
A prototype RF power source for JLC at X-band 
(1 Tev. Ecm) 

(Results and perspectives, 198% 1994 R&D in KEK) 

RF-94, Montauk.N.Y, 1994.Oct.2-7th 

KEK, HMizuno 
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JLC parameters(Ecm= 1 Tev) 

Beam energy SOOGev 
RF frequency 11.424ghz 
No.of particles per bunch 6.9x1 Oe9 
Nr of bunches per pulse 85 (120nsec train) 
Bunch spacing 1.40nsec 
Repetition rate 150Hz 
Luminosity 1 Oe34 

Nominal accelerating gradient 
Effective,gradient in cavities 
Length of a cavity unit 
Nr of cavity units(per beam) 
a/L 
Filling time(Tf) 
Attenuation parameter 
Vglc 
Rf input per a cavity unit 
Efficiency(wallplug to RF) 
Total AC power(RF) 

76.1MeV/m 
57.1MeV/m 
13OOmm (8413m per beam) 
6423 
0.1576 
120nsec 
0.648 
3.64% 
130MW (240nsec) 
30% 
194MW(and some more) 
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The prototype RF power source for JLC(Ec=l Tev) 

(l)Klystron(XB72k) 
RF out 
Pulse width 
Efficiency 
Focusing 

130MW 
500ns 
42% 
Super cond. Mag. 

97MW 

36%(50MW) 
(unit test OK) 

(2)x2 or x3 RF pulse compression system 
RF input 500ns 130MW 
RF out 24011s 250MW 
Efficiency >96% 

(Design stage) 

(3)Blumlein modulator 
Output pulse 
Effiency 
Pulse trans. 
Rise &Fall time 

6OOkV 500ns(flat top) 500kV 70011s 
75% 
1:5 1:7 was tested 
15017s 200ns 250ns(rise) 
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Table-l)XB-72 Parameters 

Beam voltage 550kV 
Beam current 490A 
Max. surface field 273kV/cm 
Beam area1 compression 110-l 
Cathode diameter 72 mm 
Current density(Max.) 17A/cm2 
Focusin field(Max.) 6SkG 
Number of cavities 5 
Frequency 11.424GHz 
RF power 120MW 
Efficiency 47% 
Max. surface Grad. 720kV 
(Output gap) 
Gain 53-56dB 
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Results of TE 1 1 -mode RF W~IX!OW 
High-Power Test 

300 ns input to the resonant ring. 

Resonant ring input power Resonant ring circular power 
200 ns/‘Div. 14.5 MW 200 ns/Div. 102MW 

700 ns input to the resonant ring. 

Resonant ring input power 
200 ns/Div. 8.6 MW 

Resonant ring circular power 
200 ns/Div. 72 MW 
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MODULATORS FOR X-BAND 
KLYSTRON(XB-72R) 

1) Conventional modulator( 1991) 

2) Blumlein type PFN 
Under design and construction by IHI(Ishikawajima-Harima 
Heavy Industry) 

Design Parameters 

(a)PFN(Blumlein Type) 

Rise Time(with Trans.) 
Fall Time(with Trans.) 
Flat Top 
Number of PFN 
Output Voltage(=Charging V) 
Impedence 

* 

-150 ns 
-230 ns 
-500 ns 12 

I 

c= a6 MF 
12Sstages +&stgges 

80 kV (‘1:7 Step-up) 
c - 3 $0 rh q 

- 
23 Ohm(XB-72K 550 kV) 

(b)Pulse Tr ans.(Primary at 80 kV while charging) 

Step-up ratio 
Leakage L 
Stray Capacitance 
Primary L 
Loss at 200 pps 

l e ise Time (Trans. only) 
Fall Time (Trans. only) 
Sag. 
Core Material 

1:7 
83OnH 
4 nF (Primary) 
200 micro-H 
100 W (Hysteresis) 
1000 W (Eddy Cur.rent) 
-100 ns 
-200 ns 
2.8 % (after 500 ns) 
Si-Fe (t=25 micron) 



Ll L L L L L L L L L2 215NH 2 15NH 

L L L L L L L L L L2 

.OEflME C 3.5NF 

.DEF IPIE c: I ;.St1F 

.DEFlNE L C’.bUH 

.DEFllIE L2 133.61JH 
DEFINE LJ 4ONH 

:DEFINE if: 4OIiH 
.UEFINE Ll 0.6UH 

RLlJM9,CIR TemDe.rrjtlJre= 27 

. . .......................... .......................... $ $ ., ., .......- ....-. .......- ....-. . . .._ .._ ... ... i.v..-. i.v..-. ,-j ,-j ................ ................ y..... y..... ......... ......... _ .---. .: _ .---. .: . . ..-..--...- ..-..--...- .......... .......... i.. i.. ................... ................... ..- ..- .. .. i ._ i ._ ........................ ........................ i.. i.. ............... ............... 4.. 4.. ..... ..... +. +. ... ... .................... .................... ........................ ........................ 
; igo* i ; igo* i / : / : ,i. ,i. 

, . : , . : i I” i I” ..- -. ..- -. 
\ \ 

0 0 , 70 K , po K ; ; ...... ...... i . i . ... ... . . ................... ................... . . ..- ..- .... .... - .- - .- .. .. . . ............ ............ ......... ......... .._ .._ ............ ............ ........ ........ .......... .......... .......... .......... ................. ................. 
3 3 

i.. i.. ..- i.. ..- i.. ..-....._.__.._-. . _ ..-....._.__.._-. . _ j.. j.. . . +. +. i.. i.. 
f f 

\: \: r~+~<. r~+~<. 
x “. x “. 

..................... ..................... “.. .i.. “.. .i.. .... .... . --.v . --.v ......... ......... . . ....... ....... ..... ..... ..- ..- .. .. 

i\ : i\ : 

-.; .- -.; .- ...” -.-. -..+ . ; : ; : ..... ..... ...” -.-. -..+ . .. .. . . .................... .................... i.. i.. ............... ............... _. _. ....... ....... . . ....... ....... ..“. ..“. .............. .............. i.. i.. ... ... ..!. ..!. ......... ......... ..- ..- .... .... i i ./ j ./ j .......................... .......................... . . ......................... ......................... 

k’...........................;. k’...........................;. f.. f.. .......... .......... . . i.. i.. j.. j.. 
f j f j 

_ _ 2 2 $ $ (J(, (J(, .... .... ..--. -. ..--. -. .._ .._ ...... ...... ............ ............ ........... ........... ..- ..- .... .... ....... ....... ........................ ........................ ........................ ........................ . . j........................... L$. j........................... L$. .................... .................... i.. i.. ........................ ........................ /......................... /......................... 
Y Y r: r: 8. 8. ........................... ........................... *. *. ...... ...... ..- ..- .... .... _. _. ....... ....... ; \i ; \i .6.. .6.. ................ ................ ... ... . . . . . . ........................... ........................... i.. i.. ......................... ......................... i.. i.. ......................... ......................... . . 

\y::-- i j i \y::-- i j i ,j ; j i ,j ; j i 

........... ........... .._ .._ .......... .......... . q.. . q.. ........................ ........................ . . .......................... .......................... 4.. 4.. ....................... ....................... 

-50 -50 ,ggk’.......................... i.. ,ggk’.......................... i.. ........................ ........................ i.. i.. .................... .................... j j ................ ................ ..-;. ..-;. ... ... ..- .“. ..- .“. ............... ............... i.. i.. ......................... ......................... i.. i.. ...... ...... ..-.- ..-.- 
/! 1 i ; /! 1 i ; 

.... .... .. .. . . .......................... .......................... . . ..... ..... ..- ..- ................. ................. . . ......................... ......................... 
’ ’ .......................... .......................... ;,,_,,,,,,_,._,,,,,,_.,.,,,; ;,,_,,,,,,_,._,,,,,,_.,.,,,; .................... .................... 

...... ...... 
h h 

. . . . . . ........ ........ . . .. .. . . .. .. . . ..... ..... . . . . . . ............. ............. ... ... * * . . ......... ......... ...... ...... . . . . . . . . ..... ..... . . j j . . . . . . /&L.. /&L.. ...... ...... ....... ....... .I .I .......................... .......................... /..........................:. /..........................:. ........................ ........................ 

-7 -7 5 5 ( ( go go K K .......................... .......................... ;....t..................... i.. ;....t..................... i.. ....................... ....................... .; .; \ \ 
..i \ ..i \ 

... ... ..-....- ..-....- ...... ...... .A. .I.. .A. .I.. -:+q.. -:+q.. .......... .......... .................... .................... . i...--.- . i...--.- ................ ................ i..........................;. i..........................;. ........................ ........................ 
i \J i i ; i j i i \J i i ; i j i 

.......................... .......................... ‘:. ‘:. ......................... ......................... . . .......................... .......................... f.“. f.“. . . .._ .._ .................. .................. j. j. ............ ............ .._ .._ .......... .......... i i ... ... .._ .._ .................... .................... i .^................_ i .^................_ ...... ...... +. +. ......................... ......................... . . .......................... .......................... + + ......................... ......................... 

-l@iJ.\lgK i / i i ! -l@iJ.\lgK i / i i ! 
i! \I i! \I 0 , 4 0 ‘.I 0 , 4 0 ‘.I I! . B n ‘.I I! . B n ‘.I I .ich I .ich I .bh I .bh 

V(24) 
T 

171 



172 



i 



ANEW RF POWER 
DISTRIBUTION SYSTEM FOR X- 
BAND LINAC EQUIVALENT TO 

ANRFPULSE COMPRESSION 
SCHEMEOF FACTOR2n 

H.Mizuno, Y ,Oltake, 
National Laboratlory for High Energy 

Physics(KEK) 
l-l Oho,Tsukwba-shi, #bara&-ken 305 JAPAN 

ABSTRACT 
As an RF power source system for a future X- 

band linear colliders, some RF pulse compression 
system is necessary. A new simple scheme which 
can provide the better efficiency than the present 
scheme such as SLED or SLED-2, is proposed. 
This scheme consist of 2Xlystrons, a 3-dB 
coupler and a TEOl mode delay line one half of 
the necessary delay time. The output RF pulse of 
2-klystrons are combined through 3-dB coupler 
and the first half of the pulse is transported to the 
upstream of a llilnac through the TEOl mode wave 
guide. Th:em, by reversing the phase of the one of 
2-klystrons, bhe last half of the RF pulse is 
dir”ectly fed to bhe linac structure located close to 
the klystrons. The RF power loss in this system is 
determined by th.e loss in the transporting 
waveguide. In thle case of 4OOnsec pulse. ie 
200nsec pulses at fihe input of 2-different 

bhe estimated efficiency is 
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RF Reference Line 

4 
- 30 m (100 ns) 

TEol Waveguide 
-X 3 dB Hybrid Coupler 

0 (W 

Act. Guide 
F’ ..: ,..... ;., .,:,, :. ..,: ,....: . . . . L 

200 ns (Tnn + Bunch Train ) 

m 1 A Schematic Diagram of an RF Power Distribution System 

Phase Flip 

-------I 
Bunches 

•I 2 A Railroad Diagram of RF Distribution 
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Table- 1) 
Transfer losses in the Waveguides* 

l)TEO 1 mode 

Waveguide 
(Diameter) 

51mm 
69mm 
118.lmm 

2)TEll mode 

Waveguide 
(Diameter) 

51mm 
69mm 
118.lmm 

Loss 
(dB/m) 

1.3e-2 
4.5e-3 
8.3e-4 

Loss 
(dB/m) 

1.22e-2 0.9626 
8.44e-3 0.9748 
4.7e-3 0.995 1 

Vglc 

? 0. 733 
0.886 
0.9625 

Vglc 

Line loss 
(200ns) 

8.02% 
2.82% 
0.56% 

Line loss 
(200ns) 

7.93% 
5.60% 
3.18% 

*The loss in the system is l/2 of these values. 
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Conclusion 

1)A factor 2” RF pulse compression equivqlent 
can be constructed without any RF power 
devices such as a cavity or cavities. 

system 
storage 

2)In case of the X-band linear colliders, this system can 
have very high efficiency. The energy loss in the delay 
line is less ththan 2%, while an ordinary RF pulse 
compression system may suffer energy loss of about 
25% or even more. 

3)No narrow band component such as an energy storage 
cavity is necessary. therefore this system can be as 
flexible as aconventional electron linac RF power 
system. 

4)Practically, factor x2 or x3 equivalent system are 
preferable, therefore, the number of klystrons must be 2 
or 1.5 times more. 

5)A 500nsec class modulator and the pulse transformer 
system could ahieve more than 75% efficiency. 
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NLC RF Parameters 
300 GeV 1.0 TeV 1.5 TeV 

Active Str. Length(‘) (km) 13.5 10.7 

Accelerating Gradient(*) 
Unbaded/Lcra&d (MV/m) 50/37.3 60/44.8 

Input bwer to Str.@) (MW/m) 50 72 

No. 7.2m RF &ations(3) 1877 1487 

Particles per Bunch (10’“) 0.65 0.78 

Repetition Rate (Hz) 180 

Bunches per RF Pulse 

RF Pulse Length(‘) G 

Pulse Compression System SLED-II (x5) 

Power Gain/Camp. Efficiency(‘) 3.6 / 72% 

Klystron Pulse Length (11s) l.ze 

Klystron Efficiency 60% 

Peak Pwr. per RF Station (MW) 100 145 

No. Kly. per Station 0 Peak Pwr. (MW) 2 @ 50 2 @ 72 

Total No. Klystronsf6) 3754 2974 

Modulator Efficiency(‘) PFN @ 75% 

Energy per Pulse per Station(*) (J) 
z$6&? 3& 

Net RF System Efficiency 32% 

Wall Plug Powerfg) (h¶W) 9@ w 

16.2 21.5 

85/63.4 85/Gr3.4 

145 145 

2254 3404 

1.10 1.10 

120 120 

75 75 

220 220 

SLED-H (x5) BPC (x8) BPC (sS) 

3.6 f 72% 7.2 / 90% 7.2 / 90% 

1.10 1.76 l.iG 

65% G5% 

289 145 145 

4 @ 72 2 0 72 2 @ i2 

9016 4508 6SOS 

PFN 0 80% PFN @ SO% 

611 489 4s9 

37% 47% 47% 

165 132 200 
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XL1 

SOLENOID POWER: 24 KW 

PPM FOCUSED DESCENDANT 

NO FOCUSING POWER 
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. RF Puke caqmssm hmmetem for ASTA and NLCTA 

wofw-kpcrwer 
W-fwJ~mm 
Acceletator pulse hgtil 

compfessh ratio 

Inthsk SlED-II effii 

z-” due to -t 

-Yb 
Mode transducer (R.T. bss) 

. MagicTee (RT. bss) 
Non-optimal rem coef. 

hbtkiency due to cmpment 

Met SLED-II efficiency 

Pc7wefgain . 

ASTA 

khiev8d 1 Planned 

32 MW 1 so MW 
0.9-l as #is 

0.15 ps 

6-7 

7s70% 

-3%’ 

-2% 

-7% -1% 
-(e-S)% - 
80083% 1 94% . 
600S8% 170-66% 

3.6-4.1 1 4.2-4.6 

rNLCTA 

Design 

so wlw 

1.5 ps 

0.2s +ls 

6 

75% 

-4%’ 

-2% 

-1% 
- 

93% 

TiiP 
4.2 

187 



188 



189 

- - 



1 
. I 

-0 0  0 0 



JLC-X parameters 
940216 T. Higo 

RF pulse Nb x tb + Tf = WX 1.411s +Tf=s3 nsec 
Field ENL =#MV/m, ELD = ?#MV/m 

W66 
Detuned structure of a/h=B+&with medium damping 

Frequency 
<a/h> 

Number of cells 
Effective length 

Fi,IIing time 
z 

11.424 GHz 
wfii= QJ66 
150 
1.31 

#tj+ id& m nsec 

dike@= QA-79 

a = 3.3-5.1 

ENL a= 33 MV/m 
( ELD 4!e- MV/m ) 

PIN Z3~8= 130 MW/structure 

QO 
Q 

Iris zdth 
Iris height 

(Jfd I / fd, 
Afdr /fa, 

k 3 ofd / fd 

6550 - 6750 
< 2000 

4 
2 

* 2,24 
ad= //b 2 

<1o-4 

mm 
mm 
% 
% 

a Qex= 1600 

gaussian sigma * 
tctal distribution, f 

incase Qex=m 

Cell. alignment 
Cavity alignment 

-1 w 
-10 j.Lrn 

To realize the damping of the wake field down to a few % during 12611s 
QLshoAdbe< 1500 ----> s: .ce QO = 6600 ---> Qex = 2000. 

Iris width w = 3.5 - 3.8 mm to obtain Qex=2000. 
IT iris width w=4mm ----> Qex=lGOO in ideal matched case. 

--a No dqpxitiicm af mzcclerating nmdc 
Qex=l600 --> xxx) when 1 r I= 0.45 (VSWR = 2.6) 
Disk thickness 2mm (K. Bane ! to 2mm for higher modes > 1st & 2nd) 
** alGficially cited from JLC-I and should be calculated. 
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SLAC/KEK-XL-94.Dec. T. Higo 

X-band structure studies at KEK 

[l] Fabrication of 30cm CZ structure 

“Establish reliable fabrication technique” 

l IHI Au 890°C 
l NKC Au 8oo”c 
eMHI Ag-plating 800°C 
l MHI cu-cu 800°C 

1 Og/mmz 
5g/mm2 
3g/mm2 
3g/mm* 

‘93 
Apr.‘94 
vat leak !! 
Dec. ‘94 

[2] Fabrication of 1.3m detuned structure 

Fabrication of full size structure c a/h > = 0.166 

---> gaussian detuned in 1st and 6th dipole modes 
---> machining of 150 different cells 
---> study the frequency controllability 
---> high field characteristics 

E av = 73MV/m atPin=130MW) 

l 1.3m [#l] with damping port without load 
---> fabrication with 

damping / vacuum port milling -1pm 
good alignment of cells < a few pm 

l 1.3m [#2] without damping port 
---> check vacuum lo-*Torr inside --> need baking, material? 
---> wake feild measurement (ASSET) if calculation precise 
+ Q&b. tWW&ikL$4 +*J Lf clabrqhy 

[3] Precision machining of cells for SLAC 1.8m structure 
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SLAUKJZK-XL-94.Dec. T. Higo 

141 High field experiment 

l 20cm-long structure (CERN) 

---> further conditioning the CERN structure 
at >lOOMV/m and >lOOns 

peak acclerating field = 100 MV/m at 30 MW 

l 30cm-long structures 

---> high power performance of diffusion bonded structure 
peak acclerating field = 100 MV/m at 13 1 MW 

l 1.3m-long structures 

---> high field characteristics of full-size structures 
---> average acclerating field = 73 MV/m at 130 MW 
---> dark current, amount, emittance, multiplication 
---> VAC level inside structure 
---> break downs, fault rate 
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SLAC/KEK-XL-94.Dec. T. Higo 

[5] Wake field related studies 

---> in order to confirm the idea of “detuned structure” 

l developement of wake field calculation 
for practical design 

treatment of rounded beam holes 
coupler cells 
how to damp through medium damping ports 

l trial of electrical measurement 

for checking the calculation 

l measurement using ASSET at SLAC 

1.3m structure 
with medium damping 
or without damping port (pure detuned) 

_ l estimation of tolerances 

considering beam dynamics with corrections 
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SLACIKEK-XL-94.Dec. T. Higo 

940607-k703-data sndard deviatim = 0.097MH.z 

- 25 

0 
10.9373 10.9374 10.9375 10.9376 10.9377 10.9376 10.9379 10.936 

GHz 
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SummarvofMHI 17cellAn-LTDbondinq e 
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Vacuum 

Damping & vacuum 

Schematic drawing of a regular cell 

1.31m 4 

Schematic drawing of 1 SO-cell detuned structure 
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detune 18 1 

average a / h =0.165824 in 150. cell structure 
z = 0.578477 
Filling time = 106.404 [ns] 
Voltage/structure = 84.3924 [MV] in IOOMW input 
Em = 64.3181 [MVhn] in 1OOMW input 
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ACCELERATOR STRUCTURES 

1. Theoret ical Calculations 
0 Design and RF Parameter Calculation 

0 Equivalent Circuit Models 

0 Field Mat thing Technique and Applications 

l Beam Loading Calculations 

l Resonant Phenomenon 

0 Multibunch Effects, Misalignment, interleaving, . . . . . 

0 Numerical Simulations (Couplers, Pumping Holes...) 

l Weak Damping for Detuned Structure 

0 Vacuum System Calculations 

2. Low-Power Measurements - 
l Matching, Tuning and Mode Studies 

3. High-Power Testy 
l 7-cavity X-Band SW Section 

l Four Types of X-Band TW Sections 

4. Wakefield Measurements 
l Argonne’s AATF for Detuned Structure Models 

l ASSET for 1.8m Detuned Section in SLC 

5. Fabrication Technique Studies 
l Design and Machining (75cm and 1.8m Sections) 

l Brazing and Alignment 

l CMM Machine Measurements 
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High-Gradient Studies at SLAC 
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X-Band 
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Learned a Great Deal about 
l RF Processing 
l Dark Current Due to Field Emission 
l RF Breakdown Phenomenon 
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Accelerator Structure SETup (ASSET) in the SLC 

A Dump 
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MEASUREMENT OF THE BUNCH-TO-BUNCH TRANSVERSE WAKEHELD COUPLING IN THE TEST STRUCTLJRE 

l Inject a positron bunch into the linac followed by an electron bunch - the 
positrons serve as the drive bunch and electrons as the witness bunch. 

l Vary the vertical drive bunch amplitude and measure the betatron amplitude of the 
witness bunch in the lini\c after the drive bunch is dumped - the ratio of these 
amplitudes is proportional to the wakcfield coupling. 

l Repeat for different bunch-to-bunch time separations to measure the temporal 
dependence of the long-range transverse wakefield. 
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NLC ACCELERATOR PARAMETERS 
(Single Mode DDT) 

Section length 1.8 m 

Phase advance per cell 2x13 

Iris aperture diameter 1.134-0.786 cm 

Cavity diameter 2.228-2.059 cm 

Croup velocity 0.12c-O.03~ 

Filling time 100 ns 

Unloaded time constant 205-177 ns 

Attenuation parameter 0.498 nepers 

Shunt impedance 66.48-83.40 MR/m 

Elastance (wR/Q per unit kngth) 849-941 V/pC/m 

Peak input power/(l.8 m) for 50 MV/m 49.9 MW/m 

Peak power per feed for 50 hlV/m 89.7 MW 

Structure average power dissipation for 50 MV/m, 
250-b pulse length, 180 pps 1.45 kW/m 
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SUMMARY 

1 0 Several Short Sections Constructed 
0 

0 High Power Tested with E>lOOMV/m 

2 l First 1.8 Detuned Section Constructed 

0 
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l 

3 . 
0 Rough Machining at Local Company 
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4 . 
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5 . 
0 Detuning with Weak Damping under Study 

Manufacture Studies 

Design Studies 

Cold Test Without Tbning 

High Power ,Test with E>55 MV/m 

ASSET Wakefield Measurement 

Second 1.8m Detuned Section 

Diamond Machining at KEK 

Two 0.9m Detuned Sections for NLCTA 
Injector 
Machining Started 

Third 1.8m Section 
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Table 3.5: Characteristics of JLGI 

Eaam (GeV) 150 150 150 250 250 250 
Band S c x s c x 

L (cmm2secD1) x lOas 3.5 6.6 3.2 4.8 6.3 
L (cm2bunch-‘) x lot9 

rep. rate (Hz) 
number of bunches 
bunch separation 
N,k/bunch x 10” 

0, (nm) 
QY (4 
8, (Pm> 

x”,’ 
pD2m 

D, 
disruption angle: 8, (mrad) 

crossing angle: 4, (mrad) 
m 

energy :a;is, (%) 
7% 
A 

1.65 x Pt*“’ (MeV) 
at 6 =0.15 

?i: ‘;“: L 
7)&(LQ = 2s:) x lo-’ 

total energy deposits( GeV) 
and e’s/bunch 

CE,( no 8, cut ) x lo5 
CN,( II ) x 10’ 
CE& > .005) x 10’ 
CNc( II ) x 10’ 
CE,(fJ, > .050) x lo2 
CN2( II ) x lo3 

number of hits(e’s)/bunch 
in 1 cos8,I < 0.9 

r=2cm 

15.3 6.1 2.4 17.5 
50 150 150 50 
46 72 90 55 

5.6ns 2.8ns 1.4ns 5.6ns 
1.56 1.0 0.63 1.30 
335. 335. 335. 301. 
3.92 3.92. 3.92 3.04 
80. 80. 85. 80. 
10. 10. 10. 10. 

100. 100. 100. 100. 
0.21 0.13 0.090 0.13 
18.0 11.5 7.7 13.0 
0.88 0.57 0.35 0.49 
11.0 10.4 9.0 7.3 
0.14 0.093 0.059 0.23 
0.47 0.32 0.19 0.78 
7.0 3.5 1.7 9.0 
1.7 1.1 0.74 1.6 
1.3 0.95 0.74 1.0 

11.~ 
10. 
150 
72 

2.8ns 
1.0 

260. 
3.04 
80. 
10. 

100. 
0.13 
11.5 
0.44 
8.0 

0.19 
0.70 
7.0 
1.4 

0.93 

4.7 
150 
90 

1.4ns 
0.63 
260. 
3.04 
67. 
10. 

100. 
0.071 

6.1 
0.27 
7.2 

0.15 
0.51 
4.0 

0.91 
0.66 

26.9 17.2 10.3 22.9 18.2 13.2 
9.0 5.7 3.5 7.7 6.1 4.4 

0.60 0.38 0.23 0.51 0.41 0.29 
6.0 1.9 0.60 3.9 2.2 1.0 

1.8 0.60 0.17 5.8 3.0 0.91 
6.2 2.0 0.62 7.0 3.9 1.3 
13. 4.0 0.55 11. 5.8 1.3 
5.4 1.7 0.49 5.1 2.8 0.96 
5.4 4.9 0.94 21. 9.2 2.2 
8.0 5.7 1.0 11. 9.4 3.2 

429.4 117.8 63.1 350.2 100.4 81.6 
(21.1) (5.8) (69.8) (34.4) (11.1) 

(E) 
124. 51.7 21.7 23.3 
(2.8) (10.9) (6.8) (2.9) 

1.1 0. 1.4 0.3 
(0-j) (0) (0.75) (0.2) (E) 

260 

(188.5) 
t=5cm 76.8 

(14.6) 
t = 30 cm 



1 Design of Optics 

The design concept of the JLC final focus system has its base on the non- 
interleaved two-family sextupole chromaticity correction scheme [?I. Table 1 
lists the main parameters of the final focus system. The parameters are for 
the beam energy 250 GeV and we can use the same optics for a lower energy 
only with scaling of the strengths of magnets. In Table 1, the incoming 
emittances are somewhat larger than those at the damping ring. We design 
the focusing optics to accept a beam with a certain amount of blow-up and 
a emittance dilution. The emittances at the interaction point(IP) are larger 
than the incoming, since they suffer from optical aberrations including the 
synchrotron radiation. The beta functions at IP are determined considering 
the chromaticities and the effects of the synchrotron radiation in the final 
lenses on their focusing. The focusing components including the final lenses 
are all conventional and possible to be built under existing technologies. 

Table 1: Parameters of the JLC final focus system 
Beam energy Eo 250 GeV 

Incoming invariant emittances E,/E~ 3.6 x 10q6/5.0 x lo-’ m 
Invariant emittances at IP E,/E, 3.8 x 10w6/6.0 x lo-’ m 

/3 functions at the IP Yw; lO/O.l mm 
Spot sizes at the IP a$ 28013.5 nm 

Free area length e* 2.5 m 
Half aperture of the final quad a 6.8 mm 

Pole- tip field Bo 1.3 T 
Length of the final quad 

&, 
2.2 m 

Chromaticities of final lenses 3200/43000 
Momentum bandwidth Xm zkO.8 % 

Total bend angle. 8 7.1 mrad 
Length/beam Lo 590 m 

This optical scheme is essentially same as the FFTB optics[?]. The mag- 
net lattice and the optical functions are show in Fig. 1. We have installed 
several new characteristics on top of the FFTB design. The first one is 
the long length of the free area for the detector. We set this length e* to 
2.5 m, which is a sufficient length to place the masks for the background, 
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Table 3: Parameters of the JLC collimation section 

Bending section 1 & 2 
Bending angle 20 & -16 mrad 
Bending radius 4200 m 
Tune V, = va, 3.5 & 2.75 

Energy collimator 
Acceptance Ap/p f1.5 % 

Collimator half aperture 0.5 
Beta at col. ,&/&, 100/300 m 

Nonlinear transverse collimator 
Acceptance x/y = x’/y’ 
Collimator half aperture =%FYUIl 
Beta at sextupoles /?=I& 67/134 m 
Sextupole pole tip field 1 T 

Sextupole aperture 5 IllIll 
Sextunole length 4 m 
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gure 3.20: Profile of synchrotron radiation per train crossing from QC4-QCl at the front face 
QCl seen from IP,i.e. 2.5m upstream from IP for Eaom =250GeV. 
i. 

\ 
orizontal and vertical directions, which correspond to 22a, and 264a,, respectively, there 
y emittance growth due to a wake field by the mask. There is no secondary particles (e*‘s 
‘ri*‘s) created at the mask because no beam tail can hit it. With this mask the synchrotron 
en is well collimated to 1 cm at IP. 

iadmpole Magnets 
‘ire are only 4 quadrupole magnets, QCl - QC4, in a straight section between the last 
g magnet and IP. Among them QC2 is the largest radiation source. Here we do not 
!; ,any mask since a doublet of final quadrupole magnets (QCl and QC2) is so near IP 
cre is no way to stop back-scattered synchrotron radiations from the mask. The control 
rrotron radiations from the quad&pole magnets is uniquely provided by the optics of 
‘&CUS system. The optics is carefully determined in order to have a large bore (1.34 cm 
!J, which is enough for the synchrotron radiations to go through without scattering for 
l’collimated at f6a,, 9~350,. The tail of the synchrotron radiations is also produced ; 
y of beam. Figure 3.20 shows the lateral spread of radiations from QC3,QC4,QC2 
Melf in front face of QCl, i.e. 2.5 m upstream of IP. Tolerable number of photons is 1. 

. x,Y > 0.67cm in this figure, which may hit the “iron” pole of QCl and back-scatter 
discussed in the previous section thcrc must be tails up to 10’ photons beyond sharp 
lateral spreads in Fig.3.20. We show Fig.321 to set how the radiations go through 
g-3.21 cross sectional views of radiations are shown at the entrance and the exit of 
w. off-axis profiles are those of the radiations with exit beam (after collision) since 
nfde is 8 mrad at E- =250GeV and QCl is 2.4 m long, whereas the profile at 
!hat of focusing beam (before collision). Therefore there is no serious background 
!e Vnchrotron radiations. 
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O(mrad) 

Figure 3.22: Pairs simulated by ABEL on a plane of pc and 0, at Eao,=250GeV for JLC-I(c- 
band). 

3.7.5 Masking System 

Our masking system is schematically shown in Fig.3.24. A mask is employed in order to 
shield against the large amount of the secondary photons. The probability for the O(10’) 
photons/train (see Tab.3.5) to escape from the mask, qm,,h, should be less than 10m3, which is 
geometrically determined by the front aperture of the mask. Most of the escaped photons hit 
the mask surface on the opposite side, then they enter the detector region. In addition the mask 
must have enough thickness to absorb the photons, that is, its attenuation coefficient should 
be less than 10D5 for O.SMeV photons which corresponds to a 5cm thick tungsten. We require 
that the acceptable number of photons in the detector region is 0(102) per train crossing. As 
we fix the angular region of the mask as 0.15 < @,,,-L < 0.2, it remains to determine only one 
parameter to fully specify the geometry of the mask. We take the half aperture of the mask, 
&nork in Fig.3.24, for this paramctcr. &,k can bc linearly related to a diameter of circular 
trajectory of a charged track in a solcnoidal magnetic field(B), i.e. &,,,l: = pTor/0.15B and 
B=2Tcsla. We determine &,,,,k for the pairs, which comprise a shoulder in Fig.3.23, to loop 
inside the mask. Thcrc is another important constraint from the solid angle seen by the photons 
back-scattered at QCl, i.e. tl,.& = RL,,/~(LQ - LmUk)2 < 1 x 10e3, whcrc L,,,cuk and LQ are 
the distances of the mask and the final focus quadrupolc magnet from the interaction point(IP), 
respectively(Fig.3.24). The location of the final focus quadrupolc magnet has been set to be 2.5 
m from IP for the synchrotron radiations to go through QCl without scattering ds mentioned in 
the previous section. The optimized values of &&, L mo,k and q,,,,k are also listed in Tab.3.5. 
With this masking system, the total number of charged particles hitting the outer surface of 
the mask is less than 103/train(72 bunches) as shown in Fig.3.23. 
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Figure 3.23: Pair yield/bunch crossing as a function of &” for 8, > 0.15 at JLC-I(c-band). 

Detectors in B-2Tesla 

Figure 3.24: A masking system at the interaction region 
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Figure 3.25: background hits by the pairs in B=2Tcsla as a function of radius(K,l,. 
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Figure 3.21: Cross sectional views of incoming and outgoing synchrotron radiations, which are 
shown as ellipses, at the entrance and exit of QCl, for Eaa,- -25OGeV, where the crossing angle 
of two beams is 8 mrad. QCl is located at 2.5m upstream from IP, and its half aperture and 
length are 6.7mm and 2.4m, respectively. Its coils are indicated by crosses‘boxcs. Disrupted 
beams after collision are also plotted by dots. 
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