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Required performance of the CR stochastic cooling
* Short bunch of hot secondary beam (pbars/rare isotopes) from production target into the CR

* After bunch rotation & adiabatic debunching, the op/p of the coasting beam
is low enough for stochastic cooling of all particles

* Fast 3D stochastic cooling necessary for maximum production rate of secondary beams

* The CR provides the HESR (i) with pre-cooled pbars for accumulation as planned in the first FAIR phase
and (ii) with (pre-cooled) stable ions/rare isotopes for in-ring experiments

Antiprotons Rare isotopes/stable heavy ions
3GeV, 108ions 740 MeV/u, cooling of 108 ions
(max. 10%ions inring)
op/p (rms) &, (rms) op/p (rms) &,y (rms)
[x mm mrad] [* mm mrad]
Before/after cooling 0.35%/0.05% 45/1.25 0.2%/0.025 % 45/0.125
Phase space reduction 9x103 1x106

Cooling down/cycle time <9s /10 s <1s/15s




Challenges and design criteria

Main issue for antiprotons: increase ratio

- 2 Main issue for rare isostopes:
Schottky signal (o« Q”) undesired mixing (from PU to K)

thermal noise

Pick-up electrodes cooled at 20-30K * Pre-cooling (1% stage)
with Palmer method

Plungeable pick-up electrodes i.e. moving _

closer to the beam during cooling » Cooling (2" stage)
with the notch filter

Notch filter momentum cooling for noise

suppression around revolution harmonics



technical challenge cryoshield:
made of oxygen-free copper,

gilded galvanically

to reach very low thermal emissivity
(expected < 2% from measurements
performed on speciments in our lab)

cryoshield at 80 K

1 Preparation of mounting pieces

and test-assembly of the Cu-cryoshield

in the prototype pick-up tank

July 2013: gilding of the cryoshield by contractor
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CR Stochastlc Coollng System 1-2 GHz

Palmer

PICK-UD. bt o 3D stochastic cooling of coasting secondary beams
& pamer™ (antiprotons @ v =0.97c , rare isotopes @ v = 0.83c )
g;g't‘lounp % Beam revolution frequency (period)~ 1 MHz (1us)
, \ System bandwidth = 1-2 GHz
Pick-up HL ' = Kicker VL
Pick-up VL ¥ — Kicker HL 3D cooling branches and their purpose

. pick-up kucker‘
— station station

Pick-ups HL, VL— Kickers HL, VL
notch filter longitudinal cooling method
e antiproton cooling;

=~ Ribemsgndl * rare isotopes final-stage cooling;

— RF diagnostic/test signal . .

« stable ions cooling.

, Palmer pick-up — Kickers KHL, KVL
upgrade beyofid MSVO-3: beam Palmer 3D cooling method

pbar momentum coong e \ rare isotopes 1st-stage cooling (pre-cooling)
in band 2 -4 GHz




Beam
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Slotline electrodee:, for PU

.

End 2012: first electrode
ceramic plates delivered,;
metallisation pending

s (HL/VL

Curchkortaktierung
a@ 1,0 mm Silber

Chberselte
Silber

Basismaterial ALO,
1,808 mm

Urterseite

Gold

Urterseaite
Silber

UHV-compatible

broadband within 1-2 GHz

high coupling impedance to the beam
mechanically robust for plunging




{Chalnging PU vacuum tanks

Lineas mtaraies Cryo-cooling reduces considerably the thermal noise

11 Vacuum feedthroughs

- // \ ~ originating from the pick-up structures.
! ; i Examples: CERN AC, FNAL

P - Hesesmm- e s-- e - -

50 K e A - Plunging is a very effective way to increase the

" I transverse sensitivity (AC, AD) and can be used together
26'K'I: TN 1 ﬁ _’
4 S——

ke
W%{ | m.fo."lb.m.eimards with cryo-cooling (but its a mechanical challenge)

F. Caspers: Design Aspects for Stochastic Cooling.System Components
beam Hirschegg Workshop Feb2002
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cryoheads

Highest priority =
testing the critical

"
"
"
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| e p— R + Pickup tank

technical concepts

robust, programmable, water-cooled
linear motor drive units for synchronous
movement of the electrode double-modules

electrode modules sliding along flexible BeCu
sheets cooled by cryoheads at 20-30 K

intermediate cryoshield at 80 K
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Prototype PU tank at GSI

|
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2 m long vacuum tank



2 new linear motor sliding

cage
drive units boaring N
(designed & |

man ufactured in 2012)

sliding
carriage

/‘
13

spring

/

light high-strength guiding rod
aluminium :

2013: re-assembly in the tank &
synchronous tests at room temperature planned

switches

dampers
with
longer
braking
distance
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Desin of the Palmer pick-Up for pre-cooling of RIBs

Rare isotopes have high Q, hence offer strong signal.
Faltin electrodes have flat frequency response but are large and insensitive.
Faltin pick-ups are suitable for pre-cooling of RIBs.
Plunging is not necessary.
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Palmer cooling signal combination for vertical
and simultaneous horizontal and longtitudinal cooling.

4 Faltin rail pick-ups in 1 tank.

- Poster WEPPO21
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Desngn ofthe Palmer pick-up for pre- coollng of RIBs

The Faltin ralil is divided into cells
and simulated with the HFSS code.

The structure is optimised in the band 1-2 GHz

« for maximum PU and kicker impedance
« small and flat output signal phase

w.r.t. the particle pulse

Sy (d[_’ )

lim)

* The transmission coefficient S,,;
Is also calculated at each frequency
to ensure thereare minimal reflections.
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RF Blockd|agram of the complete stem

accelerator hall

Palmer
pick-up
tank

supply room

Y
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2012: First layout of HF signal processing components for all cooling branches
typically, small series of HF components with stringent requirements
for amplitude flatness & phase linearity in the band 1-2 GHz

Ongoing refinements in interplay with lattice/building and physics requirements
Example: specification of the dynamic range for the medium power level amplifiers
to cover all foreseen operation modes with beam

- Poster WEPPO20



Example PU tank signal procelng

flexible

pick-up tank ines —U Beta switch: design ready,

started in-house assembly
of the small series
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180

-1 B GL1 orGL2
7 signal from
1 [POXT other side

| supply | o

[ ¥4

control system
control

PU module controller:
o gt G to be designed

diagl GLI parts:
tharmormeter or diagl GL2 Wilkinson
heater contral diag signal combiner

E to other side < | resistive
RECY A ==t splitter
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AT o] 180° hybrid
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] solid state
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T o lines. : [l delayline

Lo . < power ——— RAF beam signal

control supphy —— RF diag signal - flexible line

Y ¢ —— digital control
i |ifi

beam control system * —— LF signal ‘|>‘ e ELLET

Low-noise (NF < 0.5 dB, Ty =< 35 K) preamplifiers
at room temperature (290 K): procurement in 2017
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Notch filter with optical dela lng =
Notch filter (Thorndahl‘s method): | ESR Prototype: v\ '

pushes particles towards the correct j e
revolution frequency ] Receivers = .

Machine Beamtime 2012
4x106 Au79+ ions @ 400 MeV/u
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Switchable |

Laser
Modulator

VIEW SCALE Fine Delay |
" Frequency: 244.8772461 MHz * Spectrum Length:  1.28 ms Cancel -Back |
J 10 MHz Spectrum Interval: 1.28 ms
Input Att: 24 dB NBW: 1.172kHz  Average: 8 mm) Temperature
Al-R: -273.4375 kHz Ref! MHz Stabilized
-0.06 d8
-1.024465 s -800 frame Horizontal Scale Delay
-7008 || .

| borarsian <-24 dB deep notches within 1-2 GHz !
in preparation: i w //\\\ -

2 Improved notch filters | |
for the CR(pbars/RIBs) -

‘Got 0 page 2

Span: 500 kHz| ' (of 2)

 Vertical Start (frame): -384 - Poster WEPPQO19

ARL000000 MOBOO0000 WABOO000 1100000000 1IE2000000 1104000000 1908000000



Power amplifiers at the kickers

power kicker tank

- 8 kW installed microwave cw power ampllers —

(32 power amplifiers, 250 W each) | el | ER

. e ==
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— e —>stringent requirements = =L

within tight tolerances > ] Bl==l = =

T “ | inside the 1-2 GHz band: = = =l

. . . I — —_—
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Simulations of cooling of antiprotons

Longitudinal cooling of 108 antiprotons using the CERN code
with notch filter in band 1 -2 GHz cross-checked with

T. Katayama/H.Stockhorst

main goal: 10 s cycle time

g=150dB; t=10s
t=0, 2.5,5,7.5and 10 s

T T

100 . } T T T
; 3.5x10° Gain=144 dB, P__=0.16 kW-
3 0x10° Gain=150 dB, P__=0.66 kW |
L 3 Gain=154 dB, P__=1.6 kW
- 10} /N 250 Gain=158 dB, P__ =3.9 kW |
= | Q 2.0x10° | -
S | o
T - 7 ‘ © 15x10° - -
> 1 I ,
// / A\ \\ 1.0x10° - E
[ 5.0x10™ | g
01 - 0.0 ; : : ; ;
'~ 20,006 -0,004 -0,002 0,000 0,002 0,004 0,006 e B =8 t"é’) e 1as 188

Ap/p



Longitudinal cooling (notch filter/TOF) of stable ions with the pickups HL/VL

* RIB lattice CR68: n=0.176 ; n,=0.128; x=0.369 (PU-K/circumference)
» response of the designed slotline electrodes; no plunging assumed.

Reference ions (coasting beam) @ 740 MeV/u: U°?* and ion with Q=50
Initial rms momentum spread dp/p:

« within notch filter/TOF acceptance
» small so as to avoid band overlap (not in the FP)

mf

(mjrq)f

RN

]
R SREE

mfn 3p/p

(m+1 —:q)f (m+1)f

fO

Qx (Qy)

Overlap @ 1 GHz

Overlap @ 2 GHz

0.176

1.124 MHz

3.17 (3.67)

op/p (rms)=5.4 104

op/p (rms)=2.7 10+




Simulations of cooling of heavy ions

Longitudinal cooling of 108 U%* ions using the CERN code, preliminary
with notch filter in band 1 -2 GHz
t=0, 0.9, 1.8, 2.6 and 3.5 s 2.0x10* . . l . ; ; l 20
T o g=78 dB
600 1.6x10* | - 16
%-500 1.4x10* | _
B 1.2x10* f 12 £
Qo o e
'1% 400 \Q1.0x1o“ - OKI %
g—.soo o 8.0x10° |- ds %
'-5 6.0x10° | o
Z 200 4.0x10° | < &
i 5 Total cw power
> 100 2.0x10° | inthe band
oo 40
" V 3 v > ! K ! - v E 0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0
-0.0006 -0.0004 -0.0002 0.0000 0.0002 0.0004 0.0006 t [S]

Ap/p
Particle noise scales with Q2, thermal noise negligible
—>same results for ions with Q=50* and +6 dB more gain

But, main goal: 1.5 s cycle time for hot rare isotopes

(Palmer pre-cooling followed by notch filter cooling) = UEILe T AL A0
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Slmulatlons of coollng of heavy |ons
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frequency-domain
Fokker-Planck
(CERN code)
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o o o o o
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0,/p normalised to initial value

tfs]

TOF cooling
108 U%*ions
g=74 dB

dN/dE [particles/eV]

\.]J

time-domain simulation
by Lars Thorndahl

- Talk TUAM1HAO3

t-domain gain is matched to
the pure coherent effect
(without undesired mixing)
for the electronic gain g

in the f-domain

Agreement within a few %, also for notch filter cooling!
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Coollng simulations in the time domain

t-domain gain
€->g=76dB
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Next goals

Procurement contract for the power amplifiers

Prototype pick-up tank:

-Intensive tests of the challenging mechanical concepts at room temperature
-First cryogenic test with cryoheads, cryoshield and movable electrode dummies
-Commissioning of the testing chamber for linear motor drive units

Ongoing specification and in-house developments/production
of the Palmer pick-up, the notch filters and other HF components

testing of new operation programs at the ESR stochastic cooling system

simulations of the system performance have to proceed at low priority and mainly
with support from external experts

Thank you for your attention!



