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Overview

e Introduction to form tactors and y decays
* Normalized cross section and parameter extraction
* |sospin-violating contributes

e Results and discussion



BESIII datasets

.................
4 ! After 12 of years data taking: w(3770) I
10°F « 10x 100 J/y
L & 10 n B
|+ 2.7 X109 y(25) 1011y D5
2.7 x 10°
3 w(25) R
. 10 NN
v—ll b 1
QO
Q . :
10} h ce ° '
= o ° ® s & °
~J i ® P
. oo o °
1S LY VL e a
)
100 : e B g RN TS S I W TR i | S e =
2.0 2.5 3.0 3.5 4.0 4.5 5.0

10

107}

(from W. Gradl)

e C.O.M. energy in range 2-5 GeV,

® Luminosity: 1.1 X 10°° cm—2s-1 @ 3.77 GeV.

Largest ¢ "¢~ datasets at 7-charm energies

= ta
EE pQCD+wv and W's
| I

« BESIII - BESII
= KEDR x MARK-]

e 20fb~' @3.77 GeV

¢ PLUTO
s Crystal Ball

GeV:

1 2

3

(s (GeV)

® More than 170 scanning points.

o 1019 J/yand 2.7 x 10° w(2S) produced;

More than 40 fo~! between 3.77 and 5



Electrmagentic Form Factors

i0""q, Sachs Form Factors (EM
Fﬁad (Plapz) _ }///tFlB(qz)_l_ Ff(qz) achs Form Factors (EM)

oM,

2
q
Cross section Gg(q”) = FY(g)+ 2F§(q2)
AT P 4M3
4nafy (a7 [ 2032 ‘ Gy(q”) = F{(q*) + Fy(q°)

o9 =~ qf |GEGH I +1GEgD P

y Unphysical N
region :




Charmonium Decays

Decay Length

— W - 2M . > 2\ -
BB, p B1Bz(Ml//) i M2 T =/ B1Bz(Ml//) pu
14

Branching Ratio

W |2 M?2
BR;;B _ ‘g}/ ‘ ﬁMBle( 1//) ‘A}/ (Mz) ‘2
BT leaM, T, | BBV

o Purely Em decay of the yis assumed;

« “Psionic” form factors coincide with EM ones at q2 = My%"

 The BR depends from the v — y coupling, extracted from the decay into ™ 1.




Charmonium Decays

Decay Length

) . 2M . > 2 . 2
FBIBZ — 'B B1Bz(Ml// Fﬂﬂ M2 T — 'B B1Bz(Ml//)FMM O
4

Branching Ratio

1871 B, , (M)
BR’ = =
515, 16zM,,I",

o Purely Em decay of the yis assumed;

« “Psionic” form factors coincide with EM ones at q2 = M?;

 The BR depends from the v — y coupling, extracted from the decay into ™ 1.



Decays of the y: parametrization 1/

A /\/g 4 30 /\/5 ¥+ D Symmetry-breaking effects
KB = 2 A/ 6—20/\/5 n 1 0 0
§ = &m
= =Y —2A/\/6 m_?(o 1 O>
0 0 -2
A =gTr (BAB) +dTr ({B, B}S,) +fTr ([B, BIS,)
+d'Tr ({ B, B)S,,) +f Tr (1B, BIS,,) 2 0 O
8e
S, = ? (O —1 0 )
5 , 0O 0 -1
P
BR” — A 588 _|_A887 _|_AV
b5, SﬂMl/lel// b5, b5, b5,




Decays of the y: parametrization 1/

A /\/g 4 30 /\/5 ¥+ D Symmetry-breaking effects
B = > A/ 6—20/\/5 n 1 0 0
Em
Cn =0 —2A/7\/6 @‘?<0 1 O>
0O 0 =2
0 _ _ _ Mass efftect
A =gTr (BAB) +dTr ({B, B}S,) +fTr ([B, BIS,)
+d'Tr ({ B, B)S,,) +f Tr (1B, BIS,,) 2 0 O
Ee
S, = ? (O -1 0 )
) , 0O 0 -1
1%
BR” — A 588 _|_A887 _|_AV
BB, SﬂMl/lel// BB, BB, BB,




Decays of the y: parametrization 1/

A \/8 50, \/5 >+ D Symmetry-breaking effects
B = >- A6 =212  n o (10 0
- =Y —2A/4/6 @ ?m (O 10 >
0 0 -2
Mass effect

A =gTr (BAB) +dTr ({B, B}S,) +fTr ([B, BIS,)

+d'Tr ({8, #1S,,) +f Tr ([B, $1S,,) 2
?e(() 1 O)
7l 2 T
P
y 888 88Y 4
BRB1Bz B 87TMI/2/FI// AB1Bz+ABle+ABlB2 EM effect




Decays of the y: parametrization 1/

A \/8 50, \/5 >+ D Symmetry-breaking effects
B = >- A6 =212  n o (10 0
- =Y —2A/4/6 @ ?m (O 10 >
0 0 -2
Mass effect

A =gTr (BAB) +dTr ({B, B}S,) +fTr ([B, BIS,)

+d'Tr ({8, %1S,,) +f Tr (B, %1S,,) g (= 0 7
?<° o O>
7l 2 T
P
y 888 887 Y
BRB132 B 87Z'M1/2/Fl// ABle_I_ABle ’ EM eftect

Purely EM decay



Decays of the y: parametrization 2/&

4 ={G,,D,.F,} Strong and mixed decays

strong

Cem = 1\D,, F,} EM decay



Decays of the y: parametrization 2/&

%strong

Cem = 1\D,, F,} EM decay

={G,,D,.F,} Strong and mixed decays



Decays of the y: parametrization 2/&

— {G()9D

G

strong

%EM — {De9 e}

,Fy

Strong and mixed decays

EM decay

BB &;A;le(M%
>050 D,

AA —D,

AX+c.c. V3D,

nn —2D,
=020 —2D,
Z_E_I_ De o Fe
Y+ D,+ F,
RGN De _ Fe

pp D,+ F,




Decays of the y: parametrization 2/&

6 srong = 1Go» Dy Fi ) Strong and mixed decays
Cem = 1\D,, F,} EM decay
Charmonium EM decays parametrized by a single coupling
constant = All amplitudes proportional to the decay into
A +c.c.
2 _
vy 3 ‘De‘ ﬁMAio(Ml/zl) —2/a/3 BB’ =n
AR l6aM, T, —-1/4/3 B'=A
Npogo = 0 0
NiopoBut (M) 1\/3 B'=%
1{}/O_O — BR}/ 50 0 0
o Py (M) A —2/1/3 B'=E



o from the branching ratio

e Cross section extracted directly from the BR of ® \\e define a scaled cross section in order to
JIyew(2S) - AXV+c.c.: compare data for all the neutral baryons.
® Purely EM decay is assumed.
) GBOBO(QZ) 471.“2 y 25\ 12
BRU/w — AS 4+ c.c.) = (2.83 £ 0.23) x 10 597 = 3 = 3 1ALs(@)
p— AE+c.c)= (28320 N2osoPu (@D 3
BR(y(2S) - AX +c.c.)=(1.6+0.7) x 107° R
Phys. Rev. D 110, 030001 (2024) %102 s e
BR,(p(25) = AS' +¢.c.) = (1.23 £0.24) x 1072 iﬁ? L
1 Mot -
) o9 + i
10 Jf wwf l i b

10 ‘ | | ‘ | | | ‘ | | |
3 3.5 4 4.5 5


https://doi.org/10.1103/PhysRevD.110.030001

o from the branching ratio

e Cross section extracted directly from the BR of ® \\e define a scaled cross section in order to
compare data for all the neutral baryons.

Jwew2S) - A +c.c.;

® Purely EM decay is assumed.

GBOBO(QZ)

dro

2

~ P _ —
BR(J/y — AX’ +c¢.c.) = (2.83£0.23) x 1073 )= NZopoPu(@»  3¢>
BR(y(2S) - AX +c.c.)=(1.6+0.7) x 107° R
Phys. Rev. D 110, 030001 (2024) %102 s e
BR s(p(2S) —» AZ0 +c.c.) = (1.23 £0.24) x 107 %ﬁ L f
1 Mot -
o1 = 645 2053 b AT
5 = (1.64 £0.74)pb &1 = (12.6 +2.6) pb T m)

AY_ (g7


https://doi.org/10.1103/PhysRevD.110.030001

Scaled cross section: global fit

® Baryon’s cross section fit with pQCD-driven function; GgM(qz) ~(g?)7% g7 = £
® Asymptotic behaviour from the Phragmén-Lindelot
theorem: Recall
® | ogarithmic correction on the time-like region. ) 4]m2ﬁMB(q2) 1
OB = 342 | BBl



Scaled cross section: global fit

® Baryon’s cross section fit with pQCD-driven function; GgM(qz) ~ (@)% q° > £
® Asymptotic behaviour from the Phragmén-Lindelot
theorem: Recall
® | ogarithmic correction on the time-like region. 4]m2ﬁMB(q2) .
OB = 5 ‘ABBl
3q
. 9 A
6(q°) = >

(¢2)° (::2 +In2 (qZ/AgCD))

® /0 data points analyzed;

e Lower limit on the C.O.M. energy qéin = 2.8 GeV.



Scaled cross section: global fit

® Baryon’s cross section fit with pQCD-driven function; GﬁM(czz) ~ (g% g > £
® Asymptotic behaviour from the Phragmén-Lindelot
theorem: Recall
® | ogarithmic correction on the time-like region. 4”0‘2:5MB(Q'2) .
OB — 5 A7
3q
—~ 2’— A D e
05(q7) = ) 5 E e
(@) (7410 (1030 ) R
® /0 data points analyzed; ‘M! %
e Lower limit on the C.O.M. energy /g = 2.8 GeV. .
O J/w) = (5.79%x0.30)pb oM (25)) = (0.825 = 0.043) pb R S-S

EPJC 85(256) (2025) V¢ (GeV)


https://link.springer.com/article/10.1140/epjc/s10052-025-13976-7

From the theory

Jhy Iy :
I AZO/ I Ml/f(ZS) ~ 40)
F/‘/((ZZOS)/F‘/’(ZS) My,

® pQCD predicts a value of 4 for the ratio of BRs for J/y
and y(29);

® Compaison of 2018 (CLEQO) and 2024 (BESIII) data.

/N [T \ \ \ \ \ ‘ \ \ \ \ ‘ \ \ \ \ ‘ \ \ \ \

é * J/, ¥(2S) 2024 ® AA BaBar
Py * (2S5) 2018 m XYY BaBar
R 10 21 A AY" BaBar _

S S v 2030 Belle .
- O AX? + c.c. BESIIT

O AA BESIII
A nn BESIII
¢ == BESIII

10


https://link.springer.com/article/10.1140/epjc/s10052-025-13976-7

From the theory

3
Fﬁgo/rij;/f M, s ¢ pQCD predicts a value of 4 for the ratio of BRs for J/y
~ ~ 4.0 and y(295);
V@) Tws) M,
AZT T RE ’ ® Compaison of 2018 (CLEQO) and 2024 (BESIII) data.
. L I e
Paso/ D™ {0.31 +0.07 2018 Ty S,
(29) (29) - -+ A (v) /2\220:13?? BESIII
| SRV S 24x1.0 2024 + O Mt e :

A nn BESIII
¢ == BESIII

® 7018 value is less than 1!
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Isospin-violating effect 1/2

® \What it we consider an isospin-violating
contribution?

® |sospin conserved = psionic FFs and EMFFs
coincide at g* = Mé.

BB, _ —~BByprg2
gE,M o GE,M (Mw)

® No further assumptions on the cross section =
NOT AFFECTED BY ISOSPIN-VIOLATION,;

® BR measured assuming isospin conservation =
AFFECTED BY ISOSPIN-VIOLATION.

11



Isospin-violating effect 1/2

® \What it we consider an isospin-violating

Isospin-violating contribution
contribution?
2
® |sospin conserved = psionic FFs and EMFFs _ 2T g
coincide at g% = M2 s 1B, = Py, (M, 2l BIBQ(M ) B 1B,
8eat = Grhf(My)

® No further assumptions on the cross section =
NOT AFFECTED BY ISOSPIN-VIOLATION,;

® BR measured assuming isospin conservation =
AFFECTED BY ISOSPIN-VIOLATION.
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Isospin-violating effect 1/2

® \What if we consider an isospin-violating Isospin-violating contribution
contribution?

. . 2
® |sospin conserved = psionic FFs and EMFFs v v | Ay ) /
coincide at ¢* = M. rBle = P, (M)l ABle(M‘/f) A5,

8ea’ # Cpa (M)

® No further assumptions on the cross section =
NOT AFFECTED BY ISOSPIN-VIOLATION,;

® BR measured assuming isospin conservation =
AFFECTED BY ISOSPIN-VIOLATION.
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Isospin-violating effect 1/2

® \What it we consider an isospin-violating

Isospin-violating contribution
contribution?
. . 2
® |sospin conserved = psionic FFs and EMFFs VR INFY | Ay y /
coincide at g* = Mé. rBle = P, (M), ABle(M‘/’) A3,
: . Dy .
0 1{;3,1132 " Ggﬁz( Ml,%) e We define the ratio RB1 B
® No further assumptions on the cross section = v | Ay 2 / y 2
NOT AFFECTED BY ISOSPIN-VIOLATION,; RBle B ABle(M‘/f) T ABle / ABle(M‘/f)

® BR measured assuming isospin conservation =
AFFECTED BY ISOSPIN-VIOLATION.

Dependance over a relative phase
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Isospin-violating effect 1/2

® \What it we consider an isospin-violating

Isospin-violating contribution
contribution?
. . 2
® |sospin conserved = psionic FFs and EMFFs VR INFY | Ay y /
coincide at g* = Mé. rBle = P, (M), ABle(M‘/’) A3,
: . Dy .
0 1{;3,1132 " Ggﬁz( Ml,%) e We define the ratio RB1 B
® No further assumptions on the cross section = v | Ay 2 / y 2
NOT AFFECTED BY ISOSPIN-VIOLATION,; RBle B ABle(M‘/f) T ABle / ABle(M‘/f)

® BR measured assuming isospin conservation =
AFFECTED BY ISOSPIN-VIOLATION.

Dependance over a relative phase

v : : v
Study of Ry, as a function of the relative phase b5 !

11



Isospin-violating effect 2/2

e RY . asafunction of the relative phase;
12

2 2 2N 12 2 2
AL (M) + Ay P = AL, (M) P+ | AL P+ 21AL  (MD)] \A§132|cos(

2
/ 2) | = in?
\ABIBZ\/\A;Bz(Mw)\ = \/(RI‘Q’IB) — sin ( lgle) — cos( lglez)

e \alues of Rg B extracted from the cross section fit.
122

W
b,B,

)

12



Isospin-violating effect 2/2

e RY . asafunction of the relative phase;
12

) 2 2N 12 2 2
|Ap g (M) +App |7 = [ Ag 5, (M) "+ | A g, I” + 2|Ag 5, (M,)] ‘Aé@lCOS( ; )

BIBZ

’Aéﬁz -
5 ‘ABlBQ(Mi)‘ i

{ Y (M2 = v\ _ein2 (v ) v
| A, |/ ‘ABle(Ml/f)‘ — \/(RBle SIN A Pp g, | = COS\ P, |

e Values of Rg » extracted from the cross section fit. T

122 " "B1B>
% s 1 s

2
9%132/”
EPJC 85(256) (2025)


https://link.springer.com/article/10.1140/epjc/s10052-025-13976-7

Isospin strikes back 1/2

e Values of Rg B extracted from the cross section fit.
122

13



Isospin strikes back 1/2

e Values of RY extracted from the cross section fit.

B,B,
AR 3METY, Pasol(Mp)Ga(M3) | 200 £0.88 = y(29)
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Isospin strikes back 1/2

e Values of RY extracted from the cross section fit.

B,B,
AR 3METY, Pasol(Mp)Ga(M3) | 200 £0.88 = y(29)

et
‘Afz()

‘AAEO(]W??))‘ 3 ;

e Minimum = R/‘\”io — 1 at qb/‘\/’_o = {0,27}= iso-violating and
ISO-conserving amp\itudesfhave the same sign;

e Maximum =RY_ +1 at qﬁ/‘/\’io = 7 = iso-violating and iso-

conserving amg\itudes have opposed sign.

EPJC 85(256) (2025)


https://link.springer.com/article/10.1140/epjc/s10052-025-13976-7

Isospin strikes back /2

® Magnitude of the isospin-violating contribution
from the distance of R/‘\/’io from unity;

® Minima form the fit.

1
‘AAZO

‘ A

AZO(Mqi)

EPJC 85(256) (2025)
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1
‘AAZO

[sospin strikes back /2 o

® Magnitude of the isospin-violating contribution
from the distance of R/‘\/’io from unity;

® Minima form the fit.

1

Ahso = RV29 — 1 =0.41+031

| Al oM7) | s, Az EPJC 85(256) (2025)
Prs0"=
A _
y‘ A”z‘ =R —1=0.07+£0.06
‘A AEO(M J/l//) ‘ Ty
Prs0=Y

Both results comparable with zero!

14
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\ T T T | T T T T
f L
‘AAZO ]

[sospin strikes back /2 o

® Magnitude of the isospin-violating contribution
from the distance of R/‘\/’io from unity;

® Minima form the fit.

1 _
y ‘AAZ;" = RVCY —1=0.41%031
[AL soM50s) | 9o T VS EPJC 85(256) (2025)
AZ0 = | |
/ S)
Alrs z
W‘ (AEZ‘ Y =R —1=0.07+£0.06 )
AXON Ty 5 i’%’o=0
Both results comparable with zero! : \ \ \

oy (rad) EPJC 80(9) (2020)

14
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summary

® The new BESIII measurement excludes the presence ot spectacular
isospin-violating effects inyy — AX” + ¢ .c. decays;

® The possibility of isospin violation of a few % remains;.
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® The possibility of isospin violation of a few % remains;.
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