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The first paragraph

HE phenomenon of diffraction scattering from

nuclel is well known and well understood. We
wish to point out here that a similar phenomenon
should exist also, in which the diffracted or ‘“shadow-
scattered” wave acquires a component corresponding
to dissociation products of the incident particle. The
phenomenon is associated only with high energies of
the incident particle.} '
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Francesco Maria Grimaldi

(2 April 1618 — 28 December 1663, Bologna)

@ Performed the first recorded observation
of diffraction of light.
@ Coined the term diffraction.

2 PROPOSITIE® K

perlineam BN ita e tantas freangulos,
quem facit radius reflexus BN cum per-
pendiculari MB, quantus eft ille, quem.
cum eadem: perpendiculari facic radias
incidens AB-

At fi radius ADB incidat fuperficiei fphe-
rice fiue conuexe, vt eft OBP, fiue con-
caux, vt ¢ft RBS , tunc intelligenda eft re-
¢ta tangens huiufmodi fuperficiem in.
punéto incidentix B, & per talem rectam
CD imaginariam explicandum eft pro
quocunque cafu refractionis , aut reHexio-
nis y quidquid diximus fieti in ordine ad
talem rectam , quando re vera illa adeft.

Hxc omnia valgatis , ac facillimis
obferuationibas firmara,indubitanrer cet-
ta funt apud Opticos , qui hatenus qui-
dem putauerunt luminis propazationem

fueuegunt', Nobis alius Quartus modus
illpxie, guem puac soponimus , voca-
pia adbestimas la-
Tirquanac g1, hoc eft partes
eius multiplici diffeCtione feparatas pee
idem tamen medium in divecfa viterids
procedere, eo modd, quem mox declas
rabimus. His precognitis
¢ Prima pars Propoflitionis , que eft
de propagatione luminis Directa, Refra-
&a , & Reflexa iam non eget vitetiori pro-
batione , quia ex diétis teite experientia
abunde manet probata, & commumiter
admicticur. | De .'Yu tamen erit infrd dicen-
dum aliquid , cim ex profefsd agetur de
caufa & legibus Refractionum , & Refle-
xionum luminis. .
Secunda pars, quz eft de lumine Dif-

Suavinr me- his tribus dumraxat modis pctﬁ"::i.Diu- | fracto, peculiaritee hic probandaeft: Pro-
dm difufo- g, Refracke , ac Reflexé, adeoq; divifio- | batur aurem euidenter duplici fequenti

fa .m?.:’ nem illius in hxc tria membra partiricon- | Experimento. -

https://books.google.com/books?id=FzYVAAAAQAAJ&pg=PA2
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The first paragraph

HE phenomenon of |diffraction scattering| from

nuclei is well known and well understood. We
wish to point out here that a similar phenomenon
should exist also, in which the diffracted or “shadow-
scattered” wave acquires a component corresponding
to dissociation products of the incident particle. The
phenomenon is associated only with high energies of
the incident particle.} '

Translation : It has illuminated for us another, fourth
way, which we now make known and call "diffraction”
i.e., shattering], because we sometimes observe light
oreak up; that is, that parts of the compound [i.e., the
oeam of light], separated by division, advance farther
through the medium but in different [directions], as
we will soon show.

https://en.wikipedia.org/wiki/Diffraction
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Energy-momentum arguments

First we must establish that this is energetically
possible. Suppose we have an incident particle 4 (rest
mass M, momentum P) and consider the dissociation
A — B+C. Let the energy of B+C in the rest frame
of B-+C be M*. We wish to consider a reaction in which
the nucleus is left intact, and in its ground state. The
nucleus will take up momentum q and essentially no
energy. The requirement of energy and momentum
conservation is then, for small transverse momenta,

q= (M**—M?*)/2p, (1)

where ¢} is the component of q in the beam direction.
gy may be very much less then m,/A43%, thus justilying
the assumption that the nucleus can hang together. We

have then a threshold

P th— A*. (2)
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A+ (nucleus) — B+ C+ (nucleus in ground state), (3)

is thus energetically possible if the beam energy is high
enough.
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Note: A here is the mass number, not the

incoming particle A, as in the second line




Energy/time/momentum scale

First we must establish that this is energetically
possible. Suppose we have an incident particle 4 (rest
mass M, momentum P) and consider the dissociation
A — B+C. Let the energy of B+C in the rest frame
of B+C be M*. We wish to consider a reaction in which
the nucleus is left intact, and in its ground state. The
nucleus will take up momentum q and essentially no
energy. The requirement of energy and momentum
conservation is then, for small transverse momenta,

q= (M**—M?*)/2p, (1)

where ¢} is the component of qn-thebeam direction.
q;) may be very much less then thus justifying
the assumption that the nucleus ¢z together. We

have then a threshold

P A, (2)

Experimental observation

about the nuclear density:

A

(4/3)7R3 occonstant ______, R, — p Al/3

R — S——

e —

e ——

ro=1.2fm

Note that m:= 1/1.4 fm

Reasonable scale of standard nuclear scales

Note: A here is the mass number, not the

incoming particle A, as in the second line




States M and M* can be considered degenerated

The next question is whether the reaction actually
happens. We do not know how to calculate its rate, in
general, as the strong 1nteractions are complicated, anc
as this is a many-body problem.

What we will do instead is to present a physical
argument which shows how such reactions would be
brought about, and makes apparent some interesting

properties they would have.

R ————
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between B+C and A4, times the time of passage through
the nucleus, 1s small compared to unity, then they are
for all paractical purposes degenerate. The condition

for this is
(VM*—~yM)AY/ m.<L1.

If we take v*8*M *= p=+BM, this becomes|p>>p, (M*),
with Py, given by (2).

[




States M and M* can be considered degenerated

The next question is whether the reaction actually
happens. We do not know how to calculate its rate, in
general, as the strong interactions are complicated, anc
as this is a many-body problem.

What we will do instead is to present a physical We now consider our nuclear reaction (3). First let
argument which shows how such reactions would be us inquire whether the state B+4+C of mass (or proper
brought about, and makes apparent some interesting energy) M* may be regarded as degenerate with the
properties they would have. incident particle state, 4. If the difference in frequency

between B-+C and A4, times the time of passage through
the nucleus, is small compared to unity, then they are
for all paractical purposes degenerate. The condition

for this is
(v*M*—~yM)AY/ m<<L1.

If we take v*8*M *= p=+BM, this becomes|p>>p, (M*),
with Py, given by (2).

For large momenta of the projectile there is enough energy for it to split and at the same

time the new state can be considered degenerated with the original one



Dressed, bare and C bases

Let us now consider the incident particle to be a
nucleon, for definiteness. It 1s a ‘“dressed” or real
nucleon, |N), in contradistinction to the “bare”
nucleon, | V). Now we may expand any state in terms
of any complete set of states. For example, we could
expand |N) in terms of the states of “bare” particles:

IN)=3_: an:| B:)

|B;))=|N), |Nm), |N2x), ---, |AK), ---, where the
| B;) are all the one, two, or more particle states (of
“bare’” nucleons and ‘“bare” pions) with the same
quantum numbers as the nucleon, 1.e., the same charge,
strangeness=0, intrinsic angular momentum=J=1,
etc.

3 . Muller ¢t al., Phys. Rev. Letters 4, 418 (1960).

“ The summation over Z includes an integration over continuous
variables, where called for. For instance, the bare states |Nw)
may be described by their {(unperturbed) c.m. energy My*. The
summation includes a term S dM*o(M*)a(My*)| Nu(My*)),
where p is an appropriate density of states. Also presumably the
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We now consider the case where p>> Py, (M*) for the
final state M™* of interest. We are then justified in
neglecting mass differences in discussing the behavior
of the nucleon wave as it penetrates the nucleus. We
may therefore expand the state |N) into an appropriate
complete set, and expect that the different terms in the
expansion will be attenuated separately in passing
through the nucleus. The set we want is clearly neither

] harticle set
| D;) but some third set, comprised of just those linear
combinations of bare particle states which are the
eigenstates inside nuclear matter. Call this set |C;). The

|C;) have the property that each is attenuated with a
simple exponential dependence In traversing the
nucleus.



The formulation of the problem

The formulation of the problem i1s now simple. The
incident wave 1s

After traversing the nucleus, the transmitted wave is®

IT>=Z CNmz'ICi>a

where
i) <.
The scattered wave is the difference between |[I)
and |T):




The formulation of the problem

The formulation of the problem i1s now simple. The
incident wave 1s

After traversing the nucleus, the transmitted wave is®

IT>=Z CNmz'ICi>a

1m:] <.

The scattered wave is the difference between |[I)
and |T'):

where

angular distribution. But [.S) is now in general no
longer a pure nucleon state; rather the projections
(D;|S) represent the amplitude in |.S) of the various
two-or-more-particle states |D;) of real particles of the
same quantum numbers as S) may be written as

|S)=2"iceni(1—n:)|Cy)

= (1—7) | N)+ 2 (F—ndew:| Ci),

where the first term 1s the scattered nucleon wave and
the second represents the diffraction produced particles,
l.e., not states imvolving only single nucleons. The




Discussion

(1) The outgoing wave |S) and its real-particle
projections (D;|S) have the angular dependence
characteristic of diffraction scattering, since they are
produced by differential absorption of the incident
beam. What is meant by this is the following: one
measures the momentum or each outgoing particle, anc
constructs, for each event, the vector sum of these
momenta. The distribution in angle of this vector
with respect to the incident beam should be that of a
diffraction scattering. Since at high energy the diffrac-
tion pattern is very narrow, this represents a distinctive
feature of the reaction, and could be used to identify it.

(2) The outgoing ‘wave of other than incident
particles will consist of two- (or more)-body systems

having the same quantum numbers as the incident
article, 1.e., the same charge, strangeness, nucleon
number, 1sotopic spin, mtrinsic angular momentum,
and parity. Thus if N — N+ is observed in this way,




