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• Time line
• Construction period :      FY2008 ~ FY2011
• SAMURAI magnet  :      ~ Jun-2011
• Commissioning run :       Mar-2012
• 3 physics experiments :   May-2012

SAMURAI(7)

• designed/built primarily   for   kinematically complete experiments at RIKEN RIBF

Superconducting Analyser for MUlti particles 
from RAdio Isotope Beams     with 7 Tm of bending power

(invariant mass spectroscopy)

23-Mar-2012
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Invariant mass spectroscopy 

RI beam

excitation, breakup
via

“!” absorption (heavy target)
(p,p’), (p,n), 

(p,pN), nucleon removal ...

excited nucleus

decay
(Ef ,

rpf )

decay fragments
Ex

AB
AfAF

＊Excitation energy EX  or relative energy  Erel  

AF

Af +N
SN

EX Erel

＊Coulomb Breakup

decay
excitation

＊Energy region :  < 300 MeV/u
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Physics Interest

• Coulomb breakup reaction : excitation via virtual photon (“!”)

• (!,n)-type,  neutron-rich nuclei 

•light-mass region  :          non-resonant excitation,  single-particle orbit, 

                                           halo neutron correlation

•heavy-mass region  :        collective excitation,     Pygmy dipole resonance (PDR)

                                           neutron skin                   Giant dipole resonance (GDR)

• (!,p)-type,  proton-rich nuclei

• inverse reaction of (p,!) for astrophysics

• Nucleon-removal / knockout reactions  :  

unbound ground state beyond the drip line 

• Direct reactions  :  (p,p’), (p,n), (p,pN) ... decay tagging with missing-mass method

GTR, ...

19B+Pb(!) " 17B+2n

76Ni+Pb(!) " 75Ni+n, 74Ni+2n

65As+Pb(!) " 64Ge+p (?)

28Ne+C " 26O " 24O+2n

64Ge(p,n)
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Experimental requirements
• Acceptance  for  projectile-rapidity nucleon

• angle  :               !N    <  ±6 (11)°

• momentum :      #p/p <  ±13 (24) %

            for            Erel = 3 (10) MeV @250MeV/A

       i.e.  large angular/momentum acceptance for p or n

$~0.6
Af

N

• Resolution  for  Minv

rigidity(f)          velocity(N)           angle(N)         

%

( &T~250psec   &X~5cm @10m )

＊often limited by target thickness• Resolution  for  PID(f)

• rigidity(f)

• velocity(f) • energy(f)

@R ~ 2.2 GeV/c

@ " ~ 0.6 @ E ~ 30 GeV

%
or
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Magnet Design Principles

 Small fringing field (< 30 gauss @50cm from field cramp) ! small effect on detectors

 Hole in the return yoke

• Large momentum acceptance (1:3)   for protons & heavy fragment (p~ 1:3)

 Rotatable Base : -5° ~ 95°

• flexibility for various experimental configuration

• good rigidity analysis, #R/R~10-3, 
• charged-particle sweeper

• Large field integral

• Small fringe field

• Large opening 
      for neutrons

• Flexibility

! BLmax= 7.1 Tm (Bmax= 3.1 T)

• target detectors :  B < 30G

! enough Iron
! Field cramp

• 'H(n)~ ±10°,  'V(n)~ ±5°

! Large pole gap (80cm)
! Shape of return yoke & vacuum chamber

•  for various experiments

! Rotatable base : -5° ~ +95°
! Hole in the return yoke : 400 x 400 mm2  
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Superconducting Magnet

6.7m
3.5m

4.
64

m

4K cryocoolers

cryocooler for 
power lead

cryocoolers for 
thermal shields

LHe vessel

vacuum 
chamber

coil
 (with cryostat; not shown)

H-type superconducting magnet
pole :              diameter : 2 m
                          gap :         0.8(0.88) m
max. Field :       3.1 T
BL :                   7.1 Tm
M.M.Force :      1.9 MAT/coil
                           3411 turns x 560A
stored energy :   33MJ
coil :                   180 x 160 mm2  
current density:  66 A/mm2 (NiTi/Cu)
weight:       600 (567+8x2+14) ton
company：      Toshiba

Cryocooler (x14)
@4.2, 20, 80K

on Rotating Base :
 -5° ~ +95°

~ HISS @LBL
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Magnetic Field
Design principle : high magnetic field &  low fringe field

use enough iron (~570 t)
add field cramp

pole

yoke

Magnetic Field 
at center

R [cm]

B
y 

[G
au

ss
]

edge of field clamp
(R=202)

-33Gauss

edge of stage
(R=440)

Central field Fringing field (central axis)

B=2.5T

B=3.0T
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Magnetic Field - 2
Magnetic field at target / target detectors

Target

FDC2

Central field :  0 ~ 30 kG Fringe field :  -0.1 kG ~ +0.1 kG

FDC1

iron shield necessary 
around NaI(Tl) ! detectors [DALI2]

0 m

4 m

B~ -20±10 G  @Target position ±1m

BZ>0.1kG
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Vacuum Chamber & Exit Window

•  Charged particles

• opening : 2940mm(H) x 400mm(V)

• 0.3mmt Kevlar (~16mg/cm2)

   + 75µmt Mylar

 Neutrons

• opening : 2400mm(H) x 800mm(V)

• 3mmt SUS

800 m
m

3400 mm

2400 mm

中性子窓 

仕様書作成中 
予想金額：～300万円 

Poster : Shimizu Y.
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SAMURAI @RIKEN RIBF (RI Beam Factory)

• list1

SRC
<350MeV/A

BIG RIPS

BIG RIPS
F7 F8 F13

SAMURAI

ZDS

SHARAQ
0

30m

F12

Beam Rigidity
tag

TOF
start

TOF
stop
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Experimental configuration

(!, n) : neutron-rich side (!, p) : proton-rich side (p,p’), (p,n), (p,pN)

pol. d EOS

0

90
30deg 90deg 45deg

30deg
0deg
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Experimental Setup @Mar/May-2012

RI beam

! ray neutron

heavy fragment

0 5m

~250 MeV/A

NEBULA

HODF

FDC2

ICF

(!,n) type setup
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Setup : upstream

• list1

SF13A,BSF13A,BSF13A,BICB

ICBICBBDC1           BDC2

BDC1BDC1                      BDC2BDC2BV

BVBVDALI2

DALI2DALI2FDC1
FDC1FDC1

BPC @F5

BDC1 BDC2
FDC1SF13A,B

DALI2

ICB

Position 
Ionization detector
Scintillation

BV

RI beam
! ray

fragment

neutron

Poster on DALI2 by  S. Takeuchi

14

Setup : downstream

FDC2

FDC2FDC2HODF

HODFHODFICF

ICFICF

HODF

FDC2

ICF

Position 
Ionization detector
Scintillation fragment
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Detectors 

Name Effective Area configuration #Readout ch Data gas

BPC 240 x 150 2x 128 T(2) i-C4H10 50 torr

BDC1 80 x 80 4X 4Y 128 T(2) i-C4H10 50 torr

BDC2 80 x 80 4X 4Y 128 T(2) i-C4H10 50 torr

FDC1 310( 6X 4U 4V 448 T(7) i-C4H10 50 torr

FDC2 2200 x 800 6X 4U 4V 1568 T(25) He+50%C2H6 1atm

ICB 140 x 140 10X 10 A(1) P10, 1atm

ICF 750 x 400 12X 48 A(2) P10, 1atm

HODF 1600 x 1200 16 32/32 T(1) / A(1) 10mmt

HODP 1600 x 1200 16 32 / 32 T(1) / A(1) 10mmt

SF13 A/B 120 x 120 2 4 / 4 T / A 0.5mmt

SBV 100 x 100 1 2 / 2 T / A 10mmt

NEBULA 3600 x 1800 120 (N)+ 24(V) 288 / 288 T(10) / A(10) 120mmt

DALI2 13 rings 140 T / A NaI(Tl)
40(45)x80x160

Position, Ionization, Scintillation detector
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Beam Proportional Chamber (BPC)
＊Momentum tagging

@F5 momentum dispersive focul plane
Type :                4mm-spacing MWPC
Effective area :  240mm(H) x 150mm(V)
Configuration :  xx
Anodes :            128ch= 2 x 64ch/plane
Gas :                   i-C4H10  @50torr
                           in F5 vacuum chamber
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BPC - 2 : Response for Z=2~8
Pressure= 50 torr,  Eb= 250 MeV/A, Vth=-0.4V

Z=2

Z=8

Z=6

Z=3

Ef
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ie
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]
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ID              24
ENTRIES           43450
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AVX Xf5*R

1440

1460

1480

1500

1520

1540

1560

1580

12020 12040 12060

ID
Entries
Mean
RMS

             29
             64

 0.1203E+05
  14.84

 0.3063E+05/    48
A0 -0.2292E+05
A1   2.029

ID=29,N=64

D(F5)~ 29.4 mm/%
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Beam Drift Chamber (BDC1, BDC2)
＊Beam Phase Space measurement

Drift distance : 2.5mm
Gap :                2.5mm
Effective area:    80mm x 80mm
Configuration:    xx'yy'xx'yy' (8 planes)
Anode :           128ch / chamber
Gas :             i-C4H10 @25-100 torr
                             connected to beam pipe
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BDC - 2 : response for Z= 1~8

Pressure= 100 torr,  Eb= ~200 MeV/A,  Vth=-0.8V

Z=1

Z=8

Z=6

Z=3
Ef

fic
ie

nc
y 

[%
]

HV [V]

Po
sit

io
n

Re
so

lu
tio

n 
["

m
]

Z=6 Z=1

＊Detection efficiency
stable plateau, #~100%

＊Position resolution $x

300 "m  " < 200"m
＊Tracking efficiency 

# > 99.5%
＊%E information

16 planes averaged
moderate Z resolution

0

500

1000

1500

2000

0 1 2 3 4 5 6 7

Z=8

Z=6

%E(BDC12)

Z=7

Z=5
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Forward Drift Chamber 1 (FDC1)
＊Fragment Phase Space  after target

Drift distance :   5mm
Gap :               5mm
Effective area:    310mm( [620mm(H) x 340(V)]
Anode:           448 = 14 x 32ch/plane
Configuration: xx’uu’vv’xx’uu’vv’xx’(14 planes)
Gas:            i-C4H10 , P< 100 torr
                            connected to upstream/downstream vacuum
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0

500

1000
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0 1 2 3 4 5 6 7

FDC1 - 2 : response for Z=1~8
Pressure= 50 torr,  Eb= 200 MeV/u,  Vth=-0.4V

Z=1Z=6

Ef
fic
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]

HV [V]
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n
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n 
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m
]

Z=1

Z=8

Z=6

Z=3

＊Detection efficiency

stable plateau, #~100%
＊Position resolution $x

300 "m  " < 200"m (z=6)
＊Tracking efficiency 

# > 99.5%
＊%E information

14 planes averaged
moderate Z resolution

Z=8

Z=6

%E(FDC1)

Z=7

Z=5
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Forward Drift Chamber 2 (FDC2)
＊Momentum reconstruction : after Samurai magnet
   Drift distance :   10mm (hexagonal)
   Configuration :   xx’uu’vv’xx’uu’vv’xx’(14 planes)
   Effective area :   2.2m(H) x 0.8m(V) x 0.8m(D)
   Anode :               1568 ch (112 x 14)
   Gas :                   He+50%C2H6 (or 60%CH4) @1atm
   L/Lr :                 0.9 x 10-3   

2.2m x 0.8m
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FDC2 - 3 : response for Z=3~8
Eb= 200 MeV/u, Vth=-0.8V, Gas= He+50%C2H6

Z=3
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Z=6

＊Detection efficiency

stable plateau, #~100%
＊Position resolution $x

200 "m  " ~100"m 
＊Tracking efficiency 

# > 99.5%
＊%E information

14 planes average
moderate Z resolution

%E(FDC2)

Z=8Z=6

Z=7

Z=5
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FDC2 - 4 : response for high Z (8 ~ 36)  @HIMAC 

1500

2000

2500

3000

3500

HV @50%
HV opt

0
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100
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200

0 5 10 15 20 25 30 35 40

resolution

z

FDC2小型試験機による動作特性/性能の理解

̃400V

μ(MIP)

O(z=8)

Cl(z=17)

Kr(z=36)

最適 HV ＠最良位置分解能

位置分解能 ＠最適HV

Kr(z=36)

Cl(z=17)

O(z=8)

μ(MIP)

optimum HV

position resolution
at optimum HV

＊gas : He+60%CH4

0
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1500 2000 2500 3000 3500HV [V]

0
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z8
z11
z14
z17
z20
z24

z28
z32
z36

mip

z8

z20

z36

z36

z8

FDC2P : Efficiency & Position Resolution

Detection Efficiency : HV dep.

cosmic μ (MIP)

Heavy ion: z=8 ̃ 36 @250MeV/A

Position Resolution : HV dep.

ΔE(8O)

ΔE(μ)
̃128

ΔE(36Kr)
̃20

ΔE(8O)

̃700V
̃800V

efficiency

resolution
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Ion Chamber for Beam (ICB)

＊Multi-Layer Ion Chamber : dE/dx (beam charge)
Configuration :    10 anodes+11 cathodes
Effective area: 140mm x 140mm x 420mm(D)
Gas:         P10 @1atm
Preamp :              )decay= 10 µs
Shaper :               )= 0.25 µs, unipolar+active BLR
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ICB - 2 : response

＊Z= 3~8 (A/Z=2)  @250MeV/u

Z=8

Z=7

Z=3 Z=5

%E (ICB)

ICB g
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0 50 100 150 200 250 300 350 400 450 500

2012/11/30   22.36

ID=110,N=45707

ICB g
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3500

0 50 100 150 200 250 300 350 400 450 500
ID=310,N=77790

＊Rate dependence

Z=8 1 kHz

0.2 MHz

%E (ICB)

~16% pileup

BLOW ICB

0

1000

2000

3000

4000

5000

6000

0 50 100 150 200 250 300 350

2012/11/30   22.51

ID=111,N=199605

Z=6

better resolution than 2mmt plastic
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B! scan & Rigidity reconstruction

BIG RIPS
Rigidity
tag (BPC)

F1= ±1 mm
%R/R~ ±0.05%
D~ 23 mm/%

SAMURAI

TOF(F3-F7)
L~ 47 m

TOF(F7-F13)
L~ 37 mRB RSM

SRC

＊%RB/RB ~ ±0.05% (F1= ±1mm)  
with  TOF(F3-F7) & TOF(F7-F13)

BDC1,2 FDC1

FDC2

BSM= 2.0 T : 10,11,12,15C    R= 1347 MeV/c ±21%
BSM= 2.5 T : 12,15,16,17C    R= 1676 MeV/c ±18%
BSM= 3.0 T : 10,11,12,14Be   R= 2011 MeV/c ±17%
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Magnetic Field & Detector Position

BDC1

BDC1BDC1BDC2BDC2BDC2FDC1 FDC1FDC1FDC2

FDC2FDC2target

targettarget

RB

deviation : "XFDC2 deviation : "!FDC2

2.5 T

3.0 T

Calculated Field
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2.0 T

＊Magnetic Field scaled

f(2.0T)= +0.45%
f(2.5T)= +0.35%
f(3.0T)= +0.10%

2.5 T

3.0 T
2.0 T

* Deviation
  #x ~ ±5 mm
     &(#x)= 2~6 mm
  #x’~ ±1 mrad
     &(#x’)= 1~2 mrad

  for #R/R~ ±20%

check
X, X’ matching

Poster : H. Otsu
Detector position meas.

RB
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Rigidity Resolution (& deviation)

BDC1

BDC1BDC1BDC2BDC2BDC2FDC1 FDC1FDC1FDC2

FDC2FDC2target

targettarget

RB RSM position matching 
@FDC2

Calculated Field
• Rigidity Reconstruction of SAMURAI
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Resolution

2.5 T 3.0 T
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Deviation

2.5 T 3.0 T2.0 T

!R/R~ 0.07%
deviation~ ±0.1%

for
"R/R~ ±20%

TOF(F3-F7) TOF(F7-F13)

Magnetic Field scaled

f(2.0T)= +0.45%

f(2.5T)= +0.35%

f(3.0T)= +0.10%

with TOF(beam) correction

＊at least, inside the phase space tested
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NEBULA : Large Area Neutron TOF Array
Slat(neutron) :   12cm(D) x 12cm(H) x 180cm(V),  30 slats/layer, 4 layers
Slat (veto) :   190cm(H) x 32cm(V) x 1cm(t),      12 slats/layer, 2 layers
Effective area :  3.6m(H) x 1.8m(V)
Total thickness :  48cm
Efficiency :           *(1n)~ 40%, *(2n)~ 12%
Proportional tube for position calibration : 50( x 4m, x16

3.6m
1.8m

12+12cm
12+12cm

• LTOF~ 11 m
• !H=±10°, !V=±5°
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NEBULA - 3 :  performance
Detection Efficiency, Energy Resolution
     7Li(p,n)7Be(gs+0.43MeV)  @Ep= 200, 250 MeV
TOF Time Zero
     C(15C,!X)  @E(15C)=  240 MeV/A

15C + Cu "  ! 7Li(p,n)7Be

TOF  (ns)

Pu
lse

 H
ei

gh
t (

M
eV

ee
)

TOF  (ns)

＊TOF - Pulse height

by R.Tanaka (TIT)
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NEBULA - 4 : Time / Energy Resolution, Efficiency

 ! ray                    :  &t=171 ps
200 MeV neutron : &t=263 ps, &p/p = 0.57 %

time (ns)

co
un

ts
 / 

20
 p

s

time (ns) energy (MeV)

&=174 ps

＊! ray from C(15C,!X)

co
un

ts
 / 

0.
1 

ns

co
un

ts
 / 

1 
M

eV

＊7Li(p,n)7Be  200MeV

&=340 ps

Vth(soft)= 6 MeVee

'lab < 40 mrad

Preliminary

*=32.1(4) %

&=2.6MeV

Intrinsic resolution

by
R.Tanaka (TIT)

Preliminary Preliminary Preliminary
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Invariant-Mass Spectroscopy (check)  - 1 : 25O 
• 26F + C " 24O + n

• beam :   EB~ 215 MeV/u,  IB~ 2.5 kHz

• target :   2 g/cm2 C

•Relative energy distribution

Erel [MeV]

by Y. Kondo (TIT)

tion of a 140 MeV=u 48Ca20! primary beam on a
987 mg=cm2 Be production target. The A1900 fragment
separator [19] was optimized for the isotopic selection of
26F and utilized a 1050 mg=cm2 Al wedge that was located
at its intermediate focal plane. The momentum acceptance
was limited to !p=p " 2% and a secondary beam purity
of 50% was achieved. The 26F beam was identified event
by event by its time of flight, and was focused on a
470 mg=cm2 Be reaction target at a rate of #20 pps.

The charged fragments exiting the target were deflected
by the large-gap Sweeper magnet [20], and were recorded
by position and energy sensitive detectors. A novel partial
inverse matrix technique [21] was used to reconstruct the
momenta of the 24O fragments at the point of breakup.
Neutrons were detected around 0$ with the Modular
Neutron Array (MoNA) [22]. Further details about the
experimental setup and analysis procedures are described
in Ref. [23].

The mass of 25O was calculated from the fragment (Ef)
and neutron (En) total energies, corresponding momenta
(pf, pn) and their relative opening angle (") according to

 M "
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
m2

f !m2
n ! 2%EfEn & pfpn cos"'

q
(1)

where mf and mn are the 24O and neutron rest masses. The
measured kinetic energies for coincidence 24O fragments
and neutrons are shown by the data points in Figs. 1(a) and
1(b), along with the reconstructed opening angle (in the lab
frame) between the 24O-n pairs [Fig. 1(c)]. The final
energy and angle resolutions of the 24O fragments were
0:84 MeV=u and 7.2 mrad FWHM, respectively. Neutrons
emanating from the 25O decays were reconstructed with
4.2 MeV FWHM energy resolution and 19.4 mrad FWHM
angular resolutions.

The neutron decay energy is directly related to the mass
via Edecay " M&mf &mn, and is shown by the data
points in Fig. 2. A single resonance was observed and a
Monte Carlo simulation was carried out to extract the
decay energy and width. The simulation accounted for
the geometric acceptances of the neutrons and fragments
as well as the detector responses. Angular straggling of
fragments in the target and a Glauber reaction model
were also included. The experimental resolution
(FWHM) for the 25O ! 24O! n decay was found to scale

as 18
!!!!!!!!!!!!!!!!!!!!!!!!
Edecay%keV'

q
and 40

!!!!!!!!!!!!!!!!!!!!!!!!
Edecay%keV'

q
& 700%keV' below

and above Edecay # 1 MeV, respectively.
The distribution of the neutron decay was simulated with

a single resonance in addition to a nonresonance contribu-
tion of beam velocity neutrons with a Maxwellian distri-
bution. The resonance was described by a single-level
Breit-Wigner line shape as given by the prescription in
Ref. [24]. The energy dependent width, # " 2Pl%E'!2,
where ! is the reduced width and Pl%E' is the penetrability
function, represents the total decay width when evaluated
at the resonant energy (Edecay). The distribution was found

to be insensitive to the size of the channel radius (a
between 5.44 and 5.83 fm). The energy shift (!) can be
expressed in terms of the shift function (Sl%E') and the
boundary condition parameter (B), ! " &%Sl%E' & B'!2.
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FIG. 1 (color online). Measured 24O fragment kinetic energies
(a), neutron kinetic energies (b), and their relative decay angle
(c) are shown by the data points with their statistical errors. The
results of Monte Carlo simulation are shown by the solid black
lines which are comprised of the sum of the resonant (red,
dotted) and nonresonant (blue, dashed) contributions to the
decay spectrum (see text).
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FIG. 2 (color online). The reconstructed neutron decay energy
spectrum of 25O is shown by the data points. The solid black line
shows the simulated line-shape composed of a resonant (red,
dotted) (Edecay " 770 keV, # " 172 keV, l " 2) and nonreso-
nant (blue, dashed) contribution (ratio 3:25:1). The inset shows a
contour plot of the "2 dependence (N " 19 degrees of freedom)
of the Breit-Wigner parameters for decay energy (Edecay) and
total width (#). The red (dotted) and blue (dashed) contours
represent the 1 and 2 # limits, respectively.

PRL 100, 152502 (2008) P H Y S I C A L R E V I E W L E T T E R S week ending
18 APRIL 2008

152502-2

26F+Be " 24O+n  EB= 85 MeV/u

• Previous data

26F+C " 24O+n  EB~ 215 MeV/u

C.R.Hoffman et al., PRL100, 152502 (2008)
E(26F)= 85 MeV/u,  IB= 20Hz,  @NSCL

＊ no empty subtraction

Preliminary
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Invariant-Mass Spectroscopy (check)  - 2 : 14Be 
• 14Be + Pb/C/emp " 12Be + 2n

• beam :   EB~ 215 MeV/u,  IB~ 50 kHz

• target :   ~2 g/cm2 Pb, C

•Relative energy distribution (no empty subtraction)

Erel [MeV]

by R. Tanaka (TIT)

• Previous data

14Be+C " 12Be+2n

14Be+Pb " 12Be+2n

Preliminary

Preliminary

T. Sugimoto, et al., 
Phys. Lett. B 654 (2007) 160

14Be+C " 12Be+2n  EB= 68 MeV/uEB= 215 MeV/u

Erel= 0.28±0.01MeV

Erel= 0.29±0.01MeV
$=    0.10±0.01 MeV

! (Erel ) ~ 0.19 Erel

at both energies
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Detectors to come
• PID of heavy fragment : ~FY2012

• Total Energy Detector (TED) 

• Total Internal Reflection Cherenkov Detector (TIRC)

 

•(!,p)-type experiment : ~FY2012

• Si-strip telescope :  col. w Texas A&M 

• Proton Drift Chamber (PDC) : 1.7m x 0.8m

• TPC : ~FY2013,   col. w MSU

• High-efficiency ! detectors : 

• budget approved,  in few years

TED

(!,p)

PDC

$A~0.2  for A<100

Poster : T. Isobe   TPC 

36



R3B-GLAD Spectrometer  @FAIR/GSI : comparison
• Superconducting magnet

• Bmax :                           2.4 T         (3.1T)
• Field integral :             4.8 Tm      (7.1Tm)
• Stored energy :             24 MJ      (33MJ)
• Imax :                             3700A      (560A)
• Total weight :               50 t          (600t)  

• Resolution/ acceptance
• Rigidity resolution :    0.1%         (<0.1%)
• Ang. acceptance :        ±80mrad   (±5°)
• H/V angle resolution : 1 mrad      (1 mrad)                  

• No iron + active shielding                (Iron+Field cramp)
• tilted coil                                      (parallel)
• Fringe field @target:   <200G     (<30G)

• Tracking Detector
• Diamond, Si-strip, fiber det :        (gas det.)                
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Fig. 3. Initial TIGRA—TRACE design: TIlted and GRAded Trapezoidal
RACEtrack coils.

The superconducting cable is therefore fully produced and
qualified for the building of the magnet. It has been accepted by
the coil manufacturer.

III. THE NEW DESIGN OF THE R B-GLAD MAGNET

In order to cope with the ambitious experimental require-
ments on the large acceptance and high field integral, in com-
bination with low fringe fields in particular in the target re-
gion, the innovative design of the R3B-GLAD magnet is based
on the magnetic active shielding. Consisting of six supercon-
ducting coils, it was developed in order to minimise the mag-
netic volume, and therefore the energy stored in the coils, while
keeping the fringe field low. It also meets the required angular
acceptance for the particles of interest, i.e. both neutrons, pro-
tons and charged fragments. This design is shown in the Fig. 3.

In the first design, the coils were graded in order to achieve an
approximately flat profile of the magnetic field along the magnet
symmetry axis (Oz) and to control the peakfield on the super-
conducting cable. The side coils were also graded and optimized
to reduce the fringe field of the iron-free dipole, to guarantee a
low magnetic field in the target region, as well as to ensure an es-
sentially dipolar field with the position, the cross-section and the
trapezoidal shape of the coils. This first design yielded a rather
compact magnet and the stored energy in the coils was roughly
24 MJ.

However, the mechanical study [3], [4] concludes to the exis-
tence of too large stresses, especially shear stresses in between
the different levels of the grading coils or in place where coils
are overhanging. The mechanical properties used in the numer-
ical model were measured [11] in 3D at low temperature, both
on a thermal mock-up coil and on stacks of insulated conductors.
Whatever the mechanical structure, it appeared impossible to
limit the level of internal stresses: mainly due to the orthotropic
behavior of the coils, together with differential shrinkage and
high level of magnetic forces.

In order to avoid these problems, a new study of the coils had
to be performed. This study led us to the final magnetic design
of the R B-GLAD magnet and is summarized below:

A. Goal of the New Study

To search for a design without grading in order to eliminate
the mechanical problems related to the orthotropic properties
and the overhanging of the coils.

TABLE I
RESULTS OF THE NEW MAGNET DESIGN

B. Criteria

To keep a good magnetic transport of the particles, a good
control of the fringe field, without any degradation of the peak
field on the conductor, in order to preserve the temperature
margin of the magnet above 1.5 K in normal operation.

C. Modifications of the Magnet Initial Design According to
the Request for Simplification

1) In each coil, the two levels of grading are removed and
replaced by a double pancake of cable, of the same length
as the whole coil;

2) Sufficient space dedicated to the mechanical structure,
taking into account the relative displacements of the coils
in the casings, due to the thermal shrinkage. The bottom
and the walls of their casings are reinforced;

3) Addition of an intermediate linking plate in order to block
the lateral casings when the magnetic forces are pushing
them.

4) Finally, larger radii of the coils are drawn.
This new design has allowed to:
— Decrease the stresses on the coils and on the casings,
— Wind the conductor easier in order to respect more precise

mechanical tolerances,
— Decrease the peakfield on the superconducting cable,

hence increasing the temperature margin that will ensure
a better stability to the superconducting coils.

The results of the new design are summarized in Table I. The
new design of the set of coils is shown in Figs. 4, 5, and 6.

• Beam energy
• < 1.5 GeV/A                                  (<340 MeV/A)                

X less kinematic focussing
X charge state problems

(SAMURAI)
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Summary 
• SAMURAI Spectrometer : construction finished in 4 years (FY2008-FY2011)

• system tested in commissioning run (Mar-2012) :  basic properties are reported

• magnet : BL~ 7 Tm @Bmax= 3T

• high field                                     for rigidity analysis & sweeper

• low fringing field                        for  target-area detectors

• large opening (!H<10°, !V<5°)   for  projectile-rapidity neutrons

• Tracking detectors : 

• more or less, conventional type : &X < 200 µm " "R/R < 0.1%,  R<2.8 GeV/c

• Neutron detector : 

• high efficiency  &  cross-talk rejection for multi-neutrons

• Invariant-mass resolution : ~same compared with @60 MeV/u

• 3 physics runs performed in May-2012

• 19B, 22C, 26O-region

• combined with high-intensity primary beam from SRC/RIBF

• gain > 1000 compared with previous facility
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• Time line
• Construction period :      FY2008 ~ FY2011
• SAMURAI magnet  :      ~ Mar-2011
• Commissioning run :       Mar-2012
• 3 physics experiments :   May-2012

SAMURAI

• built primarily   for   kinematically complete experiments at RIKEN RIBF
(invariant mass spectroscopy)

23-Mar-2012
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