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1. А widely accept~d picture of hadroпizatioп of d ~par tiпg 
colour charges is the model of colour striпgs (tubes) 1 1- 31• Here 
qq pairs are created from vacuum Ьу tuпnelliпg through the po
tential barrier formed Ьу the ext~rпal colour field. The pair 
appears at а relative distaпce 2mq 1 к, where к.,.) GeV /fm is 
the string tension. This is the coпsequeпce of "soft" hadroпiza
tioп, i.e., the energy is transferred slowly Ьу the exterпal 
colour field acting оп colour charged virtual quarks. NN pairs 
are created iп the same way 1 2·41 апd are formed at а relative 
distance 2mN / к "' 2 fm. It is iпterestiпg to поtе that iп the 
lab.frame N апd N are created at differeпt momeпts of time апd 
at differeпt distaпces fr0m the iпteractioп poiпt. For example, 
iп the reactioп рр-+ ppNN at the threshold eпergy Е "' б .б GeV 
опе of the created particles ( N or N ) is formed at а dis
taпce х 1 "' mN / к"') fm, the secoпd опе at х2 "' 5mN 1 к "' 5 fm. Coп
se()Uently, if . the process takes place оп а пuсlеоп of а пucleus, 
опе of the produced particles appears from beпeath the barrier 
outside the ' bouпdary of the пucleus. Опе may ask whether • the 
particle is поt absorbed Ьу пuclear matter duriпg the tuппelliпg. 

2. It turпs out that the absorption of particles uпder the 
poteпtial barrier is stroпgly suppressed. Let us coпsid~r the 
quaпtum-mechaпical problem of а particle passiпg through а po
teпtial barrier, wheп the potential has ап imagiпary part. The 
wave fuпctioп of the particl~ in the quasiclassical approxima-
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tioп is giveп Ьу 'P(x) .. exp(..L(dx'y'2m[E-V(x'J+iW(x'J]). 
. . h 

For small W(x) we have . 
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Here p(x)=l2m[E-V(x)]l 112 is the quasiclassical momeпtum. 
The first term iп the ехропепt gives а phase outside the barrier 
апd ап expoпeпtial fall-off uпder the barrier. The secoпd term 
leads to an expoпeпtial dampiпg (absorptioп) outside the bar- . 
rier, while below the barrier it gives а phase shift опlу. Hence, ~ 
absorptioп uпder the barrier appears опlу iп the secoпd order 
of W(x). Тhis coпclusioп obviously follows from. the iпterpreta-
tioп of the uпder-barrier peпetration as movement iп imaginary 
time. Note that the use of approximation of а complex poteпtial 
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' is not essential here . The same effect appears in solving the 
hermitian manychannel proЬlem. 

3. In the experiment 1 5 ·61 on р formation off nuclei at the 
incident momentum 10 GeV/c, an anomalous A-dependence has been 
observed with an exponent а= 0.57+0.04. This may indicate 
а weak absorption of created p's Ьу the nuclear matter . Since 
the momentum of р is about 1 GeV /с, the formation length calcu
lated Ьу the standard parton model turns out to Ье about 0.5 fm. ' 

The observed ef f ect may Ье related to the above results. Pro
'ьability of the NN pair creation in the nuclear matter is sup
pressed Ьу the factor ехр (-W 2 y / к) as compared with cr.eation 
i n vacuum, where у "' 2 .5 is the Lorentz dilatio.n factor; _ W "' а р / 2, 
р"' 0.16 fm - 3 is the nuclear density, a=60 ,mb is the NN anni
hi1 a tion cross s ection. Hence, the nuclear matter suppresses the 
probabil i t y o f NN crea t i on only Ьу about 107. . On the other 
hand a t the usual absorption cross section during the tunnelling 
th i s probability would Ье 'suppressed Ьу an order of magnitude. 

'At ene r g i e s near the threshold value it is a ~ good approxima
tion to assume that а half of the р 's is created near the in
t er action point while the other half is born outside the nuc
l eus. The cross s ection of 'the process can Ье written as 

рА рА рА . 
- 1 - а in - а i n а · in 

а ( р) = -- а (р) (----- -- + ---). 
А 2 N p N pN pN 

а in - ai n ain 

He r e a in ~ s t he cro ss sect·ion of the corresponding inelastic 
sca tt e r ing . A-de pende nce of the Ist term in the brackets is 
л l' ~ . while tha t o f the 2nd one is А21 3 • The comparison with 
the experimenta l da ta in the Figure shows а good agreement . 
А mor e critica l veri fica tion r~quires hydrogen target data 
and а be tter accuracy . 

An a na logous A-dependence should take place at high ener
g i e s , but this i s non _: trivial only for slow р 's with momenta 
a bout 1 GeV/c . The rel evant measurements / 71 have been done at 
Е = 70 GeV/ c a rid an A-dependence with an exp.onent а "'0.6 
ha s been observed for- the slow р production*. 

4 . The r el a t ive di s t a nce be tween the created N and N with 
c l ose momen t a ca n Ье measured in hadron-hadron collisions** 
Ь у mea ns of t he i nt e r fe r ence me thod 19 •101• It is int~resting . to 

* This contrad ic t s t he expl anation in ref.1 81 

on nea r nes s o f the t hres hold. 
of dat a 1 51 based 

**The au t hor s a r e gr a t eful t o D. Hazins for colling their a t
t eu tion t o th i s fac t. 
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р productioп cross sectioп оп various -пuclei divided 

Ъу productioп cross sectioп оп Ъery l lium . - - -
sul t of calculatioп 1 51 cor responding to "normal " 
tioп~ · - our ca lculatioп . 
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note that f or light particles close momenta in the multiperiphe
ral model mean smal'l relative distanc es , which is usually ob
_tained Ьу analyzing the experimental data. For а pair of heavy 
particles, as pointed out above, the distance is l a r ge even at 
close momenta. 

5. The effect of weaker absorpti,o n under the barrier, noticed 
above , is interesting itsel f and is worth studying experimental
l y . Th i s quantum-mechanical e ffect ma y appear in di ffere_nt areas 
wher e tunne lling takes place (the Jos ephson effect; а beam of 
light passing throuвh а gap a t t o t a l inne r r ef lection, etc.). 

The author s thank A.B.Zamo l od~Qi kov , L.I.La pidus, V. L.Lyubo
s hitz and Ya .A.Smorod i n s~y fo r int er es t and useful d iscussions. 
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Копелиович Б.З., Нидермайер Ф. 
Логлощение частиц ядерной ср.едой 
при туннелированни из вакуума 

Е2-84-644 

''Мягкий" механизм адРОННЗ4ЦИИ цt.етных струн приводит 
к тому, что '!'ЯЖелые qq · пары кпи NN рожда10тся из вакуума 
не в точке. а на относитЕЩЬRОМ расстоянии -1 .Фм в их с.ц.и. 
nоказано, что при ро~вии П4РЫ в ~ериой с~е частиЦы 
в процессе · туннелИРоваНИJI · из вахуума не поr.nО..,тСя. Эти два 
зффек1'.а объяснmот · анома.пьно KPY'I'YIG А -зависимость образова
ния медпенных р ка ядрах. 

Работа выполнена в Лаборатории ядерных проблеи ОИЯИ. 
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Due to ~•soft" hadronization of colour strings beavy чi 
or NN pait:s ate created from vacuum at а relat~ve di!it&nce 
~ 1 fm in their c.m.s. lt is shown that during· tUIU1811iq froa 
vacuum in the nuclear matter they are not absorЬed. ТЬ.sе 
two effects may explain the aDOtnalously steep ~epeadence 
of slov ii" s produced on nuclei. 

Тhе investigation bas bee,n perforшed at the LaЬoratory 
of Nuclear ProЬleaaa, JID. 
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