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electron — positron colliders
BESIII Bellell
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X(pp)
Observed by BESIT in the decay J/y > ypp
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X(1835), X(2370), X(2120)

First observed in decay to m+m-n’
J/y > ym+m-n'
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Possible interpretations

‘pp bound state

«a second radial excitation of the n'
pseudo-scalar glueball

Relation to X(pp) enhancement,
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Observation of X(2370) and search for X(2120) in J /Y - yKKn'

X(2370): stat significance 8.3 o
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Study of n(1475) and X(1835) in J /Y - y(y¢)
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Search for J /Y- wX(1835),X(1835)-n'mt+1—
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¢$(2170): analog to Y (4260)
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Events/10MeV/c?

Search for a strangeonium-like Zs decaying into ¢t
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Observation of a,(980)-f,(980) mixing
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a,(980)-1,(980) mixing
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Amplitude analysis of J /¢ — yn®n?

Light scalar meson spectrum (J°¢ = 0**):

Broad, overlapping states
Lightest glueball state

J/y radiative decay to n°n® provides a clean
environment to study this spectrum

Radiative decays to two pseudoscalars, angular
momentum + parity restricts the quantum n
to JPC=0" 2% 4+ ..,

Neutral channel is cleaner than the charged channel

Amplitude analysis:

Mass independent fits > final state interacti
om0

Mass dependent fits > extracting masses, widths, etc.

of intermediate states
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Events / 15 MeV/c?

Amplitude analysis of J /¢ — yn®n?

0* spectrum include
structures near

15,1.7,2.0 GeV/c?
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Events / 15 MeV/c®

Events / 15 MeV/c®

Amplitude analysis of ] /Y - YK K
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Exclusive cross sections ete™ — hadrons
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ete” - y* > BB (spin 1/2)

e” (k1) A(p1)

s = (p1 + p2)’
q = P1— P2
€+(k¢2) f_\(pz)
I(p = —i Fi(s)+i W
(P1, p2) = —ie |y Fi(s) ST 2(5)
Sachs Form Factors (FFs) © helicity amplitudes:
Gu(s) = Fi(s) + Fa(s), Ge(s) = Fi(s) + T7F2(s)
helicity non-flip helicity flip
d—Focl—l-a,,pcosQ@ —1 < ay <1
df) q
G r—R° =
h=1ay T TR 4MB




ete” — pp

- — Fit o BES (b) - B BESII 2020 = BaBar(Tagged)
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Baryon polarization in e+e-

A

Unpolarized e+e- beams = transverse polarization:

Pg-r
Ex.J/W > AN .|

/1= ay?cosfysinby

Max P,= 36.4%

AD = 0

sin(A®)

GE — RGMeiA(D



Baryon FFs (continuum):

€

Baryons B, and B,
(spin1/2,..)
vs | /Y decay: ¢ described by V0
- / ox FFs: relative phase &

Time like spin %2 baryon FFs: C
Dubnickova, Dubnicka, Rekalo

Nuovo Cim. A109 (1996) 241

Gakh, Tomasi-Gustafsson Nucl.Phys. A771 (2006) 169 Charmonia decays:
Czyz, Grzelinska, Kuhn PRD75 (2007) 074026 . i
Fildt EP] A51 (2015) 74; EP] A52 (2016)141 Faldt, Kupsc PLB772 (2017) 16



nature LETTERS
thSICS https://doi.org/10.1038/541567-019-0494-8

Polarization and entanglement in baryon-
antibaryon pair production in electron-positron

annihilation
Nature Phys. 15 (2019) 631

The BESIII Collaboration*

ete” > J/P— AA:

Py

a Observation of A transverse polarization Pk A
0 Determination of A decay asymmetry
o CP tests

A rest frame

[

ar 1 1+ P
d() 4-7'[( an A)

1. G.Faldt, AK PLB772 (2017) 16
Methods(UU): ; E.Perotti,G.Fildt,AK,S.Leupold,]J.Song PRD99 (2019)056008



ete” - ]J/P—> AA (0.4 X 10° events)
ADP=42.3°+0.6°+0.5°

ete™ - (A - pn7)(A - pr) oosf- €Te” = (A - pr)(A - and)

0.002|-

= -0.002}- -0.002
i *
-0.004 |- —0.004
] ) ] ]
-1 -0.5 0 0.5 1 1
cost, N(6p)

moment:  p(cosby) = % Z (n?; = ng;) B'ES]I[

=1
(uncorrected for acceptance)

Parameters This work Previous results
Oty 0.461 + 0.006 = 0.007 0.469 = 0.027 BESIII
AP (rad) 0.740 + 0.010 + 0.008 —

o _ 0.750 £+ 0.009 +0.004 0.642+0.013 PDG
oy —0.758 + 0.010 £+ 0.007 —0.714+0.08 PDG
Qo —0.692 + 0.016 + 0.006

BESIII Nature Phys. 15 (2019) 631



PDG 2019 update:
a_ FORA — pm

a_=0.64210.013

VALUE EVTS DOCUMENT D TECN COMMENT
0.750 +0.009 +0.004 420k ABLIKIM 2018AG BES3 Jjgto AA I
= =« « We do not use the following data for averages, fits, limits, efc. = = »
0.584 +0.046 8500 ASTBURY 1975  SPEC a — 0 . 7 5 0 + 0 . 0 1 0
0.649 +0.023 10325 CLELAND 1972 OSPK
0.67 +0.06 35620 DAUBER 1969 HBC From Edecay
0.645 +0.017 10130 OVERSETH 1967 OSPK Afrom=—p
0.62 +0.07 1156 CRONIN 1963 CNTR. Afroma—p
A — INSPIRE search
a; FORA — pmt
VALUE EVTS DOCUMENT 1D TECN COMMENT
—0.758 +0.010 +0.007 420k ABLIKIM 2018AG BES3 Jfypto AAd
= = « We do not use the following data for averages, fits, limits, efc_ =« «
—0.755 £0.083 +0.063 == 8.7K ABLIKIM 2010 BES Jip— A4
—0.63 +0.13 770 TIXIER 1988 D2 Jip = AA
Ll
news & views
PARTICLE PHYSICS

Anomalous asymmetry

A measurement based on quantum entanglement of the parameter describing the asymmetry of the A hyperon
decay is inconsistent with the current world average. This shows that relying on previous measurements can
be hazardous.

Ulrik Egede




ete” - y* > AA (continuum: 2.396 GeV)
BCSIT

PHYSICAL REVIEW LETTERS 123, 122003 (2019)

- (a) - (b)
51 0.5:— N
/

ﬁ%; o | 1 H\

do/dcos6 (a.u.)
. on

T
| %\

—1 -0.5 0 0.5 1 -1 05 0 05 1
cosH coso

555 events selected

("o, "=0.13+0.16) Ad =37°+120 + 6°
R=0.94 £0.16(stat.) £ 0.03(sys.) £0.02(a_)

The same fit as for J /¥ —» (A - pt”)(A - prnt) but a_ = a, and fixed




ete” > J/P, P >t - pnpn’
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....................................
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cOoS 5 0039

o /%y = -0.507£0.006£0.002 / 0.676+0.030+0.006 Besm

A%wu/%,w) = (-15.420.7£0.3)° / (21.5 + 0.4 + 0.5)°
o, = -0.999+0.037+0.010

@, = 0.992+0.037+0.008

Acp = -0.015+0.037+0.008




Summary

Amplitude analyses from high statistics and J /1,1’ data

eg ] /Y - yX, three body decays J/yY - KK n°, ¢y’ > K*K™n
... more to come from new 10'° J /1 data.

Hyperon spin physics...

Semileptonic D decays with two hadrons in FS (Double tag
method)

Two gamma production ...

n' decays (5 X 107 events) eg.n'> ttn "y, n'> ntn n®

White Paper on the Future Physics Programme of BESII|
e-Print: arXiv:1912.05983
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CMD3 Phys.Lett. B794 (2019) 64-68
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Prel. analysis based on 0.9 x 10°n’ — w+mn-y

dI”
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w contribution necessary

Linear polynomial is insufficient...

Phys.Rev.Lett. 120 (2018) 242003
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