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PHYSICS ISSUES AT DAΦNE 2

• NUCLEON FORM FACTORS (HE)

• KAON PHYSICS (HL)

• HYPERNUCLEAR SPECTROSCOPY (HL)

• HADRONIC CROSS SECTION (HL,HE)

HL = HIGH LUMINOSITY

HE = HIGH ENERGY



BARYONS FORM FACTORS



NUCLEON FORM FACTORS IN THE TIME LIKE REGION

Differential x-section:

GE, GM complex numbers, need polarization of final state to
measure the relative phase

At large Q2, G(Q2) = G(-Q2)

If only valence quarks GM(n) = GM(p) / 2



PROTON FORM FACTOR

pQCD fit

G(Q2) = G(-Q2) 
factor 2 from naive

prediction!

rapid fall just above threshold

A. De Falco



NEUTRON FORM FACTOR

GM(p)/2

Data from FENICE only, 

74 events, ∫Ldt = 0.4 pb-1

GM(n) > GM(p) !

A. De Falco



Λ FORM FACTOR

Only one  existing measurement (DM2)   
based on 4 events @ 2.4 GeV



EVENT YIELDS

σ(e+e− → NN) ~ 0.1 ÷ 1 nb

400 ÷ 4000 events/day @ present luminosity

σ(e+e− → ΛΛ) ~ 0.1 nb
400 events/day @ present luminosity

FINUDA estimates efficiencies ranging between (5 ÷ 40)%  
for nucleons (no idea for Λ‘s) (A. Filippi)

Major limitation of FINUDA present setup is limited angular
acceptance (KLOE has full solid angle coverage)

FINUDA might measure p polarization! (A. Filippi)



FINUDA TYPICAL EVENT

e+e− → nn
− √s = 1890 MeV

A. Filippi



MY CONCLUSIONS ON BARYON F.F. 

NUCLEON F.F. CAN BE MEASURED WITH 
UNPRECEDENTED PRECISION AT D2 AS LONG AS
L > few 1031

DISCRIMINATION BETWEEN NN AND γγ EVENTS (B/S 
~ 4) BASED ON TIMING MIGHT RESULT VERY 
DIFFICULT DUE TO HIGH BUNCH X-ING RATE IN 
DAΦNE

LAMBDA F.F. MEASUREMENT SHOULD BE PURSUED 
→ S > 2.4 GeV



KAON PHYSICS



G. Isidori



G. Isidori



= Theoretical error < 10%

G. Isidori



D. Jaffe



Stopped by DOE ! 

D. Jaffe



KL ⇒π0νν at a Φ factory?

A Φ-factory is naturally
suited for this search since:

• Kaons are tagged
• Kaons 4-momentum is known
(reconstruction of decay
kinematics allowed)
• Beam free of neutral baryons
backg.

Production rate: 106 KS-KL pairs / pb-1

1 year @ 1035 cm-2s-1 : 1012 KL produced

observed decays: 30 ∗ εtot / year (SM)

F. Bossimust be εtot ≥∼ 10%



F. Bossi
Conclusions

§ The large x-ing angle option, although
fascinating, seems to present some 
major disadvantage in terms of tagging
wrt to the conventional one

§ The search for KL →π0νν requires
luminosities of order 1035 cm-2s-1

Physics & Machine

§ Beam related backgounds have to
be kept under control 

§ Supplementary investigations
needed on photon detection 
efficiencyDetector
§ Tagging, trigger, and t0
determination are an issue



CONCLUSIONS  ON Κ± →π± νν WITH KLOE

L. Passalacqua

A KLOE-like detector can probably reach a 
sound rejection factor to address K± → π ± νν.
Minimum luminosity should be 1035.
Should add a micro-vertex.
Should add a non-γ-distructive πµ separation system



P. Franzini



P. Franzini



…but still remember

G. Isidori



P. Franzini



Kaon interferometry: what can be measured A . Di Domenico

Integrating in (t1+t2) we get the time difference (∆t=t1-t2) distribution (1-dim plot):
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From these distributions for various final states fi we can measure the following
quantities:
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Double differential time distribution:

where t1(t2) is the time of one (the other) kaon
decay into f1 (f2) final state and:

fi = π+π−, π0π0, πlν, π+π−π0, 3π0, π+π−γ ..etc



Kaon interferometry: main observables A . Di Domenico

mode measured quantity parameters
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φ →KSKL→π+π− π+π−

∆m = (5.64 ± 0.37) × 1011 h s−1

PDG ’02: (5.301 ± 0.016) × 1011 h s−1

Coherent KL regeneration
on beam pipe

∆t/τS

Fit including ∆t resolution and efficiency
effects + regeneration:
ΓS, ΓL  fixed from PDG

KLOE preliminary
340 pb−1 (2001 + 2002 data)

At a new φ-factory with 500 fb-1 :  
δ∆m ~ 0.009 × 1011 h s−1

A . Di Domenico



S. Dell’Agnello



S. Dell’Agnello



The KAON system already provides the strongest upper 
bound on CPT conjugates states

∆MK / MK < 10-18

To improve on this one should aim at measuring δ with a 
precision of ~ 10-5 or better which implies ~109 KS
semileptonic decays

@ 5 1034 one gets ~ 3 108 KS → πeν decays/year
(and b.t.w. ~ 1000 KS → 3π0 decays/year)

Efficiencies have to be applied but note that
precision scales with √Nev



S. Dell’Agnello



HYPERNUCLEAR SPECTROSCOPY



OPEN QUESTIONS A. Feliciello



FINUDA IS COMING! A. Feliciello



ONE STEP BEYOND: γ SPECTROSCOPY

NEED HIGH LUMINOSITY DUE TO LOW EVENT 
RATES (AND LOW DETECTOR EFFICIENCIES)

A. Feliciello



FINUDA WITH GERMANIUM DETECTOR 

SLIGHTLY REDUCED DETECTOR ACCEPTANCE

A. Feliciello



PRODUCTION OF NEUTRON RICH HYPERNUCLEI

V. Paticchio

Typical counting rate with FINUDA @ 1034  : 130 ev/h



HADRONIC CROSS SECTION



Muon - Anomaly
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Motivation:   Determination of Hadronic Vacuum Polarization 
=  High Precision Test of the Standard Model:

• Anomalous magnetic moment of the muon aµ = (g−2)µ
• Running Fine Structure Constant at Z0-mass  αQED (MZ)

Dirac-Theory:  (g − 2 ) = 0
Quantum Corrections:  (g − 2 ) ≠ 0 due to corrections of:

- electromagnetic Interaction
- weak Interaction
- strong Interaction     (and maybe NEW PHYSICS ???) 

Hadronic Vacuum Polarization

•
 

hadrons 
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2nd largest contrib., cannot be calculated in pQCD
Error of hadronic contribution is dominating total Error !



Status: Muon - Anomaly
How to test the Standard Model?

Compare experimental Value with Theory - Prediction for Muon-Anomaly

New Data Input from:
a) CMD-2 (Novosibirsk) in π+ π−

Channel: 0.6% Precision < 1 GeV
reanalysis of their data publ. ’08/03

b) τ-Data from ALEPH, OPAL, CLEO
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Theory Evaluation using only 
e+ e− - Data 2 σ - Deviation
Theory Evaluation using only 
τ – Data: Agreement with Exp.}
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aµ – 11 659 000    (10–10)

B
N

L-E
821 02

EJ 95 (e+e–)

DH 98 (e+e– + τ + QCD)

DEHZ 02 (e+e–-based)

HMNT 02 (e+e– incl.)

DEHZ 03 (e+e–-based)

DEHZ 03 (τ-based)

BNL-E821 02

186.8 ± 15.7

176.8 ± 7.2

169.3 ± 7.8

166.9 ± 7.4

180.9 ± 8.0

195.6 ± 6.8

203 ± 8

Experiment E821 (BNL ‘02)
δaµ(exp.) = ± 0.7 ppm

}
THEORY: ’08 2003



RADIATIVE RETURN @ KLOE & BABAR S. Müller

Particle factories have the opportunity to measure the cross section σ(e+ e- →
hadrons )

as a function of the hadronic c.m.s energy M 2hadrons by using the radiative return.

This method is a complementary approach to the standard energy scan.
It requires precise calculations of the radiator H.

Î EVA + Phokhara MC Generator
(S. Binner, J.H. Kühn, K. Melnikov, Phys. Lett. B 459, 1999)
(H. Czyz, A. Grzelinska, J.H. Kühn, G. Rodrigo, hep-ph/0308312)

Μ2
hadr

dσ(e+ e- → hadrons + γ )
dΜ2

hadrons
= σ(e+ e- → hadrons) H(Μ2

hadr, cosθγ min)



Preliminary KLOE value for aµ x 1010

∫ ⋅ππ→σ∝ −+−+ππ
95.0

37.0

)s(K)ee(dsa�

In order to see how KLOE data compares with existing e+e- data from CMD-2
we have integrated the bare cross section according to the dispersion integral
in the energy range 0.37 < Mππ

2 < 0.93  GeV2

KLOE:
aµ

ππ = 378.4 ± 0.8stat ± 4.9syst ± 4.5theo 

CMD-2:
aµ

ππ = 378.6 ± 2.7stat ± 2.3syst

The two numbers are compatible given the systematic error, 
but FSR corrections must be refined with the new version of Phokhara

S. Müller



e+e- - versus τ - Data

Q2 /GeV2 KLOE aµ
had CMD2 aµ

had

0.37:0.65 309.4 ± 5.0         308.5 ± 2.8
0.65:0.93 68.8 ± 1.0                   72.2 ± 0.7

our interpolation

CMD-2
Aug. 2003
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ρ peak

KLOE data confirm the discre-
pancy between e+e- and τ data 
in the region above the ρ peak

In a large energy range
above the ρ-peak 
τ-data is systematically 
higher ≈ 10% … 15% !

S. Müller



A. Denig



(E. Solodov)
(A. Sibidanov)

A. Denig



A. Denig



A. Denig



CONCLUSIONS ON σHAD

A. Denig
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