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Energy splitting ... in theory

Annihilation: A, — 197°%  1/t=Wg,, ~ (a - @)?

Energy Splitting between np - ns states in A,_atom

AEn = Ens_ Enp
AE, = AE™ + AES AES ~ 24, + a

For n=2 AEY = —0.107 eV from QED calculations

S ~ ) .
AEZ ~N — 045 eV numerical estimated value from ChPT
a, = 0.220 + 0.005
a, = —0.0444 + 0.0010

(2001) 6. Colangelo, J. Gasser and H. Leutwyler

AE, » 056 eV

Measurement of t and AE allows one to obtain g, and a,
separately



Energy splitting ... in practice

Ann* and lives long...
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Atoms in a beam are influenced by external magnetic field
and the relativistic Lorentz factor

N r = relative distance between
B, n* and 7~ mesons in A,_atom

[y _
n;//'. B...= laboratory magnetic field

—

A ﬁ:x > rjA F =electric field in the CM system
21! C Of an AZTE aTom




Energy splitting ... in formulae

The initial state of the Anrn atom in the 2p state after the target is writtenas :

¥(7.0)= > p2pm(F)-an®
m

At the Hydrogen-like Hamiltonian HO we add the field interaction V(r) and we study the time evolution of the atom:

(T t

in )=(|40(f) +V (F)¥(F 1) V (F) = eFz

To account for the decay process, the imaginary parts of the Eigen-energy is introduced

_, —E, t/#h — — - I
\P(r’t): Zam (t)e IE2p (szm(r) +a(t)e IEZS“h(DZs(r) Eop = Re(Byp) 'i%,Ezs = Re(Eps) 'i%
m

The first order correction in the Energy for the new Eigen-states is proportional to :

M E<(P2p,o|\7

The states with m=-1,1 are not touched by the Electric field (perpendicular to the Atom's velocity)

3F h? p=m_/2
e

o=~



..and ..

The wave function assume now the form of a mixture between |2,p,0> and |2,s,0> states that
evolves in time

Wher'eﬁ andﬁ depend on (AEn=E2p-E2s) and M

The probability for the Ann to remain in a state with n=2 :

P-(00)] wre)
e

No is extracted from the data already taken in 2010 with Berillim target and Nikel target

and the probability to decay .. N(t) = 1-P(t)




The dependence of A, lifetime in 2p-states 1 from
a strength of the electric field F

Tett = 2
1+120[¢
v =20,
B ,,=4Tesla | <
Ly =40,

FZ
where:‘cﬁ‘z =
2
(EZp - EZS)
T
E=0.1 = 1T4= 2292
E=0.2 = . =-22



The End, thank you



Production of the long-lived
states

In inclusive processes, A, are produced in N 3
s-states according to the following distribution => AE,~ 1/n

Hence: W, =83% W, =10.4% W,;=31% W,,;,=3.5%

° excitation in the target, 1s— 2p, 3p, 4p.. 25— 2p, 3p, 4p...
For Ni: 1s— 2p-23%, 3p-4%, 4p-15% }

_ 490 _ 0 _ 41 qo Probabilities of nsto np transitions
25— 2'0 327%, 3P 8.6%, 4,0 187% Without taking intfo account W,

35— 3p-38%, 4p-5.2%,5p-11%

° spontaneous, 2p b ls 1,,= 117 x 10 s
i

N2 ~ 3s



Probabilities of the A,_ break-up (Br) and yields

of the long-lived states for different targets

provided the maximum yield of summed population

of the long-lived states: X(I >1)

Target | Thickness Br X(>1) 2Pg 3P, 4p, | 2(1=1,m=0)| X(odd]I)
Z pm
04 50 2.63% | 5.86% | 1.05% | 0.54% | 0.20% 1.93% 4.49%
06 50 5.00% | 6.92% | 1.46% | 0.51% | 016% 2.52% 5.24%
13 20 5.28% | 7.84% | 1.75% | 0.57% | 0.18% 2.63% 6.05%
28 5 9.42% | 9.69% | 2.40% | 0.58% | 0.18% 3.29% 7.52%
78 2 18.8% | 10.5% | 2.70% | 0.54% | 0.16% 3.53% 8.10%




Yields of metastable atoms from Nickel target Z = 28
as a function of the target thickness

101 10 102

(c)
101 10 102
um

(b)

101 1 10 102
(d)

101 1 10 102

(a) Probabilities of the A,_break-up (Br).

Summed population of the
long-lived states:

(b) np (m = 0) states;

(c) all states with | > 0;

(d) states with odd I.

The A, lifetime was assumed
to be 3.0 x 105
and the atom momentum 4.5 GeV/c.
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P(1>0)

Yields of metastable atoms from Platinum target Z = 78
as a function of the target thickness
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