.

■ UL for D+ 4-track events
could be provided for 1st

time
■ other FCNC upper limits

could be greatly improved
■ divide the M(ee) distribution 

into 3 regions for Kpiee to
help separate LD effect

■ The results to be published
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FIG. 3. Scan likelihood curves with respect to the signal BFs. The arrows point to the position of the ULs at the 90% CL.

For D

0 ! K

�
⇡

+

e

+

e

�, the expected BF and its uncer-436

tainty are also evaluated, as relatively more significant437

non-zero BF is seen. This conforms to the predictions438

in Ref. [20]. The BF in the lower M
e

+

e

� region is given439

to exceed 0.99⇥ 10�5. And in the whole region, the BF440

adds up to 1.6 ⇥ 10�5, which is dominated by the LD441

Bremsstrahlung and (virtual-)resonance-decay contribu-442

tions in the lower and upper regions, respectively. To443

better resolve the contributions from these LD e↵ects,444

we divide the M

e

+

e

� distribution into 3 regions and im-445

plement the corresponding estimations. All these results446

are listed in Table V, which are all consistent with the447

SM predictions.448

VI. SUMMARY449

To summarize, searches for D

+ and D

0 decays into450

h

1

(h
2

)e+e� final states are performed, based on the DT451

analysis of a sample of 2.93 fb�1

e

+

e

� collision data taken452

at
p
s = 3.773GeV collected with the BESIII detector.453

No evident signals are observed and the corresponding454

ULs of the decay rates are determined at the 90% CL,455

as shown in Table V. For the 4-body D

+ decays, the456

searches are performed for the first time. The reported457

ULs of the D0 decays are improved in general by a factor458

of 10, compared to previous searches [10]. All the results459

are compatible with the SM predictions [2, 20].460

TABLE V. Results of the signal BF ULs at the 90% CL,
the corresponding results in PDG and the expected B. Also
listed the results of the BFs in the di↵erent Me+e� regions
for D0 ! K

�
⇡

+

e

+

e

�. The errors include both statistics and
systematics.

Signal decays

B PDG [10]

(⇥10

�5

) (⇥10

�5

)

D

+ ! ⇡

+

⇡

0

e

+

e

�
< 1.4 -

D

+ ! K

+

⇡

0

e

+

e

�
< 1.5 -

D

+ ! K

0

S⇡

+

e

+

e
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< 2.6 -

D

+ ! K

0
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+

e
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e

�
< 1.1 -

D

0 ! K

�
K
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e

+

e

�
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D

0 ! ⇡
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�
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�
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D
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�
< 1.2 < 11

†
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[0.00, 0.20) GeV/c2 < 3.0(1.5

�0.9
+1.0) -

[0.20, 0.65) GeV/c2 < 0.7 -

[0.65, 0.90] GeV/c2 < 1.9(1.0

+0.5
�0.4) -
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Contribution in the SM

PHYSICAL REVIEW D66,014009（2002）
SD DOMINANT 𝒄 → 𝒖𝝊𝒍 𝝊𝒍 𝐬𝐡𝐨𝐫𝐭 𝐝𝐢𝐬𝐭𝐚𝐧𝐜𝐞

𝐋𝐨𝐧𝐠 𝐝𝐢𝐬𝐭𝐚𝐧𝐜𝐞

• FCNC transitions only occur at loop order in the SM
• Electro-magnetic dynamics is absent for the neutrinos
• LD contributions are suppressed to be lower than SD
• Much clean to study the FCNC transitions.

3

84 CHAPTER 6. NEW PHYSICS

�⌫⌫ [18]. Using 2.92 fb�1 data sample taken at
p
s = 3.773GeV with the BESIII detector, the

sensitivity of D0 ! ⇡0⌫⌫ measurement is expected to reach 10�3.

 (nS) ! D(⇤)0l+l�/D(⇤)0�

The c ! u transitions of  (nS) are unobservably small in the SM [2, 19], while some

possible new physics scenarios would allow large FCNC transition rates. For example, the

branching fraction of J/ ! DXu mediated by c ! u transition could be enhanced to the

order of 10�6 ⇠ 10�5 [2]. Thus any observation of FCNC in low-lying charmonium decays

would indicate new physics. However it is di�cult to separate pure c ! u mediated transitions

from c ! s and c ! d hadronic weak decays for  (nS) ! D(⇤)Xu at BESIII. In stead, the

FCNC dominated semileptonic decay  (nS) ! D(⇤)0l+l� and radiative decay  (nS) ! D(⇤)0�

are distinct by exploiting final state lepton and photon as a kinematic constraint.

6.2.3 Conclusion

With a sample of 1010 J/ events to be collected by the BESIII detector, we expect to im-

prove the branching fraction measurements of J/ weak decays, including both hadronic and

semileptonic weak decays, by an order of magnitude, which will provide a more stringent exper-

imental test of the SM than the previous searches, and hence further constrain the parameter

spaces of some new physics models.

Prediction in the SM

PHYSICAL REVIEW D66,014009（2002）

𝒄 → 𝒖𝝊𝒍 𝝊𝒍 𝐬𝐡𝐨𝐫𝐭 𝐝𝐢𝐬𝐭𝐚𝐧𝐜𝐞

𝐋𝐨𝐧𝐠 𝐝𝐢𝐬𝐭𝐚𝐧𝐜𝐞

• FCNC transitions only occur at loop order in the SM
• Electro-magnetic dynamics is absent for the neutrinos
• LD contributions could be suppressed to be lower than SD
• Much clean to study the FCNC transitions

Phys. Rev. D 66 014009

Belle  B → h (∗) νν: Phys. Rev. Lett. 99, 221802 (2007). 
BaBar B 0 →γνν: Phys. Rev. Lett. 93, 091802 (2004).

Unique for
BESIII,
Work ongoing
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LFV, LNV, BNV processes

Charm rare decays at BESIII2018/2/9 #
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Incarnation in Charm

In Charm hadron decays
pLepton Flavor Violation 

(LFV) processes
pLepton Number Violation 

(LNV) processes
pBaryon Number Violatoin

(BNV) processes

28

BESIII is more competitive in channels with 
low energy electron/photons, neutrons, pi0’s
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LFV and LNV processes

2018/2/9 Charm rare decays at BESIII 29

Already very stringent limit, these are difficult for
BESIII to be competetive,

but BESIII could probe
• Λc and Ds: LFV decays

• LNV: D->hee, hhee

p Sensitivity estimation based on MC
p comparable to the LNV B decays
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LNV DàKπe+e+ decays

2018/2/9 Charm rare decays at BESIII 30

■ Lepton number violating(LNV) process (ΔL =2)
◆ possibly due to a single Majorana neutrino exchange

■ The best previous limit around 10-4  ~ 10-5 level by E791 [PRL 86, 
3969(2001)].

■ BESIII could improve it to ~10-6

■ Further constrain mass-dependent DàKe+νN(πe+) decay
◆ constrain mixing matrix element |VeN|2

■ The results to be published

H.R. Dong et al Chin, Phys. C 39 013101 (2015). 
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BNV & LNV processes

Charm rare decays at BESIII

Motivation 

3 

¾ Various Grand Unified Theories (GUTs),   
Standard Model (SM) extensions:  superstring 
models and Super Symmetry (SUSY) . 
 

¾ Baryon number violation: baryon (B) and    
lepton (L) number violations are  allowed, but 
the difference (B − L) = 0 is conserved.  
 

¾ A higher generation SUSY model predicts the 
X and Y bosons have electric charge 4/3e and 
1/3e. 

SUSY:ΔB≠0,ΔL≠0,Δ(B-L)=0 
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Motivation

Many standard model (SM) extensions and Grand Unified Theories (GUTs) such
as superstring models and SUSY predict proton decays. In this case, baryon
number is violated while the difference ∆(B− L) is conserved.

In the assumption of the heavy bosons X (4/3e) and Y (1/3e), there exists
baryon number violation processes via c(u)Xū or c(u)Y d̄(s̄) coupling.

CLEO-c has searched for D0 → p̄e+ and D0 → pe− and obtained the upper
limits at 10−5 (PR D79 097101).

In this analysis, we search for the baryon number violation processes

D+ → Λ̄(Σ̄)e+ and D+ → Λ(Σ)e+.

c

q̄

X

e+

s̄(d̄)

ū

q̄

c

q̄

Y

e+

ū

s̄(d̄)

q̄

Zhang Sifan, Chen Shenjian, Ma Hailong (NJU,IHEP)Search for baryon number violation processes D+ → Λ(Σ)e+ and D+ → Λ̄(Σ̄)e+Sep 13, 2017 3 / 31
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Motivation

Many standard model (SM) extensions and Grand Unified Theories (GUTs) such
as superstring models and SUSY predict proton decays. In this case, baryon
number is violated while the difference ∆(B− L) is conserved.

In the assumption of the heavy bosons X (4/3e) and Y (1/3e), there exists
baryon number violation processes via c(u)Xū or c(u)Y d̄(s̄) coupling.

CLEO-c has searched for D0 → p̄e+ and D0 → pe− and obtained the upper
limits at 10−5 (PR D79 097101).

In this analysis, we search for the baryon number violation processes

D+ → Λ̄(Σ̄)e+ and D+ → Λ(Σ)e+.

c

q̄

X

e+

s̄(d̄)

ū

q̄

c

q̄

Y

e+

ū

s̄(d̄)

q̄

Zhang Sifan, Chen Shenjian, Ma Hailong (NJU,IHEP)Search for baryon number violation processes D+ → Λ(Σ)e+ and D+ → Λ̄(Σ̄)e+Sep 13, 2017 3 / 31
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D+->Lambda-bar(Sigma-bar)e+
Ds->Lambda e
D+ ->nbar e+
D0 ->pbar e+
All started at BESIII, will benefit from the final charm dataset
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Other rare Ds and Λc Decays
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Prospects for Lc decays 

Current dataset
@4.6GeV

How about 
@peak 4.63Gev?

LXR Seminar at Center for HEP, PKU., 2017 61

Special for BESIII:
weak radiative decay

BESIII could probe FCNC with e+e-, and
LFV with h emu in both Ds and Λc
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BESIII Reach of rare charm decays

HaiHaibo Li

2018/2/9 Charm rare decays at BESIII
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Thanks! 
Extra slides…
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• Where s90 is estimated with TROLKE program, and the upper limit of 
branching fraction is calculated by  

• where 

Preliminary results (to update soon)
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Preliminary
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FCNC processes b➝(X)μ+μ− : 
golden indirect probes of NP

•362018/2/9 Charm rare decays at BESIII

Differenct processes have sensitivities to different operators

Effective theory: model independent descriptions

clean exp signature; robust theory calc; high sensitivity


