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The calculation of the system consisting of two optical cavities enclosed one into another is performed in the
plane-wave approximation. It is shown that under definite conditions one can obtain an enhancement of the electro-
magnetic field in the internal cavity as compared to the case of direct excitation of the cavity with an electromagnet-
ic wave of the same amplitude. The comparative analysis of these two approaches is carried out. We suppose to ap-
ply the proposed system with moderate-reflectivity mirrors (R=0.99) for accumulating laser photons in the optical
cavity of the X-ray source LESR-N100 based on Compton scattering of the laser beam on relativistic electrons

stored in the ring.
PACS. 42.60.Da, 42.62.Hk

1. INTRODUCTION

To attain the goal parameters for monochromatic X-
ray source based on Compton scattering one has to de-
velop the effective laser-optical system that should pro-
vide in the interaction point (IP) a continuous sequence
of short (<10 ps) laser bunches with a density of N[
10”m? and a high repetition frequency. For the
LESR —N100 that is under development at the NSC
KIPT the repetition frequency is 57 MHz. To obtain the
required number of photons (N~10") in bunches direct-
ly from the pulsed laser at such a frequency is a rather
complicated task because one needs a laser with an av-
erage power of 12 kW. For the time being the high fre-
quency lasers with bunch densities two order less than
required are the state of art devices.

The solution of the problem is found in storage of
laser pulses in resonance optical systems, the simplest
being a two-mirror cavity with high-reflectivity mirrors
(r’=0.999) [1]. The accumulation factor in such a cavity
attains the value of 10°. At present time the mirrors with
reflectivity higher than 0.9999 are developed [2] and
higher accumulation factors are anticipated.

To obtain the required laser bunch size in the IP the
optical cavity with high focusing has to be used. To-
gether with a rather large cavity length (several meters
for small beam interaction angles a[B°...5% it means a
necessity to use large-aperture mirrors in order to mini-
mize diffraction losses in the cavity. A commercial
availability of such large-aperture high-reflectivity mir-
rors is questionable.

Another disadvantage of high-reflectivity mirrors is
their lower radiation resistance (or breakdown thresh-
olds) in comparison to the traditional medium reflectivi-
ty mirrors [3]. This factor limits the mean energy stored
in the cavity.

In this paper we consider the alternative photon stor-
age systems incorporating medium-reflectivity mirrors
(r’0.99) that ensures the accumulation factor of [I10°...
10*

These systems are studied theoretically in the plane-
wave approximation.

PROBLEMS OF ATOMIC SIENCE AND TECHNOLOGY . 2004. N22.
Series: Nuclear Physics Investigations (43), p.105-107.

2. THE SYSTEMS OF ENCLOSED CAVITIES

The systems considered are schematically presented
in fig. They consist of a pair of optical cavities enclosed
one into the other.

2.1. LINEAR CAVITY

The four-mirror linear structure that stores laser pho-
tons in the internal cavity is presented in fig.1a. The es-
sential part of photons escaped from the internal cavity
through the mirrors is intercepted with external reflec-
tors, and they are brought back into the storing cavity
through the same mirrors. This decreases the laser pow-
er required to support a constant intensity of the stored
laser bunch thus increasing the accumulation factor of
the system as compared with a two-mirror cavity with
the same reflectors.

The complex amplitudes of electromagnetic waves
in the regions of interest of the symmetric linear four-
mirror resonance structure are given with the following
relations:

- the wave amplitude in the storing cavity

T
= 1
1- R?expl- 2iki,) M)
- the amplitude of the reflected wave
., R|1- Rexp(-2iki,)/ R']
0" = 3 , )
1- R” exp(- 2ikl,)
- the amplitude of the transmitted wave
. Texpl- ikl
T = f"p( i) (3)
1- R?expl- 2iki,)
where:
- 7ll- rexp(-2ikl)/
R- r[ _r.zxp( _1 .1) rJ (33)
1- r~exp(-2ikl)
. ‘2 -7
7ot exp( zkll) (3b)

1- 7 exp(- 2ikl,)
are the reflection and transmission factors, respective-

ly, for cavities formed by pairs of right and left reflec-
tors; the symbol “*” denotes a complex conjugate.
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Fig. The systems of enclosed optical cavities: a) —

the linear symmem’cal four-mirror structure; b) - the struc-

ture with an external ring cavity. Notation: M — mirrors with reﬂectzvzty 7 and transit factor t: 1 1y and I, are dis-

tances between corresponding reflectors; A B C D D

I

- the complex amplitudes ( A = 1) of the waves

propagating in directions denoted by arrows

The magnitudes squared of the values presented by
the relations (1) — (3) describe the energy transferred by
electromagnetic waves in the corresponding directions.
They are the accumulation factor, reflection factor and
transmission factor of this resonance system, corre-
spondingly. The accumulation factor attains maximum
value if the resonance condition for internal cavity with
length [, is fulfilled. The reflectors of this cavity are
anti-resonators formed by pairs of the left-hand and
right-hand mirrors. The maximum value is given by:

ks (2P ) - ) ©

where r= | f | .
The accumulation factor for the traditional two-mir-
ror cavity can be obtained from the equation (1) by sub-
stituting values R and T with corresponding reflectiv-

ity factor y and transmission factor ¢ for reflectors. It
is given by:
max 211
K= (1= ®)

By comparison of equations (4) and (5) one can see
that the gain in accumulation factor for the linear four-
mirror system is essential and reaches [M00 for medi-
um-reflectivity (r*=0.99) mirrors.

Considering a strong dependence of the parameters
of compound reflectors formed by pairs of left-hand and
right-hand mirrors one can deduce without analyzing
the dispersion equation that such a structure is applica-
ble only for storing continuous photon beams.

2.2. SYSTEM OF ENCLOSED CAVITIES WITH
AN EXTERNAL RING STRUCTURE
The system of enclosed optical cavities with an ex-
ternal ring structure is presented in fig.1,b. Unlike the
106

case of linear structure the photons lost by the accumu-
lating cavity are returned into the latter not through the
same mirrors but they are restored from the opposite di-
rections by using the external reflectors to form a new
additional path.

For this system we obtained the following expres-
sions for electromagnetic fields in the regions of interest:

- the wave amplitude inside the storing cavity

B= Texp[- ik( -1 )]x
1- 0 Texp(- sz) + D Rrexp[- zk(L+ Z )]
(1= 07+ Rlexpl- L)1~ 0 (T - R)exp(- ikL)]

» (6)

- the amplitude of the wave propagating clockwise
in the ring cavity
o ifl- 0 Texp(- ikL)]
Il- (T+ R)exp - ikL Hl- (T R)exp(- sz)J
(7
- the amplitude of the wave propagating anticlock-
wise in the ring cavity

. ’ ‘ i RDegp(- ikL) ‘ )
“t- 017+ RJexp(- i)t~ 0|7 - R)exp(- ikL)]’

(®)

- the amplitude of the reflected wave

t ll -0 Texp( lkL)]

= 1= 0(7+ Rlexpl- )1~ 07 - Rlexpl- #L)|5

0'= *91
5]

7

5,09

where R and T are defined by equations (3a,b) with



substituting /, with 1; [ = 7°; L=2(//+,) is the length
of the external part of the ring system.

If the resonance conditions are fulfilled for the inter-
nal cavity then R = (. This simplifies essentially the

field structure in the system under consideration. More-
over, in the external part of the ring structure only trav-

eling wave mode is allowable (C'# 0,D = Q). The
expressions (6) and (9) are reduced to:

_ exp[- ik(ll - 210)]
1+ 0 exp[- ik(L - lo)] (19
ire Lo i :
e H 1+ 0 exp[- ik(L - ZO)JH (1)

It was shown above that the field amplitude squared
in the internal cavity defines the accumulation factor of
the system. Thus, the magnitude squared of the expres-
sion (10) presents the accumulation factor of the ring
cavity system that reaches its maximum value at the res-
onance:

K= -7 (12

It is seen from comparison of equations (12) and (5),
that the ring cavity system ensures a higher accumula-
tion factor than two-mirror cavity. The gain reaches val-
ue of 45 for medium-reflectivity (+°=0.99) mirrors.

The reflection factor for the ring cavity system
would not exceed 0.1 as follows from expression (11).
By matching the system input one can, in principle, de-
crease it down to zero, thus increasing the accumulation
factor up to CJ10*.

The analysis of the dispersion equations for the in-
ternal cavity:

1- 2 exp(- 2ikl,) = 1- 12,

and for the ring structure:

(13)

1+ P expl- ik(L- 1)) = 1- (14)
shows that they can have the same frequency spectrum.
It can be realized by using the frequency-independent
reflectors and by fixing L=3/, i.e. the length of the ex-
ternal ring structure should be twice the length of the in-
ternal cavity. The natural frequencies of these systems
are separated by the value:

Cc
A= —
S/ 2 (15)
Thus, this system can be applied for storing both
continuous and pulsed laser beams.

3. CONCLUSIONS

The performed studies show that the system of en-
closed cavities with an external ring structure can pro-
vide accumulation factors up to 10* even for the case
when it incorporates medium-reflectivity mirrors
("=0.99). Such mirrors are more advantaged than high-
reflectivity ones because of their higher radiation resis-
tance, low prices and commercial availability. We con-
sider this system as the most promising for using in X-
ray sources based on Compton scattering of the laser
light on the electrons stored in the accelerator ring.
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CHUCTEMA BJIO)KEHHBIX PE3OHATOPOB KAK YCTPOMCTBO JI/Is HAKOIIJIEHU S
JA3ZEPHBIX ®OTOHOB

B.I1.Andpocoe, U.M.Kapuayxoe, FO.H.Tenecun

B pabote B mpuOIMKEeHUH TIOCKOI BOJHBI POBEIEH PacdeT CUCTEMBI BIIOKEHHBIX OJIWH B JPYTOW ONTHYECKUX
pe3onaTopoB. [loka3aHo, 4TO MpU ONpPEAETICHHBIX YCIOBUAX BO3MOXKHO MOJYYSHHE YCHIICHUS 3JIEKTPOMArHUTHOIO
IOJI1 BO BHYTPCHHEM pPE30HATOpPE 1O CPABHCHHIO C HETOCPEACTBEHHBIM €ro BO30YXKICHHEM JIICKTPOMATrHUTHOM
BOJIHOM TOM ke aMIuIuTyAbl. [Ipennonaraercs UCIoab30BaTh ATOT A3PQEKT s HAKOTUICHHsT Ynciia POTOHOB B ONTH-
YECKOM PE30HATOPE MCTOYHHMKA PEHTTEHOBCKOI'O HM3JIYYEHHUs Ha OCHOBE OOpPAaTHOrO KOMITOHOBCKOTO pacCEestHUS
LESR-N100. [IpoBeneH cpaBHUTENBHBIN aHATIH3 PE3yIbTAaTOB, MOIYYCHHBIX C TIOMOIIBIO JAHHOTO MOIX0AA U MOIXO0-
Jla, OCHOBAaHHOT'O Ha HETIOCPEICTBEHHOM BO30YX/IEHUH ONITHYECKOTO PE30HATOPA Ja3ePOM.

CHUCTEMA BKJIAJIEHUX PE3OHATOPIB SIK IIPUCTPIN JJIsI HAKOITAYYBAHHS
JIABEPHUX ®OTOHIB

B.I1.Andpocos, I.M.Kapuayxoe, FO.M. Tenezin

Y poboTi y HabnmkeHHi NIOCKOI XBU/i BUKOHaHi PO3paxyHKN CUCTEMM BKIAAEHNX OOMH B APYTUA ONTUYHUX
pe3oHaTopiB. [loBefeHo, WO 33 OKPEMUX YMOB MOXJIMBO AOCATTM MiACWMEHHS eNeKTpPOMarHiTHOro nons y
BHYTPILLUHEOMY PE30HaTOpi Y MOPIBHAHHI 3 WOro MpsiMUM 30YDKEHHSIM €NEKTPOMarHiTHOK XBWUEK Tiel e
aMnnityan. MporoHYETLCA 3acTocyBaTV Lieit ehekT ANl HakonudyBaHHS! (POTOHIB B OMTUYHOMY pPE30oHATOpI
[PKEPENA PEHTTEHIBCbKOrO BUMPOMIHIOBAHHS Ha 3acafli KOMMTOHIBCLKOrO po3citoBaHHs LESR-N100. 3pobneHuii
MOPIBHSUbHWIA aHani3 Pe3ynbTaTIB, OAEPXKAHMX [J151 3arpONOHOBaHOI CUCTEMW Ta CXEMM, 3aCHOBAHOI Ha NpsIMOMY
36ymKeHHI ONTMYHOMO pe3oHaTopa Sla3epoM.
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