Status of the LHC dump kicker low
frequency impedance evaluation

F. Caspers, A. Mostacci, PS-RF
L.Vos, SL-AP

* Transverse impedance measurement set-up.

* A reference case: circular steel pipe.

 Dump kicker: bypass effect on the long. imp.
 Dump kicker: trans. Imp. coll measurements.
 Dump kicker: displaced wire. V
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Measurement set-up

A loop width
N #turns
Ly,=1.25m
A =225mm
VNA N =10
loop input impedance

¢ 7DUT _ 7free addedloop

S = Impedance
T N2A2?
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Two different network analyzer set-ups

To measure the added |oop impedance, two different S-parameters test sets
are used, according to the frequency range. The DUT has an impedance
much smaller than 50 Ohm.

1. Resistive coupling network
100Hz-10kHz (IF-BW=30 H2)

2. Transformer typedir. coupler
10kHz—-1MHz (IF-BW=100 Hz)
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Re {trans. Imp. per unit length}: circular pipe

40 r

KOhm/meter/meter
= = N N w w
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Theory for wall thick. > skin depth (beam)

1  modulus of

— Measured (loop)

— Theory for wall thick. < skin depth (beam)

— Low frequency formula NS (loop)

Invertedsign: \ = NS = Nassibian Sacherer radius = 50 mm

added loop imp. 0= 1.310°S/m (SS)

L R [ SS= Stainless Steel

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

e wall thick. = 1.5 mm
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Re {trans. Imp. per unit length}: circular pipe

4

— Measured (loop)

— Theory for wall thick. < skin depth (beam) :

"~ ¥~ — Low frequency formula NS (loop)

,,,,,,,,,,,,,,,,,, Theory for wall thick. > skin depth (beam)
| NS Nassibian Sacherer |

radius = 50 mm

KOhm/meter/meter
N

S T 0=13105Sm(SS)
1 F | | SS= Stainless Stedl

N, ~ wall thick. = 1.5 mm M
0.5 é LI lﬂ";"“?wﬂﬁ L hWﬁ"#‘“‘M.###'%IPAWl
ot v o L A
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Re {trans. |mp per unit Iength} circular plpe

100

77777777777777777777 Theory for wall thick. > skin depth (beam)

.~ — Measurement (loop)
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KOhm/meter/meter

Le radius = 50 mm
-l 0=1.310°9/m(S9) |
|l SS=Stainless Stesl 1 RN
" wall thick.=1.5mm
01 i I R i b i [ N A A
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Re {trans. Imp. per unit length}: circular pipe

100 e
. | \_ . .. —Theory for wall thick. > skin depth (beam) |
777777777777777777777777777777777777777777777777777 — Measurement (loop)

. 1 —Luc’s model
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100
*********************************************** Theory for wall thick. > skin depth (beam) :
”””””””””””””””””””””””” — Luc’s model
EIO \. o Field match. (V Lebedev FNAL)
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£ e s Rt A e 1
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"q—') ,,,,,,,,,,,,,,,,,,,,,,,,,
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= | ‘ o
51
o E —— C| rcular pipe
::::::::1: Fadl us =50 mm
: - 0=1.310°S/m (SS)
‘ wallthlck =15mm
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From theory
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Used formulae: circular pipe

ﬁ: 1+]u Zo0 §<d (thick wall) b radius

L 2 b d wall thickness
o wall conductivity
L devicelength
Zie o« J skin depth

_ 5>d  (thinwall)
L mhdowd

Nassibian Sacherer
7. ¢ Rw — jwlw Rw L 20 b,
T — 2 s e = 7T Ry =8 Lw = L
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| m {trans. imp. per unit length}: circular pipe
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St et I N N
— Luc’ s model
— Measurements (loop) .

— Low frequency formula NS (loop)
¢ Field match. (V. Lebedev, FNAL) |
" Thickness > skin depth (beam)
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From theory ...
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Added loop Impedance: circular pipe
HET00 PR ——————— ]

- radius= 50 mm T
0= 1.3 106 S/m (SS) AR
BEP2 ) wallthick =15mm

!A
rm
)
=

— Imag. Part (meas.)
SRR — Imag. Part (formula NS)
77777777777777777777777777777777 — Real Part (meas.) i
— Real Part (formula NS) !
Skin effect (formula) s

Lo il L

1.E+04 1.E+05 1.E+06

| | Frequency (Hz) m
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Added |oop Impedance: circular p| pe

1E02- l | L Lo ‘ L__L_1_1_L. l N R l ‘ ‘ ‘
E A RV 0 FUL S FRY DO PO Y SO

radl us = 50 mm

5 - 0=1.310S/m (SS)

£ 1E-03 WaII thlck =15 mm

o A B R I
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o R

e 1B04 g g5 __Real Part (meas.) S

(@) | 4‘:::::i::‘[:‘[:j‘:?:‘ﬁi‘:: ﬁ::[ﬁ:

< it —Real Part (formula NS) ﬁ::f:

c /N R Skin effect (formula) |

21E05 K K .

E ' oA e — Real Part (Lucs model) ;ggggggg
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Added loop | mpedan ce: circular p| pe

1.E+00 T ‘ BRI ‘ ‘
— Imag. part (meas) ii Normallzed toN 1

1.E-01 | —Imag. Part (formula NS) ‘ ‘
Skin effect (formula)

1.E-02

Imag Part (Lucs model)

1.E-03

1.E-04

radlus 50 mm -
N1 QY R C5—13106"5/”0(55)
1.E-06 = W ‘wall thick. = 15mm

l iiiiiuil l Lo

1.E-05
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The reference measurement surprise

o At low freguenciesthe imaginary part CAN NOT be
deduced from loop measurements. (hints of possible
explanation from international discussion group).

» Good agreement measurement/theory of the real part
(Nassibian Sacherer algorithm, both for added loop

Impedance and its conversion to transverse coupling
|mpedance).

* The resonance frequency of the loop in the free space
Is about 1.5 MHz.

=m
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Kicker model under test
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Kicker model under test: ceramic chamber

Titanium film (Rg,4r ~ 0.1 Ohm)

Tested mode | Real chamber
§ 7

Z
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Longitudinal impedance from meas. data (1)

Thelength of the DUT is much smaller than the wavel ength.

Transmission measurements Reflection measurements
1—-8 192 1 S 1
¥ =2 7, =7,
A S 1§ A 1 e S |
50 Ohm
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Longitudinal impedance from meas. data (11)

o o— Z, Io° o

50Q (VNA)  Z Z. 50Q (VNA)

7 \ 4

ra Y ra Y
A4 A4

50
If Z, 1salumped element and neglecting the two 7 9 7 L= Sm
L — « 450

very short lineswith Z, (no matching network) G50
12

o—ZL—c

50 Q (VNA) Z. Z. 50 Q (VNA)

ra Y ra
7 A4

20
- Matching network—T g 1 — 812
ZL o 2 Z{- it
g S-JO
12
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19/31 F. Casperg/A. Mostacci/L .Vos. L CC meeting 16-Jan-02




Longitudinal |mpedance (real part)

2 ¢
C Be/Cu wire, NO bypass, reflectlon meas.
18 Foee—eeeee———————————— R P ™
16 —Be/CuwwebypassYES ffffffff el A N

" Be/Cu wire, bypass YES

1.4 3 e reflection meas.

12 F * S -

Ohm
|_\

*************************************************************************************************

————————————————————————————————————————————————————————————————————————————————————————————————————

1.E+04 2.E+05 4.E+05 6.E+05 8.E+05 1.E+06

Frequency (Hz) m
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Longitudinal impedance (real part)

2 r ‘ |
- Be/Cu wire, bypass NO, reflectlon meas. S
18 fFo e L -~
L6 [ BelCuwire bypassYES } fffffffff f Y e |
E transmission meas. ; \ Be/Cu wire, bypassYES
4 \ ””” pry_— " reflection meas. ’
12 B el - Cuwire bypassNO, reflectionmeas.
E L F &£ g iy
O l l el
08 F[ /WIS
0.6 froommrmect T
N Cu wire, bypassYES ‘
04 A transmission meas. -
0.2 "} 42 mOhm @ 1kHz ]
O 1 ' 1 1 1 1 ' 1 1 1 1 ' 1 1 1 1 ' 1 1 1 1
1.E+04 2.E+05 4 E+05 6.E+05 8.E+05 1.E+06

Frequency (Hz) m
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Trans. Imp. per unit length: coll measurement

50 [

w0 |

o b

20 £V

10 Lot bbb L
i || —Vertical
-10 i

1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06

KOhm/meter/meter

| —Horizontal |

Frequency (Hz)
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Trans. imp. per unit length: coll measurement

50 [

40 =

L Wlthout bypass il
30 NO VISIBLE EFFECT 1?]
20 | \ R RE Rt

10

KOhm/meter/meter

| —Vertical

oMy —Horizontal

10 ©
1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06
Frequency (Hz)
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Trans. imp. from displaced wire meas.

According to Nassibian Sacherer:

r ¢ (dF\’
IF Z, = const + F*(xg) — Ip=— [ —

) d.‘F[J

Since Zp(x) = Zp(—x0) wmy Zp(x9) =2 (20=0) + a’z2 + ...

Then, assuming F'(xg) =~ a

| | » measured displacing
L ZL (;II(}) - ZL (-‘f*u = U] the wire of x,,.
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Long. imp. vs wire displacement

3.5 —— SR T ;
33 i “Quadratic” behavior r.
3.1 ? o ‘
— Centered wire 1 - :

.7 E — Disp. wire (10 mm, righty 47

c — Disp. wire (10 mm, left) 7

O — Disp. wire (5 mm, Ieft) 1 :
2.3
2.1
1.9
1.7 L \
1.5 i i i i i i i - | i i i i 1 Ll i
1.E+05 1.E+06 1.E+07

Frequency (Hz) m
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Horizontal transverse imp.: displaced wire

200 ¢ ‘ :
180 4 Real Part Y R — Call
: YA — Bypass YES
160 AN VYR — Bypass YES (+ 10 mOhm)
3 140 " * /YN~ | —Bypass NO (+ 10 mOhm)
= : — Bypass NO
£ 120 ¢ S
) v i
g 100 F Ny e
< - , L
= 80 - W, By,
e N N,
O 60 =\ A G N e
X 7 : S B - U
IRVATPAY e Nl

1.E+05 1.E+06 1.E+07

Frequency (Hz) m

26/31 F. Casper/A. Mostacci/L .Vos. L CC meeting 16-Jan-02



Vertical transverse imp. : displaced wire

120 o | | 1 1 | | |
— Bypass ON, 5 mm disp. Impedance
100 —Bypass OFF, Smmdisp. = o/c o i =aiei g
~ — Loop, bypass ON
G | R
g 80 - — Loop, bypass OFF R
© 14N IRER M The vertical transverse
@ 60
= | (AR, Y Ml impedance issmaller than
S M il the horizontal impedance.
5 « e
Y4 H “ I“'J | . |
20 F K | S N [l Ly (1 P
? Real Part
0 | \
1.0E+05 1.0E+06 1.0E+07

Frequency (Hz) m
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Conclusion (1)

» Clear effect of the bypass on the longitudinal
Impedance.

* No effect of the bypass on the coll measurement
(transverse Impedance).

o Clear effect of the bypass on the offset wire
measurement (transverse impedance).

=%
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Conclusion (11)

e The presently available model is pessimistic by afactor
3+5 with respect to the final version (different ceramic
chambers). The loop was designed for a model (with
diameter 60 mm) and it istoo big for the actual model.

o At frequencies> 0.5 MHz, theresistive horizontal
Impedance > than the vertical one (from displaced wire
and loop meas.), contrary to what one would expect.

 From the available data, we estimate (scaling) the
maximum of the transverse impedance (final dump
kicker) is~1 MOhm/m at 0.5 MHz and considerably

lessat ~ 10 kHz.

=%
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