IN STYTUT Fl ZYKI JADHDWEJ

INSTITUTE OF NUCLEAR p/—wsu:s
VHCTUTYT FIAEPHCJUI q:in:amkm

KRAKOW

RAPORT No 951/PH

RELATION BETWEEN THE GLAUBER MODEL
AND CLASSICAL PROBABILITY CALCULUS

A.BIALAS, M. BLESZYNSKI, W.C2ZY2

XRAKOW 1977



RELATION BETWEEN THE GLAUBER
MODEL AND CLASSICAL PROBABILITY
CALCULUS

ZWIAZEK MIEDZY MODELEM GLAUBERA
i KLASYCZNYM RACHUNKIEM
PRAWDOPODOBIENSTWA

CBA3b MEXAY MOIENK TIIAYBEPA
H KJIACCHYECKHM PACUETOM IO
TEOPHH BEPOATHOCTH

A. BIALAS, M. BLES2ZYNSK!, W.C2YZ2

KRAKOW 1977

LALLM e L 0T ;e
" _ i



NAKLADEM INSTYTUTU FIZYKT JADROWES W KRAKOWIE,
UL, RADZIKOWSKIEGO 152

Kopie kserograficang, druk i oprawe wykorano w IF} Krakow

Wydanje Zam.85/77 -Nakiad 170 egz.

—

TV

Ll L T R,



—Sugmary—

It is shown thet the Glouber model, for factorized ground
state densitlies snd purely imoginory elsstic smplituwldes, ¢5n he
viewed as a consequence of the clsssioel probebillty calculus
used for computing incoherent cross-sections, supplamented with
the optical theorem to obtsin the coherent affects. f 2 ')

Stresgegenie

M S -

¥ precy pokezeno, 2e model Glaubers w przypedku faktoryzo-
woalne) gestobcd tercsy i ogysto urojome) smplitudy rozproszenls
elastycznego moins uwaieé Jjeko mynik klssycznego rachunku praw-
dapodoblefistwa usytego 4o obliczenis niekoherentnych przekraojéw
czynnych, PEfekty koberentus gostely uwzglednione prey ugyciu
twisrdzenis optycsnago.

Poanie
B padScoes morazago uTo uoAelE Imaydepa RAA darkropeachaa~

BHX oaoydocTel OCEORBOTO COCPOAHAA H AIR YHOPC MEMMHT SuAKTyA
yOopyroro paccedona MOXEO pacoMOTDHBAPS REE CARZCIBHE RIACCH-
Y9CKAYX DACYYT0B N0 TEOPHH PeDOATHOCTE HCIONBIOBAHEHMX AAA B~
YHCLPHEA HOROrepeAPHHX ogvweaall. Pacyefy XONOASSHH onrayecroft

TBOpeMOl ZNA NORYUeHMA ROPEpeATEMX B{derromn.
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Msny theorstics] models of multiple particle prodguction in
hedron~nucleus intersctions contain as an eszsntisl ingredient
probability distributions of the mumper of inelsstic collisions
of the projectile with the terget mucleons [1—8]. These probe-
bility distributions are ususlly calculsted from clessicsl
(non—-quantsl) probsbility caleulus. On the other hang, meny
festures of hedron-nucleus luntersctions are well reproguced by
the Gleuber model which is based ou the princlple of saditivity
of phsse=-shifte [9] » Thls reises the problem of relstions

betweon these two spproschsas,
In the present papé.r we discuss this question apnd show

that there exist some fsar repching similsrities between these
two epproaches snd, in many ceses, they even leed to 1jenticel

results.,.
Lat us first consiger the probebility caleulus [8‘] « Por !

the hadron-nucleus reaction oross section we have-

A A
G &) - (. do Iy, (oo ¥ {1 - Th-66 %o

Here,% 1s the ground stete wsve functlon of the target nucle-
us, b the impect parameter, &, (&) is the impact parsmeter
d:.atributlon of the h.adrun—nucleon doelastic cross section nor-
molized sa follows (note that 6'@ is dimensionless )

G = .(dl’-‘ &0
(@)

In the following we will conslder only the cese of fecto-
rized ground stete densitles

' 'y A
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With this assumptlon, Eq. (1) can be written s

&) - 41— (-4 &

g (k)= {doD() 6, (k-5) | )

D(Q) = [d—t 9{’2:%) (s

To see thst Eq. & does indeed originste tTom 2robsbility cslcu-
lus one cen Tewrite it in the forn

. g,.“(é)-—-f(:)l:o‘:aﬂ’[«—3,.@]“ G

wher¢ the consecutiwe terms correspond to exsetly cne, two,
three ect, ocllisions with the tsrget nucleus.

Similarly, one gets the follewing expressicen for the totel
inelestic crose section

g =4 -{1-Law-2al}

whore
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ig the impact persmeter distribution of the totel cross section
of the projectils with ome nucleon. in the terget muoleus. Here

fdz!? 61—(6) = 61 . HNote thst '6'1_(6) distribution is el-

Teady smear'ed over the terget nuclsus. The seconf term,

- Q(b) s takes ocare of the fact thet some lntersctions lieave
the targset nuclsus ln 1ts ground state, hence d0 not contribute
to inslestic orass seotion 6': (6). When the elestic empli-
tuje 1z purely lmsginsry, which is epproximately the cese, this
term ¢8n ba explicitely caliculsted from the opticel thsorem gngd
we obtein

AOPREPGIN

€

Assuming egeln thet the elesstic scatterlng 15 purely imegl-

nary, the elasstic amplitude r(G) iz oslouléted from the opticsal
theorem

1T(0) = [F(OI* 4 6 (6)
using Eq. (a) 85 the input. Ths result is
ey =4 ~{ - [6.(6)-%2:'(6 )]]

This is the well-kmown formmls of the Glaubsr model.

To ccemplete the proof thet the two spprosches consldered
give londeed ldentlicsl results, we heve to show that resction
aross seotion in Gleuber moddla i1s identicel with expression
(¥) . To this end, let us recall first the formule for quesi-
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elagtic cross section in the Glaunber model [10]

A ~’ A -~ e A
g ® - [-8@) - U3 18]

Now, the reaction eress section ig given by

GulBe 64, B -6 ® = 2TO- IO
A 1
~ G @

Using Bgs é}) angd Cle) we thus obtein
A o A - 2
6re(0) =2~ 2[1-260)~ [1- G-18GY]

[ &] e [~ &0 £ 8]

~ 2
<1 -[o- 26 - [1- )
v [1 -5+ L6, (03]

- 1'_ 1 -Eg(é_)]* ,

end we recovsr Bg.(4).



Thus we have shown thet the formulee for elastic, total
end resction cross sections in the Glauber model sre idemtical
to those derived from the ¢lesssicsl probebility celculus.
Eimce the quesieletic ¢ross section is given by

cs;s, = €:'--r - t;;b - Cﬂ;

it follows thet zlso Cﬂmp ig -given by the seme formuls (13)
in both epproachss. Thie cen be slso ssen directly by computing
the probebllities similerly es in derivation of Eg. @) .

Let us pow summarlge our conclustsns, Our arguments show
thet the Glauber model ¢an be viewed 23 5 consequence of the
¢leasicel probelity culculus used for computing inelestic cross
sections coupled with the optical theorem to obtein the coherent
effacts, We should stress bhowevar, thet en essentisl elemsnt in
cur proof of the equivelamee wos the probebilistic independence
of the lotersctions with nuoleons in the targst. At present we
dc not know bow far oné esn get without this sssumption,

Be feel thst this result gives sobe new insights inte the
into the velidity region of the (leubsr model by relsxing the
very stringet conditions ususlly required CQJ « Indeed, in the
probebilicstic spprosch the problem is shifted to calculation of

where ‘the only importapt restriction is the independeuce
of elementery intersctions. Consegquently, st snergles where
the weve length of the incident particle is smeller then the
averege distance betwsen nuclsops in the terget, ths Gleuber
model should be wvelid.
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