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Camble HM3KOnexXalme 1 XOpoLUO U3BECTHbIE COCTOSIHUSI YapMOHMS, PacnoNOXEeHHbIE HUXKE Mopora OTKPbITOrO o4apoBaHUsA, MOryT ObiTb
MCnonb3oBaHbl A TOYHOW NPOBEPKN NpeAckasaHuin, OCHOBaHHbIX Ha KX n moaensix, BaoxHoBnéHHbIX KX, B obnactu, rae urpatoT ponb
Kak neptypbaTuBHble, Tak uU HenepTypbatuBHble acnekTbl. OnpegeneHne BHYTPEHHEW CTPYKTYpPbl paHee YCTaHOBMEHHbIX COCTOSIHWUWA
YapMOHUS, U3MEPEHME MACC U LUMPUH C BICOKOW TOYHOCTbIO, TOYHOE N3MepeHne nepexodoB (Kak paguaumoHHbIX, Tak U agpoOHHbIX) MeXay
COCTOSIHUAMW YapMoHUA 1 OBHapyXeHne HOBbIX MO pacnaga MOryT NpefocTaBUTb YHUKAIbHYIO M BaXKHYH MEPCneKkTMBYy Ha ANHAMUKY
M3MKN CUMBbHBLIX B3aUMOOENCTBUN.
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dun3nka YapMoHUS
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20%10° y(2S)
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(roq paboTbl co cBeTMocTbio 10%4)

W (MeV)

Mopga pacnapa BpaHuunHr Ymcno cobbiTui
Jly—yn (18) (1.41 +£0.14)% 10°
w(28)—yx (1P) (9.75 £ 0.22)% 2x10°
w(28)—yx_,(1P) (9.75 +0.27)% 2x10°
w(2S)—yy (1P) (9.38 £ 0.23)% 2x10°
w(2S)—yn (1) (3.6 £ 0.5)x1073 70%x10°
w(28)—yn (28) (5.4 £ 3.4)x10™* 10x108
y(2S)—n’h (1P) (7.4 £ 0.5)x10™* 15%108
e'e—n'wh (1P) (50 £ 10) pb 5x108

3680

A
3685

3690

W (MeV)




dun3nka YapMoHUS

7.(15,25)

napamMeTpbl pe3oHaHca
o CBEPXTOHKOE pacLiyenneHne Mmacc kBapkoHnes  AM(
= M{J/y) - M(n(1S))
pacnagbl B Napy BEKTOPHbLIX ME30OHOB M Napy 0apuoH-
aHTuGapuoH
o OonbLUMe BpaHYMHIM, HECMOTPSA Ha NogaBreHne no
cnvpansHOCTH
pacnagpbl B fierkue agpoHbi
o NoucK nceBaockanspHoro rnobona
pacnagbl B ABa hOTOHA
o oueHkKa a
I'(n.(15) = vv)
T(J/9(18) = ptp-)
D(nc(1S) = g9) _ Yas(m?)] as(m?)

T(n.(15) = v7) _ 8a? e Tr )

— 411 4 1.96280mE)
3 ' ™

]

pacnagpl, 3anpeLleHHble no CP (TTTT) n n3ocnuHy (Trrr)
0 novck Hosow coumaunkm
o SU(2) cummeTpus

1S)

arXiv:2108.13029v2 [hep-ex] 9 Sep 2021

h (1P)

napameTpbl pe3oHaHca

O CBEpXTOHKOE pacllenrieHie Macc ksapkoHunes (1P)
AMpe(1P) = < M(1*P) > —M(1'P,)
< M(13Pjy) > = [M(xc0) +3M (xc1) +5M (xe2)]/9

pacnagbl B yn'")
o SU(3) cummeTpus =)  kyys 1
o  yron cmewmsakma nu N T(p — vn) (E) tan26
pacnafbl B fierkue aapoHsbl
O OTHOLLUEHUS LUMPUH
Assuming that

T(h,(1P) = h) _ T(h.(1P) = 39)

~ , 12
T15) oA~ Tmas) 5290 D
and taking into account of
2
F(Uc(ls) =7 29) — 27 (]\/[']/7/’(15)) (13)
L(J/$(1S) = 39)  5(n% —9as M2 gy
L'(he(1P) — h)/T(n.(1S) — h) is calculated to be

0.010 £ 0.001 in PQCD, while 0.083 £ 0.018 in NRQCD,




dun3nka YapMoHUS
MexaHn3mbl poxaeHus h
w(2S)—>7tOhc(]P)

® obonvuas cmamucmuxa (15 % 10° h . 3a 200 pabomoi)
e  nuce a3¢pp-mo pec-yuu (pexoncmpyxyus n')
®  BbICOKUU (OH
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dun3nka YapMoHUS

Kyna pacnagaetcs i (1P)?

h.(1P) DECAY MODES

Mode

T
Ty
T3
Ty
Ts

T

J/p(18)7"
J/p(18)7n
J/Pp(18)mt
pp

ppr’

pprrme
pprt7”

ppr' T w0
rpn

wtr o
T
mtr 'y

2nt2 75w

Fraction (T'; /T)

<5 x107*

< 8 x10™*

(3.3 +£0.6) x10°*
<6 x107*

(4.4 £1.3) x10°°
(7.4 £2.2) x10~*
(1.57 £0.13) x10*
<5x107*

(8.3 £2.4) x10*

3

(7.2 £1.7) x10°

Scale Factor/
Conf. Level

CL=90%
CL=90%
CLl=90%
CL=90%

CL=90%

CL=90%

CLl=90%

P(MeV/c)

382

312

305

1492
1447
1390
1394
1331
1264
1749
1709
1695

1648

2727 n°
27 27
3x 37 70
27 271w

KK ntn
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(9.4 +£1.7) x10°

<6 x107*

(9.1 £1.5) x10°*

(3.9 £1.0) x10*

<7 x107*

(3.8 £0.8) x10°*

3

< 2.7 x10°%
(3.8 £0.9) x10

<24 x107°

(3.6 £1.2) x10°

< 2.8 x107*
(7.1 £1.9) x10

(3.2 £1.0) x10

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

1716

1674

1661

1627

1640

1606

1480

1670

1532

1574

1339

1668

1604
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dun3nkKa YapMOoHUS

Penkue pacnagbl Detw e <7110

Dty +cc < 5.6 x1077
° cnabble nonynenToHHble pacnagbl J/y n y(2S) B D I

o npeackasaHme CM: 109 — 10 D'ete +ce S

o nepcnekTMBa: nepBoe HabnoaeHne

o kak n3mepuTb: TarvposaHue nentoHom (0.5 - 1 I'aB), M_ =0,
PEKOHCTPYKLMS D\, @ Takke MArkux ° (90 - 200 MaB) n y Die vatcs =il

o 4TO eLle M3MepI/ITb (COKpaTl/IB TEeop. oLwmnbKN):

DI e v, +c.c. <13 x10°°

D nt+cc. L0
BR(J/Y— D 1"v) o ) .

s/d = s =18.4 n3 SU(3) / 24.7 na npasun cymm KX g J/ =il
BR(J/{ —D-1*v) 5o Y T

*—14 m+C.C < 4.7 X

> = BRI/ —-D"1y) _ 18.4 n3 SU(3) / 15.1 us npasun cymm KX/ —0=p = g

R s/ BR(J/I])—>D*“1+I/) D K +cc. < 1.7 x10°
R BR(J/¥—D;"1"v) = 1.6 13 HQSS / 3.1 n3 npasun cymm KX DK’ +cc. <25 x10°°
e BR(J/II) = Ds 1+V) 7_3077+c.c < 6.8 x1077
D'p®+cc <52 x1077
° cnabble nonynenToHHble pacnagbl J/y n Y(2S) B D I r ;
o  npeackasaHue CM (FCNC): 1013 — 10°"4 Pertee LR
o nepcrnekTuea: Bknag HO D;p* +cec. <1.3x10°®

° cnabble AByx4YacTU4Hble pacnagbl J/y n Y(2S)
o  npenckasaHve CM: 108 — 103
o nepcnekTuea: nepeoe HabnwogeHne n/vnu sknag HO Dlete +cc. LIJ(ZS) <1.4 x10°7
o YTO €eLle U3MepuThb:

AYS +cc <14 x10°°
R(I/b—Dym)  |Viafa* BR(J/Y—D.m)
S D — D*+1- 2 MHKNo3uBHbIN KaHan y(nS D', X
_ BRU/b=Drm) o [ALGM DI IN/AG] [ W(ns) — D'y, ]

~ BR(J/b—Din-) ~ | dI'(J/P—DFl-v)/dg?

q2=m2



dun3nkKa YapMOoHUS

Pegkne pacrnabl

e  HeBuAMMbIE pacnapl J/Y 1 ApYrMx YapMoHMeB
o  npeackasaHne CM ~3x10°8:

rg/p—vy) _ 21G°Mg, (8 ., \’
= 1— —sin®fyw
rJ/p—ete) 256m2a? 3
= 4.54x 107,

o Bknag HO: nerkas TemHasa matepusi, HeUTpanuHo,
KoHcTaHTa cBs3n U 6o30Ha ¢ ¢ KBapKoM

o KaK M3MepuTb: TarmpoBaHMe C NOMOLLIbIO KackagHbIX
pacnagos J/y n @(2S)

100x10° J/y
20x10° y(2S)

(roq paboTbl co cBETUMOCTbIO 1034)

DOI: 10.1088/1674-1137/36,/10/003

cc — invisible

Mopa poxgeHua | bpaHunHr Yucno BepxHui
cobbITU npegen Ha

HeBUOMMbIE
pacnagbl cc

w(2S)—Jy x| (34.690.34)% 7x10° 7x104

w(2S)—J/y o’ n° (18.2 £ 0.5)% 4x10° 7x104

w(2S)—J/w n (3.37 £ 0.06)% 700%106 7x10*

w(2S)—J/y ©’ (1.268 + 0.032)x103 | 25x10° 7x104

w(2S) =%, 7 (9.75 £ 0.22)% 2x10° -

w(2S)—=y., 7 (9.75+£0.27)% 2x10° -

w(2S)—y 7 (9.38 £ 0.23)% 2x10° -

w(2S)—n,y (3.6 £ 0.5)x10°® 70x10° -

Jhy—n.y (1.41 £0.14)% 10° -




dun3nkKa YapMOoHUS

Pegkne pacnagsbl

HeBMauMble pacnagbl n, n', p, W, ¢
o npenckasaHne CM: nogaeneHne No cnupanbHOCTK
[ B(m? — v.v,)= 5.0x1071°

m B(n—v,v)=13x10"  (m(v)=18.2 MaB)

o Bknag HO: nerkas TemMHasi Matepus, HEMTPANNHO U T.4.

O KaK U3MepuTb: TarmpoBaH1e C NOMOLLbIO KackaaHbIX
pacnagos J/y, P_.,
B 9> KK
n—vy
n'—vyp°
w—
00—
m—yy

pacnagpl ¢ CP HapyweHnem g(nS) — VO VO
o TOMbKO Yepes aHHurunauuio B Z° unu obmexn W
pacnajbl C HapyLleHneM nenToHHoro apomata Yy(nS) — | I
o  nopasneHve ~10*® no BenuuuHe macc v

HEeOoCTYMNHO?

DOI: 10.1088/1674-1137/36/10/003

P/V — invisible

Moga BpaHunHr Yucno cobbitui BepxHui
poXaeHuns P/V — invisible npegen Ha

(c yueTom BpaHunHroB HeBMaNMbIE

NPOMEXYTOYHbIX

wacTi) pacnagpl
Jw—opn (7.4 £ 0.6)x10* ¢: 30%10° @: < 1.7x10*

n: 40x10° n: < 1.0x10*
Jy—on' (4.6 £ 0.5)x10* ¢: 10x10° @: < 1.7x10*

n'": 20x10° n:<21x10*
Jly—wn (1.74 £0.20)x10° | w: 70x10°8 w: <7x10°

n: 90x10° n: < 1.0x10*
Jy—on' (1.89 £0.18)x10™* w: 10x108 w: <7x10°

n'": 20x10° n:<21x10*
Jly—p’n (1.93 £0.23)x10™* p% 10x108 pY: -

n: 20x10° n: < 1.0x10*
J/y—p? (6.2 £ 0.6)x10°3 p% 610x10° p0: -

% 620%10° % < 4.4x107°




McTouHukmn no n (1S,2S) n h (1P)

An overview of 7n.(1S5), n.(2S) and h.(1P) physics at BESIII

Qingping Ji%*
Henan Normal University, Xinziang 453007, China

Shuangshi Fang®' and Zhiyong Wang®*
Institute of High FEnergy Physics, Chinese Academy of Science, Beijing 100049, China

(Dated: September 14, 2021)

With the help of the largest data samples of J/1 and (2S) events ever produced in e"e”
annihilations, the three singlet charmonium states, n.(15), 7.(2S) and h.(1P), have been extensively
studied at the BESIII experiment. In this review, a survey on the most recent results, including
a series of precision measurements and observations of their new decay modes, is presented, which
indicates the further investigations on their decays are needed to understand their decay mechanisms
and have precision tests of the theoretical models. At present, about eight times larger data samples
of 10 billion J/1 events and 3 billion 1(3686) events were collected with the BESIII detector, and
thus the prospects for the study of these three charmonium states is discussed extensively.

PACS numbers: 13.20.Pq, 13.25.Gv, 12.38.Qk
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CPC(HEP & NP), 2012, 36(10): 932-940 Chinese Physics C Vol. 36, No. 10, Oct., 2012

Mini-review of rare charmonium decays at BESIIT"

LI Hai-Bo(Z=##3#)Y)  ZHU Shi-Hai (4 i)

Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China

Abstract: Recently, the LHCb experiment announced 3.50 evidence for direct C'P violation in D° decay
by looking at the difference between Acp(D? — KTK™) and Acp(D” — ntm). This is the first evidence of
CP violation in a charm system, which may indicate new physics beyond the Standard Model. Motivated by
this measurement, we review rare processes in charmonium decay, especially, the weak decay, C' or P violated
decay, and lepton flavor violated decays. In case the new physics appears in charm sector, these rare decays of
charmonium states will provide an opportunity to search for significant contributions from physics beyond the
Standard Model. With huge J/{ and {(2S) samples in BESIII experiment, the rare decays may be feasible.

Key words: BESIII, charmonium, weak decay, new physics, lepton flavor violation

PACS: 13.25.Gv, 13.20.Gd, 14.40.Pq DOI: 10.1088/1674-1137/36/10/003



