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» BESIII experiment

> Isospin violations with fy,(980)/ag(980) production
> Isospin violating transitions with ° production

» lsospin violations in baryon final states

» Summary
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Double rings
Equal ete™ beam energy: 1-2.3 GeV
Peak luminosity: 1x 1033 cm?%s™1
t-charm, charmonium(-like), light
hadrons

Full operated since 2008



BESIII Detector

- Total weight 730 ton,
B ~40,000 readout chnls,

-t ot

~ Data rate: 5kHz, 50Mb/s

Nucl. Instr. Meth. A 614, 345 (2010) height of 2.29 m




10

10

I IIIIIHI 1T T TTTT

LI II]II[I

LIl

w i

3 loop pQCD -

L Ry Naive quark model —

p | 2175 E
£ !' P 0.1 fb! ]

.‘III:I :':. J' :-_ __ R _-L:iﬁ:i;;‘_:!:_:@-l -lJI-LA.::;I:'::;:::;— . . =

it /( y 4 i -- -

4 KT Energy Scan 526 pb™" 3
Can cover 0-4.6 GeV from ¢ ==

d|rect ann|h|Iat|on or ISR |

x Inclusive

measurements

05 1’ 15 2

4190, 4200,
4210, 4220,

2.5

M T ] T T T T T T T T '. 4236, 4245,
n A Mark-1 0.5 fb! 4230+4260 1.0 fb! 3.9 fb!
B v Mark-1 + LGW 1.9 fbT y .

- ® MarkII & . s/ N o008 E

a e PLUTO 0.5x10° o | 0.6 fb~1 .

B O DASP | el .
— ¥ Crystal Ball | |~ T R ﬁ "TW J—__

- || | 281 |1 1y II{%ﬁ 4180 j B 436{]4_[_ L - — =

- L] | | T cers ese 150 @
e ' 3 5> 3.7GeV

L
5
O




Isospin violations
with f,(980)/ag(980)production

1 J/¥ - yn®f,(980)
2. ]/ — ¢n’f,(980)
3. J/¥ - ¢pay(980)

4 Xc1 ™ 1T0f0(980)



f,(980)/a9(980) in isospin-violating processes }

# Firstly, f,(980) and a3 (980) are explained as qg mesons, tetraquarks,
KK molecules, qqg hybrids and so on.

¢ f,(980) width in isospin-violating processes is always narrow: I' = 10
MeV ! But it was 40-100MeV in isospin conservations (see 2014 PDG and
before. In 2016 and 2018 PDG, since several f,(980) width in isospin-

violating processes were considered, I' =10-100 MeV).

& Theorists proposed to examine the f,(980)«> ad(980) mixing
mechanism with isospin-violating processes J /¢ —» ¢p£f,(980) —
¢$a)(980) - pnnland x.; — n%ad(980) —» nf,(980) —
. [PRD 75 114012(2007), PRD 78 074017(2008)]

4 Anomalously large violation in the following discussed channels with
f,(980)/ad(980). /
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Besm First Observation of (1405) Decays into f,(980)7"
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BESIT  J/¥ - yn(1405) > yn'f,(980)

PRL 108, 182001 (2012)
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0 -
® f,(980) width is narrow: " = 10 MeV ! Y aO_((_)80) f0(980)
mixing [1]?

2014 PDG (and before): I" = 40~100 MeV. | v triangle singularity
mechanism [2]?
® Anomalously large isospin violation! | [1] PRL108, 081803 (2012)

[2] PRD 75 114012(2007)
Br(n(1405) — fo(980)7° — nta—xY)

(17.9 £ 4.2)%
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Br(n(1405) — a3(980)7° — 7n°7°)
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PHYSICAL REVIEW D 92, 012007 (2015)

Observation of the isospin-violating decay J/y — ¢x’f,(980)
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Combined two channels:

M(f,) = 989.4
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PHYSICAL REVIEW D 92, 012007 (2015)
Observation of the isospin-violating decay J/y — ¢x°f,(980)

Decay ]/ — ¢f1(1285) - ¢n°[,(980)
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No 7(1405) in ©°f,(980) system
observed in J /4 — yr’f,(980),
but f1(1285) is more clear.

Very different!

B(f1—nfo—nz"n7)/B(f1 = n'a) - 2n°2") = (3.6 £ 1.4)%



f,(980) — ag(980) mixing in
Isospin-violating decays

Theorists proposed to directly measure
f,(980)«— a9 (980) mixing via isospin-violating
processes J/P — ¢f,(980) — Ppag(980) — ¢

and x.; — m%ag(980) — n’f,(980) > n’ntm~.
[PRD 75 114012(2007), PRD 78 074017(2008)]

The references predicted the intensities of mixing: ’_(
¢, — BU/Y = 9fo(980) — $aj(980) = o’ —
fa = B(J /1 — ¢fo(980) — orm) fo N do
~ B(xer — 7°a3(980) — 70 f5(980) — 707t ) K
Saf = Blxor — 79a0(980) = 70707)




BESI

J/¥ — ¢£,(980)" "”94)30(980)

@ 1)(980) is reconstructed 100 1=rr n- 3n
from %. - 3 8
# Interference between EM | |5 —
and mixing signal. J 123 -
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PRL 121, 022001 (2018) fo(980) = ao (980)

Solution 1

Solution II

7.4¢ B(mixing) (10 °) 3.18 = 0.51 & 0.38 + 0.28

4.60 B(EM) (10~ °) 3.25 4+ 1.08 4= 1.08 + 1.12
B(total) (10~ 9) 4.93 4= 1.01 4= 0.96 &+ 1.09
£ (%) 0.99 + 0.16 =+ 0.30 #+ 0.09

1.31 4= 0.41 4+ 0.39 4+ 0.43
2624+ 1.02 +1.13 4= 0.48
4.37 4= 0.97 &= 0.94 &= 0.06
0.41 = 0.13 = 0.17 &= 0.13
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8Ol Xe1 — m°ad(980) ' n’f;(980)

€ \ery narrow peak 16

around 1.0 GeV ﬁ:;
L1
Em
€ EM contribution is weak = :
(0.20) and neglected -’::: B
= 2
@ Interference is negligible - %7 08 08 10 11 12
M. (GeVic))
@ Significance of mixing
al(980) — £,(980) is
20 ) Channel a§(980) — fo(980)
B(mixing) (107°)  0.35 £ 0.06 £ 0.03 £ 0.06
B(EM) (10~%) —
PRL 121, 022001 (2018) B(total) (10~%) —
¢ (%) 0.40 £0.07 £0.14 £ 0.07
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Isospin violating transitions
with =¥ production

1 ¢ ->nj/P

2. Y - n'h,

3 ¢ -n'

4 Y(4260) - J/ynn®

5 D:y(2317)* - n°D7
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PHYSICAL REVIEW D 86, 092008 (2012)
Precision measurements of branching fractions for ' — 7 J/ ¢ and nJ/
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31 Isospin-violating decay J /¢ — m°¢

Phys. Rev. D 91, 112001 (2015)

300
200

100 Considering the interference between

J/p - m¢and]/ip - n®KTK™,

Events/2.00 MeV/c?

I]IIIIIlIIII II]I|[[I]IIII[|]]

0
o0 B(J/Y - )
=(2.94+0.16 £ 0.16) x 107°
000 ¢ and (1.24 £ 0.33 £ 0.30) x 1077
3005— (b)
200~
: B(J /[ - w°¢) _
: R = =~ (0.2 —-4)x 1073
1001 destructive BU o ng) - 2T B0

.............................................
s "

105 14 115
M(K'K) (GeV/c?)



Besm PHYSICAL REVIEW D 92, 012008 (2015)

Search for the isospin violating decay Y (4260) — J/ynn®

v" The tetraquark model [1] predicts that Z.(3900)°
can be produced in Y (4260) - J /yYynm® with
Z.(3900)° decaying into J /4m® and possibly
J/4Wn in the presence of sizable isospin violation.

v" The molecular model [2] predicts a peak In the
cross section of Y (4260) — | /Yynn® at the D, D
threshold and a narrow peak in the J /ym

invariant mass spectrum at the DD* threshold. » ;
[1]Phys. Rev. D 87, 111102 (2013) M(I) (GeV/cY)
[2]Phys. Rev. D 89, 054038 (2014)
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Isospin-violating decay D%y(2317)* — D7

F +
PRD 97, 051103 (2018) viaeTe™ - D; Dso(2317)
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The absolute branching fraction B(D?,(2317)* — z”DY) is measured as
1.001 075 (stat) 7905 (syst) for the first time.

It indicates that D¢,(2317)~ tends to have a significantly smaller branching
fraction to yD; than to =D, and this differs from the expectation of the

conventional ¢s hypothesis of the D¢,(2317)~ [PRD 74, 032007 (2006)] , but agrees
well with the calculation in the molecule picture [PLB 568, 254 (2003)] .




Isospin violations
In baryon final states

1. J/Y - AAr®
2 J/¥ > AT +c.c.

3 ete” - A(1520)nK° + c.c.
+ete” - A(1520)pK* + c.c.



BESII

J/ ¥ and zJ/’ — AA’JT and AAn
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B'GSIE PHYSICAL REVIEW D 86, 032008 (2012)

First observation of the isospin violating decay J/¢ — A3’ + c.c.
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BGS]]I First measurement of ete™ — pKJnK~ + c.c.

arXiv: 1807.03468 above open charm threshold
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Except for A(1520), no significant signal is observed.



BES]]I First measurement of ete™ — pKJnK~ + c.c.
above open charm threshold

arXiv: 1807.03468

—a— e'e A (1520)AK3
—e— e'e >A(1520)pK"

0y X B(A""> pK/nK]) (£b)

3.8 39 40 4.1 42 43 44 45 4.6
s (GeV)

opornlete™ = A(1520)7KS + c.c.] x B[A(1520) - pK ]

*+ 1

Ogornlete™ = A(1520)pK* + c.c.] X B[A(1520) — pK~]
The statistical significance of the cross section difference at
center-of-mas energy of 3.773 GeV is determined to be 3.10.
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Summary }

> Exotic mesons f,(980) and ag(980) in isospin-violating
decays are investigated.

> BESIII has accumulated 5 billion JAhy events, 0.5 billion ¢’
events and ~15 fb-! data above open charm threshold, and
IS an ideal place to study isospin violations.

» More interesting results are expected at BESIII.

Thank you for your attention! J
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