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Version 9.10.207  from 11/17/2015 Link: Separator “EMMA” @ TRIUMF

 EMMA extended configuration 

 Documentation

 EMMA files location

 Optics

 Optimization

 Angular Acceptance

 Momentum Acceptance

 Benchmarks

 Charge state selection

 LISE++ analytical and MC envelopes

 Reaction d(132Sn,p)133Sn

 Decreasing Angular Acceptance for better selection

http://davids.triumf.ca/emma.htm


EMMA documentation sources
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1.

2. The EMMA settings example and apertures 

kindly provided by Matt Williams (TRIUMF)



EMMA files location @ LISE++ package
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→   EMMA for the reaction 132Sn(6MeV/u)+CD2(0.1 mg/cm2) ..

→   EMMA configuration

LISE++ package / files  

LISE++ package / configurations

→   EMMA for the primary beam A=100,q=20+,E=180MeV

LISE++ site / 9_10/ EMMA

→   file to define Angular Acceptance

→   file to define Momentum Acceptance

→   file with “original” quad-values

→   the same as “EMMA_reaction.lpp” with small X’-acceptance

→ the same as “EMMA_reaction.lpp” without the gold degrader

The next files been used for the analysis presented in this work



EMMA optics settings
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All “E”-blocks.

Extended 

configuration



EMMA aperture and slit settings
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These aperture parameters are used to obtain angular 

and momentum acceptances of the separator. 

This settings list can be produced in LISE++ using menu “Experimental 

Settings -> Optics -> Optics settings: View and Print”

slits apertures



EMMA optics : “original” quads
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• LISE++ does not provide information for mass dispersion

• So, this value can not be used for optimization constraint

• Quad values have been taken from EMMA beam example

• All matrices have been calculated inside LISE++

Global LISE++ matrix with these quad valuesEMMA_beam__original.lpp Note: No Y-focus, large Y/Y value



EMMA optics : modification 
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• LISE++ optimization was done to get Y-focus in the middle of M-dipole, X-

& Y- focuses @ the end,  R11 & R33 values according to the EMMA paper

EMMA_beam__original.lpp

EMMA_beam.lpp

Global LISE++ 

matrix with new 

quad values



EMMA 1st order matrix elements
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Almost zero 

angular dispersion

zero angular dispersion

Will be zoomed on the next page



EMMA 1st order matrix elements  (zoom)
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FP – double focus, double achromatic

vertical focus



Angular Acceptance
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Settings

Beam dialog

Monte Carlo

options

Monte Carlo Transmission settings

Coming to the FP

See details for angular acceptance with the next link http://lise.nscl.msu.edu/9_8/SE_blocks.pdf#page=5

Angular acceptance is equal to 

±90  x  ± 60 mrad,  that 

corresponds to 17 msr (ellipse)

Initial emittance gated on the 

final focal plane

EMMA_beam_AA.lpp

http://lise.nscl.msu.edu/9_8/SE_blocks.pdf#page=5


Angular Acceptance : Results 
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X’

Y’

Intensity

lost

EMMA_beam_AA.lpp
Pay attention

for this waist!



Angular Acceptances transmission benchmarks

12

“Distribution” method
With set Angular Acceptances 

“Monte Carlo ” method
With set Angular Acceptances

No bounds 

“Monte Carlo ” method
No  Angular Acceptances

WITH  bounds 
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Momentum Acceptance
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Intensity

Lost

∆P/P = ± 7.3 % 

(∆E/E = ± 14.6 %)

Corresponds to the 

Dipole X-aperture  

± 115 mm

Momentum acceptance is 

defined by the ED1 gap

1st order



EMMA acceptances benchmark
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Emittance corresponding 

to the acceptances

“Distribution” method
With set Angular Acceptances 

and H.slits in MD +/- 130 mm 
“Monte Carlo ” method; No  Angular Acceptances; WITH  bounds 

Transmission 27.2%

H.slits in MD +/- 130 mm 

Note: Horizontal slits has to be applied

for the “Distribution” method to limit

momentum acceptance which happens

due to apertures.



Benchmarks with input rays
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In order to reproduce NIMA  plots,

input rays files has been created

to use in the LISE++ MC dialog

MC options

9 different masses @ E=18 MV

with Y-angles of -2,0,+2 degrees (as @ NIMA Fig.2)



Fig.2 : Benchmarks for Y-angle & Mass
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NIM A544 (2005) 565 LISE++

2nd order 1st order



Fig.3 : Benchmarks for Y-angle & Energy
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NIM A544 (2005) 565 LISE++

2nd order 1st order



Fig.3 : Benchmarks for Y-angle & Energy (continue)
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LISE++

2nd order

1st order

NIM A544 (2005) 565

This difference  in X-

distributions @ FP 

may be explained by 

the lack of electrical 

dipole second order 

LISE++ computing

(see next slide)



Benchmarks for Y-angle & Energy (continue 2)
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LISE++

2nd order

This difference  in X-

distributions @ FP may be 

explained by the lack of 

electrical dipole second 

order LISE++ computing

COSY map of the 1st FMA ED

 x1d = (t/d) * d = 4.77mm/% * 7.5% = 35 mm

 x2dd = (x/d/d) * d * d = 

-6.5e-2 mm/%/% * 7.5% * 7.5% = -3.7 mm

 t1d = (t/d) * d = 6.7mrad/% * 7.5% = 50.3 mrad

 t2dd = (t/d/d) * d * d = 

-9.8e-2 mrad/%/% * 7.5% * 7.5% = -5.5 mrad

After the drift 1.2 m

For d = + 7.5% 

 x =  x1d +  x2dd + ( t1d +  t2dd ) * L = + 85.1 mm

For d = - 7.5% 

 x =  x1d +  x2dd + ( t1d +  t2dd ) * L = - 105.7 mm

!!!   Electric dipole x/d2 & t/d2 values are very important for 

the analyzer and should calculated by LSE++ in future



Fig.4 : Benchmarks for X- & Y-angles
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NIM A544 (2005) 565 LISE++

2nd order 2nd order



Fig.5 : Benchmarks for Masses with large emittance (1)
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NIM A544 (2005) 565 LISE++ 1st order

+40-40

-10

+10



Fig.5 : Benchmarks for Masses with large emittance (2)
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NIM A544 (2005) 565 LISE++

+40-40

-10

+10

2nd order



Charge state selection 
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Analytical solution

Monte Carlo solution

Very thin target for charge 

state simulation with 

“virtual” A=100 beam



Envelopes : LISE++ MC  & analytical solutions →  X & Y
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LISE++ analytical

X

Y

LISE++ MC



Envelopes : LISE++ MC  & analytical solutions →  X’ & Y’
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LISE++ analytical

X’

Y’

LISE++ MC



Reaction   d(132Sn,p)133Sn
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LISE++ settings

Beam

Target

Production mechanism

EMMA_reaction_NoGold.lpp

Without gold degrader



Reaction   d(132Sn,p)133Sn :  fragment distributions
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Please, Compare with 

Fig.6 NIMA paper

Q = 41+ and energy 782 MeV 

are indicated in NIMA paper



Reaction   d(132Sn,p)133Sn   (with gold degrader)
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EMMA_reaction.lpp

With degrader

Q = 37+ (?????)  and energy 463 (??) MeV 

are indicated in NIMA paper

133Sn distributions after the gold degrader



Reaction   d(132Sn,p)133Sn   (with gold degrader)
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“Distribution” method 
(analytical solution)

133Sn31+

133Sn30+

133Sn32+

Monte Carlo method 



Reaction   d(132Sn,p)133Sn   (with gold degrader)
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NIM A544 (2005) 565 LISE++



Using Angular Acceptance to FP X-resolution
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Outlook
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1. Mass & charge dispersion values calculation

2. Using Mass & charge dispersion values for optimization

3. Electrical dipole second order matrix calculation! (new)

Open Questions:


