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Rioniumbifetime

Pionium (A,,) is a hydrogen-like atom consisting of n* and n"mesons:
Ex=-1.86 keV, 1z=387fm, py=0.5MeV

- The lifetime of ©*x~ atoms is dominated by
™ the annihilation process into r° r:
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Wethoolofinangatomlobservationlandlinvestigation
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Coulombipairstandiatoms

For the charged pairs from the short-lived sources and small relative
momentum Q there is strong Coulomb interaction in the final state.

This interaction increases the production yield of the free pairs with
Q decreasing and creates atoms.
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Coulomb pairs Atoms

There is precise ratio between the number of produced Coulomb pairs
(N) with small Q and the number of atoms (N,) produced
simultaneously with these Coulomb pairs:

N, = K(Q)N(Q<Q), ‘SKK(((‘ZZO")) <107

, : n
n, - atomic pairs number, P, =-—2- c
N
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Brieakzuplprobability,

Solution of the transport equations provides one-to-one dependence
of the measured break-up probability (7,,) on pionium lifetime T

Accuracy of P,, is better than 1%
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Lnergy splitting measurement

For Coulomb —Z—
potential E L
depends k- 2"
2p
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a'w atom lifetime and decay lengths

The long-lived states are the states with non-zero orbital momenta, for
which the strong interaction is suppressed. As result the lifetime and
mean path of such states are a few order higher compared to the ground
State.

Decay length A, in L.S. (cm)
(%2 for y=16
N (10™'sec) (Ans=C * 7Y * Tni)
S0 by | ose=0) | po=)
Tns—T1s" n’

1 2.9-10% - 1.39-10°° -

2 2.32:103 1.17 1.11-107 5.6

3 7.83-107° 3.94 3.76-107 19

4 1.86-107° 9.05 8.91-107 43

5 3.63-107 17.5 1.74-10% 84

6 6.26-107 29.9 3.01-10* 144

7 9.95-107 46.8 4.77-101 225 A
8 1.48-10% 69.3 7.13-10% 333




Dependence of Ay, ifefime 7, for 2)-States of the electric field £ Strengtn
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1 Target station with Ni foil; 2 First shielding; 3 Micro Drift Chambers;

4 Scintillating Fiber Detector; 5 Ionization Hodoscope; 6 Second Shielding;
7 Vacuum Tube; 8 Spectrometer Magnet; 9 Vacuum Chamber; 10 Drift
Chambers; 11 Vertical Hodoscope; 12 Horizontal Hodoscope; 13 Aerogel
Cerenkov; 14 Heavy Gas Cerenkov; 15 Nitrogen Cerenkov; 16 Preshower;

17 Muon Detector




DIRAC upgraded Experimental setup

BLUE magnet yoke
GREY magnet poles

RED magnet shimming
PURPLE Pt foil

—
g i
e

11



Experimentaliconditions

SFD
Coordinate precision | oy =60 um Gy = 60 pm Ow = 120 um
Time precision o'y = 380 ps o'y =512 ps o'y =522 ps
DC VH
Coordinate precision | ¢ = 85 pm || Time precision ¢ =100 ps
Spectrometer
Relative resolution on the particle momentum in L.S. 3:103

Precision on Q-projections

Oy = Oqy = 0.5 MeV/c

G = 0.5 MeV/c (nm)
O = 0.9 MeV/c (nK)

Trigger efficiency 98 %

for pairs with Q; <28 MeV/c

Qy <6 MeV/c
Qy <4 MeV/c




Search, ﬁ’wﬂlnd SIENIES

During 2011-2012 the data were collected for observation of the long-lived states of

*z— atom. This observation opens the future possibility to measure the energy
difference between ns and np states AE(ns-np) and the value of zzzr scattering length
combination |2a,+a,|.
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Method for observing long-lived x"x atom with breakup Pt foil
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n 2 3 4 5 >2
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Distance from the centre [cm]

y-beam posifion (run 2012)

Pt foil edge position
m T B Cand Y pestionsy T T <— 7.5 mm from the
08— 7+ T 7 T T ] beamaxis

Proton beam position
when the IH slabs

single counts increase
on factor 2 due to the

halo beam interaction
s with the Pt foil
e (no Be target).
3 s{.::‘?.:‘ Sy ..“‘ ;:.' s | :\;.‘la-:’ o, 0 .f'%“ A .. ....’ _.°;" ':' {.‘::. .?,.- 'E:--'§ ".:-'E
U - A P B -"1 E '} L2 R RN
-02 _' ,,,,,,,,,, I LS 4 o O -.;‘ ,,,,,,,,,, . :5. ,,,,,,,,,, '5:..:’..‘."'.' ,,,,,,,,,,,,,,,, ]
‘ ¢ X :

el P
12500, 12600 12700, 12800 12900, 13000 13100, 13200 13300, 13400 13500

Run number.

10/9/2015 15



Study of long-lived states as a method for energy shift measurement

Layout of the dipole magnet

(arrows indicate the direction Horizontal field distribution along z-axis at X=Y=0mm
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Magnet influence on Q, distribution for e*e pairs

e+e- pairs
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Magnet influence on Q, distribution for e*e pairs

ete- pairs created in Pt foil
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Q.. MeWic

Degradation of the old magnet and the new one behavior

Old magnet (Nd-Fe-B), 2011

-« The position of the second
L g) peak in Qy distributions of
-, e pairs versus dates.
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Long-lived n*n atom simulation
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Observation of long-lived n*n" atoms

Two-dimensional distribution over |Q, | Q+, have been fitted with
x2/ndf = 138/140. Projections to |Q, | and Q; are presented.
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Observation of long-lived "~ atoms

Q cut N, nytot Background v2Indf
Q,<2.0 MeVi/c 4(%% 3)7 48864 16719 138/140
1-dimensional fit over Q,
Q:<0.5 MeV/c 1(_5~25_|_2_§)9 467+88 971 29/27
Q,<1.0 MeV/c 3(1%% (‘:’)3 48975 3602 192
Q,<1.5 MeV/c i%iing 454491 9302 ey
Q:<2.0 MeV/c 4?3 4%2%5())5 495+117 16774 22/27




Observation of long-lived "~ atoms

Systematic errors of number of long-lived “atomic pairs”

Sources of systematic errors oSyt
Uncertainty in correction on A-width 4.4
Uncertainty of Platinum foil thickness 22
Total 23

nk = 436 + 57(stat) + 23(syst) = 436 + 61(tot)

Expected number — 653 % 110 (453 = 845)



Experiment DIRAC at SPS CERN

In 2013 DIRAC setup has been dismantled from the experimental hall
of PS CERN. All detectors are stored for using in the future
experiment.

DIRAC collaboration is planning to continue investigation of z~K*,
n*K-and 7*7 atoms at SPS accelerator at CERN. The correspondent
gains in production rates of these atoms at SPS relative to PS (450 GeV
vs. 24 GeV) are 18, 24 and 12. This allows to increase significantly the
collected data and to check the precise prediction of Low-Energy QCD
at a higher accuracy. Now the collaboration is planning to submit the
Letter of Intend for study nK and 7" atoms at SPS to SPSC CERN.



Thank you
for your attention!
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