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DIRAC   First  SetupDIRAC   First  Setup
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A2π

 

lifetime

2008 DIRAC

 

(SPSC 22/04/08)

Including GEM/MicroStripGasChambers

 

=> number

 

of reconstructed atomic pairs is 
20020

=> the statistical error in |a

 

-a2

 

| is 3.2%, and the full error will be <5%.

2005 DIRAC

 

(PL B619, 50)

   0.25 0.31
0.23 0.302.82 0.19 fs fs

syststat tot
  

    

...based on 2001 data (6530 atomic

 

pairs)

...

 

part 2001-03 data (13300

 

atomic

 

pairs)

 a0  a2  0.268  4.4% stat  3.7% syst  ... 5.5% tot

 a0  a2  0.264  7.2% stat  3
10%

syst
 ...  8

13%
tot

   0.45 0.19 0.49
0.38 0.49 0.622.91  fs = fs

stat syst tot
   

   

DIRAC experimental resultsDIRAC experimental results



QL distribution

←All events

←After background 
subtraction:

DIRAC results with GEM/MSGCDIRAC results with GEM/MSGC

nA

 

~ 20020



QT distribution

← After 
background 
subtraction for 
QL

 

<2MeV/c:

DIRAC results with GEM/MSGCDIRAC results with GEM/MSGC

QL

 

> 2MeV/c

QL

 

< 2 MeV/c

nA

 

~ 20020

QT (MeV/c)

QT (MeV/c)QT (MeV/c)



QL

 

for QT < 3 MeV/c

QL

 

for

 

QT < 4 MeV/c

QL

 

for QT < 5 MeV/c



...without constraint between a

 

and a2

 

:2009

 

NA48/2

 

(EPJ

 

C64, 589)

...with ChPT constraint between a

 

and a2

 

:

2009

 

NA48/2

 

(CD09, Bern)

 a0  a2  0.25711.9% stat 1.0% syst 0.5% ext  ...  2.2%

%22...%5.6%9.7%200432.02 
theosyststat

a

%4.6...%7.1%3.2%8.52220.00 
theosyststat

a

ComparitionComparition
 

with other experimental resultswith other experimental results

and 2%  a0  a2  0.2633 0.9% stat 0.5% syst 0.7% ext  ... 1.3%

and 3.4%

theory 
uncertainty

theory 
uncertainty

...without constraint between a

 

and a2

 

:

...with ChPT constraint between a

 

and a2

 

:

%7.3...%9.2%8.0%2.22206.00 
theosyststat

a



Schedule for the 2001Schedule for the 2001--2003 data process 2003 data process 
and analysisand analysis

1. Final values and evaluation of errors for the
 

-
 

atoms breakup 
probabilities Wbr

 
:

 
before the end of June 2010

2. Measurement of  the
 

-
 

atom life-time
 

() using
 

Wbr(,pA

 

) 
averaged on the atom momentum pA

 

: before the end of July
 

2010

3. Final evaluation of the
 

-
 

atom life-time measurement
 

using
 Wbr(,pA

 

) calculated for different atom momentum intervals: before 
the end of September 2010

4. Draft of the paper: before the middle of November 2010
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MICRO Drift ChambersMICRO Drift Chambers



Examples of event 

Track 1 Track 2

I

II

Anode wire Potential strip

80     

4

The cell dimensions are:

2 mm along the beam direction  

2.4 mm perpendicular to the beam 
direction.

Maximum drift time less than 30 ns.

Micro Drift Chambers IIMicro Drift Chambers II
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Method of Method of AA22ππ
 

observationobservation
 and lifetime measurementand lifetime measurement

“atomic pairs”

 

(nA

 

)

(A2π

 

) is too small to be measured directly.
E. m. interaction of A2π

 

in the target:

A2π

 

→ π+π−

Q < 3MeV/c, Θlab

 

< 3 mrad

Target Ni 98 m

A2π

p

24 GeV/c

p

24 GeV/c

π+

π−

π−
π+

p

24 GeV/c π−

π+

π+

π0

π+

,…

η, η’,…

(NC

 

)
NA = K(Q0

 

)

 

NC

 

(Q<Q0

 

)

 

with known K(Q0

 

)

Breakup probability: Pbr

 

=nA

 

/NA

(NA

 

)
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Coulomb pairs and atomsCoulomb pairs and atoms

p
nucleus

+ (K+)

-

Strong interaction

For small Q there are Coulomb pairs :

K

 

C-pairs


 

atoms

The yield strongly increases with Q decreasing.



There is a precise ( 1%) ratio :

lab frame

Coulomb pairs can be constructed from experimental 
accidentals or from Monte Carlo.

Relation between Coulomb pairs and atomsRelation between Coulomb pairs and atoms



QQLL
 

distributions from 2008 datadistributions from 2008 data

QL distribution for

 

+-

 

pairs from 2008 data

QL

 

distribution for

 

K-+

 

and

 

K+-

 

pairs from 2008 data

K-+ K+-

-



QQLL
 

and Qand QTT
 

distributions from 2007 datadistributions from 2007 data

Downstream tracking ONLY

K+-

K+-

QL

 

distribution of

 

K+-

 

pairs from 2007 data

QT

 

distribution of

 

K+-

 

pairs from 2007 data



Predictions Predictions 



Accuracy of  |aAccuracy of  |a1/21/2
 

--aa3/23/2
 

| measurement | measurement 



Accuracy and formulae Accuracy and formulae 
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Status of 2009 dataStatus of 2009 data

The calibrations of the drift chambers 
and of all other detectors are completed. 

The preselection of the experimental data 
will begin in one month. 

The Monte-Carlo simulation will be 
equivalent to the 2008 one.



Schedule of 2008/9 data processing and Schedule of 2008/9 data processing and 
analysisanalysis

K
 

and
 


 

pairs from experimental and MonteCarlo data of 2008 will 
be processed using information from all detectors.

The experimental pairs will be analyzed and fitted using the Monte-
 Carlo distributions of Coulomb and non-Coulomb pairs. 

The number of
 

K
 

and
 


 

atomic pairs will be evaluated.
The total number of atoms produced will be estimated.

All experimental data for 2009 will be preselected and ntuples
 

will be 
obtained. 

All these results will be ready before the end of September 2010.



Plan for the 2010 runPlan for the 2010 run

Installation of the new memories  to increase the reliability of 
the DAQ and to decrease the dead time of the readout system.

Check the 8 bunch injection to PS, proposed by R.Steerenberg. 

Few days will be used to take data using a thin Be target (100 
micrometers) to study the experimental conditions necessary 
to observe long-lived

 
-

 
atoms.



The principal aim of this run is:

•
 

the data taking needed for the K+

 
-

 
and K-

 
+

 
atoms

 observation and their lifetime measurement. 

•
 

to obtain the  statistics of
 

-
 

atoms which will allow 
to measure their lifetime with a precision of 6% or 
better and the difference of

 
-

 
scattering lengths with 

a precision of 3% or better.

Aim for the 2010 runAim for the 2010 run



The main aim of the new addendum is the 
observation of the long-lived 

 
atoms.

This
 

observation will open the possibility
 

to 
measure in a model independent way

 
the Lamb 

shift and to determine the new combination of
 

the
 ππ

 
scattering lengths

 
2a0

 

+ a2

 

.

New Addendum  foreseen for Autumn 2010New Addendum  foreseen for Autumn 2010



For   n
 

= 2

E2

 

≈
 


 

0.56 eV

(1979)
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For pA

 

= 5.6 GeV/c
 

and  
 

= 20
1s

 

= 2.9 ×
 

10 15
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= 1.7 ×
 

10 3

 

cm
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10 11
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Illustration for observation of the A2π

 

long-lived states with breaking foil.
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Probabilities of the A2π

 

breakup (Br) and yields of the long-lived 
states for different targets providing the maximum yield of 

summed population of the long-lived states:
 

Σ(l
 

≥1)

Target
Z

Thickness 
μ

Br Σ
(l ≥1)

2p0 3p0 4p0 Σ
(l =1, m = 0)

04 100 4.45% 5.86% 1.05% 0.46% 0.15% 1.90%

06 50 5.00% 6.92% 1.46% 0.51% 0.16% 2.52%

13 20 5.28% 7.84% 1.75% 0.57% 0.18% 2.63%

28 5 9.42% 9.69% 2.40% 0.58% 0.18% 3.29%

78 2 18.8% 10.5% 2.70% 0.54% 0.16% 3.53%

MetastableMetastable
 

AtomsAtoms
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Thank you for your attention





Method of Method of AA22ππ
 

observationobservation
 and lifetime measurementand lifetime measurement

“atomic pairs”

 

(nA

 

)

(A2π

 

) is too small to be measured directly.
E. m. interaction of A2π

 

in the target:

A2π

 

→ π+π−

Q < 3MeV/c, Θlab

 

< 3 mrad

Target Ni 98 m

A2π

p

24 GeV/c

p

24 GeV/c

π+

π−

π−
π+

p

24 GeV/c π−

π+

π+

π0

π+

,…

η, η’,…

(NC

 

)
NA = K(Q0

 

)

 

NC

 

(Q<Q0

 

)

 

with known K(Q0

 

)

Breakup probability: Pbr

 

=nA

 

/NA

(NA

 

)
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Solution of the transport equations provides one-to-one dependence
 of the measured break-up probability (Pbr

 

) on pionium
 

lifetime τ

Breakup probabilityBreakup probability

All targets have the same 
thickness in radiation 

lengths 6.7*10-3

 

X0

There is an optimal 
target material for a 

given lifetime

Cross section calculation precision 0.6%
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AA22ππ
 

and and AAππKK
 

productionproduction
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Theoretical statusTheoretical status
In ChPT

 

the effective Lagrangian, which describes the 

 

interaction, is an 
expansion in (even) terms:

Colangelo
 

et al. in 2001, using ChPT
 

(2-loop) & Roy equations:

Leff  L(2)  L(4 )  L(6) 

These results (precision) depend on the low-energy constants (LEC) l3

 

and l4

 

: 
Lattice gauge calculations from 2006

 

provided values for these l3

 

and l4

 

.

a0  a2  0.265 1.5%a0  0.220  2.3%
a2  0.0444  2.3%





Because l3

 

and l4

 

are sensitive to the quark condensate,  
precision measurements of a0

 

, a2

 

are a way 
to study the structure

 

of the QCD vacuum.

(tree)      (1-loop)     (2-loop)
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