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Singlet and triplet differential cross sections forpp—pp®°
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The singlet and triplet differential cross sectionsfigr— pp#° have been estimated for the first time at 325,
350, 375, and 400 MeV using the results of the recent experimental measuréRrigygsRev. 63, 064002
(2001)] of Meyeret al.
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The study of the reactiop— pp=° has excited consid- We first of all note that the experimentally measured dif-
erable experimental intere§i—4], since the transition is ferential cross section fqig— ppm° may be written, using
mainly to the finalSsstate and is completely spin dependentthe same notations as [#], as
at threshold energies up to 300 MeV and the large values of 3 2

. . 4 do(0y,¢p,0q,¢q,€,P,Q) . o
momentum transfer involved probes the interaction at very =0(£P,Q) =Tr(MpMT),
short distances. As the energy increases, the transitidAs to dQ,dQ,de
and Pp states are expected to contribyte2] below 400
MeV although pionicd-wave effects have been reportgs] ~ wherep denotes the initial spin density matrix
even at a beam energy of 310 MeV. Taking, therefore, tran- N L - . =
sitions toSd andDs states also into account, an analysis of p=32(1+01-P)(1+02-Q) @)
the measuremenfg] on a complete set of polarizatipn ob- andM has the forn{10,7]
servables have been presented recently for energies below
400 MeV. Attention has also been dra8] to the large
longitudinal analyzing power characterizing this reaction. It M :S_ SEZOMZE_S‘ (S'(st,81)-M*(s¢.51)), 3
is of interest to note[7] that the difference®d?s e L

—3d%¢_, is indeed proportional to the longitudinal analyz- _ _ : : .
ing power, where?*1d2c. denotes the differential cross N\, as defined in[11]. The irreducible tensor amplitudes

A . .
section for the processp—pp=° as a function of five in- M#(.sf i) may b? eXpresged foIJIowu{gO] in terms of the
dependent kinematic variables characterizing the three-bod_i,’/""rt""‘I wave reaction amplitudés;  );.s,(S:S12), employ-
final state when the reaction is initiated in the spin staténg the same notations for the angular momenta and the

@

S+ S¢

in terms of the irreducible tensor operat@j‘;(sf ,Sj) of rank

|s;,m), m=—s;,...,+s ands=0, 1 corresponding to Mandelstam variables as j#], through
singlet and triplet states. Measurements have also been re- N
ported[8] at energies up to 425 MeV that were analyzed in = M)(st,s)= > W(IsiL;st;IN)C(LeN;u0p)
terms of the above-mentioned partial waves, where evidence Mo laibeod.
for Ds state was seen through the presence of 4dcsm XM d sf)j;ls»(SvSIZ)(Yl (6p,0p)
even at 310 MeV. In this context, it is of interest to note that ap : P
; A . L
analysis of the total cross sectioninto its singlet and triplet ®qu( 0., (Pq))#f _ (4)

components?$itlo  have been attempted in sevefap . _ o
—ppm° measurementsl —3)] using the theoretical results of ~ We next expresg in the channel spin representation in
Bilenky and Ryndin[9], which, however, are not applicable the form

at the differential level. On the other hand, it may also be 1 (si+s])
note_d thgt the wrgdguble tensor approdtB] to pion pro- p= Z z (s, 'Si/)_sk(si ), (5)
duction in NN collisions leads to elegant formulas for the P —

differential cross sections in terms of irreducible tensor ams h
. N where

plitudes M, (st ,s;) of rank A=[s;—s¢| to (s;+s;), where L P

si,s¢ denote the initial and final channel spins. This ap- IK(s. s')= =g’ — 1)Ktk Kk Tk

proach, moreover, is not limited by the number of final par- o(Si,8)=5l ']klzzo K=o (1) [kallka]

tial waves. The purpose of this report is, therefore, to present

estimates, usin§7,10] for the singlet and triplet cross sec- E 1 S

tions at the differential level itself based on the recently re- 2 2 '
ported measurements of Meyetr al. [4]. «l1 1 (Pk1®Qk2)g, ©6)

2 2 S
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with P3=Q0=

Using the known propertigdl1] of the irreducible tensor
operatorss'a, the differential cross section given by Ed)
may then be expressed in the form

o(£,P,Q)= E 2<Ik<s.,s>6k<s.,s>) 7

s; ,s.I =0

where the irreducible tensors
Bo(si,s)=[s12 [si]2 2 (~1)'[\]
f AN
XN TW(s ksih;sih ) (MM (sg,8;)

oM™ (s1.,5)k ®)
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B5(0,00=A; coS6,+ A, sirPg,, (11a

B3(1,1)=By+B1(3 cog6,— 1)+ By(3 cogd,— 1)
+B3(3 co$h,—1)(3 cog,—1)
+ B4 sin 26, sin 26, cosA ¢
+Bs si? 6, sir 6, cos A ¢, (11b
B§(1,1)=Cy sin 26, sin 26, sinA g
+C, s, sinff, sin2A ¢, (119
B3(1,)=Dy+D4(3 cogf,—1)+D,(3 cod,— 1)
+D3(3 cogd,—1)(3 cosf,—1)
+ Dy, sin 26, sin 26, cosA ¢

are bilinear in terms of the irreducible tensor amplitudes.

They can be explicitly evaluated using E¢) for transitions
to Ss Ps, Pp, Sd, andDs states.

The unpolarized differential cross section(£) for the
process is then given by

Si

o= 2 X B lon(d), 9
where
1 1 0
o0(§)=785(0.0 (109
11 2
foo(€)= 5[588(1,3— gsé(l,n} (10b)
1
3aﬂ<§>= By(1D= f o1+ S0 (Ll)].

(1090

Using standard Racah algebra, we also have explicitly

+Ds sir’ 6, sif 6, cos A ¢. (110

TheB';(si ,S{) may then be related to th#;’s defined in[4]
through

B3(0,0=0(£)[1-As(£)—ALE)], (123
BY(L)=0o(&)[3+As(E)+ALE)],  (12b
BH(1,)=60o(&)[Apn(&) +An(6)], (120

BA(1,0)=2200(6)[A 46— 1 As(&)]. (120

These relations enable us to identify the coefficieqtsB, ,

Ci, D; in Egs.(12) in terms of theE, Fy, HY , I, K of [4] for
which numerical values have been deduced and given in
Table IV of [4]. It needs to be mentioned here that B,

HY , I, K given in Table IV of[4] are dimensionless as they
have been normalized by a common factor ofrl®/ (o),
where oy, denotes the spin-averaged total cross section
given in Table V of{4]. As such, they have to be multiplied

TABLE |. Values of the coefficients occurring in Eqd.4) at the four bombarding energies based on the

results of Meyert al. [4].

325 MeV 350 MeV 375 MeV 400 MeV

Value Error Value Error Value Error Value Error
ay 0.166 0.082 0.361 0.087 0.665 0.034 0.717 0.054
ay 2.996 0.349 2.218 0.364 1.622 0.142 1.378 0.233
ag 0.083 0.041 0.181 0.043 0.333 0.017 0.359 0.027
ay 1.498 0.174 1.109 0.182 0.811 0.071 0.689 0.116
B 0.045 0.099 0.133 0.104 0.206 0.038 0.273 0.07
B> —0.034 0.12 —0.102 0.128 -0.16 0.04 -0.21 0.056
Bs —0.054 0.423 —0.163 0.427 —0.257 0.403 —0.336 0.41
Ba —0.04 0.431 —-0.122 0.437 —0.194 0.404 —0.252 0.426
Bs 0.029 0.108 0.053 0.109 0.059 0.101 0.061 0.107
Bs 0.004 0.004 0.012 0.013 0.018 0.019 0.008 0.027
B —-0.024 0.023 0.009 0.021 -0.018 0.009 0 0.014
Bs —0.059 0.008 -0.173 0.024 —-0.270 0.038 —0.306 0.04
Fi 0.168 0.021 0.265 0.022 0.262 0.007 0.297 0.013
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FIG. 1. Aplot of (3do,,)/(sin 0y d6y), m=*1, 0 as functions of

cos Qq

6, based on the results of Meyet al. [4].

by (o)/(87?) before estimating thé\;, B;, C;, D; of
Eq. (11) numerically and hence th&i* 1o (£) of Eq. (10).
The one-dimensional differential cross sections are then de

fined as

325 MeV

350 MeV

375 MeV

400 MeV
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3dCl'()
sin 0,d6p
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FIG. 3. Aplot of (3d0'm)/(d(pp deg), m==*1, 0 as functions of
A ¢ based on the results of Meyet al. [4].

25 +1
W”—f 25+15 (6)dQ, degde, (139
sin 6, d6, m prFamE
25i+ld0_m
— 2si+1
25i+1d0,
m

f 25t ( £)d(cosfp)d(cost,) de .

depdeg
(139

They may now be given explicitly in terms of the trigo-
nometric functions of the respective angles as

(ub)

3d0'11
sin 8,d0,

FIG. 2. A plot of (**'da,)/(sin6,dd,), m==x1, 0 as func-

cos 9p

tions of 6, based on the results of Meyet al. [4].

ng‘“[aﬁm(s cod6,—1)], (14a
Si;s;;)%_gm[aﬁﬁz(ew cogf,—1)], (14b
oy [a1+B3(3cod6,-1)], (140

sing, dé, T4
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TABLE |II.
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Numerical estimates deduced for thé@ngle independeht(1dao)/(sin0qd0q) and

(ldO'o)/(d(ppngq) at the four bombarding energies based on the results of Matyai: [4].

325 MeV 350 MeV 375 MeV 400 MeV
Value Error Value Error Value Error Value Error
(ub) (ub) (ub) (ub)
Yoo /(sin 0qd6;) 0.647 0.081 2.253 0.187 5.24 0.140 12.771 0.559
Yoy /(dep deg) 0.033  0.004 0114 0010 0266  0.007  0.647  0.028
3doy ot (*doy)/(sin6,dé,) varies with 6, sincel,=1 in either of
W:T[“2+B4(3 co§6p—1)], (148 the singlet partial wave amplitudes. The dependence on the
angle 6, is explicitly seen from Eqs(10g and (113. The
Ydoy estimates deduced for the triplet differential cross sections
W:Utot[Fl+ﬂ5(3 cosfp—1)], (14 (3]doy,)/(sin6,do d%) are given in Fig. 1, while {dog)/
(sin6,d6,) and (*doy)/(sin6,d6,) are shown in Fig. 2,
Sdosy, Oy e whereas Edcrm)/(d@pd(pq) as a function ofA¢ are shown
depdeq 82 [astBeCOS A ¢*Brsin2A 0], in Fig. 3 for the four bombarding energies 325, 350, 375,
(149 400 MeV. The estimates for 1(100)/(S|n0 dé,) and
(1dao)/(dgopdcpq) that are independent of, and Aqo re-
S3do Trot spectively are given in Table Il for the bombardlng energies
deodes a2 5 Laat+BgcosAe], (14h 325, 350, 375, and 400 MeV. It may be noted thg{(1,1)
prYa om vanishes on integration with respectde,d¢,. Therefore,
p-
oy Tt _ (3d301)/(sm0 déy) = (3da_1)/(sm0 déy), (°doy)/(sin6,d6,)
W:4 SF1, (14i) =(*do_1)/(sin 6, dep) Whereas (‘dol)/(dcppdqvq)
pUPq 4w

#(%do- 1)/(dsopdsoq)
The numerical values fdg, F,, H{', I, K given in Table
IV of [4] together withoyy, given in Table V of[4] are
It may be noted thak, is the same as if]. The numerical adequate to deduce the above estimates for the differential

inna2si+1 _di ;
values of all these coefficients together with their errors arg'05S sections om at the one-dimensional level. It

presented in Table I. Of the total 16 partial wave amplltudeénay’ Towever(,j be npted from dEc(iO), (ll).’ and élZ);En(a t
taken into consideration, it is clear that 11 amplitudes°"€ &S0 NEEAS estimatésased on experimentsor H3",

M(1)(11)1'11' Mi(n)o-n, Mi(ll)l'lll Mi(n)z-n, M%(ll)l'll' H3, lgzin azddition to those given in Tablle v cﬁﬂ] in order
M% ’ M2 ’ M2 ’ M3 ' MO ’ to estimatesi*lo(¢) at_the double dn‘_ferentlal level. It_
M2(11)2 1 Ieaé(llt)ol Eél,—l 1(;23 3; anlw(lﬁ)tfjggs M8(11)° % would, therefore, be desirable to experimentally determine
gan2;20 f P 0(00)0:1%  the H® HI, HZZ. We may point out further that the double
differential cross sectionds*1o,(£) may also be directly
determined from experimental measurements as suggested in
[7]. Therefore, we would like to encourage further measure-
ments of the double differential cross sections fop
—pp=° on the above lines.

where the coefficients;, B; are once again dimensionless
sinceo,; OCcurs as a common factor in each of the Edd).

MO(20)2 10 IV|0(20)2 3n M2(00)0 10 M2(00)o slead tosg=0. It

is also clear from Eq(8) that these two sets do not mutually
interfere. This has been noted also[#]. It may also be
noticed that only two among the 16 V|z|\/lo(11)O 00 and
M0(11)2 spare the singlet amplitudes. Both of them lead to
l4=0. Hence, it follows that the singlet differential cross
section (1d<ro)/(sin 0,d0y) is independent of,, which is We thank H. O. Meyer for makin¢4] available before
clear from Egs(10a and (113. From these two equations publication and for very useful correspondence. We thank the
it can also be seen thatlcaao)/(dgopdgoq) is independent Council of Scientific and Industrial Resear@@SIR), India

of A¢. However, the singlet differential cross section for support.
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