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Background

1] Study of J/ys — pp and J/y — nii, Phys. Rev. D 86, 032014 (2012) Ny & 200 Million

[2] First observation of the isospin violating decay J/y — AZ+c.c. ,
Phys. Rev. D 86, 032008 (2012)
[3] Study of v decays to the = =" and X(1385)F2(1385)™ final states,
Phys. Rev. D 93, 072003 (2016)

[4] Study of J/y and w(3686) decay to AA and 2" final states,
Phys. Rev. D 95, 052003 (2017)

Ny, = 1 Billion

[5] Measurement of branching fractions of J/y and y(3636) decays to o
X" and X7, JHEP 11, 226 (2021). Ny, = 10 Billion



Background

[6] Precise Measurements of Decay Parameters and CP Asymmetry with Entangled A — A
Pairs Pairs, Phys. Rev. Lett.129, 131801 (2022)

7] Tests of CP symmetry in entangled Z° — =V pairs, Phys. Rev. D 108, L031106 (2023)
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[6] Precise Measurements of Decay Parameters and CP Asymmetry with Entangled A — A
Pairs Pairs, Phys. Rev. Lett.129, 131801 (2022)

7] Tests of CP symmetry in entangled Z° — =V pairs, Phys. Rev. D 108, L031106 (2023)

[8] Testing of P and CP symmetries withe™e™ — J/y — AA,
X. G. He and J. P. Ma, Phys. Lett. B 839, 137834 (2023).

[9] Probing hyperon electric dipole moments with a full angular analysis,
J. Fu, H. B. Li, J. P. Wang, F. S. Yu and J. Zhang
Phys. Rev. D 108, L091301 (2023)
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MOtlvatlonS h(h') : Octet baryon antibaryon
Isospin violating decays of vector charmonia
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Motivations

Isospin violating decays of vector charmonia

2] First observation of the isospin violating decay J/ww — AX’ + c.c.,

Phys. Rev. D 86, 032008 (2012) ~ 3(J/yy — AZ" + ¢ .c.) = 2.83(23) x 1077

[10] Measurements of the branching fractions of w(3686) — XA + c.c. and

Xesu=0.12) = AA, Phys. Rev. D 103, 112004 (2021)
Bw(2S) - AZ +c.c.)=1.6(7)x 107°

[11] Hyperon Form Factors & Diquark Correlations, Phys. Rev. D 96, 002004 (2017)

Bw(2S) - AV +c.c.) =1.23(24) x 107



MOtivatiOnS C. Q. Geng, C.-W. Liu, JZ. EPJC 83, 973 (2023)

Isospin violating decays of vector charmonia

Channels 10°B o Channels 10%B o
pp 2.120(29) 0.595(19) pp 2.94(8) 1.03(7)
nii 2.09(16)  0.50(21) nii 3.06(15) 0.68(16)
AN 1.89(9)  0.469(26) AA  3.81(13) 0.824(74)
Iy X% (32) | -0.449(20) | w(28) °%°  2.35(9) 0.71(11)
Yty (4) |-0.5156(68) YtY 2.43(10) 0.682(32)
=0=’  1.17(4)  0.66(3) =0="  2.3(4) 0.665(118)
=-="  0.98(4) 0.586(16) =-=  2.87(11) 0.693(69)
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Motivations

New Signature of low mass Z'in J/y decays

Jhw - 717 -AX+c.c. ¢

Parity violation with SM ~ 107>




Motivations

New Signature of low mass Z'in J/y decays

LHCP 2020

— e— ——

WL R S e e e e e e SR SRR e wee wee wee s s R R meE e e e e

— —

100 20

1000 2000

M, [GeV]

95% CL exclusions

I, /M, <~100%

CMS Dijet %, 13 TeV
[arXiv:1803.08030]

sz / le < ~30°/°

CMS Broad Dijet, 13 TeV
[arXiv:1806.00843]

rz / le < "'1 O°/°

CMS Dijet, 8 TeV
[arXiv:1604.08907]

CMS Dijet, 13 TeV
[arXiv:1911.03947]

CMS Dijet+ISR jet, 13 TeV

[arXiv:1911.03761]

CDF Run1
[arXiv:hep-ex/9702004]

CDF Run2
[arXiv:0812.4036]

UA2

[Nucl. Phys. B 400, 3 (1993)]

Z width (all T',/M,)
[arXiv:1404.3947]

ATLAS Boosted Dijet, 13 TeV

- [arXiv:1801.08769]

ATLAS Dijet+ISR vy, 13 TeV
[arXiv:1901.10917]

ATLAS Dijet TLA, 13 TeV
[arXiv:1804.03496]

ATLAS Dijet, 13 TeV

" [arXiv:1910.08447]

CMS Dijet b tagged, 8 TeV
[arXiv:1802.06149]

CMS Dijet Scouting '16, 13 TeV
[arXiv:1806.00843]

CMS Boosted Dijet, 13 TeV
[arXiv:1909.04114]

CMS Boosted Dijet+y, 13 TeV
[arXiv:1905.10331]

I, /M, <~5%

CMS tt, 13 TeV
[arXiv:1810.05905]

Y width (all I‘Z/MZ.)
[arXiv:1404.3947]
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Formalisms—°P, model

AT
V|

O/Zl-allowed decays O/Zl-suppressed decays



Formalisms—3PO model | A) uga(fu)d;ﬂ(fd)ﬂy(fs) 0),

A | io> X uda(iu)dbﬂ(zd)scy(zs) | O>9




. 3 = ° X
Formalisms—~"F, model |A) a;ﬁ(xd)SQ}(xs) [0),

A | io> X udd(%u)bﬂ(zd)scy(zs) | O>9

qga()_c’) is the field operator which
only contain the creation operator of quarks

<0 q,,(X) is the field operator which
2 only contain the creation operator of antiquarks




. 3 = ° X
Formalisms—~"F, model |A) o< Ijﬁ(xd)SQ}(xs) [0),

A ") chﬁ()_éd)scy()_és) [0),

qga()_c’) is the field operator which
only contain the creation operator of quarks

<0 q,,(X) is the field operator which
2 only contain the creation operator of antiquarks

6, (Ani Ao iy 0) = 0 {g,,(3). g ()} = 0



. 3 = ° X
Formalisms—~"F, model |A) a;ﬁ(xd)SQ}(xs) [0),

A | io> X udd(%u)bﬂ(zd)scy(zs) | O>9

qga()_c’) is the field operator which
only contain the creation operator of quarks

<0 q,,(X) is the field operator which
2 only contain the creation operator of antiquarks

T,= 37, |4 g
€,{4An; Aso | ay* T, Tau | 0) = M Ieo



Formalisms—3PO model

o 3= == =\ ;/;fék" hvcice | ——
— : : Pvpd ysics Letters B
Tq \/5 }/q Jd X q(x) q(x) £k Volume 218, Issue 3, 23 February 1989, Pages 267-271 -
| 'dimensionless Gluon and quark condensate induced 2 Py quark

may originates from gluon condensation pair creation

H.). Weber 1
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Formalisms—°P, model

0.4}

y()

0.3}

0.2}

0 500 1000 1500 2000 2500

u/MeV
,,j“'% Physics Letters B
__i'b_ah.fk. Volume 715, Issues 4-5, 10 September 2012, Pages 322-327
FILSEVIER [ —— |

Scaling of the 3PO strength in heavy meson
strong decays

). Segovia, D.R. Entem © %, F. Ferndndez

S .
T — 3 }/ d X q(x) q(x) ’ Svhrd Physics Letters B
q q el Volume 218, Issue 3, 23 February 1989, Pages 267-271
: ELSEVIER [

Gluon and quark condensate induced 3Py quark
pair creation

dimensionless
may originates from gluon condensation

H.J. Weber *
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Formalisms—°P, model

0.4}

CO
2 .
0.3
0.2
0 500 1000 1500 2000 2500
b—l - pu/MeV
0 (Iu) — E ) Physics Letters B
\) lOg(//lz/Az) ]__I;'L:_]_\Elll}. Volume 715, Issues 4-5, 10 September 2012, Pages 322-327

Scaling of the 3P0 strength in heavy meson
strong decays

). Segovia, D.R. Entem © %, F. Ferndndez

=
Physics Letters B
Volume 218, Issue 3, 23 February 1989, Pages 267-271

ELSEVIER e—

T, = \/5 qud3f . g(x) g(x) :

Gluon and quark condensate induced 3Py quark
pair creation

dimensionless
may originates from gluon condensation

H.J. Weber *



Formalisms—-P, model & HBM

My = €,(Ax; Aso | uy"uT, T | 0)

AN

A -
U d X <F/{Z/Ia(xA)

F/l"”/l_: vertex function for QED vertex



Formalisms—-P, model & HBM

A My = €,(Ax; Aso | uy"uT, T | 0)
A, o
U d X <F/{Z/Ia(xA)
% (o) = Jd3§A. .. integrates the bag center over
the entire space
z()

F/l"”/l_: vertex function for QED vertex



Formalisms—0Observables
h

h/

M. =e€, G(z)”'l'%(G(z)—G(z))”
/1/\/120_6/4” M4 )Y qz m\q Ed g |V,

_ 2 2 _ M"‘ 2 2
oA = \/ QM2 — M)Gy(s), A, = V\/Mw — M2G(s)
W



Formalisms—0Observables

h 1 |p,l
By~ W) = Z ;1%
C Ay,
dl’
(0 y 7 x 1 + acos?é,
Y COS
‘ I EA
"y | >+ 2]y |

M. =e€, G(z)”'l'%(G(z)—G(z))”
AnAs0 €ﬂu M4 )Y qz m\q Ed g |V,

M
oA = \/ QM2 — MD)G(s), ) = j\/Mv% — M2G(s)
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Formalisms—~Z/' model



Formalisms—~Z/' model

Parity violation  (AX'| (iy,ysu — Jyﬂysd) | Z")

Z/; [gA (ﬁy”%u — 677//“‘7/501) 1 ] + ...



Formalisms—~Z/' model

Parity violation Y5 Y5
/
Z//t ]/5 7/5 + + ...
1. Generation-independent couplings. = evade FCNC constraints
2. Leptophobic — evade e"e” collision experimental constraints

3. Violate isospin & parity = g, = (g — g)/4 #0, g, = (g; +&.)/2 # 0



Formalisms—0Observables

h
C
4 Y
C YAVA
h/
L Jd 1 + 0=1+ 0
— — OANPQO A COS O = aCcos O,
I dcos b, NPEA P
[y |7+ Ty = T h P = || o
ONP = - Nonzero value = large parity violation

(e P+ B [P+ [ ho P+ B
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Isospin violating decays of vector charmonia
C. Q. Geng, C.-W. Liu, JZ. EPJC 83, 973 (2023)

10°B

Channels Ly
This work Exp. This work Exp.
I/ — AS +ce | 2404040 2.83+0.23 [1]| 0.314 0.418 & 0.030 [4]
. 0.16 & 0.07 [2]
$(28) = AZ” +c.c. | 0.30 % 0.05 0.461
1.23+0.24 [3]
1] M. Ablikim et al. [BESIII], Phys. Rev. D 86, 032008 (2012). Special Thanks to

4] M. Ablikim et al. [BESIII], arXiv:2309.04139.

9] M. Ablikim et al. [BESIII], Phys. Rev. D 103, 112004 (2021).
3] S. Dobbs, K. K. Seth, et al, Phys. Rev. D 96, 092004 (2017).
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New Signature of low mass Z'in J/y decays

Submitted to PLB, under review
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New Signature of low mass Z'in J/y decays

Submitted to PLB, under review
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