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In the paper / 1/ it h·as been suggested that the superpenetra
Ьility ef!ect can occur when ultrarelativistic positronia pass 
through а thin layer о! matter. The ess ence о! the e!fect is 1n the 
deviation of probaЬility о! such process from the exponential low. 
Beams о! ultrarelativistic positronia are now availaЬle and the 
experimental study о! their interactions with matter has started. 
The quantitat~ve analysis о! these processes requires the knowledge 
о! the value о! the total cross section !or positronium interaction 
with an atom, since this parameter essentially deterшines the sup
pression degree о! positronia. А series of papers / 2-4/ has been 
devoted to the calculations о! the total cross-section о! positro
nium interaction with matter. Тhе critical analysis о! these papers 
is given 1n Ref. /5/. Avoiding details, we would like to mention 
one point. In the indicated papers the total cross section has been 
calculated !or such positronium-atom interactions where the atom 
remains 1n its ground state, i.e. tbe so-called coherent part which 
is proportional to z2 (Z is the charge of the atom). Тhе incoherent 
part of the cross-section which is related to the atom excitation 
and ionization is proportional to z. Kost рrоЬаЬlу !or this reason 
tbe incoherent part о! the cross section has been assumed to Ье 
small when compared witb tbe coherent part. As а result, the coberent 
part has been identi!ied with tbe total cross section. ТЬе analysis 
and numerical calculations performed in this paper sbow tbe incor
rectness о! sucb identi!ication. 

In the one-pboton approxiaвtion tbe amplitude о! the positro
nium (ALa ) interaction witb an atom looks like 

/f;,z(1J= ;-: ~F(9J ·ДI(f} , (1) 

where о( is the !ine structure constant, f is the !our-momentum 
transfer which coincides with the perpendicular momentum trans!er at 
bigh energy, i(IJ is the initial and /(F) is the final positrD
nium (atom) state;$. .:.(z lz -J e•ii"..JF> §. r <i ;e•if_ e-•j{f.'.L.> 

JF /j /lf•l 1 •/ ~~ J ; 
are the inelastic form factors о! the atom and the positronium res-



pectively, :l~ is the position vector о! an e1ectron in the вtom 
вnd 4Z/2 iв the position vectors о! the e1ectron and positron 
in А 1 е! 

The totв1 cross section, о! course, equв1s 

'f~f ,z. ('е/. IL 2. "' 1 /2. 
о =~7!olj 9 ::15/~1{?)/ · /~~{f);. (2) 

Per!orming in ( 2) summвtion over the !inв1 stвteв f вnd F e.nd 
uвing the comp1eteneвs conditionв 

~/:f><//= i X/F><F/= .f :1 1 F (3) 
we get 

6'-t~! t!-лo/.f,";B-sf9J/ft'!t- F-r~pl~ г[1-Fr9J!, (4) 

where Sft!J=}iY;tzJ /е if[rz, F{r.Ь jJy*, ... lE)/~ <;~z;.- ..'~-.t • Prom 

(4) it !o11ows thвt the vв1ue о! the cross section iв determined Ьу 
the !orm !вctors and conвequently Ьу the rвdii о! tbe interвcting 

bl" -ь~ 
objectв. The rвtio о! the vв1ues о! ~.lt and бi"r.,,(. is 
determined вs is seen !rom (4) Ьу Z вnd, on the other hand Ьу the 
re1вtion between size pвrвшeters о! the positronium вnd the вtom. 

Por the qualitвtive вnв1ysis we cboose S('l) вnd F{'l} in tbe 
ро1е вpproxiшation: 

.§{f)= {! + lfz.)-~, F(9)= ~~ 4-.. tj'~-~ 
-t~t- -t .. t 

Тhen ~.л and 0/,.с • .( вrе вs !o11ows 

(]'_'f"f= L./_a.z.~L + a.~~z. 4-rt.j 
t'•A r { ~z.-a_z. {&'z.-a..l)z_ ~ ?' 1 

L f L J e:z_z.l'f' р <1. 
б't.t = z /. ~ ~ .. r~ -f -_f .,. Ll. L ·'ht -~ . 
t"нг .. А. (~-а. а_ r~ -а) Q.. 

1. ,_ 

When ~ » t:L one gets 

f.f :::ZL Z. 
б' t=L-a 
с .. .о( 

tJ. 6r ~ ~-а .... / 2 д._~ fl_) 
•Hl'•A ( ' а.. с . 

z. -~ 

(5) 

(6) 

(6') 

Tвking into вccount that а"' t 
~·'f ~.t-

, one eaвily !inds that the 
va1ues о! ~-А and ~",с .. А.. , вrе comparвЬle. 

When а!»~' 
~-t rt. L L 

G'ct t:::: ~ (' • ~ Е_ 
vco.( z: ~ t:L ' 

(i" f.,f ~ ~ ~L ~ f± L 

cAr•"- ~ t.. (6 1 1) 
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{.t • . • 
In this свае the rвtio <J...,It /о;:;:~.""'~~ 
tica1ly coincides witb ~~~ 

вnd б": iwl <»"- рrвс-

Numericв1 cв1cu1вtions Ьвvе been per!ormed as in the pвpers 
12-51 with the he1p о! the ТЬomaв-Fermi-Mo1ier parametrizвtion о! 
the !orm !вctor: t?..JS" 

F(?J ... '1;_~ /:, .. 
o.ss- (). t +---+-

'IL+~L ,"_+А'- 1 
(7) 

-~ -~ /., = O.З·(D,.I!S·i ~") 1 А .. ~/r ' ;4= s-~ 1 a.,•I.SZ:ТA. 
ТЬе resu1ts о! the ca1culвtionв are preвented in the ТаЬl е : 

ТаЬlе 

z (j_'t•t_'/0.,,. (cm-z)- 67-Бf'~to~~ (cm2)- 6':~ /б:-t."t 
с..~ <lf€•/t ... ~•"- с.А.. 

6 
12 
18 
24 
30 
36 
42 
48 
54 
60 

4.,4 
13.08 
18.18 
36.17 
so.oo 
65.05 
81.19 
98.32 

116.34 
135.20 

4.32 0.93 
6.85 0.52 
8.89 0.37 

10.67 0.29 
12.26 0.25 
13.71 0.21 
15.07 0.19 
16.34 0.17 
17.53 0.15 
18.67 0.14 

It is seen tbat the incoherent part signi!icвnt1y in!1uences 
the vв1ue о! the total cross section, in pвrticular 1 !or 11ght 
e1ements. 

The authors wou1d 1ike to express their thanks to L.I.Lapidus 1 

St.Кrewchtnski вnd L.L.Nemenov !or discussions. 
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ITaK A.C.,TapacoB A.B. £2-85-882 

ITonnoe ceqenHe B3aHMop;eHcTBHH penHTHBHCTCKoro IT03HTpOHHH 
C aTOMOM 

Pa60Ta ITOCBH!j\eHa pacqeTy ITOflHb!X ceqeHHH B3aHMO,IJ;eHCTBHH penH 
THBHCTCKHX aTOMOB IT03HTPOHHH C aTOMaMH. PacqeTbl ITpOBO,IJ;RTCH 
B paMKax rroTeH~HanbHOH TeOpHH B 6opHOBCKOM rrpH6nH~eHHH. AHanH-
3HpYJOTCR BKnap;bi B nonnoe ceqenHe KorepeHTHOH (a~ob) H HeKore
peHTHOH (ainc )qacTeli. IToKa3aHo, qTo AflR nerKHX 3JJeMeHTOB BenuqH
Ha a inc cpaBHHMa c a cob , a AflH TR~enbJX OTHOJIIeHHe a inc I a cob 
cyll\eCTBeHno npeBbJillaeT Z -t; Z -gapRA RAP a aToMa/. ITpuBep;eHbi 
pegynhTaTbi qHcneHHbiX pacqeTOB. Cp;enan BbiBOA o Ba~nocTH yqeTa 
HeKorepeHTHOH qaCTH rrpH pacqeTe ITOflHb!X CelJeHHI1. 

Pa6oTa BbiiTOflHeHa B na6opaTopHH R,IJ;epHb!X rrpo6neM OWII1. 

ITpenpHHT 00beAHHeHHOrO HHCTHTyTa HAePHMX HccneAOBaHHA. llY0Ha 1985 
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Total Cross Section for Relativistic Positronium 
Interaction with Atom 

The total cross-sections of relativistic positronium inte
ractions with atoms are calculated. It is shown that the in
coherent part which is related to the atom excitation and 
ionization significantly influences the value of the total 
cross section. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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