                                   Physics @ a  Factory

                                                                                                          (Mainly KLOE)

L. Passalacqua

INFN - Laboratori Nazionali  di  Frascati

XXVIII IMFP

Sanlúcar  de Barrameda

17 Feb 2000

- 2  -

Outline

        4

                                              Introduction

        4

                                              Status of DA

F
NE

        4

                                              Physics program at DA

F
NE

        4

                                              Digression on CP and CPT violation

        4

                                              Interferometry

        4

                                              Status of KLOE

        4

                                              First physics results

        4

                                              Other experiments at DA

F
NE

        4

                                              Outlook

- 3  -

Introduction

4

                                      A

                                                                      F
                                                                                               -factory is a e + e -  collider  with                             MeV .

4

                                      Presently there are two

F
-factories: VEPP-2M & DA

F
NE.

4

                                      VEPP-2M ( Novosibirsk ) is ^standard~ luminosity collider

                                      devoted to the study of  hadron production from threshold

                                      to a c.m. energy of 1.4 GeV . It is in operation since 1992

                                      and has collected 2.37 pb -1  @                  , i.e. ~3· 10 5  K

S

K

L

.

4

                                      DA

                                                                                              F
NE
 ( Frascati ) is a high luminosity collider , mainly

                                      devoted to CP and CPT measurements. It has entered in

                                      operation in 1999 and should reach  = 5 · 10 32 cm -2 s -1 ,  i.e.

                                      ~2.2· 10 10
f
 mesons/year.

1020

@

@

F

M

S

F

@
M

S

- 4  -

        A F

                                                                                               -factory is a Kaon  factory

4

                                              s(                  )
~ 4.4
m
b

.

 Decays

                                                                                                 K + K -  49.1%

                                                                                                 K

L

K

S

 34.3%

                                                                                                 rp
12.9%

                                                                                                 3

                                                                                                                  p
  2.5%

                                                                                                 hg
  1.3%
e + e -

®
 K

L

K

S

F

@
M

                                                                                                                   S

- 5 -

Physics @ the

F

4

KAON physics :

˘ CP/CPT violation studies ( double ratio + interferometry )

˘ rare K

S decays ( K

S l , ee , )

˘ CPT limits K

S e e vs K

L e e

˘ kaon form factors ( K

L l , K + 0 l + )

˘ ...

4

NON KAON physics :

˘ radiative f decays ( f® hg , h ´ g , � 0 g , a 0 g , �)

˘

HAD vs s ( e e after ISR) for g-2 predictions

˘ regeneration measurements atlow momenta

˘ ...

- 6 -

VEPP-2M

= 5 ´ 10

30

cm -2 s -1

^conservative~ single bunch

approach:

(single bunch) ~

VEPP-2M

but large number of bunches

DA F NE

= n

bunches

´

DA F NE

= 5 ´ 10 32

cm -2

s -1

n

bunches

® 120 Two Separate Rings

DA

F

NE design

- 7 -

DA NE KEK-B PEP-II

Energy [ GeV ] 0.51 3.5/8.0 3.1/9.0

Beam - Beam Tune Shift 0.04/0.04 0.04/0.05 0.03/0.03

Trajectory [ m ] 98 3015 2200

Number of bunches 120 5120 1658

Bunch separation [ cm ] 81 59 126

Particles / bunch [10 10 ] 8.9 3.3/1.4 5.9/2.7

Crossing Angle [ mrad ] 12.5 11.0 0

Bunch lenght s

z

[ cm ] 3.0 0.4 1.0/1.1

Bunch size s

x

/ s

y

[ m m ] 2000/20 80/2 200/6

Single Bunch [ cm -2 s -1 ] 4.4 · 10 30 1.95 · 10 30 1.8 · 10 30

F

-factory vs B-factories

- 8 -

DA

F NE Layout

The DA F NE Hall hosts

three detectors:

KLOE, DEAR and FINUDA.

- 9 -

DA

F

NE physics program

KLOE

( K Lo ng E xperiment )

K mesons physics

DEAR

( D AFNE E xotic A tom R esearch )

Spectroscopy of kaonic Atoms (H,D)

FINUDA

( F isica Nu cleare a DA F NE)

Spectroscopy of Hypernuclei

- 10 -

1 day @ = 10 31 cm -2 s -1 1 pb 10 6 K

L

In one year @ = 10 31 cm -2 s -1 DA F NE could

provide to KLOE 100 pb

- 1

of data ( 10 8 K

L

),

which should have allowed the following physics results:

3 Measurement of Â ( e ¢ /e ) to 10 -3 statistical accuracy;

3 Measurement of K

" 3 form factors;

3 First measurement of B R

( f ® f

0 g ® p + p - g ) ;

3 Measurement of B R

( f ® f

0 g ® p 0 p 0 g )

to ´ 30 better accuracy;

3 Measurement of B R

( f ® a

0 g ® hp 0 g )

to ´ 30 better accuracy.

Rates

- 11 -

Beginning of data taking

- 12 -

A typically good day

- 13 -

Kaon production at a

F

-factory

K

S

K

L pairs are produced in a pure quantum state ( J PC =1 -- ) :

( )

( )

p ,- K p , K - p ,- K p , K

2

1 p ,- K p , K - p ,- K p , K

2

1

L S L S

0 0 0 0

& & & &

& & & &

@

= i

4

K

S

/K

L have a momentum of ~ 110 MeV ( p

F

~13MeV ),

with to a mean decay path of:

· l

S

= 0.56 cm

· l

L

= 354 cm

è

Choosing different fiducial volumes it is very easy to get a

pure K

S and K

L tagging.

- 14 -

Digression on CP/CPT

0 , 0

3

1

0 , 2

3

2

0 , 0

3

2

0 , 2

3

1

0 0

- =

+ =

- +

p p p p

0

0

| | ,

| | ,

S

L

K H I f

K H I f

I

= h eigens. C , eigens. H , eigens.

mass ,

2 1

0 0

P K K

K K

K K

s

L S

=

=

=

- 15 -

~Anyone who has played with these invariances

knows that it is an orgy of relative phases~

i i i i i i

i i i i

e Ae H f e Ae H f e CP nd e CP

d f d f x x

-

-

= ñ á

= ñ á ñ ñ ¾ ® ¾ ñ ñ ñ ¾ ® ¾ ñ ñ = ñ ñ = ñ

i | | i | |

) g | ( f | i | vs | ) g | ( f | i | i | i | a i | i |

F

i

=^weak~ phases (complex coupling, phases in CKM,etc.)

d

i

=^strong~ phases (interaction after decay)

x

i

=^spurious~ Quantum Mechanics arbitrary phases

Since T is a complex operator we can already imagine that

CP violation is a matter of phases...

A. Pais , Inward Bound

- 16 -

( ) ( )

( ) ( )

) | | 1 ( 2

K 1 K 1

K

) | | 1 ( 2

K 1 K 1

K

K K K K K

K K K K K

2

0 0

L

2

0 0

S

2 2 1 2

0 0

L

2 1 1 1

0 0

S

K K

K K K K

K K

K K K K s s

P Q p q

P Q p q

L L

d e d e d e d e d e d e

- +

+ - - - +

=

+ +

- - + + +

=

- = - =

+ = + =

Mixing

0

0

¾ ¾ ® ¾

¾ ¾ ® ¾

CP

K

CPT

K

e d

- 17 -

Decay with one final state

) cos( ) cos( 2

) ( ) ( 2

0

| i | | | | i | | |

| i | | | | i | | |

) ( i | |

) ( i | | s v

2 1 2 1 2 1

2

2

2

1

2 1 2 1 2 1

2 2

2 2

* *

2

1

f f d d f f d d d f d d f d

- - + +

- - -

=

= ñ á + ñ á ñ á - ñ á

= å å ¾ ¾ ® ¾ - = ñ á å ¾ ¾ ® ¾ å + = ñ á

® ®

=

=

a a a

-

A A A A sin sin A A

H f H f

H f H f e e A e B A H f e e A e B A H f f i f i

n n j j j j j j

CPT

CPT n

j n

j i i

j

CPT i

j j n

j i i

j

CPT n

j i

j j

Desiderata:

2

2 1 p

d d » -

2

2 1 p

f f » -

2 1

A A »

- 18 -

Decay with two final states

) ( 2 i | | i | | i | | i | | e i | | e i | | i | | i | | and 1 and CPT

, vs ,

2 1

) (

2 1

2 1

2 1

2 1

2 2 1 1

2 2 1 1

f f b b

x d d x d f x d f d f d f

- = ñ ñá á - ñ ñá á =

= ñ á = ñ á

= ñ á = ñ á

= = =

® ®

+ -

- -

sin e A iA

H g H g H g H f e e A H g e e A H f e e A H g e e A H f g ,g f f n if g f i g f i

i i i i i i i i i i i

Desiderata: any » -

2 1 d d

2

2 1 p

f f » -

2 1

A A »

- 19 -

Different kinds of CP Violation

( )

( )

( )

1

p q

3

1

A

A

2

1 1

¹ =

¹

¹

=

=

CP f

CP f

A

A q q

l

CP Violation in mixing

CP Violation in decay

CP Violation in the interference

between mixing and decay

- 20 -

CP Violation: Where to look

+ + - + +

+ + +

+ +

±

- +

- +

®

®

®

®

®

®

p p p p p p np n p p np p p p p p p p p p p

0 0

0

0

0

0 0 0 0 0

0 0 0

,

,

,

,

K

K

K

K

K

K

" "

"

#

-

-

-

Mixing Decay

A

2 small

low BR n=1

W dominant

W dominant low BR

- 21 -

Hadronic Decays

e e

p p p p

h ¢ - » = 2

| |

| |

0 0 0

0 0 0

00

S

L

K H

K H

÷

÷

ø ö

ç ç

è æ

G - G

-

= ¾ ¾ ® ¾

¾ ¾ ¾ ¾ ¾ ¾ ® ¾ þ ý ü

î í ì

ú

û ù

ê

ë é

Â

Á

-

Â

Â

+

ú

û ù

ê

ë é

Â

Á

-

Â

Á

Â

Â

= ¢ ú

û ù

ê

ë é

-

Â

Â

+

ú

û ù

ê

ë é

Â

Á

+ =

= Á

-

) (

) ( 2

tan

) (

) (

) (

) (

) (

) (

) (

) (

) (

) (

2

) (

) (

) (

) (

0 ) ( &

0

0

2

2

2

0

2

2

0

2

) (

0

0

0

0

0

0 2

L S

S L w m m

arc e

A

B

A

B

A

A

A

A

i

A

A e

A

B

A

A

i

w i

CPT k

A CPT i k k

f e e e e e d e e

f d d e e

p p p p

h ¢ + » =

- +

- +

- +

0

0

| |

| |

S

L

K H

K H

- 22 -

Is

Â

( e

´/ e

) a direct-CP test ?

) ( 0 ) (

2

) ( tally)

(experimen

However

Violation CP direct imply necessarly not

Does 0

Violation CP direct

Establish 0 ) (

) (

) (

) (

) (

) (

) (

) (

) (

) (

) (

) (

) (

) (

) (

) (

) (

2

0 2

2

0

2

2

0

2

0 ) ( &

0

0

2

2

2

0

2

2

0

2

) (

0 2

0 2

e e e p

d d e e e e

d d d d

¢ Â » ¢ ® @ ¢ Á ® - » -

® ¹ ¢

® ¹ ¢ Â ú

û ù

ê

ë é

Â

Á

-

Â

Á

Â

Â

¾ ¾ ¾ ¾ ¾ ¾ ® ¾ ¢ þ ý ü

î í ì

ú

û ù

ê

ë é

Â

Á

-

Â

Â

+

ú

û ù

ê

ë é

Â

Á

-

Â

Á

Â

Â

= ¢

= -

-

A

A

A

A

A

A

i

A

B

A

B

A

A

A

A

i

A

A e

CPT i

- 23 -

The phase of e

is a CPT test

) ( ) (

) cos( ) (

) (

) (

) tan(

) (

) (

) (

) ( 2

tan and

) (

) (

) (

) (

0

0

0

0

0

0

0

0

w k w k w k w i i

CP CP

CPT CP k k

sin

A

B

A

B m m

arc e i e

A

B

A

A

i

CPT

CPT

CPT

L S

S L w

CPT CPT w

f e d f e d f f e d e f e e e e e e d e e

e f f

@ Á

@ Â -

Â

Â

- @ -

Â

Â

=

÷

÷

ø ö

ç ç

è æ

G - G

-

=

- = =

+ =

ú

û ù

ê

ë é

-

Â

Â

+

ú

û ù

ê

ë é

Â

Á

+ =

- 24 -

In other words...

- 25 -

CP/CPT unique to a

F

factory

f

1 f

2

t

2

t

1 e + e -

K

L

,K

S

K

L

,K

S

I( f

1

, f

2

; t > 0 )= G

S,1

G

S,2

/2 G´

[

| h

1

| 2 e -G

L

| t | + | h

2

| 2 e -G

S

| t | - 2 | h

1

|| h

2

| e -G| t |/2 cos( D m| t | + j

1

- j

2

)

]

I( f

1

, f

2

; t <0 ) Ù 1 « 2

Since K

S and K

L are produced in a pure quantum state,

several tests of CP/CPT can be performed using the

interference patterns .

The probability of finding

states f

1

, f

2 at t =t

1

-t

2 is:

- 26 -

Interferometry :

f

1

=f

2 º f

I (f ; D t ) = G

S,f

G

L,f

/2 G´

[

e -

L

| D t | + e -

S

| D t | - 2 e -G| D t |/2 cos( m D t )

]

L

L

= 0.0015 · 10 8 s PDG98

= 0.0001 · 10 8 s KLOE

m

m

= 0.14 · 10 8 s PDG98

= 0.12 · 10 8 s KLOE

)

- 27 -

Interferometry

:

f

1

»

f

2 p + p - vs p 0 p 0

t

1 t

2

K

L

, K

S

K

S

, K

L

p

0 p

0

p - p +

I(Dt)a.u.

D t / t

S h

1

= h

+-

» e + e ¢

h

2

= h

00

» e -

2 e ¢

d

f

= 3

Á(e ´/ e ) asimm . propor .

to ´/

asimm . propor .

to ´/

- 28 -

Interferometry :

f

1

»

f

2

"

+ np - vs " np +

h

1

= h

"

+

= +1 - 2

h

2

= h

"

- = -1 - 2

d

F

= p - ï

î ï

í ì

D D + D D + + » < D

D D - D D + - » > D

D G - D G -

D G - D G -

) cos 4 (cos 2 ) 4 1 ( ) 0 (

) cos 4 (cos 2 ) 4 1 ( ) 0 (

2 /

2 /

t m t m e e t I t m t m e e t I

t t t t

S S

S S

for D t ~(1 ¸ 5) t

S ð

for D t >> t

S ð

Constructive inter.

- 29 -

Interferometry :

pp

� vs �"

± np

#

h

2

= h

"

#

= -1 2

h

1

= h

+-

» e +e ¢

h

1

= h

00

» e -2e ¢

å m h

pp

|, f

pp for D t ~(1 ¸ 5) t

S

å A

L

( leptonic asymmetry) for D t <<- t

S

< 0 (poor stat .)

- 30 -

Interferometry

3

Inclusive decays :

f

1

, t f

2

¶ p + p - everything Þ G

S

, h

+-

|

Ë p 0 p 0 everything Þ h

00

|

Ì " ± np

# everything Þ G

S

, A

L

,

- 31 -

Leptonic Asymmetries

) (

) (

4 ) ( 4

) (

) (

4 ) ( 4

) (

) (

2

) (

) (

2 ) ( 2 ) ( 2

| K | | | | K | | |

| K | | | | K | | |

) (

) (

2

) (

) (

2 ) ( 2 ) ( 2

| K | | | | K | | |

| K | | | | K | | |

K | | K | |

K | | K | |

L L

S S

S S

L L

L L

L

S S

2 2

2 2

S

2 2

2 2

* * 0 * * 0

0 0

a b

a d a d

a b

H H

H H a d

a b

H H

H H d c H b a H d c H b a H

k k k k k k

Â

Â

- Â d + d

Â

Â

- Â d - d

Â

Â

-

Â

Â

+ Â + Â =

=

ñ á + ñ á ñ á - ñ á

=

Â

Â

+

Â

Â

+ Â - Â =

=

ñ á + ñ á ñ á - ñ á

=

- = ñ á - = ñ á

+ = ñ á + = ñ á

= =

- + + -

- + + -

- + + -

- + + -

- + + -

+ - - +

e d d e np p n np p n

d d e np p n np p n

d np p n p n np

" "

" "

" "

" "

" "

" "

- 32 -

Statistical sensitivity at KLOE

Quantity Last exp .

( stat .+ syst .)

KLOE

( stat . only )

Â(e ´/ e ) ( 18.5 ± 7.3) · 10 -4 (NA48)

± 2 · 10 -4

( 28.0 ± 4.1) · 10 -4 (KTEV)

Á(e ´/ e ) (-1.2 ± 1.7) · 10 -4 (NA31)

± 12 · 10 -4

( +4.7 ± 3.5) · 10 -4 (E731)

h

+-

| ( 227.5 ± 1.9) · 10 -5 (PDG 98)

± 0.06 · 10 -5

h

00

| ( 228.5 ± 1.9) · 10 -5 (PDG 98)

± 0.09 · 10 -5

F

+-

( 43.5± 0.6) o (PDG 98)

± 1.2 o

F

+-

- F

00

(- 0.1± 0.8) o (PDG 98)

± 0.2 o

Âd

K

(2.4 ± 2.7) · 10 -4 (CPLEAR)

± 3 · 10 -4

Á d

K

(2.4 ± 5.0) · 10 -5 (CPLEAR)

± 6 · 10 -3

- 33 -

First KLOE results: radiative decays

ial;

controvers are - of value the and of content gluonic the molecule) KK or states es alternativ

(possible ial;

controvers is , of nature the decay ) 0 ( 0 ) ( ) 958 ( decay ) 0 ( 1 ) ( ) 980 ( decay ) 0 ( 0 ) ( ) 980 (

MeV) 60 30 (E decays radiative , ,

0 0

0

0

0 0

h h h hpp h hp pp g h g g f

g

¢

¢ ®

®

= ¢

=

=

¸ » ¢ ®

+ - +

+ + -

+ + +

qqqq a f qq

J I

J I a

J I f a f

PC G

PC G

PC G

- 34 -

First KLOE results

BR( ) Other Experiments KLOE

( Very Preliminary )

(1.14 ± 0.10 ± 0.12) · 10 -4 (SND)

(0.80 ± 0.10 ± 0.08) · 10 -4

(1.06 ± 0.09 ± 0.06) · 10 -4 (CMD2)

´ (0.67 ± 0.32 ± ? ) · 10 -4 (SND)

(0.84 ± 0.21 ± 0.05) · 10 -4

(0.82 ± 0.20 ±0.11) · 10 -4 (CMD2)

(0.89 ± 0.14 ± 0.06) · 10 -4 (SND)

(0.91 ± 0.24 ± ?) · 10 -4

(0.83 ± 0.23 ± 0.11) · 10 -4 (CMD2)

- 35 -

0.04)

(0.64 i 0.05)

(-0.66

0.03)

(0.66 i 0.03)

(-0.89

0.02)

(0.62 i 0.02)

(-0.89 )

0.27

0.10 -

(0.10 i 0.14)

(0.47

0.03)

(0.69 i 0.04)

(-0.87

0.31)

(0.68 i 0.19)

(0.65

0.03)

(0.48 i 0.05)

(-0.91 )

28 . 0

00 . 0

(0.00 i 0.14)

(0.10 analysis scattering from

Hydrogen

Kaonic from

) )( (

± + ±

± + ±

± + ±

+

+ ±

± + ± ± + ±

± + ±

+

-

+ ±

-

fm p K a length scattering ) ( mass reduced constant structure fine

1s 2p of h) shift(widt

Energy ) (

p K p K a

-

=

-

=

=

® = G

m a e

) (

3 2

2 p K a i

-

= G + m a e

The kaonic hydrogen puzzle

- 36 -

The DEAR detector

- 37 -

DEAR in the DA

F

NE hall

- 38 -

DEAR Calibration

- 39 -

Hypernuclei with FINUDA

,... , S L = + ® +

- -

Y Z Z K

A

Y

A

p

p n p p n Z Z n n n n n Z Z

A A

A A

+ ® + L + + - ®

+ ® + L + + ®

-

L

-

L

) 1 (

2

2 ü Study the validity of D I=1/2 in bound systems

ü Study models of quark deconfinement

With = 10 32 cm -2 s -1 FINUDA could reconstruct about

100 events / hr .

- 40 -

The FINUDA detector

- 41 -

FINUDA in the DA

F

NE Hall

- 42 -

3

DA F NE has started operations and has delivered about

2.5 pb -1 to KLOE in 1999.

3

Operations will be resumed in spring 2000 with new

kickers.

3

The KLOE and DEAR detectors are working very well

and waiting for more data.

3

First KLOE results on radiative decays are already

competitive with results from VEPP-2M experiments.

3

By the end of 2000 -with ~ 100 pb -1 - KLOE could reach

10 -3 statistical accuracy on Â ( e ¢ /e ) .

Conclusions and outlook