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- Introduction

- Basic system

- Limitations for heavy ions
- High power amplifiers

- Status of fabrication
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The FAIR Facility

Modularized Start Version
(MSV):

* No SIS300

* No RESR

seltener Isotope ‘f\, ¢ NO NESR
’4  No FLAIR

~ Super-FRS

)/ Produktion MSV and HESR:

von Antiprotonen

SIS100/300

; Produktion

Plasmaphysik

* No e-cooler

Atomphysik

« Accumulation of pbars

@ existierende Anlage

| ) B reienigs in the HESR

B Experimente
« HESR attractive for

Mitglied der Helmholtz-Gemeinschaft

heavy ions physics
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Design criteria

* Cooling of pbars in the momentum range
from 1.5 GeV/c to 15 GeV/c in two different
modes (HR: 10%bars, Ap/p<5*10~ + HL:
10ttpbars, Ap/p<104, but no HL in MSV)

* Due to MSV: accumulation in HESR with
moving barrier buckets and stochastic
cooling

e Particle numbers 108 — 101
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System Parameters

#) jULICH
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Main System Based on slot-ring couplers _

Bandwidth

Cooling methods

B-range

Pickup:

Number of rings/tank
Shunt impedance / ring
Total shunt impedance
Structures temperature

Kicker:

Number of rings/tank
Shunt impedance / ring
Shunt impedance / tank

Installed power / tank

2-4

Transversal, longitudinal Filter
cooling, longitudinal ToF cooling

0.83-0.99
2

64

9

1152

30

3

2 tanks for transversal or
longitudinal, 1 tank longitudinal

64
36
2304
640
320

GHz

-> see next talk

Tanks

Tanks

Q
Q
W (longitudinal)

W (transversal)
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#) jULICH

System Parameters
ddiiona sysem | sulmgesprase

Bandwidth

Cooling methods
Pickup:

Number of rings/tank
Shunt impedance / ring
Total shunt impedance
Structures temperature
Kicker:

Number of rings/tank
Shunt impedance / ring
Shunt impedance / tank

Installed power / tank

4-6 GHz

longitudinal Filter cooling

1 Tank
88

4 Q
352 Q

30 K

1 Tank
88

16 Q
1408 Q

700 (not jet fixed) W
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Layout of HESR < JULICH

HESR: High Energy Storage Ring for FAIR
- Circumference 575 m (half arc: 155.5 m, straight 132 m)
- Mag. Rigidity: 5Tm — 50Tm
- Ramp rate 25 mT/s

- Distance PU-Kicker: ~120m
Distance beampipe PU-Kicker: ~200m
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2-4 GHz Pickup 4) )0LicH

Cryopumps
™ C D
§

g

.....

errites to damp
Microwave modes

Slotted tube for
pumping

Wire mesh
to fix RF-cables
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MLI insulation
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Slot ring couplers (thanks to Lars Thorndahl) < JULICH

chaft

» Self-supporting structure

* No plunging

« All three cooling planes with same structures
* No aperture reduction

« 8x50Q electrodes for broadband operation
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System layout pick-up (2-4GHz) 2 <"

PV4
] |
PV2 PV2
L R
PVI PV1 PVI PVI
A A A A A A A Aw i
| | | [ I I | Attenuator
top/right § 2x16 || 2x16 || 2x16 || 2x16 || 2x16 || 2x16 || 2x16 | 2x16 180° - LV
=
2
bottom/ €| 2x16 | 2x16 || 2x16 || 2x16 || 2x16 | 2x16 || 2x16 || 2x16 0° — — L
left [ [ I [ [ [ [ [ tical
= LNAs optica
© \é\ ,B/ \é\ y Yl 5/ M y transmitter
PV1 PV1 PV1 PV1
. ||
PV2 PV2
||
PV4
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PV1,2,4: programmable delay lines



JULICH
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Pickup tests at COSY % 10uic

16 rings in test-tank cooled down to 30K:

Betafunktions at TP1: Horizontal 52m

Vertical 14 m
Slot coupler: red vertical, blue horizontal — = S = B3/ 3
L 003 ' : ﬂ,
\:‘ :I‘O . 1. 2008 v
g
3 0,02 longitudinal parts in vertical transvers signal
o,
n -60
£ 62
S 0,01
% = -64 Structure vertical moved: 3mm I
g % -66 Structure verticat moved4mm
) . . = -68
2 2,1985 2,199 2,1995 3 79
% Frequency / GHz A 7y \
5| Betatron sidebands measured with the -74 1
< same structure (vertical tune close to 3.5 ->76 |

2,198 2,1I99 2,2
bandoverlap) Frequency / GHz



Cooling a

t nuclotron Dubna #)0LicH

; * :

3.9469296800 GHz

Pickup: 16 rings
Kicker: 16 rings
Filter cooling with optical

Notch-Filter

$ - lons: D+

N> talk on Friday p=e Intensity: 2E9

f by N.Shurkhno &8 Cooling time: 480s

2 Initial dp/p: 0.55x10-3

Final dp/p: 0.25x10-3

CF3.94717968GHz 10000 pts



Data for Heavy lons (238U92t) ===

Injection: B*p=12 Tm (740 MeV/u)
B=0.83

Maximum magn. Rigidity: B*p=50 Tm (5 GeV/u)
B=0.98

Minimum magn. rigidity B*p=5 Tm (165 MeV/u)
B=0.53



Power/gain demands according the J, JULICH
simulations by H.Stockhorst and T.Katayama (1)

* Accumulation pbars:
P<70W, G, = 130dB, N=10%°

* Longitudinal cooling @ 3 GeV pbars, (Hydrogen-
Target N;=1*10%> /cm?)
P<5W, G, =110dB, N=10%°
* Transversal cooling @ 3GeV pbars
P <35W, G, = 130dB, N=10%°

regarding safety margin, cable attenuation and noise
peaks, installed power is sufficient (rule of thumb:
factor 10 between P and P,,,)!



Power/gain demands according the <15
simulations by H.Stockhorst and T.Katayama )

* Longitudinal ToF cooling @ 740 MeV/u, %83U>?*
(Hydrogen-Target N-= 1*10%> /cm?)
P <13W, G, = 85dB, N=10° (limited due to
radiation safety)

* Longitudinal Filter cooling @ 2 GeV/u, 283U°%?*
P<60W, G, =108dB, N=10°

Cooling of heavy ions: No limitation by installed
power and gain settings



Limitation to lower energies = ===

* Number of prog. delay lines outside the
tanks to combine the groups of each tank
and the two PU-tanks

* Smallest group within tank: 16 rings
combined by 16:1 combiner

e Sensitivity of structures
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#) JULICH

Programmable delay lines
to cover the whole pbar energy range (0.76-14 GeV)

Concept: Switches optimized with changing reference-plane,
advantage: equal number of switches, minimized numbers of
switches

40mm

off

2

on

]
§

\g 20mm

-

Wi

&

&

Modul2_40mm_20mm

X48

3 different modules:

Module 1: 10mm, 20mm
Module 2: 20mm, 40mm

Module 3: 20mm, 40mm, 80mm,
160mm

equalizer to compensate frequency
response of all modules

All modules delivered and tested
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Layout PV4 (20,40,80,160mm)

20" 1"bnd XTAeUg
1920€19/€1°T1°E1

v

ke S o
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A 0LICH
Tolerances between all PV1, second path

Electrical Length P13

15 ! ! ! Legend
: : : Limit
1
=
E ! ! !
=05 b A S ——— A 4
[ : : : .y
o . . . 4
M)
E|
Y S %
S
E 05 b E
)
L
-1
_15 1 1 1
0 5 10 15 20

EL reference / mm

Very good tolerances reached over all PV'’s
But of course still switching steps and no continuous change of lengths
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Combiner-losses outside the tanks

_1 WN\%MVA NN —
V N—"

Loss / dB
W

W,., / GeV (log scale)
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. ’ .o
16:1 combiner-board (Al,0;) Pt

2/24/2015 1:11:44 PM
1311.6010K42-103102-Bg
Trcls S21 dB Mag 2 dB/ Ref -12 dB Cal Offs Trcle —— 521 Phase 20°/ Ref 50° Cal Offs 1

Mem17[Trcl6] —— 521 Phase 20°/ Ref 50° Offs Mem18[Trcl5] —— 521 dB Mag 2 dB/ Ref -12 dB Offs

M1 1.997400 GHz -12.9858 dB
M2 4.000000 GHz -13.7594 dB
M1 1.997400 GHz 62.64 °

1248 ; M2 4000000 GHE 5365 44 - Very IOW |OSS€S
- Good matching to
design energy (=0.92)

M2

o<

Chl Start 1.5 GHz Pwr 0 dBm Bw 100 kHz

All Al,O5; combiner-boards for main-system fabricated



Loss / dB
o

-2,5
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#) jULICH

16:1 Combiner losses compared to 8:1 combiner losses FORSCHUNGSZENTRUM
(optimum energy shifted from 1.55 GeV to 1.36 GeV

8:1 combiner 0
-1 /
YA
I
R I e B LA S
2 _40)2 I 0,7 1,2 1,7
=)
=5
6
ﬁ 7
Wi/ GeV
1 2 3 4 5 6

W,/ GeV
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Consequences of changing to 8:1 combiner

Doubling the feed-throughs for PU and Kicker

Increased heat load (additional cryo-pump needed,
change of mechanical layout)

Doubling pre-amplifiers
New combiner-boards

More complicate signal combination with additional
programmable delay lines outside the tanks

Higher number of power amplifiers but less power

-> Redesign of whole system layout......
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Possible Solution: one stack of 16 rings with
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optimized combiner-board to 10Tm ( 283U%%)

-70

P /P indB
out in

N

4]

1 1 Il L L
02 04 0.6 0.8 1 1.2

W,/ GeV/u

1
1.4

1.6

D.I5 '1 '1i5 2 2.I5 3
W, / GeV/u

S/N ~ Z2: that helps to
operate with reduced
numbers of rings

useful range of combiner-
board: 0.35 GeV/u — 1.1
GeV/u, (B: 0.68 — 0.89)

Additional reduction of range,
due to sensitivity change in
the structures. (still under
investigation)
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Conclusion (1)

* The main stochastic cool system is well
prepared to cool pbars in the whole energy
range

* Heavy ions with particle velocities higher
than =0.83 can be cooled directly with the
same system.

* Cooling down to B=0.68 possible with one
short additional system
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High power amplifier

most critical device in active chain

* GaN based solid state amplifier

* Optimized in amplitude, phase and group
delay (good experience at COSY)

* Different technics analyzed (housed
transistors or dies bonded direct into the
structure, separate modules, LTCC (Low
Temperature Co-fired Ceramics))



2nd prototype




Filling up the notches due to IMD #) J0LICH
(thanks to Fritz Caspers)

-20

GaN prototype 8

Noise
Source 80 dB Notch-Filter 20 dB DUT SAF\):;:IU:;

50 Q
resistor

S = -174 dBm/Hz
(=4 - 102 W/Hz)

-30

40 -

-50

-60 -

-70 ]

E -80 -
=
-90
-100
0 « Notch depth at the output of power
- amplifier reduced to - 20 dB
f: v V * Creates additional heating of beam
. 3,0000E+09 3,000‘2E+09I | é,OOOLLE+OE; | I3,000|6E+09 pa rticles
: Frequency [Hz] * Cooling down time increases

Taking into account the kicker-tank setup (4 Equilibrium momentum spread

groups) this is already the highest needed increases
gain

Mitglied der Helmholtz-Gemeinsc

-> Solution with GaN based amplifier possible
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Different Notch Depth

Notch Depth > 30dB

Datei Trace Data Einstellungen Hilfe

Vertical Pickup

distribution
final
TalliF=]

me'ﬁ.,,l‘lul A N-a.%“@#l\f‘\JJN\ﬂ. -

Trace 2 - Lin/Log Continous

Update AutoScale Single

ResolutionBW |5

Display Spectogram Trigger ~

dB / Division
Marker ~ ;]3

Clear Snapshot

CenterFreq | 1.523897
Span 0.3

VideoBW | 1.00
RefLevel 100E-12

Data

Einstellungen Hilfe

JULICH

FORSCHUNGSZENTRUM

Notch Depth ~ 20dB

Vertical Pickup

= v Lin/Log Continous ;}Centerﬁeq 1523897 [GHz [~
e mo.a MHz [~
te AutoScale single 5
Ha VideoBW  |1.00 iz [~
i ay Spectogram Trigger ~ [mmoau
B R Snapshot R dB / Division |3

o
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JULICH

S
Different Notch Depth

Notch Depth > 30dB Notch Depth ~ 15dB

Datei Trace Data Einstellungen Hilfe Datei Trace Data Einstellungen Hilfe

Vertical Pickup Vertical Pickup

W..,Jp..,.l‘lﬂ AI.INWT\:MJNNMW

CenterF
Trace 2 - Lin/Log Continous [M 1.523897
-
Update AutoScale Single FesolutionBW | =
VideoBW |1.00
Displa Spectogram Trigger -
Ak = - Wit Reflevel 100E-12
dB / Divisi
Clear Snapshot Marker - [ﬂ]:&

CenterF GH.
Trace 2 - Lin/Leg Continous [M] 1.523897

Span o3
[Hz |~

Update AutoScale Single ResolutionBW | 5

VideoBW [1.00
Displa Spectogram Trigger ~

piax Spectos nes RefLevel |[100E-12 WATT [~
Clear Snapshot Marker - ﬂ]:ﬁ mﬂ
[~
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First tank: 20.01.2015
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A 0LICH
In the clean-room of ZEA1 ~Z =

chaft
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Thank you for your attention
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