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(Many thanks to Fritz Caspers for many useful hints and help on this)
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HIRFL-CSR and Schottky pickups

HIRFL-CSR: Heavy-lon Research Facility with Cooing Storage Ring on Lanzhou,

Built in 1988,
100 AMeV(H.1), 110 MeV (p) Resonant Cavity Schottky pickup (2011)

Stochastic Cooling system (2015)
Electron Cooling system (2008)

Built in 1962,
10 AMeV(H.l), 17-35 MeV (p)

ANRY

\5( - )
RIBLLL 2 N\

‘ ’;\-l L2 ‘bl ¢ Ly =
e R )
_ 4 " ———
. . { ’ i
Built in 2006,

1 GeV(12C6+), 0.5 GeV
pacitive Schottky pickups

(238U72+)
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Electron cooling system
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Beam diagnostics in LINAC

Test Cryomodule &
LEBT MEBT Cryomodule 1,2,3 HEBT
‘ Wire Scanner 1 | ACCT 2 Cold BPM 1 ACCT 2
Wire Scanner (3 wires) 1 Cold BPM 5 DCCT 1
Wire Scanner (H/V) 2 Cold BPM 5 BPM 4
BPM 5 Cold BPM a4 Slit(H/V) 2
Scraper(H/V) 3 FC 1
Slit (H/V) 2 Scraper(H) 1
Emittance 2 Movable Beam Loss Monitor 1
FFC 1 Diagnostics Bench Momentum Spread 1
FC(for high currents) 1
ACCT 1
DCCT 1
BPM 3
Wire Scanner (H/V) 2
Slit(H/V) 2
FFC 1
FC 1
Momentum Spread 1
Pillbox cavity schottky 1
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Beam diagnostics Interface

* CS-Studio
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CS+Studio  Window  Help
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Future facility
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Schottky pickups at IMP

Resonant cavity
Collaborated with GSI

Capacitive pickup

M. Bregman,, et al., Phys. Lett. 78B (1978) 174
ICE ring, antipron, 128 MHz
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Longitudinal Schottky Signals
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Schottky noise and beam transfer function diagnostics. D. Boussard

*For coasting beam, total current per band is proportional to VN due to its incoherent
distribution, power spectrum density P(f) in Af, P(f)=Z.(/ 2/ Af)

*For bunched beam, there is a modulation in time of the particles’ passage through
PU, spectrum splits into several lines due to synchrotron oscillation
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Tekironix RSA 3408B

Frequency: .
Span:
Input Att:

Longitudinal Schottky Signals

-10
dBm

-110
dBm

&9start| 7] [ED rsa3s03a

Schottky signals observation in our ring
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Longitudinal Schottky Signals

> For small N with random phase, insufficient S/N.
Nuclear mass and lifetime measurement, even one particle detection

020 JRed trace: coasting beam
Black trace: bunched beam

0.15 4

Schottky power (arb. units)

) iy ' b | . o L)

=20000 —10000 0 10000 20000
f-243.377813M/Hz

Same particle number
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Resonant Schottky pickup

» Output power of the resonant Schottky cavity PU
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P = (Ze)P£N
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Shottky noise and beam transfer function diagnostics. D. Boussard
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Resonant Schottky pickup

For mass measurement of unstable exotic nuclei or their isomeric states, the
observation time is needed to get a certain required line separation.

* Transient spectrum of an excitation current after K passages of a single particle

1.6)= 2y o(c - k)

* Fourier transform of this current is peaked at
the revolution harmonics Q=mw with sidelobes.

Si.H<KQT/2) ej([(—l)QT/Z s A o~

sm(QT /2) &~ A ﬁ\/ M A5

* Different nuclear species separated by dw
so  8By)  slw/q) —
O By

The width of central
peaks is the distance
between the first

~ left and right zeroes

I(Q)= ze

p
m/q
* To separate the different nuclear species at mt" harmonic, 6Q<méw

2 oW

” < , M T, K \L high observation harmonics m lead to short measurement times
m 0]

B F.Nolden, NIM A 659(2011) 69-77



w0 Bl R =F BT T AM 12 0 7 P

S/N between two pickups at GSI

* The same decay:
Improvement by a
factor of about 100

Old Schottky ; New resonator

Pickup (1992) FEEeEs d59+> $142 Cavity (2010)
30t e SR e : L 124th
k- harmonic

harmonic
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Resonant Schottky pickup

stimulus 4 MkrfAnalysis S Instr State

242.12195 MHZ/ 50.752 Q —99.971 Q
//‘
/

/

/

’ Trl S11 smith (R+jx) scale 1.000u [F1 Del]
1 242.24250 MHz 50.558 Q *SQ/.S.MIT--?E.OW Pr ﬂ'\\"\»-.,

2 242.49000 MIIz 50.710;1/4’0.973 Q  33.455nll '\"\.\

3 24236585 MIIz 50.550 Q  20.076 mQ 13.183 PII e

4 242.60976 MHz yﬁmz Q  10035Q 65831 nH \
>5 6.5752 PF \

1Center242Mlliz

Meas | Stop | ExtRef| Sve| 2011-08-17 09:56

Span 10Nz MR

Log Mag

Group Delay

Polar

Lin Mag

Imaginary

Expand
Phase

Positive
Phase

Return

Frequency (MHz)

244 £ 2

Q

979

QL

497

R/Q (ohm)

Simulated: 51.8

Measured: 48.1

Resonant frequency & piston position

246.0

2455

2450

2445

2440

2435

2430

resonant frequency/MHz

%)
5
et
o

[—m— resonant frequency/MHZ ]

stubs position/mm

Transit time factor & beta values

1.0

0.8

0.6

0.4

Transit time factor

0.2

0.0

/

/

/

0.0

0.2 0.4 0.6 0.

beta value

8 1.0
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Resonant Schottky pickup for one particle detection

Count 200/200
@ 1Rm AvgLog@2Rm View

mM1[1] 27.801592386 nW
#0 244.78159100 MHz

CF 244.780161 MHz 5000 pts Span 50.0 kHz
@® 1Rm Avglo 4
CF 244.780161 MHz Span 50.0 kHz Frame # 0
Marker
No | Type| Ref | Trc Frame Stimulus Response Function Function Result

1 M1 244,781591 .., 27.80 nW [Band Pow... -21.14 dBm

Measuring...

15:00:39

Date: 17.DEC.2012 15:00:38
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Resonant Schottky pickup-one particle detection

To perform this detection, the intensity of injected beam to CSRe was slowly decreased until
sometimes there was signal on the resonant cavity and sometimes there was nothing except
noise. The experimental condition was confirmed by TOF detector, which can recognize single

Count 200/200

pa rtiCIe WEI I J[@1Rm AvglLog@2Rm View

27.174297470 nW
244.78159100 MHz

CF 244.780161 MHz 5000 pts Span 50.0 kHz
® 1Rm Avglog
CF 244.780161 MHz Span 50.0 kHz Frame # 0
Marker
No | Type| Ref[ Tre| Frame | Stimulus | Response | Function | Function Result
1 M1 1 0 |244.781591 ... 27.17 nW |Band Pow... -21.19 dBm
Measuring... 14:58:56

Date: 17.DEC.2012 14:58:56
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Resonant Schottky pickup-one particle detection

Count 200/200

@ 1Rm AvglLog@2Rm View

Blue|trace: noise + signal

Beam: 112Sn50+, f=1.4475|MHz, E=252.923 MeV/u #0
"""""" Black trace: noise trace, band power of the noise s27 nW |

Mi[1]

~ Net signal power: P=(107(-2.114)-107(;2.119))*1mW=88 nW|
The estimated signal power of one particle: 26.6 nW

27.801592386 nW
244.78159100 MHz

CF 244.780161 MHz
@ 1Rm AvglLog

CF 244.780161 MHz

5000 pts

Span 50.0 kHz

Span 50.0 kHz

Frame # 0

Marker

No | Type| Ref | Trc Frame Stimulus

Response

Function Function Result

1| M1 244,781591 ...

27.80 nW

Band Pow...

Measuring...

Date: 17.DEC.2012 15:00:38

-21.14 dBm

15:00:39
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Resonant Schottky pickup performance at IMP
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Contents

O Schottky pickups at IMP

O Noise match measurement of the Resonant Schottky pickup
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Noise spectrum from Resonant Schottky pickup

Low noise
preamplfier
Schottky .
P resonant pickup L~ 20 m long SPA
cable

Varialble length

69 -

Power / dBm
-
| |

©
®
|

— Two N type adapter

—— 0.2 mlong cable and one N adapter
-100 —— 0.3 mlong cable

—— 0.4 mlong cable

—— 0.5 mlong cable

-102

' | ! | ! | ' | ! | ! |
0 100M 200M 300M 400M 500M 600M
Frequency / Hz ’
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Noise spectrum from Resonant Schottky pickup

Spectrum |? Spectrum |T

Ref Level -89.20 dBm @ RBW 10 kHz Ref Level -89.20 dBm @ RBW 10 kHz
| Att 0dB  SWT 435 @ VBW 10Hz Mode Auto FFT  Input AC f= Att 0de SWT 435 @ VBW 10Hz Mode Auto FFT  Input AC
P& P&
@ 14P Clrw@24P Clrw @ 1AP Clrw@2AP Clrw
M1[1] -90.85 dBm| M1[1] -90.52 dBm|
244,250 MH .
-90 dem 2 _00 dBm o 244.250 MHz
ML Y
"
-91 dem -91 dBm
-92 dém -92 dBm
-93 dém -93 dBm

-94 dBm

R
I
NARES

WTALAN FA Y
O L

Stop 600.0 MHz Start 10.0 MHz 691 pts
Measuring...  QUANNNCHD WO o gans g

Start 10.0 MHz 691 pts
1 | Measuring... @RRNRREEN WO mmm yasse ) | il ]

Date: 12.APR.2017 17:05:37

Noise Spectrum - 0.3 m long cable Noise Spectrum - 0.5 m long cable
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Noise spectrum from Resonant Schottky pickup

PRl Tek RSAS100A - [Spectrum] L] (51 S
File View Run Repla Markers  Setup Presets Tools Window Help g X
" 9 @{Q T & o [, | Frequency: 24352 MHz ReflLev: -22.00 dBm Preset Repla ) Stop .
7 Trace 2 v|Show Sample Avg 20 \ Clear l
» dB/div: -86.0 -
1.00 dB MR: -89.04 dBm M1: -94.69 dBm
243.526706 MHz 248.522859 MHz
o RBW: AM1: -5.65 dB
10.0 kHz 4.996154 MHz
v| VBW: -88.0 -
10 H .
- Blue trace: 0.3 m
PYM Green trace: 0.5 m /f
Yellow trace: N-adapter ,f ;,g
FA
-92.0 -
-94.0
-96.0 -
[Autoscale | © CF: 243.52 MHz & Span: 10.00 MHz
Spectrum Freq & Span| BW | Traces | Scale | Prefs
Settings ' : ‘ ‘
RBW: 10.0 kHz Auto Span/RBW ratio: 0
Fitter Shape: |Uniform (none) v v] vBW: 10 Hz
[*Restore '
| Defaults
Markers ] Define | v MR Frequency v7! 243.522859 MHz To Centeri [ Peak ‘ [E‘ [E‘ :z‘ iz[ \ Table | ‘z‘
Analyzing Acq BW: 10.00 MHz, Acq Length: 29.720 ms Real Time Free Run Ref: Int Atten: 0 dB Preamp
o I —
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S21 measurement of the Resonant Schottky pickup

Variable length, 2 N connectors,
03m,04m,05m

|

Portl

The resonant frequency
is shifted.
The loaded Q is changed.

®

Trc1 dBMag  Mem?2[500mm] &= 1

Mem3[400mm)] E#8l dBMag  Memd[300mm] S

Mem5[200mm] S5 dB Mag  MemB[2N] dB Mag
S21

— 25

— 20

— 15

— 10

i

.4«4-’-""4""&&” o

—-10

—-15

Ch1 fb Center 244558088 MHz
5/22/2017,9:46 AM

Pb -50 dBm Span 10 MHz

24
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S11 of the preamplifier

Trcl S$11 Smith 200 mU/ Ref 1 U Cal 1
*M1 245.000000 MHz 41.850 Q
-j24.476 Q
26.541 pF
|
M1
Ch1 Start 200 MHz Pwr -40 dBm Bw 1 kHz Stop 250 MHz

25
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Impedance match circuit to the preamplifier

—Zin
A=0.1700] 209.8mm (electr.)
—— §50.0Q| 209.8mm (mech)

A=0.0149| 18.3mm (electr.)
50.0Q2| 18.3mm {mech)

|2y (42.00-24.0000@243.0MHz |/ )

26
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S11 of the preamplifier - after impedance match

Trcl S11 Smith 200 mU/ Ref 1 U Cal 1
* M1 245.000000 MHz 49.288 Q
j2.044 Q
317.833 pF
M,
Ch1 Start 200 MHz Pwr -40 dBm Bw 1 kHz Stop 250 MHz

27
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S21 measurement of the Resonant Schottky pickup

With impedance match, the resonant frequency and Q value are independent to the

cable length

Trc1 S dB Mag Mem2[0] = dBMag 1
Mem3[200] E4#4 dB Mag  Memd[300] EX# dBE Mag
Mem5[400] B0 dBMag  MemB[500] dB Mag

S12 M1 24455458 MHz 21.202 dB

— 30

— 25

— 20 4

— P
15 ~+ :
7

10 - -
i \\
Pl M
10
Ch1 fb Start 240 MHz Pb -30dBm Stop 250 MHz

6/12017,5:07 AM
28
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signal to noise ratio/dB
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S/N measurement for Resonant Schottky pickup

Variable length, N connector,
0.2m,0.3m,04m,05m

Signal Schottky

generator Cavrty

—a—0.5m
—e— (0.4 m

16 &— (0.3 m
—v—0.2m
—o— 2N adaptor

15 p-

7 N

R / N

N
12

2426 2428 2430 2432 2434 2436 2438
Freq/MHz

Without impedance match to the preamplifier

244.0

16

15

14

13

signal to noise ratio/dB

12

l

//
Y/ —osm
/ ——04m
——0.3m
—v—0.2m
—— 2N adaptor

L'/ -

242.6 2428 243.0 2432 2434 2436 243.8 2440

Freqg/MHz
With impedance match to the preamplifier

29
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Gain measurement with a noise figure meter

Variable length, N connector,
0.2m,0.3m,0.4m,0.5m Bandwidth=100kHz

Noise figure

meter

30 - 30 7 *
- l ’
29 29 ] » |
27 27 ] n o
1 y
26 o 26 1 ' Y
B ] S 25
22 1 =771 8 = 05m $
g 2 o B 24 e 04m
] 1 ¥
23 23 A (03m
] i 1 v 0.2m
22 22 * Ntype b4
21 21
20 . . . . . . 20 . . . . .
243.0 243.2 243.4 243.6 243.8 244.0 243.0 243.2 243.4 243.6 243.8 244.0
Freq/MHz Freq/MHz

Without impedance match to the preamplifier With impedance match to the preamplifier
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NF measurement with a noise figure meter

Variable length, N connector,

0.2m,0.3m,04m,05m

Bandwidth=100kHz

Noise figure

meter

8.0 ~ v
75 - —a—05m /
—o— 0.4 m /
7.0 —A— 0.3 m| | hd >
—v—0.2m 7 /“
m 6.5 +— N type
D /
£ 60 N\ y A
21\ 2
g 55 /"51///
- — V‘
=] A
Sty ’\( \ \ /L //'//
\,/ \ ¢ ,( "
45 \ ~ ——l///
—
\}%\,/f
4.0 . T - T -
243.0 243.2 243.4 243.6 2438 244.0
Freq/MHz

Without impedance match to the preamplifier

noise figure/dB

8.0 7

7.5

—u—(05m

7.0

—o— 0.4 m
—A— 0.3 m

6.5

—v—0.2m

6.0

+— N type

55 ~

5.0

s \\

4.5

[ L

;7
"\, / g’

4.0

\ P
N ~n
\:/f .

243.0

243.2

243.4
Freq/MHz

243.6

243.8

With impedance match to the preamplifier

244.0
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Conclusions

» The length of the transmission line between cavity and preamp
has a significant impact on the loaded Q value of the cavity due
to rather strong mismatch of the input of the LNA.

» To have a defined Q value and optimum power transfer, we did
the impedance matching.

» With impedance match circuit, the loaded Q are independent of
the cable lengths.

> But different cable lengths yield different S/N ratios.

» To have a compromise between the noise match and power
match, we need to do further work.

32
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Great thanks to:
»Rhodri Jones, Peter Fork, Madeleine Catin, ......
» ARIES

Thanks for your attention.
Welcome to your comments
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Noise measurement for Resonant Schottky pickup

Variable length, N connector,
0.2m,0.3m,04m,05m

Signal l

generator

-97.0 1
97 —=— noise/ 0.5 m : T
—e— noise/ 0.4 m -97.5 noise/ 0.5.m
——noise/ 0.3 m -98.0 noise/ 0.4 m
-98 v— noise/ 0.2m ] —4— noise/ 0.3 m
—— noise/ 2N adapter -98.5 —y— nn!c.p/ 0.2m
g o . noise/ 2N adaptor
T 99 \ S -99.0
) / S 1
S 2 -995
3 | / g -
% -100 / / \ = -100.0 -
[}
3 1 « / \ \ & 1005 \
o J
< 01 < .101.0- \
/ )N - N\
-101.5 \
-102 . . ; . . . , -102.0 . . ; : . . .
2428 2430 2432 2434 2436 2438 2440 242.8 2430 2432 2434 2436 2438 2440

Freq/MHz o Freq/MHz .
Without impedance match to the preamplifier With impedance match to the preamplifier
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Noise spectrum from Resonant Schottky pickup

50 Hz noise observation from the Schottky pickup with different cable length

[seecrum | M) o] EEmil T T e) T e ]

Ref Level 79.43 pw @ RBW 1 MHz Ref Level 100.00 pW @ RBW 1 MHz

o Att 0dB @ SWT 100ms @ VBW 1 kHz Input AC jo Att 0dB @ SWT 100 ms @ VBW 1 kHz Input AC
PA PA

@®1Sa Clrw @®1Sa Clrw S

M1[1] 30.358392483 pW I M1[1] 02.209544958
/f\ fi 0.009 s J‘m 76.5500 ms i 000 s 37.8000
™ \ £ 80 pW ‘
4

M1 0 pw / Yk.\m } 4 H. ! [LWI {
PR ‘ MWWW HE‘Mu IP‘W WWA/W \WWM M A
/o | —T740|- 100 pW
35-70 pW

CF 244.5 MHz 2001 pts 10.0 ms/
@1Sa Clrw ____72.76p
Y/ 5 ——— B e e e .

CF 244.5 MHz 2001 pts

10.0 ms/

. 5

CF 244.5 MHz = 10.0 ms/

e = % = 2 O L . S — ;

2017-Apr-12 16:14:44.925 | |CF 244.5 MHz 10.0 ms/ 2017-Apr-12 16:35:41.656
[ 1 [ Toazer T Y e —
Jid Ready  WHNMNNNAN W0 w= === Cignror ) 1 ) Ready  UNNNNNNND WO o Cionens

Noise Spectrum — 0.5 m long cable Noise Spectrum — 0.3 m long cable
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