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,/ - ,/ R Do Hyperphotons Exist? .. . »
: Steven We:!.n‘oerg'r ' - L . b
, Department of Physics and I.awrence Radiation Laboratory .
: .?ﬁ " University oz California, Berkeley, California 371

The existérice of the photon naturally suggests that there may '
_also exist other‘ "gauge" particles, coupled to other conserved currentsl 2
This z'emained purely a speculat:.on , until the .recent appearance of experi-

mental resul'ts3 which seem to :mdicate a CP~violating K20 -+ 25 decay.

-Research supported in part by the Air Force Office of Scientific Research, -
Grant io. AF-AFOSR-232-63 and in pan by the U. S. Atomic merw Commission.
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Indeperndent letters by Bell and Perringu and by Bernstein, Cabibbo, and |

5

Lece” have pointed out that the effect observed can also be interpreted

as the fegeneration of Klo by & new long-range interaction be‘gween the

K-meson and owr gdlaxy, which would have to act with opposite sign on the

0 =0

K™ and X° components. Both lettiers therefore suggest the existence of ;

" spin-one "hypexrphotons” coupled' to hypercharge (Y), or to Y plus some

linear coxﬁbination of Q and N. The purpose of this note is to argue on -

empn’ical grounds agamst the existence of such hyperphotons , and to

h ]

" - Indicate where to find them if they do exist.

‘The hypercharge current is not precisely conserved , 80 the

. ;»hyperphe"cen must6 have a small but finite mass m. But in all other

o respects 1t may be presumed to behave qualitatively like an ordinary ‘\

photon. ' We can therefore calculate the matrix element for Ko decay into

two pions -and a soft hyperphoton, of momentum gM (with q,o == (]ql
and polarization ¢V, as! |
- 3 : | 2P +¢ o ‘
L M(ge) = “ 2 (1)

(2x)¥2(2)% (2, =)® + m”

,-where f is the coupling constant of Ko to the soft hyperphoton , and M

/

is /4:he/matrix element for Ko - 21, 'I.‘he branching ratio for emission of

hyperpho_tons_ of energy s E in Ko decay at rest is then f o

k0 S ox + "y £ fE Sc'o2-m2§3/2 : & . : (2)
m : o

© w2x . heal (wma”/2m, )

This formula is exact for sufficlently small E and m (say, << 100 Mev)
because then the matrix element 18 completely dominated by the'pei'e
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term (1). 7 If we take E of order 100 Mev, and assume’ (quite safely) tha‘c

m << E, then (2) becomes simply

Remew A2 e

'KO->2:t - 822

The important point is that (3) depends only upon the ratio £° /ma, 50 a -

very weak coupling can still give a large branching ratio if i} is suffi=-

ciently small. This circumstance can be traced back to the long:l;tudinal

“term q q /m in the polarization sum, which contri'butes here because : '
'K-decay violates hypercharge conservation. Similar conclusions would

" bold for any AS £ 0 decay process. - ' . l':l

How large 1s f2 /m ? The -apparent Kao — 2% decay rate can be !
0] 0

"explained by regene;:action o:L’ Kl ‘if the K~ and I_{'o are split by the hypei'- o

photon f£ield by an amount V & 107 ev. If hyperphotons interact purely

_' with hyberchérge then
Ve fafd3r n(£)‘ e.mr/}ir:cr ' ‘ | ) . v

 vhere n(r) is the nucleon number density a't poaition r (with K-meson at

0) Eence £ /m mus‘b take the value : :
AR eyl T )
vhere (n) is an effective density
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;1s the average galactic bnumber density, and RC- ~ 6°10

A

_ where n 21077 en™3 is the average cosmic number density, n, &k cn

f than E =~ 100 Mev therefore takes the i‘idiculous value 1&‘1019. Iz 1’2/1112 -

If the ranée nt 15 larger than a galactic radius (as assumed by Bernstein, |

. Cabibbo, and Lee) then

-

(n) n -i'nG)R.2 2;' o ';v ('vT);"

-3

c
22

i . - i
galactic radius. Equation (7) holds only for m L > RG, 580 we get the .-

smallest value of f2/m if m l’z R., in which case . . B i »'; B

7

f2./m2 = (V)/nGr & 30004 Meve . ~(8) |

i

The branching ratio (3) for emission of hyperphotons with energy less |

¥

" had the value (8) then not only the K-meson but all strange particles

_would be totally unstable.

The only way to avold this catas’crophe 158 to 'bake the range
i

m "~ as less than the earth's radius (109 cm), 8o 'tha‘b {n) :I.s about equal

to half the terrestr;al numbe;' density n, = J_.O /cm , and
£l s 2y s 20 wev® L (9)

The branching ratio (3). now takes the aceepta‘ble' value 2flO'J+. It is ofv»

cvourse.assumed here that m™— is large enough (say > 10 cm) for the

K~-meson to feel .the ear‘:.h's field , and i‘c seems rather artificial to sup-

’

pose that m™F falls conveniently in jJust that range lOu cu < < 109

for which Klo regeneration is possible without hugefbranching ratios for

cm is ‘the effective L

T
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hyperphoton emission. But perhaps a search for hyperpho ons ih ) # 0 Af
decays would be worthwhile.

It is interesting to ask what value might be expected a Eriori

e
-

’ for the parameter f2/m . I we suppose the hyperphoton mass 1o be given

by the lowest-order self-ecnergy diagrams, we way estimatea

where g, = 10 5 m " 2 is the weak coupling constant, and p is some typical v'; ‘

particle mass. The factor gw must appear, because the hyperphoton woald

H

presumably be massless were it not for the hypefcharge-non-conserving weak tf

" dinteractions. [For 1n5uance, the diagram in whzch the hyperphoton disso-

\

LR
‘

ciates into a KIK pair does not contribute to m° unless we also add a' ; ?'”

hypercharge non-conserv1ng~bubble to one of the virtual.K-meson lines. ]
- Taking n between 100 Mev and 1 Bev gives - | ;o
£2 /uf o 10% to 1010 Mev2 S -(10)% E
This is 1n complete dlsagreement with either of our "empirical" estimaues .
(8) or (9), and would in any case give an impossible value to the branche
ing ratio (3) for hyperphoton em;ssion.

Qur conclusions are ‘unaffected if the hyperphoton interacts
with I, instead of ¥, and are even stronger if it interacts with S. In
the lati{er case the nucleon coupling constant fN Yo the hyperphoton field
is less than the K-meson coupling constant %{ by a 'factor 8W2p1+ ~ 1o'l°'
‘o 10 h, and since the "empirical” estimates (8) and (9) of f2/m must

now be unders»ood to refer to fok/m , Ve get values of QK /m which are

: ‘n : N : ' ’ ¥ . N "-" . A W
. ; . . . . . . . R
/ . o 3 . s, . - . L
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4Bell, W, Chinowsky, G. Feinbergz, L. Lelpuner, and J. Schultz.

larger than (8) or (9) by 10 to 14 orders of magnitude. This brings the
“terrestrial" estimate (9) into good agreement with the a priori estimate
(10), but of course if also gives a hopelessly large branching ratio for

hyperphoton emission..

There is one other klnd of argument wanich can be brought to bear.

- ageinst new particles of very small mass: a particle of mass m < 1 ev and

with sufficlent cowpling strength to be stopped by the sun would have to -

be radiated by the sun according to the black-body laws, doubling the

-'solar heat loss. Tais point does not apply to hyperphotons, since the

'suﬁ would almost»certainly be transparent to-them, but it would'apply to

n2 if they had small enougb nass .’

the quanta of Ne' eman 's "”1fth force'
I am very grateful for valuable discussions with R. Adair, J.y

7"\,
'
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The hyperphoton is emitied by the incouming K-ueson line, this being
the only term which becomes of order m"2 at low hyperphoton energy.

Corresponding formulae are well knoﬁn in electrodynanics; see,'e.g.,

J. M. Jauch and F. Rohrlich, Theory of Photons and Electrons (Addison=- . .
W;esléy,l Reading, Mass., 1955), p. 392. |
This ﬁas suggested to me by J. Bell. Using the eafth as source means .
that the hyperphoton field is vefy anisotropic, so detection of this

field in an Eotvss-type experimentl becomes possible in principle. i

‘The energy of a K-meson due to its interaction with the eartb’é;field.
‘'Is 0.35 év, wnile its h&perphoton §otential enérgy 1s supposed to be
about O.5-lO-8 e&, éo the ratio of the hyperphoton to gravitational;
force should also be 7'107. Howevér,'the hypercharge of ordinary ﬁ

;matter is closely proportional to its inertial mass, the ratio varying

/ by only 0.89% from hydrogen to.iron; hence it would be necessary to
/ : .

look . for differences in the apparent gravitational mass of about one

paft'in 1010.








