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Abstract can be used for a high intensity antihydrogen atom flux
generator [1,2].

The design of the low energy positron storage ring An .electron storage rind with similar magnetig
is discussed. The positron beam circulates in longitudingffucture is proposed as the base of electron cooling
(quasitoroidal) magnetic field. The electron cooling ofYStem with circulating electron beam, which permits to

positrons is the essential peculiarity of this systenf©0l down the ions at energy of several GeV [3-5].
Electron drift inside special “septum” coils and toroidal 2 LEPTA
sections is used for superposition and separation of the The low energy positron storage ring (Fig. 1) has
cooling electron beam and the circulating positron oné toroidal solenoids and 2 straight ones, connected
The positronium is generated by recombination of théogether as a racetrack. The first of straight solenoids, so
positrons with electrons in the electron cooling section ¢falled “septum”, is used for superposition and separation
the ring. With positronium flux in vacuum one canof the cooling electron beam and the circulating positron
perform new original setting up of the experiment®ne by the horizontal drift of the electron beam in
without the distortion caused by medium in the traditiondransverse magnetic field, which is produced by special
methods of the positronium generation in a target. THeOils. Beams superposition and separation in the vertical
creation of the low energy positron storage ring will givdlane are produced by centrifugal drift of electrons in the
a possibility to design a high intensity antihydrogen atorfProidal solenoids. Such a design of the ring is preferable
generator. because of technical reasons, mainly: this is a problem to
The general parameters of the low energy positrogonstruct a solenoid of the diameter of less then 30 cm
toroidal accumulator (LEPTA) are presented. The ringnd the beams superposition can not be performed only

circumference is about 18 meters. Positron energy can Bg the centrifugal drift, which gives the displacement
varied from 5 to 20 keV. about a few cm. The long term stability of the positron

1 INTRODUCTION beam is provided by additional spiral coils, which form a

The precision measurement of the ortho- anguadrupolemagnetic field, similar to the “stellarator”

parapositronium characteristics is one of the fundament@f€[Ll:

problems of the modern quantum electrodynamics. At the first stage of the ring working cycle the

Proposed in [1] method of the positroniumeleCtrO” gun is switched off. The positron beam from

generation based on low energy positron storage rifg€ctor is directed into septum coil and drifts in
equipped with an electron cooling system gives Horizontal direction to the equilibrium orbit. After that, it
possibility to obtain monochromatic positronium fluxedS displaced in vertical direction by drift in the field of
with small angular spread. With positronium fluxes irsPecial kicker coil, which is placed in the straight
vacuum one can to perform new original setting up of th%ole_nmd near the septum. At the exit of the kl_ckgr coil the
experiments without the distortion caused by medium iROSIron beam haas to be reach the equilibrium orbit.
the traditional methods of the positronium generation in §&ntrifugal drift of the positrons inside the toroidal
target. The measurements of the positronium life time, tRECtIONS is compensated by applying of bending magnetic

probability of decays with momentum conservation and€ld Of the corresponding value. The field of the septum

charge invariant violation (CPT violation), fine structurec0llS does not act on the particle moving along the

of the positronium spectrum, Lamb shift measuremenfeduilibrium —orbit due to septum design. When the

can be done at much higher precision than in tradition®0Sitron beam fills the total ring circumference, the
methods [2]. kicker coil is switched off and, after that, the injected

ring dedicated to thdositron beam circulates inside the ring.

positronium generation and called Low Energy Positron The electron beam after travelling through the
Toroidal Accumulator (LEPTA) is under construction aS€Ptum coil is placed below the median plane of the ring.
the JINR. At the first stage of the experiments an injectdpSide the first toroidal section electrons drift up in the
of low energy positrons based on radioactive isotopes wifngitudinal toroidal field and bending one which
be used. At the second stage we plane to use an injectgfmPensates the drift of the positrons. Total displacement
based on electron linac in order to increase thef the electrons in vertical direction is equal to:
positronium flux intensity. A=1(p,+Pe), (1)

It has to be pointed out that the low energyvherep, p, are the positron and electron Larmor radii.
positron storage ring together with small antiproton ringnside the cooling section both beams travel together (in

Presently the positron
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the same direction), and both beams are overlapped. TespectivelyL =In(ac/v),V =1_m@’, | — the length of
provide the equality of the positron and electrorthe recombination sectiom — minimal of the electron
velocities some potential is applied to the vacuumand positron beam radii. For the parameters from the
chamber wall isolated from the ground in the coolin@able 1 and beam temperature of 0.2 eV the positronium
section. Inside the second toroidal section the electrogeneration rate is about ]lZILB"‘[BJp sec, N, — the number
displace up again and to the left in the septum coil araf positrons in the ring.

come to the collector (Fig 1). One should note, that parapositronium life time

The spiral quadrupole coil is placed inside thés very short and flight length is about 1 cm.
septum solenoid. The choice of its parameters is provid&@tthopositronium life time is about 0.14sec and it
by numerical simulation of the positron dynamics [6]. leaves the magnetic system of the ring and can be used

The general parameters of the LEPTA are listetbr physical experiments. The orthopositronium
in the Table 1. generation rate is 0.25 of the total value.

Taking into account the decay of the
orthopositronium inside the cooling section, to obtain the
positronium flux of 10 sec the number of the positrons
in the ring has to be of the order of magnitude &f 10

The longitudinal temperature of the positron
beam is determined by equilibrium between electron
cooling and microwave coherent instability. The

Fig 1. The schematics of the LEPTA: 1. electrorihreshold of the instability can be estimated by formulae:

gun, 2. septum, 3. electron collector, 4. positron injector,

5. kicker, 6. cooling section. ap

Table 1. General parameters of the Low Energy Positronp ~
Toroidal Accumulator

1 1
 p=t_1 (4)
mc?yB2|n| v:ove

at positron energy of 10 keV the impedance

I p

(ng;:il:rr::;e;r:;e m} 18.1% Zn| - 377 0,50 PH is about 5 R, where b andh are
gy keV 10 nl” 2820 an

Revo.lutlc_)n period — NSEq 300 radii of vacuum chamber and positron begpis equal
Longitudinal magnetic field G 400 about 2. The positron numbe¥, = 11C°, which is
Major radius of the toroids m 1.49 necessary to obtain generation rate of aboutf, 10
Bending magnetic field G 173 corresponds to positron current of 500A. The
Gradient of quadrupole magneticG/cm | 5 equilibrium momentum spread lies near the threshold
field value (4) and is aboutB°. Longitudinal temperature of
Positron beam radius cm 0.5 the positron beam is equal to
Number of positrons fo T hodeet
Residual gas pressure Torr 10 T = %, (5)

. - Electron cooling system . whereT,,,.....= 4E, AE is the positron energy spread and
Cooling section length m 4.59 Eis the positron energy. In our caBe = 0.15 eV and the
Electron current . A 0.5 recombination rate is determined mainly by transverse
Electron beam radius cm 1 temperature of the electron and positron beams. For the

positron beam at a higher intensity the equilibrium

3 THE POSITRONIUM GENERATION longitudinal temperature of the positrons limits the

RATE recombination coefficient, and maximum value of the

The rate of the positronium generation isPoSitronium flux achievable with such a ring is of the
describe by the formulae: order of 10 sec. But, in practice, the positronium flux

N value is limited by the intensity of a low energy positron
R= at =a.nen,V, (2)  source and by the choice of an injection scheme.

4 THE POSITRON INJECTOR
5 2 The choice of the positron injector parameters is
P = 80me—CLC , (3) significantly limited by the relation between characteristic
v times of the processes accompanying the positron storing.
n,,are the electron and positron beam densitie4/137,  The first among them is the electron cooling of positrons,

_ [,2 2 — which characteristic time can be described with the
V= Ve +VE, Ve, =T,/ m, T, - electron and
poer ep &P i following formula [1]:

positron velocities and temperatures in particle rest frame,
r, m are the electron classical radius and mass

e

whereq, is recombination coefficient:
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3 during a long time duration and using of the single pulse
(6)”. (6) injection into the ring. This scheme allows to obtain
positron beam of approximately required parameters even
when an electron linac of relatively low energy (~10
MeV) either a radioactive source are used.

_BYy® mc? 1
8TK3I’e € ne‘]eLchoI
Here J, is electron beam current density, - Coulomb
logarithm, 8 - the angular spread of the positron begn,
- the ratio of cooling section length to positron ring In this scheme positrons from the electron linac
circumference, N, ~5-8 is an effective number of o ragigactive source after slowing down in a solid target

electron- positron collisions due to their rotation in,..olerate up to some energy (of the order of several
magnetic field. _ _ _ ~ keV) and are injected into an additional magnetic trap. In

The second process is positron multiscattering ifhere the positrons are thermolized once again in
collisions with residual gas atoms. This increases thg)isions with the residual gas atoms and are
angular spread of the positron beam with characteristi..;mylated during several tens of seconds. For injection

time ., , into the storage ring the positrons are to be extracted from

By (6) % the trap by an electric field pulse and are accelerated up
41Z(Z +1) er2ngl, to required energy.

L=In(183Z™), n, is residual gas densitZ - atomic The positron flux from the electron linac based

number of residual gas atoms. This effect is negligible, fi°U'¢€ can be estimated by the following formulae:

ee

col

ms

Teo<<Ts, Of the positron angular spread is smalldN _ Whet (10)
enough: dt ee
2N LeNede whereW is the average power of the electron beam at the
Omax < 3 . ) target,¢ is the energy of primary electrorig, = N/N° is
By® ﬁZ(Z +1)L,rong the conversion efficiency, which is aboutl4t electron
€ energy of 10 MeV[7]. At the average power of the

The 3d process is positron singlescattering igjectron beam of the order of 100 W the positron flux is
residual gas , which limits the positron life time in theypoyut 16 sed. Available flux of the slow positrons with
rnng: radioactive isotope based source is about the same value.

B 3% (Bma)? 9 The number of positrons injected into the ring after
4 Z(Z+1) cr2n, ' ©) storing in the trap is about l@hat permits to achieve the

If the positron energy lies in the range of 5 - 30 keV thgosmonlum generation rate of about sec.
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