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Outlines

* Stochastic cooling on HIRFL-CSRe

(Heavy Ion Research Facility in Lanzhou-experimental

Cooler Storage Ring)
— Hardware

— Experimental result

* Progress of stochastic cooling on Sring (Spectrometer
Ring) of HIAF (High Intensity heavy-ion Accelerator Facility)



Purpose and parameters of the CSRe
stochastic cooling

Pre-cooling of the rare isotope beam

Beam energy 350 MeV/u-400 MeV/u (beta: 0.68-0.71)
Number of RI particles <5e3

Mass number 100-150

Atomic number 50-60

Before cooling =50 T mm mrad, Ap/p==+-1%
After cooling ¢ =5 m mm mrad, Ap/p=5e-4

Bandwidth 100 MHz — 600 MHz



Stochastic cooling on the CSRe ring
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PU/Kicker structure-Fritz Caspers’s structure
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PU/Kicker feedthroughs for Fritz C structure




S,, transmission measurement-2.76 m long
perforated electrode in vacuum chamber with 4 striplines
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Cutoff frequency measurement of CSRe vacuum tube
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Phase velocity measurement result

beta value
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Characteristic impedance simulation via S;; in time domain

Characteristic impedance / ohm
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Characteristic impedance measurement
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Comparison of Z*  /Z with simulation and beam
measurement-2.76 m long

Jan. 6, 2014, 78Kr36+, E=308 MeV/u, beta=0.6597, =1.5373 MHz
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Zpu, beta=0.6597, beam measurement
Zpu, beta=0.6597, simulation

Fast ripple from mismatch
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Methods to get coupling impedance

* Beam measurement: Signal power from the SC electrode

arriving on spectrum analyzer Gsc: electronic gain
Psc=Zpu*Ipu”2*Gsc Q: quality factor

rovq: R/ Q per cell

vg: group velocity

 Simulation formula from Lars Thorndahl:
Lcell: cell length
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Simulated Z , for ditferent beam energy for 225 cells
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Attenuation measurement result
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Power amplifier
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Control interface with block diagram




Hardware of the CSRe stochastic cooling

. Copper coaxial
transmission line

Power
amplifier

Pickup station combiner = TSl control
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Beam experiment result — transverse cooling

Beam current
during cooling
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Cheers for CSRe stochastic cooling experiment

Yuan Wei Fritz Nolden Junxia Wu
Guangyu Zhu
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Outlines

* HIRFL-CSRe stochastic cooling

— Hardware

— Experimental result

* Progress of the stochastic cooling on Sring
(Spectrometer Ring) of HIAF (High Intensity heavy

ion Accelerator Facility)
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Layout of HIAF

SRing: Spectrometer Ring

mass measurements of short-
lived exotic nuclei, Rare
Isotope Beam (RIBs)

~ experiments, the internal
target experiments.
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Circumference: 530 m % MRlng MRing: Figure “8” ring
' Circumference: 268 m
lon-ion merging

Beam accumulation

| 4
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\ Beam acceleration
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Normal stochastic cooling operation mode on SRing

after compression BRQ
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Purpose and requirements of the stochastic cooling on
the SRing — Nuclear physics

* Precooling of the radio isotope beams

* Beam energy: 625 MeV/u-840 MeV/u (B: 0.8-0.85)
* Number of particles: <1.0e5
* Mass number: 100-200

* Atomic number: 40-80

* Lifetime: seconds

Below 400 MeV/u (B: 0.71)

* Before cooling: €.=200 1 mm mrad, £.=40 © mm mrad,
Ap/p=14.0¢e-3 (= 30)
« After cooling: €1v=6.25 m mm mrad, Ap/p=13.6¢-4 (= 30)
env=1.25 ©m mm mrad, Ap/p==6.0¢e-5 (1 o)
* Cooling time < 1s
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Purpose and requirements of the stochastic cooling on
the SRing — atomics physics

DR pilot experiment with the radioisotopes

6.25X 10° 238034+ —, C-target —> 235237[J91+89+

235(J 237

elgétrlg, Thjﬁﬁf > Output  Ion production rate(pps)  Output Ion production rate(pps)
(MeV/u)  target (ﬁgj{%ﬁ) EUlke | Lk (ﬁg{%ﬁ) H-like Li-like
500 171 2.34e6 1.61e6 173 2.25e6 1.45¢6
600 311 5.53e6 5.08e5 313 5.19¢6 4.56e5
700 433 6.87¢6 2.05e5 434 6.39¢6 1.89¢5
800 3g/cm? 546.5 7.18e6 9.69¢4 548.5 6.67¢6 8.95e4
900 656.5 6.96e6 4.92e4 658 6.47¢6 4.55e4
1000 764 6.51e6 2.7¢4 765 6.03e6 2.46e4
1100 869 5.96e6 1.52¢e4 870 5.53e6 1.39¢4
600 187 3.02¢e6 1.57e6 190 3.06e6 1.37e6
700 330 6.48¢6 4.94e5 333 6.07e6 4.41e5
800 Aglom? 454.5 7.82e6 1.98e5 456.5 7.24e6 1.84e5
900 570 7.99¢6 9.54e4 572 7.42e6 8.6e4
1000 681 7.64¢6 4.64e4 683 7.09¢6 4.16e4

1100 789.5 7.13e6 2.58¢4 791.5 6.61e6 2.38¢4



Momentum acceptance for TOF and notch filter cooling
TOF= time of flight method

400 - E=740 MeV/u, n,, ,=0.141 notch filter 1.0-2.0 GHz

— TOF 0.6-1.2 GHz

300 — TOF 1-2 GHz
200 ﬂ%ﬁ
\W |

RN

o

o
|

Cooling force
o
o o
|

-200

-300

-1.1e-3 | =-7.0e-3
-400 .

' 1 ' 1 ' 1 ' 1 ' |
-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015
Ap/p
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Momentum acceptance for TOF and notch filter cooling 400 MeV/u

300 E=400 MeV/u TAOLE ~~nAlin~ 1 9 (
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] — = Notch cooling 1-2 GHz
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] , \ p
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So for the beam energy below 400 MeV/u, 1-2 GHz can not
be used, the cooling frequency should be below 1.2 GHz.
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Longitudinal cooling methods choice

Ap 2me wnpr] for time of flight (TOF) cooling
. ) =< [dmeanpr] tor Palmer and transverse cooling
Ps / limit 2m, (21,1, + n)]~" for notch filter cooling
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Longitudinal cooling methods choice

tfor time of flight (TOF') cooling
for Palmer and transverse cooling
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Longitudinal cooling methods choice

tfor|time of flight (TOF') cooling
for Palmer and transverse cooling
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Layout of the PU and kicker of SRing stochastic cooling

2m+2m
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Pickup/Kicker structure considered

Slot-ring structure Faltin structure

Used in HESR stochastic cooling

Detailed simulation about these two structures:

Poster, Guangyu Zhu
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Pickup/Kicker structure considered

beta=0.85
. . . 45 - beta=0.83
Slot-ring structure with the ceramic i beta=0.80
tube as the vacuum barrier, put the slot 35 i
. . g .
ring outside the vacuum £ 30
2 254
N|
= 201
3
=l 15
=]
) 10-/\
o Without Ceramic
0 T T T T T T T T ¥ 1
1.0 1.2 1.4 1.6 1.8 2.0
Freq /GHz
60-
] beta=0.71
50 beta=0.75
— | beta=0.80
é 40_- beta=0.83
'ﬁl 30-
3 90l .
§ 201 Ceramic
° 104 tube
0 T T T T T T T T T T T 1
06 07 08 09 10 11 12

Freq [GHZz]

Detailed simulation about these two structures: Poster, Guangyu Zhu
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Slot ring structure-lab test model

Made at IMP

8 From Rolf
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2 way Wilkinson microstrip type combiner/splitter
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2 way combiner-transmission measurement

Trcl 521 dB Mag 2 dB/Ref 0 dB Cal 1 Trc2 511 dB Mag 10 dB/ Ref 0 dB Cal 2
M1 1.000000 GHz -3.4622 dB M1 1.000000 GHz -22.9980 dB
D dB .......................................................................................... MEE-GHZ‘;-?BS?‘dH [} dB ....................................................................................... M22.0008{]0GH2_‘*6.3B2&dH
M3 1.500000 GHz -3.5646 dB M3 1.500000 GHz -23.1943 dB
W1 [ W3 [ M2 ' [ ' W2 ' |
¥ Y S T D S
Ch1 Start 500 MHz Pwr -10 dBm Bw 1 kHz Stop 3 GHz  Ch1 Start 500 MHz Pwr -10 dBm Bw 1 kHz Stop 3 GHz
Tre3 512 dB Mag 2 dBf Ref 0 dB Cal 3 Trcd 522 dB Mag 10 dB/ Ref 0 dB Cal 4
M1 1.000000 GHz -3.4658 dB M1 1.000000 GHz -25.2729 dB
D dB .......................................................................................... MEE-E}DE}E}{}[}GHZ'E-?BBZdHD dB ....................................................................................... Mzz.ﬂﬂmGHz_zﬂ.q?ﬁgﬂ
_ _ M3 ‘I.SQE}ODD GI_'Iz —3.5!555 dB _ | _ | | _ + M3 ‘I.EDD:ODD Gle —25.41 70 dB |
E'u:1r1 PJ;S __MYE___\_—____ W2
Ch1 Start 500 MHz Pwr -10 dBm Bw 1 kHz Stop 3 GHz  Ch1 Start 500 MHz Pwr -10 dBm Bw 1 kHz Stop 3 GHz

35



2 way combiner — improvement using thicker ceramic

Attenuation: 0.6 dB
Ceramic thickness: 1 mm
The purity 1s 96%

Waiting for manufacture
2 mm thick ceramic

Purity: 99.5%
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16 way combiner

COCHAEE-W-v S -2
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Faltin structure- mechanical layout

Slot region
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Simulation parameters for SRing stochastic cooling

* Jon 132Sn50+

* Kinetic energy 740 MeV/u, 400 MeV/u
* Total number of RI 1.0e5, 1.0e8

A 3.317

* Local vy, 2.568

* Bandwidth 0.6-1.2 GHz

* Number of slot rings for Pickup 64

* Number of slot rings for kicker 128

* Number of Faltin pickup (0.75 m) 2

* Number of Faltin kicker (0.75 m) 4

* Temperature (physical) 300 K

* Distance from pickup to kicker  75.25m
* Dispersion at pickup/kicker 0.0 m
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Pickup/kicker— slot ring and Faltin

Slot ring with ceramic tube inside Faltin, rectangular shape,
Circular pipe, diameter=200 mm dimension: 200 mm * 120 mm

i

,* ‘ { | 4
- *_ 4 —pa [ - - $ ' | - - - ‘v + - 4 4 1 -
| .

f 5mm thick cerai:mic tubé

— !
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Shunt impedance — slot ring and Faltin

[Ohm]

one cell Zki

Slot ring with ceramic tube inside
Circular pipe, diameter=200 mm

beta=0.71
beta=0.75
beta=0.80
beta=0.83

0.8

0.9

Freq [GHz]

1.0

1.1

Zki / ohm
(@] (o]
8 8
| |

1400
1200

1000

Faltin, rectangular shape,

dimension;: 200 mm * 120 mm

beta=0.71
beta=0.76
beta=0.80
beta=0.83

0.6

0!8 I 1.0 1.2 1.4
Freq [GHz]
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SRing TOF cooling simulation

1.6x10° 1 — - =N=1.0e5, G=130 dB, slot ring
1.4x10° N - - - = N=1.0e8, G=113 dB, slot ring
\ J~. ——N=1.0e8, G=113 dB, Faltin
1.2x10° ‘\ O~ ——N=1.0e5, G=130 dB, Faltin
I \ <l
» 10x10° 1y ~J "~ s
.8.0x10% 4 \\ S~ - <= 2
s . o g
© 6.0x10* 1 '\ E=740 MeV/u, 1328n50+\ n
] \\Slot ring and Faltin, 200 mm aperture o
4.0x10 \
1 N
2.0x10° ] Q I
0.0
1
0 1 2 3 4 5

740 MeV/u, 132Sn50+, 0.6-1.2 GHz

4907 E=740 MeV/u, 132Sn50+
350 -
300+ ————— == mm————— - - — -~ — —
250 Slot ring and Faltin, 200 mm aperture
200
- - —=N=1.0e5, G=130 dB, slot ring
150 - - - -N=1.0e8, G=113 dB, slotring
| —— N=1.0e8, G=113 dB, Faltin
100 4 —— N=1.0e5, G=130 dB, Faltin
nNf———— 1
0 1 2 3 4
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SRing TOF cooling simulation

400 MeV/u, 132Sn50+, 0.6-1.2 GHz

5| E=400 MeV/u, 132Sn50+ \ \
1.6x10 1 Slot ring and Faltin, 200 mm ape‘rture ‘ 280 +
14x10° N~ N=1.0e8, G=113 dB, slot ring ‘ E=400 MeV/u, 132Sn50+
5] \\ SN - = —~N=1.0e5, G=130 dB, slot ring 240 1 Slot ring and Faltin, 200 mm aperture
1.2x1077 \\ \ ~.  ——N=1.0e5, G=130dB, Faltin
\ ~ — N= = i
21000 | N N=1.0e8, G=113dB/Faltin = 200  __ _N=1.0e8, G=113 dB, slot ring
= ) \ ' N o o) - — =N=1.0e5, G=130 dB, slot ring
5 800 \ | \ ~<_ S 1604 ——N=1.0e5, G=130 dB, Faltin
\ T~ —— N=1.0e8, G=113 dB,Falti
6.0x10™ \\ - S~ & _________e _______ a_T ________
4.0x10* \ R
. \ \ -
2.0x10™ A 80 -
0.0 B S e
T 1 40 T T T T T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
t/s t/s

If the beam aperture is increased to 200 mm, Faltin structure is better
than slot ring structure.
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Summary of SRing longitudinal cooling

Rare 1sotope
740 MeV/u, 1.0e5 1ons

Rare 1sotope
740 MeV/u, 1.0e8 ions

Before cooling | Ap/p: =4.0e-3 Ap/p: £4.0e-3

ex/ €y: 40 t mm-mrad |ex/ gy: 40 T mm-mrad
After cooling | Ap/p: =2.5¢-4 Ap/p: £3.0e-4

ex/ €y: 5 m mm-mrad
Cooing time 1.0s 10 s
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Signal transmission

PU station Combiner station Kicker station

T COMEIRTE KICTIR

Wil IRA FEARIFEIFTER

Diagnostics
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Control - PLC
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