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Unique determination of the tensor spin-spin part of the nucleon-nucleon
forward scattering amplitude
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An n-p scattering observableo,soiS presented which uniquely determines the tensor spin-spin part of the
nucleon-nucleon forward scattering amplitude.

PACS numbsgs): 21.30.Cb, 13.75.Cs

In spite of its importance, the strength of the nucleon-momentuml.! Unfortunately, in addition to large sensitivi-
nucleon(NN) tensor force remains controversial. An analysisties to €;, these observables also are very sensitive to the
by HennecK 1] of scattering data between 15 and 160 MeVsinglet phase shifts, in particulds,.
concludes that the tensor force is stronger tN&hpotential As has been pointed out by Tornacst al. [6], the sensi-
model prediCtionS. Until recently, all data reported below 20t|v|ty to the Sing|et Components is due to the central spin_
MeV [2,3] pointed to a weaker tensor force. In contrast togependent part oA, and Ao and not due to the tensor

both of these, recent measurements of the transverse spifce and thus it subtracts out completely in the difference
dependent difference in total cross sectivart below 20 A=Ao —Aor:

MeV made at TUNL 4] as well as the new Nijmegen partial-

wave analysis[5] report no disagreement with potential

model predictions. New measurements are needed to resolve om *

this apparent discrepancy. A=— _727 > {(23+1)(sine8, ;- siney)
In a phase-shift description of nucleon-nucleon scattering, k* =0 '

the strength of the tensor force is characterized by the mixing . .

parameters;. Below 100 MeV, the first such mixing param- —€052€;[ (J—1)SinP 83 31+ (I +2)SiNP 5 544]

eter €;, which gives the mixing betweerdS; and °D,, — 333+ 1)sin2e, Sin(35 5 1+ 85 351} 3)

dominates. Measurements of scattering observables which ’ ’

have large sensitivities to the value @f are thus valuable in

determining the strength of tm!\l te_nsor interaction. Two _As can be seen, this difference depends only on the triplet
such observables are the longitudinal and transverse SPIliaves and the mixing parametérhis method, however
dependent differences in the totap cross sectiodoy and o4 ires measuring two observables and therefore involves

Aogr. The expressions foo, and Aoy in terms of the 5 sets of systematic uncertainties and normalizations. A
phase shifts are obtained by generalizing Egsand(9) of  gjng1e measurement is certainly preferable. In what follows |

Ref. [4]: discuss a single observable which is equivalent to
Ao — Aot and is thus sensitive only to the tensor spin-spin
or > part of theNN forward scattering amplitude.
Aoy == 17 > {(23+1)(sinP 8y 3~ SiNP83) Following the notation of Hnizdo and Gould], the total
J=0 cross sectionr; for the scattering of neutrons of spirfrom
+C0S2¢,(SIM8; 31— SIS) 34 1) nuclei of spinl can be written
_Z\J(J+ 1)Sin26‘]sin(5‘]"],l+ (SJ’J+1)} (1)
o= Tko(9)tko() ok, (4)
and kK
2 * ~ .. ..
Aor=— = 2 ((23+1)(sirRe;— Sir2s)) where thet,q are statistical polarization tensomsnd
J=0
+c082¢,[J SiM' 8 51+ (I+1)SiM 8 514] The sensitivity, for example, ko, to €, can be seen numeri-

cally by using the VPI SM94-p phase-shift solutiof10] at 10
MeV to obtainA o = (7/k?)(5.536 sin2;—0.390), forJ<1.

2Using the VPI SM94 solution at 10 MeV in this case gives
wherek is the wave numbers; are the singlet phase shifts Ao, —Aor=(w/k?)(—8.304 sinz;—0.011), forJ<1.
with total angular momenturd, andé; are the triplet phase  *The statistical tensors are chosen to be diagonal along the spin
shifts with total angular momenturd and orbital angular direction such thaikq(s):fko(s) q0-

+VJI(J+1) sin2e; sin(8y 51+ 85541)), (2
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The familiar longitudinal and transverge] differences in

kK
e =4mX —ImE ACkA(8P) D (23+ D}’ total cross sectiono, andAc+, defined by
Jijl'j’
s AO’L:0'< )—0’( ), 12
X (IA001"O)W(IJIK: 1] A K KT,
" s j Aor=0a(1])—a(11), (13

(5)  where the arrows indicate the relative orientation of target

and beam spin directions, can then be written as
is the cross section of rarkK. Here}( is the reduced wave- P

length, k= (2k+1)2 etc., ands, I, andp are unit vectors 1 1
along the projectile spin, target spin, and beam momentum Ao =2| \/30scaiai 2\ gTtensor] (14
directions. Angular braces denote a Clebsch-Gordon coeffi-

1 1

§0'scalar+ go'tensor - (15

cient, braces indicate a 9symbol, andW is a Racah coef-
ficient. The T-matrix elements are given in terms of the Aor=2
elastic-scattering-matrix elements by
Predictions ofAo and Aot from phase-shift analyses are
S’ Vit~ O jin). (6)  shown in Fig. 1. A unique determination of,s. requires
the measurement of botho, andA o1 [9]. This is not ideal
The correlation term€,«, contain all the angular depen- 8S there will be different normalizations and systematic un-

1
J
T|’j’,|j 2|(

dence and are given by certainties for the two measurements. It is possible, however,
to construct an observable which only containg,s,. Using

35 (4 )3’2 this observable, only one measurement is required to

Crka(slp)= {IYk®, YDA Ya@lo. (D uniquely determine the strength of the tensor spin-spin part

of the forward scattering amplitude.

The notatior(, ] is used to indicate a spherical-tensor prod- FOr arbitrary center-of-mass anglés betweens and p,
uct of rankk. and 6, between andp, and additionally assumingy I, and
For the case of a proton target and assuming parity corP are coplanar, the correlation terms are
servation, Eq(4) can be written T
o= 000+ PP yorns, ®) - \[g(cosascosa, +sindgsing), A=0,
_ Cun={ (16)
where P,, and P, are the_ma_gnltudes of the neutron bea_lm \ﬁ(2c09950089|—sin033in0,) A=2.
and proton target polarizations. The relevant correlation 6

terms are given by
The scalar termCy;, can be made zero by choosing

Cooo=1, 0s— 0,= = /2, giving for the tensor term
1. . 3
— § § | s A= O, 0112: + g S|n20| y (17)
Cin= 9 _ . . : .
\ﬁ At e et A=2 depending on the sign of;— 6,. This term is a maximum
g 3PP =S, ’ for 6,=+wl4, +37l4. Choosmg 6,=+ml4 and

0= — /4 gives the plus sign, defining a difference in total
where A =0 corresponds to the central spin-spin part of thecross section which | will call\ ognsor:
forward scattering amplitude anfl=2 corresponds to the
tensor part.Cyqg is invariant under the reversal of neutron 3
A Giensor \/;O'tensor

spin, whileC,,oandC;, change sign. Taking the difference (18
in total cross sectio o and normalizing tdP, andP, then
selects only the spin-spin cross section: The total cross section for this geometry is then
_ Ut(éfﬁ)_gt(_giﬁ)ZZUll. (10 or=000F 3 PnPpA dtensor. (19
PaP,

In terms of the usuah o andA o1, AoiensoriS given by

This cross section can be divided into scalar and tensor com- 1
ponents and written as Aoienso= 3 (Aor—Aay), (20

0117 C1a00scalar™ C1120tenson (11 4 o ) ) ]
Although it is conventional to defindo, andA o as antiparal-

with oensor PEING the quantity of interest for the present lel minus parallel, this is opposite from the definition of the general
work. Ag.
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FIG. 2. Predictions oA ogey@Nd A Gensor from the Nijmegen
PWA93 [5] (solid curve$ and the SM94[10] (dashed curves
phase-shift analyses.

6
Ao scalam — go'scalarv

where agairg, = + 7/4 is chosen. Predictions &fo ¢,,,and

A 0ensor from phase-shift analyses are shown in Fig. 2. In
terms of the longitudinal and transverse differences in cross
section,

FIG. 1. Predictions oA o andA o from the Nijmegen PWA93
[5] (solid curve$ and the SM9410] (dashed curvesphase-shift
analyses.

and in terms of the phase shifts,
(23)

7T - . .
ATensor ~ 12 JEO {(23+1)(sirPe;—sirk sy 5)

+C0S2€,[ (J—1)SiMP Sy 5_ 1+ (I+2)SiIPS; 541]

+3\J(J+ 1)Sin2€‘]sin(5‘]”],l+ 5J'J+1)}. (21)

There is a corresponding geometry for selecting the scalar AGgenar — L(ZAUTJF Aay), (24)
component. This requires tégand,=2 which results in J10
C112:0 and
and in terms of the phase shifts,
3
Tz A \F TS (2041)
Cio= 5, 22 Oscaa= — \ 2z

10T 1+ 3co26, (22 e 5k* §=o

, , , X [2sirfe;+ Sir?8; ;— 3sirf s,
where the upper sign applies fof w/2< ;< + w/2. This ’
defines a difference in total cross sectibprg.,5,given by +00525J(sin25“,1+ sinzﬁuﬂ)]. (25
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Thus a measurement of the observalllgensor SEIVES 10 taining ogcqar SINCETscqariS Of the order ofoensorand the
uniquely determine the tensor spin-spin part of the forwarceffect goes as si#¥, this is not a large effect in practice.
scattering amplitude and a measuremenh of,,,uniquely  However, precession of the neutron spin about the magnetic
determines the central part. Our interest is in the tensor parfield used to polarize the target can be large. As this preces-
A measurement oA o¢nsorCaN be performed using a po- sion is about the axis of target polarization, the relation
larized proton target with its spin direction oriented at a|6fs— 6,|=m/2 still holds, keeping the scalar contribution
center-of-mass angle of 45° with respect to the beam di- equal to zero. The effect of a precessieris then to reduce
rection and a polarized neutron beam with its spin athe measured asymmetry by a factor @03 his precession
—45°, Reversing the neutron Spin allows the measuremerqan be re“ably Calculated, a.”OW|ng the initial spin direction

of the asymmetry in transmitted flux given by to be adjusted to compensate for the precession. An error of
5° in the compensation would only affect the measured

N, —N_ asymmetry by 0.4%. MeasurementsXof,sorare therefore

&= m (26) possible and practical. In addition, sinég is the same for

A ensor aNd A geqan bOth terms of the spin-spin forward

whereN_ andN_ are the numbers of counts for the two spin scattering amplitude can be determined without disturbing

states. The transmitted flux is given by the expression the target polarization by simply changirgg. This is not
possible withAo| andAo.

N.. = Noe ™ (700" PnPpciensof2), 27 In summary, there is interest in accurately determining the
) o ) ) strength of theNN tensor interaction. Observables measured
whereN, is the incident flux and is the target thickness. i, the past are sensitive to both the tensor and scalar spin-

The asymmetry, in the linear approximation, is then spin parts of the\NN forward scattering amplitude, requiring
1 additional measurements or information to isolate the tensor
sz_zxpnppAgtensop (29) component. | have presented arp scattering observable

A 0 ensorWhich uniquely determines the tensor spin-spin part
Such a measurement is no more difficult than a Singleof the forward scatte_ring amplitude. Measur_ements of this
Ao of Ao~ measurement. with two exceptions. Eirst theobseryable are practical and should be considered for future
oL T ' p !
requirement that the target be polarized at a 45° center-oﬁXpe”ments'
mass angle makes access for the beam difficult. If high fields | would like to acknowledge valuable correspondence
are required[4], a specially constructed magnet may bewith G. E. Brown and helpful conversations with C. R.
needed. The second and more serious problem is related @ould, N. R. Roberson, and W. Tornow. This research was
misalignments in the angles of the target and beam polarizasupported in part by the U.S. Department of Energy, Office
tion and to neutron spin precession. Errors in the spin anglesf High Energy and Nuclear Physics, under Grant No.
of the beam and targe§d; and 56, , will add a term con- DEFG05-91-ER40619.
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