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PHYSICS ISSUES AT DAONE 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:
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G., G,, complex numbers, need polarization of final state to
measure the relative phase

At large Q?, G(Q?) = G(-Q?)

If only valence quarks G(n) = Gy(p) / 2
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PROTON FORM FACTOR
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QCD fit
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Vs G(Q?) = G(-Q?)
factor 2 from naive
prediction!
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rapid fall just above threshold

A. De Falco




NEUTRON FORM FACTOR
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Gy(n) > Gy(p)!

A. De Falco



A FORM FACTOR

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



EVENT YIELDS

o(ete- —> NN) ~ 0.1 -1 nb
400 +-4000 events/day @ present luminosity

o(ete- > AA) ~ 0.1 nb
400 events/day @ present luminosity

FINUDA estimates efficiencies ranging between (5 +40)%
for nucleons (no idea for A‘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

A. Filippi

Vs = 1890 MeV




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 yy EVENTS (B/S
~4) BASED ON TIMING MIGHT RESULT VERY
DIFFICULT DUE TO HIGH BUNCH X-ING RATE IN
DA®NE

LAMBDA F.F. MEASUREMENT SHOULD BE PURSUED
—> S > 24 GeV



KAON PHYSICS



; . Isidori
@ Rare K decays & Flavor Physics G. Isidori

The SM can be considered as the renormalizable part of an effective
field theory, valid up to a (still undetermined) cut—oft scale A:
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Quark—flavor mixing 1s a key ingredient to

understand the symmetry—breaking sector of mp Rare decays
the SM and, possibly. to provide an indirect

indication about the value of A



The Flavor Problem.

Available data on AF=2 FCNC amplitudes (meson—antimeson mixing)
already provides serious constraints on the scale of New Physics. ..
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..while a natural stabilization ot the Higgs potential = A~ 1 TeV

After the recent precise data from B factories, 1t 1s more difficult
[although not impossible...] to believe that this 1s an accident G. Isidori



G. Isidori
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Outlook for Kk — 7y measurements

K787 completed
E949: Approved by DOE(1999), DOE halts HEP at AGS[2002), awaiting

funding to continue

CKM: Stage [ approval(2001), data taking in 2000(7) \
KOPIO: Approved by NSF(2003), construction start in 2005

Stopped by DOE !

D. Jaffe



K, =%vat a ® factory?

* Kaons are tagged
A d-factory is naturally - Kaons 4-momentum is known

. . . reconstruction of deca
suited for this search since: f(inematics allowed) y

- Beam free of neutral baryons
backg.

Production rate: 10° Ks-K, pairs / pb
1 year @ 10°° cm2s1: 10'2 K produced

observed decays: 30 # ¢, , / year (SM)

F. Bossi




Conclusions

Physics & Machine

Detector

F. Bossi

§ The search for K, »n%vv requires
luminosities of order 103° cm2s-1

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

§ Beam related backgounds have to
be kept under control

§ Supplementary investigations
needed on photon detection
efficiency

§ Tagging, trigger, and t,
determination are an issue



CONCLUSIONS ON K* —»n* vv WITH KLOE

L. Passalacqua

whr (84
mtrrT (.056) (21
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A KLOE-like detector can probably reach a
sound rejection factor to address K= — 7 * vv.
Minimum luminosity should be 103,
Should add a micro-vertex.

Should add a non-y-distructive wu separation system



P. Franzini
K*0 . +£0,7 cannot be measured

1. Cannot compete with hadron machines. KAMI:
4 — 7 x 103 K; decays/y in detector. ¢—factory @
£=103> cm—2 s 1:2_-3x10 K; dec/y.

2. E787 (2 ev) has collected 6 x 1012 KTt decays.
E949 should improve by a factor 5, but no AGS.
CKM improve by another factor 10, but recently
put on hold.

3. KT experiments need strong pion ID or muon re-
jection. Efficiencies of few % are conceivable at
higher p,. Still need £>103°.

4. A new limit has little value. Must measure BR.



P. Franzini

5. 8 vears ago, I did believe K — 7mvr was fundamen-
tal. Today I do not think so.

6. Too bad

T, h=A2n (x10) >

2(1-272)

To get n need A and A!

§(A2X2)/(A?N°) ~ 5.6%, K. Schubert, LPO3.
Optimistic?



...but still remember

B) Models with new sources of tlavor mix. = large effects posssible
... . 15 —
[the optimistic perspective] [no A7 suppression]
in several specific

L}

=]

L-l

CMSSM with frameworks.

[}

non-—universal 4 terms

MNir & Worah. "97
Buras, Silvestrini & Romanino, "97
Colangelo & G.1, "98

Model-independent bound: |T(K;— movv) < T(K "= m'vv)

[Grossman & Nir, "97]

= B(K,— novv) < 18107 [90% C.L]

Two orders of magnitudes above the SM: a wide unexplored
region of possible exciting new phenomena...

G. Isidori



P. Franzini

KLOE at DAD®NE?2

e g, and Ky, WSWHTW ["his would

be the first look at the Plank scale inparticle physics.
e Push all modes to the limit, @



Kaon interferometry: what can be measured A . Di Domenico

Double differential time distribution:

(it fots)= oAl e ™7 4y P& ™7 )

where ¢,(¢,) 1s the time of one (the other) kaon
decay 1into f, (f,) final state and:

=(f|K)|Ks)  Co =2 fi| KN f] K

fi=nn, 10n°, wlv, wrand, 370, ntny L.ete

myfe SN2 cos[Am(t, —1,)+ ¢, — ¢ ]

n,le"”

7 =

characteristic interference term
at a ¢-factory => interferometry

Integrating in (¢,+¢,) we get the time difference (A¢=¢,-¢,) distribution (1-dim plot):
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forAt <0 At —)‘At

and 1 & 2

From these distributions for various final states f; we can/neasure the following

quantities:
FS o FL :Ama arg(ni):¢i

1;



Kaon interferometry: main observables A . Di Domenico

mode measured quantity parameters
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¢ >KK, >ntn ntne A . Di Domenico

Fit including At resolution and efficiency
effects + regeneration: 350

I o I 7 fixed from PDG X Coherent K , regeneration
300 on beam pipe
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S. Dell’Agnello

BR(K<—> mev)
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BR(Ks— mev): charge asymmetry @ 3

Matrix elements of semil. decays Symmetry Constraints

(me*v | H KM =a+b T ima=Iimb=Imc=Imd=20

(mre v [ Hy | KN =a= b7 CP Ima=Reb=Imc=Red=0

(e V| Hy| KO =c+d CPT  |b=d=0

(metv|Hy | KYy=c-d AS=AQ|c=d=0

Charge asymmetry

\ Nmetv) =T (e V) Ag = HRe g+ Re o+ Re ha = Re d a)
o Nimetv)+ Tim*e V) A = 2Reep—Redog+ Re ba+ Re da)
Ag— A =4Re 6 -4Red"/a 0 f CPTin CPT in AS AQ
jlll[".l“LJH CPT wviolation mixing decay and ':—'-"EH’{

KLOE preliminary Compare to A w.a.

Ag=(19%17£6)- 103 Ap =(3.322 £ 0.055) - 10-3

First measurement of ‘\{!: .""'LL .-"ﬂ'l.f_i 2 Re € if CPT conserved

CPLEAR FL B444 1998 Re &, = (2.9 £ 2.7) 10-% ,

S. Dell’Agnello



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

AM,/ M, < 1078

To improve on this one should aim at measuring 6 with a
precision of ~ 10~ or better which implies ~10° K
semileptonic decays

@ 5 10% one gets ~ 3 108 K, — rev decays/year
(and b.t.w. ~ 1000 K, — 37° decays/year)

Efficiencies have to be applied but note that
precision scales with \W_,




Conclusions: detector upgrades @D2 ‘j

e Just an exercise for future discussion/work

e |f IR-D2 smaller, we can consider a compact inner
vertex detector inside the Drift Chamber (r=10-25cm)

add z measurement Il Helps pattern recognition

improves vertexing at IP and interferometry for all-track
events like K Kg— mtn- wta- and K K¢ — nev atne

helps |D Kaon interactions (esp. Q-exch.) in the inner DC wall
f beam pipe were pure Be: big bonus for reconstruction

if pure Be sphere difficult = make a cylinder w/same radius
QCAL experience will be useful; can make new QCAL smaller

e Calorimeter: increasing readout granularity would
improve clustering and enhance PID

e Current drift chamber upgrade w/new ADCs (enhances
e/m but also) helps x/u separation in K° decays

S. Dell’Agnello



HYPERNUCLEAR SPECTROSCOPY



OPEN QUESTIONS A. Feliciello

* (low-energy) YN (YY) interaction
detailed knowledge of the hypernuclear fine structure

— evaluation of the spin dependent terms of the AN interaction

measurement of angular distribution and polarization of y-rays

— determination of spin and parity of each observed level

* Impurity nuclear physics
measurement of transition probability B(EZ2)
— information on the size and deformation of hypernuclei

— measurement of nucleus core shrinking — glue role of A

* Properties of hyperons in nuclear matter
(medium effect)
measurement of transition probability B(M1)
— g-factor value for A in nuclear matter



FINUDA IS COMING!

‘ KEK data I
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AE ~ 0.75 MeV FWHM

2

£
"o
80 =
= -
= T
£ =
u -
m "
S a0
Em et :
8 A
20
oy o
ql'll] 175 10
” T i v |

170 175 18D 185 190 105 200 265

| AE = 1.9 MeV FWHM I my - my, [MeV]




ONE STEP BEYOND: y SPECTROSCOPY
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Precise hypernuclear y-spectroscopy
has been established as new frontier
in strangeness nuclear physics

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



FINUDA WITH GERMANIUM DETECTOR

SLIGHTLY REDUCED DETECTOR ACCEPTANCE

| @ £=10% cm2 st FINUDA can observe ~ 1.6 x 10* ev/h from YN g.s. I

» machine duty cycle: 75% e e e TS
» spectrometer acceptance: 72% ST
» Ge acceptance: ~ 30% . et s s e P PR
gt ~ 30% a1 LW ol
— I J . boEEn 8
2 o4

=0

ggsd . 0 v
Ay dat,
. ~ 0 33 x10%ey —=_am

=Y A. Feliciello

[~ 1.87 x 104 ev/d ' o amE




PRODUCTION OF NEUTRON RICH HYPERNUCLEI

V. Paticchio » Search for the existence of neutron-rich

hypernuclet

b, » Exotic nuclear matter, with extreme N/Z ratio

o AR TH Y " Be)
;%/%ﬁ“% " ( AT AT A

g ;%f’/ f“}%&-é * Study of mass distributions more extended than

N_;rf;;j‘%f ordinary nucleus
RS
| * Study of the effect of A hyperon on neutron-halo
* Interest of astrophysics to explain various

phenomena of high density matter in neutron-star

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



HADRONIC CROSS SECTION



Muon - Anomaly

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

* Anomalous magnetic moment of the muon a, =(g-2),
 Running Fine Structure Constant at Z%-mass oqgp (M)

Dirac-Theory: g-2)=0

Quantum Corrections: (g — 2 ) # 0 due to corrections of:
- electromagnetic Interaction
- weak Interaction
- strong Interaction (and maybe NEW PHYSICS ?7?)

ao= (90—2)/ 2=94 20+ ...

atheor _ 4QED @+ aweak , gnew hadrons
Hadronic Vacuum Polarization

2nd largest contrib., cannot be calculated in pQCD T

Error of hadronic contribution i1s dominating total Error !



Status:

Muon - Anomaly

How to test the Standard Model?

Compare experimental Value with Theory - Prediction for Muon-Anomaly

\‘\\\\‘\\\\
EJ 95 (e'e")

l%ﬁxf) efriment

DH 9582 5(éxp.fC2 0.7 ppm

DEHZ 02 (e'e” based)

* N = New Data Input from:
ES21TBNT02) 1 a) CMD-2 (Novosibirsk) in 7w+ -
Channel: 0.6% Precision <1 GeV
reanalysis of their data publ. '08/03

) 1693578 | b) t-Data from ALEPH, OPAL, CLEO
~ TIEGRY- T8 2003 §
% DEHZ 03 (e*e -based) . } Theory Evaluation using only
0 100289 — | e*e - Data 2 ¢ - Deviation
E 1D9E|g§g g (t-based) —e , } Theory Evaluation using only
| T — Data: Agreement with Exp.
BNL-E821 02 |
203 +8 i
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a,

170 180 190 200 210
—~ 11659000 (1079



RADIATIVE RETURN @ KLOE & BABAR S. Miiller

Particle factories have the opportunity to measure the cross section s(e* e~ —
hadrons)

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

hadrons

<+

€

=

do(et e — hadrons + y)
hadr N2

= o(e* e — hadrons) HM?, ,, cos0, . .)

y mi

M2

hadrons

This method is a comblementarv annroach to the standard enerav scan.
It requires precise calculations of the radiator H.

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



Preliminary KLOE value for a, x 10"

0.95
ag o _fds<;(e+e‘ —>n'n ) -K(s)
0.37
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 (.37 <M_2<0.93 GeV?

KLOE:

a,m= 378.4 + 0.8, + 4.9Syst + 4.5 0
CMD-2:

a,m= 3786 +2.7 ., + 2.3Syst

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

S. Miiller



ete - versus 7 - Data

Q?/GeV? KLOE a " CMD2 a hd

0.37:0.65 309.4 + 5.0 308.5+2.8 | «——— our interpolation
0.65:0.93 68.8+1.0 72.2+0.7
Relative Difference e*e- vs. -
0_3VVT KLOE data confirm the discre-
i T oA e CMD-2 | pancy between e*e and t data
- T Average Aug.2003 | . .
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S. Miiller



27 contribution a had -
62% s < 1GeV

10%, Ys = 1 GeV

21 contribution
.o had -
t“eﬂu .

3% 2R% Vs < 1 GeV
45% s = ]| GeV
Calculations basad on hep-ph/03082] 3

(]

0%

A. Denig



L

The energy range | - 2 GeV s crucial for an improvement
on the theoretical knowledge of a,

2 - Pion - Channel > 1GeV is now giving the largest
contribution to the error crfa““a‘“’

3 - Pion - Channel and even much more 4 - Pion - Channel
are poorly known and need to be measured = 1 GeV

Actual / Future Measurements from:
- BABAR: Rad. Return all channels (E. Solodov)
- VEPP-2000: Energy Scan all channels (A. Sibidanov)
- DADNE-2 Energy Scan or Rad. Return 7?77

A. Denig



Radiative Return vs. Eneroy Scan

Encrgy Scan seems the natural way of measuring hadronic cross
sections, experience at DAMNE has shown that the Radiative
Return has to be considered as a complementary approach

Advantages:

* Data comes as a by-product of the
standard program of the machine

« Systematic errors from Luminosity,

| 3
s, rad. corrections... enter only once

and do not have to be studied for
cach point of s

A. Denig

Disadvantages:

* Requires a precise theoretical caleulation

of the Radiator Function

* Requires good suppression (or under
standing) of Final State Radiation (FSR);
the model of scalar QED used so far can be tested
howewver by measuring the charge asymmetry

* Needs high integrated Luminosity; for
2-Pion-channel at DADNE-1 no problem, but might
hecome critical for low hadr. cross-sections



Radiative Return 2wy @ v s =2 GeV

* Preliminary MC Study with Event-Generator Phokhara vs 3.0

* Plotted are the Number of n'n

cevents /1 fb! (Bin width = 0.04GeV?)
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CONCLUSIONS ON Gap

< Right now 2.0 o deviation between theory and experiment for the
anomalous magnetic moment of the muon —» needs clartfication !

J For a future improved evaluation of @, the measurement of
the hadronic cross section in the energy range 1 - 2 GeV with
a precision O (1%) 1s of great importance:
Goal to reach 6a 2 ~ 2.3 x 1019

3 2 - Pion - Channel < 1 GeV still very interesting in order
to understand the e*e" - 1 - puzzle (energy scan as cross check?)

0 At DADNE - 2 the radiative return seems a teasable option 1f
the energy of the machine cannot be tuned for an energy scan

A. Denig
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