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Resumo

A dissociacao difrativa do deuteron é estudada no con
texto do Modelo Deck a Trés Componentes. Admite-se a aplicabi-
lidade deste modelo a dissociagao difrativa de nucleos ‘leves.
Observa-se a existéncia de uma correlacao massa-inclinacao-di-

frativa-cosf. Obtem-se as distribuic¢does relevantes.
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Abstract

Deuteron diffractive dissociation is studied in the
framework of the Three Components Deck Model. The applicability
of this model to light nuclei diffractive dissociation is as-
sumed. The existence of a slope-mass-cos® correlation is pointed.

out. The relevant distributions are obtained.

Key-words: Diffractive dissociation; Deck model; Deuteron.
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1 INTRODUCTION

In this paper we present an analysis of the diffrac-
tive dissociation of the deuteron, p+d-~> p%n-?p. The descrip-
tion of this reaction is done through the Three Components
Deck Model (TCDM)!. This model has been introduced to describe
the hadronic diffractive dissociation reactions = (DDR) as
a+b + (1+2)+3. The TCDM has been able to describe the charac-
teristic features of the DDR? and, among these, the model des
cribes very well the slope-mass-correlations?’*.

The TCDM has been extensively applied to several types
of DDR, with different spin and parity structures in the dis-
sociative vertex (a-+1+2). In this work we intend to suggest
that the TCDM can be applied also to light nuclei dissocia-
tions. (in our case the deuteron). The idea subjacent to our ex
pectation is the principle of nuclear democracy?® among nucleons
and nuclei, proposed for the strong interactions.

In the three components of the TCDM there appear the

dissociative vertex of the deuteron °

d > p+n. Each component
has one particle of this vertex off mass shell. In order to
find the form of the coupling in this vertex we make some ap -
proximations. We assume that all the particles are on shell and
that the deuteron is an structureless particle. We neglect the
small contribution of the D wave to the wave function of the
deuteron.

The reason for these assumptions is that the intro-
duction of form factors in the TCDM, to take into account the

off mass shell effects, could destroyv the sensitive interfer-

ences among the components of the model ! . These interferences
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are the mechanisms that describe the slope mass correlations.

Then the off mass shell and form factor effects are introduced
by adjusting the parameters of the TCDM, as the elastic diffrac-
tive slopes (B) and the asymptotic total cross sections Otoéw)’
which appear in each component. These parameters are fitted with
values near the on shell experimental ones.

Another motivation to apply the TCDM to the deu-
teron diffractive break up is the inexistence of proton-neutron
resonances, in the energy range considered. In general the TCDM, even in its
simplest formulation, is valid only for low energies (/EI) of the dissocia
ted subsystem (1+2), below the threshold of resonances formation. For
higher energies the model must be reggeized and dualized", in order to des
cribe the high enerqgy behaviour of dissociation.

As for deuteron diffractive dissociation there are no
resonances in the dissociated subsystem (proton-neutron) the
model is expected to be valid in a larger range of energy than
in those cases in which resonances do exist. The TCDM is con-
structed with the Born terms of proton and neutron exchange and
deuteron direct pole, which are sufficient to describe the low
energy behaviour of dissociation. Reggeization and dualization
that describe the high energy behaviour corresvond to introducing
the necessary corrections in the Born approximations.

In the next section the helicity amplitudes, which des
cribe the deuteron diffractive dissociation using the TCDM,
are presented. In section III the numerical results are discus
sed and some conclusions are presented. In the Appendix we de-

fine useful variables and expressions needed todescribe the TCDM.
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IT THE APPLICATION OF THREE COMPONENTS DECK MODEL TO DEUTERON BREAK UP

The helicity amplitude of deuteron break up, given by
the TCDM, is the coherent sum of the Born terms showed in fig.
A2. Following the prescriptions to write the components of the
model given in reference® , and using the kinematics results

shown in the Appendix, we have for the s-component:

Aiiizxa ) jﬁ(pl'kl) Tlann) V(Ryr2y) (’guv+p:>i)\)) *
X RBF\()S:S) €5 (Pgrhy) (1)
where
\/f= igs(tz)/(mé— s;) (2)
with
g% (t,) = ogi) eBthz/z ] (3)
and
Tlawy = Y° + (=2, "/4m (4)

which is the dissociative vertex of deuteron into nucleons?,
neglecting the D wave contribution to the deuteron wave func-
tion. my and m are respectively the deuteron and nucleon mas-

ses, and
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vBp VB P v _Bpy _ Vo B
Fpgy = 209 K+ K g7")-g"K

is the helicity conserving Pomeron-deuteron coupling®’’”’

u-component is

(u) _ Z(— Qo -
Akl)‘zxa— u(pyr JR(K +m) L (anm) v (-p,, Az)ea(parka)
where
u = igu(tz)/(mz—ul) ,
B..t./2
u NN NN "2
g (t,) = Ttot
and
o o o

And the t-component reads

A(t)
12 a

where

G- igt(tz)/(mz-tl) ,

NN eBNNtZ/z

t
g (ty) = oot

and

Voaon = BURAR(+m) T s vI-py,-A ) e (p, /)

(5)

The

(6)

(7)

(8)

(9)

(10)

(11)

(12)
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¢4 o ol
Dlamy =Y ¢ (p,~q) "/4m (13)

In the high energy approximations, where s, sz,s3>>syltlhlu1|,

|t2Lmé, m?, these components become

(s) _ s j— 1
A == Julp, ,A){———I[[-(2s,+u
Alkzka 2 1771 8mV§; 1

178

+ 4slsz/s] g’ (paka) + (uy-t) (senae? (p,A,) +cosa g3 (pA,)) 1=

z 2 0 1 1 2 2
pl.e(paka)/Zm + (sena € (paka)—e (paka))y —ez(paka)y +

+ [(cosa + [B_|/VE]) e®(p 1) = (|B,|seno/VE]) ' p,h,) -
- (l+|§a|cosa/V§I) 83(paka)]‘y3}v(—p2,—A2) (14)
Aiu;\ y = z(ﬁ(plkl)[ss+is-li;—al- sena (sena 0°® +
1"2%a 2v§;
¢ 0% = cosa o)1 (v® +pb/am) vip,-1,) eqlp,h ) (15)
and
Ait; yF 1§ﬁ(p2A2)[sz+cle§il seno (sena 0°®  +
1"2%a 2Vs]
+ 031.-cosuo°1)](y6+pf/2m)v(-pl,_xl)gB(paxa). (16)

Calculating the spin 1/2 and spin 1 wave functions in
the Gottfried-Jackson system, defined in the Appendix, these

amplitudes become.
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For A =0:
a

(s) ~ SJ > - _
2% o * E¥ (-2, |p, | sinal(E +m) + 4X A, (E,-m)]1x
172 2ma

_i4). ¢
, , +(cos?(8/2)-sin?(8/2) e 1 )éxl,-le -

x[2X,sind cos(2X ¢) O
1 1 1%

_2X2[|§al(cosa-+|§a|/VEI)—EJ}AJEa|cosa/V§1)].[(E1+n0 + A, (B -m) ] x

-2iXrq ¢
x[2A,cos06 § - sinf e § 11} (17)
2 Alkz Xl,—kz
(u) ~ E& = - in?2 Vs
Axlxz’o = {—2|pl||pa|(s3—sEa sin“a/2 Sl) éklxz +

‘ T2 a2 L _
+2), (s,E_-s|p_|? sin®0/2VE]) [(Ej+m) +4A)), (B nu][2klcoseéxlxz

~i2),¢
. 1 B e . > o 1
-sind e 6A1F42]-2x2nqpa|51na(Ea-|palcosa)/2Vs1]x

x[(Elﬂn)+4A1X2Ei—nU][2klsin8cos(2kl¢) 6X1k2 + (cos?(8/2) -

~142 ¢
-sin?(6/2) e )8

. > . >
>\1’_>\2]+ 1(s|pa|51na/2V§I){—4x2 (M + x2)|p1|x

x(|§a|-Eacosa)[sinesen(2x1¢) 8 - 21X, (cos?(8/2) +

>\1>\2
L, —i4x1¢ N N '
+sin“(6/2) e ) 6Xl,—X2]+ (E1|pa|+|p1IEacose)[—12k23<
. —izkl¢
X 51na[(E1+nﬂ - 4X1k2(E1—n0] [2X1cosedx AT sinf e GA Y 1/2m +
12 1 2

- . . R .

—4h,  (A,- Xl)lpll[51n951n(2kl¢)lexz—Zlkl(cosz(e/Z) +

1426

+sin?(06/2) e ) ékl’_xz]4-Zikzcosa[(E14nU -4, (B -m)] x
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| , 142, ¢
x[2Xsindcos(2)9) 6X1A2-+(cosz(e/Z)-sinZ(e/z) e ) 6x1,_x2]}}
(18)
Aiiizo = ii {-2|511|§a|(Sz‘SEaSinza/zng)dxlxz *

a

T2 w32
+2)\1 (szEa— s Ipal sin OL/Z\/Sl) [(El+m) + 4>\1>\2(E1—m)] [—2>\zcose 6A1>\2+
. —].'2>\2Cb > I . > Ve
+sinf e 6>\2’_>\1] - 2>\1[s|pa1 sina (Ea—lpalcosa)‘/2 5,1 x

qul+xn)+ 4\ A, (E -m)] [-2),sinBcos (2),¢) 8, + (sin?(0/2) -

1>\2

=142, 0

PR g s =
-cos?(68/2) e ) 6>\2,_A1]+‘1(s|pa|s;1.na/2k/'s_l') {=4h O+ >\2)|P1| X

~i4), 0
x( l_ﬁal—Eacosoc) [—sinGsin(2>\2¢) 6>\1>\2—12>\2(sir125(6/2) +cos?(6/2) e 2 )8

> -> R R
+(E1jpa|_|pl|Eacose)[-12xlslna[(El+m)-4x1x2(E1-nn] [-2),cos8 6*1*2

~i2),0

X 3 + [] ]
+sind e 5x2f41]‘4x1‘X1‘A2)hﬁ|['Sln93”“2Af“ 5x1x2 -

—i4),9
—2iXx,(sin%(8/2) + cos?(8/2) e ) 6§ 1 +
2 Ayr=Ay

+21A1cosoc[(E1+m) -—4>\1>\2(E1—m)] [‘—2>\zsin6 cos (2>\2¢) 8 +

M2

AN
+(sin®(8/2) ~cos?(6/2) e~ ) &, _, 11} (19)
27 1
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(s) % -
AyTA N =1 T (—AZXaSJ/@) [(E +m) +4X A, (E;-m) ] x
12" a
-i4A ¢
x{2x sin6cos (21, ¢) & + (cos®(8/2) - sin’ (6/2) e ) 8 +
1 1 XA, Ay
%ikasinesin(2xl¢)ﬁklxz + 2x A (cos?(8/2) +
| ~141 ¢ .
+sin?(6/2) e ) 8,y + (Ip,|sena/VE]) (22 .cos8 5, -
1 2 12
~i2) ¢
~-sinf e 8y _a )} (20)
177"%2
alw) = (A 'U/VE) {=2A, s, [(E,+m) + 42 A, (E,-m)] x
A Ay h =l a 2 S3tiEp T EAA
-i4) ¢
xulesinecos(2x1¢)6X1A2+(coszﬁvz)-sinzw/z)e )6A1r%2]+
-i4X ¢
+1_ [sin6sin(2A ¢) 5)\17\2— Zixl(COsz(e/Z) +sin®(8/2) e ) 6>\1,_>\2]}+

+(is[§a|sinu/2V§1){icoaxb2|51|éxlxz +4X 2, (A +h,) By | x

~i2X. ¢
. 1 - .
x(2}; cos® 6)\1>\2— sinb e 6>\1’_>\2)] + 4>\2(>\1+)\2) [p1| sino x

~i42 ¢

x[-sinfsin(2X ¢) 8 +2ix (cos?(8/2) +sin?(6/2) e ) 8 +

Al,—kz

Aty
~142,¢
A + (cos?(8/2) —sin?(68/2) e )&

+iA (2X,sinbBcos(2A,¢) §
a 1 1 12 )\1,—>\2

N+

+1 [~4>\a>\1E16)\1>\2 + 2}\2 { (E1+m) + 4)\1}\2 (El-m)] (2%10056 (S)‘l}‘z -

-i2A.9¢ iX ¢
-senb e 1 85 y 1= (‘Ell/Zm) senfe % x
11772

x{ZiAJ(E1+m)-4Alk2(E1—m)]{—sena(ZAlcose aklkz
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-sinb e cS)\ ) +cosa[2xlsinecos(2)\1¢>) 6)\ y ot

1['—>\2 172

-i4X. ¢
1 )6

2q ‘2 - P
+(cos?{0,;2) —sin®(6/2) e >\1,_>\2]}—4)\2(>\1 >\2) |p1|x

-14), 0
x [sindsin (21, ¢) lekz— 2ixl(cos2(e/2).+sin2(e/2) e 1) 5x1,-xz]}}}

(21)
and

(t) -
Aklrkzlka.=i1 = (xanVE) =22, 52[(E1+m)+4X1X2EH4M] X

340
x{[—szsinGCDs(2X2¢)lexz-f(sin2(6/2)-cosz(6/2) e 2 SR

-i4A, ¢
—i) [sind sin(2A.¢) S + 2i)_(sin?(08/2) +cos?(8/2) e 2% s 1+
a 2 )\1>\2 2 )\2,—>\1

+'s(isf§a|sinoc/2l/§-l_){icosa[—2|_§ll 6>\1>\2+- 4>\a>\1 ()\1+>\2) |_§1| x

—i2A2¢
x(—2>\2cose 6>\ yt sinb e (S)\

+ Py
A, 2,__>\1)] + 40 (g +),) Ipll sina x

~i4),¢

x [sind sin(2)1,¢) §, , +2i), (sin®(6/2) +cos®(6/2) e ) &

A, .
-1, 0
+(sin?(6/2)-cos?(8/2) e ) S

#1A_(~2).sind cos (2X.6) &
a2 2 2 2™

>\1>\

+l[—4>\a>\2E16>\1>\2+ 2)\1[(El+.vm) +4)\1>\2(E1—m)] (—2)\20089 6>\

_ R L
6ké,,_}\i)] + (|P1|/2m) sinf e X

x{zixl[(E1+m) = 4X, 2, (E;-m) ] {sina (2} cosB 6*1A2—



CBPF-NF-040/84
- 10 -

~i2),9

-sinb e +

6A ) + cosa[—ZAZSinecos(2K2¢)6A Az

2"A1 1

-i4), 0

+(sin?(6/2) - cos?(8/2) e ) 8 +

1}
Ayr=2y

| N o . o,
+4xl(xl_x2)|p1|[s1nes1n(2x2¢) 8 + 21X, (sin®(8/2) +

Mo

—i4k2¢

+cos?(06/2) e ) ¢ 111} (22)

)\ ’—>\

2 1
The subreaction Pd -+ pn, as appears in fig. Al, is sub
mitted to some constraints due to isospin conservation. As the
Pomeron has the vacuum quantum numbers®, and the deuteron is
an isosinglet, the initial state |P,d> is a I=O,I3=O> isospin
state. Then, by isospin conservation, valid in the strong

interactions, the final state Ip,n> must also be an isosinglet

As the complete space, spin and isospin wave function,
in this case, must be antisymmetric under exchange of the par-
ticles, and the isosinglet is antisymmetric, the space and spin
part must be symmetric. Thus, the helicity amplitudes (17 to 22)
must be symmetrized before computing the cross—-sections. To

do this we define

~ 1
A (0,¢) == 1A (6,4) + A (1-6,¢+m)} , (23)
Al)\Z)\'a ! 2 >\1>\2>\a >\2>\1)\a

and so the symmetric helicity amplitudes are obtained in a straigh

forward way.
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ITTI RESULTS AND CONSIDERATIONS

The differential cross sections were calculated in
the Gottfried-Jackson system, whose coordinates are shown in
fig. A3, using eq. (Al0).

Figs. 1 and 2 show that the main part of the events
must occur for values of the effective mass Mpn very near the
threshold, and for small angles symmetrically forward and back
ward in the GJS. The first distribution shows a "peak" that is
a consequence of the deuteron pole, very near the threshold, in
the unphysical region.

Figs. 3 to 6 show the strong slope (B)-mass (Mpn)—cose
correlation that occur in this reaction. The distributions pre
sented correspond to two effective mass intervals 1.92¢ Mpn< 2.22(GeV)
and 2.224;Mpn§ 2.52 (GeV), and to three intervals of cosf: -1¢
cos8 ¢-0.9, -0.3gcos6< 0.3 and 0.9 cosf8 < 1.

Figs. 4 and 6 show diffractive peaks whose slope de-
crease as the mass range increases. On the other hand, figs. 3

and 5 show interference structures, with a dip at t,=0, that be

2

come smooth as the mass increases.

The effective mass internal of figs. 3 and 4 is sub-
divided in figs. 7 to 12. Figs. 7, 9 and 11 show separately the
contributions to the structure that appear in fig. 3. These fi
gures)(7 to 12) show also the slope-mass-cosf correlation in a
mass range nearest the threshold.

This correlation is a consequence of distructive inter
ferences among the three components of the model. A detailed
discussion of these interference effects is discussed else-

where®b/*  The present results were calculated for 24GeV protons in the
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laboratory system. This energy value is a typical one to as-
sure the validity of the model. Notwithstanding, the amplitudes
given here could bé used to calculate the cross sections - at
other energies, in order to compare our results with experimen

tal ones. We were unable to find experimental results to make

this comparison.

The diffractive deuteron break up pd + (pn)p isthe sim
plest example of light nucléi DDR. In the application of TCDM
to this reaction, the deuteron is treated as an elementary par
ticle. If the predictions of the model presented here would be
confirmed, they would show the small contribution of the deu-
teron structure to the diffractive dissociation, as expected.
This study could also be used to clarify some aspects concerning

the applicability of nuclear democracy principle to the DDR.
Finally we would like to stress that this is the first .

application of the TCDM to light nuclei diffractive dissocia-

tion, which enlarge the range of applicability of the model.
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Effective mass (Mp ) distribution, integrated in ¢(0,2w) ,

cosf(-1.0,1.0) and t2(0,—l.0).

do/dcos6® distribution, integrated in ¢ﬂh2ﬁLtﬁ(0fi.m

and Mpn(l.92,2.22(GeV)).

do/dt2 distribution, integrated.

2.22(GeV)) and |cos6|(0.9,1.0).

dc/dt2 distribution, integrated

2.22(GeV)) and |cos6|(0,0.3).

dO/dt2 distribution, integrated

2.52(Gev)) and |cos6]|(0.9,1.0).

dc/dt2 distribution, integrated

2.52(GeV)) and |cos®|(0,0.3).

dO/dt2 distribution, integrated

2.02(GeV)) and |cos8]|(0.9,1.0).

do/dt2 distribution, integrated

2.02(Gev)) and |cos6]|(0,0.3).

do/dt, distribution, integrated

2
2.12(Gev)) and |cos6]|(0.9,1.0).
dc/dt2 distribution, integrated

2.12(GeV)) and |cos6|(0,0.3).

do/dt, distribution, integrated

2
2.22(Gev)) and |cos6|(0.9,1.0).

dc/dt2 distribution, integrated

2.22(Gev) and |cos6|(0,0.3).
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$(0,2m), Mpn(l.92,

$(0,2m), Mpn(2.02,

$(0,2m) , M__(2.02,

$(0,2m), Mpm(2.12,
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Fig. Al - d+p~ p#*n +p DDR, factorized by Pomeron exchange
into the elastic vertex pPp and the dissociation sub

reaction P-+d-+p-#n.
Fig. A2 - TCDM components which axmrﬂmne‘uathelIHid#pe—p+n%p.

Fig. A3 - Angular coordinates of the momenta defined in the

GJS -
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Fig. 9




CBPF-NF-040/84 -
) - 24 -

O (yb/GevE)

=~ o

2.02{ "pns Z‘IZ{GEV)
lcos 8l < 0.3
] | | | ] |
0 0.2 04 06 08
PRYZ 4
-Q(C,V )

Fig. 10



0

(ub/GeV?2)

do
d

- 25 -

CBPF-NF-040/84

2.12 < Mpp < 2.22 (6eV)

0.9 < lcos 61 <10
| | | ] ]

11

0.2 04

Fig. 11

0.6
-t,(6eV?)

08



CBPF-NF-040/84

103

- 26 -

o

do (yb/Geve)

h-J

o'

2.12 <« Mpp € 2.22 (6eV)

fcos 8] £ 0.3

[ I R R B

02 0.4 06 0.8
~t,(GeV?)

Fig. 12



CBPF-NF-040/84

b (p)

Fig. Al

- 27 =
1 (p)
o (d)
p | 2 (n) |
(p) 3



CBPF-NF-040/84

23

(v
s%ﬁ

(9

A2

Fig.



CBPF-NF-040/84

— s it W s cecfies Gas W= i

Fig. A3



CBPF-NF-040/84

- 30 -
APPENDIX

This Appendix contains a summary of the kinematical
variables and expressions useful to describe the deuteron dif-
fractive break up,

The DDR a+b-+(l42)%3, in general,and d+p > (p+n)+p in
particular, may be represented as in fig. (Al).

The TCDM which describes these reactions is represented
by the diagrams of fig. (A2).

The fourmomenta corresponding to the external lines are

pi(i=a,b,l,2,3), and for the internal lines we define

q9=p,~P, « k=p-p, and p =p,;+p, (A-1)

At the diffractive vertices the following fourmomenta

are used:

o
1]

(p1+k)/2 ' Q (pz+q)/2 ’

~
]

(pa+p)/2 and R (pb+p3)/2 . (A-2)

Some invariants required to describe the TCDM are:

02}
|

(p+p )" v s; = (P+P,)* , s, = (py+py) 7 ,

= ‘ 2 2 2
3= (Py#P3) " v £ = (Py=py) ", uy = (p,-Py)

—_ — 2 —
and t, = (pb p3) (A-3)
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The energies (E,) and the momenta |§i[(i=a,b,l,2,3)in

the R12 system (514§2=0), as functions of the invariants are

2 _ —m2_m?2,
Ea = (sl+ma—t2)/2l/sl ' Eb = (s1 m m3+t2)/2Vsl,
- 2 2 _ . 2_n2
E, = (sl+m1-m2)/2V§I , E, = (sj+m} ml)/ZVsl,
E, = (s—s, -m2)/2V5. 15 | =AM2(s, m?,t.)/2VE]
3" 173 1! Pal = 172’2 1’
1 > 1/2 Ve
> - 1/2 2 2
and |p,[=]p,| = A7 7 (s mI,m})/2VE] , (A-4)
where
_ e 2 2 2
1:{:13 = s1 S t2+ ma +mb+ m3
and A(x,y,z) is defined by
Ax,v,2) = X%+ y?+2? - 2(Xy+X2Z+yZ)

In the R12 system we define the Gottfried - Jacksonsys

tem (GJS). The orientations of the axes are given by

-> -> > >
and y = (p3x Py )/ lp3x by (A-5)
The angular coordinates of the momenta are:

El = El(erq)) v Eb = Eb (XIO) and 53 =i;3 (a,0) (A-6)
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The GJS is shown in figs., (A3).
High energy approximations are valid at the kinemati-
cal region characteristic of the DDR. They correspond to

S¢ S,rS5>>8, |t1|,|u1[,|t2|, mi(i.:a,b,l,2,3) (A=7)

Within these approximations we have

20.R = 52 , 2P.R = 53 and 2K.R = s , (A-8)
- 2 1/2 2
coso = —(sl—ma+t2)/A (Sl'ma’tZ) and
. . 1/2 2
sina = 2v's_1 V—tz/ A (s;m>,t,) . (A-9)

For a three particles final state reaction the cross-

section is given by’

A

2_

1

S

2
(sl,m ,mg)

o = CJIAl2 ds dt,dcoséd¢ (A-10)

1

where

-1
C = (210 q* A(s,mg,m;)) .
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