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* |[ntroduction

General considerations about future low-ener gy experiments

Within afew yearswe shall enter inthe LHC era

Possible scenarios in 3-4 years from now:

* L HC has started and has clearly seen signals of NP
» LHC has started but has not seen any clear NP signal
° [ LHC has not started yet... ]

Within all these scenariosit is still worth to
perform high-precision low-energy experiments

J




Main arguments why it is still important to perform high-precision
low-energy experimentsin the LHC < main research directions :

=» No competition with LHC as far asthe NP search is concerned
[with some remarkable exception], but full complementarity for
the identification of the symmetries of the NP model

|. Study of rare & forbidden processes. K— mwv, u— ey, CPT , ...

=» Several SM parametery Y ukawa sector], which are likely to play
afundamental role in the identification of the underlying theory,
can only be measured at low energies

1. Precision measurements of Vg, My, O;

=» There are still interesting aspects of non-perturbative QCD which
are not fully understood and need to be investigated

I11. CHPT studiesfor K, 11, n decays, exotic bound states [hadr. atoms,
hypernuclel], e'e— hadr. form factors, ...




Realistic possibilitiesat e'e” colliderswith Vs < 2 GeV

In principle an e'e machine with flexible c.o.m. energy up to 2 GeV and
very high luminosity at the ® peak would be an ideal machine for this

type of physics:
The golden rare modes
/ K- 1w & K — 1"l

KAON PHY SICS
Vs \

=Mg @, N, n' decays All therest...
_ _ « CP, CPT & K -Kginterf.
Hypernuclei, Kaonic atoms . VisfromK,, & K
o(yy — hadr.) + Rare Kg decays
+ Tt phases (CHPT)
VsZ Mg, 4 o(ete” — hadr.[NN])

\

The Alghero Conference
[www.Inf.infn.it/ conference/ d2]



K; — w9 cannot be measured

It has been said so often;

QV,4Vi, = A%\%n = 25.6//BR(K}, — n0u)

BR(Ky — n0uvp) =3 x 10711

10 eV/3 x 10711=3.3 x 1011 K's. ®1% dec/¢, need 100x3.3 x
1011=323 %1013 ¢'s or 1.1 x 1013 ub~1. 1In one vear, need £=10°

pub™1/s or £=1x10°° cm~< s~ 1. For one hundred events, £=1 x
1037 ecm~—2 s~ 1 or 10 vear running.

J, h=AA"n (x10) Ty
A(1—=47/2)

To get n need A and Al
§(AZX%) /(A2X5) ~ 5.6%, K. Schubert, LP03. Optimistic?
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Realistic possibilitiesat e'e” colliderswith Vs < 2 GeV

In principle..... W
KAON PHYSICS < v &K TR

Vs=Myg, @, n, n' decays All therest...
_ _ + CP, CPT & K -Kginterf.
Hypernuclel, Kaonic atoms . VisfromK,, & Ki
o(yy — hadr.) * Rare Kg decays
+ Tt phases (CHPT)
o(ete” — hadr.[NN
Vs# Mg o [NND)

..1n practice we need to take into account that:

° |If L<10%cm-2s-1 [0 no chancesfor the rare golden modes

* Severe external competition on most of the remaining items from other
machines/experiments

* Seriousinternal (time) competition between ® & non-® options
| extrapol ate from the present DA®NE situation...]



Realistic possibilitiesat e'e” colliderswith Vs < 2 GeV

In principle .... W
g & K, =5
KAON PHYSICSW VSR
' )

Vs=Myg, @, n, n' decays ——» All therest...
_ _ + CP, CPT & K -Kginterf.
\Hypernuclel, Kaonic atoms . VisfromK,, & Ki
o(yy — hadr.) + RareKg decays
+ Tt phases (CHPT)
o(ete” — hadr.[NN
Vs# Mg o [NND)

The ® peak remains the
most interesting option

..1n practice we need to take into account that:

° |If L<10%cm-2s-1 [0 no chancesfor the rare golden modes

* Severe external competition on most of the remaining items from other
machines/experiments

* Seriousinternal (time) competition between ® & non-® options
| extrapol ate from the present DA®NE situation...]



» Highlights of the physics program of a ® factory with L > 1033c¢m -2s-1

General considerations about the kaon program

® - K'K™ (50%), K, Ks(34%), ...

» Pure Kg beam [K| tag] I Rare K decays [so far, the most used feature by KLOE]

» K, Kgin apure quantum state [L=1] [J Neutral kaon interferometry

» Kaon beams of known momentum L] Great advantage for any decay
with missing energy

» K*K™ & K| K¢ in the same detector L] Useful for QCD & CPV studies
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» Highlights of the physics program of a ® factory with L > 1033c¢m -2s-1

General considerations about the kaon program

® - K'K™ (50%), K, Ks(34%), ...

4 )
» Pure Kg beam [K| tag] I Rare K decays [so far, the most used feature by KLOE]

- K Kginapure quantum state [L=1] [J Neutral kaon interferometry )

» Kaon beams of known momentum L] Great advantage for any decay
with missing energy

» K*K™ & K| K¢ in the same detector L] Useful for QCD & CPV studies

...the only serious disadvantage is the statistical limitation
10fb*@ ® = ~ 10 Kaon pairs = well below existing stat. on K, & K*

» L must definitely exceed 1033cm -2s-1

=% For acompetitive program:. main focuson K & K, Kginterf,



Main issues within kaon physics:

1. CPT tests & neutral kaon interferometry

CPT symmetry islinked to the basic mathematical tools that we use in
particle physics:

QFT + Lorentz invariance + Locdlity O CPT

These tools have intrinsic [imitations [we are not able to include gravity in
consistent way| [J we should expect CPT at some level

But we do not have a consistent & predictive theory if we abandon
these tools [ hard to define areference scale/size for CPT

|

_ _ -18 Very suggestive...
Mg =M| < 107" M, (but not to be over-emphasi zed)

- kaon physics offer an ideal framework to test CPT

Main message:  _ reference scale set by the most significant experimental bounds



E.0.: The charge asymmetry in Kg — 1051V

_T(Kg, — I"Tv) - MKy, — I'Tw)

Og = : -
[(Kg 2 I'v) +T(Kg — | TV)

= 2 Re(e) + CPT

|MK - M|
Mg

< 5x107" |3 3|

T

|j||\/IL_I\/|S|/I\/IK

Assuming CPT only in K-K mixing:

5s=-(2+9+6)x10° [KLOE'04]

5, = (3.32ji 0.058+0.047) 1073 [KTeV '07]
5, = (3.317£0.070£0.072) x10™° [NA48'03]

l &m§mMym1|MK_MK|

_Reference valefor the My
ultimate measurement of dg _ 19
Inthe 10 ~~ range!




E.g.: Bell-Steinberger relation

Even if CPT isviolated, we can assume that unitarity [=probability is conserved] holds:

M¢ =2 A(K-f)A(K—f)* < They should coincidein
re =5 AR ) AR f)* - thelimitof exact CPT

\/

Re(eps) —iIm(A)
14 |e3,] rS L5

[+ Tg
['g —~l g,

+itan gow ZAL(f)AS(f)*

Exact relation (phase convention independent, no approximations) in the CPT limit
|only the CPT-violating parameter A has been treated as a small,

and expanded to 1* non trivial order]

o = MR 3 o 014 i (- i0)




A marvelous tool:

rp+rs . . Re(eps) —idm(A) ’
1
S + i tan ﬁbsw] 1+ rS 2 ZAL(f)TAS(f)
Exp. Inputs Exp. Inputs
[m, ¢ &) g] \J

2 physical outputs

Im(A) # 0 could only be due to

* violations of CPT

° violations of unitarity

® new exotic invisible
final states



A marvelous tool:

p,+Ts | Re(epr) —iIAm(A) »
+ i tan ﬁbsw] Ap(f)As(f)
Fg—Tryg 1+,  Ts- rLZ
Exp. Inputs l
[m, &5l \/ _
No better place to measure this
2 physical outputs combination than a @ factory !
Im(A) # 0 could only be due to E.Q..
» violations of CPT [1M(A) [ g < 6.4X107°
° violations of unitarity [KLOE '04]
® new exotic invisible
final states but still alot of work needed to

Improve the bounds on the full
contribution

Dominant error due to the dominant rutand
> 1iv channel s, where we need interferometry




Neutral kaon interferometry isthe most characteristic type of
measurements for a ® factory:

Pl® - K Ks— a(t) b(t,) ] = |Ag|2A |2 ST 24 |Ag|?|A, 2 i s

2Re] ALA, A Ay e 1AM (1) ] o 7T ()

\ direct accessto

Examples of interesting & accessible (strong & weak) phases

final states[see 2™ DA®NE handbook]:

o (TU'T)-(T'TT) 1 AM& I g+, +testsof QM
o (Tr'm)-(r°°)  : Re(e'/e) & Im(e'/e) + Tutphases+ CPT & tests of QM
° (Tdv)-(rdv) . CPT

o (TdV)-(3M) . Ng + TUTPhases
o (3m)-(3m) . Ny, + TUT phases [different combinations]
o (2m)-(Ttmy) ! Ny

—p Several interesting channelswith L = few 10 fb™



v / Tg Beam pipe regeneration

154
125 |
1{H} |- 6506 events
s y¥dof  43.89/47 |

Am 5641037 ns! ::
L """'; qt’—?* K SK E

st
25 I wi'f
|1—22] (K Wbt e, | TTTEV
l l | | | | [ | | |-:"'; :?-J=I[I|I-L_.]:'rrh.l S

E) ECIEY LR I S (R B B Bt T b

5 1 15 20 25 30 35 40 45 50

The first example of interference observed in KLOE.
eTe ™ — o — KogKjp — L e
= rSJ rL: ‘&m: [3?:%(771: 5)]

I(f1, f2, At) = .2|n1||nale T B2 cos(AmAt + ¢1 — ¢o)
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2. Therare Ks— 1"~ decays

Within kaon physics we can identify 4 golden modes [channelswhere it is
possible to extract interesting & complementary short-distance info about flavour
mixing]:

K*— 11" W K- mlee
KL — 1wy KL — mOu

In the case of thetwo K| — 10 I~ channels, it isnecessary to measure also
the corresponding Ks— 10 1*1~ ratesin order to extract the interesting s.d. info:

Direct CPV amplitude < » Indirect CPV amplitude

@ short-distance dominated nterference 2 determined by(KS — 70O |*] —)7
avery similar to K| — O vwv

+ theory to fix the sign

K, s
Z K Ks Y need exp.
>/§>NW < = @W’< input. =
o d  (+box) T O




)

—11 i
B(K, —» m0ete)SMl = (3.7 £/1.0)[x 10 [ ~ 50% due to short dist.]
—11 i
B(K, —» mOpu)SMl = (1.5 +0.3) x 10 [ ~ 30% due to short dist.]
Irreducible 3 F =
theoretical error - vV
below 10% < oms E o ¥ "
; 0.2 i— v v "
present large errors SOSE g Y *
due to thelarge z ey
exp. uncertainty on LS T TR P R TN P T
B(KS_) -’-[O I+I—) : .15 0.z 0.25 0.3 Déilatlzg errg:ﬁ-@ﬁ ;;iﬁaeﬂé55
3 0.4 =
Soas E
Be'e) = (6.0+£2.9)x10 > F" 7 F @
_ -9 S TOE A A 4 p
Bg(u'u)= (2.9 % 1.4)x10 = Di 3 LA AA A il
L bE A
NA48/1 ‘0304  Sosfba a4 A 4% w7
v 0.1 i_.* o B E
%0.05 f_
e 0 [ e e b v b v b e v b e by e by a1
i 015 0.2 0.25 0.3 0.35 0.4 .45 0.2 .55

Relative error on Ke—m



B(K, —» T0e'e)SM =(37+1.0)x 10— [ ~ 50% due to short dist.]
B(K, —» MO p)SMI = (1.5+ 0.3) x 10~ [ ~ 30% due to short dist]

¢

B(K, —» m0e'e)®™P < 2.8x10 [90% CL] KTeV '03
B(K| = TO U )P < 3.8x10 [90% CL] KTeV '00

\

Very interesting candidates for future dedicated experiments @ fixed target...

not too far...

* More observables to be studied [Dalitz plot distribution]
o Different sensitivity to NP with respectto K, — 10 vwv

the 3 decay modes K, - 0+ €'e, u'u, v
are sengitive to different short-distance structures
= 3 independent info on CPV beyond the SM

..provided it is possible to measure precisely also the K channels

= @ super & factory ?
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F. Bossl, V. Patera& G.l., work in prog. '05

With and

amore optimized
detector [vertex detect.]

It would be possible to
reach the 15% level

on both B(Kg— m0I"1")



Relative error on Im(V, V,y)

VS.
relative exp. errorson B(Kg— me'e’) & B(K| — mOe’e)
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3. TheVssaga

Present status.

[see M. Antonelli & V. LubicZ]

consistency with 'V 4

(CKM unitarity)
restored

|

5| J=1 %+

error dominated by
f,(0) = theory

V| f+K0 "

0.224

0.220

0.216

0.212

0.208

Linear Parametrlsatlon(KTeV+ISTRA+)

2, =0.0281(4), 2,

=0.017(1)

= PDG-2002]

BNL-K'

¢

KTeV-K,
m KLOE-K (%)
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| e KLOE-K (¥

=

{
f
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iE KLOE
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3. TheVssaga
0.224
Present status.
[see M. Antonelli & V. LubicZ]
0.220
consistency with 'V 4 |
(CKM unitarity) a 0216
restored ~
|
0.212
‘ 6| | = % ‘ 0.208

error dominated by
f,(0) = theory

Quad. Parametrisation (KTeV)

2, [%*-0.0206(18), 1° =0.0032(7), 1,=0.0137(13)
® BNL-K'
® KTeV-KL
B PDG-2002 m KLOE-K,(*)

NA48-(K'-K_ )(¥)

it

® e KLOE-K (%

|
}

YK, )=5.15(4)10"s

-
{

YK ,)=5.135(20)10"s

j !

+ +
o e3 Koeﬁj‘ K n3

..but the situation is more complicated than
It appears at first sight ...

K’

K3

+ +
Ke3 K0e3 KM3 Kﬂ

K3



Quad. Parametrisation (KTeV)

2,/ _0.0206(18), A", =0.0032(7), A,=0.0137

a3

3. TheVsaga 1

H  PDG-2002

® BNL-K' |
® KTeV-K,
m KLOE-K, (%)

NA4S- (K™K }*)| -

omil 1
I I 1

® KLOE-K (%) B

Present status: - ! |
[seeM Antonelli & V. Lubicz] QM*:;Z“— }{{ f 1 }{{r h -
BV =1% R o *

0.208 —

L T PCK,)=5.15(4)10""s

FLOF(K,)=5.135(20)10"s

+ +
K, ng3 K K°

K3

R
. K"e3 K5 K°

L3

With higher stat. & better syst. there is certainly room for improvements.

-~ SU(2) breaking not yet tested at the th. level (~ 0.3%)

- Exp. studies of the f.f. beyond the linear approximation are a key ingredient
to reduce the error on V . [ similar to the hadronic momentsin B— Xlv |

X:(pK- pT[) 2/m1'[2

f(X,Y)=1+ A X+ OV2 + A, X2+ ...
olX, Y) 0 y 2 y:(sz_mnz) /mK2

>

CHPT [Bijnens & Talavera, et al ]

;
F/Fry Mgy

[Theambitiousgoal of o8|V, | [00.1% is notimpossible!]

" Naturdl god

for ahigh- or
medium/high-L
® factory

~




4. tmphases et al.

There are many interesting aspects of QCD at low energies which can still
be studied in the kaon sector [most notable example: the precise

determination of Tt phases from K =~ — 17T [V ]

Many of them are described in the 2™ DA®NE Handbook, others
strategies have recently been inspired by the new precise NA48/2 data
[e.g. the extraction of Tt phases from K — 311 [Cabibbo '04, Cabibbo & G.1.'05]

Probably even more are still to come...

\

Not easy to anticipate the potential impact of a
future DA®NE upgrade in this context

but there are good chances for substantial contributions



Beyond kaon physics

A @ factory is not-only a kaon factory, but also
* an efficient n and n' factory
» an excellent [aboratory for low-energy scalar mesons: f, a,, (0 ?)

[see F. Ambrosino]

Several measurements in this sector are still statistically limited
[E.g.: AT (n—>10y), T(N—pu), ..dl(® - §y - KKy)]

\

| nteresting opportunities to improve our knowledge about non-perturbative
aspects of QCD [within some of the most smple & fundamental hadronic systems|



* (my) conclusions

The physics case of a high-intensity ® factory with L [ cmr2si] > 1033
Isworth to be explored:

Not a unique outstanding goal, but a series of interesting meas. in the K sector:

o Cclear targets[V s & Ki3f.f., rare Kg decays, CPT tests]

° |ess clear targets [ K™ -asym., interferometry, Kj4.,... ]
[1 morework on real data needed to better quantify the potential impact

+ non-K program atthe ® [ f,, a,, N, N"] [ clear]

+ kaonic atoms/ hypernuclei [compatibility with the K prog. to be explored]

v

Natural completion of the DA®NE program |




* (my) conclusions

The physics case of a high-intensity ® factory with L [ cmr2si] > 1033
Isworth to be explored:

Not a unique outstanding goal, but a series of interesting meas. in the K sector:

o Cclear targets[V s & Ki3f.f., rare Kg decays, CPT tests]

° |ess clear targets [ K™ -asym., interferometry, Kj4.,... ]
[1 morework on real data needed to better quantify the potential impact

+ non-K program atthe ® [ f,, a,, N, N"] [ clear]

+ kaonic atoms/ hypernuclei [compatibility with the K prog. to be explored]

A few important remarks:

#* The most clear goalsin this program will be less interesting if the time scale
IS too long [link/competition within the field of flavour physics]

* The program is challenging from the exp. point of view [huge statistics & high
precision] & requires non-trivial hardware modifications [detector optimized for
KSphysics] I size of the exp. collaboration not to be underestimated
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Not a unique outstanding goal, but a series of interesting meas. in the K sector:

o Cclear targets[V s & Ki3f.f., rare Kg decays, CPT tests]

° |ess clear targets [ K™ -asym., interferometry, Kj4.,... ]
[1 morework on real data needed to better quantify the potential impact

+ non-K program atthe ® [ f,, a,, N, N"] [ clear]

+ kaonic atoms/ hypernuclei [compatibility with the K prog. to be explored]

\

In addition to the natural machine and experimental considerations
the time schedule of this program represents a key point




