Beam Transport Line
Kikuchi M.//MAC/24Jan97
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l. Transport line (Fig 1,2)
[ ] Linac beam

normalized emittance 1.5e-3 (e+) 0.25e-3 (e-)

[unnormalized emittance  2.2e-7 (e+) 1.6e-8 (e-)]

energy spread 1.25e-3 (e+) 1.25e-3 (e-)
[ ] Acceptance

transverse 2.6e-6 (e+) 2.6e-6 (e-)

energy spread S5e-3  (e+) S5e-3  (e-)
[] Ring acceptance (worst case)

transverse 1.2e-5 (e+) 1.2e-5 (e-)

energy spread S5e-3  (e+) Se-3  (e-)

1.1 Collimation system (Fig 1,3.,4)
[ ] Energy collimation
Necessary to match the energy acceptance of the ring as well as to reduce
the beam loss in the tunnel.

Two sections are prepared:
BSY3 --- up to 10% is expected. Radiation shields accept
100% loss. (cf. simulation Fig 3,4)
Entrance of Arc-1 --- up to 1% is assumed. Radiation shields
allow 1% loss.



Problem: Primary-beam scattered at the edge of collimator

Orbit of particles with energy loss A E and scattering angle A ¢
x=R,AE/E+ R, 6AO

R16 and R12 from BSY3 have their first maximum at downstream

points which is not in the radiation-controlled area have no special

shielding.

[R16 and R12 from the entrance of Arc-1 have also maximum at
points in the Arc-1. Arc-1is, however, in the radiation controlled
area and there will be no problem.]

Quantitative estimation is undergoing.

[ 1 Emittance collimation

Two collimators which are 90 degree apart in each plane are placed in the
slope of MR-Injection tunnel (for horizontal plane) and in the Arc-4 (for
vertical plane). These places are deep in the underground and there will be
no radiation problem.

1.2 Design of J-Arc (Fig 5,6)
Isochronous and achromatic with momentum band width of 1.8%.
Specification of Linac beam is =+ 1.2%.

1.3 Magnets
Design is completed. All magnets were ordered and in fabrication

.4 Beam position monitor etc.
[ ] BPM (Fig 7,8,9,10)

Pick-up electrode  L=15cm

Signal processing: 8 signals are combined through delay-cable.
Combined signal are recorded in the digital
oscilloscope. Overall speed is 1Hz. (Fig 7)

Experiment at the AR Injection line:
Precision < 0.16 mm (Fig §)
Demonstrate a possibility of energy feedback to



Linac. (Fig 9,10)
[ ] Wire scanner

Four wire scanners are installed at the straight section. (Fig 1)

2. Injection System
[ ] Beta function at the injection point (Fig 11,12,13,14)

Beta-x of injection beam to minimize the injection aperture
[beam clearance 2.5 ¢ for injected beam

4 ¢ for circulating beam.
damping time 40ms (e-) 80ms (e+)
Effective septum-width 6mm]

--> Beta-x = 100 m

[l Physical aperture at the septum

Decided the physical aperture at the septum as

1.2e-5 (e-) 2e-5 (e+),
corresponding to the septum position of 32mm(e-) and 43mm(e+) which
are greater than aperture at the mask.

[ ] Bump orbit

No DC-bump: use only kicker-bump in order to avoid adverse effects
such as hysteresis of steering magnets, higher order dispersion and path
length etc..

[[] Vacuum is not separated from the ring to avoid emittance increase

due to multiple scattering in the window.

2.1 Septum magnets (Fig 15,16,17,18)
[] Passive septum:

Full-sine 120 ;. sec rather than half-sine 60 /¢ sec in order to reduce
long-term leak field due to eddy current.

[[] Field stability of 0.5.107-3 to decrease the injection amplitude due to
septum jitter which is sizable if the field jitter is greater than 1.107-3 .

2.2 Kicker magnets (Fig 19,20,21)
Lumped circuit type



electrons positrons

one-turn  multi-turn one-turn  multi-turn
Deflection angle mrad 0.34 0.37 0.825 0.87
Field G 387 418 410 430
Current kA 1.33 1.45 1.39 1.46
Pulse width /L SeC 2.5 2.5
Frequency Hz 50 50
Vacuum chamber mmA2 120w 85h 120w 85h
Magnet length m 0.25 0.25
Number of magnet 4 3 4 3

[ ] Power loss in the ceramic chamber
~100w for 6 .« m (Figl9)
(Fig 20)
-Theory on axes-symmetric ceramic pipe with inner coating.
[A. Piwinski, IEEE NS-24 No3(1977)1364]
-Heating up of ferrite was not observed.
-Experiment is larger than the theory by factor of (5~8). (Fig 21)
-Power-loss in LER is estimated from theory multiplied by (5~8)
--> TISW~1140W for 6 1« m,

380W~610W for infinite thickness

Power loss due to eddy current

Power loss due to image current

Conclusion
Power loss 1s ~1kW in total ---> water-cooling is necessary.

3. Summary
[ ] Acceptance of current design is compatible with the requirements of

Linac and the rings.

[ ] Collimation system has been designed.

Proposed collimator system is able to cut the energy tail of 10%.
Emittance collimation is also possible.

[] Design of J-Arc has been completed. It is Achromatic and isochronous up

to 1.8% and satisfies the specifications.

[ ] Strip-line BPM system was developed. Precision is less than 0.2mm.



[] Design of injection system.

Prototype of passive septum magnet is under construction.
Estimated power loss in the ceramic chamber amounts to 1kW.
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Electron

nj-6.125_param(g)

Ring emittance 1.80E-08 (m)
Inj emittance 1.60E-08 (m)
Septum jitter 0.1 (%)
Rep time 100 (ms)
Damping time 40 (ms)
---at QMS ----
Ring beta 89.7375 (m)
Inj beta w/o septum jitter 20 (m)
In) beam-size w/ septum jitter(2.5 sigma) 1.86171 (mm)
w/0 septum jitter(2.5 sigma) 1.41421 (mm)
Ring beam-size(4 sigma) 5.08374 (mm)
Effective septum-width 6.24326 (mm)
Injection aperture 5.14E-06 (m)
--- at the septum ---
Ring beta 83.0356 (m)
Inj beta 9.2 (m)
Inj beam-<cize(2.5 sigma) ' 1.796 (mm)
Ring beam-size(4 sigma) 4.839022 (mm)
Effective septum-width 6 (mm)
Aperture at the septum 1.20E-05 (m)
Position at Kicker 26.676 (mm)
Angle " : -1.7283 (mrad)
Maximum amplitude of injected beam 20.669 (mm)
Septum position 31.5662 (mm)
DC-bump height 0 (mm)
angle 0 (mrad)
Inj position 39.3622 (mm)
" angle -2.7478 (mrad)
--- Magnet strength ---
Kicker 0.930091 (mrad)
DC-bumper 0 (mrad)
Ruckor, e 73‘—2—7— x0.43= ()
one-tarn _23_‘1‘;(,2)'0‘0'3 = .37



Positron

imj+9. 125 _param

Ring emittance 1.80E-08 (m)
[nj emittance 2.20E-07 (m)
Septum jitter 0.1 (%)
Rep time 100 (ms)
Damping time 80 (ms)
--- at QMSFL ----
Ring beta 102.145 (m)
Inj beta w/o septum jitter 25 (m)
Inj beam-size w/ septum jitter(2.5 sigma) 6.02147 (mm)
w/0 septum jitter(2.5 sigma) 5.86302 (mm)
Ring beam-size(4 sigma) 12.1425 (mm)
Effective septum-width 6.31503 (mm)
Injection aperture 1.63E-05 (m)
--- at the septum ---
Ring beta 92.3 (m)
Inj beta 17.1909 (m)
Inj beam-size(2.5 sigma) 5.72653 (mm)
Ring beam-size(4 sigma) 11.5425 (mm)
Effective septum-width 6 (mm)
Position at Kicker 31.4226 (mm)
Angle " 3.32048 (mrad)
Maximum amplitude of injected beam 38.8213 (mm)
Aperture at the septum 2.00E-05 (m)
Septum position 429651 (mm)
DC-bump height 0 (mm)
" angle 0 (mrad)
Inj position 54.6916 (mm)
" angle 6.29991 (mrad)
--- Magnet strength ---
Kicker 1.9063 (mrad)
DC-bumper 0 (mrad)
Rickan  anos ?% e &
-1
ohe “turm %;"\»’1’9 - 3.3%



Passive septum parameter(e-)

Deflection angle(mrad) 40
Peak magnetic field(T) 1.2
Septum thickness(mm) 1
Free aperture(mm) 10" % 38"
Core length(m) 1
Number of turn 1
Magnet inductance( 2 H) 6.1
Pulse width( « sec) 120
Repetition(Hz) 50
Peak current(kA) 9.0
Peak voltage(kV) 3.4
Current stability(%) 0.05

o FRTS SRRy CARBo e ¥ MR e i T SR
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PROBLEM DATA

curtest-o-f-12.tr

Quadratic elements
XY symmetry
Vector potential
Magnetic fields
Transient solution
Time = 0.0006

5194 elements

10545 nodes

9 regions
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Test of the ceramic chamber

for

KEKB Kicker Magnet system

1997 Jan
KEKB Beam Transport Group

1: Power Dissipation due to Eddy Currents

Bench Test
B =0.675 K Gauss
Frequency 50 Hz

Ceramic chamber coating thickness 2.5x4m 6xm

Power Loss Test Bench Calculation
25pm (W) 40W 65W
6 1 m (W) 60W 120W



2:Power Dissipation due to Image Currents

<AR large current accelerator study in 1996>

Setup
Three Kinds of ceramic Chambers are installed

on AR east side straight section .

The temperatire were measured

at the two positions of each chamber.

Measure Temperature
at two points

l

[ 3}

Ferrite ' ‘l
Coating Thickness
Chamber 1 25 pym
Chamber 2 4 um <« water ~cooled oX Fring €

Chamber 3 6 uxm



BeamPowerlnKickerChamber
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