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Why rare decay is interesting

* The huge J /1 and 1(2S) data sample is one possible way for us to
approach a precious level where the charmonium rare decay can
provide important tests of the SM.

* Rare decays in low energy region may be complementary to high
energy colliders.

* A good window for new physics beyond the standard model.



Charmonium rare decays

* Flavor changing weak decays
* Semileptonic decays of charmonium, J /1 — D ev.
* Non-leptonic two-body weak decays, J /3 — Dy pt/D°K*"

» C/P violation decays

* J/Y->vy/ve

* Ne 7 T

* Lepton flavor violated decays

* J/Y - eu
Y(28) - yn' Y(2S) = YXc1)2
PY(25) - yn JIb = yne
i -
0 16" 0" 0™ w2 1" 10" w* 10° W 10 w0 1w
J/b > eu J/b ~ Dev he >y

he = yn



Semileptonic decays

» ] /Y can decay to charm meson via weak interaction through virtual
intermediate bosons in SM framework. In the SM, the inclusive BF of | /1
decay to single D or D; are predicted to be 1078, Using sum rules the BF
are predicted to be ~1071°,

> New physics, the BF of /1 — D(D)X could be enhanced (107°~107°):

Top-color models, ¢
Minimal super-symmetric SM with R-parity violation,
Two-Higgs-doublet model
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» Ratio between J /Y — D;lv and D;lv is predicted to be 1.5~3.1.

> With 2.25 x 108 J /i events collected at BEPCII, 4 hadronic decay
channels is used to reconstruct Dy: KK, KKm, KKnn®, KcKmm, and D}
is reconstructed by Dg — yD.



Semileptonic decays

The D, and lepton are fully constructed and the missing

U is used to extract the signal.
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A simultaneous unbinned likelihood fit is used
determined the signal yields.

Ni 7 N, =ig —hk:,_{ hkg
H tut al Bn‘. fo p + “\' T—j

7 -.—hrlc,_,:r
i=1 —"""'TﬂtalB.k'Fk + iﬂ\‘k

The Bayesian method with a uniform prior is used to
estimate the upper limits.
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The same method as that in D, to extract the signal

and get the upper limits.

Source J/ = DT etv. (%) I/ — DI etv. (%)

Physics model 0.9 0.8

Resolutions 1.6 1.8

e tracking 2.1 2.1

e PID 1.0 1.0

E/p cut 0.6 L.7

Photon efficiency - 1.0

B(D:~ — D7) - 0.7

J/i events 1.2 1.2

Trigger Negligible Negligible
Total 3.3 3.9

Jj— DZetv, Jfy— D etv.
Nigtal 244 335
Ftotal 31 43
NP 275 378
0 chmmon 3.3% 3.9%
Ny 2.25 x 10°
B(90%C.L.) < 1.3 x 107" < 1.8 x107°

Best results ever: <3.5 x 107>, 1
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Two-body hadronic weak decays

> Use 2.25 x 108 J /i events collected at BEPCII to search the
decay J/yY - D; pt and D°K*0.
> The D, and DY mesons are identified by their semileptonic

decays: D; — ¢ev, D° - Kev. ~
] Br(/y - Dy p*)

Br(J/y = Dgm™)
Int. J. Mod. Phys. A 14, 937
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Events / 10 MeV/c?

Two-body hadronic weak decays

Select candidates of p and K*?, use the recoiling side of p and K*°.
Use the electrons to tag the events and the missing momentum to

Phys. Rev. D 89, 071101
suppress the backgrounds.
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Events / 10 MeV/c?

Two-body hadronic weak decays
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C/P-parity violation decays
 J /Y - yy/yod Phys. Rev. D 90, 092002

» In SM, Cinvariance is held in strong and EM interactions.
» Evidence for C violation in the EM sector would immediately
indicate physics beyond the SM.

> Use 1.06 x 108 1(2S) dataand viay(2S) > nwtn~ J/y to 1?.T.,,‘j,;:,,f._‘._q:.,_;_‘,P_.,“_‘:_, T
study the decay J /Y = yy/y . [ o
> Require [cos+,-| < 0.95 exactly two photons for yy channel. ) 5: " RS
COSp+,- < 0.95and E, > 1.0 GeV for y¢ channel. o IR
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C/P-parity violation decays

*J/Y - vyv/vd

» The peakin J/Y — yy is dominated by background with similar final
states .

» MC study for | /Y — y¢ shows that there are no peaking background.
Background channel Expected counts (Nhkg} VY i
J/p = a0, 7% = 2y 185+1.9 Nebs 2924+71  0.0+46
J/b — ymm — 24 246+ 1.6 Nbks 46.5+ 2.5  negligible
JIh = Y0, ge — 24 1.3+0.3 Ngp(90% C.L.) 2.8 6.9
J/ — 3y 0.9 +0.3 e (%) 30.72 £ 0.07 30.89 +0.07
Total 45.3+2.5 B(.J/4 —+) (this work) < 2.7x 1077 < 1.4 x 107°

B(J/¢ —) (PDG [1]) <50 x 1077 -

» The upper limits of / /Y — yy is one order of the magnitude more
stringent than the previous one.
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C/P-parity violation decays

*Ne 7 N1t

> The decay . » ntm~ /nn? violate both P and CP invariance and provide an excellent
laboratory for testing the validity of symmetries. BF~10727.

» Higher branching fractions are possible by introducing a CP violating term in the QCD
lagrangian (BF~10~17) or allowing CP vilation in the extended Higgs sector (BF~10~1°).

Phys. Scripta T 99, 104 Sof MR
> Based on 2.25 X 108 J /i events, via ]/ = yn,. Forn, - n¥mn~: Yot AR B
> Paring the photons in an event and reject the background of /¥ - ntm~n?. 0 R T :
> 0.4 GeV < EEMC < 1.2 GeV to suppress the J /iy = ete™/utu~ background. Y ey
Forn, - n'm?:
» The photon pairs with minimized y = \/(M(yy)l—Mno)z + (M(yy)—M_o)?is | o (b) |
chosen.

> Events satisfied 0.72 < M(ym%) < 0.82 GeV/c? is rejected to reduce the J /i) —
wm® background.
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C/P-parity violation decays

Phys. Rev. D 84, 032006

([
Ne = Tt

Process Ng; & (%) ows(%) S BUF BEha 2
2
wn
Ne — wtw= 92 2527 27 1.50 1.3 x 10~ 6 x 10~ 2

ne — mox? 40 35.70 28 0.lc 42x107° 4x 1074 : j

9% 285 28 295 3 305

M(r* ') (GeV/c?)

» The systematic error mainly come from the BF of /] /Y = yn..
» Our results is smaller compared to the upper limits provided in PDG.
» Provide experimental limits for theoretical models predicting how much

CP and P violation there may be in ., meson decays.

Events/5 MeV/c?
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Lepton flavor violated decays

* J/Y - eu

» With finite neutrino masses included, the SM allows for LFV,
yet which is beyond current experimental sensitivity.

» Theoretical models enhance LFV:
SUSY, include SUSY-based grand unified theories, SUSY with a
right-handed neutrino, gauge-mediated SYSY breaking, SUSY
with vector-like leptons, SUSY with R-parity violation, models
with a Z’ and models violating Lorentz invariance.

> We present our results here with 2.25 x 108 J /1) events for
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Lepton flavor violated decays

» The reconstructed total momentum and energy is used 0
to extract the signal. 035 - Nsie=4
> The selecti(?rT criteria is optimized using a blind fashion m%— Nbke=4 75 +1.09
with a sensitive FOM: s 0= .
o 02 =
€ L E
FOM = — - - — - — 015
Ef\"a&,ﬁ:f} P (*'I\'Iﬂbﬁ *'r\"erp) ' '!:"'L(*Nobs *Nerp) 0.1 i—
0.05 a
» The background is studied using an inclusive MC with N T T AT P T
. . 0.6 0.7 0.8 09 1 11 1.2 1.3 1.4
four times the size of data. E,.INs
— Error Phys. Rev. D 87, 112007
e tracki 1.00 -7
e B Br/y - en)<1.5x 10
1D 062 Most stringent limit obtained.
7 .
Acollinearity, acoplanarity 2.83 —6
Photon veto 1.19 < l * l X l 0
Ny 1.24 . _ _ .
Total 365 (best results before)
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Invisible decays in charmonium

e |/ - ne, n - invisible

>

>
>

The invisible decays of J /Y and other mesons provide a good filed to search
for new physics beyond the SM.

Could be light dark matter constituents according to qq = (y)xx.

Based on 2.25 X 108 J /1 events. No good charged tracks allowed besides
the KTK~ and no good photons inside a cone of 1.0 rad around the recoil
direction against the ¢ candidate and |cos8,.c0i1| < 0.7.

The N,;’Lp = 3.34 and N,;",p = 10.1. And give the upper limits of the ratio to

the Br(n(n’) - yy) to cancel the common systematic error.

=T\

nE @ 1 "F @ Br "y = invisible
(nGr) = ) < 2.6(2.4) x 10-4®
Br(n(m) - vv)
S0k 1 28F
%30;— = % 6 |- |
Eof || M 1 & } Phys. Rev. D 87, 012009
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Summary and outlook

* BESIII collaboration has performed dedicated studies on charmonium
rare decays and the best upper limits branching fractions of the world

obtained with 225 M J /Y and 106 M ¥ (2S5). By now the results are
still consistent with the SM.

* 1.3 B J/¢Y and 0.45 B y¥)(2S5) events has been collected and more
searches of charmonium rare decays with better precision can be
obtained.

* The invisible decays of J /1 or other particles can be searched with
the largest J /1Y and ¥ (2S5) samples in the world.
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