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( lIm)I, =.p1r=L,1 r·1--,-, . (23) 

wbeIe p=.(HR)1 HJ. =LI./el/f is the beadiDg radius ia the field of the leos. So the 
number of the radiated pbotoas will be 

N,aaLIl,=a·r·J(re)/r/f. (24) 

where a =e2 1ac - is the fine ItI'UI::tID CODStaDt. As the critical photoo CDeI'JY is 

aMer ::!aE.r'.abe toc.l CDeI'JY. ndiIfed by the pmicle will be 

3e2 

2 P C.{ii(.Jf (re)3 e 3 £4£=a. ·N =-aa r· _ ....J= __ j_=_""J-...J.:l._ (25)- IF, 2 L If' 2L'/f 2 'L/f' 
and the eDeIJY ditfen::oce betweea the ce:ataI pmicle and the pIItide at the botaMtIry of 
the bunch will be 

4E .!-2 (re) !i. (26)E il 2 , /f L' 

From the odIa' aide, ~ ofthe roc.t __due toeaeraJ vDIIioa is 
J 4£ (HR)3 .!i.AF--F-e----r'- (27)

B GL2/fL' 
Ifwe ....,.. dull the focal diIIIDI:e is of the Older of the Iea&th of the fiDIII.... F - L", 
we came to fiuI formula 

AF - -'Or 2(re)l/f . (28) 

In oar caae AI'" - -2.1·10-"4·10' =Ll·lcrall i.e. mucIa biga' tt.a the Ieafh of the 
bunch. So we came to ft......... caocl__ (4dJ...... the &.I focus could DOt be 
arranpd with beIp of IiD&Ie Ieaa (ew either a doublet) ia caae of focuIiq to the /f 
n:quiIed. Tbc eDeIJY .-can be esti....eeI .. followina 

I(AE) ........JN,-afr'./iii-(Iff (29). 


We suJF*:d to arnIIF the fiuI focusiIIJ for oar puapoaes is IJ IINIlIipkt of FODO 
stnJd1.Rs with the IIUIIIber of the IeaIes in multiplet of the Older of few huacIIal (4d). The 
gradieat ia tbeIc Ie8sca mast vary from the very IItroDI at the side cloIeat to Jr. to welt at 
opposite sa. FocusiDa plopediel of abe RF lcnI, discusacd above can be used...,. A 
laser radiaf.icMa ofpaeraI and makipIe fftqueacy can be usecl few such focuIiaI. 

1"be ..... radiatioD, pbued wida the mIiD drivina ODe can excite the IiqIe poove 
diftICtly from the sa. Tbc quadmpoIe (*'&IDder deIcribed by (15). SubstitaIe beJe 
!=IOJMI. r=2·10- (pc=ITey). ",-SIM. B.-IOIIVI.. we obIai.n 
1. - 4 . lot .SillfJ [,.-1). For fJ = ./2 Ibis expn:aiOD his a DIIximum. 1"be vaiatioa of abe 

focusiD& -&th has a qUldralic ~ with the deYiatioa ., from the -&Ie 
fJ =./2. 1. - eo.r., .For the Ioapudinal Jeaath of the &JOWl about ,::S,..the focal 
distmIce will be 
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F == 1/1, =1/4·10"S·10"" =S [Melenlcell). (30) 
Equiva1eat gradient ofabe quadrupole Ieos is G == 0.3"" =12·1O'lG.s1em • So the Ieos with 

- SOC) cells having the Ienath L,. =. o.sa. readies the focallcqth F- I ca 
For fIaaeriD& the loogitudinal cIepnIden£e of abe pIieot (eIimiDIDon the quadnbc tam 
ia 1. - C08fJ IS a function of fI • lee (14.15». one can use the IeCOJftl tJIIIllti,lter 
1aannoIJics of the laser radiatioa, excited. _ additional poow, placed 011 the beat 
trajectory close to abe tint poove. For pbIsi.n&, abe bi.... bMDKJnics can be poc:rak'd by 
1IIlIlIiplyin, the fftqueacy in DOIIIiDcar CIJSIII. As iaitiII. the spIitted radiaIioo from the 
.... aouroe (see FiJ.13) can be UIed boda few driviDa the lint.......,. &JOWl ...... 
doabI.iD& the ICICCDJ-. For III'IDgiD& a doublet of the focusiDa leases, ODe can use the 
pIIIIe Ihi.ft betweea the RF Gat IDII the beat fJ =-./2 . SId II ., leu. IlOl seuitiw 
to tIetector..".,..field CtIII be etUiIy i&rttJlW buitJe lite ddecttw.b..,. 

- 41rJ<T£.XT£,)·AJI, • 

I3.L 
For lumiaosity we haw the fomIula 

L= N
2
j11,T·N, 

(31) 

wIIae H. it die ..................... For .--.... (I a. b) one can ....... 

hIft for A-A-03A. AaIOp,..r=2·10' (pe=ITey). N::2·IO', f=lfml1.. 

Ha 2. N,-I. L - 1·10"c:.-a.r-l. For Aa IJIIII IaUIt will be about the same IS the 
DIIIIIber of... plllicies is lower ben:. 1"be tnDsvene size will be 

tI;=.J(r£.)A ·'r ::JIO'" ·3·10-' 12·10' a L2·10'" an-o.l2A (32&) 

tI,=. J(re,)P·'r a 44.10-11 ·Icr 12·10' =14.10-" an-Q024A. (32b) 

The effectiw Joa&itudiuI distance betweea abe pmides has the Older 41 N - AIN. 1"be 

.. DIIIDbea' in oar caae is farmIIIy $Ur"an. Aa the distaDce -lc a 18.10-"an is 

IIbIIoIt.Jm limit for u:b a IpICiDg, we ccaclude that in each ...versc slice -lc the 

~ of the pmticles -1-2. 1"be dimeosiOD (32b) forDIIUy ccxtapoads to - 4 

pmticles pel' emu JeCtioa. 

Notice hIft that toc.l Jcaadl for ICCdenIiOD up to 300 (leV could be about two teas of 

IIIdaI, tItiDa iato account that a fnIctioa of the a:ceI.endina secIi.oos is of the order SO'IJ. 

As the toc.l CDeIJY of the fuU CDIIIJY aa:eIerator will be II01IDd I J. wbat p,.. the avaaae 

power of the order 160 W. 

The beams of clecbOas ... positroaa can be polarized wbIt p,.. the cffectiw pin in 

IumiDosity IDII ftIduces the bactgIoaad [23]. 1"be possibility of opentioo with high 

rcpctitioa ... up tofew lilt. is opeD. 


.4. ........~ 
For such a tiny dimcnsioas one c. expect a sipificanJ CDeIJ)' losses by syncbIoooa 
radi8boa in the interactioD point. Tbc Y. parameter wbicb cbmctcrizcs the ...tiatioa is 
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~.!~ H (33)
3 E =1li' 

It: 

where H is the magnetic field. H,. = ".2c'/elt == 4.4-10" G is Schwinga' critical field 

streDgtb, M,. is the critical fi:equeacy ofclusicaIlJIIChrotroa radiatioo. 1bis (*IIIICter is a 
fuDcIioo of positioII iDside the buach. Ia oar case magnetic field value H, io the 

JoaaitudiDII c::eatcr of the buadlat its bouadaIy CID be estimlt"" 

H. == 4. eNc _ 2.8.10" G, (34) 

c 2.".". 
10 ew:a for E =300 GeV .155 6·10' • ~ II 7fiO. It was ..... into ICCOUDt .... the dectrical 

field of the ~ beaIIl doubles ther.. 1buI the I'IdiatbI is in a ..... ....... 
repoc. Eacqy bses for 0-... buada ali"'*'ll in [22b). Fat- aiform ......... 
0aussiID toopudiDII ~ the r ........ .. .qweeeA:d • 
Y == YeP.L upI~12). ~ r;. Clhd.,., for the IIIUiDIII field ia the c::eatcr of the buDch, 

P.t. -,IIT.t.' ,- lilT" are DDI1IIIIized coonIiIIIta. T'IIe IIOI'IDIIized fonDIIioD Jeaatb 
p8l'8IDIefer defiDed 

3)11') 1 (3)11') r.F =F. • -"'tI'" = - ~. -"'e-t'" = ~ ..:.L·p""""ef'l (35) 
- .,,' - (2 r.-."." I 2 r.- · 

where r. -leTI~. 
The avenp frII:doaaI eIICIJJ loaes for IIi'OOI quIIIIIIiD mpme r.»" _aibed ill lint 
orda: by Sokolov-Temov formula 

lIE 16· r(2/3) '3- Y- _ ....1 
£. =E= 243 .a.t-(pJ.) exp<-< 13)4,-al<F>. (36),- . 

whit bas car phyIicIlleDIe, ... at the Jeaath of formII.i.oo - a ...... are i'IIdiIted. 
For the pai'IIIIIIItel' diIc:uIIed Ibove. r. 1123 • Subld.lute the ftama in (35) ODe CIIl obtaia 
... Fe - 0JJ044 t 10 - the Jeaatb of the buada a lot of.,.... are radiated. A1 tbis poiIIl 
w tamiaate oar ali...... refeniD& 10 [221). Hae the iDkncI:kxI of tbe .... with the 

pIII'IIDderI C1, 50..,.. C1.L a 2.5.4, N.12 ·10' was c:oatidaed. ID Ibeir QIe r. -SOM.t 

The quaum beIaI:r.IIIIuDa map rr.:uc..J eIICIJJ ... WII bladllUUlld 1&5 for the 
beam with eaa:u 5 TeV. Ia out cue dID DUmber of dID ..,aides is 10-' of c:caidcRd 
tbcie. but the ClOSS ICICtDI is 10" limes 11DIIIIer. So the peat IIJIIII'dic field is about the 
same. The rdIIioa proceIICI RIC)Uind ~ detailed c:cmsidcnCioas, howeftl'. 

15............................
U., d ".,. of "'-::lIn (up to 100. lee above) ODe CID dcICIeaIe the IlUiIIba' of the 
pIdiclea iD e-=b buada IIDdIor to iac:IaIe the CI'OII IeCtioa of the bemI. dIc:n:by allow 
- I.a8OIIIb1e loucs. 'J'he Iea&th of the ilia spot at the III:1IC.tIR is about 'I 55 LI N. t 

whit w estim*4 in tIeCtioa 9 15 'I - 003aR what is - 30l for A. :: lOp lit .. - 300A 
for A. 55 III lit. ,.. the Q., :: 9 ~ tbeD tbe DUIIIber of the huDcbes could be 3-30. If 
collision III'IIIpd for few..... pel'tDiD, N•• tbeD the luminc:dy will &et a pia fw;tor 

up to 3-30. These factors will allow to increase the transVCI'SC cross sectioo and !educe the 
problems with radiatiooll JP. The H value n:quired detailed coosideratioas. 
MuIti-buocb strucl1.R could be arraaged in adamping ring io priDciple with FFL mdbods. 
Using a Iaer with the same waveleDgtb IS n:quiIed by aa:eIeration stI'UCtIft aad a dipole 
wiala' with period A..= A.. 2r 1(1+ K2) one CID IIII1IDF .. effective vokIp 

V, == EKL" '1, Wbe&e E -is a Iller field stR:a&dL 1beo the buDcbiDl could go with ...... 

autopbasin,g regime. For example if E == lMY I em. 1 -10' (500 MeV). L" - ...... 
effectiye voItap could aacb V == 2MY • Hamoaics IIUIIIber (see ICdioo 7) could rada 
q _ n IA.- 10' + 10' • wbae n-is a perime.ta" of the ring. AcconIiDa 10 ... 7 ... 
equivaleat 10 2GeVof .........1acceIeratiDI IF (q=l). 

.6.Alp .. 
The ratio of the random c:ompoaad of tnDIYCne IDOIIIIeIItDm peI'" 4P... 10 the eaeraY 
piDed peI'.... must be leu ifcompared with .....dispersioD iD the beam 

ApJ./,... $.J(1£)//l1 (37) 

Subltitute here 1 £ ,e4·10-"CJJI IYMI. Il=10 em, 1 =2000 (E =IGeV t at the beai"nin,g 
7

ofaa:cIenIioD) w obtaia IIpJJ I,... E 1A·10-7 1YM1. for 'ftdicaI .. AI!... I "I =7 .10- ,., 

IIoIizmatII cIin!c:tioa. PiOIIl the adler side ApJ. I,... 55 AI. where IJJ is the ICCIUICY of 

afi&mrtent of the patiaa. The AI CID be 
AlaA;l! L55A;A.1 L5iAi·10-'/3-3·IO~A", (38) 

wbae ~ is the pbac IaOluticMI, ifa difIiactioo mdbods of alignment are used. Compare 

the last expression with (37) .. CID coadude. Ai·A.1 L~J(1£)1 /l1 .. ~ 
raoIuIioo is expected 10 be A;.IO-' is big CIlOPJb 10 be reJistm:d The structure 
could be iDstaIIed _ the tables. moved by piezoelectric.. Alignmeat in .rilll is aoiDC with 
help of radiItioa reflected &om the structure. Adaptive optics could be used here 15 well• 

.7.GeaenI..... 
,.. die system deals with die extreme bunc:IIa. a lot of feedback elements pursuit die 
beam'l fIudutioaI. So ... is why w sugest dill bodl beams. the laser aad pldicle's 
baDcIl go fiat 10 the eod ofall liDea" system .,.&om ceatnl SIItioo. On die way fcntInI 
die buDch'l (both. ~..puticIe'l) (JIrIIDderI picked up, processed with appmpriaIe 
algorithms.. applied 10 com:ctia& eIemeofl. Simplified view of such _ IIICIIIbIy is 
~ iD Fig. II. All elements ., placed in vaDl'lDl:d volume, DOt show iD this 
figure. Cross sectioD of a bIDDeI with acc:elc.nting system shown in Fig. 12. All eIemeats 
have a clear fuocIioDaI I1ICIIIiDg. described iD figures' capture. We supposed thIt the 
twmeI bas a thenDII llIbilizatioo of intemII 1bIlOSpbeIc. The duct II is a part of this 
system. A IXk for control electronics and deflccIiog devices is sbowD IS 8. 0d1a 
eIemeats., ..marbd in the capture are the water. VICUUID .. possible cryogeaics ducts. 
Vacuumed tube 9 holds the Fresnel lenses for (XI'liminary alignment (similar wbIl are 
used IISLAC). 

11 
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Faa. II. PIimIrJ laser .... I ... .., the ead ofacceIer..... Mimxl21eC1hect it bIct. 
pos.3, t.muab die ....e of spIiaaa. .. the IIimiIIr way die J*licle'..... .5, aoes 
tmuab be.adiDa .,.... 6 ................. 1tI'IICtIIla .., am mocIuIa. 4. 7 ... 8­
a the f'ocuaiIIa e.IeaIeatI for the laser ...J*ticIe'..... CCXIUI1 IM"wi...,.. 0pIic:II 
pIItfana 9 is ......._Iep 10 wiIII.me...........,miaimhe YibnI:ka. _ ,i 

Pi.. 12. emu .uoa of ...... with ~ IJIfeDL I is • ....,.opIbl.1am 
Iioe. 2 -is primary pKticIe's bea IiIIe. 3 - is • .,.....,.., 4'1'MIfajMrwith alI equipmaaL 
4- is an wxelentiDJ structure with IUb SJ*mI. 5- is .. opdc:aIt8ble. 6- is cIefIediDs 
dcMce,. 7 -is • liDc for dri'Viag optical lam, 8- is • box with cquipmalt for defIecIiag 
deW.:e IDd COBIrol. 9- is • tube with opIbl eleoals for ave alignllMlllt of alI optic:al 
tables. 10 -is aati-vi"""'ave IystaD. II - is • duct for air coaditioniDg. 

23 

Pia. 13. I.JaeIr Laer CoII.icIea- (UC) complex. I -is ...... pI.afonD., 2 -is .. opIicaI 
spIiUer, 3,4 - a die IIIimD. Sis ............_ minar, 6 -is. Ji&Id.....,.. 7 --lie 

the FiDIl Pocus Systems. 8- _ the ...... riap b ....... pIIticIe's beams with 
..u emjttwps, 9 - a the beads for pIdide's beam. 10 ....., the .::celeralina S-bIDd 
ItI.'UctURlI. 11- is an cIectmD ... 12- is. positnJa COIlvedl:r. Bam dump IysfeID is DOt 
abowa. 

0eaenI view of I.JaeIr Laer CoI6der (lLC) complex is rqnaea1ed ia FiJ.13... fiIUR' 
aptuIe all sufticieDI eIemeDIa _ aatiooed. WhIt is importat IrIIft -10 bep all fiDIl 
eIemaIts III bodI aides the II1DC ItIbiIizcd pIIlform to .wid affectaIioa by Yibndoo._ 
PositioaiII& the filllllIaF of IMcr amplifier _ the ... platform is desirable b the IIIIIIe 

-. 
Tllble3 

fa.... J =10JIIIII A=lpM 
B8erD of ,J beIal 3 x3TeV lO xlOTeV 

Total two-liDIc Ieoath 2xl_ 2xl_ 
MaiDIiDIc ....... 
I . n.cb 

3(kVIJII 
S 1·10"",,04,,-1 

lO(kVIJII 
S 1·lo"CIII2,,-l 

No. of *­

I..aer flub eaellYlLiIIIc 
3 (S UI»· 

3001 
10 (S 300)* 

300J .. 
I'IIe 160Hz. 160Hl. 

Beam-"i.­ 2.3tW 760W 
B.... 

BUKb JaI&tb.
'•. ',., 

3·ICf 
Iplfl 

10' 
o.lplfl 

- 10-' 14 ·10-" a..", S·lo-' /1·10-" a..", 

IIIIK ....U 

I...eDatb ofaectioDIModuie 
0.7(kV 

3cm 
O.7(kV 

3an 
Wall"~· 2xO.5MW 2xO.sMW 

• -Maximal pouible 1lUIDber ••• -Luerefficie.:y -loti 
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