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° [ntroduction

General considerations about future low—energy experiments

Within a few years we shall enter in the LHC era

Possible scenarios ~ 2010:

» LHC has started and has clearly seen signals of NP
» LHC has started but has not seen any clear NP signal
o [ LHC has not started yet... ]

Within all these scenarios still important & interesting
to perform high—precision low-energy experiments




Some of the main arguments why it is still important to perform
high—precision low-energy experiments in the LHC era:

-=» No competition with LHC as far as the 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: (9-2),, K— mwv, CPT, ...

=» Several SM parameters|[Yukawa sector], which are likely to play
a fundamental role in the identification of the underlying theory,
can only be measured at low energies

Il. Precision measurements of Vg, M, ;

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

[11. CHPT studies for K & 1tdecays, exotic bound states [hadr. atoms,
hypernuclei], e'e” & yy — hadr. form factors, ...




Dreams & realistic possibilities for DA®NE

In principle an e'e” machine with flexible c.o.m. energy up to Vs ~ 2.5

GeV and very high luminosity at the @ peak would be an ideal
machine for this type of physics:

The golden rare modes

KAON PHYSICS <\‘[ K-, K- o]
Vs=M ® < Hypernuclei, Kaonic atoms

All therest...
[see 2™ DA®NE handbook]

a(yy — hadr.)
VsZ My, <; o(e'e” — hadr.) vs. Vs
e'e —» NN f.facotrs

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




Highlights of the kaon—physics program @ ®—factory vs. luminosity:

10°fp™1 |_ KL OE V. from K3 @ 10 (CKM);
rare Kg decays down to BR~107° (CHPT/CPT);

[=10°KK] now
1072bounds on Kg - Tiv charge asym. (CPT)

10t fp~L | original | Re(e’/e) @ 107 (direct CPV);
KLOE | K_g interf. O Im(e’/e) @107 (CPT),

=10 KK
[ ] program |t phases from K, @ % level (QCD vacuum)

102 fpL CPT tests @ uprecedented level of precision via
rare Kg & K| g Interferences;

= 10MKK L .
[ ] search for exotic direct CPV in K * asym. and rare K, decays

[10%* cm s ]

103 fp~L frontier | SENSItiVIty to K- v (& K| - mee) at the SM level:

[~ 102KK] of region of high discovery potential for non—standard sources
flavor of CPV via new tests of the CKM mech. in the kaon system
physics

[ very Interesting also In a long—term perspectivel

10%fp~?



K; — w9 cannot be measured

It has been said so often:

IV,4V5, = AZ\% = 25.6(/BR(K}, — n0ui)

BR(Ky — nvp) =3 x 1011

10 eV/3 x 10711=3.3 x 101! K's. ®1% dec/¢, need 100x3.3 X
1011=33 %1013 ¢'s or 1.1 x 1013 ub~1. In one year, need £=10°

pb~™1/sor £=1 %103 cm~2 s~ 1. For one hundred events, £=1 x
1037 cm~2 s~ 1 or 10 vear running.

J, h=AA"n (x10) >
A(1—-4%2)

To get n need A and Al
§(A2X2)/(A2X5) ~ B.6%, K. Schubert, LP03. Optimistic?
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Dreams & realistic possibilities for DA®NE

In principle... T en rare
KAON PHYSICS <[‘K—> R
Vs = Mg < Hypernuclei, Kaonic atoms -A;II-t-h(-e rest ~;
oly—hadr)
Vs # Mg, i: o(e'e” — hadr.) vs. Vs
e'ee — NN f.facotrs [O see next talk]

In practice we need to take into account that:

o|f L<10%%cm=2s~1 [ No chance for the rare golden modes
[even if enhanced over SM expectations]

»Strong external competition on almost all the remaining items from
other machines/experiments

»Serious Internal (time) competition between the ® & non—® options
[extrapolate from the present DA®NE situation...]



» The unique features of a (super) P—factory for kaon physics

General considerations:

® - K*K~ (50%), K, Kq(34%), ...

» Pure Kgbeam [K, tag] [ Rare Kgdecays [so far, the most used feature by KLOE]

» K Kgin apure quatum state [L=1] [] Neutral kaon interferometry

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

o K*K™ & K| Kg Inthe same detector [ Useful for CHPT & K* CPV studies



» The unique features of a (super) ®—factory for kaon physics

General considerations:

® - KK~ (50%), K, Kg(34%), ...

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

» K, KqIn a pure quatum state [L=1] [] Neutral kaon interferometry

» Kaon beams of known momentum L[] Great advantage for any K* & K¢
decay with missing energy

» K*K™ & K| K In the same detector [ Useful for CHPT & K* CPV studies

N.B.: Kaon physics has also a unique theoretical advantage :

several systematic theoretical tools [CHPT, Lattice, OPE, ...] able to mach
[not always, but in most cases...] the challenge of high—precision experiments



A few selected exampl es:

1. CPT tests

CPT symmetry is linked to the basic mathematical tools that we use Iin
particle physics:

QFT + Lorentz invariance + Locality O CPT

These tools have intrinsic limitations [we are not able to include gravity in
consistent way] [1 we should expect CPT at some level

But we do not have a consistent & predictive theory if we abandon
these tools L1 hard to define a reference scale/size for CPT

}

o -18 suggestive...
Mg =Myl < 10 7 My but not to be over—-emphasized

Main message: Kaon physics offer an ideal framework to test CPT
reference scale set by the most significant experimental bounds



1.1 The charge asymmetry in Kg — 1*1+V

_T(Kg, — I"Tv) - M(Kg, —1"Tw)

Og = n _
Ky = 1I'Tv) +T(Kg | — 1 )

=2 Re(e) + CPT

|MK _MK|
My

Assuming CPT only in K-K mixing: < 5x107" |5, -5

T

s = (—2+9+6) x10™° [KLOE "04]
D| ML_MS|/MK

5, = (3.323/10.05810.047\)\><10_3 [KTeV "02]
8, =(3.317+0.070+0.072) X10™° [NA48 *03]

M. — M
l sensitivity on My =My

| Reference vale for the MK
ulitmate measurement of dg

in the 107 range !



1.2 Bell-Steinberger relation

Even if CPT is violated, we can assume that unitarity [=the conservation
of prbability] holds:

They should coincide in

Mk =2 A(K= F) A(K=T)* = it of exact CPT

Mz =% A(K- f)AK— f)* <

|

|:F|_+FS + tan((psw)} {Re(EM) + Im(A)} = 1r 2 AL(T)Ag(T)*

s—T 1+[gy[? s—T

A marvelous tool !

- Exact relation in the CPT limit A= Mg ~Me i@y
= Non-vanishing Im(D) could only be due to M, —Mg
® violations of CPT
® violations of unitarity @5y = arctan[ 2(M ~-Mg)/(I's—T", ) ]

@ new exotic invisible final states



1.2 Bell-Steinberger relation

Even if CPT is violated, we can assume that unitarity [=the conservation
of prbability] holds:

_ They should coincide in
'k Zf A(PE_) 2 A(KH ) ‘> the limit of exact CPT
[z = Zf AK->T)AK—-T)* =

@y = arctan 2(M, -Mg)/(Fs=T) ] l A= Ve -Me Gigsw 4
ML_MS
Mo+Ts Re(ey) . |
| tan +1Im(A) | =
|:r5_r|_ ((pSW):||:1+|€|\/||2 ( ) rS_rL

/

no better place to measure this

= Exact relation in the CPT limit combination than a @ factory !

= Non-vanishing Im(D) could only be due to 6
@ violations of CPT [IM(A)[ggp < 6.4x10 " [KLOE "04]

® violations of unitarity ...but still a lot of work to improve
® new exotic invisible final states the bounds on the full contribution

A marvelous tool !




2. Neutral kaon interferometry

Probably the most characteristic type of measurements for a ® factory:

P[® - K Ks— a(ty) b(t,) ] = |Ag,|?|AL,12e S L2+ [Ag |2 A | 2e st

-2 Re[ A A LFA LA™ et I Am (t1—tp) ] o T (t1+t))

\ direct access to

Examples of interesting & accessible
P J (strong & weak) phases

final states [see 2" DA®NE handbook]:

o (TUTT)—(TT'TT) AM& T g+, +testsof QM

o (T0'10)—(T°1°) : Re(e’/e) & Im(g’/e) + Tutphases + tests of CPT & QM
o (Tdv)—(dV) . tests of CPT

o (Tdv)—(3m) I Nay + TUTPhases

o (3)—(3m) . Nay + TUTphases [different combinations]

o (2)—(TMy) @ Nypy

—p Several interesting channels with L ~ O(100 fb™)



eV / T Beam pipe regeneration

150 Is
2 p—KgKp,
125 | : S
—ne ' I
100 - WHIL events 1: t e~ v
75 vifdot  43E0/AT L |
Am 5.64+£0.37 ns’! :Z:
1 s KKy
” —.‘:-Tr—l_'}r_
25 B IIZI:
|8, — 5| /(K Wt e\ e | FTEV
| | | | | | l I [ 't J'f'ul'=l[4'|l-4',_.]:-’r.,‘.l .

3 15 200 25 30 35 4% 45 S

The first example of interference observed in KLOE.
eTe™ — o — KogKjp — ata -+ ata™
=Tgs, L, Am, [R,3(n;, §...)]

I(f1, f2, A1) = .2|m1|[nole T AY2 cos(AmAt + ¢1 — ¢o)
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3. TheVssaga
Status in Feb. 2002 [1* CKM Workshop]

| VUS | f+K0T[_ (O)

CKM Unitarit

| 0.220

» Bad consistency
with Vg (unitarity)

» Potentialy large 0.215
SU(2) breaking |
effects

l 0.210

(3lVesl =2%)
0.205

T T 1 | 1T T 1 | [T T 1
F—e—
@
L4

dominated by + 0 +
exp. errors K es Koes NITE



Status 1n June 2004

| VUS | f+K0T[_ (O)

CKM Unitarit

@ Consistency with 0.220
Vyq restored

l 0.215
BV, =1%

dominated by the 0.210
th. error on f_ (0)

KTev L KLOE | KTeV
Ks T

0.205



But this is not the end of the story...

| VUS | f+K0Tl.'_ (O)

C6|Vus| <1 %] 0.220

dominated by the
th. error on f,(0) 0.215

KTeV | KLOE KTeV
KS

- 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 th. error on f,(0) [ similar to the hadronic moments in B— Xlv ]

£ Y) = 14 AgX + BY2 + A, X2+ ... x=(p—p,) 2/m 2 [ V. Lubicz & M. Knecht

—(m..2-m.2) /m..2
b y=(miEmme) e o Natural goal

CHPT [Bijnens & Talavera, et al.] for a high— or
medium/high—-L

[The ambitious goal of 8|V | [10.1% is not impossible !) 9 P factory

~

v
Fi/Fry Aore..




4. Rare (but not Impossible...) decays

An interesting example:
The K, — "I O Kg— 1"~ O K| — 1y system

1 L. Sehgal & C. Smith



4. Rare (but not impossible...) decays

An interesting example:

The K, — "I 0 Kg— 1"~ O K — 1y system

/ 0 L. Sehgal & C. Smith

-11
B, (e€)sy, =3.7+1.0x10 Very interesting goal for future
B, (M), =1.5+0.3x10 " fixed target experiements [NA48/4 7]

with sizable (35%-45%) contr.
from the th. clean & interesting

direct—-CPV amplitude

+ box

G.D’Ambrosio, G. Buchalla & G.I. ’03
similar to K — vy, with different NP sensitivity G.l., C. Smith & R. Unterdorfer, *04



4. Rare (but not impossible...) decays

An interesting example:

The K, — "I 0 Kg— 1"~ O K — 1y system

/ control on

the ind-CPV control on the
B, (ee)y, = 3.7 10 component CPC component
B (M)gy = 1.5 10

with sizable (35%—-45%) contr.
from the th. clean & interesting B(Kg— TPHU) = (2.9 15+ 0.2)x10

direct—-CPV amplitude l NA48/1 '03-"04

-11

11 v

B(K — TPete’) = (58+28+ 0.3 + 08)><1o‘9

B, (68)cpe < 3x1077 +— B(K — TPy M, <110 MeV) <09 x10~

: NA48/1 °02
_ These 2 Ifey exp_). Inputs could [not consistent with KTeV "99]
Improve with a high—L & factory




n
<

B(K, — mle’e’) x10™

i

%

%
X

Y% .7

A
7

%,

0N\

“present error

\ \
2\\ A ol B(K,) ]=20%
s 1014~ W
K, - Tel" . ol B(K, ) |-10%
represent a very R
interesting opportunity - \\*i\
for precision tests of N

Im(V,>" V,y) %10

.................................................................

—re

AF=1 s—d FCNCs:

Irreducible error ~ 10%
[not as clean as K, — 1Pvv, but still extremely interesting + different NP sensitivity]

provided we can measure at a comparable level of accuracy
the corresponding K transitions [J possible at a super @ factory with O(100 fb™)



5.1 Charge asymmetries

dr (K" —f ") = dr (K —f ~ .
A = ( +_) +) ( __) _) 70 = direct CP
drf(K'=f ") + ol (K —f )

Strong competition from NA48/2 and small chances to observe non-zero
signals within the SM, but still worth to try...

A particularly interesting case: K™— 10 10y
[Th. cleaner + more sensitive to New Physics effects than K — 3]

Dalitz—Plot variables: 2 2
8 F a FIB EDE 9 4
T, = T(r_]arged kaon 3T oW2 3T oW? [1+9?(A—2n W°+0(W")
in. energy C C
M2 M? CP [ = QW*+...

0°T 10T . OW?+0°T /0T _oW?
C C
oY Qg 0100

% e % Qg ey 010 [chromag. op. saturates €’/e « realisitc models]

§ v Qgysy L1102 [large cancellations in €’/e < possible, not natural]



5.2 mmnphases 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™ 4]

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 Kz [0 Cabibbo's talks],

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



» My conclusions

The physics case of a high—intensity @ factory with 1033 < L [ cm=2s~1] < 1034
Is certainly interesting and worth to be explored

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

o clear targets [V s & K3 f.1., rare (Kg) decays, CPT tests]

° less clear targets [ K™—asym., interferometry, Ki4,... ]
[1 more work on real data needed to better quantify the potential impact

+ the usual non—K program at the @ [worth to think about yy — 1]

This of course does not mean that the high—energy option is not interesting



» My conclusions

The physics case of a high—intensity @ factory with 1033 < L [ cm=2s~1] < 1034
Is certainly interesting and worth to be explored

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

o clear targets [V s & K3 f.1., rare (Kg) decays, CPT tests]

° less clear targets [ K™—asym., interferometry, Kia ... ]
[1 more work on real data needed to better quantify the potential impact

+ the usual non—K program at the @ [worth to think about yy — 1]

This of course does not mean that the high—energy option is not interesting

However...  #The most clear goals in the high—L option will be less interesting
If the time scale Is too long [strong competition within the field of
flavour physics]

# The high—L option is extremely challenging from the exp. point of view
[huge statistics & high precision] [ a too long interruption of the kaon program
could be dangerous



» My conclusions

The physics case of a high—intensity @ factory with 1033 < L [ cm=2s~1] < 1034
Is certainly interesting and worth to be explored

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

o clear targets [V s & K3 f.1., rare (Kg) decays, CPT tests]

° less clear targets [ K™—asym., interferometry, Kia ... ]
[1 more work on real data needed to better quantify the potential impact

+ the usual non—K program at the @ [worth to think about yy — 1]

\

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



Rare Kaon decays
- The Good, The Bad, The Ugly -
George Redlinger
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The physics case for DAPNE upgrade Rare Kaon decays
- For a few picobarns "more - - The Good, The Bad, The Ugly -
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