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Baryon form factors and dispersion relations

}W Space and time data on G2 /Gl

iH’ Space and time-like G2/ Gj, via DR’s

//(\b Asymptotic G¥ from a DR sum rule
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Baryon form factors and cro
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W B Coulomb correction

W@ § c___ Blaw

= 1 — exp(—B/am)

J BB Coulomb interaction as FSI
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g?-complex plane

Im[q®]
Space-like region Liedlike fogion
P 9 Unphysical region Data region
No data ete~— BB

Sth = 4M2

Sphy = 4MZ  Re[¢?]
1= GE

0= Gy

Crossing: tot. helicity = { J Ge(4M2) = GM(4M%)J

QCD counting rule constrains the asymptotic behaviour
Matveev, Muradyan, Tevkheldize, Brodsky, Farrar

Counting rule: g2 — —co

Fi(q®) o< (—q?)~ ) = Gg y oc (—q?) 2

i = 1 Dirac, i = 2 Pauli FF

Analyticity: g2 — oo Ge m(—o0) = G y(+00)
(Phragmen Lindelof)
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Dispersion relations

The form factors are analytic on the
g?-plane with a multiple cut (sy, =4M2 , o9

Dispersion relation for the imaginary part (g2 < 0)

) 1 [G(z)dz 1 [>*ImG(s)ds
G(qz):RIEwoo 7?{ —@ 7/ “s—q2
2wiJoz — g T)s, S—(

Dispersion relation for the logarithm (g2 < 0)
B.V. Geshkenbein, Yad. Fiz. 9 (1969) 1232.

In Gig?) — v/ Sih — qz/s‘x’( In|G(s)|ds

™ §—G%)\/5— Sm
Experimental inputs Theoretical ingredients
@ Space-like data on the real values of @ Analyticity = convergence relations

FF’s from: e~ B — e~ B and

e~ "B — e~ BT, with polarization
& Time-like data on moduli of FF’s @ Asymptotic behavior

from: ete— — BB 4

@ Time-like data on Gg-Gy relative super-convergence relations
phase from: ete— — BB (pol.)

@ Normalization and threshold values
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Dispersive approach:

advantages and drawbacks

Advantages
@ DR’s are based on unitarity and analyticity = model-independent approach

@ DR's relate data from different processes in different energy regions

space-like Im(form factor) or In|form factor|
formfactor |= over the time-like cut (s, oo)
eB— eB ete~— BB + theory

@ Normalizations and theoretical constraints can be directly implemented

@ Form factors can be computed in the whole g?-complex plane

Drawbacks
@ Very long-range integration
® Remedy #1 ® Remedy #2
pQCD power laws Subtracted DR’s

& No data in the unphysical region, crucial in dispersive analyses -

?
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Space-like Gz /G}, measurements
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Space-like G2/ GP, measurements
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Space-like Gz /G}, measurements

Rosenbluth

1pGR(q?)/Giy(a?)
o2
J
ks |
S
— .

e.g.: Ros. + RC, 2+,...
0.5 - @ PRL88 092301

PRL84 1398 e
) SRl + Polarization
M PRC75 015207 (E. Tomasi-Gustafsson)

1 1 1
0O 2 4 6

—q? (GeV?/c?)

Radiative corrections of << Radiative corrections in
polarization technique J Rosenbluth method J
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Time-like |Gz /G},| measureme

do wa?BC

am3 GE(g?)
= GP 12| (1+cos? )+ —2 sin? 0|R|? R(q?) = E
dcos 6 2 |Gl | ( )] P12 |R| (9°) = pp G (q?)

25 ‘ ‘ ~~ exchange
oy « BABAR (ISR) T
~ PRD73, 012005
S 2r ® LEAR (pp — ete™)
= NPB411, 3
c
- A FENICE+DM2
151 A E835 1
H # EPJC46, 421
1 ‘ Scaling ~~ exchange interferes
\ \ ‘ w with the Born term
0.5 \ B
Asymmetry in
0 ‘ ‘ ‘ ‘ ‘ s angular distributions
4 5 6 7 8 9 10 [E. Tomasi-Gustafsson
/qz (GeV/c) and Q. H. Zhou]
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Dispersive analysis of the ratio
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The dispersive approach for

We start from the imaginary part of the ratio R(g?),
written in the most general and model-independent way as

1(g?) = Im[R(q?)] = series of orthogonal polynomials

Theoretical f:ons?raints Dispersion The function R_(qz_) is
can be applied directly Relations reconstructed in time
on this function I(g?) / and space-like regions

Additional theoretical conditions and the
experimental constraints can be imposed on
the obtained analytic expression of R(g?)

1,
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Parameterization and constr:

ImR is parameterized by two series of orthogonal polynomials T;(x)

2% — Sphy —
SyCiTi(x)  x= T sy < g2 < Sphy

ImR(q%) = I(q%) =

SyDT() X =B 1 g% > sy
Theoretical conditions on ImR(g?)
® R(4M2)is real = I(4M2) =0
® R(4M2) is real = I(4MZ) = 0
® R(co)isreal = /(c0) =0

Theoretical conditions on R(g?)
@ Continuity at g2 = 4M2
® R(4M2) is real and ReR(4M2) = pp

Experimental conditions on R(g?) and |R(q?)|

@® Space-like region (¢° < 0) data for R from JLab and MIT-Bates
@ Time-like region (g2 > 4M2) data for |R| from FENICE+DM2, BABAR, and E835
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R ( q2 ) EPJA32 421
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R ( q2 ) EPJA32 421

ImR(s)
R(0) + — /M2 sG—q9)

i >
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R(qg?) space-like |

EPJA32 421
ImR(s)
R =R(0) + */
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R ( q2 ) EPJA32 421

R(@) =RO)+ L / N S'(Zﬁ(:)z)
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GE(q?)/ Gy,(g%): zero and phé
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Space-like zero Phase from DR

* In |R(s)|ds

VG —so Pr/
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»(q%)=—
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Asymptotic GE(q?)/ Gy,

" space ) Time

Real asymptotic values for G2 /Gh,

p
GE
5
GM 1g2|— oo

—1.04+0.2

GE(9?)/Ghy(d?)

Asymptotic behaviour of F, /F;

2 F. GP
12l | ZE_q|=2.040.2
AMy | F1 |12 — oo Gy

L L oy 1
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pQCD prediction
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Gii(9?)

|g?|—o0
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EPJA32, 421

‘ |q§ff<q2)| q4
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o |Ge|=|G 1 opp(9°) -1
|Gel=1Gul |Gei(4*)* = 220250 (1+ 52
8 - B 3s
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f by tt / ] cross section o(ete~— pp) is the
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|GEM(q2)‘ : q4
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EPJA32, 421

4ra2B8C
3s

|GM(q2)|2 — Upﬁ(qz) <1 + |R(q2)|)_1
2upT

@ Usually what is extracted from the
cross section o(ete—— pp) is the
effective time-like form factor | G5
obtained assuming |GZ| = |G}|
i.e. |R| = pp

@ Using our parametrization for R and

the BABAR data on o(ete—— pp),
|GZ| and | Gf;| may be disentangled

€16,
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Dispersive analysis of G,

The asymptotic behavior

space-like time-like
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Dispersion relations and sum

Geshkenbein, loffe, Shifman Yad. Fiz. 20, 1

& DR’s connect space and time values of a form factor G(g?)
1 [°° ImG(s)ds nodata ¢¢€ PP
G(q2)=f/ (7)2 ﬂ—::» )
sy S—Qq Sth Sphy Reg

® The imaginary part is not experimentally accessible

® There are no data in the unhysical region [si, Sphy]

Drawbacks

®» We need to know the asymptotic behavior

J They applied the DR for the imaginary part to the function
In G(2)

Sphy
with / 12(2)dz << 1
A —r A (2)

#(2) = H(2) . ———

& The DR integral contains

the modulus |G(s
IGs)l ® Zeros of G(z) are poles for ¢(z)

& The unhysical region
contribution is suppressed

Advantages
Drawback
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Attenuation of the unphysica

Strategy 4-complex plane
. In G(2) Im(q?)
@ Use the function ¢(2) = f(z) ———
@ =1 Vo —2

d f(2), is analytic with the cut (—oo,0)

2141 /oy —VZ
d f(2)= fi(w)= Z(L+1)2P'(1—2W)’W=%

The function f(z), with f (0)=1, minimizes:

/1ff(w)dw
Jo
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Attenuated DR and sum rule

@ New DR with variable suppressed region [0, sphy]........ [G(g?) has no zeros]

?{ #(z)dz = 0 Im(q?)
¢ c

~U« 0 Sehy

_ /0 Im[f(t)] In G(t) G(t) /°°f(s) In |G(s)| ds Sth Re(q?)
—oo tV/Sth — sh SV'S — St
Space-like Time-like

- . - P
@ Convergence relation to test asymptotic power behaviour of G,

_/0 Im[#()] In G(t)dt=/°° 1(s)In|G(s)] 4 2 1(s)In|G(S)] 4
oo MWSp—1 St s\/s—— Jsony  SV/'S — Sth

Space-like data + (—t)—"
pace-li +(=1) Time-like data + s—"

N is the free parameter €20
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Sum rule: result for Gy,

—(2.274-0.36
Gu(q?) o 1a° |77
N
1E 4
C O mif0)]In G(o) < f(s)In|G(s)| ,_
107 ./_oo tVen—t ) /s,,hy $v/5 — sm ds,:
T ?
QS -2
S 10 ? (qZ)—nE
10 L
. \ \ \ i
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...in summary
2 Space-like zero for G2
° :

J 4 ° Asymptotic limit GZ/Gh — —1

q2—>:i:oo

J’ o Time-like form factors separation

P
GM(:':OO) Space + time-like “fixed” data for |G,,”,,| + analyticity
. U

Confirmation of the pQCD asymptotic behavior:

Gy < (g%)2

BESIII, VEPP2000, Belle2, Panda, SuperB (?)
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