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OUTLINE

® Introduction to Electromagnetic Form Factors and y decays
® Scaled cross section and parameter extraction
® |sospin-violating contributes

® Results and discussion
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® C.O.M. energy in range 2-5 GeV;

4 | After 12 of years data taking: w(3770) I
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ELECTROMAGNETIC FORM FACTORS

i0""q Sachs Form Factors (EM
Y (p1p2) = V'Fi(g*)+ 2MBUF§ (4°) (EM)
y)
B/ 2N _1Br.2n, 49 1B, 2
Cross section Ay Gr(q°) = r (g~) 4M1% I, (g°)
BB

-~

Golq®) = FP(q*) + F2(q”)

draPy (q°) [ 2M>
533(612) = el ( 2

3g° q°

|GE(gH|” + | GE(g?) \2)

y Unphysical N
region :
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CHARMONIUM DECAYS

Decay Length

B\b, b\bB,

= W - 2M .
BB, 'BBle(Ml/f) pp M2
/g

Branching Ratio

2 2
‘g;l//j‘ ﬁMBlBZ(MW)

— 2N 12
BR! A (M2))

BB, 167er/,Fl/,

® Purely Em decay of the y is assumed;

® "Psionic” form factors coincide with EM ones at q2 = Ml/2/;

2
) — 'B B1Bz(Ml/2/)F/l/4/M

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

B,b5,



CHARMONIUM DECAYS

Decay Length

v = MAOTY ZMZ%lBZ b5, . b5, ’ — MAOTY AV
BB, _'BBle( W/ M2 SE T |8y _ﬁBle( w) pp

2

Branching Ratio

1871 B, , (M)
BR’ = =
515, 16zM,,I",

® Purely Em decay of the y is assumed;
® "Psionic” form factors coincide with EM ones at q2 = Ml/2/;

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



Symmetry-breaking effects
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DECAYS OF THE V.
PARAMETRIZATION 1/2
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DECAYS OF THE V.
PARAMETRIZATION 1/2

A6 +Z01/2 T p Mass effect
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Symmetry-breaking effects
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4 ={G,,D,,.F,} Strong and mixed decays
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Cemy =D, F,} EM decay
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DECAYS OF THE V.
PARAMETRIZATION 2/2

G

strong

— {G()aDma Fm}

%EM — {De’ Fe}

Strong and mixed decays

EM decay

BE | &A, ;M)
3050 D,

AA —D,

AX’+c.c. /3D,

nn —2D,
EOEO o 2De
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DECAYS OF THE V.
PARAMETRIZATION 2/2

G

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

strong

Cemy =D, F,} EM decay

® Charmonium EM decays parametrized by a single coupling
constant = All amplitudes proportional to the decay into

AX +c.c.
I AN ~2/\/3 BB =n
A 16zM,1, —1/4/3 B’=A
Npogo = 0 _ 50
. NiopoBt, (M) e 1\/3 B'=%
BOB P (M2) AL —-2/4/3 B'=ZE"

>y De+Fe
E_E_I_ De_Fe
pp D,+ F,




CROSS SECTION
FROM THE BRANCHING RATIO

® Cross section extracted directly from the BR of ® \\e define a scaled cross section in order to
JhwewS) - A +c.c.; compare data for all the neutral baryons.
® Purely EM decay is assumed.
2 2
~ UBOBO(Q ) dro 5
6(q%) = = A7 (g%

BR(J/w — AX+c.c.) =(2.83+0.23) x 10 N2,:By (@) 3q2 AT

BR(y(2S) - AX+c.c)=(1.6+0.7) x 107°
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CROSS SECTION
FROM THE BRANCHING RATIO

e Cross section extracted directly from the BR of ® \\e define a scaled cross section in order to
JhwewS) - A +c.c.; compare data for all the neutral baryons.

® Purely EM decay is assumed.

OpRo Bo(q 2) dror 2

BR(J/y — AS0 — (2.83+0.23) X 107 6(47) = — = |AL@D
Iy — tc.c)=(233£0.23) X NBOBOﬁMBO(q ) 3q
BR(w(2S) - AX+c.c)=(1.6%+0.7) x 107° o

Phys. Rev. D 110, 030001 (2024) %102 s e
BR, (y(2S) - AZ%+c.c.) = (1.23 £0.24) x 107 I%? *W i

1 b (IR -

,.,J/'/f = (6.45 £ 0.53)pb o g( %ﬁw l% |
5'1(25) = (1.64£0.74) pb Gl{jgf) = (12.6 £2.6)pb X <>4\.;?(Ge\/;
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SCALED CROSS SECTION: GLOBAL FIT

® Baryon’s cross section fit with pQCD-driven function; GﬁM(qz) ~ (@)% q¢° = £
® Asymptotic behaviour from the Phragmén-Lindelot

theorem: Recall
® | ogarithmic correction on the time-like region. 4”0‘2:5MB(42)

— vy 12
Opp = 342 |ABB‘



SCALED CROSS SECTION: GLOBAL FIT

® Baryon’s cross section fit with pQCD-driven function; Gg,M(qz) ~ (@) g7 o 2o
® Asymptotic behaviour from the Phragmén-Lindelof
theorem; Recall
® | ogarithmic correction on the time-like region. B 47r062,5MB(42) A7 2
OBB = 342 | BB‘
- ) A
Uﬁt(q ) =

2
(42)5 (71'2 + In? (qz/A6CD))

® /0 data points analyzed;

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



SCALED CROSS SECTION:

® Baryon’s cross section fit with pQCD-driven function;

® Asymptotic behaviour from the Phragmén-Lindelot

theorem:

® | ogarithmic correction on the time-like region.

A

9 ﬁt(q 2) —

(4)° <n2 +1n2 (g 2/AQCD))

® /0 data points analyzed;

e Lower limit on the C.O.M. energy

O J/w) = (5.79 =£0.30) pb

0x(M,

qmln

2 15) = (0.825 £ 0.043) pb

2

2.8GeV.

GLOBAL FIT

Gp (g ~ (g*) 7%, g* > £

Opp —

10
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FROM THE 11-IEORY

Jhy mJlhy
o et

w(25) 1/1(25)
Y

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

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

I I I I ‘ I I I I
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FROM THE THEORY

D6 /T (MWS)) ~ 4.0

w(25) 1/1(25)
Y

J/ J/
/T {0.3110.07 2018

w2S)  rw(25) 24=+1.0

ASO T pp

® 7018 value is less than 1!

2024

é * J/, (25) 2024 ® AA BaBar
Py * 1)(25) 2018 m XYY BaBar
RS 10 2 A AY" BaBar _

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

® Comparison of 2018 (CLEQO) and 2024 (BESIII) data.
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ISOSPIN-VIOLATING EFFECT 1/2

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

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

BB, _ BBy g2
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.
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® \What if we consider an isospin-violating Isospin-violating contribution
contribution?

® |sospin conserved = psionic FFs and EMFFs

2
— 2 2
coincide at ¢* = M. BBz = Prs, (ML, Ble(M )
goh = G p(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 | A ) 7
coincide at ¢* = M. FBle = P, My )L, ABle(M‘/f) A5,

8w’ # Oy (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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® \What if we consider an isospin-violating Isospin-violating contribution
contribution?

® |sospin conserved = psionic FFs and EMFFs

2
- 2\ [ AY 2 I
coincide at ¢* = M. FBle = P, (M), ABle(M‘/’)
: . Dy .
gg,ﬁz y Ggﬁz( Ml,z,) e We define the ratio RBle'
® No further assumptions on the cross section = y | A7 2 / y 2
NOT AFFECTED BY ISOSPIN-VIOLATION,; RBle - ABle(M‘/’) T ABle / ABle(M‘/’)

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

Dependance over a relative phase
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ISOSPIN-VIOLATING EFFECT 1/2

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

® |sospin conserved = psionic FFs and EMFFs

2
- 2\ [ AY 2 I
coincide at ¢* = M. FBle = P, (M), ABle(M‘/’)
: . Dy .
gg,ﬁz y Ggﬁz( Ml,z,) e We define the ratio RBle'
® No further assumptions on the cross section = y | A7 2 / y 2
NOT AFFECTED BY ISOSPIN-VIOLATION,; RBle - ABle(M‘/’) 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 !
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ISOSPIN-VIOLATING EFFECT 2/2

e RY . asafunction of the relative phase;
122

2 2 N 12 2 9)
AL (M) + ALy P = AL, (M) P+ | AL P +21AL  (MD)] \A’Ilngz\cos( v,

2
1 2N | )
|ABle\/\Angz(Mw)\ = \/(Rngz) — sin ( 1‘4’132) — COS ( ;{’132)

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

)

12



ISOSPIN-VIOLATING EFFECT 2/2

e RY . asafunction of the relative phase;
122

9) P . o\ 12 2 2
‘A£1BQ(M1//) T Aé132‘ - ‘Ag1Bz(M'//) ‘ T ‘Aéle‘ +2 ‘Angz(Mw) | ‘Aéle ‘ cO ( ; )

T
‘ABle

B, 5,

1 : 5 : )ABlBQ(Mi)
y _ 1/ o 1/ _ 1/
|A3132 |/ ‘ABle(Ml//) | = (RBIBZ) >IN ( Ble) COS ( BIBZ)
e Values of Rg’ B extracted from the cross section fit.
122
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ISOSPIN STRIKES BACK 1/2

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

15>
(Rw >2 . 4ra? s, _[L15£011 w=Jly
AR 3MGT, PasdMp)ea(Mg)  (2.00 £0.88  y = y(25)
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ISOSPIN STRIKES BACK 1/2

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

15>
AR 3MGT, PasdMp)ea(Mg)  (2.00 £0.88  y = y(25)

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

e Maximum = R/’\"’io + 1 at qﬁ/‘/\’io = 1 = iso-violating and iso-
conserving amplitudes have opposed sign.

EPJC 85(256) (2025)
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ISOSPIN STRIKES BACK 22

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

® Minima form the fit.

‘Aizo

EPJC 85(256) (2025)
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‘Aizo

ISOSPIN STRIKES BACK 272

® Magnitude of the isospin-violating contribution
from the distance of R/‘(EO from unity;

® Minima form the fit. !

I _
| Alkso — R¥®9 _ 1 =0.41+031
0
AlsMag)| | A%
¢Aio =0
I _
| Algsol = RV —1=0.07+0.06
Al (M3, ] -

Jhy _
¢A§”0_O

Both results comparable with zero!

EPJC 85(256) (2025)

14


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

AX0

ISOSPIN STRIKES BACK 272

® Magnitude of the isospin-violating contribution
from the distance of R/‘(EO from unity;

® Minima form the fit. !

1_ 07
Ahs| = R¥®9 _ | = 0.41 £0.31 N
Y 2 A0 R
‘AAgo(Ml,,(zs)H S5 ;jlo w s EPJC 85(256) (2025)
AT = |
—~ 8
R
‘AI‘O‘ L |
= Aj\zp = RV —1=10.070.06 -
‘ Ai()( J/w) ‘ ¢J/£// 0 . |
AS0 f
Both results comparable with zero! e =
P

¢y (rad) EPJC 80(9) (2020)
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SUMMARY

® The new BESIII measurement excludes the presence ot spectacular
isospin-violating effects in y — AZY + ¢.c. decays;

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

15
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