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New physics searches at BESIII

Svmmetr € BNV & LNV processes - . )
y y @ LFV processes Strategies
‘ @ Other symmetry violation
€ Common statistic and
Very rare @ FCNC processes stanc.iards
€ Charmonium weak decays ¢ Sharing methods,
‘ @ Other rare decays tools and codes
€ Uniform semi-blind
Exotic ¢ Dark photon strategy and datasets
@ Invisible signatures (to avoid a possible
& Light Higgs, 7 bias)
@ Exotic resonances

* Nation Science Review 8, nwab189 (2021), arXiv: 2102.13290
e New Physics Program of BES, D.Y. Wang, in “30 Years of BES Physics” songtz@mail2sysuweduen |
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Search for P(3686) - AT~ + c.c.

» Searches for purely baryonic weak 1(3686) decays involving A{ have not been performed.

» In the SM theory, B(¥(3686) - AEZ™ + c.c.) should be 1077~10711,

» New physics mechanisms beyond the SM may enhance the BF significantly.
> P(3686) - ATX AL > pK nt, 27 - pr®
» Two main backgrounds: « (3686) » K*(892) pA, A-»ntp <=m M(n*p)
« 1(3686) - K*°(892)pr~, K*°(892) > ntK~ <4=m M(K rt)
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Search for P(3686) - AT~ + c.c.

» Using (448.1 + 2.9) x 10° ¢(3686) events from BESIIL.

» The signal yield of ¥(3686) —» AfX™ is extracted from an unbinned maximum likelihood
fit to the distribution of M(pK "1 ™).

» In the fit, the lineshapes of the signal is modeled by the signal MC and the background is
modeled by a first-order Chebyshev polynomial.

>B(1(3686) > AT~ +c.c.)<1.4x107° @90% C.L.
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Search for J /3 —» D°(D™)M

> | /Y is below DD threshold, can only decay to D° (D((;)) ) M.

— M represents

-8
» In the SM, B_(]/'P - DM) <10 pion, eta, or rho.
* J/Y->D°n’+cc. + J/W->Dmt+c.c. c o
e J/W->D’n+cc. *J/Yy-Dpt+ec.c. - a

* J/Y-> D% +c.c

» First measurement of ¢ — d types for J/3 - PP & J /i - PV at )
BESIII J/¥ - D°X

> D > K*te v,, D™ > Kle v, (withKg - ntn™) ) “

>n’/n—yy, p’ontn, ptontnd } J

» Using Eniss, Pmiss) Umiss, and the recoiling mass of n, w and p as z : j
requirements. J/Y > DX

By Chengwei Wang etal.  arXiv:2310.07277 songtz@mail2.sysu.edu.cn 7



Search for J /3 —» D°(D™)M

» Fitting the accepted candidates to the recoiling mass spectra for each decays.
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Search for J /¥ — D, (D YM

> In the SM B(J /¢ » DM) < 1078, but some new physics models can enhance it to 1076~107>

» In previous work, N, = 5.8 X 107 or N;, = 2.25 X 10%, now we have 10'° J /i events.
>J/ - D3p* & J/i - Dym* ISP e
> D - ¢pe v, ¢ > KK~ W+ : » D0 - Kte v, C u
c >

> pt > ntnl, 1 > yy _ . > K0 > Kt

G ¢ ¢ C : & -t s

v Al

3
4

. . . : .2
» Event selection: Using M (Ds), M(p), M(¢), . > Event selection: Using M2(K~ "), M,’;e—c,fil ,
Ee/Pe/ Emiss: PmiSSI Umiss- . Ee/Pe/ E]EOt, PmiSSI Umiss- y

> ' lew.
Under internal review » The latest progress was reported on the

By Yonghua Zhan et al. : BESIII Workshop.
Year  Number of J/y events (x10°)  Percentage of partial data (%) Number of partial data (x10°)
2009 22404 30 67.21
2012 1088.50 10 108.85 By Xiaokang Li et al.
2018 4583 41 10 458 .34
2019 4191.10 10 419.11

Total 10087 About 1053 songtz@mail2.sysu.edu.cn 9
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| Search for J/3p - D" e*v, + c.c.

» The inclusive branching fraction of J/i weak decays to a single charmed meson was
predicted to be at the order of 107% or lower in the SM theory

> In some new physics models, the BF may reach to 107>, 3, J/W - D e*v, D” > K*K™ 1~
> (1.0087 + 0.0044) x 10° J /¢ events from BESIII

» Using a fit on Uy,iss (= Eniss — |Pmiss|) to extract the signal

>B(J/Y > D etv,+c.c.)<7.1x108%@90% C.L.
» Puts a stringent constraint on the parameter spaces for different new physics models
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Events / 2 MeV

Search for J /¢ — D_N+Vu +c. .

» The inclusive branching fraction of J/{ weak decays to a single charmed meson was
predicted to be at the order of 107 or lower in the SM theory

> (1.0087 + 0.0044) x 101° J /i events from BESIII

» Using a fit on Uy,iss (= Eniss — |Pmiss|) to extract the signal

»J/Yy—->D utv,,D” > K"K™n~

»B(J/Yy > D ptv,+c.c)<56x10"7 @90% C.L.

» The first search of a charmonium weak decay with a muon in the final state.
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arXiv:2307.02165
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Background analysis method

-+ » Although the M(D) distribution of signal events has a
J/y—> D Vp TC.C. sharp peaking, we cannot avoid a lot of background

q, 107 . . .
S we 4 Data events still mixed in.
E 10" Signal MC
S incusive MG » But now we have a mature method to veto background
2 e l l events efficiently, which can help us suppress it a lot.
10° &
e » The key to this approach
10° | background : J/Y - KK mn*n~ . . Y . PP .
10 ; is to identify the particles
1B e e / . N o (o
1.82 1.84 1.86 1.88 1.9 1.92 ﬂ+ v H ﬂ \ that are m18—1dent1f1ed.
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S 10 . .
T ll background : J /i — K~K*m~m* of semi-leptonic decays
5 E / to reconstruct hadrons.
= 1;;; E w, ﬂ H \ By Zhijun Li et al.
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» The inclusive branching fraction of J/{ weak decays to a single charmed meson was
predicted to be at the order of 107 or lower in the SM theory

> 4 tags to reconstruct D, : (In these decays, K » n*tn~, n° - yy) _ RAREONS

e D; - KK~  D; > KK rm®
« D; > K'Km~ « D; > KK mtm™

ettt

> Event selection: Using M (Dy), Eo/P., E}°, |Pel + |Pmiss|, Pmiss---

\\\\\\
SSSSSss==-=

SSSE=E=s=

» Using a fit on Uy,iss (= Eniss — |Pmiss|) to extract the signal

£+

x 10711
W "
Decay mode QCDSR [6] LFQM[7] BSW[8] CCQM[9] BSM[10] X X .
Iy — D e*v.+cec. 073703 51-57 6073 1.71 2.03%072
Il = D v, +cc. 0717042 47-55  58+08 1.66 1.98+028 € ‘ ‘
JIy — D;etv, +c.c. 187! 53-58  104.0737 33 36.7733 By Tianzi Song et al.
I = Doy, +ce. 177 5557  99.3*93 32 354133
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Search for J /P — D%e*e™ + c.c.
& P(3686) » Dete™ +c.c.

» In the SM model, FCNC is forbidden at the tree level due to the GIM mechanism, it can
only occur at the loop level.

By Yateng Zhang et al.
» In the SM model, the BF of FCNC process is about 1071°~10713,  Phys. Rev. D 96, 111101(2017)

» In new physics models, the BF can be improved by 2~3 orders in magnitude.

> 3 tags to reconstruct D°: D® - K~nt, D® > K~n*n®, D° » K~ n*tn—n™.

> Ny = 1310.6 X 10°, Ny 3686) = 448.1 X 10°.

» Now we are using N, = 10087 X 10 to research /Y — D%e*e™ + c.c. and ]/1/) -
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il Search for J/y — yD°/D°

» In the SM model, the BF of FCNC process is about 1071°~10713. By Bo Wang et al.

» With out decay y - ete™ compared to /iy » De*e™ + c.c..
» In new physics models, the BF can be improved by 2~3 orders in magnitude.

» In the SM model, the BF of FCNC process is about 10719~107%5.

» In new physics models, the BF can be improved by 2~3 orders in maenitude.

_ Y
> 3 tags to reconstruct D° and D°: dsb
D' DY Br . , A , o
D' > Kot D’ = K*n~ | (3.950 = 0.030)% Iy ) . SO
D’ - K nta® D’ - K*n Y (14.4 + 0.6)% 4

D’ 5 K rtrat | D° = Ktratn | (823 +0.14)% . !
» Mp is used to extract the signal shape. e N e N .
¥ e < e D

» Under internal review.
songtz@mail2.sysu.edu.cn




Some published articles

Experiment Decay mode Ny UL @ 90% CL  year
BESII J/ib — Dont 4 cc. 58 x 10° 1.4 x10~* 2008
BESII J/ — D°K° + c.c. 58 x 10° 1.7 x 107* 2008
BESIII J/b— Dopt +ce. 2253 x 108 1.3x107° 2014
BESIII J/p — DOK*0 +cc.  225.3 x 10° 2.5 x 107 2014
BESIII  J/¢— D e, +cec 2253 x 10° 1.3x107% 2014
BESIII  J/v — D etv. +cec.  225.3 x 105 1.8 x107% 2014
BESIII  J/¢ — D%*te™ +cc. 1310.6 x 106 85x 1078 2017
BESIII  J/¢ — D ety +cc. 10087 x 105 7.1 x 107% 2021
BESIII J/tb — D™y, +ce. 10087 x 106 56 x 1077 2023
BESIII J/p — D704 cc. 10087 x 106 4.7 x10°7 2023
BESIII J/ — D + c.c. 10087 x 106 6.8 x 1077 2023
BESIII J/p — D% +ce. 10087 x 106 52 x 1077 2023
BESIII J/ip— D 7t +cec 10087 x 106 7.0x 107°% 2023
BESIII J/jb — D= pt +cec. 10087 x 106 6.0 x 107 2023
BESIII 1(3686) — DVete™  448.1 x 108 1.4x10°" 2017
BESIII »(3686) — Afpete”  448.1 x 10° 1.7x107% 2018
BESIII V(3686) — AFS- 448.1 x 108 1.4x107° 2022

songtz@mail2.sysu.edu.cn
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2

Summary

» BESIII performed wide range studies of new physics, with many
first searches or best limits.

» In the aspect of charmonium weak decay, the latest publishing
result and some ongoing work are shown in this report.

» BESIII has great potentials with unique (and increasing) datasets
and analysis techniques in searching for charmonium weak
decays and new physics beyond the SM.

songtz@mail2.sysu.edu.cn 20
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