Prevmus theomtxcai work has analyzed t,he spectra! a.nd an-"

- gular characteristics of PXR generated in mosaic crystals [1].
A recent.report (Fiorito, et. a.l ref. {22‘ ) described the mea-
surement of parametric X :ays (PXR om & mesaic crystal

- -(pyrolytic. graphite) placed in the path of a 90-MeV electron

beam.  The measured multiple-order spectra were very: ciuar,
and some higher orders (up ton =8, ~ 37 K eV} had surpris-
_ingly high intensities. The present paper reports spectral and
_ angular measurements of PXR from a similar pyrolytic graphite
“crystal exposed to 900-MeV electrons from the Tomsk ” Siriys”
o synchrotron Th:s work was pezformed in order to cla,nfy the



nature of the angular and spectral distributions of PXR from
mosaic crvstals. The spectral distribution of PXR is interesting
because the higher order "modes” can generate tunable narrow
bands of hard x-rays. _

Generally speaking, PXR gene ration mechanism tend not to
be efficient when w > ~yw,, where w is the radiation frequency,
~ 7 is the Lorentz factor of the electron, and w,-is the electron
plasma frequency of the 1naterial [3] . With yw, =~ 5.4 keV,
the Fiorito PXR spectra had features with wp < yw, and wp >
~Yuy, where wp is the PXR frequency . The present experiment .
measures ' similar Spectra under conditions where wy < yw,
‘when the spectral and angular distributions of PXR must be
described by the kinematical theory of PXR [1].

The angular distribution of PXR emitted at angle ©p = 7 / 2
is interesting because it has single- and double-lobed character-
istics parallel to and perpendicul-r to the diffraction (or re-
ﬂectmg) plane, respectively. The smgle-lsbe in-plane structure
means that single spectral features can be isolated in the out-
put. - The double-lobe out*of-plaae stmcture is snmlar . the '
angutm‘ distribution of transition rad:axmn

The. gemnvtry of the: expemuent is shnvm in Fig. 1. The
target crystal was. pyrolytm graphit (CAPG) 11x6x1 mm3, pro-
duced by Union Carbide Corporation.  The Bragg angle be-
tween incident electron beam and diffraction planes (200) was

- Bg= 1/4 and the end of the crystdl was beveled at 45° in or- -

der to minimize edge effects. X rays were measured with a Xe (1

~atm.,'12 mm cylinder ) proportional counter with the angular

aperture 1.74 x 13.9 mrad. The measurements were performed
with the internal beam of the Tomsk synchrotron. Further ex-
, penmental details have been deseribed previously [4]. _
"' /The zero Bragg angle condition was determined by monitor- .
'mg channehng mdiataon {Cﬂ)-whﬂe rotatmg the crystal in the




- dcc twn becun The dmnnchng‘ xadw,tlon m’ceusmy pealxs when ’
. the crystal planes are parallel ‘to the electron trajectory (see.
- »Flg 1<1) Furthermore the mtenslty versus crystal orientation

- gives a measure of the mosa.imt;y of the mxcroorystals inthe sam-

ple. Figure 2a shows the orientation. ‘dependence. of CR from

. the graphite crystal For hlghly_polhmated electron beams, the "

~width FWHM can be deﬁneds hoosing the maximal value be- -
tween ©, and 6, where ©; = \2U/E, is the Lindhard angle -

_ 5], oa is the Gaussian half-wxdth of the crystal mosaicity of

. a sample (M =D,T,G for. dxa.mond tungsten and graphite,
- respectively), E, is the electron energy, _and U i$ ‘the 'maxi-

- mum value of the continuous plane potentxa.l Figure 2 shows -

~the measured dependence of CR intensity on crysta: orientation

S electmn beam  the crystal was 10l
" in Fig. 1b). The det;ector window

-~ for the pyrolytxc graphxte, natural diamond (ag ~ 0.2 mrad) _
~and tungsten (o7 =~ 1'mrad) crystals.The data in Fig:® 2a-
-+ can be used fo. estxma‘te the mosamty of the graph1te_sample

- 963, 4 mrad (og ~ FWHM/2.36). :
' After using CR. to orient the, crystal planes parallel tosthe'f
ted to a7 /4 Bragg angle (as
‘ '(qht) was. perpendlcular to
the scattering plane.- ~The. resultm, PXR spectrum-in . F‘xg le

' shows pecaks’ conespondmg ton = 2<3 4 at_about; 5. 0, 7.5,

“and 11.0 keV, respectively These energles ‘agree, wmt_hm ex-
~ - perimental uncertmnty, ‘with' theoretical predictions ‘a.ccordmg
’ to. the well I\nown formula [3]

g ] :
the dot( ctmu (01 ermssxon) d.llf.,l(’ Ta.ble T .summanzes thesé";'
results. The mn all p(dk at about 1.5 KeV is.an artifact (&uce& {_.

' by ele( tmmc noxse Th(. specxrum ux Fx»‘ +/1¢ is not correcteg!v .




for the spectral response of the derector,
According our estimations, the detector efficieney \\akJ l/
al :.rJ j(C{’/ ¢ A}(l 6/() at at u.‘), [\ C‘/, (lﬂ(,l «)b, 0‘ vl 10.4 ]:\(

TABLE 1

Reflection order, 11? 2
Er_;ps ;\( ‘/*i‘- (l£03 7:) {

J_Jm,o», KeV ! 5.2

Figure 3 shows the dependence of PXR vield at 9 degrees
on crystal rotation (the detector position was the same as dur-
ing spectral measurenment). The maxinmn correspords to an
angle O g = 4428/ indicates accurate orientation of the ervstal,
Because the intrinsic PNR widdh is very small, the width of the
peali in Fig. 3 is deminated 1ar the cryvstal mosaieity. Hereo the
width, FWHM ~ 10 inred, is consistent with that observed
with the CR lu“murmnmn m Fig. Za.

Finally. Fig. 4 shows measurenments of angular disiribution
of the (600} reflection m the vertical plae (perpendicalar to
the plane of inetdence). Here, the detector slit was paraliel to
the diffraction ,ﬂm(‘c

Similar previous me asurements [6] of (220) reflection PXR
from a diamond target have prodnced lo.sults that agreea well
with the kinematic PNR theory [7]. This theor expresses the
angular distribution of PXR | 1"1(111\'(: to the Bmgg direction,
as: : :

v

AN . 92C0s120) + 67
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Hcre the definition of 9, lias been expaxlf{(‘rl to include a
contribution thut describes tho eﬁcvt of multiple scattering of -
electrons in the target: O;h =y 24 w;/wd + ©%q, where

4



03, is_the multiple scattering angle.  As mentioned above,
eq 2 with Op = /4 deseribes the " two-lobe” distribution with
maxitna shifted relative Bragg direction to the ang.)les Cymar =
£0,,. dashed line in Fig.4. The prese nt analysis estimates the
influence of mudtiple scattering by treating the target as the sum
ol & nunber cf thin layers, whose contributions are integrated
to obtamn the overall angular distribution, Fys. ‘

The present PXR angular distributions are dominated by
the graphite crvstal mosaicity. The influence of mosaicity 18
raodeled by a description in reference [§] wlnrh writes the dis-
tribution of mcsmntv angles as:

2

\ oy T at. ol
Plos ay) = Plow)Ploy) = 5o reapl=5 3 Jerpi—550 )

. ‘ , : (3)
where o, &, are deviation angles of mosaic element from
average direction of reciprocal lattice vector, respectively. For
the present experiment, the variation of Bragg direction for each
mosaic element, leads to deviation of Bragg direction for emitted
photom relative which the angles Gp O in (‘(111?\.01011 (2) are
defined: . o '

(OD); ™ QO'L K (GD;y o —-2ay51'n@3 (8
Thuvfme the dngulax dlstrxbutlon of P\R can be descrxbcd.
by: : '

(lNAr - " i - L : ) -. . , )
my—) = [da, | uqu(ax)P(ay)F,y;g((-)zj—Zaw, €,+20,$inOs).
' (5)

Figures 3 and 4 conqmre ‘the results of calculati ions of Eq.
(5) with the data. As a simplification, the calctlations used a

)



_ ‘one—dlmcnsmnal angular mﬂubutmn OVer coor dnmt(' oz, (n ay,
respectively (since the detector window was the split with one
side much greater than other) and taking into account multxple
‘ scattermg of electrons and the detector aperture
" The results in Figs. 3 and 4 do not show good a;,rcvmcnt
- between experiiment,and calculations, ‘because the resnits of cal-
culations give greatel \"ﬂues for a.ngula,r mdth«; ot PXR distri-
* butions. 1. oo i
- In conclusion, we ﬁnd that SRR - - _‘
) a) The main features of the presont d.m are consistent with -
~ kinematical theory of P‘(R w;th takmg into rmount ‘the crystal
© miosaieity {7).0 o T
b) When oy & O,,;,, the st;oug mosamty domn t lvwd
) significant bmadenm;, of angular distributjon; aud thercfore
‘the use of mosaic crystals does not lmd to a descrease of PXR
brilliance. Indeed, with two orders increase of mosaicity {com-.
-~ pare, o¢ and O‘M) on’y two tines mcrea.so of dup;uiar vmlth was .
observed. - :

A smgle-parameter phenomenologxm! mode} uf P‘(R docs R

7: not produce accurate descnptxom of the a,ngn!al distribution of
- PXR from mosaic crystals. Here, the width of the raosaic distri-
bution (the smg}e p[uameter) was dctm m-necl by measurcments
of CR. :
. The further' detaﬂer{ expenmental studrm d.!‘L‘ ne(c%azy to
' clm 3fy thc features of PXR in mosguc crystals
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FIGURE CAPTIONS

The experimental layout for CR measurements (a), for
PXR measurements (b) aml measuredd PNXR spectrum (c)
for Og =7 /4

'T‘be measured orientation dependencies of CR from graphite
(1), from naturai diamond (b) and from tungsten (c). The
crystal thickness T(mmn) and channeling planes are indi-
cated.

Experimental (crosses) and caleulated orientation depen-
dencics R(Op) of PXR photons (n = 3, hwp = 7.8KeV).
Solid line - calculation with taking into account the crys-
tal mosaicity; dashed line - calculation without taking into
account the mosaicity, into the given detector aperture.

Experimental (crosses) and caleulated angular distribu-

tions R(©,) of PXR photons (n = 3,hwp = 7.8KeV).

Solid line - caleulation with taking into account the crys-

tal mosaicity; dashed line - caleulation without ‘m)\mﬂ the
mosamtv, mto the g,xvcn detector cmoltme
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Chapneling Radiation Iotensity, arbitrary units
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