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Antihydrogen formation in laser-assisted positron-antiproton scattering
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Antihydrogen formation in the laser-assisted positron-antipr@anrelativistig radiative recombination is
investigated. The state of incident positron is given by the Coulomb-Volkov wave function. The perturbative
dressed wave function of the atom is obtained in the soft-photon approximation. Our calculation shows that for
a geometry of laser polarization parallel to the incident direction, the formation cross section of antihydrogen
is greatly reduced. Especially at high impact energy, the reduction is remarkab@50-294®8)06008-9

PACS numbes): 34.50.Rk, 34.70re, 32.80.Wr, 34.96-q

The production and detection of the bound states of anti- — al = 1 i gt
matter has attracted great interest in recent yEhed], be- 'ﬂg'(r-t):e'w"t{ Bo(r)+ >
cause the investigation of such bound states provides an ex-
perimental test of the correctness of the CPT theorem in the e 1@ot
standard quantum field theory. In experiment the only avail- +
able stable bound state of antimatter is the antihydrogen, the

atomic state of an antiproton and a positron. The simplest
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reaction to form an antihydrogen atom is the radiative cap- %eiWE't[ ¢Oﬁ(r)+ iSOCOSh)OtE ! <n|p|0>¢;‘]
ture collision between a positron and an antiproton. Suppose o n£0 Wno
that such a reaction is embedded in a linearly polarized laser
field e= gpSinwgt=(wy/C)ASinwgt, which is weak compared _wH i =

iald in anti =e Woll 1+—&q-rcoswot | ¢ (1) )
to the Coulomb field in antihydrogen although strong enough wo © ot Potl)y

by laboratory standards. Then tBematrix for capture into
the dressed ground state of antihydrogenatomic unitse

—hi—m—1) is where d)oﬁ is the ground state of antihydrogewg is the

ground-state energy. In obtaining E®) we have used the
relation=,..o|n)(n|p|0)=ir|0). Summing over all the final-
. state polarization and all the photons exchanged between the
S= _if dt<¢§(r,t)|a-Ve*i(k‘f*wt>|xe+(r,t)>, (1) spattering system an(_j the Igsgr field, Senatrix of Eq..(l)
—o gives the laser-modified radiative capture cross section.
In Table | we display the laser-modified total radiative
capture cross section for a geomewy|p with the field
in which a is the polarization vector of the final-state radia- strengths £,=5.0x10" V/cm and photon energy\wg
tion, w is the corresponding frequenc,y‘?+ is the Coulomb- ) ) o
Volkov wave function of the incident positrdis,6], TABLE I. Totil cross sections of antihydrogen formation in the
laser-assisteé ™ -p radiative capture collisionsy: result for laser
free. oy, : laser-modified result for a geometsp|p, with field

= 7 =
Xe+(r,t)=(27r)‘3’2F(1—i§)F(i§,1,i(pr—p‘r)) strengthe ;=5.0x 10" V/cm, and photon energiwy=1.17 eV.

x @l (P-T+k- agsinwgt—Et+m¢/2) 2) E (eV) o (aul) o (aul)

10t 8.8x107! 1.1x1071

_ 10 2.5x 1072 1.2x10°3

where £€=1/13%, ap=¢q/w? and E=1p? y" is the 10° 1.1x10°4 2.0x10°°
dressed ground state of antihydrogen. In the soft photon ap- 10 3.8x10°7 2.4x10°°

proximation, a perturbative solution can be obtaifiéf
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=1.17 eV. It is shown that the cross section is greatly remechanism applies to electron-proton radiative capture or
duced with the application of the laser field. With the impactsimilar reactions. This suggests that it is hardly workable to
energy increasing, the reduction becomes increasingly raise a laser to improve the efficiency of antihydrogen produc-
markable. As a matter of fact, the radiative capture process igon in such a radiative capture process. On the contrary, one

extremely unstable, a small disturbance from laser may decan use a laser to remove the unneeded radiative capture
stroy such a capture process, thus the probability of antihyprocesses in some collisions.

drogen formation is seriously reduced. As the impact energy

increases, it becomes more and more difficult to form a

bound state; therefore, the laser modification becomes in- This work was supported by the Returned Student Foun-

creasingly notable. dation of Academia Sinica, the Start Foundation for Re-
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ion-atom collisions where the cross section is mostly pro-of China, and CRAAMD(Chinese Research for Atomic and
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