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Selec,vity Selec,vity versusversus Transmission Transmission

Selec,vity/Rejec,on
= Nb of BAD par,cle produced/Nb of BAD par,cle transmiMed
‐depends on the type of par,cle (beam like, target like, adjacent channels…)
‐hard (physical separa,on) vs soQ (iden,fica,on by detec,on)

Transmission
= Nb of GOOD par,cles transmiMed / Nb of GOOD par,cles
produced
‐depends on :

‐ angular acceptance
‐ momentum acceptance Magne,c rigidity Bρ = mv/Q
‐ charge state acceptance Electric rigidity Eρ = mv2/Q

Rejec,on by separator :
‐of full energy beam par,cles: 109‐1011

‐of target like: 105

E‐ToF discrimina,on : x100
Alpha/fission decay : x106

Total selec,vity > 1019 for beam

Acceptance:
‐Angle: ± 70mrad (15msr)
‐Energy: ± 15%
Transmission
‐3% for Ne+Ac,nides
‐40% for Ca+Ac,nides
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How to select ?How to select ?

Bρ

Bρ + dBρ

Electric selec,on
Eρ = mv2/Q

 low Energy only

Eρ

Eρ + dEρ

 B

ρ

E

Magnex (INFN Catania)
High acceptance

Super FRS (GSI)
High Bρ

Vassilissa (Dubna) Separator

Magne,c
selec,on
Bρ = mv/Q ρ

Resolu,on
δx

ΔX
Focal plane:
(x|θ) = 0

R = δxtarget.(x|x)/(x|Bρ)

MagnificaRon

Dispersion
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EMMA (Triumf)
Recoil Mass Spectrometer

Mass selec,on
M

M + dM

Gas (He or H)

Gas Filled magne,c dipole
Bρ = mv/Qave = mv/[(ev/v0)Z

1/3]
= 0.0227 A/Z1/3 Tm

No Q dependance
straggling in gas 

(poor resolu,on)

 BE v=E/B

v + dv
Velocity filter

(poor resolu,on)

LISE (Ganil) Wien Filter 

BGS
Berkeley
Gas filled
Separator

Other selec,onsOther selec,ons
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How to transmit ?How to transmit ?
Quadrupoles to focus the beam

Triplet of Qpoles
IPHI source (Saclay)

X : focus
Y : defocus

Ellip,cal 2nd Qpole of Vamos (Ganil)
 Pole shaping to correct aberra,ons

Hardware multiplet technology 
7 triplets required 

SC multipoles option : 
 Each singlet has quadrupole, sextupole, & octupole coils, 

with 30-cm warm bore diameter & 40-cm effective length 

 Pole-tip fields at 15 cm required for 2 T-m rigidity: 
 Quadrupole : 1.0 T, Sextupole: 0.4 T,  Octupole: 0.4 T 

 The cryo genic system requires 60  Watts of 4.5K cooling 
power with liquid nitrogen pre-cooling   

 Each triplet has 3 coils with ~400 A or lower current leads  

    Pre design study ANL & SACM/Irfu/CEA  
    High quality and cost-effective solution 

ANL 

Classical multipoles option : 
  Each singlet has quadrupole & sextupole coils 

  Maximum gradient are : G=6T/m and 8T/m2 

  High  power required ~ 330 kW per triplet 

    Design study GANIL & SACM/Irfu 

SC multipoles option : 
  Each singlet has quadrupole, sextupole, 

  maximum field on the coils is about 5.6 T, a value that is 
compatible with a superconducting state of the NbTi coils. 

  MOSAR concept SACM/Irfu/CEA   GANIL-Irfu Irfu 

1 triplet required 

Superconduc,ng mul,poles of S3 (Spiral2)

 superposi,on of coils to correct aberra,ons

Geometric Aberra,ons

Chroma,c aberra,ons
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Simula,on ToolsSimula,on Tools

Matrix formalism
horizontal posi,on

horizontal angle
ver,cal posi,on

ver,cal angle
path of flight

rela,ve momentum

OpRcal element(s)
(dipole, mulRpole, dri[…) Bef

ore
 the

 ele
me

nt

AQe
r th

e el
em

ent

 first order is the minimum, but higher orders can be treated
 used for the preliminary design an op,cal line, “light” at low order (< 3)
 for realis,c elements, the matrix must be constructed accordingly from ray tracing
e.g. : Beta (1st order), Transport (1st to 3rd order), Cosy[infinity] (all orders)

Ray tracing
Step by step integra,on of the trajectories
in the 3D field maps
Requires full field maps for realisic sim.
“all orders” included, no approxima,on
Calcula,ons are very “heavy”
e.g. : Zgoubi, Opera 3D, Tracewin

Zgoubi simula,on of LISE Wien filter

ve
r,
ca
l p
os
i,
on

 (m
)

 S3 simulaRons: talk by F. Déchery
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High Acceptance Spectrometer : Vamos (Ganil)High Acceptance Spectrometer : Vamos (Ganil)

Target

Qpoles

Wien
Filter

Dipole

x1,y1

x2,y2

tfΔE

E

ti

S. Pullanhiotan & al. NIMB 266 (2008) 4148
NIMA 593 (2008) 343

Trajectories are simulated (e.g. Zgoubi)
 Phenomenological set of func,ons

ΔE

E

Tof

F1(xf, θf, yf, φf) = θscat
F2(xf, θf, yf, φf) = Bρ
F3(xf, θf, yf, φf) = Lof

Z

v
M/Q

M
Q

MHR

δM/M = 220δZ/Z = 66

Large acceptance  Large aberra,ons

θi, φi

Bρ

Xf Posi,on at focal plane (mm)

θ f
 A
ng
le
 a
t f
oc
al
 p
la
ne

 (m
ra
d)
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1 silicon only
Vamos: Prac,cal case Vamos: Prac,cal case 238238U+BeU+Be

All 24 silicons

100Zr

108Mo

L. Grente (Irfu/SPhN)  Poster
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Focal plane detec,on is cri,cal  J. Uusitalo

M. Rejmund & al., NIMA 646 (2011) 184

Vamos++ : new focal planeVamos++ : new focal plane

Old
Detec,on
400x110mm2

New
Detec,on
1000x150mm2

Simula,on
(isotropic
distribu,on)

129Xe (967MeV)+197Au(170µg/cm2)

VAMOS in gas‐filled mode  Ch. Theisen
(40cm

 to 100cm
)

(40cm
 to 100cm

)
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RITU Gas filled RITU Gas filled separator (separator (JyväskyläJyväskylä Univ.) Univ.)

Exchange of electrons with the gaz  “average” trajectories of the ions  no Q dependance
Bρ = mv/Qave = mv/[(ev/v0)Z1/3]

= 0.0227 A/Z1/3 Tm

(from P. Greenlees)

SimulaRons
F. Déchery

100Sn@1MeV/u : Equilibrated Q distribu,on in the vacuum



A. Drouart Irfu/SPhN – EGAN 2012, Orsay, June 25th‐27th 11/17

Gas: Helium @ 1bar with differen,al pumping
Length : 4.8m  Must be short
Angular acceptance: ±80 mrad (V); ±30 mrad (H)
Solid angle: 10msr  Very good

Mass resolu,on: 50  poor due to straggling in gas
‐ no selec,on of adjacent mass channels
‐ discrimina,on by the focal plane detec,on  e. g. Beta‐tagging, P. Ruotsalainen

Magne,c rigidity: 2.2 Tm

RITU: PerformancesRITU: Performances

Rejec%on
~1013 for reac,ons like 35Cl + 181Ta
~ 5.1011 for reac,ons with 56Fe beam
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RITU: Prac,cal caseRITU: Prac,cal case 4848Ca + Ca + 205205Tl Tl   251251Md + 2nMd + 2n

ΔE, tMWPC

GREAT

ToF

Energy loss ΔE 


   
Ti
m
e 
of
 F
lig
ht

Beam

251251MdMd

Target
like

Other ScaMered stuff

Importance of focal plane detec,on  J. Uusitalo

Tagging of 251Md allows the γ/e‐ spectroscopy around target  spectra from F. Déchery
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High energy fragment separator : BigRIPS at RIBF (Japan)High energy fragment separator : BigRIPS at RIBF (Japan)

Beams
400MeV/u (A < 40)
350MeV/u (spec. U)
 Q=Z

Fragmenta,on/fission Target T. Kubo IEEE Trans. on App. Superc. 17 (2007) 1069

0° spectrometer

Angular acceptance: 10msr
Momentum acceptance : ±3%
Bρmax = 7 Tm
Length = 77m

High beam power : 90kW
High radioac,vity

+ high neutron fluxes
7000t of shielding

around the beam dump
 Air core SC magnets

(with limited life,me)

240mm aperture
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BigRIPS 1BigRIPS 1stst stage : produc,on & separa,on  stage : produc,on & separa,on 

H. Sakurai
(U. of Tokyo)

Ion
Selec,onBρ(E)

Bρ(E‐ΔE)

Wedge shape degrader
(ΔE independent of E)

B. Jacquot
(Ganil)
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BigRIPS 2BigRIPS 2ndnd stage : Event by event tagging of the  stage : Event by event tagging of the ““cocktail beamcocktail beam””

Detectors :
PPAC F5  x,y, ToF  Bρ
Fast scin,llators F3,F7  ΔE,ToF

Coun,ng rate ≈ 106pps
Required resolu,on
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BigRIPS : Prac,cal casesBigRIPS : Prac,cal cases

T. Onishi & al., J. the Phys Soc of Japan 79 (2010) 073201

Fragmenta,on of 48Ca(345MeV/u)   24O (V. Lapoux)Z

NEW nuclei !
Rz= 0.57%
Rm = 0.035%

Fission of 235U(345MeV/u)

Very good iden,fica,on of heavy ions
Tagging does not eliminate the contaminants
Some are difficult to suppress  coun,ng rate limits
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Perspec,vesPerspec,ves

Other related aspects
‐Solenoids
‐Very low energy spectrometers
‐Ions traps 
‐…

New challenges: high intensity beams (stable or radioac,ve)
‐Very high power: rota,ng targets, liquid targets, beam dump
‐Induced radioac,vity: biological shielding, durability of equipment
‐Noise on detec,on: shielding, neutron fluxes, damage on detectors

Coupling with detec,on
‐The spectrometer reduces the amount of unwanted events

 The detec,on has to cope with the rest !
‐It must be designed with its detec,on


