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Kr
T
1-loop approx.

Qy/2 = 0.19 + 0.2 as/p = -0.05 + 0.02

V.Bernard, N. Kaiser, U. Meissner 1991
A/, O3, = 0.24 (+8%)

a, = 0.220 + 0.005
a, = -0.0444 + 0.0010
ap - a, = 0.265 + 0.004

G. Colangelo et al.,
Nucl. Phys. B 603 (2001) 125 2-loop approx. J. Bijnens, P.P. Donthe, P.Talavera 2004

Q1/2- Q372 = 0.267 ( + <8%)




The main DIRAC aim is the accurate measurement
of nn scattering lenghts and the
first measurement of nk scattering lenghts

*Antnt lifetime measurement
observation of Kn atoms and their lifetime measurement

*long lived atoms observation



DIRAC setup

Upgraded DIRAC setup heavy gas

Cherenkov

aerogel

single and
multilayer
targets

1 meter

vacuum

vacuum

shield1
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shield2 bC
magnet
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P, K ~
T p
MDC, 18 planes sso w mo,HK e
MDC - microdrift gas chambers, SFD - scintillating fiber detector,
s IH — ionization hodoscope. DC - drift chambers , VH — vertical
Modifided parts hodoscopes, HH — horizontal hodoscopes, Ch — nitrogen 5

Cherenkov , PSh - preshower detectors , Mu - muon detectors
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(2003: GEM-MSGC)

Micro Drift Chambers

TRACKING

18 planes: X, Y, U

Area: 80x80 mm

Gas mixture: Ar(0.33)+
iIC4H10(0.66)+H20(0.01)
Anode pitch 2.5 mm

32 wires in a plane

Sell size: 2.5x2 mm
Drift time: 26 ns

Time resolution: <1 ns
Space. resol. <80 mkm
2 track resol. <200 mkm
Readout time: <3 mks

DC1: 2x80x40 cm
X, Y, W, X,Y,W. 800 ch
DC2: XY, 80x40 cm

Scintillation fibres detector

Plane X (Y) (2006)

Area 98.5x107 mm

Thickn. (one plane) 3.1 mm
480 columns

8 fibres in a column

Fibre diameter 0.5 mm
Column pitch 0.205 mm

30 16 ch H6568 per plane
Light output 11 p.e.

Time resolution 0.46 ns
Space resol. ¢ = 60 um
New electronics

ADC-TDC for 960 channels
Plane U (2002)

Tonisation Hodoscope

DC3: XY, 112x40 cm -

DC4: X,Y,X.Y, 0.006—

128x40 cm E

Both arms: 1216 ch 0.005—

Anode pitch: 10 mm - !

Cell: 10x10 mm 0.004| |

Cathode: 20 mkm -

carbon-coated mylar 0.003—

Anode wires: 50 mkm -

copper-beryllium alloy 0.002—

Drift velocity: 50 mkm -

Amplitude: 1 mA 0.001—

Pulse width: 20 ns o T
Resollfion SOthE 0050100 150 200 350 300 350 400 450 500

DeDx ADC channel



Vertical Hodoscope

Area 144x40 cm

20 slabs 40x7x2.2 cm
BICRON BC420

Two Hamamatsu
R1828-01

Trigger requests tracks coplanarity

h1

Constant 9534+ 46.2

10000

8000

6000

4000

2000

|

Mean 0.0006733 + 0.0005551

Sigma 01454 + 00005

L L L ] L L L 1 1 1 1 | I 1 1 | .
0 -1 -0.5 0 0.5

e+e- Time difference VH

Horizontal Hodoscope

ns

Area 150x40 cm
16 slabs

15002 552 5'cm
Philips XP2008
Time resolution
330 ps (2)

Time resolution
233 ps (1)




Physics Lemers B 704 (2011) 24-29

www.elsevier.com/locate/physleth

Contents lists available at SciVerse Sciencelirect

Physics Letters B

Determination of 7r7r scattering lengths from measurement of 7 7~ atom

lifetime
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DIRAC T1s (107°s) |2 — &y
data Reference
value stat syst theo* tot | value stat syst theo* tot
+0.45 +0.19 +o_49] +0.017 +0.022 +0.033
bl 291 038 _ga9 l—o.62 0.264 ") 150 “oo0e Lo ]| PLB 619 (2005) 50

* theoretical uncertainty included in systematic error

dp — ay
NA48 K-decay Reference
value stat syst theo tot
2009 K, 0.2571+0.0048+0.0029 0.0088 EPJ C64 (2009) 589

2010 Keq & K3, 10.2639+0.0020 £0.0015 EPJ C70 (2010) 635




MNP21/3
B=165T
BL=22Tm
Current 2500 A
Power 1.43 MW
Weight 120 ton
Dim. 4.2x2.5x2.0 m
Gap 1.5x0.5%x1.1 m
Screens
400x200x15 cm
Coils 2x165 turns
Coils 18x18 mm
Water 23 kg/cm2
Water 540 I/min

Al

K



Cherenkov detectors

Heavy Gas

Nitrogen Counter

Particle type

Heavy Gas

Aerogel

Nitrogen

pion

w p>2.7GeV

b

Wy
(1.008)p>0.9GeV
(1.015) p>1.1GeV

'p>5.5GeV

proton

b

Dk
(1.008)p>7.5GeV

(1.015)p>5.3GeV

kaon

A

Wy
(1.008)p>3.9GeV
(1.015)p>2.9GeV

electron

n
Wy
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C4F10, perfluorocarbon
Transparency up to 190 nm
n=1.00135

Max. Cherenkov angle 3.03 deg
For pion detection 4-8 GeV/c
Threshold for pions 2.7 GeV/c
Window 42x44 cm

Radiator thickness 85 cm
Volume 0.4 m3 per detector

4 spherical mirrors 293x286 mm
R=1194 mm

4 flat mirrors 185x185 mm

4 PMs: HAMAMATSU 6528

5 inch with UV-glass

Nphe=30 for electrons

Quality factor NO= 125 cm-1
Efficiency for pions with

p >4 Gev/c >99.5%

Heavy Gas Cerenkov detector

Pion response
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Aerogel Cerenkov detector

Three modules
Novosibirsk

n=1.015: for 4-5.5 GeV/c
33x42 cm, L=11-23 cm
Japan

n=1.008: for 5.5-8 GeV/c
16x42 cm, L=16-23 cm
Pyramidal shape
Wavelength shifter
p-terphenyl on

tetratex reflector foils
50% increase in light
PMTs Photonis XP4570/B
5-inch. UV-glass

Nphe: 6.9 and 3.9 for
heavy and light modules
Efficiency for K+: 85-95%

n=1.008 module

0 2 4 6 8 10 12
AEDL TDC p|[6-6.5]GeV Npe

AEIL TDC p [4-5] GeV Npe
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Evidence for r K-atoms with DIRAC
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Fig. 6. Residuals berween dard and the fmed background for 7K+ and 4K -.

A Gaussian fir has been applied (solid line) 1 illusraee the distiburion of Jromic-
pairs.
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Fig. 7. Correlation function K as a function of |y | for @ K *-pairs. The deviirion
from the horizontal domed line proves the exisence of Coulomb comelared 7 —K+-

Pairs.
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Fig. 8. Breakup probability P for the 26 pm Pr-rarger as a function of mean lite
of mK-amoms in the 15-state. The horizontal sodid line is the measursd breakup
probability 2nd the horizontal dashed line the 1280 kwer bound cormespanding o
a lower kimir of 0.8 1s for the mean kife. The exdeded area (90% confdence kevel) &
shown in rurgueise. The horizontal dored line gives the thearetical predicrion |8].



Preshower detector

Am PrSh L4
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Area:

350x75 cm
First layer:
Area 1:
175x75 cm

5 counters
35x75x1 cm
Area 2:
175x75 cm

10 counters
17.5x75x1 cm
Second layer:
Area:
87.5x{5cm

5 counters
17.5x75x1 cm

Cut efficiency :
12.5% e*e
97.50/0 7T

e*e  subtraction
97.80/0 TCTT
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n-K" and w*K~ prompt pairs

Run 2008-2010,
statistics with low
and medium
background (% of all
statistics). Point-like
production of all
particles. The e*e”

Coulomb pairs
non-Coulomb pairs

IAtomi|c pairs|

| 11 1 1 1 1 1
7.5 10 12.5 15 17.5 20

background was not
subtracted.

HHH % =

|
WL 26% relative error on a;/3-4y/3
2

Runs 2008—=2010, Q MeV /c]
19



n*w prompt pairs

x 107
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Run 2008-2010, statistics with low and medium background
(% of all statistics). Point-like production of all particles. The
e*e” background was not subtracted.
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In order to measure an other combination of scattering length : 2a,+a,

2011-2012 data taking

Anr# and lives long...
2p, 3p. 4p ...

and CC and NC

Ann decays

,1, <T< 7y >

The A,,decay in the p-state is forbidden by angular momentum conservation.
The lifetime of the A,, atom in the 2p state (1,,71.17 10! 5) is determined by
the 2p-1sradiative transition with a subsequenT annihilation in 1s state

(173 °10Ps): m+m > n0+nd




2010-2011 : Production of A, in Beryllium target

Distribution over |Q, | of n*n pairs collected in 2010-2011 with Beryllium target

with the cut Q<1 MeV/c. Experimental data (points with errors) have been fitted
by a sum of simulated CC and NC pairs (dashed line).
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Simulated atomic pairs from long lived atoms(light area) over Qy above the background
of pp pairs produced in the Beryllium target with cuts |Qy, Q |<1MeV/c (hatched area).
On the left side without the magnet and on the right with the magnet used during 2011.

Atomic pairs from long lived atoms

A . Qy [MeVic] Qy [MeVic]




2011 data : Experimental distribution of e*e” over Qy
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Magnet for 2012 run

* 2 new magnets:
Sm,Co47, high resistivity
against radiation, B=0.26T,
expected signal > 9 sigma.

* New retracting device allows
to replace magnet fast.

BLUE .. magnet yoke
GREY .. magnet poles
RED .. magnet shimming
PURPLE ... Pt foil




Energy splitting in theory

2s 2 2
ns np;nlI>1 ns np;nli>1 ns P nl, I>1
Coulomb potential Vacuum polarisation Strong potential

Exs — Ezp = Az 2p 25-2p= —0.107 eV A%tsr_zp= —0.47 eV

3 tot
a’m.1 Aye 9on=—0.59 +0.01 eV
3 “—6(2a3+a2)+--- 2s-2p

The observation of mmratom long-lived states opens the future possibility to
measure the energy difference between nsand np states A£(ns-np)and the
value of 7w scattering lengths |2ay+as,].

str _
ﬂZS—Zp_ _



AE in practice .. observation method

The lifetime of the np-states is about 103 larger than the ns-states, so it
is possible to measure the energy difference of these levels by exerting
an electric field (Stark effect) on the atom and tracking the field
dependence of the decay probability.

The influence of an magnetic field on the A, atom lifetime opens the
possibility to measure the splitting between 2s and 2p levels.

Magnetic field — Electric field — mixing 2p,-2s, ...

|

. 0 | |
1 nP—ns .- T o

s s | | decreased number

P . | of atomic pairs

] .
Bs S o0 ]
| |
— o~ | |
k= BT BLabN YBLab L

Pt foil



The dependence of A, lifetime in 2p-states T from
a strength of the electric field F

L. F2
with: - = Ty, : where:|§|2 -
l+120|E_,| (Ezp . Ez;)z
-~ T,
Yy =20, |§|:0'1 = T — =
B; ., =4 Tesla H < 2.2
ly=40, [g=02 = 1, =—22




Thank you for your attention



Degradation of the permanent magnet in June -
August 2011
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The position of second peak in Qy distributions of eT e~ pairs versus dates.
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