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Glauber model

» A nucleus-nucleus collision is considered as a
sequence of independent nucleon-nucleon

. . 54 ~ !._>. ° -
collisions; £ " "
13 0—'& ° i
. . . . x . ’.
» The cross-section of nucleon interaction is s ° .
constant throughout the entire time of the L A ]

passage of nucleons from one nucleus to another;

» The nuclei move in a straight line along the
collision axis.

We will characterize nucleon-nucleon collisions by the quantity
o(a) — the probability of inelastic interaction of two nucleons
when the value of the impact parameter is a:

/da o(3) = onn. (1)
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Difference from the case of heavy nuclei

The widely used assumption in the case of heavy nuclei that the
profile function has a factorization:

A
TA(al, ceey aA) = H TA(aj)
j=1

cannot be used, since the positions of the nucleons in the deuteron
are not independent.

Let us assume that the profile function of the
. deuteron has the following form:

‘ Td(al, 32) = Tnl(al)Tnl(ag)5(31 — ag). (2)
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Calculation of the mean value of some random variable X

<X> = <<Y>n2 /X al,az,bl,bg,ﬁ)x
X Tnl(al)Tnl(az)é(al—ag) dal d32 Tng(bl) ,,2(b2)5(b1—b2) db1 db2 =
=c! /X(a, —a,b, —b, 3) Tn,(a) Tny(—a) da Tp,(b) To,(—b) db.
(3)
Here X is the average value of some random variable X for a fixed position of
all nucleons in deuterons d; and d> in the plane of the impact parameter. (All

integrations are two-dimensional — over the entire plane of the impact

parameter)

¢! / To () Toi(—3) da Toy(b)Try(—b) db=1.  (4)

<X>:<< /X —a,b,—b, B)x
x (Tny(a))? da (Tpy(b))? (5)
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Variance of the total number of participants

(N (8)) = 2P(B), (6)
VINE(B)] = 2Q(8)P(8) +2 (QUI(8) - @¥(8)) . (7)

Q(B) = cl/[l—a(a— b+pB)][l—o(a+ b+ )] x
X (Tm())? da (Tay(b))* db, (8)

Q)= [[1-o(a—b+ Pl - ala+b+ )] x

< [L—o(—a— b+ B[ - o(—a+ b+ B)] (Tn(2))? da(Toy(b))? db& |
9

P(B) =1 - Q(p). (10)
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Let's consider
Q(3)=ct [[1-o(a— b+l ala+ b+ 7)) x
x[L—o(-a—b+B)][1—o(—a+ b+ B)](Tn(a))* da(Tn(b))* db,
(11)

Similar to the case of heavy nuclei
, it includes contribution

ola—b+B)o(a+ b+ pB)o(—a—b+p)o(—a+b+p5) (12)

which depends on the details of the NN interaction at nucleon
distances, which are much smaller than typical nuclear distances.
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Figure: An example of the loop diagram in AA collisions. 1 and 2 are
nucleons of the nucleus A; 1" and 2’ are nucleons of the nucleus B 6/10



The resulting expression for the average value of the number of
wounded nucleons

(N (B)) =21 —c ' [[L—o(a— b+ B[l ~o(a+b+ )] x
x (Tn(2))? da (Tp(b))* db),

includes contributions corresponding not only to the average
interaction between one nucleon in one deuteron and another
nucleon in the second deuteron,

cl/o(a—b+ﬂ) (Tny(a))? da (Tny(b))? db,

but also to the average interaction between one nucleon in one
deuteron and two nucleons of the second deuteron

= /a(a b4 B)o(at b+ B) (To(a)? da (Tw(b))? db.

In the limit ry < Ryg,, Rq,, in contradistinction to the case of
heavy nuclei, <N‘f}(ﬁ)> depends not only on the integral inelastic
NN cross section oy but also on the shape of the function o(b),
i.e., on details of the NN interaction at nucleon distances.
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Variance of the total number of participants

VING(8) + N2 (8)] = V[Ndl(ﬁ)]+V[Nd2( o)1+

2 [{omzo) - (wgn) (5]

(NG BINE(B))~ (N (8)) (N () = 4] QUD(8) - Q(B)R(A)|
(14)

Q(8) = c_l/[l—a(a— b+ B[ - o(—a— b+ B)] x
X (Tg,(a))? da (T4 (b))* db. (15)

e =t [[-ola-b+ AL -a(-a- b+ 5) x
<1 o(a+ b+ 0)) (T (2)) da (T (b)) db. (16)
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Fluctuations of the number of nucleon collisions

(Neon(5)) = 4x(5)- (17)

V [Neon(8)] = 4 [x(B) + x1(8) + x1(8) + x2(8) — 4x2(ﬁ)](~ )
18
where

()= / o(a—b+ ) (Tw(a)? da (Tw(b))* db,

X(B) represents the averaged probability of NN interaction.

a(B)=c / o(a— b+ B)o(a+ b+ ) (Tw(a)? da (Tw(b))* db,

(B =c / o(a— b+ B)o(~a—b+B) (Tw(a)? da (Tw(b))* db,

x2(B) EC_I/Cf(a—b+ﬁ)0(—a+b+ﬁ) (To(a)* da (Toy(b))* db.

In contradistinction to the case of heavy nuclei, x1(3), x1(8),
X2(B) depends on the shape of the function o(b), i.e., on details of
the NN interaction at nucleon distances.
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Conclusions

Within the framework of the Glauber approach for
deuteron-deuteron scattering, exact analytical expressions were
obtained for the mean value and variance of the number of
wounded nucleons, the variance of the total number of
participating nucleons, the mean value and variance of the number
of nucleon collisions for dd interaction at a fixed value of the
impact parameter.

Similar to the case of heavy nuclei, there is the additional
contact-term contribution which depends on details of the NN
interaction at nucleon distances. This contact contribution arises
from loop diagram corresponding to the interactions between two
pairs of nucleons in colliding nuclei.

But in contradistinction to the case of heavy nuclei, this
contribution also appears for the case of "tree” interactions (the
interaction of one nucleon from the first deuteron with a pair of
nucleons from the second one) due to the fact that the positions of
the nucleons are not independent
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