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Use of Schottky analysis to specify various
particle beam properties in different
accelerator applications at COSY
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Cooler Synchrotron (COSY) #))oLicH
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| ® circumference 184 m

Stochastic - coaling

‘ | *(un)polarized protons /
I T e ol | deuterons between 300/600
“““““““““““““““““““““““““““““““““““““““““““ 7} and 3700 MeV/c

g * 4 internal and 3 external
TOF ola experimental areas

* 100 kV electron cooling for

2 low momenta
. Vg * new 2MV electron cooling
e * over full p-range
* Stochastic cooling at high
momenta ($>0.8)
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Outline

Pickups
Regular Use of Schottky Signals

Dedicated Applications
Stochastic Extraction
Electron Cooling
Stochastic Cooling

Internal Target Experiments
Polarized beam
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1.) Standard beam position monitors: diagonally cut cylindrical electrodes

3,66

Sum Signal used for regular
Longitudinal schottky measurements 44
Preamplified signal analyzed with

R&S Spectrum Analyzer FSV 5 5O *
(Transverse signals available, usually N
too small in amplitude)

%
IS

Mitglied der Helmholtz-Gemeinschaft

Aries Workshop, Mai. 2018, B. Lorentz



Pickups #) JULICH

FORSCHUNGSZENTRUM

2.) Stochastic Cooling Pickups (HESR design, installed and in operation at COSY)
Pickup/Kicker Ring Slot Coupler

»
A -
).
:
N

Slot Coupler Cell (2 - 4) GHz:
Eight electrodes per ring

i
L
e ¥
e 1.
o '
-

* High sensitivity

* Transverse _ 16:1 Combiner
and/or momentum cooling

- Compact design R. Stassen, L. Thorndahl ?:

« No movable parts
« Successfully tested with beam at COSY and Nuclotron (JINR)

*) R. Stassen et al.,
Proc. of IPAC12, New Orleans,
Louisiana, USA

Mitglied der Helmholtz-Gemeinschaft
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2.) Stochastic Cooling Pickups (HESR design, installed and in operation at COSY)

longitudinal and transverse
schottky measurements, ~ |

. . ==Speace for : .‘
restricted to designed “SBPMEStE < A\
operation range of stochastic W Tl
cooling system ([3>0.8) '
Signal Analysis R&S Spectrum
Analyzer FSV

Mitglied der Helmholtz-Gemeinschaft
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Regular Use of Schottky Signals #) JOLICH
Standard Cosy acceleration and optics setup

: flat tup energy RF ON for orbit measurement
Momentum, ‘ R'\ - i “ ,
magnitude RF time
l [l

4“* D _; 0, transition CfﬂSSII‘Ig when RF OFF

Quad families ;
maqu2, 4, 6 i
r Y i -
dipole €—___ . Dipole jump to compensate orbit shift
.~ Correction good when re-bunching good

Beam optics is changed during acceleration to avoid crossing of yt

For experiments (both internal and external) adjustment of optics at flat top
Crossing of gt after acceleration is practically always needed

Procedure:

- debunching of beam - optics change to required settings (with yt crossing,
coasting beam) -rebunching

In principle rebunching without problems, only change is optics, i.e. quadrupole strength
However: quadrupole changes are large (e.g. 20 %), unavoidable transverse
offsets of beam in quadrupoles lead to change of revolution frequency

= Schottky signals used to correct orbit changes and match the cavity frequency

= Enables rebunching without any beamloss
Aries Workshop, Mai. 2018, B. Lorentz

Mitglied der Helmholtz-Gemeinschaft



Mitglied der Helmholtz-Gemeinschaft

#) J0LICH
Regular Use of Schottky Signals < J

Standard Cosy Operation Modes:

Injection at 45 MeV for protons, 55 or 75 MeV for Deuterons from JULIC Zyklotron
stripping Injection over 20 ms, coasting beam

injection settings for Cosy Magnets vary

(dependend on final momentum for experiment)

=> revolution frequency varys:
schottky signals of injected coasting beam are used for matching of
cavity frequency

Aries Workshop, Mai. 2018, B. Lorentz
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Measurements of momentum compaction factor 0 JULICH
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Change of main dipole bending field B by AB/B is equivalent
to change of momentum by Ap/p

" _ Delta-B-Verfahren (Alpha)

Close | Save

" _ Delta-B-Verfahren (Alpha) <2>
close

[T Ty

B | W Hesswerte

Das Arbeits-Directory ist: imnticc—x/operator —Fit
Impuls |295 [MMe¥ic] Protonen |
Zeile hinzufuegen | Zelle entfernen |
o 0.4893 —
i
Bjump (promille]) Umlaufsfrequenz (Hz) 2
[z [0.48312 % |
(=
&
=1 0.48922 $ o.0m _ |
= . Delta-B-Verfahren (Alpha) |= X
0.0 [0.4893 5 J Close
Fitergebnisse:
1 |0.48941 a0 = 4.8932e-01
al = 1,0300e-04
A |0.48954 ALPHA = 0.2105 +/- 0,0105
GAMMA = 1.04532400
GAMMA_TR = +/- 2.1796 +/- 0.0843
Auswertung [ ETA = 0.8995 +/- 0,005

' . messagetwiss

0 Error messages.

input from
—rw-r——r—— 1 operator users 66272 26. Jul 16:05 lattice.sig

GAMTR = 1.97184

ALFA = 0.257193

QX = 3.56327

QY = 3.68705

hor. Chromat. = -3.80
vert. Chromat. = -3.12
delta mux / muy TT = 0.
delta mux / muy CT = 0

Aries Workshop, Mai. 2018, B. Lorentz
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Stochastic Extraction

€—— sweep speed v
lIJ‘ shapeQeam __________________________ P __FJI °
sweeping noise! «  Band-limited white
o noise permanently
covering the resonance

-| - is swept over the beam
X0 A XR with speed v,.
ﬁﬁﬂ'ﬁgsugaﬁj@uﬂ « Diffusion equation with
diffusion coefficient D
In the vicinity of the resonance:
g Yo by _
r}fI}"_T{I_IRJ — Jiyﬂfl—ﬁ J}—!r_-"

= The number of particles that are extracted per sec is given by

D (1)=DP(xy,1 J=—D-;i¥’f'xwrj and yields the constant flux &.(1)=4%,
ox

W. Hardt, “Remarks on Stochastic Extraction”, PS/DL/Note 78-5

Mitglied der Helmholtz-Gemeinschaft
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Stochastic Extraction

- Step 1:
= Beam Momentum Distribution Shaping
» (Gaussian beam — Uniform beam distribution

- Step 2:

= Uniform noise is applied that always covers the
resonance.

= The carrier frequency is slowly moved towards the
shaped beam distribution.

» Particles diffuse into the resonance and are
extracted.

Mitglied der Helmholtz-Gemeinscha
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Longitudinal Beam Shaping
o observed with PU
T .| 1IN harmonie of 1200188 G of stochastic cooling in band |
| 5 B =
i F s e HWT = 1.5 ac ! - 2 -
i - i =
; e L
; B 2 Gy ! -
! i il \ | el —lnfor | e s
e T fowa\ 7 P —
wa kidz Fregueney — m _ mﬂwmm.p

- Hectangular shaped noise with width W = 1 kHz applied to the 4! revolution harmonic
«  Longitudinal momentum distribution rectangular = transverse sidebands rectangular
- Shapingtime 1 s

»  Width of 4" harmonic without noise 340 Hz

«  The resulting width of the revolution harmonic 911 agrees with W =917

IkHzZ _ s H-

4
» Necessary voltage: U_. =77 V, noise power into 50 ©: 120 W, spectral noise
density: S =120 mW/Hz

Mitglied der Helmholtz-Gemeinschaft

Slow Extraction Workshop, Nov. 2017,
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Stochastic Extraction
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HEWLETT-PACKARD 35875 REALTIME SIGNAL ANALYZER

B o SPECTRAL MAP [N

100

Zu

(=10}

2u

[SI%

resonance

1.4021965 GHz

1.4026215 GHz

Time: 33.37000000 Sec GAF  Delta: 0.00000000 Sec Start: 24.8500 Sec Stop: 33.3700 Sec
»»>» DATA HEADER STATE <<<<

Range :6 dBm Span :425.0000 KHz Trz Mode :FREERUN Amplitude :0FF  Histogram Bins:201
Window  :HANN Center :1.402409 GHz Trg Lewvel 0% Spectrum Huly Start Woltage :-1.00 ¥
Ground :SINGLE-ENDED Reference :17.40800 MHz Trg Mag Lwl:-24 dBFS Time [Real] :0FF Stop Voltage :1.00 W
Coupling:DC Bandwidth :FULL Trg Slope :POSITIVE Time [Imag]l :0FF Owerlap H )
Avg Mode :RMS Zaom : Trg Delay :0 SMPL Data Width 132 hit
Averages :50 Resolution:531.2500 Hz Exp Factor :10 Analog Filter:0UT
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Schottky measurements are used to match the electron energy (HV)
to energy of stored beam

Longitudinal e-cooling at Ee = 1.257 MeV

Y

B —a
AL sy 3
ot il i e ]\‘:ﬁ*"‘l"’“*‘ ‘l"r.}?!]j.\.“

Cenbtar 1.9502 GHz

=pan =00 0O0 kH=E

Ap/p =2.5 103
Aries Workshop, Mai. 2018, B. Lorentz
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Electron Cooling 0JUL'CH
E-cooling of bunched beam

Tek  Aun frErage - 11892 Acgs SR

RE A 161926 (B | .
Ty ) A Rerl Positlon
* 4 ' ' ! ’ Fefl Scale [N

-_...:..."..__:___,'- e '-.._--.'e"'—_ a2 o
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1 I v 1.0¥ I 250k Crich
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Schottky
RF on, e-cooling with 0.55 A

RF of 1% harmonic
and phase probe signal of p-beam

Aries Workshop, Mai. 2018, B. Lorentz



. #) )OLICH
Electron Cooling

e-cooling at Ee = 1.257 MeV with target

= "1'9501 GHz Center 1.9502 GHz 1.9504 GHz
Res BW 1.00 Hz Span 300.000 kHz Video BW 1.00 H

Mitglied der Helmholtz-Gemeinschaft
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Longitudinal cooling 7E9 particles

Dater Trace Data  Einstellungen  Hilfe

Vertical Pickup

Even particles shifted to
lower energies during re-
bunching were captured by
the filter cooling.

Fastest stochastic cooling
ever seen at COSY

Aries Workshop, Mai. 2018, B. Lorentz
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Longitudinal cooling 2E8 particles

Dater  Trace Data Ewnstellungen  Hilfe

Slightly faster cooling and
smaller equilibrium
Constant gain!

Vertical Pickup

Instabilities visible, but no
beam loss.

Aries Workshop, Mai. 2018, B. Lorentz
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Vertical cooling 7E9 particles

Datei Trace Data  Einstellungen  Hilfe

Vertical Pickup
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w [ [T T betatron sidebands

| | ol

oo |t —— - — Even after beam

O S T 5 W A %\ i ; centering, longitudinal
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Stochastic Cooling
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2d cooling (long. + vertical) of 5E9 particles

Datei Trace Datz Einstellungen Hilfe

Vertical Pickup

" Ref 20.00 AW
LI

1500 W
12.00 f\W

8 00 1w 3
- P
’ {

y ’1 ’l’ T

VM, . X

W —————= = =
3.0576 GHz Center 30521 GHz

Res BW 10.00 Hz Span 2.000 MHz
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»IPJ\
fﬂurﬂnl ’N ]

target density determination
via energy loss

oll LN
(1 + 'r) 1 1 T,df 5
ny = — = . €L -
y )7 @Ejdxm [2 dr & | M
;| bl
a e : : —= - - .
N (a) determination: change of main %" s :
Bending field B and measure schottky % 3 WM’IH“MW E
0.2 T LI B ; : ; h"‘f’{ i JM‘JLL“’*—-*— t ]
o o1k ] £ Ak
3 I ] g | J«.Mrrfw"‘ , HL'" mu""“’h.xu
£ @ ' |
5 : "
s e
£ 1 1.5769 1.5770 1.5771
o {]_]_ ] Revolution frequency [MHz]
G | | | | | Achieved accuracy for target thickness approx. 5 %
0.2 — — : : —

-1 0.5 0 0.5 1
AB/B, [*/,]

Mitglied der Helmholtz-Gemeinschaft

Aries Workshop, Mai. 2018, B. Lorentz



Mitglied der Helmholtz-Gemeinschaft

Internal Target Experiments

A lot more of this ...

0.5

BE )t 1aTaing

i AERA £ 0 DITES
Lopoet 01738 = 0 DIEREIT

T, = 1.0 GeV

r = 0.0613 + 0.0008

B T nEin
ol BACOTIIE = 0.0IBTEIE
=l 04716 = 0 DIBGGRGS

T, = 2.0 GeV

= -0,0700 + 0.0006

2 E LTS
o 009183 = 00072
Ll DARTS = 0 DOAEEDS

T, =26 GeV

f = 01172 = 0.0006

2
ABB Y

JULICH
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o

T T T T T T T
'_E T T T T T - - - T g 0.5 P ERr Rt —
b= L 0003405 = J00EE5
& 05 [iee 32015 T a L e BT L Q0005315
t L OAD4ead = 3000327 4
= L | wt 0,963F & 0.0005360 ] T Tp= 1B GeV
| Te=1EGeV ] o ,
of . [
] : f = -0,0537 + 0.0005
1= -0.0267 £ 0.0005 0.5+ | | | —
05 - . . . n -2 0 2
2 i} 2 T T T
2 T T T ;:_E 0.5 - e A N
& 05 [ wmerin - = e apas = asserm e
= Fol b0 B0OT2EE:0.080EI] R = Lolm E.AKTS - OORERDY i
= L 0ATAT 2 0 DI g T T, =24 GeV i
| T.=226eV ] 1}_— ]
o i L J
| I o = -0.1085 + 0.0006
1= -0.0854 = 0.0006 05 - -
B i L ! 1
0.5 L ) 0 2
"2 ﬂ 2 'i T T T
ABB Y] & 05 - e 203/3 -
E= i 0007532 = 00043 4
3 wl 01533 + 0001125 A
T T,=218GeV h T
. ol B
Fits of a parameter ! _
using AB/B from COSY settings | :
L n=-0,1203 + 0.0011 |
0.5 - -1
1 1 L L L 1
-2 1] 2
AB/B [Y,]
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Internal Target Experiments

A lot more of this ...solution to nonlinear behaviour...

T T T
05 - e

LAZTEID —
= | OLOM04TEE + BE3d1 j
L |= 2168 1 0.80500 . 0.5
- =
" Ta=10GeV E =
- / ) —
| = 00663 +0.0050
05 -
P RS RS B
-2 i} 2 -0.5
L R — T T T
0.5 [gine DAME 12 - .
Ll e osTeds: 0mHER = 05
L |a #1730 & DLOBSZE .- =
T T, =2.0 GeY . =
o . / .
r = -0.0705 + 0.0048 |
0.5 -
1 1 1
) ) o 0.5
T T T T T T T T T T
0.5 - [dina 0.0450E /3 1
= | el 0.0012 + R002135
L | 01828 & 0D4SES

T T.=2.6GeV

of /

f = -0.1125 £ 0.0046

05 7
1 i i i 1 i i i 1

T2 0 2

ABB[Y
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T T.= 1.6 GeV / -
A = -0.0326 + 0.0047
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-2 0 2
T T T T
-2 ) nat [RERITFY =
= | e QA0 = 0047
L | = BAGEE & 0ODAAd

T T.=2.2 GeV

i /

= -0.0803 + 0.0046

-2 0 2

ABIB [Y,]

Fits of a parameter

with new fit range

using AB/B from COSY settings
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Internal Target Experiments J JULICH

Target density via schottky, polarized target tests
Spectrum | @

Ref Level -55.00 dBm @ RBW 5 Hz
jo Attt 0dB  SWT 758.2ms @ YBW 1Hz Mode auto FFT
Count 11711 P&

@153 view®25a Yiew@35a Yiew@45a View

D1[3] -12.39 dB

-353.512 Hz
-60 dBm M1[3] -73.72 dBm
793.269853 kHz
55 dBm
-70 dBm

75 dBm ﬁ' |"|1.
20 dem—| 'I 1 el lw |#|' i ]'

h.ln | N I \
LY T ey | | |
g ‘.”"?L .'“‘“?U ;"}Ig hu' l‘ I{HM"J','II,'I“,I“I l!]h"‘::l"_. uY *F.“ tpi e gl Lo ]|' e o] b J-_J]‘],-,,I

et A T o ) L L LR B e
i P o A & ™ bR
-90 dBm
-95 dém
-100 dBm
CF 793.3452 kHz 5001 pts Span 2.0 kHz

B
] Measurng...  @RRNNNNED WG e

blue/green: after acceleration
black: 1 hydrogen hfs state after 3 min
Orange 2 hydrogen hfs states after 3 min
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Summary

Schottky measurement are essential tool
used at COSY in regular accelerator
operation and for specific applications.

- stochastic extraction

- electron cooling

- stochastic cooling

- Internal target operation

Mitglied der Helmholtz-Gemeinschaft
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Special thanks to
R. Stassen and stochastic cooling team
V. Kamerdzhiev and electron cooling + beam instrumentation team

Thank You

haft
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