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@ BABAR stepwise o(ete~ — pp)
@ |GZ/Gh| time-like from ete~ — pp angular distribution

@ Space and time |GZ/Gy| via dispersion relations
@ Asymptotic predictions on G2/ G},
@ BABARresults on Gz and Gy, Ff’ and F}, B and B}

@ “Baryonium” and dips in e e~ — hadronic channels ? J

@ A and neutron time-like form factors )
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q°>4M3 p W= ppinvariant mass

for 6% > 20° I.S.R. Angular Acceptance ~ 15%
ISR ~ detected — no v~ interactions background

Advantages

® All g at the same time = Better control on systematics

® c.m. boost = at threshold e #0 + o ~ 1 MeV
® Detected ISR v = full pp angular coverage
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Events selectio

9 Analyzed 232 fb! |

® Event selection:
® Tracks within Tracking and Particle ID acceptance
® Very tight proton selector ~ 30% good events loss
9 ppy kinematical fit
E, resolution not reproduced —- 3C fit

e~18+1%

® 4025 selected events

229 + 32 estimated

Background Summary

~ KYK—~v ppn® ppn®y uds pPPY data

59425 254+1.0 229432 1343 2644 3737175 4025
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BABAR stepwise behaviour cross section [PRD73 (2006) 012005]
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Nucleon form factors and

Nucleon current operator (Dirac & Pauli)
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() r“(q) =~v"Fi(q°) + My Haqu Fa(q ),

\ Ge(q?) = Fi(d®) + TF2(q) . ¢
NN | aud =A@ R M

Elastic scattering

do  aPEjcos? § 9 1
— =2 |G 2(1 tan® = GZ}
dQ ~ 4E3sin* ¢ [ E+T( et +T) 2) L] R
Annihilation
d 21 -1 1
£ = 0‘47\/70 [(1 +cos? 0)|Gul? + sm20|GE|2]
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BABAR ete~ — pp

ML 1.877--1.950

cos 0, distributions
from threshold up to 3 GeV
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Histograms show contribution
from: (dashed)
(dash-dotted)

Events/0.2
Events/0.2

Transition
from: (Gg dominant)
to: (Gy dominant)

, Events/0.2
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Time-like |GZ/Gj
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Space-like Gz /Gy, mea

Space-like data

Space like

Time like (BABAR)

2
Fy and “QWFZ enhancement: R(Q?) > 1

Pol.: Jones et al.

| @ Pol.: Gayou et al.
---Pol.: Gayou et al. fit
7 Rosenbluth, Mo-Tsai corr.

Rinaldo Baldini Ferroli BABAR Measurement of Baryon Form Factors



Analyticity constraints on the nucleon ormNESIIS.

2

g<-complex plane

Time-like region
Space-like region Unphysical region Data region
eN — eN No data ete~— NN

= 4M2 _
Sth = Sphy = 4M3 Re[q?]

1= G
Crossing: tot. helicity = Ge(4M2) = G (4M3)
0= Gy

Perturbative QCD constrains the asymptotic behaviour

> —2.1735
PQCD: g% — —oo Fi(¢?) — (—¢®)~(*" {'n (’%Znﬂ

Analyticity: g2 — +oo |Ge,m(—o0)| = |Ge,m(+o0)|
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Dispersion relations conne time space regions

R(g?)is on the g? plane with a
[sth = 4M?2, o], if Gu has no zeros

Subtraction at g% = 0 because of a non-vanishing asymptotic limit of the ratio

> [ ImR(s)ds

2 - R(¢?) = R(0 —/ T

For ¢ < sy, Ris real (q°) = R(0) + — o S(5— )
q° > ImR(s)ds
2 i ReR(¢?) = R(0) + — P T
For g2 > sy, R is complex eR(q™) = R(0) + —— Pr o S(5— )
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R(q?) parametrizatio

The imaginary part of R is parametrized by two series of orthogonal polynomials T;(x)

2% —Spny—Sn 2
> GiTi(x) X:ﬁ Sth < 9% < Spry

SiDT(x) X =1 @ sy

Theoretical constraints on R(g?)

': O Continuity at g° = 4M2
® B R(4M2) is real and ReR(4M2) = 1

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

® Space-like region (g? < 0) data for R from TINAF and MIT-Bates
® Time-like region (g> > 4M2) data for |R| from FENICE+DM2, BABAR , E835 and Lear
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R(q?)

NPB(Proc.Supp.)162(2006)46

Reconstructed R in space and time regions

R(g?) space-like | |R(g?)| time-like |

[ WM Dispersive approach
— 10 fit

———log (@)’ fit

Impr. log*(Q*)/Q’ fit
——IJL fit

0.4

40
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Asymptotic GE(g

NPB(Proc.Supp.)162(2006)46

Asymptotic behaviour of GE(¢?)/Gy,(6?)
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|GE(g?)| and |Gjy(g%)| fro

S.Pacetti, PANDA Workshop,Orsay’'07

|GE(d®)] |Giy(d®)]
[Jops + DR [ oy + DR
* Ge = Gy

0.4 0.4

0.2 0.2

2 22 24 2 22 24

V@(GeV) V@ (GeV)

Gn’;, very steep at threshold —>- vector “Baryonium” ? J

Rinaldo Baldini Ferroli BABAR Measurement of Baryon Form Factors



“Baryonium” — dip i
P.J. Franzini and F.J. Gilman, 1985

A vector meson V; (JP€ = 1-7), with vanishing
et e~ coupling, which decays through an interme-
diate broad vector meson V4

1 1 1
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Dips in multihe
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[hadrons | ~1870 | 10320
[ DW2_| 7930(30) | 35(20) |
1910(10) | 37(13)

E687
1880(50) | 130(30)
BaBan(=")| 1860(20) | 160(20) |




Phases from DR: |F(q

S.Pacetti, PANDA Workshop,Orsay’'07

BABAR
GR/Gh -1
Fp(aP) = | 1 G () = (o O/ ]
4 \:lo'pﬁ+DR 4 ‘:’Upﬁ+DR
L4 GE = GM L4 GE = GM
3 3

It |GR| = |G|
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Phases from DR: |Bs(g

S.Pacetti, PANDA Workshop,Orsay’'07

|2\/;Gp _’_Gp‘ TG, — G
|B (q )|:# |B (@A) = w
3
0.15
:|0p5+DR It 1B2(q?)] = 1G5, ()]
«Ge = Gy |B5(@*)| =16y (a)I(1=v/7)
0.4
o1 o,z +DR  ¢Ge =Gy
02
0
; > 4 2 22 24
V@ (GeV) V@ (GeY)

Rinaldo Baldini Ferroli BABAR Measurement of Baryon Form Factors



Time-like |G

Only two measurements by FENICE and DM2

No Coulomb * FENICE |G/ Gl

correction v DM2 A .
A DM,IJZ e);tr. from G Data ~ 15

1G5, (¢?) - @4/ Qul

Naively | ~ |Qq/Qul

pQCD

Soliton
models

VMD

q%(GeV?)
Threshold behaviour .
?
from angular distribution Does BABAR agree with FENICE 7

w(aM%) = GZ(aM3) = 07 Large G '==2" large G
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@ Space and time |GZ/Gy| via dispersion relations
@ Asymptotic predictions on G2/ G},
@ BABARresults on Gz and G}, F{’ and F}, BS and B}

@ “Baryonium” and dips in e e~ — hadronic channels ? J

@ A and neutron time-like )
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