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Abstract:

An attempt was made to detect radiation formed by the collision of photons in two crossing X-ray
beams by examining all possible directions from the crossing point. X-ray film was placed on the six
sides of the collision point and long exposures taken to determine if radiation was given off in any
direction. This radiation would probably be most intense near the bisector of the angle between the two
beams and would haw a wave-length given by A= Ao/(I+cos ¢} where Ao is the wave-length of the
colliding photons and 89 is the angle between them.

The two separate beams coming from a single source were brought together by reflection from calcite
crystals. The crystals also served to eliminate all but the desired wave-length in the final crossing
beams. The Lal line of tungsten was used since its intensity and reflecting angle were most suitable.
Many preliminary exposures were necessary to align the tube, slits and crystals and to locate sources of
scattered radiation which were then eliminated by lead shield-ing.

No "collision" radiation of sufficient amount to register on the photographic film was found even
though exposures of 25 hours were used.
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ABYTRACT .

4n atbtempt was made to detect radiation formed by the
sollision of photons ia two grossing Z-ray beaus by exemining
a2ll possible dirscibions from the crossing point. X-ray film
was placed on the six sides of the collision point and long
sxposures taken to debermine if rediation was given off in any
dirvection. 7This radietion would ?rab&hly be most intense neayp
the bisector of the sngle betueen the two beams and wwﬁl& have
a wave-length given by A= Ag/{l + cos ¢) where \g is the |
wave-length of the colliding @hoﬁons and 29 is the angle be-
tueen then.

The tuo separabte besns cuming from a single SGUrCe were
brought together by reflection Trom caleite cerystals. The
crystals nlso gerved to eliminate all but the desgired
wave-length im the finel erossing beams. The Ly line of tung-
sten was used sinee its inbensity and refleeting sngle were
s0st gultable. any prelisinary eIposures wers necessury to
align the tube, slits wnd erystals and to losute sources of
zseabtered radiation which were then eliminabed by lend shield-
ing.

Wo Yeollligion?” radiabtion of sufficiént smount o reglster
on ke phobograsphic film was found even though exposures of

25 hours vere unsed,
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HISTORTCAL BACKGRUUND

Phis problem and method of abtack was suggested by br.
Arthur J. M. Johnson of the FPhyeies Depariment at Hontana
State College. Dr. Johngon became intervested in the X-ray
method of approach éf%ar Jauncey gud Hughes failed %o deteot
any collisions of light quanta, as menitioned below.

The problem has been luvestigated by several persons
using various methods of approach. In 19289 6. N. . Jauncey
_aﬁd Ao Lic ﬁughes? conceived the idea that two photons should
be able to collide Torming two new photong having differend
frequencies. These men computed the Lreguencies qf the *eol-
ligion™ radization which should be éxpée%e&9 as & funetion of
the freqﬁeaey‘amﬁ ngle of eollision of the two originsl beams
of photons. A short time 1a$@r$ the experiment was actually
porforned ueing the mys of the sun as a souree of photons and
ﬁéiﬂg the human eye @ an insbrument far.&ateatiwn‘nf the
expected @allisiéﬁ gﬂvtaﬁs» It was roporbed that no "eollision®
radiation could be dsetected. G, J. gorter® aiso atbempted o
combine 1ight quanta from the sun by comcentrabing Piltered
rays in a liquid and observing the results with a phobographic
plate. He, oo, reporited megative resulis.

fhe problem was alse investigabted at about this same time
by 8. ?&vilavl%, a Russian selentist, who used a differeant
kind of visible ligkt as a source of phobouns. Insteal of using

2

the sun Ffor photon beans, ag d4id Jauvacey and Hughes, light of




.
¢ondonsed gparks was used. This experinent also showed nerg-
tive results. The problem was considersd by 4. K. ?asg of -
Caleubta, India, and although ne actu&i.axpsrimenﬁal work was
performed, he.expreosed the desire to try I-rays or é&mm& rays
as a source of photons and suggested that some oune with the
negessery equipment available perform it using this,pha@an
SOUrCe.

The theory of thisz problem has also been, guilte thorsughly
discussed in two wrbtlcles written singce these agbove menbtioned
sxperiments were porforaci. Iu the f£irst J. L. ﬂﬁmf@iﬁ
discussed the subjeet Trom the standpoint of the conservation

4 GO~

laws. In the second article G Brell and J. a. uheeler
sidered@ the problem from the sbandpoint of the ¢olllision avea

and density of the phoiton.
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Eﬂﬁﬁﬂiﬁﬁﬁ?ﬂi FROCEDURE
An RB-l-4 Gomeral Lleotric Coolidge X-ray tuﬁa wag
arranged as shown in Figures 1, 8a, and 2b. Rediabtion ffom
the targeb of .the tube was limited bo two besms by the use of
horizonsal slits s; and oSy, and vertisal slits sgn The Ccry-

stuls € sre locuted so that the b@&ms are reflae &é from them

LAy
et

O ©TO5S at the poiut P. The crystals and slits avre arcsaged
8o that the paths are approxivetely egual and. the croagiﬁg
peint is the same distance from the erystals as is the target.

In selecting the wave-length best suited to this expori-
‘mant it was necessary to gob a wave-length as long as possible
in order o obbain o falrly lorge eolligion.angle and vebt to
chooge & line that would not be too highly absorbed in the air
path uged. The Ly liﬂe of tungsben was used sinee 1% had bthe
crestest intensity of the verious lines with the risghit order
of reflecting angle from caleite srystals. sccording bo $iegu.
babet® the Lygy tine of tungsben hes o wave-leagdh of 1.473
Angstron uﬁitsa Por this wave-iength the ssme suthor gives &
value of 149 4.5% for the réfl@aﬁing sngle from & caleiie ery-
sbal. Upon examining Figure 1 it cen be seen that for symmebry
the ang&é~beﬁw&en the rayvs b the berget and ab the collialion
point must be 28° 8.6%

Compton and Allison® zives the relation For this absorp-
={hg X

tion as I = Ige where I is the transmitted intongidty for

an initial inbensiity Ip of a ray passing for a distance x




Fig.

1. ARRANGEMENT OF APPARATUS
Shaded parts are lead.

ZIs



Figure 2a. TOP VTEW OF APPARATUS. Shield-
ing removed from one crystal.

Figure 2b. SIDE VIEW OF APPARATUS. Shield-
ing removed from one crystal.
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throush a gubstanee having a mass absorption cociiiclent i .
The value Tor Hy wos Luken as £.3 Ifrom a table compiled bdy.
Compton and 5llison®., Using the above informabion the ratio
of intengities afber paﬁsiﬁg through 50 om. of aly at an ave-
rage pressure of 640 mm. of mercury and u bemperabture of 15°

Centigrade wap found to be:

%@ = 0661
which shows thet the heam has lost only aboubt one third of itsg
original iutensity by absorpbion.

In operating the X-ray tube It was neaessa?y/to‘éetarmine
the most sultable operating potential because of limiving fas-
ta:é in the apparabtus. Although the tube iz a more e¢fficient
producer of Lgi lines at 70 kilovelts, it was found that better
regults could be obbtalinsd by using 40 kilovolts since the shord
T lines sare eliminsbted ot this low potential and therefore much
seatbered and seecondury radiation is eoliminabted. This reduc-
tion of voltage vas partially compensated by doubling the cur-
rent through the tube. Compbon and allisané give Loy the rela-

tion of inteusity of the given line to the potential I JZ 1),
Bq
whore the most relisble valus of n is aboud 1.685. ¥ is ~ the

 potential across the tube and B, iz the pobentlal weguired %o

rerpve the electron from its orbib. Using this empirical rela-

tlon, the rotio of iptemsibies is geen to be as follows:




wd Qe

I&Q i 40 = b 1,88
¥ = iérzﬁ‘ H = 0,853
767 (70 - 1)1e.65

aa%?
wihieh shows that the~iﬁ$en$iﬁy of the L,y line is actually
docreased 0 one third of Its original valﬁﬁ vhen bthe voltage
is decreaged to 40 kilovelis. This iz a conservebive wvalue
sinece the value of "n" bheecomes slightly smalleyr thayn 1.65 for

values of B greaber than four, making the actual loss nov
EQ ' l
guite as great as it appears. If then the current through the
tube is doubled, the intensity can be veturued to two thirds
of its original values without mstorially inereasing bthe power
uged or increasing the workipg temperaturs of the tube.
The proper position for the X-ray tube was determined by

passing a 1lirht beam in the reverse direction along the two

¢ {Figure 1l}. The correcht angle for the ealelie orystals was
Tound by trial and orroT &g was the position of the set of ver-
tical slits sg. Figurse & shows exposures of the main Z-ray
beams on photographic Llim which were used to debermine when
the grystalﬁ and Sliﬁﬁ were in the proper positions to give
beéms well matehed in Intensilty =md size. The pecullar expo-
sures obtained in numbers 3a and 3¢ were fomnd to be due to
sceondary radlation from the iron §lam§$ sapporting the ery-
stals. Imeh Gifficulty was ensountered in determining the

aetual source of thig radlation. This trouble was Linally
“Siegbahmit




wlle
elinlnnted by complebely shlcelding the clawps with sheet lead.
1% vas also found ﬂee@sgary 0 shield tue puobogruphic plute
by the usge of leod boxes ghown in Figure 1, frow scatiered
and secondary radiatvion coming from the walls und from warious
objoets in the room.

Fumbers 3b and 3¢ skeow the Ly line bogether with other
reflected radiation. Since 1% was desirveable to bave only a
single vave-length and bave z narrow beam, the set of vertical
slits 8z wos inserted to 1imit the width of the bean and ex~
clude all but the I, radistion. WNumbers 3d and Je were taken
aftor the slits s were inserted.

The aetual search for "sellision™ radiation was notv éﬁara
ted until test exposurcs showed thebt the colliding beaus were
avproxiautely cgual in slze usd iatensity and unbll the expo-
sures showed no blackening exespt The actusl beaws of Ly radi-
ation., Luch more bHime wes reguired for the adjustments and
ali@niﬁ: cxpagures bthan for the actual search for "eollision®
radiotion,

wxposure murbey Je of Figure 3 was token at tls crossing
point of the beowss und nugbor & wap tuken at o digtance of
about one eighith ianch beyond the crassiug point., Tihese expo-
sures vore made to debermine 1i any inberference patiern could
be observed in thoe reglon vhere the two beans were ucoupying
the same Spacs. LExposures 3g and 3h were talken beyond the

crossing point. These wers long exposures taken with the
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Aligning- Exposure
N hr. 70 K.V. 4 M.A.
Beyond crossing point

Aligning Exposure
I hr. 45 K.V. 8 M.A.
Before crossing point

Test for Interference
I hr. 45 K.V. 4 M_A.
At crossing point

Test for Collision
Radiation iIn Box

6 hrs. 45 K.V. 4 M_A.

I Past crossing pt.

Figure 3.

Test for Interference
I hr. 45 K.V. 4 M.A.
1/8" Past crossing pt.

Test for Collision
Radiation i1n Box
25 hrs. 45K.V. 4M.A.
' Past crossing pt.
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TILORY

Sines lipght has definite corpusculur proverties it would
soen reascpable to expect that under properly conbrolled eondi-
tions these corpuscles might be esused to ecollide. The pho-
tons forwed by such collisions might be cxpseted to have fre-
quenclies different from tanse .of the eolliding photons since
thore might be a resulbing new distribution of energy.

Using the genecrally acoupbed luws of anﬁﬁﬁ?&ﬁiéﬁ.ﬁf
ensrey and momsnbun tin wealilslon® redintion should have dofli-
nite freguencies which are-@msiiy compubed Tor plven directions.
After deriving an expression fmf%ﬁhe frequency, as & function
of angle, from these lawg, it is ouly necessary Lo choogse an
angle and the freguency o be expected is determined. This
relation of frequency to apgle is shoun im the following deri-

vation:

Pipgure 5.

Lot two photons of eguel crerpy from two beams of s-rays meet

at un mgle of 39 as in Figure .




=l Be
asssume thut two new photons are Tormed by the collision

and leave the polnt of intersection at angles o end B with the

bisector of the collipion angle. Applying the law of conserva-

tion of emergy we have:
(L} &hv = hv' + av"
and from the law of consesrvablon of monenbum

(2) b L'sing = hY" sing
¢ S

(3) n L' cose + p V" 608 = 2h ¥ cosyp
¢ e c

Solving squation (3) for cosp
. =Veosy + 2Veosw

cosfh
Vv
= S ES 1
2" ‘vag;vvgcssgaﬁévvwcﬁﬁggosa«évﬁcasﬁg
-V T GOBa+EY008y

Figure 5.

Using the right trisnsgle of Pigure 6 to find sinf

) ) P P2 31
ging = qV““wvg“GﬁséaééWWiGQS@QG%&»QV”GBsd@
.V *®

Subsbituting in equation (2) and eliminating V" by use of egua~

tion (1}
& N . £ £ }
Vosing - \ 4V2-41493ay1 300580 cospeosa~-tVBeosy = O

e
oo
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Sluplifying:
.,g,v%(lwegggq;) + 47Vl « cospeosa) = O

Y* = V(i-adoaSp}
{I-cospeosn}

is the expression for the "wolllsion® radistion frequency as
a function of the initial freguency, angle of collision, and
angle of departure..

¥or the two angles o = 0 and a = =~ this sguation reduces

£
o
»

vV =v{l + comp) for a = O

P =1 {1 m_ee:;s;;} for @ = e
Inches angd J&mmeyﬁ congidered the radistion in *é;m;f;ga yils}
dircetions only ond obbained tho exprsucions given sbove,

The absence of an interference patiern in exposure 3e and

ST con be underabtood guite easily for aemrﬁing 60 elenenbary
interference theory the distonce between interserence I{ringes
varies dlveectly ss the wave-iengbh and inversely us the bane
gont of cope-half the angle bebieen the beams. Since the Lo
line of tuungsben has an exceoldingly shert wave-lengbh compared
to that of visible 1light, the sngle between the beuus would
nstessarily have to be suell ssaller than the angle here used

if thesoe effoecihs were o be aade visidls.
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RESULTS AND CONCLUSIONS

Bxposures 3g and 3h of'Figure 3 show prints of typical
test filmg. On these, as on all test films, no "ecollision”
radliabion was observed., NWegstive results were alsc obbained
from test films placed almost completely around the intersec—
tion of the two beams. No "eollision® radistion was detected
in eny direction from the intersection of the beams. Sines
there was no trace of "ccliisicn” radiaticn with 25 hour expo-
éures, it was not thought desgirable to make ionger exposures
with the equipment avallable.

The Gelger-Utiller counter vas also used ian an abtiempt to
detect the "ceollision® radiation. Since the background count,
however, was .so great that 1t masked any effsct which might
have been present, the counting methgﬁ;was abandoneéal

It can be coneluded from thesé experiments thet if f-rays
are composed of photons and if these photons can eollide, bhe
numbey of collisions is too swall 10 be detected by‘tﬁa pres-

ent method of atbacke.




L.

B

[1-8
-]

Sa
So
o
&.
9o

10,

1l.

12,
13,

14.

~18e

BIDLIOGRATHY

Ereit and Vmesler, Fhys. Rov. 46, 1087-91 (1934)
Compton and Allison, f-reys in Theory aund ixperiment,
Znd Bd., Page 2, O. Von Hostrand, Wew Yorlk (1955}
Thid. 2, ?&38.533@
Trid. 2, Page 8l.

Das, Ihys. Reve 57, 94-5 {1931)
 Gorter, Phyaoics I, 199-800 (1934) _
ﬁughss aué Jaunecey, $ays. Rav. 55, 290 (1629)
“told. 7, Phys. Hev. 85, 1459, (1930)
Tbid. 7, Phys. RoVe 45, P17 {1934)
Ivid. 7, Phys. Rev. 45, 217 {1934}
Siegbahms, The Spectrogcopy of X-rays, Lindsay Transe
lation, Table II, page 247, Oxford University Press,
London {18285}
Ibid. 11, Tables ¥, VI, Page 2561, 257
Synee, Phys. Rev. 45, 500-1 (1934])

Vavilov, FThys. Rov. 36, 1520 (1930}




—

L

3 1762 2 10022687 5

54115
con s
Wiegaad R.V.

-~ Colly sian of rhotons by tm
__use of X=-rays.

| ‘L. %§ ?1J T |
N378 S -




