
BWA/lmg PS/DR Note 2001-019 (Min.)
06.04.2001

Minutes of the PS Technical Meeting No. 119 
held on 4th April 2001

NUFACT

Present: B.W. Allardyce, B. Autin, S. Baird, J. Boillot, J. Bosser, R. Cappi, M. Chanel, 
J.P. Delahaye, B. Frammery, R. Garoby, M. Giovannozzi, J. Gruber, K. Hanke, 
H. Haseroth, J. Lettry, A. Lombardi, M. Lindroos, S. Maury, K.D. Metzmacher 
J.P. Potier, H. Ravn, J.P. Riunaud, H. Schonauer, K. Schindl, F. Voelker

co. K. Hübner, M. Martini

1. J.P. Delahaye opened the meeting by stressing that the objective today was not to hear 
detailed technical descriptions of the work under way on Nufact, but to find out if the 
resources requested by the studies can be supplied by the Division (or from external 
sources), especially in 2001 and 2002. The SPL as part of the Nufact study is important 
to us because it can also bring benefits to the PS beams as a prelude to a later Neutrino 
Factory.

2. H. Haseroth summarised the various stages of Nufact which are under study. He stressed 
the good progress on SPL, targets to stand 4 MW beam power, pion collection and 
cooling and the accumulator/compressor rings. He noted that the HARP experiment will 
furnish crucial results this year which may significantly affect the design of the final 
facility. He also showed the latest ideas on locating the facility on the CERN site.

3. R. Garoby briefly presented SPL, including new ideas on how best to use the LEP 
hardware. He noted that work on a test stand in Bldg. 152 will start soon for the 
352 MHz room temperature part of the linac. The manpower needed for the SPL work 
seems to be available, mostly in the RF Group, and is compatible with normal 
operational duties.

4. H. Ravn showed the present ideas on targets capable of withstanding the 4 MW beam 
power (of which ~1 MW is lost in the target). Tests are planned at BNL and ISOLDE 
this year. These trough tests can be covered by existing personnel. However, further 
Hg-jet tests lack the necessary manpower.

A hom test lab will be set-up to enable new ideas on pion collection to be tested; this 
will involve staff outside the Division.

5. J. Lettry showed some results of Hg-jet tests and explained the magnetohydrodynamic 
effects now being studied.



6. F. Voelker explained the power supply for the hom (the so-called 40/400 horn) which
needs a peak current of 300 kA at 50 Hz. According to his requests there seem to be
manpower resources missing for this aspect of Nufact.

7. M. Giovannozzi presented the muon test line which it is hoped can be built in order to
demonstrate the principle of ionisation cooling; such a line would be quite short and
would aim to show a 10% improvement in the emittance. The test line could be 
constructed in TTl, and cost estimates were available; it would be a fairly expensive 
line. An alternative line might be possible at PSI, and at first sight this looks more 
attractive in terms of the resources required, but it is still being studied.

8. B. Autin explained that muon beam experiments were important also to test options 
concerning the horns and targets and that a muon test facility is needed. He mentioned 
the curved decay channel and the 88 MHz cooling test. An evaluation of the effort on 
instrumentation is needed.

9. K. Hanke showed how muon cooling works and why we need it. He explained how the 
88 MHz test would be made and the layout of the experiment.

10. H. Schonauer presented the accumulator and compressor rings and their possible layout 
in the ISR tunnel. The studies are at an advanced stage, but further lattice calculations 
are needed. Studies on a 30 GeV fast-cycling synchrotron will follow as soon as the 
report on the accumulator and compressor rings has been published.

11. H. Haseroth then presented the resources requested in each of the areas:

♦ For the accumulator/compressor rings studies, there may be some incompatibility 
between the request for PS staff and the other responsibilities of the people 
concerned.

♦ For target studies (Hg-jet) there seems to be a serious lack of manpower.
♦ The availability of F. Voelker within the PO Group will be reviewed for progress on 

the hom power supply.
♦ An evaluation of BD participation to evaluate instrumentation is needed by 

J. Bosser.
♦ A Scientific Associate is needed for plasma lens studies, as an alternative to the 

hom.
♦ A Fellow is needed to work on ionisation cooling in addition to the PS Staff working 

on this subject.
♦ There seems to be missing AE manpower for studying the muon test line options, 

but this would be relieved if the test line were to be at PSI.
♦ The muon test facility is much later than 2001, but it will require a great deal of 

effort from several groups, especially RF for the cavities.

The transparencies shown can be seen at:

B.W. Allardyce
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POWER SUPPLY 
FOR 

HORN

1. Horn

2. Horn Power Supply

2.1 Circuit Layout and Waveforms

2.2 Composition of Power Supply

2.3 Preliminary Data of Horn Power Supply

2.4 Power Supply for Horn Tests

2.5 Final Horn Power Supply
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1.Horn

The study of the horn is still under way.

We refer here to the so-called 40/400 Horn 
(40 mm waist and 400 mm max. radius)

The electrical parameters of this Horn are

Impedance: R ≈ 0.5 ∏1Ω and L ≈ 0.7 μH 
(connection lines included)

Peak current: Ipeak = 300 kA

Half-sinus pulse duration: Tpuιse ≤ 100 μs

Pulse repetition frequency = 50 Hz

ϕ8
00

ϕ8
0

2
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2. Horn Power Supply

2.1 Circuit layout and Operation

3

H.V. C.C.
i

D1 C.C

R

L

 P.T.L

C.C

DN

SW1

SW2 L21

LAN

SW1 uco

sw2

X UC
UC

2KV 10KA

10µs
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2.2 Composition of Power Supply 

. HVCC = High-Voltage Capacitor Charger

. D1to Dn = Charge de-coupling Diodes

. C1 to Cn = N Energy Storage Capacitor Banks

. SW1 = Main Thyristor Switch

. SW2 = Energy-Recovery Thyristor Switch

. Gate Drive circuits for SWl and SW2

. Water cooling System of thyristor switches

. L 11 to L1N = Energy-Recovery Inductances

. L21 to L2n = di/dt limiting Saturable Reactors

. P.T.L.= Pulse Transmission Lines

. C.C.= Cable Collector and Strip-Line

. Voltage and Current Sensors

. Control, Monitoring, Protection Electronics

. R, L = Horn or Dummy-Load.

C.C 

R
L 4

N 

SECTIONS

D1∣

SW2
L21
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2.3 Preliminary Data of Horn Power Suppy

Rload = 0.5 mΩ
IIoad θ∙7 μH
C = Σ Cn = 1440 μF

δ = 357.14 Hz [damping factor R∕(2L)] 
ω = 31497 Hz [frequency (LC) -1/2]
ω0 = 31495 Hz [frequency (ω2- δ2)]
Tpuise= 99.75 μs (pulse duration π∕ω0) 
e -δ Tp /2 = 0.9824 (pulse damping at Tp∕2)

Uc = 6733 V
Uco = 5500 V
Ic = 120 A
Pc = ~850 kW

(E-storage capacitor voltage) 
(estimated recovery voltage) 
(charge current at frep=50 Hz) 
(ratings of capacitor charger)

Ipeak = 300 kA
Irms = 15 kA (213 kA during Tp)
Iave = 955 A (192 kA during Tp)
(di∕dt)t=0= 9448 A∕μs
N = 10 ÷ 12 (# of capacitor + switching sections

5
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Critical items: Switches SW1∕SW2, and charger

Thyristors are assumed to be of the “distributed 
-gate type” with symmetric voltage hold-off.

Each switch (SW1-SW2) consists of a number of 
thyristors in series (3-6) [one aims to avoid 
having 2 assemblies in parallel].

The selection criteria concerning
* number of sections N (N=10 ÷ 12)
* type of thyristor,
* number of thyristors in series(∕parallel) 

depend on the:
. Characteristic of capacitors (KVAr, etc.)
. Peak repetitive current per section (Ipeak /N).
. RMS current/section [Ipeak √(Tp∕Trep) ∕ (λ∕2 N)].
. Losses [Pth = frep/[i(t) (Vo + rd i(t))], cooling
. Mean temperature θm and ∆θ of junction
. Repetitive ∕i2 dt of thyristor [Tp (Ipeak∕(√2 N))2]
. Repetitive di/dt of thyristor ( > Ipeak ω0 /N)

ET CETERA

6
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2.4 Power Supply for first Horn Tests:

Ipeak = 300 kA, Tp ≈ 100 μs, frep ≈ 1 Hz
(higher frep for lower Ipeak is desirable for vibration tests)

After checking and overhaul, part of following 
PS owned equipment can be re-used:

. Charge power supply 12 kV∕7A (OCEM)

. 60 capacitors 12 kV/23.4 μF (~120 available)

. 24 capacitors 7.5 kV/64 μF

. Charge supply 4.2 kV/50 A (OCEM)

. 48 capacitors 4.5kV∕200 μF

The switching circuits as well as the other 
components, which are not part of this list, must 
be procured in industry and/or built at CERN.

One assumes erecting the power supply in 
Building BA7 and co-operating with EP division 
as far as building up the horn supply and 
testing the horns concerns.

7
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2.5 Final Horn Power Supply

Ipeak = 300 kA Tpulse ≤ 100 μs frep = 50 Hz

The switching circuits for the test power supply 
will be designed keeping in mind the ratings of 
the final power supply.

The proposed objective would be to make 
available for tests in 2002/2003 l∕Nth of the final 
power supply, i.e.

a complete prototype capacitor + switching 
section, and

a (< 100 kW) capacitor charger module.

8
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