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= Main features of IF separator

RI beams are produced by projectile fragmentation, and also by in-flight fission of
uranium beam for neutron rich exotic nuclei

Projectile fragmentation using ISOL RI beam for more neutron rich exotic nuclei

Two-stage separator scheme

: Pre-separator for RI beam production and remove the primary beam
: Main separator for PID of RI beams

Large momentum and angular acceptance
- momentum acceptance : £ 3 %

- angular acceptance : + 40 mrad and + 50 mrad in horizontal and vertical, respectively
— Large aperture superconducting (HTS, LTS) quadrupoles are adopted

(HTS : High temperature superconducting, LTS : low temperature superconducting)

Main specifications of IF magnet were set based on magnetic rigidity of 7.5 Tm
considering a uranium beam with an energy of 200MeV/u.
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= Layout of IF separator

¢ List of major components

* Target & Beam dump system
* Detector system (F2~F8)

* Magnet system
- 8 dipole magnets (NC)
- 15 sets of quadrupole triplet (HTS & LTS*)

Target

HTS magnet (HQ1,2,3, HSx)
Hot cell (high radiation region)
Hot cell dipole

Beam dump

HTS magnet (HQ4,5,6)

- 2 sextupole magnets (HTS, NC)
* LTS Q-Triplet includes 6/8-pole coils. |

Detector
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= Optics calculation of IF separator
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Target & Beam dump System

= Target system requirement

Optical requirements: 1 mm diameter beam spot, Max. extension in beam direction < 50 mm
Target lifetime of 2 weeks to meet experimental program requirements

High power capability: Up to 80 kW in a 1.85 g/cm? target material for rare isotope production by
in-flight fission with 200 MeV/u uranium beam with 400 kW

* Beam dump system requirement

= Development strategy
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High power capability : up to about 330 kW
Long-lived life time : >1 year
Horizontally move up to = 30 cm from center

Remote replacement and maintenance

RISP baseline design: primary beam energy of 200 MeV/u for 238U, max. beam power of 400 kW
According to a ramp-up schedule of primary beam power, the target and beam dump system are
developed step by step.
As the first step, target and beam dump system that can be used up to 80 kW primary beam.as
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been made and tested.



Target & Beam dump System

= Characteristics of the IF target system

» Self rotating radiation-cooled single or multi-slice target was designed based on the FRIB design.
* Material: graphite (allowable temperature : 1900 °C)

* Single slice target: 1.6 mm x1 ea below 80 kW

* Multi-slice target: 0.2 mm x8 ea with 400 kW

* Atarget of 2 mm thick is tapered to be 0.2 mm or 1.6 mm

* Installed inside a large vacuum chamber

Radiation resistance
and vacuum
compatible motor

shield block

single layer
graphite
target

Cu heat exchanger —___ #
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Target & Beam dump System

= Characteristics of the beam dump system
% 80kW beam dump system
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Self rotating graphite cylinder type

Material: graphite (allowable temperature : 1900 °C)
Outside diameter of graphite cylinder : 70 cm

The height of graphite cylinder : 12 cm

Rotation speed : ~ 400 rpm

HTS chamber0] | b =
e Dipole chamber [}

> Beam dump




Magnet System

= LTS Q-magnet Triplet (Design, numerical analysis)
e LTS triplet requirement .

Electromagnetic analysis

14 Quadruple magnet of LOM 1

LQ1 > 11.0 T/m 2t \ / =

E £

LQ2 > 11.0 T/m k: Uz

o © Gradient Z

. ) 9 6 ©Ref. of 117/m line 5405

Field gradient LQ3 > 11.0 T/m , Srerarsmmne
LSx > 10 T/m2 %0 40 60 80 100 120 140 160

Operating Current Density [A/mm?]

LOc >70 T/m?3

05 Quadruple magnet of LQM 1
LQ1, LQ3, LSx, LOc 550 mm = Tmm
Effective length 03
LQ2 900 mm % Tmm g,
Field uniformity LQ1, LQ2, LQ3 <+ 0.5% ‘xé 501
i
Helium vessel(4.5K) <5 W — 5
Heat load |
Thermal Shleld(4OK) <120 W 5 40 60 a0 100 120 140 160

Operating Current Densit Nmmz]

* Quench analysis - i} S

t :2:32625 60 : z;:;z: coil1 (Maximum)
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Four-loop circuit for a quadrupole L e e
Time (s) ime (s}
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Magnet System

: LTS Q- magnet Trlplet (Manufacturmg)

o . *
Quadrupole coil winding Sextupole & Octupole coil winding HTS current lead

(automatlc Wlndmg method) (jointless winding method) (performance test at 77K)

Laminated iron yoke Quadrupole triplet assembly
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Magnet System

= LTS Q-magnet Triplet (Test results)

* Quench training and field measurement of LTS magnet

2" harmonics " harmonics

LQl 13000 T T T T T T T T T ‘—4‘7,\ L T T T T T T T T T ‘—4‘7;\
i N ——100A ——100 A
160 ‘/Target current el 1244 | 124A)
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0 1 2 3 4 5 6 7 8 9
Number of quenchs W wo an we wo "‘z‘;m“m[mr:;‘ Al 500 S0 T e w w W w "‘z‘;m“m[mr:l“ o
Quench training (LQ1) Quadrupole component (B2) Dodecapole component (B6)

- Average 5~6 times quench occurs in quadrupole magnet. Quench not occurs in sextupole and octupole magnets.

* Vacuum and leak rate measurement e Heat load measurement
' ' i ‘ \ :

Flow velocity Flow velocity
vy Va
R

Flow velocity
_[2B-B)
\pI(A 1 A =11

Y

Helium vessel : ~ 4.3 W, Thermal shield : ~92 W

- 9 out of 13 LTS quadrupole triplets have completed the performance test, and all of them have satisfied t
field and cryogenic requirement so far.
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Magnet System

= HTS Magnet (Design, fabrication)

SR L 2 layer(module coil)

- -
/ ;3
7 2N

\
19 layer(module coil)

Effective length [mm] 550 v ’\ :
Aperture radiuslmm] 120 150 150 150 150 170 150 j\\ N o
Field gradient 105 92 79 33 29 40 14

[T/m, T/m?]
Field uniformity <+0.5%
Heat load <150 <180 <180 <160 <160 <200 <170

Single coil assembly Coil assembly Cryostat assembly Performance test <Design>
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Magnet System

= HTS Magnet (Test results)
* Magnetic field measurement of HTS magnet (HQ4)

2" harmonics 6" harmonics
aswo

Magnetic field, 2nd harmonics [G]

Field magnitude (G]
Field magnitude (G]

300 250 200 150 108 S0 0 50 100 150 o 20 30 0 400 &

s s s S0 w0 s 0 3 o 250 20 A5 A0 S0 0 S M0 S0 20 0 00 B0 40 40 as a0 %0 9w 2% a% am s 0 %
4-position [mm] 2-position [mm] +-position [mm]

Radial component (Br, ©=45°, 350A) Quadrupole component (B2) Dodecapole component (B6)

* Critical current (Ic) margin measurement (HQ4) * Temperature margin measurement (HQ4)
.om ' . 1480 A 80 T r — 2.0m
" : —-—CcLiI 1st ] - @ ! - - Temperature -
} |—e— Coil 2nd ﬂ@ —— Front up
[ —*— Coil 3rd - 400 55 | —— Front right
6.5m ‘ —v—cTil ath| ' ' ] < 3 ~ :E:g:: :je:twn
S J300 & g S | Back
% ] oms mv - 5 T 5 8 —B::k Iue,;t
geomr ([o02 mv ' = “g.’ 2
2 g H200 5 2 - Voltage -
- > g g = —=— Coil 1st
55m |- I / I O 45 —=— Coil 2nd
L 00 0.0m —a— Coil 3rd
I —=— Coil 4th
5.0m L L L L 0 40— N0 5m
(4] 500 1000 1500 2000 2500 0 500 1000 1500
Time (s) Time (s)
Hold GHe temperature 40K & Ramping up Current Hold target current of 350A & increase GHe temperatur;
- 0.35 mV(0.02 pV/cm < criterion of 0.1 yV/cm) at 437.5A - Quench occurs at 58.6K
Critical current margin is more than 30% Temperature margin is 13.6K
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Magnet System

= NC (Resistive) Magnet

Hot cell dipole (D1) : Coil molding using radiation-resistant epoxy (cyanate ester), in production
* NC dipole (D2~D8) & sextupole : On-site installation after completion of manufacturing

Dipole parameter

Bending angle 30°
Bending radius 6.0 m
Magnetic field 125T

Aperture height ~ 150/110 mm
Good field region 120 mm

Normalized field @ center line (IF Dipole, 1.0T)

1.000 e kel ~ 30.04
\

Main operation range
:06~10T

Magnetic field ratio
N N N w w
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Effective angle [deg]

0.99

Field uniformity »=  Effective angle uniformity\

29.90
-150  -120 -90 -60 -30 0 30 60 20 120 150 0.2 0.4 06 0.8 1

X position [mm]

12 14
Dipole center field [T]

D3

D4 D5

D6

D7

D8 ----- Simulation —e—D2 —e—D3 —e—D4 D5 —e—D6 —@—D7 —e— D8 --@--Simulation

* NC dipoles satisfy the field requirements (field uniformity: +0.05%, eftective angle uniformity: £081%).
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Particle Identification System

= Particle identification (PID) of RI beams

Main separator Pre-separator Primary beam Bp-TOF-AE method
- Tagging & Particle identification - Production & Separation ‘ Amyc
Bp = —
<— Target p 0 e By
L
TOF = —
Slits, position and Bc
Slits, position and timing detectors 72 /2
energy-loss detectors F1 AE ~Z7/p
Beam dump
. measurement
Beam monitor
PID plot

* Detectors for PID

- Position (Bp) : PPAC

- Timing (TOF) : plastic scintillator
- Energy-loss (AE): Si-detector/IC

Slits, degrader and
position detector Main degrader

Slits, position,
<«—— timing, energy-loss
and y-ray
detectors

F8

-

% Refer to “Development Status of the Detector System for [F Separator at RAON (PS-8-6)” at the poster session:

®
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= Current status

* Most of the components of the IF Separator have been fabricated and are being installed

on site.

: 80kW class target and beam dump, HTS magnets (6 quadrupole, 1 sextupole), NC magnets (7
dipole, 1 sextupole), and detector system are all manufactured and performance test completed

: Of the 13 LTS Q-triplets, 9 have been performance tested and the remaining 4 are in testing.

: Hot cell dipole magnet and power supplies for magnets are in production.

: The large vacuum chamber (for hot cell) is undergoing vacuum testing after field installation.

= Future plans

* By the end of this year, the production and performance tests of all components will be
completed, and field installation will be completed.

* Next year, we plan to conduct a single-acting test of each component and establish a
control system for the IF separator.
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Thank you for your attention
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