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7’ A hyperon is a spin-1/2 baryon having only light valence quarks and strangeness
Hyperons are the six non nucleons of the spin 1/2 baryon octet

Strangness
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Hyperons are the six non nucleons of the spin 1/2 baryon octet
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7’ A hyperon is a spin-1/2 baryon having only light valence quarks and strangeness
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Electromagnetic four-current of the spin-1/2 baryon &%

Fj% (Qz)] u(p;)

16"'q,
2M 4

- ~P) <Pf Jem(0) Pi> = ei(py) [WFiOB (q2>+

F” (qz) and ng (qz) are Dirac and Pauli form factors

Normalizations at zero squared momentum transferred, q2 = (),

® i% (0) =04 0  is the electric charge

® 70 =xy K 5 is the anomalous magnetic moment
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breit frame

In the Breit frame there is no energy exchange

q2
, 0 _ B2\ B2
G /o, =c| F (q) | 4M§gF2 (q)

G Jp\ = €ﬁ(Pf)7M(Pi)(Fi% (%) + F (42))

Four-momentu \

ides with three-momentum

U
Sachs form factors Normalizations at zero squared
2 _
resent Fourier transforms momentum transferred, g© = 0,

\

2 f
DG (42) = F2 (¢) + T_po (4?) G (0) = Og

\
1 AM2,

B 42 B 2 R % G%(O) B QQ? TKa = Ha "/
Gy (q ) = I (q ) + I (q ) 5 is the total magnetic moment
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ASYMptotics

4 Inperturbative QCD Dirac, Pauli and Sachs form factors as
g° — — oo follow power laws driven by counting rules

Valence guarks exchange gluons to distribute
. the photon momentum transfer ¢

o g 4 Helicity conservation ’ I Helicity flip
m
O Cl 4 The current: J*/ (qz) X GA‘? (q )\\‘s“ I The current; J* ™ (qz) X Ggg (qz)/\/q2
0
g 4 4 2 gluon propagators 'q\ I F (2 gluon propagators)/y/ g~
B ( 2 2\ 2 B 2\ 2
; L44GY (¢7) ~ (') Frencs () ~ (¢)
i -
n"‘:j' Difac and Pauli form factors2 Ratid of Sachs form factors
+ B (2 2\~ % (g2
L0 ‘Fl(q)zN (q) GE(Q)
N 72— —0 9?( 2) o~ [constant]
N B ( 2 2\~ Gi7 (g°) a°—-
S R - (4°) . (4°) e e V7
Z q ——00 M. V. Galynsky, E. A. Kuraev JETPL 96 (2012) 6) \Q"
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lIme-like form factore

Crossing symmetry

(P(P)|j*| P(p)y — (P(PHP(p)|j*|0)

Form factors are complex functions of g°

Im (Fi% (q2)> #* 0
for qz > 4M7%

Im ((P(p)P(p)|j*10)) ~ ) (P(p)P(p)|Jg|n)(n|j*]0) =

| n) is an on-shell intermediate state, i.e., |n) = 27,37, 4r, ...

B el5if theorerm Behavior in the time-like region \‘,

: JZ) — f1 352 > k. qzhm Gien(@”) = qzhm Gem(@™) “;
4 ; ——00 — 400 A 2
f (Z) _>f2 < a8 ‘ space—[ike (L)) - time-like (L,) J .”/
—40) 4
GZ (g% '~ N“er &
h=h Ef2and f(2) = fi E’M(q ) g°—+00 (q ) -

- niformly in the region between L; aan _ | <.\‘.‘°,’7(/ ‘
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0SS Ssections

Elastic scattering differential cross section in Born approximation

do Cleé COSz(Q/z) I Z\ 2 5 7 2]
20 = A5 SO (Gf)” =7 (1+201 - 0an*(0/2)) (G )

QS  Annihilation differential cross section in Born approximation
g d 28E 2 1 2 = E%/M? ¢ ;
g =2 _C d (1+cos*(9)) |G| +—sin*(0)|Gy ’ & O—>-=
©  dQ  16E- T p=+/1-1/1
o
+ D ,1!("”(\.'\,’\
n
9  (Coulomb correction
3
9: Only 5-wave

Only 5-w
10 / alp
g L@% COULomb % - —/ﬁ

iy s el

; final state interaction I'—e
=
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‘ Space-like region Time-like region
Real form factors g Im(z) Complex form factors

B

-

R Unphysical region

-\
-

@
>
L

'\

g* complex plane

A
e € 9?
-
e
qt% — 4M7%

qghy = 4M§§
Only real axis of the g°-complex plane is experimentally accessible

- - -

. = e _‘ g;-’ ”‘.

Space-like region E

eAB — eRB BPR — ete~ M, ete™ & BAB ete™ & BAB (pol)
G, Gyf % % % % % %
E> M G|, |Gy, G |, |Gy G. |, |Gy
[*With (%’, M) = (p, JZ'O)Z C. Adamuscin, E. A. Kuraev, E. Tomasi-Gustafsson, F. Maas A X
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g° complex plane

(*With (%,

D, O) C. Adamuscin, E. A. Kuraey, E. Tomasi-Gustafsson, F. Maas
PRC 75, 04520

E A. Kuraev et al., JETP 115, 93; G. I. Gakh, E. Tomasi-Gustafsson, . : > —~
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Space-like region Time-like region
Im(z) Complex form factors

B

. ANalyticity

Real form factors

4,

Unphysical region

e B

e SRR T TN P DR N

qphy N 4M§6’
Only real axis of the ¢ -complex plane is experimentally accessible




~olarization

The ratio Ggg<q2) /fo(qz) is complex for g* > qt%
GE@ (q 2) i GE@ (qz) ei pgg( qz)
J A Git <q2) Gif (6] 2)

The polarization depends on the relative phase P%@ 2)

(A. Z. Dubnickova, S. Dubnicka, M. P. Rekalo, NC A109 (1996) 241]

-
sin(20)sin(p) | JE do! — do*

E S 8 H= = = dl:ﬂy Does not depend on P,

© 0 &h Dy/7 G& o' + do

6 <& p

" S 2 sin(20)cos(p,) | VE

n T &R g’x =—P,

- L Dy/7 G

Q. )

S daslge . depend on the relative ph

" T P, =P, o 0es not depend on the relative phase P4

L0

g GZ 2 2 2

N D = 1 + cos(6) - : sin“(0) — : P ,: electron polarization

< G % ¢ M7 ¢: scattering angle

% M <.\'.‘°’/0
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0 The form factors are analytic on the qz-complex plane
with a multiple cut (qt%, oo)
0 Dispersion relation for the imaginary part (q2 < ())

1 G 1 (% Im (G(s)

G(qz) = lim — ©) dz = —J ( ) ds
2 p—oo 20T J o 7 — g2 mlp s—q°
L \/61%—612 © In|G(s)]
% Dispersion relation for the logarithm (g < 0) ln(G( qz)) _ t J
£ [B. V. Geshkenbein, Yad. Fiz. 9 (1969) 1232] 2 (s — qz)\/s )
O
+
5 Experimental inputs Theoretical ingredients ‘
-::nu' Space-like data on real values of form factors from: Analyticity =—> convergence relations \"
s eB — eBande B — e~ RB', with polarization —
I:1 Time-like data on moduli of form factors from: Normalization and threshold values ”
g R Asymptotic behavior = super-convergence relations

B (1B /

N Time-like data on the phase of G;°/ G, from: 1“
S e o BB
Z e <« with polarization < “’
w
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dvantages and drawbacks

[Phys. Rev. D 104 (2021) 116016

1 Dispersion relations are based on unitarity and analyticity = model-independent

,”  Dispersion relations relate data from different precesses in different energy regions
0” space-like | Im(form factor) or In(Iform factorl)
” form factor | = over the time-like cut (qt%l, oo) dq2
eHh — eh > eTe” > BAB +theory
% ‘ .? A qth
E " Normalizations and theoretical constraints can be directly implemented
48 Form factors can be computed in the whole qz—complex plane
? Using ratios, poles cancel out
o A | |
5 i Very long-range integration
0 U
+ E Remedy #1 Remedy #2
3 3 pQCD power laws Subtracted dispersion relations
~ (C
; E No data in the unphysical region, crucial in dispersive analyses e
Z \‘0’.,/
= . S
L simone.pacettigunipg.it > es” ®




Folarization on A

“...the weak parity-violating
decay gives straightforward
access to the polarization.”

y{”/‘

S

» <

s th

No indication on the determination of the relative phase

o determination of the ¢

2MA\/? sin(20) ‘ Gg\/G]{}‘ sin (arg (G/Giy))

10

has

\ \ \ ‘ \ \ \ | \ \ \ ‘ \ \ \
QO BABAR: Phys. Rev. D 76 (2007) 092006 O BABAR: Phys. Rev. D 76 (2007) 092006
[1BESIIL: Phys. Rev. Lett. 123 (2019) 122003 | [C1BESIIL: Phys. Rev. Lett. 123 (2019) 122003
A\ BESIII 2024: arXiv:2506.08072 [hep-ex] —~ 4 A\ BESIII 2024: arXiv:2506.08072 [hep-ex] :
CG-\
S
N N——"
==
C 3 A
~—
20 -
B | = A
S
T ~—— 1 - i + YA ] %Lﬂ
m <Lﬂ ] N—" #
0 O O Q0
T —
o S
- 0
s
+ O i | | | | | | | |
T, 6 3 10 6 3
(@ 2 2 2 2
= q (Ge\/ ) q (Ge\/ )
Q.
nr_u Polarization — sine of the relative phase
+ . . : : A _
. Spin correlation — cosine of the relative phase Py ==
N
-
N
=
<
w

g* (1 + cos2(0)) +4M3 | GM G| " sin(6)

e meaningful ?

-
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@ Consider the function R(z) with poles {pj}j]\il, Zeros {zk}%:l and the real cut (x;, co0)

@ The residue theorem over the I, contour

1 d In(R
lim —— ¢ AR@D)
r—o00 2UJT r dZ

Ee@@ Considering single contributions

r 1 d In(R(z)) arg(R(co)) — arg(R(x,))
m — dz = .

r

arg(R(o0)) — arg(R(xy)) = i(M — N)

Levinson’s theorem

4—-' Form factors are analytic in the q° complex plane with the real positive cut (qt% A oo)

-L-)Assuming no zeros for GA//}, the ratio Gl{:\/ GA//} has the same analyticity domain

-‘—) Form factors and hence the ratio G2/G.} are real for g* € (— o0, g?
E'"YM th,A
(Gg(qz)) 0 Gg(qwn)/Giildin) > 0

GM@®) ) | r  GMg2)/IGMao) <O

lim arg
9> =i
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The ratio R, (g?) = Gila — { G (0) =0 } — { S O}
4 Gh(4?) GE (dphy.n) = Git(dphy ) Ry (dphy.n) =1

The asymptotic behavior

G (4°)

Giy(4?)

Dispersion relations for the imaginary and real part with subtraction at g =0

q2 J’ = Im(R,(s)) s q2 J’ = Im(R,(s))

- — 2
2, 56— 4%

= 0O(1)as g* - *+ ©

R, (q 2) —

ds, Vq° ¢& [qt%l,/\’oo>

— 2
2, 56— 4% 2

RA(QZ) = R (0) 4

\
W

JU

2 [* Im(RA(5)) . oo

Re(Ra(g?)) = Lpr| S0, Vol e [gf poo0) ,l,
A '. -
Y 4

The subtraction ensures the null normalization at q2 = ()

."1
<.\“”‘o /
. i - g ‘ ‘/
Simone.pacetli@unipg.it = eg”




o &°

R )
L& ~arametrization for R, ( q )

. g . : P
.7’ The ratio R A(q ) is parametrized through the set of Chebyshev polynomials {Y}(X) } =0

0 P D 2
Gaadih A\
o ’ - C-T.(x(qz)) q2, < q* < qg? b — ’ 1
l”s Im(RA(qz)) — YA(qz; C,q,fsy) = 9 j=0 Y A - %%sy = C]t%,/\
”\ 0 24y 4 € |ghaday] > xE-L1]
-
Theoretical constraints on Y A(QZ; C, qgsy) Theoretical constraints on Re (R A(qz) )
Ry(q2 ) is real Y (a2 - C.a2) =0 Gohy.n  [B Ya(s3 C; Qasy)
A(@in) isreal = Yy(g4 03 C0iy) = Re(Ry (g2, 1)) = o prj ds = 1
A 2 L7 2 - & i S(5— diy)
Rz (@piy.) 15 real = Y5 (g 23 € Gay) =0 g2 i Yy (5: Cog2,)
— as BY LA\Ps Lo
RA(‘]2 _. qﬁ%sy) sreal = YA(q2 > qgsy; C’qgsy) =0 |Re(RA(C]§SY)) | - ﬂ'y PrJ' ) S(S — g2 )
din, A asy

Experimental constraints in the time-like region (q2 > qghy A)

Sin<a1‘g (R A(qz) ) ) . data points from BABAR and from BESII|

|R A(qz) | . data points from BABAR and from BESII

A o T
simone.pacettigunipg.it = e ®
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USHINITIoN of ){

20 42 ) = 22 2
A ( Ca Qasy) 1 )(\R\ +)(¢ hy)(phy T 7’-asy)(asy T Tcurv)(curv

: (\/Xi(qu) +Yi(q7) — I1R] )2

Data: {q, | R;1. 6| R |}y — i = 2 (61R;)? )= el )

" 7 (sm arctan(YA(qk)/XA(q ))) —sin(gbk))2

Data: { gj;,sin(¢y), Ssin(y) fiey — 25 = ;; (6sin(¢y))>

- D % . 2 2
Constraintat g~ = g, \ — Xppy = (1 XA<qphy,A>) The values of multipliers Tphy and Tyey Ar€ chosen larger enough to

Constraint at ¢ = g, — Yoy = (1 — Xa(g5,)7)" nullify the corresponding y*'s so that the conditions are exactly verified

d*Y(s) >2 " The integral equation obtained by the dispersion relations is

Oscillation damping — 2. =
- i ( ds? an ill-posed problem whose solution has to be regularized

2
dih A

The value of the regularization parameter 7., .. is selected in order to attenuate spurious oscillations

Curv

Too large values of 7., .., would cancel physical information

CUIV

Too small values 7, ., would leave an unreliable level of noise

-
m
-
@)
0
O
=
()
-
+
Ul
@
i o
Q.
&
ol
+
L0
N
o
N
e
=
w
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JUr parameterization

— — —

. . 2 . 2 L 2 ) 2 L 2 . 2 .
leoretical constraints YA(qth A C,q.. ) = YA(q by A C,q.. ) = YA(qas ; C,qz. ) = ()
: y phy, y y y
determine the three coefficients: C, C;, C5

he asymptotic threshold qfsy is left as a free parameter

8\ considering (P + 1) Chebyshev polynomials there are (P — 2) free coefficients
WThere are 13 independent data points = Ny, =13 - (P—-2)—1=14-P

-
m
0
e 2.5
.;' The real part of RA(q ) is forced to the unity at g~ = Dohy.A
© b % : : - :
o = s - n No constraint for the real part of R A(q2 ) at g% = qfsy
g Low-degree polynomials do not need strong damping
l | l
N : 6 3 10
= Polynomial degree P -
Z \“0" o
W - - /
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2

asy the ratio is real hence the phase is an integer multiple of 7 radiants

Al 2
N o are Gg (%h,A(asy)>
th(asy) —
& GG Acasy)

A

@
\’\.

The lack of data prevents obtaining unique pairs (Nth’ NayS)

The strong theoretical constraints reduce to 2 the number of possible pairs (Nth, Nays) compatible

with the few data points

A Monte Carlo procedure, defined to make a statistical study of the results, gives the probability of

occurrence of each pair (Nth, Nays)

N

' o
simone.pacettigunipg.it «”eg” ®
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O BABAR 2007

[l BESIII 2019
/\ BESIII 2024

.10.

I | I I I
O BABAR 2007

BESIII 2019
/\ BESIII 2024

arg (G (¢%) /G4 (%))

O BABAR 2007
] BESITI 2019

/\ BESIII 2024
|
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10|
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[ BESIII 2019
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|
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Dynamical a

comp

The charge radius square of extended

particles is given by the first derivative <rl%> =6

of the electric form factor at q2 = ()

dGE(qz)

dg?

q°=

LNarge radaius

nd static features of the baryon A can be inferred from the
ete knowledge of its form factors as functions of g°

In the Breit frame, where g = (0,5) is purely

space-like, the electric form factor is the Fourier
transform of the spacial charge distribution

For a neutral baryon, like the A, the Sachs form factors at g* = 0 are normalized as: Gr(0) =0and G,(0) = u # 0,
then the charge radius squared is also proportional to the first derivative at g* = 0 of the ratio R(qz) = GE(qz) /GM(qz)

Oatf:O‘
dR(¢*) | 1 (dGglq®) Gglg’) dGylq’) _ L dGg(g®) |1 ()
4> Ny Oul@)\ da* Gu(e?) da [ Gule®) de* ., w6

The first derivative at g* = 0 of the ratio R(g?) is computed by means of the dispersione relation for the imaginary part

dR(q* © Im(R P 1 T(x)d
<7‘l%>=6//t <q2) =6_ﬂj m< 2(S>>dS= 6M22C}J J(x) X .
dq B g S TAq =0 -1 (x = g/ qu)

with Ag? = (%%sy — qt%l)/Z

-
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To have a better understanding of the
linear extension of the baryon we define

@)

2.1
9.7 T
%‘
0.3 %
O 2.3 &
—O— 2.8 §
—O— 2.1

-
m
-
al
0
O
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+
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@
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o
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+
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N
o
N
e
=
w

[ | | | I | I | I I | I | I | | [ |
-0.3 -0.2 -0.1 -0 0.1 02 03 04
f% (fm)

The fact that the most probable values of 172 are compatible with 77, can

be interpreted in terms of the amount of time that the valence quarks of the same
charge spend at a certain distance from the center of the baryon
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~OL ar:zat:on on .t

| | Phys. Rev. Lett. 132 (2024) 081904 - I Ph R L 132 2024 081904
4 * 2 .
| =
| hs 1 7 i
5] IS

i ~ s

| % |
m L 1o

! Q - A
o Ly | . S 0
-8 S 0.5 12 ] o
= : i :
U ! 1f i
o : %
ok 0 | | | N L | |
n 6 7 3 9 6 7 8 9
- G (Ge\/Q) G (Ge\/Q)
Q.
)
o
+
L0 Anomalous threshold value of . 2Myn/q* sin(20)| G /Gﬁ\sin(arg(Gb; /Gﬁ))
A ) SHE SRS Py = :
3 Rz+<q ) = Gp (q )/ Gy (q )-D ¢ (1+ cosX(0)) + 4M3. | GF' /Gy’ | sin(6)
=
w simone.pacettig@unipg.it Io"
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Still unstable because of lack of data and unwanted threshold value

~ 107!

I | I L I I I I I I I T I I ‘ I I I I | I I I
N 1 1
! | ' —
— 1 1
— 4 ]
1
_ |4 = |

Best for now: Chebyshev polynomial with P = 4 and 7,

urv

-

Probability
of 33.8 %
55 75 10
q° (GeVQ) q° (Ge\/2) A L

-

2.7 resyltc

>
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electromagnetic and strong-electromagnetic dynamics

L

®
2

o &V o>,

BESIII worked and is working hard to measure hyperons’ strong,

A dispersive procedure based on first principles allows to extract Y

LS LOrsiderations

T

///( Hyperons' weak decays allow to access polarization observables an
— / throu ’h them the complex structure of their electromagnetic

.
dynamics

N
Cle—— >
lN\—-

information from data on moduli and phases of form factors’ ratios = %< Zi Y

é % A: stable information on the presence of two additional non trivial

dius

2 [d

space-like zeros are obtained together with clues in its charg

N X
> S\ P/ 4
it X~ = -

3" first results are promising and could help in understandin

)

the unexpected threshold behavior. New data will be crucial
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