' A £ I APHAN s Be HMARSHAR Rio de Janeiro

December 19, 1951

Dear Fermi,

. Being thousands of miles awey I have only heard by emateur radio from
friends in the U.S. that you are doing expsriments in meson scattering from
protons, I don't know what your theorstical friends are saying, so I should
like to moke some corments at the risk of only saying what is obvious to every-
body in the UsSo |

To begin with I am of the opinion that Yukswa's meson theory with
pseudoscalar mesons gradient coupling, is wrong, (or at least usc],ou) in
1£| present form--because at lsast perturdation theory is N.G. and other-
wise divergences cloud the issue, But I think mesons are pseudoscalar, and
I think the ampl:ltudogi‘ that & nucleon emits just one may be proportional to
doQ (vhers o is the nuclear spin, Q the meson momentum) for Q small,
(This is of course agreement with the Yukswa theory--=to all 'ﬁrdoﬁ- in ’
account, because for low Q one opsrator in the series Bu+ H‘ + g-’g-g- ete
is proportionel to Q and the others, involving all the virtuni mesons are.n;t
(th_o virtual moments are of order u, the meson mass) so for Q low encugh the
sun will be proportionsl to Q, and further will be Qe-times the sum with the
o operator in place of ons of the H's--which means Qetimes a spin 1/2 object
vhich can only thercforo.be proportional to o). ‘Let us say then the coupling
is 1/ G (Q)(o°Q)u for emission of one meson amplitude u, momentum Q, mass M
vhere 3(Q) is a function of Q (and possibly the nucleon momenis at higher Q1?7)
and I expect G to have the properties of not varying much for Q small, Just is a
reasonable function of Q/u. For Q = 0, call G(0) = G;'(If pert theory were
OK Go is Jjust the usual g), Further this is most ressonable om nearly any
theory—<for the meson being pseudoscalar the coef to emit one (even if
proton is a positron + 18 neutrinos + 4 neutral mesons) must be ps.scalar-- L
which, if it doesn’t involve the nucleon momsnta (and I can't see how it
easily can bs galilean invariant-<but Naturs's imagination always hes my
respect) can hardly be other than.o-Q., {According to Yukawe theory, standard
form, the total series would give a G(Q) which, if ‘2 were very small and
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meke all analyses thinking of the theory non-relativistic in the nucleons.



integrals converged, would be nearly constent fo;' all Q equal to g=
but if ‘2 is larger, correction terms set in for Q of order ).

I wish to appeal to experiment to try to establish, if possible,
whether the above is correct and the coupling is like o°Q for gne meson
absorption. You see tho I mean only to refer to low enerzy mesons--for
Q¥ or higher I have no arguments about what to expsct.

Yot it 1s lmpossible to measurs the absorption of one meson by nucleon
directly for the conservation of energy demands thet another coupling enter
to take out the energy. If we do it with a y-ray, or & collision between
nucleons new uncertainties arise, dbut if we do it by means of another meson
(scattering) the situation would appear to be as aimple as possidle,

' The "intermediate states" (if they mean anything) have, maybe,
energy of order U s~ 80 that as long as Q remains small enough (non-rel,
mesons) the intermediate states do not depend much on Q, Then, ifws assume
the conpiing for two mesons is essentially like the double action of the 1lst
order coupling, we see that tho matrix element for scattering ought to be
proportional® bilinsarly to 4, and Q, . It zust therefore have the form

K= xlq1 Q, + xz ioo (Ql;qz)
or if Q].' Qz lie in x, y plane a.i angle © one to other using c.g. system QL'Qz'Q

M= Qz (xl coslo + 10‘_-1_21 [+ Xz)

where Xl. xz are some functions of Q, insensitive to Q for small Q, But in
principle knowledge of the coupling of one meson does not determine that for
two, There could still be & term with arbitrary coefficient in the Hamiltomian
of form w u2 vwhich is scalar. Hence we might expect |

M-Qz (Ll;coo e 1o -uoxz) -l-lt3 (0)

(For example, gradient and direct coupling theories sgree on ©°Q for one meson,

”Booanu. if you like, now in therpert series cme of the H is prop. Ql' other

to Q2 and otherwise nothing is sensitive to‘ the value of Q:I.' on




but for two x3 is very different being very small for grad. and very large for
direct-in pert., theory). :
Faturally such a form is completely gensral-=but what I want to
verify is that |
(1) X, 1s very suadl (maybe order w/M amsller than X, X,)
(could in principle depend on spin--I will assume it doesn't)

(2) X;o X, are insensitive to Q° for Q° well below .7,

I am not in position to calculate Yj. 12 in terms of G, nor to get a relation
between them=-=for we have no good theory., (One possibility of course is

that relations of the lst order pert theory may be true, but let us first find
out 12 (1), (2) ave true and that being established go on from there.)

Comments: (1) is & pure guess—-=various evidence (such &s y emission
competing favorably with n° emission in H capturing m ) indicates it 1s so=—
all the evidence which is usually aduced to prefer the grad. to direct cupling
is Jjust & qixntion of how big 13 is, I assume for no excellent reason that
1(3 does not depend on spins,

(2) could be wrong., It would be very interesting., For it probably
would mean there exist important "intermediate states” at low (rel. to u)
energy--vhich would be a vitel discovery, Hence I urge you to try to see
whether the predictions of (1), (2) are satisfied.

Incidentally since M for the inverse reaction should be the somplex
conjugate I conclude all X's are real (but I am notoriously punk at such argu-
ments—sget a field theory or group theory expert). |

Fext, very interesting is the relation of the X's for different
reactions (I mean mesons of different charges, neutral #c.). It would de
very interesting if we cwuld verify that the symmetric theory is valid. Let
us 1601: at the predictions of this theory for this problem and test it later ex-
perimentally, If":. 'vs are the vectors in isotropic spin space representing the
mesons in and out, and T’ 1s the operator for the nucleon M must be bilinear

in u, and v and invariant in isotropic spin, or of the form

Hea@9 +31T Bz (3
wvhere A,B are matrices involving spin etc. (Whsh we later write in the form .
A-Alc»icAz. B-Bl*ia 32 | %) .(5)

and we expect nearly to write



Al' = szl cos e+x3. Az = anz sin ©

B, = qzyl cos 04T, B, = erz sin © Xg0 T, emall,

X,Y nearly constant
spall Q%, All real?

but form (3) does not depend on anuﬁptiona (3)(5) of course, just invariance.)
That 1s, getting down to cases, the mutrix element for each process
is given in the following teble, Processes labeled with the same "TYPE* letter
have equal pro'babiiitiu-—u would be expscted from either reaction = inverse
or the most naive use of the charge symmetry idea: ﬂ+ is to p as -nf is ton
and 7° s impartiel, |
Now let us look at the X-sect for various cuses, In complete generality
A can be written in the form & = A, + 1ofA, vhere A; is scalar /A, is 3
quantities (complex) (vector) and B = B, + 10¢/B,, Summing over all spin
directions of the nucleon then we obtain that the cross section is proportional

in each czse respectively toy:

m L mm m eyt [
m +p .M+ D A+ B (a) 2 2
o+ P m+n -r{i (v) (v) Z(IB]J 4 ,,32( )
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P e N
bl s ::: @ [8,3,]% + |1, - 3f?
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nm +n n+n A=B (a) 2 * 2 ' P
’ : %5 -.."z—i- (v) (vhere IL' means A A I/Al = [A%:[n),
“o % & : T'0‘0. & " (o) Hence the symmetric theory predicts
B : £ m (b) 0‘4- O.b- 2004- qb vhich would be a wonderful
i : o A+ 3B (a) thing to verify for it does involve the

idea that neutral mesons have 1/ f{' times
the coupling of charged. However, nnfortuhately oc is unmeasurable experimentally,
(If somedsy we know sym, theory is OK we can use this to get % vhich somebody might
want to interpret n° production and subsequent escape in heavy nuclei,) So so far
no test of subtle parts of sym. theory. :

But now let us substitute (4),(5). I call X_ zero for simplicity

)
==you can put it in and sees effects. Assume X,Y real--~I hope it's true.



(e) = Qu Lcoszo(xl"' Y )2 + sinzb (X + Yzﬂ
)= gt oo e(zz )2 + sin%e (2 )J

(d) = Qh cos O(KI-YI) + gin o(x «YZ)J

Hence (A) Cross zections shouvld go as Qu (up until Qagp,z)

(B) in angle should be of form a + b cosze. or say o cos=0 + R 8100,
Effect of x3 \d.l)!..ba geen as & small residual constunt x-gect. as © vs. Q
is extrapolated 0 zero,--or more sensitively (7) a tarm in cos © in the
angular distribution (lagk of front-back symmetry c.g.) for low Q.

(e) Symmetric theory predicts for ¢ znd for B; or for (90°)

and for %(0) °F° of the relations

M@ -f@ = &
W o T (g
o {@-@ = {®  is fealty)
vhich may serve as a test of that thsory.

Could you tell me to what extert these foredictions (a), (B) (c)
are verified by cxperiments? May I urge the importance of low ensrgy meson
experimenis in establishing beyond doudbi (if they agree) some of our basie
premises today? Eigher ensrgy are interesting but in our 1gnora.nc§ we 4o not
kﬁov how to interpret them--so it 1z well to study low energy aswsll, :
In particular there is hope to check the r'z' of the symmatric theory with
low snergy data, /

0

Sincerely,
/8] Dick Feynman

P;S. I have alrsady heard that x-sect rises raplily wifh energy--stops

rising sbout Q = u. 80 I am not entirely in the derk in Bresil,

P,P.5, Between us theorists (I imagined you as &n experimenter above--
hence the low remark about seeing a field theory expert to aee if ﬁ.xz

must be real) I'd like to make some remarks. I think nov non-relativistically

about nucleons, so errors of order (P /llau proton) (e=1) can come in.



A coupling of one meson ¢°Q is not Galilean invarient, for at additional velocity
Vs Q' = Q + @V vhere W= :frequ. of meson., But nucleon changes mom by MV hence
the Galilean invariant coupling rust be (error now order V2/c » mot V/e), 1.0,

(Q -QIP is inveriant)

as (b + l-ap's" + 5 'P)) | (6)
f)
where P is the operator nucleon (b) momentum. Meybe you should use this in the
x-sect analysis but it only makes factors of 1 + @W/8M or 1 + u/2M to the
_accuracy we expect, 8o is Jjust an unknown constant anyway. ‘
The pe. theory grad coupling agrees, na.king for the non-rel, hamiltenian
&pUrox.

By _/E-_f_?. *—-<( f_) i—}——of m)«—}r(;; + 2o Va
(c) () «)

Fow I argued above for the term (a) with a g renmormalized to G as effect for
absorption of 1 meson. Hence the galilean argument shows the g in (b) is
the same as that in (a). XNow the (c) looh like the type of nzlelA term that
comes in electrodynemics from (/P - /A '-/A) o In that case renormelising the
charge must chenge the e in e(/Pe/A + /Ao/P) and in @ /A‘/A by the same amounte-
by an argument of gauge invariance. Now is there soma reason for & particular
size (¢)? Or, is there soms principle which shows the renormelized g in (a)
and (¢) must be equal? Does anyone in U.S. know about this? It is very
interssting because (¢) of course is the origin of the x3 term--go if X
is known in size it may tell us something.

Also vhon electric potential is present the ooAu gets another
¢°/Au. So one way Go might be got is from the cross sect for
wep ——sy P *+7 capture from w at rest, We know this competes success-
fully witp w o+ P i B + 7° and the latter absolute x-sect can be got by extra-
polating scattering cross sections down. (The latter is small either because
it uses the !3 term, or if this is sero (as in lst order pert. theory) by
0° Q of the out n° followed by the (b) term for the in 7). Can we argue
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gt ~.f6= 5
that the y emission comes Just from (o°/A)u? I think yes. If you imagine

the pert., serles agein and try to get n in by oo Q it cen only go by (b)
term and hence is so smaell that " could compete, Hence m must €0 in via
G(o°/A)u. Next should the G be G(0)? I am not clear on this., Probably not,
for if the nucleon has a structure it would depend on the 7y ray wave length

_ ==0r otherwise put, in principle we cannot excluds additional terms of the
kind (o° (/A x/E))u ete. Any way it may be interesting when enmough data is
available to put in numbers and see how comparable are the G's obtained from
X.o from this reaction, from an attempt to get Il. xz o o ofrom pert, theory,
etc. Also interesting is to see if eny electiromagnetic properties can be got
‘from the scattering based on the principle that any function of momentum for
charged particles goes to Q = efc A,

1’3 o I'm sorry to have to write by hand dut secy's here have language trouble,
and are slow, and are now on X-mes vacation, and I've delayed too lohg., If
anything herein looks interesting enough to tell any other meson labs please
tell them, I am not writing this to anyone else, (If you make copies please

send me one,)

5. Leite Lopes and I finishe: that test potentis: I sald
Imight try, The idea var teke lst order in from ps. grad. sym.
meson theory, Assums OK for laxgs - but not for susll, (B Integrat: from
outside 1n, but don't assume 1Y goss exsctl; to O ab orighn (becsuss ¥ there
With singlet, scattering length and effectiv: rangs

_, 08t <0.1/is But using these for tripl:. entirel:
%00 much D state result: and no accond is got to experinent mo matter wiet
phase is chosen at origin. It is so bad that we canesy the potentic: mst be
wrosg ¥ 1t out as at ur = 0,7 The
potentis. of Yuk theory makes changes of 200% st ur = 1,0,
ever for g% s large as 0.2 (the coefficien:: in the series are #o largel). in
afrections vhich do not seem Tigh' to straighten thinge out. Hence v have mo

:___tt._ ..:.

‘etween nucleons end a closed shell as well. It sesn: to be of the righ:
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sign und order of magnitude (it a;ctua.lly is too hig,but . . .) for Mayér
(order Bﬁ!ﬂ main force). I am writing all purticulurs to Bethe, in detail,
It is hard to believe in snything from the ps. thesory bedauss the perturbations
are inconsistent. I have tried for 6 months and 100 closely written pages of
formulas to work out intermediate coupling problems, I think I could succeed
but the grad. meson theory diverges everywhere so I am dishezrtened to pick
out any false model (without divergencies) and push it through, because it's
80 much work, I think I could do any special problem which didn't have
divergencies (e6.g. & cut-off theory) but I don't want to waste my time,

So I am, with this letter to you and ons to Beths, giving wp Yuk,
idea 1934 and am going to the Copacebana beach to see if I cun get one of my

own, I get lots of ideas at the beach.

Merry X-mas,





