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Charmonium weak decays

* The decays of J/ are dominated by strong and electromagnetic interactions

* Weak decays, due to the smallness of the strength of the weak interaction,

are rare processes

 The decay rate is < G2 m2, which is at the order of 101

* The inclusive weak decay rate of J/ { : Br ~ i/;’; ~ 1078
J

e Study of Charmonium weak decays

* Provide a further accurate examination of the mechanism

* Probe new physics beyond the standard model

[1]Z.Phys.C.62.271 (1994)  [2]EPIC,54,107 (2008)  [3]PRD,78:074012 (2008)
[4]AHEP,2013:706543 (2013) [5]PRD,92:074030 (2015) [6]JPG:NPP,44:045004 (2017)
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Weak semi-leptonic decay

The branching ratios of semi-leptonic decays of J/{ (x10711)

Channel QCDSR [1] CLFQ[2] BSW[3] CCQM[4] BSM [5]
CJW-oDetv, 0731043 5157 6108 171 2037022
J/—->D utv, 0714333 4755 58108 1.66 1987928
J/¥ = Dsetv, 1817 53-58 10413, 33 36.7132
J/¥ - Dy putv, 17*1 55-57  99.3723 32 35.4129

"
BR can be enhanced in Top-color model, W

the Minimal Supersymmetric SM with R-
parity, the two-Higgs doublet model [6-8]
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FCNC weak semi-leptonic decay

* Forbidden at tree level by GIM mechanism

 Can occurvia a ¢ = u transition at the loop level

QCDSR[1] :
Br(J/y —» D%*e™) =4.8732x1071* Br(J/y —» Dutu~)=4.5%28x10"14
Br(J/y » D*%e*te™)=2.7t12x10713 Br(J/Y » D*u*tu~)=2.5%55x10713

New Physics model [2-4] predict that the Br can
be enhanced by 2 to 3 orders of magnitude

[1]EPIC,54:107 (2008) [2]PRD, 60:014011 (1999)
2021/11/4 [3]PLB,345:483 (1995) [4]PRD,15:1958 (1977)



Weak hadronic decay

* Examine the mechanism that governs the hadronization process

The branching ratios of non-leptonic decays of J/{ for the

Cabibbo-favored and color-favored channel (x1071°)
Channel QCDSR [1] BSW [2] QCDF[3] BSM [4]
]/ - Dimt 2104 14821026 218  4.75%0¢7
J/W - DIp* 12.6%3 102.0%132 764  1.98%928
J/ - Dsm* 15254 / / 25.7%31
J/Y > D pt 52.6172 / / 58.6178
u
W+ —
New Physics model [5-7] predict that the Br can d
be enhanced to 107> c > . s
c . . C
[1]EPIC,54:107 (2008) [2] AHEP,2013:706543 (2013) [3]AHEP,2016:5071671(2016)
[4]PRD,15:1958 (1977)  [5]PRD, 60:014011 (1999) [6]PLB,345:483 (1995)
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BEPCII and BESIII

Charm Factory

Beijing Electron Positron Collider Il
BESIII Detector

= RE. SR RE _

’,,o" e - -:a
y/
,/ Beam energy: 1.0 —2.45 GeV MDC: p 0.5%@ 1GeV/c EMC: Csl (TI) 2.5% (5.0%)
Y/ Luminosity:  1X10*cm?s™ dE/dx: 6% barrel (endcap) @ 1GeV
# Optimum energy: 1.89 GeV .
,ﬂ’ Energy spread: 5.16 X 10*

1 ) No. of bunches: 93

5100
(2373)

TOF: 0T=68(65) ps MUC: RPC 9 (8) layers
barrel (endcap) barrel (endcap)
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Charmonium data at BESIII

Y (3686) 3.0x10°
Y(3770) 2.9 fb?
10
)/ ‘I’l 1.0x10 ” U(4040) 0.5 fb!
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Charmonium weak decays at BESIII

10 Billion J/ ¥, 3 Billion {(3686)

e Precise tests of SM

e Constrain model parameters

e Search for new phycis BSM

BESIII Charmonium weak decays publications

Physics Processes Publication
)=+
PRD 112014 (2014
Semi-leptonic [Y=D; " e7ve 20, UL (A0
/Y > D etv, JHEP 06, 157 (2021)

Weak Decays
FCNC

/1y and (3686) —» D°ete™

PRD 96, 111101 (2017)

0 (3686) - ATpete

PRD 97, 091102 (2018)

Hadronic

/W — DZptand J/iyp - D°K*°

PRD 89, 071101 (2014)
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J/¢ - D7 "etv,

e 225 million /Y

 First search of J /3 —» DI etv,

PRD 90, 112014 (2014)

e D¢ reconstruct via 4 decays modes, D¢~ reconstruct with Dg 'y

* Check U,,iss distribution, no signal is found in the signal region

 Upper limits on BF(90% C.L.) ‘

— Br(J/y - Die*v,) < 1.3x107°
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— at
]/ lIJ - D7 e Ve
JHEP 06, 157 (2021)
* 10 BillionJ /Y
e D reconstruct via Kt

* Check U,,iss distribution, no signal is found in the signal region

 Upper limits on BF(90% C.L.)

— Br(J/Y » D7 e*v,) <7.1x1078

. . 4 ; tud 35F 4 pata Signal MC
mprove two orders or magnitude % 30;_ — Fit result . |Inclusive MC
I+ S 25 - ----Background
g 20 -
W+ 22 a
s
. . . d g 10 '_: | l] ‘ f y_'- "
> ” SE U] o Bt 2
OIAQEL.£({+I.|.I..|||..I
¢ < ¢ -0.06 -0.04 -0.02 0 0.02 0.04 0.06

U_.. (GeV)
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J/W and P(3686) —» Dete-

PRD 96, 111101 (2017)
* 1310 million J /Y and 448 million Y(3686) I/ (3686)

* First search of {(3686)>D%*e %Z } } | } _ %:% """ :
. o otrtninro AU
signal is found in the signal region : ok 1&“118) igclf %.1 EO%UL%(JL)(;V%L‘;

+ Upper limits on BF(90% C.L.) N £ ;
— Br(J/y —» D%%e™) < 8.5x1078 %j:mm l ‘MH g—lh [ T JMIJ

- brepaene - D0y < axao 4 st B

* Improve two orders of magnitude ‘%3: S } %:f’; """ :
bl P

M(K ') ( GeV/c M(K ') (GeV/c )
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P(3686) > Afpee”

PRD 97, 091102 (2018)

e 448 million (3686) c S\
* First search of {)(3686)> Afpete™ VY (: i
_ MWW = P

* Check My, kr distribution, no signal is T oas EW: u

found in the signal region 3+ Data

- signalmc

* Large systematic uncertainty in MC ;2:

modeling (~34%) § 1-5_—
+ Upper limits on BF(90% C.L.) E I

— Br((3686) > Atpete™) < 1.7x107° 220521215222\2523 ATy

M- (GeV/c?)

2021/11/4 NPG2021 13



J/¥ - Dgp*and ]/ - DK™

PRD 89, 071101 (2014)
e 225 million /Y

* Check M,, Mg-odistribution, no signal is found in the signal region

« Upper limits on BF(90% C.L.) $W<d ¢ b‘%< ’
W+

— Br(J/y - D;pt) < 1.3x107°
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- ' —r—r—r e o B s o = = SN
e 5 @ 1 J*F (b) 3
L - . = I .
20 - »2.0 -
N1-5 ’ 2 1.5 :— ‘:
B [ a ~ [ N
*21_0 »— [l * ¢ 9 " 1mi-|[|-: *21_0 :— ori *® ) tTh —;
2ty 11 I S A [
=05 e |I I =05 || || | ||| | 4
| (|1 ] ik 1.
00:.|J o I....IAI.". A Illl: 00:.... s ‘fllhljl....l..- | E
’ 1.90 195 2.00 2.05 ’ 183 184 185 186 187 188 1.89
Ml (GeV/e? M (GeV/e?
2021/11/4 o ) NPG2021 g? ( ) 14

ol



More on going work

* Many Charmonium weak decays study is on going
—J/Y = Dye*v,
—J/Y = D uTyy
— ]/l/) N EOﬂO,EOpO,EOU,D_ﬂ+,D_p+
— 1’ weak decay

2021/11/4 NPG2021
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Summary

* Brief review of Charmonium weak decays at BESIII,
no signal observed

Physics Processes Publication Br (90% C.L.)
semi-leptonic /L2 D) etv, PRD 90, 112014 (2014) 1.3(1.8)x10~°
/W - D etv, JHEP 06, 157 (2021) 7.1x10°8
Weak Decays FONC /Y and ¢)(3686) - D%*e”  |PRD 96, 111101 (2017) 8.5 (14)x10~®
1(3686) - AFpete~ PRD 97, 091102 (2018) 1.7x10°°
Hadronic /W - DZptand /iy -» D°K*® |PRD 89, 071101 (2014) 13 (2.5)x10°°

* More potential with larger data sample
— 1x1019 )/
— 3x10° {(3686)
— Other Charmonium data in the future

Thank you!




