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

* Precooling of the rare isotope beams

* Beam energy; 625 MeV/u-840 MeV/u (B: 0.8-0.85)

e Number of particles: <1.0e5 :

« Mass number: 100-200 Below 400 MeV/u (B: 0.71)

e Atomic number: 40-80

* Lifetime: seconds

* Before cooling: ¢;=120 ® mm mrad, &,=40 = mm mrad,

Ap/p==*4.0e-3 (=30)

* After cooling: £4+~=6.25 m mm mrad, Ap/p==3.6e-4 (+30)
ey y=1.25 m mm mrad, Ap/p=16.0e-5 (1 o)

* Cooling time < 1.2s



Purpose and requirements of the stochastic cooling on

the SRing — Nuclear physics

DR experiment with the radioisotopes
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Normal stochastic cooling operation mode on SRing

after injection after bunch SRing\
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Layout of the PU and Kicker of SRing stochastic cooling and
Momentum acceptance
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Simulation parameters of SRing Longitudinal Stochastic Cooling

[on

Kinetic energy
Total number of RI
Initial Ap/p

yt

Local yt

Bandwidth

Number o Qm for Pickup/Kicker
Number of or Pickup/Kicker(0.75 m)
Temperature

Distance from Pickup to Kicker

Dispersion at Pickup/Kicker
Circumference

13ZSn50+

740 MeV /u, 400 MeV /u
1.0e5, 1.0e8

+4.0e-3 Uniform distribution (TOF Cooling)

+7.0e-4 Gauss distribution (Filter Cooling)
3.317

2.568

0.6-1.2 GHz

64/128,112/224

2/4

300 K

75.25m

0.0 m

273 m




Longitudinal Stochastic Cooling Simulation — TOF cooling

N=1e8, 1*2Sn>"", G=113 dB, slot ring structure, N /N,=112/224
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Longitudinal Stochastic Cooling Simulation — Filter cooling
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Electrode structure proposed for SRing stochastic cooling

Slot ring structure (one cell) Faltin structure 0.75 m
40 ‘ ‘ ‘ ‘ :
— original datas 1400 ' ' _‘ — :

35F 400 MeV/u, slot ring structure 7 12001 400 MoV, faltin structure
B o i 1000
B E s00f
é 20 é 6000

151 PU/ KI=64/ 128 4001

10+ PU/ KI=112/224 So0l

56 7‘ é é 1b 1‘1 12 0 L | L L !
frequency / Hz 10" > 4 6 8 10 12 14

frequency / Hz <108



Longitudinal Stochastic Cooling Simulation — TOF cooling

s

Ap/p (rms)

740 MeV/u, 1325050+, 0.6-1.2 GHz
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!
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o
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S
T

400
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e

400 MeV/u, 1328050+, 0.6-1.2 GHz

For the electrode structure slot ring with PU/KI=112/224, cooling is better.

4 45 5
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600= TOF cooling = = Microwave Power, N=100000 ,G=130dB, slot ring 112/22.
===1Microwave Power, N=100000 ,G=130dB, faltin
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Combination of TOF and filter cooling simulation

10° time = 0.55807 s
258 : — 0.8 : :
TOF cooling (130 dB ) —Particle Density at t=0.0 s
=filter cooling (130 dB) 0.7 —TOF cooling
sl 1 400 MeV/u, 1325n50+, N=1.0e5 —
400 MeVAu, 132Sn50+, N=1.0e5, § 0.6 —
© slot ring, Npu/Nki=64/128 — filter cooling
150 slot ring, Npu/Nki=64/128 |1 =05 —
£ 2
& Z 04
5 2
1+ 1 903
2
502
0'5 [ 0037 S |
!ﬁ%iﬁ%‘m 0.1
0 | L I I I I I | | 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 -8 -6 -4 2 0 2 4 6
time /s Ap/p -3

x 10

Note: For TOF cooling combined with filter cooling, the switch time should be taken into

consideration. By simulation, the switch time from TOF to filter cooling should be larger than
0.37s.




Combination of TOF and filter cooling simulation

Ap/p rms

Ap/p rms

-3 7
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Combination of TOF and filter cooling simulation

Ap/p rms

x10°
2.5¢ ; . ; ; . . : :
"|==iTOF cooling (130 dB ) 1000 "| == TOF cooling (130 dB )
=== TOF cooling (130 dB )+ filter cooling (130dB ) . TOF cooling (130 dB )+ filter cooling (130dB )
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2 7 800 H
Z 400 MeV/u, 132Sn50+, N—1.0e5
s 400 MeV/u, 132Sn50+, N=1.0e5 5 =
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Stochastic cooling of primary beam

6
08 ! : 1 ! 1 1 ! §10
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| | | | | | |
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By using TOF cooling, the primary beam '32Sn>%* is well 1
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. . . . 0.5
the amplifier gain is set to 130 dB. The microwave power
needed is less than 40 Watt. 0 | ‘
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Stochastic cooling of secondary beam

N

Coherent Term / (eV/u/sec)

0.7 ! ! TOF cc!;oling, beam dilstribution afteﬁ 1.0 sec 5
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?_) O 5 55 ’ _______ \\ _________________ th d b _____________ B
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Stochastic cooling of secondary beam

6
0.7 ! P s\ ! | )é 10
TOF coolmg beam d1stry:ﬁlt10n afte 1 0 sec . 3 —A(.n.u‘q)/ (W® N 0.0204
06L i Ao N e Initial distribution 1a
: 400 Mewu 1328050+, (378 913 Mew 132 n49+) | = = Cooling force —
g | ‘ il ™ : 8
% 0.5 N:l__@_t?_ﬁf G=130 48 .............................. v T OF cooling is able to cool the secondary |2 “~§
= f beam 132[n49* (378.913 MeV/u) =
:: 5 : ¥ : Y 2
=04 ;’ ffffffffffffffffffffffffffffffffffffffffff N ;‘f ffffffffffffffffffffffffffffffffff ;,,,\{ fffffffffffff -0 —
7 o s ! \ £
= ] | | ;’ \ 5
e s L e N2 e
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£ 4 | | g,
7 | a small part of the beam ~
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Stochastic cooling of secondary beam

SRing - filter cooling

The secondary beam 2°In*** (403.003 MeV/u) after filter
cooling is located at the edge of the cooling acceptance.

(=)}

b
—_
o

S

]
N

1o
Coherent Term / (e V/u/sec)

0.4 ! | | :
filter coolin,:g, beam distribution ?fter 1.0 sec m— A(m/q)/(m/q) = -0.0028
_ ; : ; | Initial distribution
primary beam- 400 MeV/u, 132Sn50+ g Pt 7 = = Cooling force
s ’ N :
3 0.3 ,,,,,,S'?,CE’D@IX]?,?,3@,,49,3,99,3,1@@7@,,1,2,91!!4,9i,,,,,,,,,,,,,5, ,,,,,,,,,,, 1’ | I N i
> V- : e : |
o N=1.0¢5, G=127 dB 4 \
= - ! ; ! \ !
- : : o : !
I R RN | ¥ | N /
2 AN : ’ i N !
L N W— A/ A S I B N 7
o | v | g i NG R4
a N /o | ~—-
» N A >
2 . A (m/q)/( q)=-0. 00 8
=R T [ S S —— N P A— SRSV ORIV SO RPN SO SO ]
M : NG 7 s ;
N’
0 j i | i j
-1 -0.5 0 0.5 1
Ap/p x10°



Stochastic cooling of secondary beam

Coherent Term / (eV/u/sec)

0.8 TOF cooling is able to cool the secondary | |
TOF coolmg beam dif peam 12In* (403.003 MeV/u) = A(m/q)/(m/q) =-0.0028
400 MeV/u,; 13281150-1— (403 003 MeV/u, IZQIHA&—Q % __glézilnglsf::z)ztlon
= _ | W \i | | -
2 0.6 N10e5G130dB _______________________ I \\ S ————————--r - ,"‘g
= ¢ | -’
o 4 A s ¥4
= A 7 \ | F,
::/ \\ ;1 K 4
>, \ ;o J
iK1 17| R B S 2000 TSSO U | U NS S— A i
: S A s i /
A . 7 | | | Y
> N\ -  A(m/q)i(m/ 7
- : Y : : : J
.2 s 2 = | g
E 0.2 rThIS part of beam is lost | gt \\;’ --------------------------------------- =
; 7
A \\_‘o’i
y | | | ] 1 L ] | |
8 ~ 6 -4 ) 0 2 4 6



Stochastic cooling of secondary beam

6
x 10
TOF cooling

=7

" | — Aty =0
A(m/q)/(m/q) = -0.00015
— AGq)/(m/q) = -0.00075
AM/Q)/(m/q) = -0.0015 ||
— AGm/Q)A(m/q) = -0.0075
A/ (m/q) = -0.015
— Am/g)(m/q) = -0.075 ||
A(M/Q)/(m/q) = -0.15
Am/Q)(m/q) = -0.75

Coherent Term / (eV/u/sec)

0.8 1 . ‘ In the TOF cooling
| — A(m/q)/(m/q) i 0
0.7 R g Awayows — 000013 | process(400 MeV/u), the
TOF coolin; cam profile at 1 sec = _0. . .
R B NS AP B | T/ S ~—atmiayow o007 | | contaminated ions of
0.5 R B I | —amayme-oos [ | 7.5e-4<|r|<1.5e-2
L E: A(m/q)/(m/q) = -0.15 — =
S I S R B | T R o —smaee=o7s 1 | (r=A(m/q)/(m/q)) could be
o LT TN W N ) S | N | N N i
03 i clearly scraped out after
o2 A I R 1 1 N 1 | 1.0 sec cooling.
L [ Sttt e G SO S8 S 11 O e s s St I SN 8
HoOS A\ !
% -6 A 2 0 2 a 6



Stochastic cooling of secondary beam

In the filter cooling
process(740 MeV/u), the
contaminated ions of
1.5e-4<|r|<1.5e-2
(r=A(m/q)/(m/q)) could be
clearly scraped out after 2.5
sec cooling.

1.5

Coherent Term / (¢ V/u/sec)

filter cooling
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A/QY(m/q) = 0
AM/QY(m/q) = -1.5e-05
— AG/Q)/(aVq) = -7.5¢-05

AMV/Q)/(m/q) = -0.00015
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Outline

Introduction to HIAF Stochastic Cooling system
Longitudinal Stochastic Cooling simulation
Combination of TOF and Filter cooling simulation
Stochastic Cooling simulation of secondary beam

Summary



Summary

O Stochastic cooling would be used to provide a fast precooling of radioactive fragment beams with a large emittance.

TOF cooling has the maximum acceptance among the various methods, and it will be used for SRing longitudinal
cooling for beams with large momentum spread. Then notch filter cooling will be switched on once the momentum
spread is small enough to fit into the filter cooling acceptance.

For the lower energy beam, 400 MeV/u, the acceptance of TOF cooling is smaller than the beam momentum spread
(Ap/p== 0.4%) if the cooling bandwidth is 1-2 GHz. So we changed bandwidth to 0.6-1.2 GHz where the beam
spread fits inside the acceptance of the TOF cooling system.

O For lower energy or less particle number, cooling is little bit faster , the equilibrium value is relatively smaller., and
the microwave power is lower too.

For the electrode structure, cooling would be better if the electrode structure is slot ring with cell number
PU/KI=112/224.

O For TOF cooling combined with filter cooling, the optimal switch time from TOF to filter cooling is 0.37 s when the
kinetic energy is 400 MeV/u.

O Tof cooling is able to cool secondary beam for special cases but at the expense of losing some particles after cooling.

Both TOF and filter cooling could be able to scrape out the secondary beam in a range of mass-to-charge spread.



Thanks for your attention !

.
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